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Abstract 

Uganda is one of the largest producing and exporting countries of coffee in the world and second in Africa, but it 
continues to experience significant impacts of climate change, including erratic rainfall variability and environmental 
degradation. This research investigated the determinants of adoption intensity of Climate Smart Agricultural (CSA) 
practices in Arabica coffee production in Bududa district. A cross-sectional survey design was adopted to collect data 
from 117 respondents, where face to face questionnaire were used to collect the quantitative data of the study. 
Descriptive statistics such as frequency count and percentages were used to characterize coffee farmers. Tobit 
regression model was used to assess determinants of adoption intensity of CSA practices. Results showed that majority 
of the farmers (67.3%) hardly obtained any credit and majority of them (64.5%) never had access to extension services. 
Majority of the respondents highly adopted the use of shades (71.7%), CBI (76%), mulching (61.5), organic fertilizer 
(89%), contour trenches (58.9), cover crops (84.6), and stumping (55.5). Tobit regression analysis revealed that 
farmer’s level of education, access to extension services and marital status showed a positive and significant (P≤0.01), 
(P≤0.01), and (P≤0.05) influence on adoption intensity of CSA practices, respectively. Years of farming, access to credit, 
farm size, and farmer’s age showed a negative relationship with adoption intensity of CSA practices. In conclusion, the 
government of Uganda should intensify extension of adoption of CSA practices among coffee farmers.  
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1. Introduction

Coffee is one of the most important cash crops in the agricultural sector of Uganda and plays a vital role in poverty 
reduction, economic development, and income generation [14,45,17]. It is second to crude oil as the most important 
internationally traded commodity in monetary value [20,2]. In spite of high export earnings from coffee globally, coffee 
production in most African countries is still low as a result of climate change, among other production consequents 
[27,22]. Climate change which includes changing weather patterns, drop in water levels, decrease in rainfall, combined 
with significant wetter seasons, and increased frequency of extreme weather events like floods, as well as drought, 
whose social economic impacts make communities very vulnerable, have significantly contributed to the current trend 
[52]. Only 7% of the coffee farmers in Uganda are involved in Arabica coffee cultivation [55,38]. This is attributed to the 
fact that Arabica coffee is very sensitive to climate variability and change and thus strongly influenced by natural 
climatic oscillations [8,13,25,10]. Notre Dame Global Adaptation Initiative index ranks Uganda as the 9th most 
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vulnerable and 27th least ready country to adapt to climate change globally [24]. In order to improve and maintain 
sustainable coffee production, attention should be paid to improving the quality of coffee by engaging in sustainable, 
environmentally friendly climate smart agricultural practices like use of organic fertilizer, stumping, shade trees, 
mulching, contour trenches and cover crops [51,1,43]. Agricultural coffee production systems in Uganda are currently 
less resilient to climatic changing conditions [7]. There has been a significant decline in Arabica coffee production in 
Bududa District in the past two decades [51]. This has been attributed to climate change, land degradation and poor 
crop management [29,38]. Adoption of climate smart agricultural practices such as terrace farming, contour trenches, 
mulching, planting shade trees and covers crops, among others, have been suggested by a number of scholars to 
accelerates Arabica coffee production [38,1,55,43,51]. However, very few studies have been conducted to assess the 
adoption intensity of climate smart agricultural practices of Arabica coffee production among coffee farmers in Uganda. 
Therefore, the present study sought to understand the determinants of adoption intensity of climate smart agricultural 
practices in Arabica coffee production in Bududa district. This was done through characterizing coffee farmers and 
assessing determinant factors influencing the adoption intensity of Climate Smart Agricultural practices in Arabica 
coffee production.  

2. Material and methods 

2.1. Research Design 

A cross sectional survey design was used where data was collected at one time. In-depth, face-to-face interviews were 
carried out while using a pre-tested and structured questionnaire as a survey instrument to collect quantitative data.  

2.2. Study Area  

The study was conducted in Bumayoka sub county of Bududa district, which is located in mountain Elgon region of 
eastern Uganda. It borders the republic of Kenya in the East, the districts of Sironko in the North, Mbale in the West, 
Bukwo in the North-East and Manafwa in the South. It lies between the longitudes of 34° 16’ 18” and 34° 32’ 6.69” East, 
and latitudes 00° 58’ 45.63” to 1° 7’ 22.07” North.  

