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Factors Influencing Levels of Farmers’ Knowledge about Climate Change Adaptive Farming Strategies on Smallholder Farmers in Ng’hambi Ward, Mpwapwa District
ABSTRACT
	Farmers' knowledge about climate change adaptive farming strategies influences their ability to adopt these practices. This study examined the factors affecting the level of expertise among smallholder farmers in Mpwapwa District, Tanzania. Specifically, it addressed: (1) What is the level of farmers' knowledge about climate change adaptive farming strategies? and (2) Which factors significantly influence this knowledge? A cross-sectional research design was employed. Data were collected from 105 randomly selected farmers across four villages, Mbugani, Kazania, Nghambi, and Kiegea in Ng'hambi Ward using proportional random sampling. Semi-structured interviews, key informant interviews, and focus group discussions were used for data collection. Data were managed in Excel and analyzed in SPSS. Descriptive statistics summarized knowledge levels, while multiple regression analysis assessed influencing factors. Results showed that 52% of farmers had a medium level of knowledge. Significant predictors of a farmer's knowledge level included education level (P = 0.001), age (P = 0.031), sex (P = 0.001), and farming experience (P = 0.030). The findings highlight the importance of incorporating farmers' demographic backgrounds into the design and delivery of extension programs aimed at enhancing climate change resilience. Also, it recommends enhancing farmers' climate change knowledge through peer education, farmer groups, and adult learning; ensuring women's equal access to training and resources; and developing inclusive policies that address the needs of marginalized groups.
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1.0 INTRODUCTION
Climate change is a serious environmental concern facing the entire world. Climate change has a devastating effect on agriculture, leading to decreased crop yields, which in turn exacerbate food insecurity, malnutrition, and stunting in children under the age of 5. Global Projections indicate that by 2050, drought caused by climate change will result in a 25% decline in the production of major staple crops worldwide. (Wing et al., 2021). In Europe in 2003, heat wave-induced climate change decreased maize yields by about 30% and wheat yields by 20%, while drought-induced climate change reduced crop yields by 13% (Schenker & Roberts, 2009).

Africa, where most of its agricultural sector relies on rainfall and over 60% of the population depends on agriculture for their livelihood, is disproportionately affected by climate change compared to other parts of the world. According to FAO (2021), IPCC (2022), and World Bank (2023), drought and flood decreased crop yields by 22% for maize and 8% for cassava in Africa by 2030. In Mozambique, for example, maize is expected to fall by 30 percent by 2030 (McKinsey & Company, 2023).

In southern Ethiopia, many farmers have developed an awareness of climate change and its effects on agricultural productivity. This awareness influences their decision-making processes regarding the adoption of climate-smart agricultural (CSA) practices. Research indicates that farmers who perceive climate change as a significant threat are more likely to implement adaptation strategies, such as soil and water conservation, improved crop varieties, and agroforestry practices. However, there are notable gaps in knowledge and understanding among different farmer demographics, which can affect the effectiveness of adaptation measures (Belay et al., 2022).

In Tanzania, the impacts of climate change are becoming more noticeable in agriculture in many parts of the country. In Mpwapwa, for example, where this study was conducted, climate change-induced droughts have decreased crop yields by 30%, causing substantial harm to farmers and herders who depend on stable weather conditions for their crops and livestock (Ogunbode et al., 2024). In Tanzania, various efforts are being made to decrease the susceptibility of smallholder farmers to climate change, such as reducing greenhouse gas emissions, enhancing carbon sequestration, and upgrading irrigation systems. However, it is widely accepted that promoting the use of climate change adaptive farming practices among smallholder farmers is key to minimizing the impact of climate change for improved food security and reduced poverty among smallholder farmers in developing countries, including Tanzania (Legg, 2021). Smallholder farmers, particularly in low- and middle-income countries, are increasingly exposed to extreme weather events, resource scarcity, and crop failures. These challenges threaten their livelihoods and food security (FAO, 2023).

Mpwapwa District, in collaboration with other stakeholders, has implemented several projects to promote the adoption of climate change adaptive farming practices as a strategy to curb the impacts of climate change in the district. The project involved training smallholder farmers on adaptation strategies to climate change (e.g., use of drought-tolerant crops, crop diversification, cover crops), distributing free drought-resistant sorghum varieties, establishing farmers' field schools, and training farmers on climate change adaptation strategies. Still, the impact of climate change is far from being addressed, and the district is still one of the food-insecure districts in Tanzania. About 42,123 households are food insecure, and about 15,800 children face malnutrition and stunting. This has been attributed to low sorghum productivity, which is the main staple food. Sorghum productivity is 1,500kg per hectare, which is insufficient to support a family's food for a year. The low productivity falls below Tanzania's national average of 3,000kg per hectare. Studies have attributed low productivity to low adoption of climate change adaptive practices. Farmers do not implement strategies such as conservation agriculture, drought-resistant crops, efficient water management, agroforestry, integrated pest management, and soil and water conservation techniques.

