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and Lethu Inneth Mgwenya  
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* Correspondence: isaac.agholor@ump.ac.za; Tel.: +27130020131.  

Abstract: Climate Smart Agriculture (CSA) summarizes an expansion of existing sustainable agricultural 

intensification approach tailored appropriately to reduce the enduring constraints posed by climatic change.  

Notwithstanding the importance of CSA, the conceptual underpinnings are often left uncertain leading to 

disbelief as to practical realization and operationalization of the concept of CSA in South Africa. The study 

examined smart practices for climate mitigation and drew insights from smallholder farmers in Bushbuckridge, 

South Africa. The objectives of the study were: i) to investigate the determinants of adopting local CSA 

resilience strategies and ii) identify constraints of adoption of CSA. Structured and semi-structured 

questionnaires were used to collect data from the respondents. The sample size of 255 was obtained from the 

population of 750 farmers involved in crops and livestock production in the area. One way ANOVA was 

employed to determine the mean variance of sampled population. The study used logistic regression to model 

the determinants of decision making. Results show that the following variables influenced adoption decisions 

making process: gender (p-value = 0.003); age (p-value = 0.039); farm size (p-value = 0.000); household size (p-

value = 0.001); marital status (p-value = 0.008); level of education (P-value = 0.000); support received (p-value = 

0.041) and extension services (p-value = 0.001). Insights into the challenges of smallholder farmers in accepting 

climate smart resilience strategies were highlighted. The paper concluded that smallholder farmers require 

support to improve farming constraints. It was also recommended that the government should give support 

by encouraging farmers and investing in farm infrastructures correlated to CSA practice. A favourable policy 

discourse to encourage the use of CSA must be considered by the government. 

Keywords: climate smart; agriculture; decisions; adoption; climate mitigation; determinants; 

constraints 
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1. Introduction 

The management and use of modern farm technologies is gathering momentum globally with a 

view of tackling the constraints of agricultural development and climate change. Changes in climate 

remain the main threat to world food security. The inadvertent increases in population and growing 

household income in developing countries have driven the demand for food to an unprecedented 

magnitude [1]. It is projected that by 2050, the global food requirement will increase, and agricultural 

production must increase by 60% more than it was in late 2000 to meet the increasing demand for 

food. However, approximately 80% of the needed increase will have to come from increased farming 

intensity and formidable expansion of arable crops. The demand for food is increasing and remains 

a constraint for the agricultural sector and worsens by changes in climatic conditions.  

The impact of climate vagaries manifesting in abnormal temperatures, extreme weather, 

inadequate water, increasing sea levels, ecosystem challenge and destruction of biodiversity will 

further create food security problems. According to fifth assessment report of the “Intergovernmental 

Panel on Climate change” (IPCC) in [2], stated that the negative impact of changes in climate manifest 

on food shortages and this is likely to occur in the tropics where most of the world’s population rely 

on agriculture. CSA does not prescribe tenaciously to farmers any known model for solving climate 

induced challenges but a tool to recognize local solutions to handling resilience in farming for 

sustainable agricultural development. In the main, crucial adverse phenomenon caused by changes 

in climate have unswerving costs for food availability cascading to eminent loss of farm income, 

terrestrial, and water ecosystems. Additionally, climate change also has wider effects on trade and 

food markets and poses a serious problem on human-wellbeing [3]. Therefore, the idea of resilience 

offers support to facilitate and mitigate the incidence of food shortages. However, resilience entails 

the ability of a system to cushion disturbance and reorganize while still undergoing change to 

maintain its original state [4]. 

Recommending resilience strategies for households requires estimating the impacts of climate 

shocks experienced by households for several years recording different weather events. However, 

estimation may suffice to elucidate the impact for a limited time frame through survey data, as 

demonstrated in this study. There are notable CSA practices that can buffer and subsequently 

increase production in the long run and currently lessen pollution and reduce gas emission by 

absorbing oxides from the environment. The objective of resilience approaches is to allow dynamic 

interaction between intervals of sudden change in climate. However, resilience conceptualizes how 

perseverance and transformation exist in farming systems.  

Climate Smart Agriculture (CSA) encapsulates an expansion of existing sustainable 

intensification approach tailored appropriately to the enduring constraints posed by climatic change 

[5]. Given the insightful call for change, CSA is presently encouraged by numerous organizations to 

ensure uninterrupted food supply for a projected population of nine billion people by 2050 [6]. 

