


THE ROLE OF LOCAL ECOLOGICAL KNOWLEDGE IN CLIMATE CHANGE ADAPTATION AMONG SMALLHOLDER FARMERS IN MBERESHI VILLAGE OF MWANSABOMBWE DISTRICT: A CASE STUDY 


ABSTRACT 
This study investigated the role of Local Ecological Knowledge (LEK) in climate change adaptation among smallholder farmers in Mbereshi village. The study examined the farmers’ perception of climate change, their traditional knowledge and practices, and the efficacy of LEK in enhancing agricultural output and environmental sustainability. The study used a mixed-methods research design which combined both quantitative and qualitative techniques. The Statistical Package for the Social Sciences (SPSS) version 29.0 and Kobo Toolbox were used to examine quantitative datasets. Specifically, to determine the predictive influence of multiple independent variables on the use of LEK and to better understand how farmers used this strategy, a multiple regression analysis was employed. A Chi-square test was also performed to determine whether there was a statistically significant difference in farmers’ perception of climate change across all four main climate variables considered for the study. Qualitative datasets were analysed using a thematic approach guided by a six-phase framework established by Braun and Clarke (2021). Study findings suggest that 91% of farmers were aware of changing climate trends, especially on the commencement and frequency of rainfall variations. Particularly, 86% of farmers indicated using LEK to guide their adaptation, early cultivation, crop rotation, and seed selection, among others. Study findings also indicate that farmers who implemented LEK observed an increase in yields. Farmers were also able to practice conservation tillage, organic fertilization, and agroforestry, indicating an implicit commitment to climate change mitigation and adaptation. The study concludes that LEK is a useful and culturally entrenched strategy for climate change adaptation and resilience. Study findings also strongly support the incorporation of LEK into national climate change adaptation plans, and hence the study’s proposal for use of hybrid knowledge systems that blend indigenous wisdom with scientific innovation. 
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1.0 INTRODUCTION 
1.1 	Background to the study 
Smallholder farmers face significant risks from changing climatic conditions due to their dependence on natural resources, limited adaptive capacity, and vulnerability to extreme weather events (ADB et al. 2003). In spite of the continued changes in climatic conditions, farmers have continued with their cultivation and reliance on their traditional experiences to deal with climate variability and change. Through the use of LEK, which encompasses intimate knowledge of land and weather patterns (Nakamura and Hosen, 2020), farmers have learnt how to cope with climate variability and change and how to respond to difficult periods (Pettengell, 2010). However, despite many studies focusing on climate change impacts and adaptation strategies in Zambia, there has been limited research on how smallholder farmers utilize LEK to combat the effects of climate change, as reported by Nakamura and Hosen (2020). Additionally, many other studies have also confirmed that farmers have observed and noticed changes in their local environmental conditions such as changes in rainfall patterns and temperature fluctuations, which directly impact farmers’ agricultural productivity (Mashiza, 2019). This study therefore was an attempt to fill this gap by examining the role of LEK in adapting to effects of climate variability and change. 
Studies across Sub-Saharan Africa highlight the value of LEK in climate adaptation by examining how farmers in Zimbabwe, for example, use traditional weather forecasting to adjust planting schedules, thereby improving resilience to droughts (Mavhura et al. 2013). In the case of Malawi, LEK-based practices, like crop diversification, were reported to have enhanced food security under variable rainfall conditions (Nkomwa et al. 2014). Similarly, in Zambia, research indicates that smallholder farmers are acutely aware of climate change impacts, observing delayed onsets of rainfall, shorter growing seasons, and increased temperatures (Nyanga et al. 2011; Zulu et al. 2021). However, these studies often focused on broader regional or national contexts, leaving a gap in understanding how LEK is applied in specific locales like Mbereshi village, where unique ecological and cultural factors shape adaptation strategies. 
Climate change, characterized by rising temperatures, erratic rainfall, and increasing extreme weather events such as droughts and floods, poses significant challenges to global agricultural systems, particularly in Sub-Saharan Africa (IPCC, 2021). In Zambia, where agriculture supports over 70% of the population, these changes threaten food security and livelihoods, especially for smallholder farmers who are reliant on rain-fed systems (World Bank, 2021). In Mbereshi village, smallholder farmers face heightened vulnerability due to their dependence on natural resources, limited access to modern adaptive technologies, and their exposure to prolonged dry spells and unpredictable rainfall (Simfukwe et al. 2022; Mwansabombwe Integrated Development Plan, 2024). These climatic shifts disrupt planting schedules, reduce crop yields, and exacerbate poverty, underscoring the need for effective adaptation strategies tailored to local contexts. 
Smallholder farmers in Mbereshi village, like many villages in Sub-Saharan Africa, have historically relied on LEK to navigate environmental challenges. LEK encompasses community-bred practices and observations, such as the use of migratory bird patterns or plant blooming cycles to predict rainfall, selecting drought-tolerant crop varieties, and practicing intercropping to enhance soil fertility (Nakamura & Hosen, 2020). These practices, passed down through generations, enable farmers to adapt to climatic variability despite limited access to formal climate services, such as meteorological forecasts or irrigation systems. For instance, farmers in Mbereshi village observed natural indicators, like the flowering of specific trees, to determine optimal planting times, a practice that has sustained agricultural productivity in the face of shifting weather patterns (Mwansabombwe Integrated Development Plan, 2024). 
The reliance on LEK in Mbereshi village is particularly critical given the village’s socio-economic constraints. Most smallholder farmers operate on small plots of less than two hectares, lack access to credit, and face challenges in adopting modern technologies due to cost and availability (Simfukwe et al. 2022). Consequently, LEK serves as a primary tool for resilience, enabling farmers to mitigate risks through practices like conservation tillage and agroforestry, which also contribute to environmental sustainability by reducing soil erosion and enhancing carbon sequestration (Zulu et al., 2021). Despite its potential, the specific LEK practices employed in Mbereshi village, their effectiveness, and their integration into formal adaptation frameworks remain underexplored, limiting their recognition in policy and development initiatives. This study addresses this gap by investigating how smallholder farmers in Mbereshi village utilize LEK to adapt to climate change impacts, such as erratic rainfall and prolonged droughts. By documenting these practices and assessing their contribution to resilience and sustainability, the study aims to contribute to the growing body of literature on indigenous knowledge systems. Furthermore, it seeks to inform localized climate adaptation policies, offering insights that could enhance agricultural resilience in Mbereshi village and similar rural communities across Zambia and beyond. Understanding and promoting LEK can empower farmers, bridge traditional and scientific knowledge, and support sustainable development in the face of escalating climate challenges. 
 