The existing body of knowledge recognizes the significance of farmers' knowledge in adapting to climate change and promoting resilience. For example, Belay et al. (2022) found that sufficient farmers' understanding and perception played a vital role in adapting to the adverse effects of climate change, like drought, higher temperature levels, and crop pests and diseases, through the adoption of climate-smart agricultural practices. Furthermore, Danso-Abbeam et al. (2021 found that knowledge of rainfall variation and changes in rainfall seasons were linked to the adoption of mulching and proper agrochemical use. Yet, studies are inconclusive regarding the levels of farmers' knowledge about climate change and the factors influencing the levels of knowledge. For example, Gwambene and Saria (2024) have shown that farmers in Tanzania have some knowledge of climate change and are changing planting dates, using drought-tolerant crop varieties, and implementing conservation agriculture practices to adapt to climate change. Yet Mbilinyi et al. (2013) have shown that smallholder farmers have limited knowledge regarding climate change adaptive farming strategies and are therefore highly vulnerable to climate change.  Gillo et al. (2017) have also demonstrated limited knowledge of climate change causes, effects, and adaptation strategies among smallholder farmers, which significantly affects their ability to adapt. While these studies provide important insights into understanding farmers' adaptation strategies, there is a knowledge gap in understanding factors influencing levels of farmers' knowledge about climate change adaptive farming strategies in the study area.  The objective of this study was to determine the factors influencing the levels of farmers' knowledge about climate change adaptive farming practices in smallholder farmers in Mpwapwa District. The study was guided by research questions: What is the level of farmers' knowledge about climate change? Which factors significantly influence the level of farmers' knowledge regarding climate change adaptive farming practices?
















1.1.1 Conceptual Frameworks
The conceptual framework represents the connections between the variables identified in the study. The knowledge levels of farmers regarding climate change adaptive farming strategies are shaped by several key factors. Access to extension services and climate information enhances awareness and understanding of adaptive strategies, while income and farming experience contribute to the capacity to adopt these practices. Age, education level, marital status, and sex further influence decision-making, resource availability, and openness to climate adaptation. Figure 1 illustrates how the independent variables are related to the dependent variables.
Independent Variables                                                               Dependent Variables

Institutional Support; Access to extension services



Access to Climate Information


Levels of farmer’s knowledge about climate change adaptive farming strategies (Low, Medium, and High)


Demographic Characteristics; Age, Education Level, Marital Status, Sex, Head of house, Household size and Farm size 





Farmer’s Income




Farming Experiences



Figure 1: Conceptual framework

2.0 METHODOLOGY
2.1 Description of the study area
The research was carried out at Ng'hambi Ward in Mpwapwa district, Dodoma Region. Ng'hambi Ward consists of 4 villages: Mbugani, Kazania, Nghambi, and Kiegea. According to the census report (2022), the Population of the Ng'hambi ward is 11,926 (Male=5,790 and Female 6, 136) with 2,131 Households. The ward was chosen due to its vulnerability to climate change, evidenced by a significant reduction in crop yields and a high level of food insecurity. Also, the district has implemented various projects aimed at promoting climate change-adaptive farming practices, but the impact of these initiatives remains limited. The district faces extended dry periods and a single rainy season, with inconsistent rainfall occurring from November to April. The annual rainfall averages between 500 and 800mm, and the typical yearly temperature is around 23°C. The local population relies primarily on agriculture, with maize and sorghum serving as staple crops, while groundnuts and sunflowers are cultivated as cash crops.
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Figure 2. Map of the Mpwapwa district showing the location of the study area

2.2 Sampling Procedures and Sample Size
First, the ward was purposefully selected; second, all 4 villages in the ward were selected to increase the coverage of the study. Fourth, the total number of farmers in each village was obtained from the farmer register. Random sampling techniques were used to select the respondents because a complete list of the population was known. A sample of 105 was chosen, according to Boyd et al. (1981), who recommend that a sample size of roughly 5% is representative. Respondents were distributed throughout the four villages in the ward using proportional sampling (Table 1). Also, 15 key informants, including agricultural officers, local leaders, extension workers, and farmer group representatives, were selected purposively for their expertise in climate adaptation. Four focus group discussions (FGDs), one in each village, were selected, each with eight diverse participants (men, women, youth, and elders).

Table 1: Sample size by Village
	Ward
	Village
	Population
	No. of households
	Sampled households

