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Abstract:



Climate change is a serious threat to the livelihoods of rural communities, particularly in mountainous areas because they are very sensitive to such changes. In this study, we assessed the household determinants to climate change adaptation drawing from a case study of agricultural adaptation in the Mount Rwenzori area of South Western Uganda. The study identified the major adaptation practices that are adopted by farmers to cope with the impacts of climate change and using available on-farm technologies. A total of 143 smallholder farmers were sampled and interviewed using field based questionnaires, field observations, and key informant interviews. Data was cleaned, entered and analysed using SPSS and Stata software for descriptive statistics. Thereafter, a Multinomial logistic regression model was used to assess the drivers of farmers’ choice for adaptation practices, factors influencing the choice of adaptation, and barriers. The major adaptation practices that were identified included; use of different crop varieties, tree planting, soil and water conservation, early and late planting, and furrow irrigation. Discrete choice model results indicated the age of the household head, experience in farming, household size, climate change shocks, land size, use of agricultural inputs, landscape position (location), and crop yield varied significantly (p > 0.05), which influenced farmers’ choice of climate change adaptation practices. The main barriers to adaptation included inadequate information on adaptation methods and financial constraints, leading us to conclude that contextual adaptation practices are more desirable for adoption to farmers. Adapting to climate change needs support from government and other stakeholders, however the implementation is more successful when appropriate and suitable choices are employed.
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1. Introduction


Globally, there has been an increased focus on sustainable adaptation and mitigation practices for climate change impacts in various communities. This emanates from severe weather occurrences and substantial evidence of changes in climate that require people to adapt for a sustainable livelihood. The current changes in the essential climate variables (atmospheric, oceanic, and terrestrial) have contributed to adverse climatic outcomes in many parts of the world [1,2], and this has illustrated the importance of implementing climate change adaptation practices [3].



It is now well established that changes in climate are affecting smallholder farmers and threatening farming livelihoods in Sub-Saharan Africa [4]. The present adverse changes in climate that have manifested globally have emphasised the need to identify and better understand possible adaptation to cope with climatic impacts. Alterations in the global climate system are often seen in modes of prolonged drought spells, and marked variations in temperature [5,6]. Multiple studies have now identified the myriad instances where climate change impact on ecosystems, livelihoods, and human development [7,8,9]. The prolonged drought spells and floods pose a risk to natural resource management in the form of biomass loss and runoff [9,10,11], and consequently, these affect the agricultural sector. Agricultural production and global food security are directly affected by global warming [12,13,14,15]. Sudden increases in temperature results in moisture loss and has multiple knock-on effects on people’s basic livelihood enterprises, which causes great uncertainty [16]. This is more apparent in Sub-Saharan Africa, especially where a strong dependence on rainfed agriculture predominates and is already adversely affected by climatic changes [17]. In a country like Uganda, where agriculture supports over 70% of the people, this is a real cause for concern [18].



The agricultural sector in Uganda, which is dominated by small scale and mixed-crop systems, is the dominant sector of the economy. This sector contributes enormously to the country’s gross domestic product at 70% and the agro-enterprise sector provides 75% of employment to the national workforce [18]. However, agriculture suffers from droughts as a result of decline and variability of rains, which contribute to hunger and the death of livestock. It is therefore important to prepare the country with possible adaptation practices to avoid economic shocks emanating from the agriculture sector [19,20].



Among smallholder farmers, the drivers of climate change adaptation are linked in complex interdependences that relate to perceptions of changing climatic conditions, agricultural productivity, and the socio-ecological adaptation practices that are employed at a household level. Decision-making at the household and community levels is critical in buffering the adverse impacts of climate variability and change. Knowledge of the constraints and perceived opportunities in relation to this decision-making can guide the formulation of new and/or propose adjustments in existing practices and policy options that are site specific and reliable to sustain and protect the communities through continued production systems, which are more resilient to the vagaries of weather.