 

Figure 1 Map of Uganda showing the location of Bududa district in Mount Elgon region 

2.3. Sampling Technique and sample size determination  

A multi-stage sampling technique was employed, and this involved purposive selection of Bududa district due to its 
status of coffee production. This was followed by purposive selection of Bumayoka sub county which was intensively 
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involved in Arabica coffee production from which Arabica coffee farmers who were registered in Bumayoka co-
operative were selected.  

117 participants were randomly selected while following procedures provided by [60]. Data was collected on socio-
Economic variables (age, sex, marital status, education level, among others) Climate Smart Agricultural Practices (use 
of shades, CBI, mulching, organic fertilizer, contour trenches, cover crops, stumping, among others) and adoption of 
Climate Smart Agricultural Practices. 

2.4. Data Analysis 

Socio-Economic data was subjected to descriptive statistics such as frequencies, percentages, means, and standard 
deviation by employing Stata 13. These would be further subjected to t-test and chi- square test. In order to measure 
intensity of adoption of CSA practices, adoption Index of individual farmer was calculated following procedures of 
Tadasse [61]. This was measured by an adoption quotient (number of CSA practices used by ith farmer over the Total 
number of CSA practices in the package). It was then categorized into low, medium, and high level of adoption.  

𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 (𝐴𝐼)  =
Number of CSA practices used by 𝑖th farmer

Total number of CSA practices in the package
 

Tobit model regression was used to assess factors influencing adoption intensity of CSA practices as presented below; 

Y = β0+ β1X1+ β2X2 + β3X3 + β4X4 + β5X5 …………. βnXn + εi 

Where Y: Dependent variable (adoption intensity of CSA practices), β0: Intercept, β1-n: coefficient of the explanatory 
variables, X1-n: Explanatory variables (social, economic and institutional variables).Variables considered included: X1 = 
Age, X2 = Marital status, X3 = Years of farming, X4 = Gender, X5 = Farm size, X6 = credit, X7 = Extension services, X8= 
Education, and εi=error or disturbance term with zero mean and constant variance. 

3. Results and discussion 

3.1. Socio-economic and institutional characteristics of the coffee farmers  

Results showed that most (34.9%) of the coffee farmers were within the age range of 43 to 54 years (Table 1). This 
indicated that farmers in the active age dominate Arabica coffee production in the area. The assumption was that 
younger people are likely to adopt improved practices than old people. Present findings are in line with those of Kadafur 
and Oyakhilomen [62] who reported that the active farmers were within the same age and referred to them as young 
and energetic. These are agile and active to withstand the rigors of technology [63]. 67.52% of the farmers were males 
while females were only 32.48%. This shows that coffee production in Bududa district was dominated by males. This is 
consistent with the findings of Chekene and Chancellor [64] and Dontsop-Nguezet et al. [65] whose results indicated 
that rice farming was dominated by males. 

Furthermore 91.9% of the farmers were married. Similar results were also observed by Chandio and Yuansheng, [66] 
in their study on determinants of adoption of improved rice varieties in Northern Sindh, Pakistan. Marriage aids in 
creating family labour since both women and children can participate in crop production and use of technologies [67] 
Additionally, 79% of the respondents were ranging between 1-15 years of farming. This indicates that as experience 
exceeds 15 years, farmers’ involvement in coffee production tends to diminish. An average of 10 years’ experience in 
coffee farming was advantageous since it encourages prompt adoption of improved coffee production practices. Results 
revealed that primary level was the highest level of education (61%) attained by most farmers followed by secondary 
(25%). This implies that most of the farmers had attained formal education which puts them in a better position to 
understand and adopt climate smart agriculture practices. Further findings showed that the mean farm size was 1.56ha 
which indicates that the study area consisted of generally small-scale farmers. This agrees in what Mugagga [35] 
reported in a rural area like Kaato of mount Elgon region eastern Uganda, small scale farmers were dominant in the 
coffee production of the area. Only 35.5% of respondents had access to extension officers, whereas 67.3% had not. 
Extension services help in revealing opportunities of adopting agricultural technologies to farmers. However, limited 
extension contacts by farmers hinders their access to information on adoption decision. Furthermore, 32.7% of the 
respondents could access agricultural credit, meaning majority of respondents (67.3%) could hardly obtain any credit 
for Arabica coffee production. This in line in what Muggaga [35] reported in Kaato sub county of Manafwa District, 
Eastern Uganda. Access to agricultural credit is very crucial for acquisition of the most essential agricultural inputs for 
example inorganic fertilizer and farm implements since they help in agricultural productivity.  
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Table 1 Socio-economic and institutional characteristics of the coffee farmers  