1.2 	Rationale and aim  
This research paper was designed to investigate the role of LEK on climate change adaptation among smallholder farmers in Mbereshi village of Mwansabombwe district. The study addressed this issue by examining how smallholder farmers used LEK as a mitigation and adaptation strategy to respond to effects of climate variability and change. The paper was also aimed at examining how LEK strategies contributed to the overall improved agricultural productivity and environmental sustainability.  
2.0 MATERIALS AND METHODS 
This study adopted a mixed methods research design, which combines both qualitative and quantitative approaches together. For qualitative approaches, the study used in-depth interviews and observations while for quantitative approaches, the study used questionnaires to collect data. The qualitative approach was used because it allowed the study to investigate its phenomena in their natural settings, meaning that the study findings were derived from real world settings (Denzin and Lincoln, 2005). Thus, this study used both approaches because of their ability to provide a variety of perspectives from which a particular phenomenon can be studied and they both share a common commitment to understanding and improving the human condition, (Sale, Lohfeld and Brazil, 2002).   
2.1 	Study population and sample 
The target population for this study was all the smallholder farmers domiciled in Mbereshi village of Mwansabombwe district. The study defined the target population as rural producers, mainly in developing countries, who rely primarily on family labor for farming and for whom the farm serves as their main source of livelihood (Cornish, 1998). The total study sample size was 110 comprising smallholder farmers, community members, local leaders, agricultural extension officers, and individuals deeply involved in rural land management. 
2.2 	Sampling techniques 
The study employed a combination of probability and non-probability sampling methods to obtain both representative and information rich data. Systematic random sampling was used to select household participants by choosing every third farmer according to the categorization denoted by the researchers. This strategy ensured inclusiveness and minimization of selection bias, especially for the quantitative part of the study. Purposive sampling, also referred to as judgmental or selective sampling (Palinkas et al., 2015), was employed to identify key informants for the qualitative part of the study. The non-probability method involved the deliberate selection of participants based on expert knowledge relevant to the research objectives. For this study, purposive sampling was particularly appropriate because it enabled the selection of individuals with in-depth experience and insights into traditional farming practices and community-based adaptation to climate variability and change. These included elderly farmers, local leaders, agricultural extension officers, and individuals who are deeply engaged in land management and possess first-hand knowledge of indigenous ecological strategies. Unlike random sampling which treated all individuals as having equal likelihood of selection, purposive sampling helped target those with direct relevance to the phenomenon under investigation (Etikan, Musa, & Alkassim, 2016). This approach was essential for generating rich, context-specific data that has illuminated the nuanced role of LEK in climate change adaptation. The combination of these techniques, thus, ensured that the datasets collected were both statistically sound and qualitatively robust, thereby capturing a comprehensive picture of adaptation practices in Mbereshi village. 
2.3 	Instruments for data collection 
This study employed three key instruments for data collection namely; structured questionnaires, semi-structured interviews, and direct field observations. The mixed-methods approach was designed to provide both quantifiable data and rich contextual insights into how smallholder farmers in Mbereshi village utilized LEK in adapting to effects of climate variability and change. Structured questionnaires were developed using Kobo Toolbox - a digital data collection platform suited for field-based research in lowresource settings (Harvard Humanitarian Initiative, 2022). This tool enabled efficient administration, real time monitoring, and secure storage of responses during the data collection process. The structured questionnaires, which were designed to generate both quantitative and qualitative data, were administered to a sample of 110 respondents, comprising smallholder farmers, community members, and local leaders actively engaged in agriculture within Mbereshi village. The instruments enabled the researchers to collect quantitative insights on farmers’ awareness and perceptions of climate change, their current adaptation strategies, and the extent to which LEK informed their farming decisions. 
Structured questionnaires also included open-ended questions that allowed respondents to share nuanced reflections, personal experiences, and specific examples of traditional practices. This blend of question types provided the study with both measurable trends and rich contextual narratives, making it possible to triangulate statistical patterns with lived realities. The questionnaires were divided into thematic sections covering demographic characteristics, farming history and observed climate changes, traditional adaptation techniques in applying LEK and the effectiveness of LEK in climate change adaptation. Questions were translated into Bemba to ensure clarity and cultural appropriateness. Before deployment, the tool was pilot-tested with 10 respondents of farmers to refine the clarity, flow, and language of the questions. Additionally, in order to have a fair distribution of household questionnaires, respondents were selected using a purposive sampling strategy, as the study specifically targeted individuals with direct experience in smallholder farming and traditional knowledge systems. This ensured that the data collected were relevant to the research objectives. By focusing on active practitioners of LEK, the study was able to gather reliable information on how farmers were adapting to climate variability and change. 
Semi-structured interviews were conducted with a total of six key informants, carefully selected for their knowledge, experience, and influence in the community. These included two agricultural extension officers, one senior agricultural officer (SAO), the Sub-Chief of Chilindi under the Mwata-Kazembe Chiefdom, and two other respected local leaders. Each informant was selected purposefully based on their engagement with smallholder farmers, their understanding of traditional practices, and their strategic role in agricultural knowledge dissemination within the community. The interview process followed a semistructured format, which offered a balance between consistency across interviews and flexibility to explore context-specific insights. A printed interview guide was used, while interviews were documented through note-taking, audio recording, and reflective listening. This method enabled researchers to probe deeper into respondents’ unique experiences while clarifying ambiguous responses, and adapting the conversation to emerging themes (Kallio et al., 2016). Interview questions focused on the use of LEK in areas such as rainfall prediction, soil management, seed preservation and selection, and crop diversification. This method was particularly well suited for engaging informants with extensive practical and cultural knowledge that could not be captured through use of structured questionnaires alone. The semi-structured interviews enriched the dataset by providing in-depth qualitative perspectives on how LEK is preserved, transmitted, and adapted in response to changing climatic conditions. 