Other factors like economic and institutional considerations are also key in understanding the determinants of farmers’ choices to adaptation in climate-related changes and how to direct policy formulation and appropriate investment in implementation to the agricultural sector [21]. Numerous studies [22,23] have identified adaptation strategies and the factors hindering the implementation of adaptation across different climate shocks. However, a socio-economic assessment on what determines the capacity and drive to adapt presents a missing link to increase adoption of climate change adaptation practices among smallholder communities. In this study, a driver is any natural or human-induced factor that directly or indirectly causes a change that manifests in adoption of a practice.



In the south-western Ugandan part of the Albertine, farming communities are very vulnerable to climatic changes. Increases in temperatures over the past thirty years and low rains, as indicated in the temperature trend graph below, illustrate a fundamental problem for farmers seeking to maximize seasonal farm yield, hence a decline in yields and a decrease in household incomes. Other barriers, like a lack of information, lack of finances to adopt improved technology, lack of irrigation, and shortage of labour are key limiting factors to cope and adapt with climate change in the study area. Nevertheless, despite these problems, smallholder farmers in the study area have deployed different adaptation practices that can influence the productivity based on the following key factors; soil conservation, crop variety, change in planting dates, tree planting/agroforestry, and furrow irrigation.



The continuous on-farm practices, which farmers adjust on a seasonal basis to cope with climatic changes with an aim of improving yield and their land productivity, are referred to as sustainable adaptation in this study. These practices are location specific, controlled by policy frameworks, have a temporal aspect, are dependent on the dynamism of farmers, and their choice is influenced by multiple drivers. Despite the multiple functions of adaptation to smallholder farmers, there are limited studies that have focused on an assessment of the key drivers influencing the adoption of adaptation practices for climate change in the Albertine rift of Uganda. On one hand, the use of adaptation practices and actions are often portrayed as re-active for immediate response to climate change occurrences, which are imposed without understanding the past environmental characteristics of an area. For example, in cases of droughts and floods, there are often immediate measures taken by the authorities and others to reinstate an ‘equilibrium’ within that environment. Also, the higher level institutions are assumed to plan in an anticipatory manner for adaptation through formulating policies, suggesting adaptation programs, such as Climate Smart Agriculture, and most recently, through the National Adaptation Plans of Action (NAPAs). The NAPAs have for the most part been developed by countries with limited attention being given to the determining factors, which will drive farmers’ decision-making around implementation [24]. As a result, therefore, smallholder farmers are practicing various adaptation strategies, including sub-optimal ones, on their farms, with the choice of the adaptation strategies that are known to be influenced by various factors including; Sex, Age, Experience of farming, Household size (members living in a household), Membership (Group affiliation of members), Shock floods, Land size, Farm inputs, Landscape position, Level of Education, Crop yield, and Farm income [25,26,27,28,29,30,31]. This study investigates how these drivers influence farmers’ decision-making in relation to climate change adaptation. Understanding the relative importance of these factors will help farmers to easily employ viable adaptation practices and to overcome famine and major crop production constraints.




2. Methodology


2.1. The Study Area


This study was carried out in Kasese district (Figure 1), located in the Albertine graben, in the Mount Rwenzori area in the south-western region of Uganda (Albertine rift), which is astride the equator. The data was collected from key informants, and a household survey comprising of female- and male-headed households, the youth and elderly. Other participants were agriculture extension workers, environment officers, and district agriculture production officers, using semi-structured questionnaires that were administered to 143 respondents from a proportionate stratified random sampling, which contributed to the total number of households. These households were selected for the study based on landscape position where farmers live (upper, middle, and lower slopes).


Figure 1. Map of the study area.
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The sample size was determined from the total population of 18,538 households and was calculated using the formula proposed by Yamane [32,33], where n = Sample size, N = Total number of households for the study area, and α = marginal of error set at 10% and the sample size derived was 99.46. The data was edited, coded, and entered into SPSS version 17.0 and Stata statistic software package for descriptive and inferential statistics performed on the data obtained from the questionnaires. Descriptive statistical tools included percentages, frequencies, and standard deviations. These statistics were also used to analyze data on demographic, physical, and socio-economic characteristics of households in the area. The explanatory variables in the study included; Sex, Age, Experience of farming, Household size (members living in a household), Membership (Group affiliation of members), Shock floods, Land size, Farm inputs, Landscape position, Level of Education, Crop yield, and Farm income. The dependent variables included; crop varieties, changing planting dates, planting trees/agroforestry, furrow irrigation, and soil conservation practices. However, when all were entered in Stata software, they were not all statistically significant as illustrated in the results of the study below.



