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Abstract: The adoption of conservation agriculture among small-scale farmers is still low despite
the proven economic and environmental benefits of the technology. This study was conducted in
Ingwe Municipality in Kwa-Zashuke, Ward 8, in KwaZulu-Natal province. The main aim of the
study was to determine the factors that influence the adoption of no-till conservation agriculture
(CA) in the study area and to explore farmers’ perceptions of no-till CA and the impact of no-till CA
on maize yield. A quantitative approach employing a cross-sectional design was used to gather data.
Stratified random sampling was employed and a total of 185 small-scale farmers (97 adopters and 88
non-adopters) were sampled. Data analysis was done through descriptive and inferential statistics
and econometric modeling using the logistic regression model. Findings show that farmers’ positive
perceptions were positively correlated with higher maize yields. While an increase in extension
visits, age, education and farmers’ positive perceptions significantly increased the likelihood of a
farmer adopting no-till CA, an increase in land size was negatively related to no-till CA adoption.
The findings confirm the important role of extension in the promotion of no-till CA, particularly the
intensity of the extension services. The study recommends a deliberate effort by all stakeholders to
promote the participation of young people in farming and tailor-make current no-till CA programs
to suit the illiterate households. The capacity of extension programs to adequately support farmers
should be enhanced through improvements in extension services. There is also need to change
people’s mindsets and the way they view no-till CA.
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1. Introduction

The recognition of no-till conservation agriculture (CA) as a solution to food security, biodiversity
and water scarcity challenges is gaining momentum worldwide [1]. Some research and development
organizations now view the technology as one of the solutions to the adverse effects of climate
change [1]. Although the role of no-till as a climate-smart solution is being questioned [1–3],
the technology still remains one of the solutions to address some of the challenges affecting small-scale
farming in Africa [1]. Amongst the major challenges faced by small-scale farmers are soil erosion and
the efficiency in which the limited water is used [4–6]. The situation is further worsened by climate
change effects such as persistent droughts, which are currently being experienced in the sub-Saharan
region [5]. Agriculture remains one of the most important components of most African economies [7]
and its success is based on the foundation of good soils and efficient utilization of the available water
resources, among other factors. In this regard, no-till CA plays an integral role in minimizing soil

Sustainability 2018, 10, 555; doi:10.3390/su10020555 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
http://dx.doi.org/10.3390/su10020555
http://www.mdpi.com/journal/sustainability


Sustainability 2018, 10, 555 2 of 16

disturbance and water loss [6]. However, the impact of the technology will only be realized if most
small-scale farmers accept and adopt the technology. Conservation agriculture is defined as soil
management practices that minimize the disruption of the soil’s structure, composition, and natural
biodiversity and that include very little soil disturbance through tillage, permanent organic soil cover,
and diversified crop rotations. For the purpose of this paper, no-till CA refers to drilling, zero-till,
slot-planting, and/or chemical tillage. In no-till CA, planting takes place in unprepared soil. It is a
sequence of operations that reduce erosion caused by mechanically killing the vegetation on the field
through the use of herbicides. The minimum disturbance of soil occurs at planting when seed and
fertilizer are put into the soil. The crop is planted directly into the preceding year’s crop residue, hence
retaining more than fifty percent of the residue on the soil surface for the entire season.

It has since been argued that traditional cultivation systems employing intensive soil tillage
result in soil degradation and reduced crop yields [8,9]. The consequences are further exacerbated
by the negative effects of monoculture cereal production and overgrazing in communal areas [10].
If small-scale farming is to survive and sustainable agriculture is to be achieved by farmers, then the
patterns of agricultural production and management must evolve and new farming practices must be
implemented [10–12]. In South Africa, research on no-till agriculture systems started in the 1970s [13].
Forms of no-tillage are practiced in South Africa’s total cultivatable area. However, the adoption is
mostly limited to commercial farmers producing grain crops and sugarcane. The practical application
on a commercial farm scale was initially hampered by the local unavailability of suitable no-till
planting equipment and a hesitancy to adopt the technique [13]. The strict regulations in the South
African maize industry also undoubtedly influenced farmers to continue practicing conventional
moldboard plough-based production methods. Although there may be many successful farmers
in South Africa who practice no-till CA, no-till CA in the province of KwaZulu-Natal (KZN) in
South Africa, specifically at Zashuke, was not common and was introduced by the Department of
Agriculture and Rural Development using extension officers to cascade information particularly to
small-scale farmers. In America, the early contribution of innovative farmers was extremely important
in establishing no-till as a new technique [13]. Unfortunately, without farmer acceptance of the method,
research findings will get no further than the libraries where these reports are stored.

It has taken much longer for no-till to become accepted in South Africa than elsewhere but
now that the agricultural markets have been deregulated and production costs have increased,
innovative farmers have been forced to seriously consider alternative production methods [13].
Many farmers in rural areas are faced with the problems of low yields, low product quality, and
poor sustainability and profitability [14]. A reliance on poor methods of practicing agriculture is
increasing land degradation [15]. According to Food and Agricultural Organisation of the United
Nations (FAO) [16], many subsistence crop production system soils in sub-Saharan Africa are depleted
and have poor nutrient content, resulting in low agricultural productivity. Rural communities in South
Africa face similar challenges. Du Preez [15] reported that the degradation of soil as a result of land
uses poses a threat to sustainable agriculture in South Africa. Conservation agriculture provides a
strategy for addressing soil degradation [17].

