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ABSTRACT 
 
Public Extension services remain the repository and main source of agricultural 
information for smallholder farmers in developing countries. Their role includes 
linking farmers to relevant institutes and disseminating research-based knowledge 
and technology to rural people with the aim of improving their livelihoods. 
Extension officers disseminate information about new innovative techniques to 
crop and livestock farmers and related production and management practices 
leading to the improved socio-economic status of the rural communities. Despite 
this and farmers having access to extension services, smallholder farming appears 
to be struggling to meet the rural population's daily food and employment needs. 
Moreover, empirical and detailed evidence of the contribution and effect of 
extension services toward sustainable farmer livelihoods remains scanty in the 
Eastern Cape province, South Africa. Therefore, the study sought to investigate 
the contribution and impact of extension services toward sustainable livelihoods 
and self-reliance in Eastern Cape Province in South Africa. The study used a multi-
stage sampling procedure to collect data from 258 smallholder farmers using a 
semi-structured questionnaire. Binary Logistic regression and Propensity score 
matching was used for analysis. The study results showed that most respondents 
were females with an average age of 47 years and twelve years of farming 
experience. Moreover, the results show that farmers had ten years of schooling 
and operated on average farm sizes of 3 ha. The findings also indicated that 
farmers had access to extension services and were members of farm organizations 
contributing to their farming and building self-resilience. Farmers also indicated that 
financial support, distance to market outlets, and lack of transportation were 
among the challenges threatening their livelihood. Binary logistic regression 
showed that age, years spent in school, off-farm income, and farm size affected 
farmers’ access to extension services. Propensity Score Matching results showed 
that farmers with access to extension services had better sustainable livelihoods 
and self-reliance than farmers without access. The study concludes that extension 
services have a positive effect on the sustainable livelihood of farmers. The study 
recommends that governments and NGOs invest more in agricultural extension 
officers for farmers to reach their farming potential and ensure sustained 
livelihoods and self-reliance. 
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INTRODUCTION 
 
Agricultural extension is defined as a system intended to enable farmers, their 
organizations/groups, and other market actors to access knowledge, information, 
and technologies to promote agricultural development [1]. Access to the extension 
has long been a key component that permits farmers to attain information, training, 
and technologies that can be used to advance their livelihoods and are an 
important factor in promoting agricultural development [2, 3]. The benefit for 
farmers in accessing extension services is the gaining of strategic partners in 
research, education, agribusiness, and other relevant institutions, supporting them 
to develop their technical, organizational, and managerial skills to enhance the 
agricultural sector. Huerta-Barrientos [4] posited that extension officers are 
enablers of farmers’ entrepreneurial, social, and ecological capacities in rural areas 
to be effectively involved in production and livelihood activities that demand 
modest positioning and understanding of the environment. This reconstruction of 
farmer entrepreneurial capacity helps improve production and, subsequently, rural 
incomes and welfare and mitigates other rural problems, Adebayo and Worth [2]. 
Despite these accolades, extension services appear to be struggling to provide 
adequate services to farmers, leaving many agriculture-dependent rural dwellers 
unable to sustain their livelihoods [5].  
 
The South African Government reiterated that Agriculture remains one of the most 
significant economic pillars, a source of energy and food security for all. The need 
for a vibrant agricultural sector in rural households is exacerbated because the 
majority of dwellers derive their livelihoods from practising farming [6, 7]. As a 
result, farming in Africa is dominated by smallholder farming given the fundamental 
role they play in the establishment of better livelihoods and food security in 
developing communities, in sub-Saharan Africa [7, 8]. Mdoda et al. [9] postulated 
that smallholder agriculture helps in sustaining livelihoods for farmers and 
communities through income generation and employment. Phakathi and Wale [10] 
support this argument that smallholder agriculture constitutes a key vehicle to 
lessen pervasive poverty. However, the performance of the smallholder sector is 
reported to be below potential because of a number of institutional, market-related, 
infrastructural, and technological challenges [11]. According to Raidimi and Kabiti 
[12], South Africa is facing high levels of food insecurity among households as a 
result of the decline in food production. Hence access to extension services is 
significant to build sustainable livelihoods and self-reliance among farmers and 
households in South Africa. 
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Loki [13] posited that agricultural extension services are the cornerstone of rural 
development, the motive force for yield enhancements and sustainable livelihoods. 
Establishing household food security is extensively recognized as an important 
breakthrough in evolving the living standard of the rural poor and meeting 
Sustainable Development Goals (SDGs), objective 1 (no poverty), and objective 2 
(zero hunger). Access to extension is the only way that can be used to educate 
and equip farmers to meet these SDG goals through the dissemination of relevant 
information and technologies to farmers. A study by Danso-Abbeam [14] indicated 
that agricultural extension is contributing positively to smallholder farming through 
capacity building in good agricultural practices, forming linkages among the value 
chain actors (input dealers, farmers, wholesalers, and retailers, which enhances 
their production and output) and other value-addition techniques. Biswas et al. [15] 
noted that the impact of agricultural extension services is positively and 
significantly associated with agricultural productivity and farm returns in developing 
countries. However, little is known of the contribution and impact of extension 
access toward sustainable livelihoods and self-reliance. Many studies have been 
conducted focusing on factors and the impact of agricultural extension services 
carried out by non-governmental organizations [2, 13, 16-18]. Hence, this study 
was conducted to establish new facts that will assist policymakers and farmers in 
accessing extension services. Access to the extension will assist farmers and 
households in achieving sustainable livelihoods. Therefore, this study investigated 
the contribution and impact of access to extension services toward sustainable 
livelihoods and self-reliance in Eastern Cape Province, South Africa. 
 