Using Stata statistic software package, a multinomial logit regression model was used to assess the choice and factors influencing adoption of farmers’ adaptation practices [34]. According to [35,36], this method is well-suited to assess and analyze crop and livestock for a given environment. The model is widely used by different researchers to analyze the determinant factors that affect the choice of households’ adaptation measures to climate variability performing, with more than two outcomes of the dependent variable [37,38,39]. The study has dependent variables and adaptation with more than two outcomes such as soil conservation practices, changing planting dates, trees/agroforestry and furrow irrigation.




2.2. Climate Data Analysis of the Study Area


Climate data for the study area covering the years 1980–2010 was obtained from the Meteorological Department of Uganda. The data was cleaned, converted to a Log10 base for autocorrelation, and analyzed using Genstat discovery to characterize the variability and trends in amount and distribution of rainfall and temperature pattern of the study area as indicated in Figure 2.


Figure 2. Temperature trends for Kasese district.
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3. Results


The majority of the respondents perceived an increase and decrease in precipitation and temperature respectively in the study area. The descriptive statistics illustrate 46% increase in the temperature and 24% increase in the precipitation over the period in question (Table 1). For each of the farmers interviewed, there was at least one of the following adaptation strategies that were employed on their farms; different crop varieties, changing planting dates, planting trees/agroforestry, use of furrow irrigation, and soil conservation practices.



Table 1. Perceptions of precipitation and temperature changes among farmers.







	
Climatic Variable

	
Number and Percentage of Respondents






	
(a) Temperature

	




	
Temperature increased

	
N = 66 (46%)




	
Temperature decreased

	
N = 6 (4%)




	
Temperature stayed the same

	
N = 25 (17%)




	
(b) Precipitation

	




	
Precipitation increased

	
N = 34 (24%)




	
Precipitation decreased

	
N = 2 (1%)




	
Precipitation stayed the same

	
N = 10




	
Total number of respondents

	
N = 143 (100%)










3.1. Weather Trends and Time Series Data for Climatic Changes Detection in the Study Area


Since 1980–2009, the average surface temperature across the region changed from a maximum of 30 °C to 32 °C (Figure 2). The equation in Figure 2 (y = 0.0451x + 23.372) illustrates a change in mean temperature over time and R2 = 0.7332 indicating that 73.3% of the total variation in temperature (y) has a linear relationship between x = years and y = temperature (as described by the regression equation). Therefore, there is a significant change over the 30 years in the average temperature implying occurrences in climatic changes. This average temperature has risen more quickly since the late 1960s, shifting weather patterns and causing more extreme climate events, which are currently affecting the society and ecosystems. For example, in the period of 1997 to 1998, as illustrated in Figure 2, there were El Nino rains ranging between 1200 mm to 1400 mm, which affected the lowlands in the study area with floods spreading in Karusandara sub-county, Kasese district.



In the past 30 years, farmers who experienced and observed changes in climate (Figure 2) were subsequently probed on how they employed adaptation practices to buffer climate change impacts. Also, in the process of adaptation, various barriers affect communities to practice and implement adaptation programs in their major livelihood enterprises as illustrated (Figure 3);


Figure 3. Barriers to adoption of climate change adaptation.
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Crops grown in the study area differed according to the landscape position, as indicated in Figure 4, depending on the favourable soils, climate, and elevation at a given location along the mountain slopes. In the upper slopes, banana and coffee were integrated with cassava, sweet potato, and maize. A similar intercropping strategy was also found in the mid slopes (1000–1450) and intercropped with annuals like maize, tomatoes, and a very small number of cotton. In the Mubuku Irrigation Scheme (mid-slope), farmers had adopted irrigated horticultural crops and improved maize varieties (Longe 6H maize) as a seasonal adaptation practice. During the field study, it was found out that agricultural land uses in Kasese also included the growing of perennial crops (banana and coffee) and annuals (beans, groundnuts, maize, sorghum, sweet potatoes, millet, cassava, Irish potato, and fruit trees). It was also revealed that these crops are grown at different locations along the mountain slopes (landscape positions), as illustrated in Figure 4.