	Ng’hambi
	Mbugani
	1,492
	297
	14

	
	Kiegea
	1,147
	231
	11

	
	Kazania
	3,040
	502
	25

	
	Ng’hambi
	6,247
	1,101
	55

	
	Total
	11,926
	2,131
	105



2.3 Data Collection Procedures
The study employed a mixed-methods approach, integrating both quantitative and qualitative data collection within a cross-sectional design. Information was gathered from 105 respondents using a semi-structured questionnaire administered through KOBO Collect Version 27.0, which facilitated data collection even in areas with limited internet connectivity. Semi-structured interviews were conducted to obtain information on respondents' demographic characteristics and their level of knowledge regarding specific elements of climate change adaptive farming practices. In addition, four Focus Group Discussions (FGDs), one held in each village, were conducted to explore farmers' views on their knowledge of the identified elements. The FGDs provided detailed and insightful accounts of participants' experiences, perceptions, and opinions.
2.4 Data Analysis
Data were organized using Excel and analyzed with SPSS. Descriptive statistics were used to present frequencies and percentages, while regression analysis was performed to identify factors influencing farmers' knowledge levels regarding climate change adaptive farming strategies. The analysis examined the effects of various factors, including age, sex, marital status, household headship, household size, education level, farm size, and farming experience. Since the dependent variable had more than two categories, Ordinal Logistic Regression was applied. A standardized tool was developed to assess smallholder farmers' knowledge of climate change adaptive practices, based on the methodologies of Sulaiman (1989), Bonny (1991), and Sushama, (1993). A knowledge index was calculated using the formula: Knowledge Index = (Total score of respondents ÷ Total possible score) × 100. Farmers' knowledge levels were analyzed across twelve (12) adaptive farming strategies: use of drought-resistant crops, intercropping, crop rotation, conservation agriculture, rainwater harvesting, agroforestry, improved irrigation techniques, use of cover crops, soil fertility management, early planting, improved weeding, and improved spacing.
Respondents were divided into two groups: those considered "knowledgeable" and those deemed "not knowledgeable," with corresponding scores of 1 and 0, respectively. The individual scores from the different questions were summed, and participants were then categorized into three groups according to their total scores: low, moderate, and high levels of knowledge. The percentage of knowledge for each specific activity was also calculated. To measure farmers' understanding of climate-adaptive strategies, respondents answered structured questions, with each response scored as 1 (knowledgeable) or 0 (not knowledgeable). The overall scores were classified into three levels: low (0–33.33%), moderate (33.34–66.67%), and high (66.68–100%). Additionally, knowledge was assessed based on farmers' performance across 12 adaptive practices, categorized into low (0–4 strategies), moderate (5–8 strategies), and high (9–12 strategies) knowledge levels.
2.4 Analytical model
An ordinal logistic regression model was employed to examine the relationship between ordinal response variables and explanatory factors. As noted by Liu (2012) and Harrell (2015), ordinal logistic regression is a statistical technique used to predict outcomes where the dependent variable has a natural, meaningful order (such as Low, Medium, and High categories).
The model formula
Ordinal logistic regression estimates the likelihood that an outcome falls into a specific category relative to the reference categories
[bookmark: _Hlk193694689][bookmark: _Hlk193694753][bookmark: _Hlk193694348][bookmark: _Hlk193694776][bookmark: _Hlk193694429][bookmark: _Hlk193694799]Log P(Y≤j) =αj-B1X1 - B2X2- ………………………………………………………… BkXk
       P(Y>j)
Where: 
P(Y≤j) =is the cumulative probability of being in category j or below
j=1, 2 ..., J−1
αj​ is the intercept (cut point or threshold) for category j
β1​, β2​…, βk​ are regression coefficients for predictors X1, X2, ​…, Xk​.

[bookmark: _Hlk194842285] (X1 =Age, X2 = Sex, X3= Household size, X4 =Marital Status, X5 =Head of house, X6 =Level of education, X7 =Farm size, X8 = Land ownership, 𝑋9 = Farming experiences, X10 =Main Activities, X11 =Member of farmers organization, X12 = Contact extension Officers (Table 2).


Table 2: Description of the Variables
	Variables
	Description
	Measurement

	Dependent Variables

	Levels of farmers' knowledge about climate change and adaptive farming practices
	Ordinal dependent variable
	Ordinal (0=Low, 1=Medium, 2=High)

	Independent variables

	Age (X1)
	Years 
	Continuous Variable 

	Sex (X2)
	Nominal (1=Male, 0=Female)
	Categorical variable

	Household (X3)
	Person 
	Continuous Variable 

	Marital Status (X4)
	Marital status of the respondent with categories (0=single,1=Married 
	Categorical 

	Head of House (X5)
	Nominal variable (Yes = 1, No= 0)
	Person

	Level of education (X6)
	 Educational level attained by respondents with categories (0=No formal education, 1=Formal education)
	Binary

	Farm Size (X7)
	Continuous Variable  
	acres

	Land ownership (X8)
	Nominal variable (Yes = 1, No= 0)
	Binary

	Farming Experiences (X9)
	Continuous Variable  
	Years

	Farming Activities (X10)
	Nominal Variable (0= Farming activities, 1=Both farming and non-farming activities)
	Binary

	Member of Farmers Organization (X11)
	Nominal variable (Yes = 1, No= 0)
	Binary

	Contact Extension Officers (X12)
	Nominal variable (Yes = 1, No= 0)
	Binary



Qualitative data from FGD were analysed thematically to uncover deeper meanings behind the numerical findings.