Theoretical framework  
A theory is an assortment of interconnected definitions, thoughts, and proposals 
that clarifies proceedings by specifying the correlation between the variables. For 
this study, it was imperative to assemble guiding theories connecting the variables 
used to clarify sustainable livelihoods and self-reliance among smallholder farmers. 
The study adopted two theories, the Theory of Planned Behaviour (TPB) and the 
Norms Activation Theory (NAT), to explain the correlation between the variables. 
Both theories relate closely to how a farmer perceives an extension official and the 
service they provide. This then determines the farmers' attitude and whether they 
will adopt (behaviour) any agricultural innovation (service) the extension officer 
provides [19]. As alluded to earlier, there is evidence that extension services 
contribute significantly to the livelihood outcomes of smallholder farmers (income, 
food security, well-being, and sustained natural resources) and assets (base and 
vulnerability). On the other hand, self-reliance involves interventions to build 
capacity among smallholder farmers in six key areas: involvement in decision-
making, comprehensive participation, drawing on own resources, being adapted to 
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self-management, perseverance, and taking responsibility for one’s actions and the 
primary role of extension services is to make sure they capacitate farmers with 
these skill sets [20]. 
 
The theory of planned behaviour (TPB) developed by Ajzen was adopted for this 
study because it reflects the relationships between the individuals (farmers) and 
the social and environmental aspects to explain consumer behaviour. Ahmmadi et 
al. [21], Abadi et al. [22] and Bozorgparvar [23] detailed that attitudes, perceived 
behavioural control, and subject norms affect intention indirectly while they directly 
influence the decision-making behaviour of farmers. The TPB aims to predict and 
explain human behaviour through personal and social factors. In this theoretical 
model, the main factor in forecasting an individual’s behaviour is their intention to 
develop sustainable livelihoods and smallholder farmers' self-reliance. Based on 
the Theory of Planned Behaviour, smallholder farmers’ use and access to 
extension services are influenced by various factors, including socioeconomic 
factors, policy, research, and institutional factors. Thus, it is necessary to 
understand these factors as access to extension services is vital in fast-tracking 
Sustainable Development Goals (SDGs), especially the first and second objectives 
to eradicate all forms of poverty and malnutrition. The purpose includes the 
motivational component needed to create the behaviour and directs how willing a 
farmer is to make efforts to produce sustainable livelihoods and self-reliance. The 
attitude toward a particular behaviour is measured as the first component 
determining the farmer's intention. This variable denotes the positive or negative 
valuation of behaviour in a specific situation. Farmers with a positive attitude 
toward a particular behaviour (access to extension services) are likely to perform 
better than those with negative attitudes. Attitudes are composed of two separate 
but highly interrelated mechanisms, including emotional and cognitive 
mechanisms. This study examines the correlation between framers’ attitudes and 
intentions toward using and accessing extension services. 
 
MATERIALS AND METHODS 
 
Study area  
The study was conducted in Eastern Cape Province, South Africa. Eastern Cape 
province is a province within South Africa and is the second biggest province 
(estimated at 168 966 square kilometers) in South Africa after Northern Cape 
province. The province is the third most populated province in the country with an 
estimated population of 6,562,053 million, which makes up 12.7%, following 
Gauteng and KwaZulu Natal provinces with an estimated population size of 
12,272,263 (23.7%) and 10,267,300 (19.2%) million, respectively. This province 
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was formed in 1994 out of the Xhosa homelands or Bantustans of Transkei and 
Ciskei, together with the eastern portion of the Cape Province. The province is the 
traditional home of Xhosa people, although it has whites, coloured, and Indians but 
80% of the population are Xhosa natives. According to Mdoda and Obi [24] and 
Sigigaba et al. [25], Eastern Cape is one of the poorest provinces in South Africa 
where the majority of people are living below the national average poverty level 
(ZAR 624 a month) and food insecurity is very high at 78%. This contributed highly 
to the high poverty rate in this province and abounded agriculture for employment 
in non-agricultural industries. Hence, it was very important to conduct this study to 
examine the contribution of agriculture and extension services toward building 
sustainable livelihoods to combat poverty and food insecurity in the province. 
 
The study area's climatic condition lies between the sub-tropical in KwaZulu-Natal 
and the Mediterranean climate of Western Cape Province. The province parades a 
bimodal precipitation pattern, with a winter precipitation zone to the west and a 
summer rain zone to the east. Due to unpredictable rainfall seasons, growing times 
differ throughout the province. The province’s climatic conditions are suitable for 
agricultural production, especially livestock, crop, vegetable, and citrus. The 
province is dominated by smallholder farmers who practice farming as their source 
of livelihood and derive their small incomes from farming. The majority of these 
smallholder farmers strictly practice farming for home consumption and surplus for 
the market, as farming is their only strategy to alleviate poverty and reduce food 
insecurity at the household level. Figure 1 displays the study area. The study made 
use of a cross-sectional research design to collect data because of its accuracy, 
time efficiency, and precision. 
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Figure 1: Map showing the study area 

Source: [25] 
 
Sampling Procedure, Frame and Sample Size 
The study was quantitative and used a survey to gather data from respondents. 
The target population for this study was smallholder farmers in the Eastern Cape. 
The smallholder farmers practising these types (crop, vegetable and livestock) of 
farming formed part of the sampling frame, and the sampling unit was the farmer’s 
head. 
 
A multi-stage sampling procedure was adopted and used to select farmers in the 
study. The first stage of the sampling was selecting 4 District Municipalities within 
the Eastern Cape Province which have potential in crop production and contribute 
immensely to farmers’ well-being. These District municipalities were OR Tambo, 
Chris Hani, Amatole and Joe Gqabi. In the second stage, 3 local municipalities and 
6 wards were selected due to their involvement in crop farming. Also, stratification 
sampling was used to stratify smallholder farmers into crop, vegetable, and 
livestock farming. The basis for using stratified sampling was concentrating only on 
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crop farming for this study. The third stage and final stage was randomly selecting 
smallholder farmers to form part of the study. The study sample size was 258 
smallholder crop farmers in the Eastern Cape Province of South Africa. 
 