Notwithstanding the significance of CSA, the conceptual underpinnings are uncertain leading to 

disbelief as to practical realization and operationalization of the concept of CSA in South Africa. This 

underscores the need for this study. Additionally, several studies, [7–9] on climate change adaptation 

has arbitrarily focused on its impacts on food security, mitigation and losses of farm income but failed 

to address sufficiently CSA practices in local settings and enumerated the determinants of adoption 

of climate smart agriculture. This study portends and signifies an integrated approach, drew insights 

to evolving the determinants of adopting local CSA, in Bushbuckridge, South Africa. It is imperative 

that smallholder farmers synchronize transformations in their agricultural practice to boost 

production by imbibing an approach that is consistent with faring system in their area. However, 

diversification of food sources and support for CSA practices will ultimately increase food 

production and enhance rural livelihoods [5] Given the numerous impacts of climate change and the 

subjective and inconsistent adoption of CSA practices in local settings, together with variations in 

agroecological zones and farming: climate-smart approaches will vary within regions. Therefore, it 

is of interest to further explore the determinants of adopting CSA in Bushbuckridge, South Africa. 

The study explored the determinants of adopting local CSA resilience strategies and identified 

constraints of adopting resilience approach to CSA in Bushbuckridge, South Africa.  
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2. literature Review  

2.1. Theoretical Background of CSA 

In Sub-Saharan Africa, agriculture is vital for achieving economic sustainability. However, 

numerous challenges are prevalent such as depletion of natural resources, land use and dearth of 

infrastructures [10].  The main underlying problem of agriculture is its vulnerability to climatic 

shocks occasioned by erratic temperature changes, rainfall patterns, increased pests and diseases and 

soil degradation [11]. To ameliorate these challenges, the adoption of climate smart agriculture (CSA) 

practices offers an enduring pathway towards attaining sustainable agriculture. According to [9,12], 

the anecdote towards ensuring sustainable agriculture involves practices such as soil conservation, 

water conservation, crop diversification, erosion control and climate smart practices. Climate smart 

practices and principles are anchored on systems like conservation, water management, minimum 

tillage, modulation of planting time, crop diversification, pest and diseases control, and other 

integrated agricultural systems aimed at overcoming the challenges of climate shocks and 

vulnerabilities of both commercial and smallholder farmers [13–15].  The adoption of CSA strategy 

will enhance the resilience of farmers to climate change and reduce greenhouse gas emissions while 

encouraging agricultural development. There is limited conceptual understanding associated with 

CSA [13]. Firstly, inadequate clarity in the perspective of defining CSA makes it difficult to decide 

which agricultural techniques constitute an acceptable CSA practice. Consequently, farmers are 

inclined to integrate various agricultural practices that fall short of CSA practices. Secondly, farmers 

that are practicing CSA exert their efforts only on farm activities without realizing that water 

management, soil fertility management and soil health are important [12]. Climate smart agriculture 

(CSA), at local level is narrowly focused on technology and does not sufficiently address social and 

institutional structures like market and market access, credits and subsidies which are critical for 

smallholder farmers. As a result, it is relevant to widen the focus of CSA to further incorporate not 

only technological solutions but institutional structures that may enhance adoption and success of 

CSA.  The unlocking of market access, credits and the provision of farm subsidies as well as 

addressing the social and cultural factors may enhance farmers’ ability to adopt CSA [16]. 

Notwithstanding the shortcomings, CSA strategies such as irrigation, water management, erosion 

control, pest and disease control, crop diversification, soil health and fertility management could 

guarantee uninterrupted food production in areas experiencing climate shocks [17,18]. Although 

there are enormous potential benefits associated with CSA, some farmers face substantial challenges 

to adopt and take full advantage of the innovative practices embedded in CSA. Previous studies 

[18,19] stated that farm size, tenure security, level of education, access to extension services, market 

access, and credit availability were found to be the determinants of adopting CSA practices. 

CSA encapsulates sustainability principles and has been recognized as a panacea for promoting 

farmers’ resilience and adaptation. In sum, the successful implementation of CSA practices requires 

a collaborative strategy, that embeds institutional factors while mirroring into the socio-economy 

dispositions of smallholders. Collaborative initiatives among stakeholders, retailers, and consumers, 

could exert a shared understanding of CSA to enhance the adoption and improve agricultural 

practices.  