Figure 4. Crops grown in different Landscape positions within the study area.
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3.2. Empirical Model Results and Discussion


In this paper, the multinomial logistic regression (MNL) choice model was employed to analyze the determinants of farmer adaptation practices in southwestern Uganda.



Model results for MNL indicating the drivers of using the different climate change adaptation practices are shown in Table 2, Table 3, Table 4, Table 5 and Table 6. For soil and water conservation, flood shocks and the existence of farm inputs were the most significant factors influencing their use. For crop variety, landscape position, crop yield, farm income, and household size were the most significant factors for use of new varieties. Change in planting date was influenced by drought shocks and their impacts, crop yield, farm income, and landscape position. Adoption of furrow irrigation was influenced by the age and experience of the farmer. Flood shocks negatively influenced the adoption of Soil Water and Conservation, while farm inputs had a positive effect. Only crop yield and household income had a positive effect on the adoption of crop variety and planting date, respectively. Drought shocks and landscape position had opposite effects in the adoption of tree planting/agroforestry. For furrow irrigation, experience had a negative effect while age had a positive effect, this is because smallholder farmers deploy irrigation as a new farm technology regardless to their experience and this is a government program implemented by the agricultural extension department for communities to adopt in the area.



Table 2. Parameter estimates of the multinomial logit model of drivers of adoption of soil conservation practices as climate change adaptation practice.







	
Explanatory Variables

	
Coefficient

	
Standard Error

	
Marginal Effects






	
Sex (Male and Female)

	
0.306

	
0.987

	
0.26




	
Age (Years)

	
0.037

	
0.062

	
0.0003




	
Experience of farming (Number of years)

	
−0.069

	
0.081

	
−0.01




	
Household size (members living in a household)

	
−0.441

	
0.302

	
−0.038




	
Membership (Group affiliation of members)

	
−1.69

	
1.501

	
−0.196




	
Shock floods

	
−4.119 **

	
1.955

	
−0.433




	
Shock drought

	
−0.88

	
1.137

	
−0.111




	
Land size (Hectare)

	
0.343

	
0.304

	
0.046




	
Results of Shock

	
1.639

	
1.125

	
0.23




	
Use inputs (Farm inputs)

	
1.461 *

	
0.802

	
0.29




	
Landscape position (upper, middle, lower slopes)

	
−1.075

	
0.835

	
0.095




	
Education (formal schooling)

	
0.388

	
0.93

	
−0.009




	
Crop yield (Kilograms per hectare)

	
−0.009

	
0.017

	
−0.002




	
Farm income

	
−0.478

	
0.672

	
−0.035








* Significance at the 1% test level and ** Significance at the 5% test level.








Table 3. Parameter estimates of the multinomial logit of model for drivers of adoption of crop varieties as a climate change adaptation practice.







	
Explanatory Variables

	
Coefficient

	
Standard Error

	
Marginal Effects






	
Sex (Male and Female)

	
0.690

	
1.11

	
0.093




	
Age (Years)

	
0.068

	
0.074

	
0.006




	
Experience of farming (Number of years)

	
0.058

	
0.092

	
0.013




	
Household size (members living in a household)

	
−0.691 **

	
0.319

	
−0.077




	
Membership (Group affiliation of members)

	
−1.97

	
1.538

	
−0.256




	
Floods Shock

	
−1.369

	
1.936

	
−0.166




	
Drought Shock

	
−0.839

	
1.25

	
0.036




	
Land size (hectares)

	
0.32

	
0.347

	
0.002




	
Results of Shock

	
0.421

	
1.17

	
0.066




	
Use inputs (Farm inputs)

	
−0.081

	
0.858

	
−0.178




	
Landscape position (upper, middle, lower slopes)

	
−1.785 **

	
0.878

	
−0.206




	
Education (formal schooling)

	
1.968

	
1.292

	
0.267




	
Crop yield (Kilograms per hectare)

	
0.030 *

	
0.017

	
0.005




	
Farm income

	
−1.325 *

	
0.799

	
−0.178








* Significance at the 1% test level; ** Significance at the 5% test level.