Data Collection 
This study employed a quantitative research approach that involved collecting data 
through a survey. The study made use of primary and secondary data. Primary 
data was collected through semi-structured questionnaires between January and 
September 2018. The study used closed-ended and open-ended questionnaires 
administered by well-trained enumerators using face-to-face interviews. The 
questionnaires were pre-tested, and the area was not included in the study. The 
pre-testing was done to check reliability, accuracy, and time taken to answer the 
questionnaires and train enumerators. The collected data was on farmer profile, 
land ownership, access to extension services and contribution, challenges faced, 
and impact of extension services towards sustainable livelihoods. The secondary 
data were collected from published peer-reviewed journals, books, Department of 
Agriculture reports, and farmers weekly. 
 
Data Analysis 
The collected data were coded and entered into Excel then transported to STATA 
15 and Statistical Package for Social Sciences (SPSS) version 25 for the purpose 
of analysis. Descriptive statistics were employed to estimate farmers’ profiles and 
contributions to extension services using means, frequencies, percentages, pie 
charts, and tables. The binary Logit model was used to estimate determinants of 
accessing extension services by smallholder farmers. Propensity score matching 
(PSM) was used to estimate the effect of extension services on farmers’ 
sustainable livelihoods. 
 
Binary Logistic regression 
The study adopted binary logistic regression to estimate determinants of access to 
extension services by smallholder farmers in the study area. The Binary Logistic 
models have been used to recognize the correlation in the error terms of access 
and adoption equations and estimate a set of variables used. This model is widely 
used because it denotes a regression whereby a statistical tool is used to 
determine two choices [26]. This method was chosen because it is a standard 
analysis method when the outcome variable is dichotomously measured with a 
value of 1 or 0, where 1 = access to extension and 0 = no access to extension 
services. Sigigaba et al. [25] specified that binary logit regression has more 
advantages than the Probit model because it estimates the dichotomous outcome 
variables, which are more straightforward and flexible to make results more 
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meaningful for interpretation. X  represents the set of parameters that influence 
farmers accessing extension services. 
 
Access to extension services as a farmer was a dependent variable regressed 
against explanatory variables such as socioeconomic and farm characteristics. The 
Binary Logistic model was employed because it accommodates two categories in 
the dependent variable. It can resolve the heteroscedasticity problem and address 
the assumption of cumulative normal probability distribution. Hence, the binary 
logistic model was selected for this study. Let  be the probability of success. 
Additionally, consider  = ( , , ….. ) as a set of explanatory variables 
which can be discrete, continuous, or a combination of both discrete and 
continuous. Then, the binary logistic function for is given by: 
 
logit	π! 	= 	log	 * "!

#$	"!
+ 	= 	 β& +	β#x# +	β'x' +	β(x( +⋯…+	β)x!,);……1 

 
Where 
 
π! 	= 	

,-.	(	0"1	0#2#1	0$2$1	0%2%1⋯…1	0&2!,&;)
#	1	,-.	(0"1	0#2#1	0$2$1	0%2%1⋯…1	0&2!,&;)

	= 	 ,-.	(-6!0)
#	1	,-.	(-6!0)

	=	∧ 	(x′!β) ….2 
 
Where 
 π! denotes the probability that a sample is in a given category of the dichotomous 
response variable, commonly called the success probability and, clearly, 
 0 ≤ π!≤ 1. Λ(.) is the logistic cumulative distribution function (CDF), with λ(z) = ez/ 
(1 + e −z) = 1/ (1 + e −z) and β s represents a vector of parameters to be estimated 
[26]. The expression * "!

#$	"!
+ is called the odds ratio or relative risk. 

 
Estimation and Likelihood Ratio Test 
Maximum likelihood is the preferred method to estimate β since it has better 
statistical properties, although the test can use the least-squares approach. 
Consider, the logistic model with the single predictor variable  given by the 
logistic function of: 
 
π	(X) = 	 ,-.	(-6!0)
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The model predicts to find the estimates such that plugging βˆ into the model for π 
(X) gives a number close to 1 for all subjects that have access to extension 
services and 0 otherwise. Econometrically, the likelihood function is given by: 
 

L	(β&, β#) 	= 	∏!:)!*#
π(x!)∏!6:)!+*"

(1 − π(x!6))………………………………..4 
 

The estimates βˆ are chosen to maximise this likelihood function. The logarithm is 
taken on both sides to calculate and use the log-likelihood function for the 
estimation purpose. Researchers made use of the likelihood ratio to test if any 
subset of estimates β is zero. Suppose that p and r represent the number of β in 
the full model and the reduced model, respectively. The likelihood ratio test statistic 
is given by: 
 

∧∗	= 	2	[l(β(&)) − 	l(β)]…………………………………..……..……………….5 
 

where l(βˆ) and l(βˆ(0) ) are the log-likelihoods of the full model and the reduced 
model, respectively, evaluated at the maximum likelihood estimation (MLE) of that 
reduced and Λ∗ ∼ χ 2 n−r ; n and r being the number of parameters in full and the 
reduced model, respectively. 
 

Propensity Score Matching (PSM) 
The study adopted propensity score matching to estimate impact of extension 
services on sustainable livelihoods of smallholder farmers in the study area. 
Propensity Score Matching (PSM) is a widely used tool for impact evaluation, and it 
is used to create a statistical contrast group based on model probability to evaluate 
the treatment effect on endogenous and exogenous factors [27]. Propensity Score 
Matching (PSM) is used to estimate impact analysis in the agricultural sector to 
understand the effect group compared to the control group. Several studies have 
used this model, such as, to compare the control and effect groups in agricultural 
studies. The PSM method requires a treatment variable to be binary; therefore, the 
group of farmers with access to extension services was treated as a binary and 
farmers with no access to extension services as a control group. 
 