Direct field observations were carried out concurrently with structured questionnaires and interview guides. During the time of data collection, which coincided with the harvesting season, the study systematically documented visible adaptation practices in the farmers’ fields. These included the types of crops grown, evidence of intercropping or crop rotation, soil and water conservation methods, and traditional granaries used for seed storage. An observation checklist guided this process, while photographs and brief field notes were used to capture key findings. Observations served to validate self-reported data and reveal adaptation behaviors that participants may not have verbalized. This was particularly important in a context where some practices were habitual and embedded in everyday routines, and therefore not always consciously acknowledged by respondents. 
2.3.1 Validity of research instruments  
Ensuring the validity of research instruments is critical in guaranteeing that the tools accurately measure what they are intended to assess (Creswell & Creswell, 2018). In this study, particular attention was paid to establishing both content and face validity given the cultural and contextual specificity of LEK and its application in climate change adaptation. The process of validation began with the design and internal review of all instruments by the researchers, followed by a formal academic review and approval by the Department of Environment and Climate Sciences at Mukuba University. The Research Supervisor and the departmental panel of experts offered detailed feedback on the structure, clarity, and alignment of the questions with the set research objectives. Their comments were instrumental in refining the logical flow and ensuring the relevance of the instruments to the study’s core themes of indigenous knowledge and adaptation. Furthermore, contextual validation was undertaken through consultations with local agricultural experts and traditional leaders in Mbereshi village. These stakeholders provided guidance on the local interpretation of climate-related concepts and advised on culturally appropriate ways to pose questions during interviews. Their input helped ensure that questions would not only be understandable to the participants but also respectful of LEK systems. 
A pilot test was subsequently conducted in the study area with ten respondents randomly selected from each of the three zones namely A, B, and C into which the village had been strategically divided by the researchers for convenience and systematic coverage. This pretesting process served to identify ambiguous terms, overly technical language, and potential discomfort in question framing. Adjustments were made to improve the cultural sensitivity, clarity, and sequencing of questions, particularly those involving traditional ecological indicators and sensitive livelihood topics. As noted in Mwewa’s (2024) work, piloting instruments within a similar socio-ecological context enhances face validity and ensures that tools are responsive to the lived experiences of the target population. Constructing validity was further enhanced through a comparative approach during actual data collection where responses from questionnaires, interviews, and observations were cross-checked to evaluate internal consistency in themes such as traditional seed selection, weather prediction practices, and communal adaptation strategies. This triangulation method, recommended by Babbie (2021), helped the study in confirming the instruments which consistently captured the intended constructs without external distortion. 
2.3.2 Reliability of research instruments  
Reliability refers to the degree to which an instrument consistently produces stable and uniform results when applied under similar conditions (Saunders et al., 2019). In this study, particular emphasis was placed on ensuring that the research instruments yielded dependable and replicable data across diverse respondents within the study population. The internal reliability of the structured questionnaires was evaluated using the Cronbach’s Alpha Method, which is commonly applied to assess the internal consistency of multiple-item scales (Bryman, 2016). Using a sample of 10 pilot respondents from the three zones of 
Mbereshi village and a broader dataset of 100 actual respondents, the computed Cronbach’s Alpha Coefficient was 0.81, which exceeded the conventional threshold of 0.70, indicating a high level of reliability (Taber, 2018). This result suggests that the questionnaire items were cohesively structured and measured the same underlying constructs particularly those related to LEK and adaptive behavior. 
Unlike studies where intensive training is provided to enumerators, this research adopted a more grounded and participatory approach. During questionnaire administration and interviews, the interaction itself served as a dialogical space where information was clarified, and the broader significance of climate change adaptation was shared with respondents. While not structured as formal training, this process fostered a mutual learning environment in which farmers were both informants and learners. This interactive dynamic environment added a degree of transparency and sincerity to the responses, further supporting data credibility. In order to minimize inconsistencies during interviews and discussions, the study adhered to a standardized data collection protocol. Each respondent was engaged under comparable conditions, using the same tools and ethical procedures. Questions were posed in a consistent sequence and tone, while translation into Bemba was carefully moderated to avoid semantic distortion. Consistency was ensured by personally administering all interviews and overseeing all observations. 
2.4 	Methods of data collection  
To gather relevant data, a mixed-methods approach was utilized, combining both quantitative and qualitative data collection techniques. Quantitative data collection involves obtaining numerical information that can be measured and statistically analyzed to identify patterns, relationships, and overall trends (Creswell, 2014). In this study, quantitative datasets were used to assess variables such as farmers' awareness of climate change, the use of LEK, the mitigation practices they employed, and the effectiveness of LEK in enhancing adaptive capacity and resilience. Conversely, qualitative data collection focused on gathering non-numerical, descriptive information that reflected participants’ experiences, perceptions, and social contexts (Merriam & Tisdell, 2016). By employing structured questionnaires, semi-structured interviews, and observations, qualitative methods enabled the study to explore how LEK was used by smallholder farmers to adapt to effects of climate variability and change. The integration of both methods was crucial for this research, as LEK encompasses not only generational knowledge and culture but also measurable outcomes and the social and political dynamics that affect participation and decision-making. A mixedmethods approach provided a more comprehensive understanding by leveraging the strengths of both quantitative accuracy and qualitative insights (Shannon-Baker, 2016). 
To prepare for fieldwork, the research instruments were first prepared in English, and then translated into the local language to improve clarity for participants. A pilot test involving 10 smallholder farmers across different village zones helped fine-tune the wording, flow, and cultural relevance of the questions. The study used purposive sampling to select 110 farmers for the household questionnaires. These individuals were specifically chosen because of their direct experience with farming and use of LEK, which was central to the study. This method ensured that the responses came from those most familiar with traditional farming practices and community-based adaptation strategies. The structured questionnaires were administered using Kobo Toolbox. Alongside this, six key informants were interviewed comprising agricultural extension officers, traditional leaders, and other knowledgeable individuals. Their insights helped enrich the understanding of how LEK was used in adapting to climate variability and change. The data collection process became not only a research activity but also an opportunity for dialogue and learning within the community. 
 