Table 4. Parameter estimates of the multinomial logit model of drivers of adoption of changing planting dates as a climate change adaptation practice.







	
Explanatory Variables

	
Coefficient

	
Standard Error

	
Marginal Effects






	
Sex (Male and Female)

	
3.417

	
2.15

	
1.1 × 10−7




	
Age (Years)

	
0.034

	
0.111

	
−3.10 × 10−11




	
Experience of farming (Number of years)

	
−0.243

	
0.166

	
−4.23 × 10−9




	
Household size (members living in a household)

	
0.245

	
0.502

	
9.35 × 10−9




	
Membership ( Group affiliation of members )

	
0.245

	
6.235

	
1.26 × 10−7




	
Shock floods

	
9.468

	
2.248

	
−1.82 × 10−8




	
Shock drought

	
−1.414 **

	
3.13

	
−7.97 × 10−8




	
Land size (Hectare)

	
−6.213

	
0.586

	
−4.88 × 10−9




	
Results of Shock

	
−0.148 **

	
2.552

	
−0.001




	
Use inputs (Farm inputs)

	
−5.024

	
9.6 × 107

	
−1.40 × 10−7




	
Landscape position (upper, middle, lower slopes)

	
−38.460 **

	
3.343

	
1.88 × 10−8




	
Education (formal schooling)

	
6.814

	
1.231

	
1.90 × 10−8




	
Crop yield (Kilograms per hectare)

	
−0.083 **

	
0.041

	
1.52 × 10−9




	
Farm income

	
8.942 **

	
4.435

	
1.74 × 10−7








** Significance at the 5% test level.








Table 5. Parameter estimates of the multinomial logit model of drivers of adoption of planting trees/agroforestry as climate change adaptation practice.







	
Explanatory Variables

	
Coefficient

	
Standard Error

	
Marginal Effects






	
Sex (Male and Female)

	
−1.143

	
1.735

	
−5.78 × 10−8




	
Age (Years)

	
0.206

	
0.143

	
7.62 × 10−9




	
Experience of farming (Number of years spent)

	
−0.257

	
0.184

	
−1.07 × 10−8




	
Household size (members living in a household)

	
0.851

	
0.532

	
4.94 × 10−8




	
Membership (Group affiliation of members)

	
23.338

	
26.944

	
4.27 × 10−6




	
Shock floods

	
39.716

	
11,870.14

	
0.9999




	
Shock drought

	
14.934 **

	
7.112

	
0.004




	
Land size (Hectare)

	
−1.947

	
1.284

	
−9.22 × 10−8




	
Results of Shock

	
−22.132

	
11,870.13

	
−0.104




	
Use inputs (Farm inputs)

	
1.767

	
1.271

	
9.17 × 10−8




	
Landscape position (upper, middle, lower)

	
−14.173 **

	
6.46

	
−6.08 × 10−7




	
Education (formal schooling)

	
2.415

	
1.612

	
8.86 × 10−8




	
Crop yield (Kilograms per hectare)

	
0.057

	
0.038

	
2.43 × 10−9




	
Farm income

	
0.603

	
1.416

	
4.43 × 10−9








** Significance at the 5% test level.








Table 6. Parameter estimates of the multinomial logit model of drivers of adoption of furrow irrigation as climate change adaptation practice.