Propensity Score Matching (PSM) denotes the combination of treatment and 
control units with similar propensity score values, possibly other covariates, and 
the discarding of all unmatched units. According to Oyetunde-Usman et al. [28], 
PSM assumes the unconfoundedness assumption, also known as the conditional 
independence assumption, which implies that once Z is controlled for, access to 
the extension group is random and uncorrelated with the outcome variables. 
According to this assumption, the treatment needs to be exogenous, implying that 
any systematic difference in outcomes between the treatment and comparison 
groups with the same values for characteristics can be attributed to the 
treatment. The second assumption, called common support or overlap, guarantees 

X
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that individuals/groups with the same values for characteristics have a positive 
probability of farmers with access to extension and those who do not / treatment. 
As a result, these are the main reasons why propensity score matching is a good 
fit to estimate the impact of extension services on farmers' livelihood using farm 
income and indicators. 
 

Farmers with access to extension services were taken as the treatment group, and 
those who did not have access to extension services were taken as a control or 
comparison group. Therefore, after matching the difference between their farm 
incomes, the average effect of contract accessing extension services on the farm 
income of farmers was calculated. The conditional probability of receiving a 
treatment, given pre-treatment characteristics is as follows: 
 

P(X) = 	P8	CD	 = 	 1 XE F 	= 	E	CD XE F……………………………..……………..6 
 

Where D = {0,1} determines treatment exposure and X is represented as pre-
treatment characteristics. The treatment effect reflects the variation welfare of 
farmers who had access to extension services and those who did not. Hence, 
farmers with Access to extension T = 1, and who do not have access T = 0. 
 

𝐓	 = 	Y!	(1) 	− 	Y!	(0)………………………………………...………………….…7 
 

Let Y!9 the farm income status by treatment group (farmers with access), and Y!: 
The farm income by controlled group, then the difference in farm income status 
between treated and controlled group will see as: 
 

∆𝐢	= Y!9 −	Y!:	……………………………………………………………………...8 
 

Where∆!, the change in farm income as a result of access to extension services. 
Equation 4 represents the Average treatment effect for the population (ATE): 

∆𝐀𝐓𝐄	= 	E	(∆!) 	= 	E	(Y!
9

DE 	= 1) 	− 	E	(Y!
:

DE 	= 0)…………………………9 
 

ATE shows the effect of farm income on farmers.  
 

Where 

E	(Y!
9

DE 	= 1) : Farm income for individuals who have access (Di = 1) or with 
treatment.  
 

E	(Y!
:

DE 	= 0): farm income of farmers without access or without treatment. Then 
the average effect of treatment on the treated (ATT) will be 
 

𝐀𝐓𝐓	 = 	E	(E	(Y!
9 −	Y!:

DE 	= 1) 	= 	E	(Y!
9

DE = 1) 	− 	E	(Y!
:

DE 	= 1)….10 
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There must be the assumption of conditional independence and common support 
to fulfil in executing propensity score matching. Conditional independence infers 
that treatment assignment (access to extension services) merely should be 
influenced by observable characteristics and variables, while a common support 
assumption ensures that farmers with the same covariates' values have direct 
relations of accessing extension service or otherwise. The first step in the 
propensity score matching technique is estimating propensity scores. It is a single 
index number summarised from covariates affecting an individual. However, an 
econometric model has to be chosen before evaluating propensity scores.  
 
RESULTS AND DISCUSSION 
 
This section is divided into two sections, where the first one involves descriptive 
results and the second part addresses empirical results. 
 
Demographic characteristics of smallholder farmers 
Table 1 presents the socio-economic features of smallholder farmers. The study 
results showed that smallholder farming was dominated by female farmers (70%) 
with an average age of 47 years. These results were in line with Mdoda and Obi 
[24] that having middle-aged farmers dominate farming will attract younger people 
to farming and increase the adoption of innovative technologies to increase 
agricultural productivity and take farming as agribusiness. This showed that the 
superior participation of middle-aged farmers in farm production displays that 
farming in the province is rising. The household size was used as a proxy for farm 
labour, and farmers used their family members to work in the field, which played a 
crucial role in enhancing production. The average household size was six (6) 
people per household, which played a considerable part in availing the family 
labour, especially if household members fall within the working-age group. 
Smallholder farmers spent ten (10) years in school, making them literate to adopt 
innovative technologies and access information, then interpret the information 
received from extension officers. The result was supported by Oyetunde-Usman et 
al. [28] that educational attainment is crucial for adopting improved farming 
techniques by farmers and communicating efficiently with Departmental 
representatives. Farmers had an average farm size of 3ha, which they used for 
farming purposes and had an average of 12 years of farming experience. This 
recommends that most smallholder farmers in the study have significant 
experience that is important for farm decisions and improving agricultural 
productivity. The study results reveal that about 78% of farmers had access to 
extension services, while 60% of farmers were members of farm organizations. 
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These results reveal that farmers' knowledge was enhanced, and agricultural 
information was available for them as they had access to extension services and 
were members of farm organizations. The study results reveal that the average 
household income was ZAR 5 860.00, and these households had access to 
extension services. 
 
Contribution of extension services provided to smallholder farmers 
The contribution of extension services was based on the assistance extension 
officers provide to the farmers to enhance their livelihoods. Table 2 shows various 
contributions of extension services towards building sustainable livelihoods and 
self-reliance by farmers in the study area. Smallholder farmers shared that 
extension officers contributed to their farming by disseminating relevant and 
reliable agricultural information. This played an important role in keeping farmers 
up to date with agricultural information, especially pricing and new technology use 
aimed at increasing yields and farm returns. Transfer of innovative technology 
(19%) was the second contribution that built farmers’ knowledge about technology 
to use (such as pest management, mixed farming, irrigation use, use of organic 
manure, and improved crop varieties), which farmers have adopted for betterment 
and sustainability of the farm. These results were in line with Danso-Abbeam et al. 
[14] that agricultural extension delivers information and training on innovative 
technologies for farming societies that advance production, incomes and standards 
of living when accepted. Extension officers are good at providing agricultural and 
financial training (18%) to farmers, contributing to sustainable livelihoods and 
attracting young farmers to be involved even with no background in agriculture. 
 