3.0 RESULT 
[bookmark: _Hlk194242638]3.1 Demographic Characteristics of Respondents
The descriptive statistics (Table 3) reveal that 58.1% of respondents are aged between 36 and 59 years, followed by 31.4% aged between 18 and 35 years, and 10.5% who are 60 years or older. There is a slight predominance of males (56.2%) compared to females (43.8%). The findings indicate that out of all respondents, 57.1% were married while 42.9% were single. This shows that the majority of the farmers are married. A majority, 82.9%, are heads of their households. Regarding household size, 57.1% of households have between 5 and 10 members, 37.1% have fewer than five members, and 5.7% have more than 10 members. The results show that 53.3% of the respondents had formal education, while 46.7% had no formal education. In terms of farm size, 49.5% of respondents have farms between 5 to 10 acres, 26.7% have less than 5 acres, and 23.8% have more than 10 acres. When it comes to farming experience, a significant portion (48.6%) have more than 20 years of experience, followed by 31.4% with 11-20 years, 13.3% with 5-10 years, and 6.7% with less than 5 years. This demographic profile indicates a predominantly middle-aged, male, and married population with primary education and extensive farming experience. Most households are mid-sized, with the respondents mainly heading their households and working on farms ranging between 5 to 10 acres.
Table 3, findings show that most respondents (62.9%) rely solely on farming for income, while 37.1% engage in both farming and non-farming activities for diversification. Membership in farmers' organizations is relatively low (44.8%), which may limit access to essential agricultural resources and support systems. Additionally, land ownership is high (82.9%), providing security for most farmers, but 17.1% lack land, which may affect their ability to invest in long-term farming practices. These results highlight the need to promote farmer organization participation and support landless farmers through improved access to resources and credit.

Table 3: Demographic Characteristics of Respondents
	Variables
	Categories
	Frequency
	Percent

	Age
	18-35
	33
	31.4

	
	36-59
	61
	58.1

	
	60 or More
	11
	10.5

	Sex
	Male
	64
	61.0

	
	Female
	41
	39.0

	Marital Status
	Single
	45
	42.9

	
	Married
	60
	57.1

	Head of the house
	No
	18
	17.1

	
	Yes
	87
	82.9

	Household size
	Less than 5
	39
	37.1

	
	5-10
	60
	57.1

	
	More than 10
	6
	5.7

	Education level
	No formal education
	49
	46.7

	
	Formal education
	56
	53.3

	Farm size
	Less than 5
	28
	26.7

	
	5-10
	52
	49.5

	
	More than 10
	25
	23.8

	Land ownership
	No
	50
	47.6

	
	Yes
	55
	52.4

	Farming experiences
	Less than 5
	5
	4.8

	
	5-10
	38
	36.2

	
	11 or More
	62
	59.0

	Main Activities
	Farming
	66
	62.9

	
	Both farming and non-farming
	39
	37.1



[bookmark: _Hlk187960397]3.2 Knowledge about the climate change concept 
3.2.1 Heard about Climate change
The result in Table 4 reveals that a significant majority, 71.4% of respondents in Mpwapwa District, have heard about climate change, indicating a relatively high level of knowledge. This suggests a relatively high level of knowledge among the smallholder farmers. But the fact that nearly one-third of respondents are unaware of climate change highlights a gap in knowledge dissemination and awareness efforts. This lack of awareness may hinder the adoption of climate change adaptation strategies, as knowledge plays a crucial role in influencing behavioural change. 

[bookmark: _GoBack]3.2.2 Causes of Climate Change
The findings presented in Table 4 show that 81.9% recognize deforestation as an issue related to climate change. However, only 21% of farmers associate population growth with climate change, and a very small percentage, 2.9%, recognize land degradation. Data in Table 4 shows that 47.6% recognize agricultural practices as a factor in climate change, while 40% are aware that overgrazing contributes to it. Only 3.8% link the use of fossil fuels to climate change.

3.2.3 Impact of Climate Change
Results in Table 4 reveal that 82.7% of farmers have observed reduced crop yields as a impact of climate change. However, only 26.7% have noticed increased crop pests and diseases, and 9.5% have observed reduced crop quality. A small percentage, 6.7%, have experienced increased production costs. Additionally, only 26.7% have noticed delays in planting and harvesting. A small percentage, 11.4%, have experienced decreased soil fertility.
Table 4: Knowledge about climate change concept (n=105)
	Variables
	Yes
	No

	Concept about climate change
Heard about climate change                                                                                                                           
	75(71.4%)
	30(28.6%)

	Cause of Climate Change
Deforestation 
	86(81.9%)
	19(18.1%)

	Population growth
	22(21.0%)
	83(79.0%)

	Land degradation
	3(2.9%)
	102(97.1%)

	Agricultural practices
	50(47.6%)
	55(52.4%)

	Overgrazing 
	42(40.0%)
	63(60.0%)

	Fossil fuel use
	4(3.8%)
	101(96.2%)

	Impact of Climate Change
Reduced crop yield
	86(82.7%)
	18(17.3%)

	Increased crop pests and diseases 
	28(26.7%)
	77(73.3%)

	Reduced the quality of the crop products
	10(9.5%)
	95(90.5%)

	Increased production costs
	7(6.7%)
	98(93.3%)

	Delayed planting/harvesting
	28(26.7%)
	77(73.3%)

	Decreased soil fertility
	12(11.4%)
	93(88.6%)