2.2. Conceptual Framework of the Study  

CSA is underpinned by the need for recognizing resilience and addressing the vulnerability of 

farm households against extreme weather events, determined by several adaptive capacity. The 

conceptual framework (Figure 1) illustrates resilience capacity of farmers being affected by the 

behaviour of farm households’ characteristics (age, gender, education, farm size, farm experience, 

household size) to climate change over time. Additionally, resilience adaptation is also impacted by 

external variables like social networks, markets, and institutions. Households make rational decisions 

in farming practice such as adopting crop diversification, mix cropping, production method 

modification, and addition of other off-farm activities.  Invariably, the outcome of these decisions is 

impacted by climate via farm output and market behaviour, policy modifications which include 
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research, and changes in markets occasioned by price fluctuations which are not within the control 

of farm households. Indicative, a normal season together with good markets assist in building 

increase financial capital and the potential for developing resilience, while a continuous unabated 

poor weather may at the long run result in the loss of financial capital and thus decreases resilience 

because capital is required to sustain or build resilience. Households’ characteristics can change 

contingent on policy changes, for example, education and access to extension services may have 

positive effect on human capital, research and markets. Climate change affects both households by 

changing their production output probability relative to unfavorable weather that also damages 

transport infrastructure and communication. As indicated earlier, household decisions are 

continuum and are dependent preferences (Figure 1), while taking decisions also may ultimately 

result in outcomes (profits or loss). Household adoption decisions, resilience strategies and tenacity 

in each production cycle will ultimately showcase whether there is improved performance in human 

and natural capital, and consequently increases resilience capacity of households. The available 

options for households to adopt a given innovation are dependent on the availability of technologies, 

awareness, and capacity. Households are not entirely averse to technologies but knowledge and 

capacity to access these technologies like tools and machines remain daunting. This implies that 

understanding limitations and constraints at the household levels is a determinant for evaluating 

vulnerability and resilience. The need to model an approach in understanding preferences and choice 

of decisions by households is vital considering the limitations they are saddled with. However, a 

standard response is to consider the maximization of utility and as a function that measures the 

satisfaction of a consumer relative to the consumption of real goods. The willingness of households 

in adopting an innovation, for example resilience techniques and the possibility of distributing the 

outcomes, is dependent on optimum decisions of households’ utility disposition.  

 
 
 
 
 
          
 
 
 
 
 
 
 
 
 
                                                                            
                                                                     
 
                                                                           
 
 

 
                                                                   
                          
 
                                                            

 
 
Figure 1. Conceptual framework showing the relationship of interest in the study.   
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3. Materials and Methods 

3.1. Study Site 

The study was conducted in Chochocho-Bushbuckridge Local Municipality, Mpumalanga 

Province, situated in the Northeastern area of South Africa. Bushbuckridge has a population of about 

541 248, with an average annual population growth of 0.79%. Chochocho lies within latitude 

24°41'47.8"S and longitude 31°06'49.8"E. The population densities are from 146 individuals/km2 to 

approximately 300 people/km2 [20]. The primary constraints of households include low-income 

levels, and unemployment. The area is characterized by bush veld in savanna biome covered by leafy 

combretaceace trees in a sandy-clay soil. The landscape is undulating with a mean temperature of 

22oc, average annual rainfall ranging from 500 mm in the East to 800 mm in the West.  

The area (Chochocho-Bushbuckridge) figure 2 was considered for this study primarily because 

of the noticeable changes in crop and livestock production, occasioned by climate change. Over time, 

climate change has directly affected three of the four income streams, namely environmental income, 

crops and vegetable income, and small stock and large livestock income [21]. Secondly, the area is 

noted for crops and vegetable production that sustains livelihoods. The inhabitants of the area are 

distributed throughout the landscape and the majority of homestead typically have livestock, animal 

kraals, and home gardens where maize, vegetables, squash and ground nuts are cultivated. Most 

communities in the area have rangelands used for grazing livestock, though such rangelands 

undermine environmental principles, as conservation practices are seldom considered.  

 

Figure 2. Map of the study area. 