The farming landscape has changed in the study areas as extension officers 
provide farmers with agronomic techniques and market information (16%). This is a 
challenge in developing countries as farmers are remotely allocated, and there are 
communication barriers. Agricultural extension officers in the study make some 
sacrifices and means to make sure that they disseminate agronomic techniques 
and market information as early as the ploughing season so that farmers know 
everything before the ploughing season commences. Most farmers were literate as 
they spent ten (10) years in school, equivalent to secondary education, and some 
were not educated. Extension officers took it upon themselves to provide rural 
adult learning (knowledge transfer) to smallholder farmers. This played a crucial 
role as farmers could apply for government funding and training as they could write 
and sign, which most had problems with. Lastly, extension services from extension 
officers provided farmers in the study with post-harvest handling (reducing waste). 
This is the challenge influencing the sustainability of farming, especially for 
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smallholder farmers in developing countries. But extension officers provided such 
information to reduce wastage and enhance farmers' production. 
 
Challenges faced by smallholder farmers in accessing extension services 
The study estimated challenges faced by smallholder farmers using descriptive 
results. As descriptive results showed, about 104 smallholder farmers needed 
access to extension services, which was a huge challenge for farmers. Table 3 
below displays challenges faced by smallholder farmers in the study area. 
Smallholder farmers stated that the major constraint they encountered was the 
need for more knowledge about extension services. This is a major problem in 
developing countries, especially in remote areas where most emerging and 
smallholder farmers need assistance with knowledge about agricultural services 
offered or available to them. This challenge has contributed immensely to the low 
sustainability of livelihoods generated by smallholder farmers as they rely on 
farmer-to-farmer for knowledge about agricultural techniques used and information. 
This gave rise to the use of obsolete technology for farming which led to a 
reduction in their production and farm returns. The lack of finances is the second 
challenge faced by the farmers in the study. The majority of farmers relied on 
social grants, and the little they generated from farm operations; as a result, they 
mostly only travelled within their villages to enquire about agricultural services as 
they had to travel long distances, which requires finances due to high transaction 
costs. This is common in Africa as finances are a challenge for smallholder 
farming. Since they produce for subsistence and only surplus for selling, they are 
often left with nothing to use for other farm operations such as attending training 
outside the farm, accessing extension officers or even travelling to farmers’ days. 
Distance to market centres and the Department of Agriculture was challenging for 
farmers. This was challenging as most of the farmers were situated in an area 
where roads were not accessible and far from towns where markets and the 
Department of Agriculture were located; this constrained farmers. Another 
challenge was access to services and ability to sell their products as transaction 
costs were very high, forcing farmers to sell at the farm gate. Lastly, the lack of 
transportation challenged farmers and extension agents. Unfortunately, farmers 
and extension officers did not have their transports or cars to travel to the towns 
where officers were located or where farmers were located. These results agree 
with Antwi-Agyei and Stringer [29] that transportation is a challenge for both 
farmers and extension agents as most farmers are located in remote areas where 
it is not easy to access the roads. The distance is far, given that transportation 
costs are high for farmers and shortage of cars for extension agents to reach all 
farmers. 
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Factors Influencing farmers' access to extension services  
The study used a binary logistic regression to estimate factors influencing farmers 
accessing extension services. Farmers who did not have access to extension 
services were used as the untreated group, while those with access to the 
extension were used as the treatment group. The results are presented in Table 4. 
The study results demonstrate model fitness for the data with the p = 0.0000 of the 
hypotheses that all regression coefficients in each equation are jointly equal to 
zero is rejected. The values of R2 of 0.658 show the model's capacity to reliably 
predict Factors Influencing farmers' access to extension services as explanatory 
variables, including an explanation of 66% of the variance. 
 
The age of farming households had a negative coefficient and was statistically 
significant at a 1% level. This means a negative relationship between age and 
access to extension services. The estimated marginal effect of this variable shows 
that the probability of accessing services as an older farmer increases compared to 
their younger counterparts. These results align with Emmanuel et al. [30] and 
Danso-Abbeam et al. [14] found that the age of the farmers affects access to 
extension services. This implies that as farmers are getting old, access to 
extension services reduces as they rely on their farm experience than extension 
officers. These results suggest that as farmers age, their ability to seek agricultural 
services reduces compared to younger counterparts who can visit their offices. It 
may also be that older farmers may be unwilling to accept new information and 
improved technologies while younger ones are more flexible and eager for new 
information. 
 
The years spent in school had a positive coefficient and were statistically 
significant at 5%. This implies that an additional year spent in school induces an 
increase in access to extension services by farmers. Extension officers are among 
the sources of innovation, and formal education is a crucial enabler of adoption 
because farmers with formal education are more motivated to adopt new farming 
techniques than those without formal education. This is because the more 
educated farmers are more likely to understand and interpret information better 
than uneducated farmers. The results show that the marginal effect of an additional 
year spent in school by farmers will induce an increased likelihood of accessing 
extension by 0.3. These results were in line with Baiyegunhi et al. [18] that an 
additional year of household head's education would increase the likelihood of 
participation in extension programs, enhancing agricultural yields and farm returns. 
 
Farm size had a positive coefficient and was statistically significant at the 5% level. 
Farm size was associated with an increased probability of the extension program 
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participation. This implies that an additional hectare of land by the farmer will 
increase the adoption and use of extension services. The average marginal effect 
on the probability of y = 1 associated with farm size increases by 0.3%, ceteris 
paribus. The net benefits of farmers having access to extension programs and 
services increase with increasing farm size, possibly because bigger farms signify 
increased agricultural production potential. These results aligned with 
Danso-Abbeam et al. [14] that larger farms encourage farmers to participate and 
access extension services. 
 