 
 
2.5 	Methods of data analysis  
Data analysis was guided by the mixed-methods research design, which integrated both quantitative and qualitative approaches to provide a comprehensive understanding of how smallholder farmers in Mbereshi village used LEK to adapt to effects of climate variability and change. The method enabled the researchers to capture measurable trends while at the same time uncovering deeper insights into the social and cultural dimensions of traditional adaptation practices. The systematic use of appropriate analytical techniques allowed the researchers to transform raw data into meaningful patterns and evidence-based conclusions that reflected the complex realities of rural adaptation strategies. 
2.5.1 Qualitative data analysis 
Qualitative datasets collected from semi-structured interviews and open-ended questionnaires were analyzed using thematic analysis. This method was selected for its capacity to organize and interpret complex narrative data in a flexible yet rigorous manner. The method was also particularly appropriate for this study as it allowed for the identification of recurring patterns, shared experiences, and context-specific themes related to LEK and climate change resilience. The analysis followed the six-phase framework developed by Braun and Clarke (2021). The researchers first familiarized themselves with the data through repeated reading of transcripts and detailed notes. This was followed by the generation of initial codes that captured key ideas, beliefs, and practices mentioned by participants. These codes were then examined for similarities and grouped into broader themes that reflected the lived experiences and perceptions of respondents. 
Emerging themes from qualitative datasets included traditional methods of rainfall prediction, indigenous seed preservation, the role of elders in knowledge transmission, and the spiritual significance of farming rituals. These themes were further reviewed and refined to ensure internal coherence, then defined and clearly named in a way that reflected their relevance to the research objectives. This process allowed the study to move beyond surface-level description and explore the deeper meanings embedded in LEK systems. Thematic analysis thus enabled the researcher to highlight how LEK was shaped by culture, memory, and environmental interaction, as well as how it was continuously evolving in response to climate variability and change. As Caulfield (2023) emphasizes, thematic analysis is particularly effective for examining qualitative information from interviews and open-ended responses as it provides structure without compromising interpretive depth. The insights generated through this method were crucial in capturing the subjective and emotional dimensions of adaptation, which are often invisible in purely statistical studies. 
2.5.2 Quantitative data analysis 
Quantitative datasets derived from administered structured questionnaires were analyzed using the Statistical Package for the Social Sciences (SPSS) Version 29.0 and the Kobo Toolbox. These sets of statistical tools enabled the researchers to manage, clean, and analyze the data with a high degree of precision and consistency. The analysis began with the use of descriptive statistics, which included frequencies, percentages, and means to summarize the socio-demographic characteristics of respondents and their reported use of LEK in agricultural practices. This initial stage of analysis provided a foundational understanding of the profile of smallholder farmers and their general responses to climate-related changes. Additionally, in order to understand the use of LEK by smallholder farmers, a Multiple Regression Analysis was used, in which gender, age of the farmer, educational level, farming experience, farm size, and years lived in the village were the dependent variables against the LEK of smallholder farmers. 
The regression model used was Y_i=a+b_1 x_1+b_2 x_2+b_3 x_3+b_4 x_4+b_5 x_5+b_6 x_6+e where, Y_i is the farmer’s LEK; x_1 gender of the farmer; x_2 is the age; x_3 is the educational level; x_4 is the farming experience (in years); x_5 is the farm size; and x_6 is the years lived in the village. b_1, b_2, b_3, b_4, b_5, and b_6 are the regression coefficients of the corresponding independent variables, and “e” is the random error, which is normally and independently distributed with zero (0) mean and constant variance. This method was selected because of its capacity to determine the predictive influence of multiple independent variables on a dependent variable (utilization of LEK). By employing this analysis, the study was able to assess the contribution of selected demographic and farming-related characteristics to the use of LEK among smallholder farmers in Mbereshi village. 
The integration of SPSS and Kobo Toolbox in the analysis process enhanced the reliability and objectivity of the findings. These tools allowed for the detection of statistical trends and correlations that validated many of the observations made during qualitative data collection. For example, the regression analysis confirmed that older farmers were more likely to rely on traditional methods of weather forecasting, thereby supporting the qualitative theme of generational knowledge transmission. The use of statistical techniques provided an empirical foundation for the study’s conclusions and reduced the potential for researcher bias. As Saunders, Lewis, and Thornhill (2019) explain, quantitative analysis not only ensures transparency and accuracy in social research but also enhances the generalizability of findings by allowing patterns observed in the sample to be extended to wider populations. In this study, the quantitative findings did not stand in isolation but were used in combination with the qualitative results to develop a rich, triangulated understanding of adaptation practices. 
2.6 	Ethical considerations 
This study was conducted with strict adherence to ethical standards to ensure the dignity, rights, and well-being of all participants were fully respected throughout the research process. Ethical principles such as informed consent, confidentiality, respect for privacy, and community-level approval guided every stage of data collection. Before collection of any data, all participants were clearly informed about the nature, purpose, and objectives of the study. A detailed explanation was provided covering what participation involved, the voluntary nature of their involvement, and their right to withdraw from the study at any time without consequence. All datasets collected were handled with strict confidentiality while personal identifiers were omitted from the datasets, and responses were coded to protect the identities of participants. In reporting, findings were presented in a way that ensured no individual could be linked to their specific responses, thus safeguarding participants’ privacy. The study was also sensitive to the cultural dynamics of Mbereshi village. Ethical clearance and approval for this research was obtained from the Department of Environment and Climate Sciences of Mukuba University while community-level approval was obtained from the Sub-Chief of Chilindi under Mwata-Kazembe Chiefdom and the Ward Councilor of Mbereshi village. This layered ethical clearance ensured that the study was both academically sound and culturally accepted within the local setting. 
3.0 RESULTS 
3.1 Overview of the results 
In this section, the researchers offer results of the study on the role of LEK in climate change adaptation among smallholder farmers in Mbereshi village of Mwansabombwe district. The researchers first provide a brief overview of the demographic characteristics of respondents in terms of their gender, age and education level, which are important in determining which category of farmers were actively involved in farming. The researchers then move on to look at the most cultivated crops, which support the farmers’ livelihoods in Mbereshi village before presenting the section on climate change awareness and the use of LEK in relation to climate variability and change among smallholder farmers. The researchers wrap up the results section by looking at the effectiveness of LEK in building adaptive capacity and resilience among smallholder farmers in Mbereshi. 
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370 	3.2 	Demographic characteristics 
371 The demographic characteristics of respondents such as farmers’ gender, age, and education level are 
372 very important in determining which category of smallholder farmers were actively involved in agricultural 373 practices. Demographic characteristics are also necessary for measuring and analyzing the variations and 374 complexities related to these factors, and their influence on health within and across different settings. 
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376 	Figure 1: Gender distribution 
377 	 
	Table 1: Gender of respondents 
	
	

	 
	Frequency 
	Percent 
	Valid Percent 
	Cumulative  Percent 

	Valid 
	Female 
	59 
	53.6 
	53.6 
	53.6 

	
	Male 
	51 
	46.4 
	46.4 
	100.0 

	
	Total 
	110 
	100.0 
	100.0 
	 


378 The results of the study in Figure 1 and Table 1 show that the gender of participants was nearly evenly 379 split with 54% of the participants being female while 46 % being male. 
380 	Table 2: Frequency of household gender 
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381  
382 Table 3: Mean age of respondents 
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Despite the gender distribution showing a slightly higher percentage of female participation in the study as shown in Figure 1 and Table 1, the results of the study show that the main dominants in terms of household heads were males standing at 88.2% while females stood at 11.8% as indicated in Table 2.  The results of the study in Table 3 also show that the mean age of household heads stood at 50.6 years. 
	Table 4: Years of experience in farming 

	Valid 
	N 
	110 

	
	Missing 
	0 

	Mean 
	23.86 

	Median 
	23.00 

	Mode 
	15 


Furthermore, the results of the study in Table 4 reveal that the mean number of years that farmers spent in farming was found to be about 24 years, indicating that the farming population had a significant life experience and long-standing interaction with ecological and climatic variability and changes. 
 

Figure 2: Education level 
	Table 5: Education level of farmers 
	
	
	

	 
	Frequency 
	Percent 
	Valid Percent 
	Cumulative Percent 

	Valid 
	Primary 
	46 
	41.8 
	41.8 
	41.8 

	
	Secondary 
	58 
	52.7 
	52.7 
	94.5 

	
	Tertiary 
	6 
	5.5 
	5.5 
	100.0 

	
	Total 
	110 
	100.0 
	100.0 
	 


The educational level attained by respondents was also investigated and the results of the study in Figure 2 and Table 5 show that the majority of respondents who attained secondary education stood at 52.7% while 41.8% of them had only attained primary education. The rest of the respondents (about 5.5%) had reached tertiary level of education.  
3.3 	Smallholder farmers’ livelihoods 
In order to understand LEK in terms of livelihoods, the study examined the famers’ livelihoods as illustrated in Figure 3 and Table 6. 
 

Figure 3: Source of income 
	Table 6: Primary sources of income 
	
	
	

	 
	Frequency 
	Percent 
	Valid Percent 
	Cumulative Percent 

	Valid 
	Farming 
	104 
	94.5 
	94.5 
	94.5 

	
	Other 
	6 
	5.5 
	5.5 
	100.0 

	
	Total 
	110 
	100.0 
	100.0 
	 


The results of the study in Figure 3 and Table 6 show that 94.5% of the respondents’ income came from farming while only 5.5% of respondents reported depending on others as a source of income. This indicates that the livelihoods of smallholder farmers in Mbereshi village were entirely dependent on farming. 
 