3.2. Data Collection and Sample Size Determination  

The targeted population of smallholder farmers in the area was 750 obtained from the 

information hub of the Department of Agriculture, Rural Development, Land and Environmental 

Affairs [22]. Structured and semi-structured questionnaires were used to collect data from the 

respondents in consonance with stated objectives of the study. The farming population in Dingledale 
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exhibits homogenous relationship and the study concentrated on farmers involved in crop 

production only. Therefore, a sample size of 255 farmers was considered appropriate. In relations to 

tenets, [7] emphasized that the consensus to adopt a sample size is guided by the principle of 

‘‘informational redundancy’’ that is when selected population appears homogenous, sampling can 

be terminated when there is no new evidence obtained by selecting more groups of the same 

population. Understanding the reasoning of informational redundancy, [8] introduced the concept 

of information power as a realistic guiding principle, suggesting that ‘the more information power 

the sample provides, the smaller the size needs to be, and vice versa’. With a given confidence level 

of 95% (z-score 1.96), 5% margin of error, 50% proportion of population, and farmers population of 

750; overall, sample size of 255 was obtained from the population of farmers involved in farming in 

the area. A randomized data collection approach was employed to obtain responses from all 

respondents participating. Likert scale was used to establish the ranking of constraints using the 

mean responses for the adoption of local resilience strategies. 

3.3. Data Analysis 

The demographic characteristics of farmers were determined using the descriptive statistics 

(Table 1), while SPSS software version 28 was employed to analyze the determinants of acceptance 

of CSA. Prior to analysis, reliability test was conducted, and Cronbach alpha obtained (table 2) was 

considered appropriate.  

3.4. Testing Reliability of Data Collected 

In testing the reliability of data collected, data was arranged and cleaned to ensure that it was 

free from errors [9]. Consistent with other studies [10,11] the reliability results of 0.70 and above are 

acceptable as indicated (Table 1). The use of reliability testing is imperative to determine stability of 

the result or research outcome [12]. Reliability indicates whether the research method used in a study 

can reproduce same or similar results multiple times. When research methods can produce consistent 

results, then the methods are likely reliable and not influenced by external factors.  

Table 1. Reliability analysis. 

Items   Group  Cronbach Alpha  

Low constraints (LW) LW = 1 0.75 

Medium constraints (MC) MC = 2 0.78 

High constraints (HC)  HC = 3 0.71 

Three-point scale (Likert) was employed to determine the challenges of adopting the CSA 

resilience approaches for climate change. The scale was coded as: LW =1, medium constraints MC =2 

and HC = 3 respectively. Farmers were instructed to select from the items LW=1 to HC =3 depending 

on the level of constraints as experienced over period. Standard deviation and the mean of the 

variables were analyzed and recorded with the construct as follows: 1+ 2+ 3/3 =2.00. Nevertheless, 

with a confidence interval of 0.5, the low-level limit of constraints was 2-0.5 = below 1.5, medium 

level of constraints is 2.0 + 0.5 = 2.5 and above correspondingly. Data variables were screened to 

reduce violation of assumptions of normalcy, linearity, and homoscedasticity. 

3.5. The Model Adopted for the Study 

The model considers the determining factors of decision making and adoption of CSA-resilience 

strategy by farmers.  Logistics regression for binary variables allows for estimation of likelihood of 

an outcome (Yes/No), in accordance with the values of explanatory variables. Related studies [12,13], 

found that the logistic regression model is ideal for analyzing categorical and dichotomous variables 

in a study.  

In this study, the logit function is expressed as: logit (p) = In (p/ (1-p), where p is the likelihood 

of an event occurring to govern the corresponding log odds of an outcome which is indicated as a 
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linear combination of explanatory variables. Thus, the model coefficients can be assumed to show the 

strength of the relationship between the explanatory variables and the dependent variables.  

In essence, using this method, the study carried out exponentiation of the coefficients and 

indicated them as odds ratios. Additionally, logistic regression models are suitable for analyzing 

variables that are binary and categorical because it helps to determine effects of an event, make 

projections for future occurrences [14].  

Therefore, the behaviour of farmers was grouped into adopters and non-adopters. Farmers who 

adopt was assigned the value of 1 and the non-adopters take the value of 0. The likelihood of a farmer 

being an adopter of resilience strategies is predicted by odds (Y=1), denoting the ratio of the 

probability that: 

Y = 1 is to the probability that Y≠ 1:  

Odd Y = P(Y=1) (1-P(Y=1)                                                1                                                                        

Therefore, the logistic model is specified as follows: logit Y is given as log of Odds. 