Off-farm income was found to be negative and statistically significant at 5%. This 
implies that an increase in the off-farm income by either 1% or more reduces the 
probability of farmers participating and access to extension services. This means 
that farmers have the financial power to help them sustain their household and 
farming expenditure. Off-farm income is indirectly related to access to extension 
services. These results concur with Mdoda and Obi [24]. 
 
Being a member of a farm organisation was found to be positive and statistically 
significant at a 5% level. This implies that an additional member of a farm 
organisation will increase the chances of accessing extension services. The 
average marginal effect on the probability of y = 1 associated with being a member 
of a farmer organisation increases by 0.3%. Extension officers in South Africa are 
orientated to work with farm groups, as evidenced by the cooperatives and other 
farmer groups that the government continues to advocate for. Extension officers 
provide services including new agricultural practices, market information of inputs 
and outputs, and training on innovative technologies to improve agricultural 
outcomes. Farmers who are members of farm organisations are likely to get 
sufficient awareness and knowledge of farm technologies and, hence, are 
sensitised to join extension programmes for more information on their farm 
business. These results agree with Bese et al. [31] that being a member of a 
farmer organisation increases the likelihood to access support services from 
various sources, including the private sector and NGOs. 
 
Impact of Extension services on Smallholder Farm Income  
The estimated treatment effects of accessing extension services on-farm income 
are presented in Table 5. Propensity Score Matching was used to assess the 
impact extension services have on farmers’ livelihoods measured using farm 
income. The results show a statistically significant difference between the two 
groups after matching (farmers who had access to extension services were the 
treated group, while those who did not have access were non-treated). This 
indicates that in both groups of farmers, despite having similar characteristics, 
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those with access to extension services were better off regarding farm returns than 
their counterparts. The study used nearest neighbour and kernel matching to 
estimate the average treatment effect on small-scale farmers. 
 
The results in Table 5 show that all the matching estimators yield similar results 
and that having access to extension had a positive and statistically significant 
effect on net farm income. Additionally, the results are reliable across the different 
matching algorithms applied. The results indicate that net farm incomes would be 
about R6 525.45 less if farmers had no access to extension services. The 
differences among the values estimated using the two matching approaches show 
minimal differences in the outcomes from different algorithms, suggesting that the 
results are robust. These results were in line with Loki [32], Baiyegunhi et al. [18] 
and Hlatshwayo and Worth [20] that access to extension services enhances 
agricultural productivity and farm yield returns. 
 
CONCLUSION 
 
The paper aimed to provide empirical evidence on extension services' contribution 
to sustainable farmer livelihoods. Farm income was used as a measure of 
sustainable farmer livelihood. A total of 258 smallholder farmers were interviewed. 
The descriptive statistics show that female farmers are the majority in agricultural 
production. The binary regression model results showed that age, education and 
farm size significantly influenced farmers' access to extension services. Moreover, 
farmers with access to extension services were interested in larger family sizes 
that can help reduce labour costs and adopt improved variety, organic manure, 
mixed cropping practices, crop rotation, irrigation, and intercropping. Propensity 
Score Matching results showed that farmers with access to extension services had 
better farm income (propensity) compared to their counterparts who did not have 
access. The study, therefore, concludes that access to extension services 
significantly improves farm yields and farm income. The study recommends that 
policymakers, NGOs, the Private sector and Governments work jointly and support 
smallholder farmers' initiatives for better yield returns, sustained growth and 
commercial aspiration poverty reduction. 
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Table 1: Demographic characteristics of farmers  
 
Variables Access to extension No access to extension 
 N % N % 
Gender      
Male 48 31 31 29.78 
Female 106 69 73 69.70 
Marital status     
Single 32 20.45 21 19.90 
Married 87 56.67 58 55.78 
Widowed 36 23.15 25 23.89 
Landowners     
Yes 85 55 56 54 
No 69 45 46 44.20 
Member of farmer organisation 
Yes 92 60 62 59.89 
No 62 40 42 39.89 
Total 154 100 104 100 
Variables Mean value Mean value 

Age  48.20  46.30 
Household income  5 860  2 950 
Years spent in school  10.45  9.78 
Family size  6.36  6.20 
Farm size  2.89  3.26 
Farm experience 
Access to extension 

 12.30 
78.10 

 11.89 
58.23 
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Table 2: Contribution of extension services to smallholder farmers 
 
Contribution of 
extension services 
provided 

Frequency Percentage (%) 

Transfer innovative 
technology 

29 19 

Provide rural adult 
learning (knowledge 
transfer) 

21 14 

Provide agronomic 
techniques and market 
information 

24 16 

Provide agricultural and 
financial training 

27 18 

Post-harvest handling 
(reducing waste) 

18 12 

Relevant and reliable 
agricultural information. 

35 23 

Total 154 100 
 

Table 3: Challenges faced by smallholder farmers 
 
Challenges Mean T-Test 
Distance to market 
centres and Department 
of Agriculture 

0.281 0.005** 

Lack of knowledge about 
extension services 

0.303 0.040** 

Lack of finances 0.305 0.013** 
Lack of transportation 0.12 0.000** 
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Table 4: Coefficient estimates of farmers with access to extension services  

 Coefficient estimates Marginal effect 
Variables Coff. Std. Err Coeff. Std. Err 
Age  -2.430 0.005*** 0.421 0.068 
Years spent in 
school 

0.870 0.023** 0.253 0.108 

farm size  0.761 0.040** 0.310 0.230 
Farm income -0.576 0.034** -0.205 0.078 
Member of farm 
organisation 

0.682 0.010** 0.351 0.152 

Number of 
Observations 
168 

Pseudo R – 
Squared 
0.658 

–2 log-
likelihood 
103.868 

Prob>chi2 = 
0.000 

LR Chi2 
 (14) =55.66 

Note: *** and ** mean 1% significant level and 5% significant level, respectively 
 