	Delayed the maturity of the crops
	0(0.0%)
	105(100.0%)



3.3: Levels of farmers' knowledge about climate change adaptive farming strategies
[bookmark: _Hlk187162561]The results in Table 6 reveal a disparity in farmers' knowledge levels about climate change, highlighting a critical need for targeted interventions. A substantial portion, 40%, falls into the low knowledge category, indicating that a significant number of farmers lack sufficient understanding of climate change concepts and practices. The 52.4% possessed medium knowledge, reflecting some awareness but not the depth required for effective adaptation and decision-making. Only 7.6% of farmers exhibit a high level of knowledge, indicating that only a small proportion are fully prepared to understand and tackle the challenges associated with climate change.
Table 5: Climate change adaptive farming practices used by smallholder farmers (n=105)
	Adaptive Farming Strategies
	Frequency
	Percent

	Intercropping
	64
	61%

	Crop rotation
	2
	1.9%

	Conservation Agriculture
	21
	20%

	Rainwater harvesting
	5
	4.8%

	Agroforestry
	18
	17.1%

	Use of drought-tolerant crops
	90
	85.7%

	Use of improved irrigation techniques
	1
	1%

	Cover Crops
	69
	65.7%

	Soil Fertility Management
	10
	9.5%

	Early Planting
	92
	87.6%

	Improve weeding
	41                             
	39.0%

	Improve spacing
	17
	16.2%



Table 6: Levels of farmers' knowledge about climate change adaptive farming strategies (n=105)
	Categories
	Frequency
	Percent

	Low knowledge (0 up to 33.33%)
	42
	40%

	Medium Knowledge (33.34% up to 66.67%)
	55
	   52.4%

	High Knowledge (>66.68)
	8
	7.6%




3.4: Factors Influencing Farmers’ Knowledge of Climate Change Adaptive Farming Strategies
The ordinal logistic regression analysis examined the influence of various socio-economic and demographic factors on farmers’ knowledge levels regarding climate change adaptive farming practices. The dependent variable in this study was Satisfaction Level, measured on a 3-point ordinal scale (Low, Medium, and High knowledge). A proportional odds test was conducted to assess whether the proportional odds assumption holds in the ordinal logistic regression model. The results show that the p-value is greater than 0.05; we fail to reject the null hypothesis, indicating that the assumption is met. This suggests that ordinal logistic regression is appropriate for modelling the relationship between predictor variables and response categories. Also, the assessment of multicollinearity among predictor variables was conducted using the Variance Inflation Factor (VIF). The results indicate that all predictors exhibit VIF values below 5, suggesting low multicollinearity. This confirms that the predictor variables are not excessively correlated, ensuring that the regression model produces stable and reliable coefficient estimates.
The findings (Table 7) revealed that education level had the most significant positive impact; farmers with formal education were more likely to have Medium knowledge levels compared to those without formal education (P < 0.001). Also, farming experience significantly influenced knowledge levels, with more experienced farmers (11 years or more) being significantly more likely to have higher knowledge (P = 0.030). Age was also a significant predictor, indicating that older farmers were more likely to fall into higher knowledge categories (P = 0.031). Sex had a strong negative relationship with knowledge levels. Female farmers were significantly less likely to possess higher knowledge compared to male farmers (P < 0.001), highlighting a critical gender gap in access to or acquisition of agricultural expertise. Land ownership showed a marginally significant positive effect (P = 0.064), suggesting that owning land may increase the likelihood of higher knowledge levels, although the effect was not statistically strong. Other variables such as marital status, household size, being the head of household, farm size, and engagement in both farming and non-farming activities did not show statistically significant influence on farmers’ knowledge levels.
[bookmark: _Hlk193641175][bookmark: _Hlk193700026]Table 7: Factors Influencing Farmers’ Knowledge on Climate Change Adaptive Farming Strategies (n=105)
	Variables
	Estimate
	Std. Error
	Wald
	df
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Boundary
	Upper Boundary

	Age
	0.753
	0.349
	4.647
	1
	0.031
	0.068
	1.437

	Level of education
	3.140
	0.540
	33.862
	1
	0.000
	2.082
	4.197

	Marital Status
	18.423
	12.072
	2.329
	1
	0.127
	-5.237
	42.083

	Farming Experiences
	1.493
	0.690
	4.683
	1
	0.030
	0.141
	2.846

	Sex
	-10.877
	1.778
	37.443
	1
	0.000
	-14.360
	-7.393

	Head of House
	-1.320
	1.826
	0.522
	1
	0.470
	-4.899
	2.260

	Household size
	-1.432
	1.060
	1.824
	1
	0.177
	-3.511
	0.646

	Farm Size
	-0.131
	1.046
	0.016
	1
	0.900
	-2.181
	1.918

	Land ownership
	1.253
	0.677
	3.426
	1
	0.064
	-0.074
	2.580

	Main Activities
	1.638
	1.619
	1.024
	1
	0.312
	-1.534
	4.811














4.0 DISCUSSION
4.1 Demographic characteristics of the respondents
The respondents' demographic characteristics reveal that 58.1% of respondents are aged between 36 and 59 years, followed by 31.4% aged between 18 and 35 years, and 10.5% who are 60 years or older. There is a slight predominance of males (56.2%) compared to females (43.8%).  According to Paladan (2019), the majority of farmers are male (67%) and aged 50 years and above (77%), which is consistent with the study that found 56.2% of farmers are male and 58.1% are aged between 36 and 59 years. Studies by Anum et al. (2022) have found that smallholder farmers' demographic characteristics, including gender, age, educational level, and farming experience, can influence their adoption of new technologies and practices.