In          P(Yi = 1)         = log Odds = logit (Y)                       2                                                         

              (1-P(Yi=1) 

Expanding the equation:  

Logit (Y) =βo + Ƹβ1X1+ Ƹβ2X2 +…. Ƹβn Xn + μ                            3                                                  

Where: 

Y = dependent variable 

βo = intercept 

β1…… βn = coefficient of the independent variables 

μ= error term 

The study used the following independent variables as indicated in table 1 below.  

From illustration, equation [4] was reworded below to indicate the likelihood of adoption or 

non-adoption as: 

Y = βo + β1X1 + β2 X2 + …………………... +β 11 X11 + μ ……………………… 4                                                                 

Table 2. Demographic characteristics and operational independent variables description and 

measurement. 

Variable and code Operational description  Measurement unit 

Age  Number of years 

1=20-30  

2=31-40  

41- 50 

 > 51 

Gender  Male or female  
1= Male  

2= Female  

Farm size Acres of land 

1= 1-3Acres 

 4-6 Acres 

> 7 

Farm experience Number of years in farming 

1=1 - 4 Years 

2 =5 -10 Years  

3 =11-15 Years  

4 = > 16 Years 

Household size Number in household Numerical  

Marriage  Being married or not 
1= Yes  

2 = No 

Education  Scholastic achievement  

1 = Primary  

2= Secondary  

3= other  

Support received  Assistance  
1 = Yes 

2 = No 
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Extension services 
Household access to 

extension 

 1= Yes 

 2 = No 

4. Results and Discussions 

Adoption decision analysis revealed two groups of farmers-adopters and non-adopters as 

indicated in Table 3. Slight differences exist between the adopters and non-adopters’ category. With 

respect to age, adopters have a mean of 0.26 while the non-adopters recorded a mean of 0.27. Previous 

studies [15,16] lead credence to the result indicating that an increase in number of years a farmer lives 

influences the probability of adoption.   

The gender variable indicated a mean of 0.66 and 0.06 for adopters and non-adopters 

respectively. Farmers in the adopters’ category tend to be better educated, married with larger 

households than the non-adopters with a mean of 0.30, 0.28, 0.15, and 0.04 correspondingly. This 

result is corroborated by the studies of [17], who found that education impacts positively on the 

ability farmers to gather information relevant to technology adoption. However, the non-adopters’ 

stream has higher income earnings (1.27), higher farm experience (0.60) and larger farm size (0.18). 

Although wealth or farm earnings were not the subject matter of the study, it is worth noting that the 

income from the two categories was relatively low, which suggest that they are smallholder farmers. 

Farmers require credits to put in place the basic farm infrastructures that will assist in climate smart 

practices at farm level.  

A similar study by [18] found that farmers who had access to farm credits participated more in 

the local market as compared to farmers devoid of access.  In addition, farmers with higher farm 

experience are disposed to access information over time and are more disposed and zealous in 

gathering information than younger ones [19]. The mean for adopter’s category was 0.07 while the 

mean of the non-adopters was 0.02. Extension services enhance farmers knowledge in the adoption 

of innovation, increases level of awareness and information diffusion [20,21].  

Table 3. Adopters and non-adopters mean values and t test analysis. 

Variables   Adopters  P(T>t) Non-adopters P(T>t) 

Age  
Mean  0.26 0.23 0.27 0.71 

df 1  5  

Gender  
Mean  0.66 0.00  0.19 0.06 

df 1  21  

 Education 
Mean  0.30 0.23 0.28 0.67 

df 1  3  

Marriage  
Mean  0.15 0.37 0.04 0.81 

df 1  2  

Income  
Mean 0.34  1.27 0.01 

df 1  1  

Household 

size  

Mean  0.23 0.28 0.03 0.91 

df 1  3  

Farm 

experience  

Mean  0.05 0.60 0.60 0.00 

df 1  5  

Farm size  
Mean 0.02 0.92 0.18 .435 

df 1  3  

Extension 

service  

Mean 0.07 0.54 0.02 0.00 

df 1  21  

Mean: significantly different at P0.1 (*); P0.05 (**); or P0.01 (***). Source: Own field survey 2021. 