Table 5: Effect of extension services on farm income 
Output variable Kernel Matching Method 
 ATT Standard error P-value 
Farm income (ZAR) 6 525.45 362.17 0.033** 
 Nearest Neighbours Matching Method 
 ATT Standard error P-value 
Farm income (ZAR) 6 221.34 348.36 0.048** 
Model Summary Number of observations = 258      Matches requested       = 8 

Treatment model           = Logit 
Significant effects are indicated with **: p ≤ 0.05; ***: p ≤0.01 
 
 

 

  



 
 

 https://doi.org/10.18697/ajfand.119.22990 23021 

REFERENCES  

1. Sahya MS, Jolezya Hasimuna O, Bornwell M, Mphande J Siankwilimba 
E and F Yildiz Enhancing the role of rural agricultural extension programs in 
poverty alleviation: A review. Cogent Food & Agriculture, 2021; 
7(1):1886663. 

2.  Adebayo JA and HS Worth Women as extension advisors, Research in 
Globalization, 2022; 5: 100100.  

3. Sebeho MA Perceptions and attitude of farmers and extensionists towards 
extension service delivery in the Free State Province, South Africa. Pretoria: 
University of Pretoria, South Africa. 2017. 

4.  Huerta-Barrientos A The Key Role of Integral Extension in Socio-
Environmental Innovation towards Sustainable Rural Development. 
Management of Cities and Regions. 2017. 
https://doi.org/10.5772/intechopen.69454  

5.  Department of Agriculture, Forestry and Fisheries (DAFF). Abstract of 
agricultural statistics. Pretoria: DAFF, South Africa. 2017. 

6. Ngwako G, Mathenge EG and K Kgosikoma Effect of Market Participation 
on Household Welfare Among Smallholder Goat Farmers in Botswana. 
Journal of Agribusiness and Rural Development. 2021; 2(60):151-160.  

7.  Mdoda L, Tshotsho A and Y Nontu Adoption of mass media for agricultural 
purposes by smallholder farmers in the Eastern Cape Province of South 
Africa. S. Afr. J. Agric. Ext. 2022; 50(2):117-136. 

8.  Akinola AA Influence of socio-economic factors on farmers’ use of mobile 
phones for agricultural information in Nigeria. Library Philosophy and 
Practice. 2017; 1688:1-14. 

9.  Mdoda L, Meleni S, Mujuru N and KO Alaka Agricultural Credit Effects on 
Smallholder Crop Farmers Input Utilisation in the Eastern Cape Province, 
South Africa. J. Hum. Ecology. 2019; 66(1-3):45-55. 

10.  Phakathi S and E Wale Explaining variation in the economic value of 
irrigation water using psychological capital: A case study from Ndumo B and 
Makhathini, KwaZulu-Natal, South Africa. Water SA. 2018; 44(4):664–73. 



 
 

 https://doi.org/10.18697/ajfand.119.22990 23022 

11.  Cele L and E Wale The role of land- and water-use rights in smallholders’ 
productive use of irrigation water in KwaZulu-Natal, South Africa. African 
Journal of Agricultural and Resource Economics. 2018; 13(4):345–356. 

12.  Raidimi EN and HM Kabiti A review of the role of agricultural extension and 
training in achieving sustainable food security: a case of South Africa. S. Afr. 
J. Agric. Ext. 2019; 47(3):120 – 130.  

13.  Loki O Farmers’ Perceptions towards Privatisation of Extension Services in 
Eastern Cape and KwaZulu-Natal provinces of South Africa. Journal of 
International Agricultural and Extension Education. 2022; 29(4):27-53. 

14.  Danso-Abbeam G, Ehiakpor DS and R Aidoo Agricultural extension and 
its effects on farm productivity and income: insight from Northern Ghana. 
Agriculture and Food Security. 2018; 7(74):1-10.  

15.  Biswas B, Mallick B, Roy A and Z Sultanaf Impact of agriculture extension 
services on technical efficiency of rural paddy farmers in southwest 
Bangladesh. Environmental Challenges, 2021; 5:100261. 

16.  Buadi DK, Anaman KA and JA Kwarteng Farmers’ perceptions of the 
quality of extension services provided by non-governmental organisations in 
two municipalities in the Central Region of Ghana. Agricultural Systems. 
2013; 20:20-26. 

17  Brüntrup-Seidemann S Actual and Potential Roles of Local NGOs in 
Agricultural Development in Sub-Saharan Africa. Quarterly Journal of 
International Agriculture. 2011; 50(1):65-78. 

18.  Baiyegunhi LJS, Majokweni ZP and SRD Ferrer Impact of Outsourced 
Agricultural Extension Program on Smallholder Farmers’ Net Farm Income in 
Msinga, Kwazulu-Natal, South Africa. Technology in Society. 2019; 57:1-7.  

19.  Coulibaly TP, Du J, Diakité D, Abban OJ and E Kouakou A Proposed 
Conceptual Framework on the Adoption of Sustainable Agricultural 
Practices: The Role of Network Contact Frequency and Institutional Trust. 
Sustainability. 2021; 13:2206. https://doi.org/10.3390/su13042206  

20.  Hlatshwayo PPK and SH Worth Stakeholders’ Perceptions about Visibility 
and Accountability of the State Agricultural Extension in Nquthu Area, 
KwaZulu-Natal Province, South Africa. South African Journal of Agricultural 
Extension. 2016; 44(2):174-185. 



 
 

 https://doi.org/10.18697/ajfand.119.22990 23023 

 

21.  Ahmmadi P, Rahimian M and RG Movahed Theory of planned behavior to 
predict consumer behavior in using products irrigated with purified 
wastewater in Iran consumer. Journal of Cleaner Production. 2021; 
296:126359. 