The study found that 48.6% of farmers have more than 20 years of farming experience, which suggests that they have a high level of knowledge and expertise in farming practices. This is consistent with Choruma and Odume (2019), who found that the average farming experience was 12 years and the average age of respondents was 46 years. The study found that 76.2% of farmers have primary education, which is consistent with Burton (2014), who reviewed the literature on the relationship between demographic variables, including education, and farmers' knowledge and practices.
4.2 Knowledge about the climate change concept 
The result in Table 4 reveals that a significant majority, 71.4% of respondents in the study, have heard about climate change, indicating a relatively high level of awareness. The study's findings on climate change knowledge and adaptive farming strategies align with previous research, which suggests that farmers are aware of the impacts of climate change on their livelihoods (Kabote et al., 2024). However, the level of awareness about specific environmental issues varies, with deforestation being widely recognized, while other issues like population growth and land degradation are less well-known. This disparity in awareness is consistent with previous studies, which have found that farmers' knowledge of environmental issues is often limited to those that directly affect their agricultural practices (Akinnagbe & Irohibe, 2014). 

The result in Table 4 revealed varying levels of farmers' awareness about climate change drivers, with a significant recognition of deforestation (81.9%) as a key issue, which aligns with studies highlighting its role in CO₂ emissions and climate system disruption (CIFOR, 2016). However, limited association of population growth (21%) and land degradation (2.9%) with climate change reflects knowledge gaps, despite evidence linking these factors to resource pressure and reduced carbon sequestration (IPCC, 2019). While 47.6% acknowledge agriculture's role in climate change, consistent with climate-smart practices (CIFOR, 2016), and 40% recognize overgrazing impacts (Eldridge & Delgado-Baquerizo, 2016), only 3.8% associate fossil fuel use with climate change, emphasizing the need for education about its substantial contribution to greenhouse gas emissions (Slootweg, 2018). Also, the Intergovernmental Panel on Climate Change (IPCC) completed its Sixth Assessment Report (AR6) cycle with the publication of the Synthesis Report in March 2023, concluding that human activities, especially the burning of fossil fuels, have caused global warming. The Earth's surface temperature has already increased by approximately 1.1°C above pre-industrial levels (IPCC, 2023).

The impacts of climate change on crop yields are a major concern, with 82.7% of respondents experiencing reduced yields (Aboye et al., 2023). This is consistent with previous research, which found that climate change can lead to decreased crop productivity, changing seasons, and increased pest and disease pressure (Singh, 2024). The study's findings by Kabote et al. (2024) suggest that other impacts of climate change, such as increased production costs, delayed planting and harvesting, and decreased soil fertility, are less commonly reported. This may be because these impacts are more subtle or indirect or because farmers are unaware of the full range of climate change effects on their agricultural systems.

[bookmark: _Hlk196387474]Focus group discussion (FGDs): They discussed and agreed that climate change is the differences between past and present periods, such as an increase in floods, an increase in outbreaks of human and plant diseases, and reduced rainfall, which result in a decrease in crop production. Also, the FGDs discussed and agreed that the main causes of climate change are shifting cultivation, deforestation, forest burning, overgrazing, and lack of knowledge on environmental conservation. Again, FGDs discussed and agreed that the decrease in crop yields is due to changes in rainfall patterns and the increase in temperatures, which are a result of climate change (Source: FGDs at Ng’hambi ward, November 2024).

4.3 Levels of farmers' knowledge about climate change adaptive farming strategies
The results indicate that 52.4% of farmers possess a moderate level of knowledge about climate change adaptive farming strategies, while a smaller segment, 40% of respondents, demonstrate low-level knowledge, and a very limited number, 7.6%, 40% of respondents demonstrate low-level knowledge, and a very limited number 7.6% exhibit high-level knowledge (Kabote et al., 2024). This finding is consistent with other studies showing that farmers' knowledge about climate change adaptation strategies is often limited, particularly in developing countries (Elia, 2017). The limited knowledge of some farmers may result from several factors, such as restricted access to information, low education levels, and insufficient extension services (Mbegalo et al., 2024). Also, A study in Udaipur, India, found farmers' knowledge about climate change to be at a medium level, with factors like age, education, and economic motivation correlating positively with their awareness (Jain & Mazhar, 2024).

The 52.4% of farmers possessing a moderate level of knowledge indicates that, while they recognize the significance of adapting to climate change, they may lack the essential skills and expertise needed to effectively implement adaptation strategies (Belay et al., 2022). This highlights the need for targeted education and outreach efforts to improve farmers' knowledge and skills in this area (Zagreb et al., 2024). The findings suggest a need for more effective dissemination of information about climate change adaptation strategies to farmers, particularly those with limited access to information and resources (Gebre et al., 2023).