	
Explanatory Variables

	
Coefficient

	
Standard Error

	
Marginal Effects






	
Sex (Male and Female)

	
−0.154

	
1.278

	
−0.023




	
Age (Years)

	
0.227 **

	
0.112

	
0.014




	
Experience of farming (Number of years)

	
−0.205 *

	
0.12

	
−0.013




	
Household size (members living in a household)

	
−0.59

	
0.46

	
−0.024




	
Membership ( Group affiliation of members )

	
1.605

	
3.758

	
0.098




	
Shock floods

	
−0.365

	
2.269

	
−0.051




	
Shock drought

	
0.55

	
1.537

	
0.068




	
Land size (Hectare)

	
−0.185

	
0.369

	
−0.021




	
Results of Shock

	
0.426

	
1.394

	
0.001




	
Use inputs (Farm inputs)

	
−0.507

	
1.039

	
−0.05




	
Landscape position (upper, middle, lower)

	
−1.03

	
1.006

	
−0.031




	
Education (formal schooling)

	
0.199

	
1.036

	
−0.017




	
Crop yield (Kilograms per hectare)

	
−0.008

	
0.021

	
−0.001




	
Farm income

	
0.328

	
0.895

	
0.045








* Significance at the 1% test level and ** Significance at the 5% test level.








Shock floods were negatively related to the adoption of soil conservation practices as a climate change adaptation practice though being statistically significant (p ≤ 0.05). The results were contrary to expectation as farmers affected by shock floods were expected to adopt soil conservation practices. The occurrence of shock floods decreased the probability of adopting soil conservation practices by a factor of 0.433.



The use of farm inputs showed a positive relationship to the adoption of soil conservation practices and was significant (p ≤ 0.01). This showed that farmers that used farm inputs like fertilizers, improved seeds, and herbicides, were more likely to take up soil conservation practices as compared to their counterparts. Farm inputs increased the probability of adopting soil conservation practices by a factor of 0.29.



Household size was negative though statistically significant (p ≤ 0.05) to the adoption of crop varieties as a climate change adaptation practice. This indicated that if the size of the household increased by one member, the chance of adoption of different crop varieties reduced by a factor of 0.077.



Landscape position was also negatively related to the adoption of crop varieties. However, it was statistically significant (p ≤ 0.05). The position of crop varieties on the upper, middle, or lower slopes decreased the probability of the adoption of crop varieties by a factor of 0.206.



There was a positive and significant (p ≤ 0.01) relationship between crop yield and adoption of crop varieties as a climate change adaptation practice. Crop yield increased the probability of adopting crop varieties by a factor of 0.005. This is because some crop varieties are drought, pest, and disease resistant, therefore the farmer does not incur losses to pests or diseases, something that leads to increased crop yield.



Farm income on the other hand, had a negative relationship with the adoption of crop varieties, although being statistically significant (p ≤ 0.01). A marginal effect of 0.178 indicated an increase in farm income by one unit deceased the odds of that household to adopt crop varieties by 0.178.



The results revealed that shock drought was negatively related to the adoption of changing planting dates as a climate change adaptation practice, though being statistically significant (p ≤ 0.05). An experience with shock drought decreased the probability of adopting changing planting dates by 7.97.



Results of shock were also negatively related to the adoption of changing planting dates and this was also statistically significant (p ≤ 0.05).



Landscape position was also negatively related to the adoption of changing planting dates even though being statistically significant (p ≤ 0.05).



There was a negative relationship between crop yield and the adoption of changing planting dates, although the results were statistically significant (p ≤ 0.05). An increase in crop yield decreased the probability of adopting changing planting dates by a factor of 1.52.



Farm income showed a positive relationship to the adoption of changing planting dates and was statistically significant (p ≤ 0.05). An increase in the farm income increased the probability of adopting changing planting dates by a factor of 1.74.



The relationship between shock drought and adoption of planting trees/agroforestry as a climate change adaptation practice was positive and statistically significant (p ≤ 0.05). The odds in favor of farmers who experienced shock drought increased by 0.004 as compared to those who did not experience shock drought. This implies that farmers who experience shock drought are more aware of its dangers and are therefore more willing to adopt mitigation strategies.