Figure 4: Crops most cultivated to the least 
The study also examined the most cultivated crops in the study area which entirely supported the smallholder farmers’ livelihoods. The results of the study in Figure 4 show that maize, leguminous crops (groundnuts and beans), and cassava were the most cultivated crops. 
3.4 	Smallholder farmers’ climate change awareness and perception 
The smallholder farmers’ awareness and perception of climate change was examined by the study through investigating the main climate variables such as rainfall, drought, floods, and temperature that the farmers noticed or observed.  
	Table 7: Changes in the weather patterns 
	
	

	 
	Frequency 
	Percent 
	Valid Percent 
	Cumulative Percent 

	Valid 
	Yes 
	110 
	100.0 
	100.0 
	100.0 


The results of the study in Table 7 show that 100 respondents (90.9%) reported significant changes in the identified climate variables.   
 

  Figure 5: Climate variables 
The study also asked farmers to indicate the specific climate variables that they noticed had changed, and the results of the study in Figure 5 show that all the 110 respondents (100%) reported significant shifts in rainfall and drought patterns while 109 respondents (99.09%) reported shifts in flood patterns. This shows that there had been an increase in the frequency and severity of floods over the years. Only one respondent (0.91%) had noted changes in temperature pattern.  
Table 8:  Perceptions of smallholder farmers on climate variables 
	Climate Variable 
	Observed Change 
	Frequency 
	Percentage (%) 

	Rainfall 
	Offset ending late 
	109 
	99.09 

	 
	Onset starting early 
	107 
	97.27 

	 
	Decreased 
	82 
	74.55 

	 
	Onset starting late 
	4 
	3.64 

	 
	Offset ending early 
	1 
	0.91 

	 
	Increased 
	1 
	0.91 

	Drought 
	Increased 
	110 
	100.00 

	 
	Decreased  
	0 
	0 

	Floods 
	Increased 
	109 
	99.09 

	 
	Decreased  
	1 
	0.91 

	Temperature 
	Increased (Hotness) 
	1 
	0.91 

	 
	Increased (Coldness) 
	1 
	0.91 


Table 8 shows the participants’ responses towards the changes in the observed climate variables (rainfall, drought, floods, and temperature), in terms of the frequencies, and percentages. The results of the study show that smallholder farmers in Mbereshi village overwhelmingly perceived significant changes in rainfall, drought, and flood patterns. 
The study also performed a Chi-square test to determine whether there was a statistically significant difference in farmers’ perceptions of climate variability and change across the four main climate variables. The results of the study show that the climate variables’ yielded p-Value was below 0.05, indicating that the observed changes were not by chance as the overall p-Value on the variables was < 0.001 (9.33 × 10⁻⁹³) as displayed in Table 9. 
 
Table 9: Chi-square test results for perceived changes in climate variables 
	Climate Variable 
Rainfall  
	Chi-square (𝑥2) 216.02 
	p-Value (p) 
0.0000 
	Degree of Freedom (df) 
1 

	Drought  
	216.02 
	0.0000 
	1 

	Floods  
	208.16 
	0.0000 
	1 

	Temperature 
	208.16 
	0.0000 
	1 



Interpretation Note: All variables yielded statistically significant results (p<0.05), indicating that the observed patterns in farmers’ responses were not due to chance. Rainfall and drought were uniformly high while temperature was barely perceived as having changed. This shows that farmers were acutely responsive to rainfall-related variability but less observant of temperature shifts. 

 
Chi-square test output for all climate variables 

Chi-Square (χ²).    Degrees of Freedom (df).        p-value                         Significance Level  

429.43                                            3                < 0.001 (9.33 × 10⁻⁹³).                α = 0.05 
 
 

Figure 6: Effects of changes in climate variables on crop yield 
 
	Table 10: Change in climate variables effect on crop yield 
	

	 
	Frequency 
	Percent 
	Valid Percent 
	Cumulative Percent 

	Valid 
	Decreased 
	106 
	96.4 
	96.4 
	96.4 

	
	Increased 
	4 
	3.6 
	3.6 
	100.0 

	
	Total 
	110 
	100.0 
	100.0 
	 


The study also examined the effect of the shifts in climate variables on the famers’ crop yields and the results of the study show that 106 respondents (96.4%) reported a decrease in agricultural productivity, and only four respondents (3.6%) indicated an increase in yields as illustrated in Figure 6 and Table 10. 
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Figure 7: Frequency of responses on changes in farming practices 
 
	Table 11: Frequency on farmers’ changes in farming practices 

	 
	Frequency 
	Percent 
	Valid Percent 
	Cumulative Percent 

	Valid 
	No 
	7 
	6.4 
	6.4 
	6.4 

	
	Yes 
	103 
	93.6 
	93.6 
	100.0 

	
	Total 
	110 
	100.0 
	100.0 
	 


Despite the reported disruptions in the shifts in rainfall patterns, extended dry spells, and flooding causing a decrease in crop yields, the results of the study in Figure 7 and Table 11 show that farmers had made some changes to their farming practices. The results of the study reveal that 103 respondents (93.6%) had been making changes to their farming practices while seven respondents (6.4%) were doing the other.  
Table 12:  Source of the change of practices 
 

The study also examined the sources that farmers used to make changes to their farming input and the results of the study in Table 12 show that 95 respondents (86.36%) confirmed that they made changes based on their LEK system, denoting that the majority of these adaptive changes that farmers made were rooted in their LEK. Only a small fraction of eight respondents (7.27%) relied on other external sources, reinforcing the fact that LEK remained the dominant and trusted foundation for local adaptation.  
  
  
Table 13: Reported changes in farming practices in response to climate change  
	Practices 
	Frequency 
	Percentages (%) 

	Early cultivation & Harvesting 
	36 
	37.89 

	Intercropping    
	30 
	31.58 

	Crop rotation 
	19 
	20 

	Agroforestry 
	7 
	7.37 

	Mulching 
	3 
	3.16 


Reported changes in farming practices in response to climate change were also examined and the results of the study in Table 13 show that early cultivation was the most frequently adopted adaptation practice, followed by intercropping, and crop rotation. These practices, largely informed by LEK, helped smallholder farmers adjust to unpredictable rainfall patterns and reduced risks of crop failure. This shows that cultivation timing, adopting resilient cropping techniques, and modifying field management practices were reported to be the main adaptive responses to climate variability and change. 
Table 14: Impact of changed practices on crop yield 
 

The impact of changed practices on crop yield was also examined and the results of the study in Table 14 reveal that out of 103 respondents, 92 (83.64%) noted an increase in their crop productivity, while 13 (11.82%) respondents reported noticing no change and only two (1.82%) observed a decline in crop yields. The overall positive response demonstrates the relevance, accuracy and adaptability of LEK in coping with climate-related stressors. 
3.5 	LEK in relation to climate change 
3.5.1 LEK and climate change adaptation 
The use of LEK in climate change adaptation was examined to determine the knowledge and practices adopted by smallholder farmers in responding to climate variability and change. The results of the study in Table 15 and 16 reveal that farmers in Mbereshi village utilized a wide range of LEK to adapt to climate variability and changing seasonal patterns and hence all 110 respondents (100%) provided at least one example of LEK they actively used.  
Table 15: LEK – Knowledge 
	LEK Knowledge 
	Frequency 
	Percentage (%) 