The findings also indicate a potential knowledge disparity among farmers, with some possessing greater awareness than others (Fekadu & Belay, 2024). This variation may stem from differences in education, farming experience, and access to information (Belay et al., 2022). The findings highlight the importance of understanding the factors that influence farmers' knowledge about climate change adaptation strategies to design more effective programs to support farmers in adapting to climate change (Grigorieva et al., 2023). The findings imply that additional research and extension activities are required to enhance farmers' understanding and proficiency in climate change adaptation techniques, especially in developing nations.
Farmers largely rely on simple, cost-effective climate change adaptive farming practices like early planting, drought-tolerant crops, and cover crops. Advanced methods such as improved irrigation and crop rotation see minimal adoption due to limited resources and knowledge. Most farmers possess medium or low knowledge about these strategies, with only a small fraction exhibiting high understanding.
Interviews with NGO representatives working in the agriculture and climate change project revealed that most farmers possess only moderate or low levels of knowledge about climate change adaptive farming strategies.
 “The majority of farmers we work with are aware that the climate is changing, but they often lack a deep understanding of why it's happening or how to respond effectively. Most rely on basic strategies like planting early or using drought-tolerant seeds, practices they can afford and implement with minimal training.” (Sources: NGOs Representative)
4.4 Factors Influencing Levels of Farmers’ Knowledge on Climate Change Adaptive farming strategies.
An ordinal logistic regression analysis was conducted to identify the key factors influencing levels of Farmers’ Knowledge on Climate Change Adaptive farming strategies. The dependent variable, levels of farmers’ knowledge, was classified in an ordered range, ranging from low level, medium level, to high level. The analysis confirmed that the ordinal logistic regression model was significant, as the comparison between the full model and a model with only intercepts showed a statistically significant difference. This demonstrated that the predictors as a whole consistently differentiated across farmers in their different degrees of knowledge (chi square = 54.133, P <.05 with df=10) and that at least one of the regression coefficients in the model is not equal to zero. According to the pseudo R2 values (e.g., Nagelkerke = 0.782 =78%, Cox and Snell =.403, and McFadden =.286), the ordinal logistic regression model's independent variables were able to explain a comparatively high percentage of the variation in farmers' knowledge levels. Initially, several criteria were thought to be possible predictors of farmers' knowledge levels about climate change adaptation farming techniques. The findings of the ordinal logistic regression analysis, however, indicated that the primary determinants of farmers' awareness of climate change adaptation farming practices in the study area were education level, age, sex, and farming experience.

Education:  Education was found to be a highly significant determinant of farmers’ knowledge (Coefficient estimate = 3.140, P < 0.001); farmers with formal education were over 23 times more likely to have Medium knowledge levels compared to those without formal education. The findings indicate that education plays a transformative role in equipping farmers with the knowledge needed to adapt to climate change through farming strategies. Formal education likely provides farmers with critical thinking skills, access to information, and exposure to scientific and technical knowledge that are crucial for understanding complex concepts like climate change and adaptive strategies. Studies emphasize that higher levels of education significantly improve climate literacy and the adoption of adaptive practices. For instance, research in Africa highlights that educated farmers are more likely to adopt strategies such as planting drought-resistant crops and diversifying farming methods (Ahmed and Givens, 2025; Mbah and Liberty, 2025).

Key informant interviews conducted with agricultural officers in the study area affirmed the transformative role of formal education in shaping farmers’ understanding and application of climate change adaptation strategies.

One agricultural officer emphasized:
“We have noticed that farmers with at least primary education are more responsive to training and quicker to adopt new practices like conservation agriculture or early planting. They ask questions, take notes, and even experiment on their own.” (Sources: KII informant, Ward Agricultural Extension Officer, November 2024).