Variable Frequency Percentage  Variable Frequency Percentage 

Education level Age  

Primary level 67 57.26 18-30 14 11.97 

Secondary level 24 20.51 31-42 26 22.22 

Tertiary education 6 5.13 43-54 40 34.19 

No formal education 20 17.09 55 and above 37 31.62 

Gender  Access to extension  

Male 79 67.52 Yes  38 35.5 

Female 38 32.48 No 79 64.5 

Farm size (Acres) Access to credit 

less than 2 72 61.54 Yes 38 32.7 

2.5 - 4.5 27 23.08 No 79 67.3 

4.6 – 7.4 15 12.82 Years of farming 

7.5 - 9.5 3 2.56 0-15 93 79.00 

Marital status 16-30 19 17.00 

Married 107 91.90 31-45 5 4.00 

Single 4 3.20    

Divorced 2 1.60    

Widowed 4 3.20    
Source: Survey, 2020 

3.2. Usage of climate smart agriculture practices by coffee farmers 

Results in figure 2 revealed that majority of the respondents highly adopted the use of shade trees (71.7%), coffee 
banana intercropping (76%), mulching (61.5), organic fertilizer (89%), contour trenches (58.9), cover crops (84.6), and 
stumping (55.5). This could be attributed to access to information and market. Present results relate with the findings 
of Zakaria et al., (2020) and sambeek (2015) which pointed out that smallholder farmers had adopted to more 5 CSA 
practices. On contrary, grass strips (46.1%) and terrace (41.8%) were the least adopted CSA practices by coffee farmers. 
This could be attributed to the high cost and inadequate knowledge on the practices. Andersson [68] had similar 
findings.  

 

Figure 2 Usage of CSA practices by coffee farmers; Source: Survey, 2020 
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3.3. Adoption intensity for climate smart agriculture practices 

Analysis of variance for adoption intensity for climate smart agriculture practices indicated that there was a significant 
difference (p≤0.001) among the adoption indices of the three adoption categories. High adopters had a mean adoption 
index (AI) score of 0.93, whereas medium and low adopters had 0.65 and 0.02, respectively (Table 2). 

Table 2 Adoption intensity of climate smart agricultural practices 

Adoption categories DF MS P-value 

Low 1 12.362 0.077* 

Medium 1 20.447 0.007*** 

High 1 34.587 0.000*** 

***, **, * indicates significance at 1%, 5% and 10% respectively;  
DF-Degrees of freedom, MS- Mean sums of square; Source: Survey, 2020 

3.4. Adoption categories for climate smart agriculture practices  

Figure 3 shows adoption categories for climate smart agriculture practices. Farmers were allocated to three adoption 
categories: Low (4.27%), medium (37.61%) and high (58.12%) adopters with adoption indices ranging from 0.1-0.33, 
0.34-0.66 and 0.67-1.00, respectively. 

 

Figure 3 Adoption categories of climate smart agriculture practices; Source: Survey, 2020 

3.5. Factors That Influence Adoption Intensity of CSA Practices  

Results for Tobit estimate of factors influencing adoption intensity of smart agriculture practices were presented in 
table 4. Farming experience was anticipated to have a positive effect on intensity of adoption of climate smart 
agriculture practices since experienced farmers were thought to have accumulated technical know-how over time and 
therefore were in a better position to adopt the technologies. However, results in the current study indicated that 
farming experience had a negative relationship with adoption intensity of the production technologies. This inverse 
relationship with intensity of adoption, was in contrary with Zakaria et al., [56] and Mudzonga [36]. Present results 
highlighted the point that several experienced farmers feel more comfortable and secure with the conventional 
technologies which they have been practicing over time. Extension contact positively and significantly (p≤0.01) 
influenced the extent of adoption of climate agriculture practices in the study area. This implied that, frequency of 
extension visits for dissemination of information and advisory services would give the farmers more confidence to 
sustain the use of climate smart agriculture practices. This is in line with Mugagga [35] and Mudzonga [36] who reported 
that extension contacts have a positive and significant impact on intensity of adoption. Zakaria etal [56] in a study 
carried out in northern Ghana, reported a positive effect of extension contacts on intensity of adoption of climate smart 
agricultural technologies among rice farmers. Danso-Abbeam et al. [69] also reported a significant and positive effect of 
extension contacts on the adoption of improved maize variety in northern Ghana.  
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Table 3 Tobit estimate for factors influencing adoption intensity of CSA practices 