	Plant flowering and blooming 
	40 
	36.36 

	Cloud cover and Wind flow observation 
	38 
	34.55 

	Animal behavior (migratory birds,) 
	30 
	27.27 

	Use of insects and insect sounds as indicators 
	2 
	1.82 


The data presented in Table 15 reflects the most commonly reported LEK indicators used by smallholder farmers in Mbereshi village to interpret seasonal and weather changes.  
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462 	Table 16: LEK - Practices 
	 
	Frequency  
	Percentages (%) 

	Crop rotation 
	98 
	89.09 

	Intercropping (maize, beans, pumpkin) 
	96 
	87.27 

	Seed selection based on soil type 
	45 
	40.91 

	Mulching 
	10 
	9.09 

	Early planting 
	8 
	7.27 

	Raised ridges and mounds 
	5 
	4.55 

	Use of early-maturing or drought-tolerant seeds 
	5 
	4.55 

	Agroforestry 
	3 
	2.73 


The practices listed in Table 16 represent strategies employed by smallholder farmers to cope with climate variability and change. These methods were rooted in LEK and have passed down through generations. 
463 	 
464 	3.5.2 LEK and climate change mitigation 
465 On the use of LEK to mitigate the effects of climate change, the results of the study in Figure 8 reveal 466 that some LEK practices indirectly contributed to climate change mitigation as smallholder farmers affirmed 467 that their farming methods contributed to protecting the environment. The most widely practiced mitigation468 related technique was conservation tillage which stood at 97.27% (n=107), followed by organic fertilizers 469 (animal and plant manure) at 47.27% (n=52), which was mostly used on gardens, and the least was 470 agroforestry at 40% (n=44). 
471 	 

472 	Figure 8: Frequency on practice in conservation farming 
473 	3.5.3 Effectiveness of LEK in building resilience 
474 The study also provided compelling evidence of the effectiveness of LEK in enhancing resilience 475 against the adverse impacts of climate change. The responses of farmers in Figure 9 when asked to state the 476 impact of LEK in helping cope with climatic stressors and maintain productivity, show that 65 of them 477 (59.09%) rated LEK as very effective, while 44 (40%) found it effective. Only one respondent (0.91%) 478 considered it not effective.  
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Figure 9: Frequency on effectiveness of LEK 
In order to understand the use of LEK by farmers, a Multiple Regression Analysis was used, where the gender, age of the farmer, educational level, farming experience (years spent in farming), farm size (in hectares), and years lived in the village were the dependent variables against the independent variable (use of LEK) of the farmers as shown in Table 17.   
Table 17: Multiple Regression Analysis results on factors influencing farmers’ adoption of LEK 
	Variable 
	Unstandardized 
Coefficient (β) 
	Standard Error 
	t-value 
	p-value 
	Significance 

	Constant (a) 
	0.7122 
	0.060 
	11.88 
	0.000 
	Significant 

	Gender 
	0.0896 
	0.021 
	4.27 
	0.000 
	Significant 

	Age 
	0.0412 
	0.015 
	2.75 
	0.007 
	Significant 

	Education Level 
	0.0018 
	0.014 
	0.11 
	0.915 
	Not significant 

	Farming 
Experience 
	0.0365 
	0.012 
	3.04 
	0.003 
	Significant 

	Farm Size 
	0.00008 
	0.001 
	0.05 
	0.961 
	Not significant 

	Years Lived in Village 
	-0.0008 
	0.0005 
	-1.66 
	0.100 
	Not significant 


Table 17 summarizes the results of a multiple regression model estimating the influence of selected demographic and agricultural factors on the use of LEK among smallholder farmers in Mbereshi village. 
	R-squared 
	(R²): 
	0.312 

	Adjusted 
	R²: 
	0.274 


F-statistic: 7.29 (p < 0.001) 
The results of the multiple regression model in Table 17 show that the age and farming experience of respondents were the most significant predictors of LEK use among smallholder farmers in Mbereshi village (p = 0.007 and p = 0.003 respectively). The model also shows an approximately 27.4% of the variance in LEK use (Adjusted R² = 0.274), indicating a moderate level of explanatory power with potential for inclusion of additional cultural or ecological variables to further strengthen the model. 
4.0 DISCUSSION AND CONCLUSION 
4.1 DISCUSSION 
 