4.1. The Determinants of Adoption of CSA Practices as Resilience Measure 

Table 4 presents the findings of the determining factors for adoption of CSA practice. Model 

fitting summary obtained from analysis were as follows: Pseudo R^2 (Cox and Snell = 0.319, 
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Nagelkerke = 0.659, and McFadden = 0.581) which implies that the model was appropriate for the 

study. Results show that gender, age, farm size, farm experience, level of education, marital status, 

household size and extension service significantly influence the adoption of CSA.  

The finding reveals that the gender of the respondents was significant with a P< 0.003 but 

negatively related to the decision to adopt CSA practice with coefficient β = -1.028. This finding 

suggests that the log odds for adoption are influenced by gender relations.  This finding agrees with 

and confirms the hypothesis. The age variable was also significant with recorded P< 0.039 but 

negatively (β= -0.336) related to farmers’ decision to adopt CSA practices. This result indicates as 

farmers get older the likelihood of adoption of climate resilience strategies decreases by 0.336 times 

in the log odds of decision to adopt CSA in the area. This finding is consistent with the study of [22], 

who found that age of farmers negatively influenced smallholder farmers’ choice to adopt the use of 

ICT in Driekoppies, Mpumalanga Province. Farm size was significant and positively related to 

adoption of CSA with a P< 0,000 and β = -1.162. This result suggests that for every unit an increase in 

farm size, there was 1.162 times increase in the log odds of adoption of CSA provided all other 

variables are held constant. Consistent with the study of [23], farm size has direct bearing with 

adoption behaviour of farmers. This result also agreed with [18], in his study on access to local 

markets and information, who found that farm size was significant and positively related to the 

choice to participate in local market in Clau- Clau, Mbombela.  

Farm experience was also significant (P< 0.064 and positively related to adoption of CSA with 

coefficient (β = 1.085).  The implication is that an increase in the number of training a farmer receives 

will also increase the probability of adoption of CSA practice. This result is consistent with the study 

of [26] who found that farmers with more years of experience were willing to adopt organic farming 

in preference to other farming systems. The household size was significant (P<0.001) with coefficient 

(β = -1.725). This explains that for every unit an increase in farm size there is 1.725 times decrease in 

the choice to adopt CSA practices. This finding suggests that the probability of adopting CSA 

increases with an increase in farm size. The result is corroborated by [24] who found that the size of 

household influences adoption decision. This finding is further supported by [25] who found a 

positive relationship between farm size and the adoption of ICT. Although marital status had a 

negative coefficient (β = -2.858), but positive and significantly influence the use of CSA practice, with 

P< 0.008.  This result is in line with the findings of [27], who affirmed that farmers' marital status 

negatively impacted on their adoption decision making of households. 

Furthermore, data revealed that the level of education was found to be significant with a p-value 

= 0.00 and positively associated with the adoption of CSA, with β= 3.574.  This finding implies that 

an increase in the level of education will increase the probability of adopting CSA by 3.574 times. This 

finding is consistent with the finding of Kabir (2015), who found that obtaining a higher level of 

education was an important predictor of acceptance of information communication technology 

available to farmers. Additionally, Karanja et al. (2020), also reported that educated farmers are better 

informed about farm decision making. Government support received by farmers was significant, 

with P<0.041 and β = -0.663. This finding suggests that an increase in government support increases 

the decision to adopt CSA practice by farmers.  

Extension officers visit recorded a positive value (P< 0.001) indicating significance but negatively 

influence the adoption of CSA as a resilience practice with coefficient of -0525. This finding implies 

that the number of times a farmer had extension contacts enhances the propensity of adoption of 

climate smart practices, provided that all other variables are held constant. In his study on access to 

local agricultural markets in Clau-Clau Mbombela South Africa, [18] also noted that farmers contact 

with extension is negatively skewed to participation in local agricultural markets, even though, 

extension services justify knowledge generation and enhance social interaction amongst farmers. 

Furthermore, an increase in the length of training given to a farmer will create awareness that will 

translate to the increase adoption of CSA resilience strategies in the area.  
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Table 4. The determinants of CSA practice adoption as resilience measure. 

Variables   β 
Std. 