AI Coefficient Std. Err. P>t 

Credit -8.41E-08 6.06E-08 0.109* 

Extension services 0.007594 0.011419 0.007*** 

Marital status 0.040675 0.019067 0.035** 

Years of farming -0.00096 0.00175 0.586 

Age -0.00014 0.00181 0.938 

Education 0.00014 2.41E-05 0.000*** 

Gender 0.02552 0.030694 0.408 

Farm size  -0.01712 0.019438 0.380 

Constant 0.579924 0.098821 0.000*** 

***, **, * indicates significance at 1%, 5% and 10% respectively; Number of observation = 117; F ( 9, 108) = 8.17; Prob > F = 0.0000; Log pseudo 
likelihood = 59.706905; Pseudo R2 = -0.6739; Obs. summary: 14 left-censored observations; 97 uncensored observations; 6 right-censored 

observations; Source: Survey, 2020  

Education level showed a positive and significant (P≤0.01) influence on adoption intensity of climate smart agricultural 
practices. Possible explanation is that educated farmers tend to be better access to research output reports and 
generally to update information about the risks associated with improved production technologies and hence tend to 
spend more time and money on that. The result was consistency with the findings of Abegunde [6] and Wamalwa [57]. 
Alene et al. [4] similarly found in their study in the central highlands of Ethiopia that adoption and intensity use of 
improved maize varieties was determined and significantly influenced by the education level of the farmers. Literate 
farmers often serve as contact farmers for extension agents in disseminating information about agricultural technologies 
from government agencies [3]. However, Kolady et al. [28] made a diverging finding where education had an 
insignificant determining in precious agricultural technologies adoption in their study of determinants of adoption and 
adoption intensity of precious agriculture technologies in south Dakota, USA. Results showed a negative effect of credit 
on intensity of adoption of climate smart agriculture practices. This denotes that as farmers’ access to credit increases, 
their desire to venture into other non-farm profit making enterprises also increases, and this eventually limits their 
investment in coffee production. This could also be attributed to the unpredicted rainfall and temperature patterns of 
the area which puts farm enterprises at a risk. This observation was consistent with Zakaria et al. [56] who reported 
diversion of farm credit to non-farm activities by farmers in the Indo-Gangetic Plains of India and Northern Ghana 
respectively. The negative effect of credit was in contrary with a study by Mugagga [35] and Mudzonga [36] who 
reported a significant and positive impact of credit on perceptions and response actions of smallholder coffee farmers 
to climate variability in montane ecosystems and farmers’ adaptation to climate change in Uganda and Zimbabwe 
respectively. Results further showed a negative influence of farm size on adoption of climate smart agriculture practices. 
This implies that as land size increases, use of climate smart agriculture practices decreases. However, this is in contrary 
to the findings of Abegunde [6], Wamalwa [57] and Tesfay [46] who reported that farm size is also a statistically 
significant to adoption intensity of climate smart agricultural practices. They indicated that there was positive and 
significant relationship between farm size and agricultural innovation utilization. Similar result was reported by 
Mugagga [35] in a rural area of Kaato of mount Elgon region of eastern Uganda. Furthermore, the study findings revealed 
that age had negative relationship with adoption intensity of CSA practices in Bududa district. The finding of the study 
goes in line with Wamalwa [57] and Kolady et al [28] who reported that age was insignificance in the adoption of 
improved practices. Adeola et al (2019) had similar findings in their study of investigating the determinants of adoption 
intensity of improved sweet potatoes varieties among farmers in Nigeria. However, findings in this study showed that 
adoption intensity of climate smart agricultural practices was irrespective of gender. This was consistency with the 
study of Alene et al. [3] who reported that parameter of age of the farmer was statistically insignificant. Davis et al. [13] 
similarly showed that gender played no significant role in the adoption decision of the household. This was quite a 
contrast from many other gender studies that have consistently found that men generally have greater control over 
household resources than women do, and as such, adoption gaps exist between men and women. Farmers’ marital status 
had a positive and significant (P≤0.05) relationship with adoption intensity of climate smart agriculture practices. 
Marriage aids in creating family labour since both women and children can participate in crop production and use of 
technologies. The family determines how much family labour will be used on the farm [45]. 
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4. Conclusion 

Majority of the respondents highly adopted the use of CSA practices. Farmers’ level of education, access to extension 
services and marital status positively and significantly influenced adoption intensity of CSA practices, whereas, years of 
farming, access to credit, farm size, and farmers’ age negatively related with adoption intensity of CSA practices. 
Government should intensify extension of adoption of CSA practices among coffee farmers for increased production and 

productivity.  
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