4.1.1 Demographic data and respondents’ livelihoods 
As alluded to in the results section, the demographic characteristics of respondents are very important in determining which category of smallholder farmers were actively involved in farming practices and their influence on farmers’ health within and across different settings. The results of the study show a slightly higher percentage of females in gender distribution although the head of the household was dominated by males. The mean age of respondents was 50.6 years, indicating that most participants were middle-aged with mean number of 24 years that respondents had spent in farming. This age mean of most household heads entails that households were led by experienced adults with vast knowledge on observed multi-year climate trends and adaptations, with considerable engagement in land-based livelihoods and with a potentially deep understanding of LEK of their local environment. The household gender demonstrates that smallholder farming in Mbereshi village was male-dominated; a pattern commonly observed in most rural parts of Zambia as a result of socio-cultural norms where men are often regarded as household heads and primary decision-makers in agricultural activities. 
The study also reveals that the educational level of the majority of respondents was attained at secondary and primary level of education, and only a small of proportion had reached tertiary education. This illustrates that while a significant number of farmers had progressed beyond basic education, very few had access to higher learning. The study also shows that smallholder farmers’ livelihoods in Mbereshi village were almost entirely dependent on rain-fed agriculture as the region lacked significant commercial activity, formal businesses or industrial employment opportunities, leaving farming as the only source of household income. The majority of respondents reported that they relied on the income generated from their crop sales after harvest to sustain their livelihoods throughout the year.  
4.1.2 Farmers' perception and observation of climate change shifts 
The results of the study reveal a strong awareness of climate change among smallholder farmers in Mbereshi village. These observations were not informed by scientific data but rather by daily interactions with the local environment and also reliance on traditional knowledge systems. The study shows that farmers consistently reported later-than-usual offset of rains, early onset, and an overall reduction in rainfall. Farmers reported that rainfall patterns had become increasingly erratic, with rains starting late and ending early, and becoming less predictable over time. This tended to disrupt the agricultural calendar and thereby reducing crop productivity.  
Several respondents expressed this concern during interviews, “Every farming season now is a different season unlike in the past where we knew our weather patterns very well. Our rainfall seasons are no longer the same, in past we used to receive first rains end of September as an indicator that the rains are about to start and alertness for preparation but now once the rains start that is the start of rain season”.  
Another stated this on floods, “The rate of heavy rainfall now is changing and increasing and our crops are getting damaged affecting our agricultural productivity. We can confirm together that we have not yet gone on in the fields to start harvesting this is April because of the heavy rains”.   
Regarding droughts, farmers noted prolonged dry spells occurring at unusual times during the rainy season. These were previously expected in January but then sometimes occurred at the start of the rainy season or extended into February, creating considerable stress on crop growth. 
One participant highlighted this on drought, “We used to experience a dry spell normally in January for 1-2 weeks that so, but in these recent years it happens whenever it feels like, we are experiencing the dry spell just after the onset of the rains and the occurrence in January extends even up to February”. This information from key informants just affirms what farmers observed.  
The Senior Agricultural Officer (SAO) highlighted the following: “… the significant changes that have occurred in the area are that previously rainfall used to start as early as September and October. Going into October, the rains used to be effective meaning in October that is when we used to receive effective rainfall where we could even plant, but now we usually receive effective rainfall towards the end of October and sometimes even November”. 
This shift in climate had made it difficult for farmers with their timely planting resulting in crops often suffering from moisture stress during crucial growth stages. These study findings are consistent with climate studies in Zambia, which highlight increased drought frequency and irregular intra-seasonal dry spells as major challenges for smallholder agriculture (Mulenga, Wineman, & Sitko, 2017; National Adaption Plan, 2023). 
One Extension Officer stated this on drought, “…. we usually experience dry spells in the area at different phases of the rainfall now; normally they usually occur in January but now there have been changes like this year (2025), rain fell in the early month of February and towards the end of March, there was a continuous one”.  
These study findings also align with the broader research on climate change in Zambia and the SubSaharan Africa in which, for example, Hakwendenda (2022), Simfukwe et al. (2022) and Chisanga & Chishimba (2020) document a trend of erratic rainfall patterns, including both delayed onset and premature cessation of rains, as well as reduced total rainfall amounts. These changes are attributed to increasing climate variability and change driven largely by global warming and regional atmospheric shifts. These climate awareness and perceptions can further be confirmed by the Chi-square test that was performed on the climate variables where all the variables yielded statistically significant results (p<0.05), indicating that the observed patterns in the farmers’ responses were not due to chance. Rainfall and drought were uniformly high, while temperature was barely perceived as having changed. This shows that farmers were acutely responsive to rainfall-related variability but less observant of temperature shifts. 
Furthermore, most of the respondents reported a decrease in agricultural productivity, citing these input disruptions and weather variability as major causes, and only few respondents indicated an increase in yields likely often due to the adoption of drought-tolerant seeds or planting at more favorable times. This overwhelming response reveals the severe impact of climate variability and change on crop yields and household food security in Mbereshi village. The reduced rainfall, unpredictable dry spells, and flooding were reported to have disrupted planting and harvesting cycles, leading to lower yields and diminished incomes for smallholder farmers. 
One other participant stated, “…. being in a situation where you will not be able to talk about tomorrow’s weather is a difficult scenario for us as farmers, yes, we are able to tell to say it will not rain today because of the appearance of the clouds but were you end up experiencing for days and a month in a middle of a farming season is really affecting our productivity”. 
For smallholder farmers who relied solely on rain-fed agriculture, the rainfall irregularities posed severe risks to food security, income generation, and long-term resilience. In particular, the combination of early onset with late offset of rainfall promoted false planting and waterlogging while reduced rainfall intensified drought-related vulnerabilities. The high level of awareness can be attributed to the farmers' dependence on rain-fed agriculture and their acute sensitivity to environmental shifts that directly affected their livelihoods. These observations were not isolated events but were part of a cumulative experience rooted in intergenerational ecological memory. As climate change continues to manifest through irregular rainfall, increased flooding, and dry spells, these farmers are developing a nuanced, experience-based understanding of climatic variability and change. 
4.1.3 LEK for climate adaptation 
Despite the effects of the changing climate variables on farming inputs and productivity, farmers in Mbereshi village had continued to adapt and sustain their agricultural activities through the use of LEK. The disruptions caused by shifting rainfall patterns, extended dry spells, and flooding had challenged farmers’ ability to use essential inputs effectively. However, in response to these challenges, the study reports that farmers had made changes to their farming practices, which were informed by LEK. The demonstrated LEK applications guided household level adaptation decisions, changing cultivation timing, adopting resilient cropping techniques, and modifying field management practices.  
One participant highlighted, “…. we have seen the changes in our weather patterns, rains starting early sometimes end of October who can stay with old planting method of end of November and December sometimes January were one end up experiencing a dry spell”, went on “personally have changed the planting time and harvesting periods”.  
Farmers also cited bird behavior, especially of species like Ikowa, also known as Great Egret (Ardea alba), utumimbi, and kamaisa, as traditional indicators of rainfall onset and offset. The flowering and blooming of plant species as signals of upcoming rains, notably the Mukula tree (Pterocarpus Erinaceus), was the commonly reported by respondents for predicting the offset of rainfall. 
One other respondent stated this on the onset of rainfall, “We just see the changes in our environment; we even know that the rains are approaching.” In addition, the participant highlighted that, “predicting rainfall like we used to in the past is very difficult now, because the rains onset and offset are different from what we knew, hence we rely on the weather forecast from government which is not accuracy most of the time”. 
Another participant highlighted. “To make prediction of weather nowadays for a long period of time like our ancestors used to is impossible because we are in a digital era where we receive information from the government. However, at the start of the rains, we are able to tell because we see changes in our environment such as the appearance of clouds, and blooming and flowering of plant species for instance”.  
Cloud cover and wind flow were widely reported to be used by farmers as visual signs to anticipate weather patterns. For instance, several participants stated how cloud cover was used stating that when clouds were near, it was interpreted as signaling that the rains were still at the onset period, while when clouds were far it meant that the rain season was ending.  