Error 
df Sig. Exp(β) 

95% CI for Exp (β) 

Lower 

Bound 
Upper Bound 

Intercept   -139.66 2355.123 1 .953    

Gender -1.02 .347 1 .003* .358 .181 .706 

Age -.33 .162 1 .039* .715 .520 .983 

Farm size -1.162 .270 1 .000** .313 .184 .532 

Farm 

experience 
1.085 .586 1 .064 2.961 .938 9.346 

Household 

size 
-1.72 .509 1 .001* .178 .066 .484 

Marital 

status 
-2.85 1.070 1 .008* .057 .007 .467 

Education -3.57 .986 1 .000** .028 .004 .194 

Support 

received 
-.66 .324 1 .041* .515 .273 .973 

Extension 

visits 
-.525 .160 1 .001* .592 .432 .810 

Cox & Snell .319       

Nagelkerke .659       

McFadden .581       

Significant at P0.1 (*); P0.05 (**); or P0.01 (***). 

4.2. Identified Constraints by Respondents in the use of CSA in the study 

4.2.1. Inadequate Access to Information 

The constraints of inadequate access to information had a mean of 2.79 and ranked 7th (Table 5). 

Smart farming decisions especially on the adoption of CSA resilience strategies in the area, require 

relevant and timely information on production practices. Over the years, inadequate information 

dissemination to farmers remains a barrier to agricultural development in South Africa. However, 

farmers rely on numerous sources for information which are not coordinated from information hub 

[28]. It is widely acknowledged that farmers depend on extension practitioners for valued 

information, but their extension performances and service delivery remain challenging [29].    

4.2.2. Infrastructural Constraints  

Smallholder farmers require modern farm infrastructures like water harvesting equipment, 

weather forecast facilities, and ICT to fully participate and accept the practice of CSA resilience 

strategies that are pertinent for agricultural development [30]. Finding indicates a mean of 2.87 which 

shows that farmers are constrained infrastructurally. Challenges such as the unavailability of 

infrastructure and the costs of operating some modern farm resources also have an influence on the 

adoption of CSA [30]. Moreover, effective use of available farm infrastructure enhances the 

productivity and competitiveness of farms, resulting in increased farm income. 

4.2.3. Financial Constraints 

The challenges associated with finance recorded a mean of 3.77 and were ranked the uppermost 

problem by farmers. This result is expected because of the high cost of implementation and 

maintenance of any known technology for CSA like water harvesting equipment remains definitive 

at farm level. The absence of available resources to embark on implementing water harvesting 

systems in use is also worsened in context. From our focus group discussion with farmers, without 

being prompted, the respondents agreed in consensus that finance is a constraint to successful 
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implementation of climate resilience strategies. However, the result led credence to the study of [31], 

who stated that adoption of safety measures was dependent on available financial resources at the 

disposal of the farmer.  

4.2.4. Inadequate Skills 

The main aim of CSA resilience strategies is to lessen the effects climate change. CSA resilience 

strategies have been used to mitigate the impact of weather-related events in agricultural production. 

The recorded mean of 3.22 exemplifies the low level of skills shortages to implement CSA resilience 

strategy in the area. In a study by [32] indicated that farmers who have farming experience tend to 

possess enough skills and can critically evaluate opportunities, thus making them more likely to 

adopt CSA technology.  

4.2.5. Inadequate Access to Land 

Land has been an issue of intense debate in South Africa. Access to land has been 

disproportionately unequal between males and females in the area. According to [33], males usually 

control issues of access to resources including land as compared to females who still lack adequate 

access to land rights. Therefore, in a family set-up the decisions to adopt any innovation rest squarely 

on males. In the study, data revealed an average of 3.13 and positioned 3rd in the ranking scale. 

Majority of smallholder farmers without land rights are unable to adopt resilience strategies on land 

under lease because of limited tenure security. 

4.2.6. Inadequate Support  

The challenges of inadequate support had a mean of 2.89, significance level of 0.72 and 

positioned 4th amongst other challenges.  The inadequate financial support for investing in 

profitable farming business remains a challenge for farmers. The inadequate implementation of 

numerous government regulations and programmes in agriculture as well as social issues affecting 

agricultural production such as theft, farm massacres, evictions and unlawful occupation of land 

poses a serious threat to smallholder farming business [34]. Skill support is needed for smallholder 

farmers to manage farming business at subsistence level. Majority assessment underpinned the need 

for assistance and support to the high number of new entrants into farming to salvage them from 

failure. Extension services and training are important for skills development, mentoring and 

innovation adoption. However, acknowledging the contribution of agriculture in reducing poverty 

is welcomed but it is obvious that government support to agriculture is grossly inadequate.  