Age: The coefficient estimates for age were 0.753, indicating that as farmers' age increases, their likelihood of having higher knowledge levels about climate change adaptive farming strategies also increases. This result was statistically significant with a P-value of 0.031. The findings suggest that older farmers are better equipped with knowledge about adaptive farming strategies. This could be attributed to their extensive farming experience, which allows them to observe and adapt to environmental changes over time. Older farmers may have had more opportunities to engage with agricultural extension services, community programs, or traditional knowledge-sharing practices, which enhance their understanding of climate change and its impacts. Studies by Sawe and Kibonde (2024) revealed that socio-demographic factors, including age, significantly influenced smallholder farmers' adaptive capacity to climate variability. Older farmers were found to have higher adaptive capacity due to their experience and knowledge of traditional farming practices. Similarly, Studies by Mngumi (2016) found that older farmers were more aware of climate change impacts and had developed adaptive strategies based on their long-term observations and experiences.
Farming Experiences: The coefficient estimates for farming experience were 1.493, suggesting a positive relationship between farming experience and farmers' knowledge levels of climate change adaptive farming strategies. As farming experience increases, the likelihood of higher knowledge levels also rises. The result is statistically significant with a P-value of 0.030. Farming experience emerges as a critical determinant of farmers' adaptive knowledge. Farmers with more experience are likely to have developed practical skills and insights through years of exposure to agricultural challenges, including climate variability. This experience enables them to observe trends, experiment with different farming practices, and incorporate adaptive measures into their operations. Moreover, experienced farmers may have greater access to indigenous knowledge systems, agricultural extension services, and community networks that emphasize climate adaptation strategies. Studies by Dawid and Boka (2025) reported that farming experience in Ethiopia significantly influenced farmers’ decisions to adopt improved crop varieties and mixed farming systems as climate adaptation strategies. This suggests that experienced farmers are better able to recognize and respond to climate-related challenges through informed decisions. Also, a study by Atube et al. (2021) revealed that farming experience in northern Uganda positively affected the adoption of sustainable practices such as tree planting and fallowing, enabling farmers to adapt to climate challenges. More experienced farmers were more likely to use these environmentally friendly methods, helping them better cope with the effects of climate change. Their experience likely gave them the knowledge and confidence to implement long-term adaptation strategies. A study by Mbegaloa et al. (2024) highlighted the role of farming experience in Tanzania, finding that experienced farmers relied on indigenous practices to enhance resilience to climate change impacts.

Sex: The Sex has a coefficient estimate of -10.877 with a P-value of ˂ 0.001, indicating a highly significant effect on farmers’ knowledge levels. The negative coefficient means that being female significantly reduces the likelihood of being in a higher knowledge level compared to being male. The odds ratio is approximately zero, which suggests that female farmers are far less likely to have higher knowledge levels about agricultural practices than their male counterparts. This result highlights a significant gender disparity in access to agricultural knowledge. The large negative coefficient indicates that female farmers face considerable barriers that limit their ability to acquire or apply knowledge related to farming and adaptation practices. This could be due to limited access to extension services, training programs, education, and decision-making roles, which are often more accessible to male farmers. Cultural norms and gender roles may also play a part, restricting women’s participation in community meetings or agricultural trainings where such knowledge is shared. Additionally, time constraints from household responsibilities and a lack of control over productive resources like land may further hinder women’s ability to access and utilize agricultural information. A study by UN Women (2019) found that female farmers in sub-Saharan Africa, including Tanzania, face inequitable access to agricultural inputs such as fertilizers, high-yield crops, and family labour, which contributes to lower productivity and knowledge levels. Also, Research by Mwalyagile et al. (2021) revealed that women farmers bear a disproportionate agricultural labour burden and have less access to mechanization and agricultural machinery compared to men, limiting their ability to acquire and apply knowledge.

Gender-based disparities in access to agricultural knowledge and resources
The analysis reveals a significant gender disparity in farmers' knowledge levels, with female farmers having a lower likelihood of possessing higher agricultural knowledge compared to male farmers. This gap is attributed to multiple barriers including limited access to extension services, education, training programs, and decision-making roles. Cultural norms, time constraints from household responsibilities, and lack of control over productive resources further marginalize women (Kalovoto et al., 2020; World Bank, 2022; Doss et al., 2023).
One woman noted:
"Even when we are invited for training, it is hard to attend because we are expected to prepare food, take care of the children, and finish household tasks before anything else."(Source: FGDs at Nghambi Ward, November 2024).

5.0 CONCLUSION
Generally, farmers have acquired sufficient knowledge about climate change adaptive farming practices, probably due to ongoing initiatives aimed at awareness creation and capacity building. Still, variation in the level of knowledge across different demographic characteristics of farmers is evident. Older farmers and those with formal education tend to be more knowledgeable than their younger and less educated counterparts. Similarly, male farmers and those with more years of farming experience exhibit higher levels of knowledge compared to female farmers and those with fewer years in agriculture. This disparity can be attributed to factors such as better access to information, educational opportunities, and agricultural extension services. 
The study confirms that while knowledge of climate change impacts and adaptive strategies exists, a significant portion of farmers possess only a moderate level of knowledge, highlighting the need for more targeted and effective interventions. The regression analysis identified education, age, farming experience, and sex as key determinants of farmers' knowledge levels. Education plays a transformative role, equipping farmers with the critical thinking skills and access to information necessary for understanding and implementing adaptive practices. Age and farming experience contribute to a deeper understanding of climate variability and the effectiveness of different adaptation strategies. Female farmers, however, are less likely to have higher levels of knowledge about climate change adaptation, likely due to systemic barriers that restrict their access to information, resources, and opportunities.

6.0 RECOMMENDATIONS
i. Government and partners should enhance farmers’ knowledge on climate change by supporting peer education, strengthening farmer groups, and integrating climate topics into adult and non-formal education.
ii. Specific efforts should be made to close the gender knowledge gap by ensuring women farmers have equal access to agricultural training, extension services, and resources. 
iii. Policymakers should formulate inclusive and evidence-based strategies that address the diverse needs of farmers, particularly marginalized groups such as women, youth, and landless farmers, to promote equitable climate resilience.
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