 22.  Abadi B, Mahdavian S and M Fattahi The waste management of fruit and 
vegetable in wholesale markets: intention and behavior analysis using path 
analysis. Journal of Clean. Prod. 2021; 279:123802. 

23.  Bozorgparvar E, Yazdanpanah M, Forouzani M and B Khosravipour 
Cleaner and greener livestock production: Appraising producers’ perceptions 
regarding renewable energy in Iran. Journal Clean. Prod. 2018; 203:769-
776.  

24.  Mdoda L and A Obi Analysis of profitability of smallholder irrigated food 
plots in the Eastern Cape Province of South Africa. J. Agr. Rur. Dev. 2019; 
3(53):225–232.  

25.  Sigigaba M, Mdoda L and A Mditshwa Adoption Drivers of Improved 
Open-Pollinated (Opvs) Maise Varieties by Smallholder Farmers in The 
Eastern Cape Province of South Africa. Sustainability. 2021; 13:13644.  

26.  Joshi RD and CK Dhakal Predicting Type 2 Diabetes Using Logistic 
Regression and Machine Learning Approaches. Int. J. Environ. Res. Public 
Health. 2021; 18:7346. 

27.  Phakathi S, Sinyolo S, Marire J and G Fraser Farmer-Led Institutional 
Innovations in Managing Smallholder Irrigation Schemes in Kwazulu-Natal 
and Eastern Cape Provinces, South Africa. Agricultural Water Management. 
2021; 248.  

28.  Oyetunde-Usman Z, Olagunju KO and OR Ogunpaimo Determinants of 
Adoption of Multiple Sustainable Agricultural Practices Among Smallholder 
Farmers in Nigeria. International Soil and Water Conservation Research. 
2021; 9(2):241-248. https://doi.org/10.1016/J.Iswcr.2020.10.007  

29.  Antwi-Agyei P and LC Stringer Improving the effectiveness of agricultural 
extension services in supporting farmers to adapt to climate change: Insights 
from Northeastern Ghana. Cli. Risk Mgt. 2021; 32:100304. 



 
 

 https://doi.org/10.18697/ajfand.119.22990 23024 

30.  Emmanuel E, Owusu-Sekyere E, Owusu V and H Jordaan Impact of 
Agricultural Extension Service on Adoption of Chemical Fertilizer: 
Implications for Rice Productivity And Development In Ghana. Njas: 
Wageningen Journal of Life Sciences. 2016; 79(1):41-49. 
https://doi.org/10.1016/J.Njas.2016.10.002  

31.  Bese D, Zwane E and P Chiteni Adoption of Sustainable Agricultural 
Practices by Smallholder Farmers in Mbhashe Municipality in The Eastern 
Cape Province, South Africa. African Journal of Development Studies (Ajds): 
Special Issue. 2021: 11-33.  

32.  Loki O The Accessibility of Extension Services and the Agricultural 
Performance of Smallholder Farmers in Two Communities in Nkonkobe 
Local Municipality, Eastern Cape: A Case Study of Phathikhala and 
Ngcabasa Locations. Alice: University of Fort Hare, South Africa. 2016.  

33.  Zwane EM Perceptions of extension advisors on privatisation and 
outsourcing as an option for development paradigm in Limpopo province and 
the lessons for future. South African Journal of Agricultural Extension. 2016; 
44(2):71-83. 

34.  Van Niekerk JA, Stroebel A, Van Rooyen CJ, Whitfield KP and FJC 
Swanepoel Towards designing a new agricultural extension service for the 
Eastern Cape Province: A perception analysis. South African Journal of 
Agricultural Extension. 2009; 38:65-76. 

35.  Swanson B Global reviews good agricultural extension and advisory service 
practices. Rome: Food and Agriculture Organization of the United Nations. 
2008. 

36.  Liebenberg F Agricultural Advisory Services in South Africa. Discussion 
paper. University of Pretoria. South Africa. 2015. 

37  Daku L Investing in Agricultural Extension: The case of Albania. 
Unpublished Master’s Thesis, Virginia Polytechnic Institute and State 
University. Blacksburg, Virginia.1997.  

38.  Turyahikayo W and E Kamagara Trust, perception, and effectiveness of 
extension services in Uganda: A case of National Agricultural Advisory 
Services (NAADS). Journal of Agricultural Extension and Rural 
Development. 2016; 8(11):224-231. 



 
 

 https://doi.org/10.18697/ajfand.119.22990 23025 

39.  Taye H Evaluating the impact of agricultural extension programmes in sub-
Saharan Africa: challenges and prospects. African Evaluation Journal. 
2013; 1(1):1-9.  

40.  Conradie BI The implications of a weak public extension service for the 
productivity performance of Karoo agriculture. South African Journal of 
Agricultural Extension. 2016; 44(2):99-109. 

41.  Sinkaiye T Agricultural Extension Participating Methodologies and 
Approaches in Agricultural Extension in Nigeria. Afolayan SF (Ed) Ilorin 
AESON. 2005; 220-233. 

42.  Davis KE Extension in sub-Saharan Africa overview and assessment of past 
and current models, and future prospects. Journal of International 
Agricultural and Extension Education. 2009; 15(3):5-28. 

43.  Makara NM An investigation of the role and impact of the extension services 
in the massive food programme introduced at Zanyokwe irrigation scheme of 
the Amahlathi local municipality in the Eastern Cape. Alice: University of Fort 
Hare, South Africa. 2010.  

44.  Abdu-Raheem KA and SH Worth Suggesting a new paradigm for 
agricultural extension policy: The case of West African Countries. South 
African Journal of Agricultural Extension. 2016; 44(2):216-13.  

45.  Dube L Farmer to farmer extension approach: Analysis of the extent of 
adoption by smallholder farmers in Manicaland and Masvingo provinces of 
Zimbabwe. Journal of Agricultural Economics and Rural Development. 2017; 
3(1):149–160. 

 

 