Among the practices and local knowledge that were most cited was the adoption of early cultivation followed by intercropping and crop rotation. Farmers observed that early planting allowed them to take advantage of the shifting onset of rains while intercropping and crop rotation helped them manage soil fertility, minimize pest outbreaks, and ensure food availability. The selection of seeds based on soil type and planting time was also frequently mentioned. This demonstrates the localized and context-specific nature of adaptive strategies, indicating that the practices were informed by ecological cues such as plant flowering, bird migration, wind flow, and cloud patterns, reflecting a deep relationship between farmers and their environment. 
Several participants stated this on how the soil type is used in seed selection, “Most crops are planted according to the soil particularly on that field soil type” through just observation and understating their environment. For crop varieties, we plant them according to the water demand. Like cassava, it does not require a lot of water. Mostly we plant it in the uplands where there is no much water together with legumes like sweet potatoes also.” 
Another respondent highlighted this on preventing floods weeping their produce, “…. because of the recent heavy rainfalls, we are receiving we are now raising ridges to avoid runoffs to weep out our crops”. 
The Senior Agricultural Officer (SAO) highlighted that, “…. the LEK is being used by farmers and seen it very effective mostly in seed selection, farmers know the crops to plant in their fields and which area they grow well”. 
Farmers also cited different practices and knowledge they put in place to adapt to the effects of climate change. This means that farmers’ decisions such as when to cultivate, which seed varieties to use, and how to interpret signs from cloud movement, plant flowering, or bird migration were deeply rooted in generational experience and real-time ecological observation continues to help farmers cope with the effects of climate variability and change.  
4.1.4 LEK Contribution to climate change mitigation and environment sustainability 
While the study primarily focused on adaptation, it also uncovered evidence that LEK practices contributed to environmental sustainability and climate change mitigation. Farmers indicated conservation tillage, organic fertilizer, and agroforestry as the most prominent practices used in contributing to climate change mitigation, agricultural output and environmental sustainability. Most of the farmers indicated that conservation tillage minimized soil disturbance, improved soil structure, and prevented erosion practices that contributed to carbon retention in the soil and improved water retention. Organic fertilizers were mostly used by gardeners while some were put in their agricultural fields after harvest to reduce on the application of synthetic fertilizers, thereby reducing greenhouse gas emissions associated with industrial fertilizers in their farming systems. Agroforestry was mostly practiced by farmers, indicating a growing recognition and value of integrating trees within crop fields. This means that not only did this practice aid in carbon sequestration but also enhanced microclimatic regulation, biodiversity, and long-term land productivity. 
Smallholder farmers also believed that these practices helped in maintaining healthy soils, preserving water sources, and sustaining local biodiversity. These perceptions demonstrate that smallholder farmers in Mbereshi village did not see environmental care and agricultural productivity as opposing goals. Rather, their LEK promoted co-existence with nature, guided by principles of balance, observation, and regeneration. While these practices were not necessarily adopted with the intention of reducing emissions, their outcomes such as reduced land degradation, diversified cropping systems, and reduced chemical dependency aligned with the core tenets of climate change mitigation and adaptation. Thus, LEK in Mbereshi village contributed to a low-emission agricultural system. This unanimous response has challenged the misconception that traditional agricultural systems are environmentally passive or outdated. Instead, the results show that farmers possessed and applied a wealth of ecologically aligned strategies rooted in their LEK. 
4.1.5 Building climate resilience through LEK and its effectives  
The effectiveness of LEK in building resilience was clearly demonstrated by the study findings. The farmers were asked to state the effectiveness of LEK in helping them cope with climate change and most of the respondents described it as very effective while a few felt it was not effective. Farmers pointed out specific ways LEK helped them manage risks through early planting, seed selection, and the interpretation of natural indicators like cloud cover, flowering of plants, bird migration, and wind flow. These observational systems, deeply embedded in culture, allowed farmers to make timely decisions, reduce on input waste, and preserve crop productivity in the context of rainfall unpredictability and extreme events. Nonetheless, a minority of respondents felt that there had been moments when their local knowledge was insufficient in the face of severe climate shocks.  
One farmer, for instance, described how erratic changes in rainfall patterns affected harvesting times, while another reported that early cultivation was no longer enough and had to be paired with increased intercropping and crop rotation. These accounts were not indications of failure but reflections of a changing climate that was testing even the most robust traditional systems. Notably, the effectiveness of these strategies was evident in the outcomes of most farmers who made changes reporting increased yields. Only a few saw no change, and experienced a decrease in yields. This suggests that LEK-based adaptation was not only widespread but also functionally effective in mitigating the negative impacts of climate change. 
An Extension Officer stated and confirmed the effectiveness of the LEK by saying, “…. LEK is very effective in this changing climate, since my arrival we have develop a new agricultural zone based on seed selection that themselves make in terms of which crop to plant classifying based on LEK”. 
The Senior Agricultural Officer (SAO) also highlighted that, “…. because of the LEK farmers knows which crops and seeds thrive well in their agricultural fields”. This illustrates that adaptation in Mbereshi was not imposed externally but emerged from within the community through continuous observation, reflection, and response to environmental conditions. 
Overall, the study findings affirm that LEK in Mbereshi village was not only alive, but dynamic. It evolved in response to new environmental challenges and continues to guide farmers in developing locally adaptive, sustainable, and resilient farming systems. This knowledge system is a valuable asset that deserves recognition, documentation, and support within national adaptation and mitigation frameworks. This is also supported by the results of multiple regression analysis which showed consistence with the broader understanding that LEK was largely accumulated through long-term environmental interaction and observation. Older farmers and those with more years spent in farming possessed a rich repository of traditional knowledge that guided their practices in the face of climatic variability. 
However, education level, farm size, and years lived in the village were not significant contributors to LEK use. The results highlight that formal education may not necessarily enhance LEK application but instead, experiential and intergenerational knowledge sharing play a more pivotal role. The insignificance of education and years lived in the village suggests that LEK is not acquired through formal means or passive residency but rather through active, daily involvement in farming and climate-related observations. This reaffirms the position of scholars such as Berkes (2017) and Freeman (1992), who argue that LEK is best understood as a dynamic, lived system of knowledge. The findings also support the argument that future climate adaptation programs must integrate age-sensitive and experience-based knowledge systems. Efforts to build resilience among rural farming populations should emphasize the preservation, transfer, and revitalization of LEK through peer learning, intergenerational mentorship, and participatory extension services that value local wisdom as much as scientific recommendations. 
4.2 CONCLUSION AND RECOMMENDATIONS 
This study set out to examine how LEK was utilized by smallholder farmers in Mbereshi village to adapt to the impacts of climate change. The findings confirm that LEK plays a pivotal role in climate change mitigation and adaptation, and in building adaptive capacity and resilience among smallholder farmers. Smallholder farmers seem to possess an acute understanding of climatic changes developed through longterm interaction with their environment. This knowledge is not only observational but also actionable, guiding farming decisions that mitigate risks and optimize productivity. Adaptation strategies such as early cultivation, crop rotation, and seed selection, among others, are grounded in LEK and have led to improved yields for most smallholder farmers. The widespread application of LEK-based practices underscores the autonomy and capacity of local communities to respond effectively to climate variability and change. Additionally, practices such as conservation tillage, use of organic fertilizers, and agroforestry demonstrate that LEK can also support climate change mitigation and environmental sustainability. The study concludes that LEK is not a relic of the past but a living, evolving system of knowledge that must be preserved, supported, and integrated into formal adaptation strategies. Its effectiveness, however, does not negate the need for support mechanisms; rather, it calls for a hybrid model that combines traditional wisdom with scientific innovation. 
Based on the aforementioned results and conclusions, the study recommends that,1) there is a need to recognize and integrate LEK strategies into national policies where government institutions and development partners can work together for a common goal. Local and national agricultural policies should integrate LEK into climate adaptation and extension strategies. 2) There is also a need to support community-based knowledge systems by documenting and preserving LEK through participatory research and knowledge-sharing platforms. 3) Hybrid support systems should be provided to complement LEK with scientific forecasting tools, weather information systems, and improved extension services to enhance adaptive capacity. 4) The promotion of climate-smart agriculture through investment in agro-ecological practices that align with LEK such as conservation farming, organic inputs, and tree planting is critical. 5) Infrastructure and market access should also be enhanced by improving rural infrastructure, storage, and market access to reduce on post-harvest losses and strengthen household income stability. As farmers depend solely on seasonal production and occasional sales to buyers like the Food Reserve Agency (FRA), the provision of rural infrastructure, storage facilities, and better market linkages is essential to reduce vulnerability and improve livelihoods. 
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