4.2.7. Awareness of CSA Resilience Practice 

The mean score for “awareness of CSA resilience practice” was 2.88 (Table 4). Though 

smallholder farmers in the area are involved in the local CSA practices, the alignment to resilience 

measures is not noticeable. Farmers’ perception of awareness of CSA assists to build confidence in 

adopting innovative practices at farm level [35].  
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Table 5. Identified constraints by respondents. 

 Mean Square  Sig. Rank  

Inadequate access to 

information 
2.79 0.75 7th   

Infrastructure 

constraints  
2.87 0.72 6th  

Financial constraints 3.77 0.49 1st  

Inadequate skills  3.22 0.60 2nd  

Inadequate access to 

land 
3.13 0.63 3rd  

Inadequate support 2.89 0.72 4th  

Awareness of CSA 

constraints & adoption 
2.88 0.72 5th  

5. Conclusions 

The study examined the determinants of adopting local CSA resilience strategies and identified 

constraints of adopting resilience approach to CSA in Bushbuckridge, South Africa. From available 

data and results, it was discovered that there were slight differences that existed between the adopters 

and non-adopters’ category. Findings revealed that age influences the likelihood of adoption, 

indicating that older farmers tend to be more risk averse than the younger farmers. With respect to 

farm credits, it was also affirmed that smallholder farmers require credits to put in place the basic 

farm infrastructures that will assist in CSA practices at farm level. Although smallholder farmers in 

the area are involved in the local CSA practices, the alignment to resilience measures are rare. 

Majority of smallholder farmers without land right are unable to adopt resilience strategies on land 

under lease because of limited tenure security.  

The study, therefore, advanced the following recommendations:  

The need to support and close the investment gap in agriculture for the survival of smallholder 

farmers is paramount.  Favourable policy environment to support smallholder both at domestic and 

foreign agri-business investment space in agriculture must be considered by government. 

Considering this, the understanding of CSA and resilience measures and advantages embedded must 

be seen as a priority to harmonise agricultural practice as part of prime movers of agricultural 

development at local level.  

5.1. Implications of the Study  

The study contributed to the body of knowledge by reckoning with resilience of smallholder 

farmers and determinants of households’ decisions. The results supported smart practices that can 

buffer and subsequently increase agricultural production.  The study explored the elements of 

adopting local smart resilience strategies and identified constraints of adoption.  In the main, the 

need for principles that are reassuring, adaptive, and fitted to a particular local context to encourage 

CSA acceptance is imperative. However, pulling up strategies on developing patterns of monetary 

aid and incorporating scientific improvements with local farming practices are essential for 

increasing climate smart practices. Additionally, the policy implication is that government must 

support a steady approach that incorporates financial assistance with moral conviction to encourage 

CSA practices. Nevertheless, the government must exert rigorous efforts to put in place an 

environment that permits CSA to thrive. Information communication technology would also assist 

in the dissemination and exchange of information, which is critical for the adoption of CSA practices. 

While the acceptance of CSA is imperative to ameliorate the incidence of food insecurity, further 

investigations through research are recommended to accommodate gaps inherent knowledge 

disparity and the impacts of CSA approaches. 
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5.2. Limitations of the Study  

The adverse incident caused by changes in climate have unswerving costs for food availability 

cascading to eminent loss of farm income, and degradation of ecological environment.  Additionally, 

climate change also has wider effects on trade and food markets and possess a serious problem on 

human-wellbeing.  

Therefore, the idea of resilience offers support to facilitate and mitigate the incidence of food 

shortages. Resilience entails the ability of a system to cushion disturbance and reorganize while still 

undergoing change to maintain its original state. Further study must investigate the required 

resources and loss extent of losses of farm income by farmers.   

The study failed to recognize the level of awareness about climate change and the resilience 

strategies at local level. To recommend resilience strategies for households, requires estimating the 

impacts of climate shocks experienced by households for several years recording different weather 

events. However, estimation may suffice to elucidate the impact for a limited time frame through 

survey data, as demonstrated in this study.  

The study examined smart practices for climate mitigation and drew insights from smallholder 

farmers in Bushbuckridge, without considering other areas. Therefore, the results cannot be applied 

to other areas in South Africa. Secondly, the study is limited to a circumscribed farming community 

of Bushbuckridge, with only a sample size of 255 farmers. It is the view of the authors that future 

research must widen the sample size. Thirdly, the study used logistic regression to model the 

determinants of decision making. However, other models may be employed for future research.  
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