Landscape position however, had a negative relationship on the adoption of planting trees/agroforestry even though being statistically significant (p ≤ 0.05). Planting trees on a particular landscape position decreased the probability of adopting planting trees by a factor of 6.08.



The age of the farmer showed a positive relationship to the adoption of furrow irrigation and was significant (p ≤ 0.05). This indicates that older farmers were more likely to adopt furrow irrigation as a climate change adaptation practice compared to their counterparts. Being older increased the probability of adopting furrow irrigation by a factor of 0.014.



Experience in farming was negatively related to the adoption of furrow irrigation although being statistically significant (p ≤ 0.01). The marginal effect of 0.013 indicated that an increase in the farming experience by one unit decreased the odds of that household to adopt furrow irrigation.





4. Discussion


From the study results, it is clear that soil and water conservation is used by farmers to reduce soil erosion and degradation on their farms. This has a related aim of improving other biological farm practices, which include mulching and improved furrows. Although these methods are not sufficient to control soil erosion on farm, they do improve the soil structure especially when combined with mechanical methods of terracing, digging ditches, culverts, contour bunds, among others [40,41]. Adoption of these soil and water conservation (SWC) practices improves food security and the benefits associated with adaptation, for example, reducing soil erosion, increasing soil fertility, improving water management and water retention, which help farmers’ soils to obtain and retain nutrients [42,43,44].



Other practices like agroforestry offer the possibility of increasing food security by allowing households to have a diversity of production avenues, which have potential for income enhancement. Agroforestry practices increase the absorptive capacity of soil [45]. (Blanco & Lal, 2008) and reduce evapotranspiration [46], which can ameliorate the negative impacts of shortened growing seasons due to delayed onset of rain. The canopy cover from trees offer direct benefits by reducing soil temperature for crops that have been planted underneath. This increases the possibility of lowering the run off velocity and soil erosion due to heavy rainfall [47,48].



4.1. Flood Shocks


The lowlands in the study area are vulnerable to floods during the rainy season which affects crops and therefore, adoption of Soil and Water Conservation practices is a driver for adoption to small holder farmers to both Gender though better implemented effectively with a given experience in farming. The Landscape position and the land terrain is also a major driver in adapting to flood shocks.




4.2. Farm Inputs


The farm inputs are adopted on a low rate, given the cost attached for purchase among the farmers; however, the driver is productive and high yield returns from their use. There is often a relative difference in the yield across farmers who use farm inputs like fertilizers and hybrid seed irrespective of Gender and Landscape position.




4.3. Use of New Varieties


Various crop varieties and cultivars are adopted as drought resistant and high yielding to farmers in the slopes of mountain Rwenzori. New varieties of Maize like Longe 9H are some of the varieties adopted by farmers in the study area as a hybrid to cope with drought. This is a driver to cope with the prolonged droughts in any given season and its adoption is not influenced by Gender and Landscape position, but rather the yield returns and drought shocks is the major driver for adoption.




4.4. Landscape Position


The nature of the landscape position where farmers live along the slopes of mountain Rwenzori determines the adaptation practice to be implemented by farmers and the location of where farmers live and farm because different crops are grown across the middle slopes, upper slopes, and lower slopes (Figure 4). This is also associated with the Crops being cultivated in a particular area; for example, different adaptation practices in the Upper slopes, Middle slopes, and Lower slopes are subjected to different crops according to farmers experience in farming, age, and gender.




4.5. Crop Yield


The yield returns influence the adoption of several adaptation practices, like ability to purchase farm inputs, practice Soil and Water Conservation, and others. This is a key driver in the study area especially for Maize farmers, Coffee, Banana, and others across gender, size of the land, experience in farming, adoption of crop varieties and other agriculture innovations from farmer to farmer.




4.6. Household Size


The size of the Household is a driver for the adoption and implementation of any given adaptation practice, since the number of people living in a household influence the labour as an input for farm production, especially manual farm labour, like in the adoption of Soil and Water Conservation practices.




4.7. Change in Planting Date


Planting dates from seasonal calendars affect the implementation of adaptation practices due to growth time and maturity time. However this is specific to different crops in the study area, especially to annuals (maize, beans, and among others) and perennial crops like coffee and Banaana. This is very particular across seasons of farmer calendar years due to rainfall variability in the study area.




4.8. Drought Shock


The drought occurrence influences the adoption of crop varieties, mulching of annual crops like Maize and perennials, like Banana and Coffee, with a view to providing a moisture retention benefit to the crops. This is a major driver across gender, farmer experience, landscape position, flood prone areas like low lands, and all other forms of adaptation practices that are implemented in the study area.




4.9. Adoption of Tree Planting/or Agroforestry


The adoption of agroforestry and tree planting, especially leguminous trees, in the study area are very influential among farmers regardless of gender, experience in farming, Landscape position and any other practices. Farmers increasingly use agroforestry as a land use system to conserve soils and moderate the climate, specifically in their gardens and farms. According to field observations conducted during the study, this practice is increasingly implemented in the upper slopes of the Rwenzori Mountain slopes especially across banana and coffee cropping systems.





5. Conclusions


The study investigated the determinants and factors for the adoption of adaptation practices using survey data obtained from the farming communities in the Albertine region of southwestern Uganda. Farmers’ responses indicated that they perceive a change in the amount of annual/seasonal (900 mm–1600 mm) rainfall received over the period since 1980. They based their perceptions on changes in the seasons and occurrences of rainfall for the last 30 years (1980–2009). Those who could afford to practice adaptation on their farms were able to point to the implementation of soil conservation practices, Use of crop varieties, changing plant calendar dates, planting trees/agroforestry, and furrow irrigation on their farms, in their various attempts to adapt to climate change impacts. However, different barriers were also highlighted that hinder adoption of climate change adaptation practices, including lack of information, lack of finance, shortage of labor, and poor irrigation facilities.



The results from the marginal analysis using the Multinomial Logistic regression model (MNL) indicated that characteristics, such as a number of years of farming experience, household size, landscape position (upper, middle, lower slopes), crop yield and farm income, land size, and farm income play a determining role in adaptation. These could be further prioritized through policy and strategic development plans, as proposed interventions to influence adoption of climate change adaptation practices by encouraging small holder farmers through agriculture extension programs and community farmer organisations to cultivate crops that are suitable in the landscape positions where their lived and farming experience could be used as an asset to complement the extension programs at a community level through senstisation. The influence of smallholder farmer to adaptation choices and level of implementation could be subjected to further research into ameliorating the negative impacts of climate changes. All of the explanatory variables included in the model (sex, age, the experience of farming, household size, membership, shock floods, shock drought, land size, results of shock, use inputs, landscape position, education (formal schooling, crop yield, farm income, among others) have been fundamental in implementing adaptation practices. Although climate change adaptations varied with landscape position and agro-ecological conditions, it was found that the availability of farm inputs and credit facilities in particular would increase the likelihood of the adaptation of practices, such as the use of improved crop varieties, soil conservation, planting trees and agroforestry, and the adoption of irrigation.



Also, climate variability, and specifically an increase in temperature, are among the drivers for farmers’ moves to adopt different adaptation practices that could buffer climate risks affecting the crop productivity, including practices like soil conservation, crop varieties, changing plant calendar dates/or agroforestry, and furrow irrigation to cope with changes and variability in climate. All of these practices could enhance agricultural productivity (by 5–10% yield increase) if farmers are supported with investments in these practices.



Finally, climate change adaptation by smallholder farmers and its determinants for adoption by farming communities and development intervention continues to be a very important focus for research and development. Prioritising the implementation of adaptation choices based on small holder farmer socio-economic characteristics is instrumental in improving agriculture productivity and livelihoods by the government and other development partners. This will result into effective planning and the efficient use of government resources to boost agriculture productivity, improve crop yields, and increase household farm income and investments in climate change adaptation. Understanding the key determinants for adaptation within a smallholder farm context will facilitate and encourage the adoption of improved crop varieties, appropriate distribution of furrow irrigation, and implementation of Soil Water and conservation measures a key to ensuring food security in smallholder agriculture.
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