The literature highlights several benefits of no-till CA, amongst which are an improvement
in soil fertility, labour savings, improved efficiency in water use, an increase in productivity and
environmental sustainability [16–18]. However, despite these benefits, there has been low adoption
or quick dis-adoption of no-till CA among small-scale farmers in South Africa [19]. Most small-scale
farmers revert to or continue to use conventional tillage methods. There are several factors that
influence the uptake of technological innovation, one of which is farmers’ perceptions. McRoberts
and Rickards [20] indicated that the perceptions and views of the community are at the centre of the
adoption of conservation agriculture technologies. To date, this study is not aware of any research study
conducted in South Africa focusing on farmers’ perceptions and its impact on the adoption of no-till CA.
However, studies in countries such as Australia, Pakistan and Tanzania, among others, have explored
the influence of farmers’ perceptions on the adoption of no-till CA [16,21,22]. Indeed, Sheik et al. [21]
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and D’Emden et al. [22] showed that farmers’ perceptions do influence their adoption decisions. Hence,
the focus of this research attempted to understand the factors affecting the adoption of no-till CA among
small-scale farmers, including farmers’ perceptions of technology. This knowledge will be critical
for government and its partners in designing effective strategies for promoting CA in South Africa’s
rural communities. This study was motivated by the need to understand the reasons for non-adoption
or dis-adoption of no-till CA among small-scale farmers in South Africa. Such an understanding is
able to show the opportunities available to increase the use of no-till among small-scale farmers in
South Africa. The study has the potential to generate useful information that could contribute to the
improvement of household food security through increased agricultural productivity using sustainable
farming practices. The study also explores the factors that influence the adoption of no-till production
practice; understanding such factors is paramount in designing relevant support systems that will
promote sustainable farming practices such as no-till CA. The study is also important in up-scaling the
efforts to encourage soil management strategies that are environmentally friendly.

2. Methodology

2.1. Description of the Study Area

The area of study was Ward 8 under the Ingwe Local Municipality, which is in the Sisonke
District of the province of KwaZulu-Natal. Ingwe Local Municipality is among five municipalities
in the Sisonke District. It has 11 wards that are under 12 tribal authorities of the Ingonyama Trust
Lands. These are Madzikane-Bhaca, Isibonela Esihle, Amakuze, Sizanani, Umacala-Gwala, Zashuke,
Qadi, Bidla, Vukani, Amangwane, KwamaFuze and Vezakuhle traditional authorities [23]. Ward 8
under the Zashuke tribal authority was selected for the study since it was the ward targeted for the
government-supported dryland maize CA pilot project under the municipality in 2004. Not all farmers
participated in this pilot project. Hence, it is possible to compare small-scale farmers who adopted and
those who did not adopt no-till CA in the ward. Figure 1 shows the location of Ingwe Municipality in
the Sisonke District.
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Ingwe Municipality covers an estimated 1970 m2 and has an altitude that ranges from 2083 m in
the northeast (Mahwaqa Peak) to 450 m in the southeast (Umkomaas Valley). Much of the land in the
municipality is undulating. Flatter land is found in small plateaus in the western highland areas while
the steep valleys are within the catchment areas of the ward [23,24]. The climatic regions of Ingwe can
be divided into two distinct areas: the highland region and the moist upland climatic region. Three
temperature zones are found in the municipality with the higher areas in the west having a cooler
temperature while lower regions in the east are warmer. In the winter, the temperature ranges from
below zero in the western regions to approximately 5 ◦C in the eastern regions. In the summer, which
is the agricultural production season, the temperature ranges from the low to high thirties in the west
and east, respectively, which means that evapotranspiration is quite high in the area. This makes
improved efficiency of water use and moisture conservation important for agricultural production.
The mean annual rainfall ranges from 700 mm to 1200 mm [24]. The soils in Ingwe are considered
to be low in fertility and are highly erodible. This affects agricultural productivity, particularly for
small-scale farmers who cannot afford adequate amounts of recommended inorganic fertilizers to
boost their harvests. Farming practices that do not affect the soil structure but rather improve the soil
quality are therefore important for the survival of most rural communities in Ingwe.

2.2. Research Framework

The study is grounded in three different theoretical perspectives of technology adoption that
have been used in past studies: innovation diffusion theory; economic constraints; and adopter
perceptions perspectives [25,26]. Information dissemination is at the centre of the innovation diffusion
theoretical perspectives, and adoption is viewed as a series of linear stages from knowledge acquisition
to persuasion, decision, implementation and finally confirmation stages [26]. The economic constraints
theoretical perspective states that adoption is influenced by access to economic resources and indicates
that a lack of access to these resources affects technology adoption. The theory identifies the
complex diversity and differences in small-scale farmers regarding access to these resources and
postulates that asymmetric distribution of these resources could lead to this heterogeneity [25].
The adopter-perceptions theoretical perspective identifies farmers’ perceptions as being key to the
adoption of farming technology [25]. This study integrates the three theories to develop a conceptual
understanding of the research problem.

Conceptually, Lugandu [17] stated that the decision to adopt or not adopt CA is a function of
farmers’ perceptions of CA compared to other farming practices or technologies. There are several
reasons why farmers may adopt a new farming technology (FAO, 2001). Some farmers may be rational
in their behaviour and their perceptions may be influenced by the information available to them, their
socioeconomic situation and farm enterprises [17]. Adoption is defined by Feder et al. [27] as the extent
to which farmers put into practice a new innovation in the future, given adequate information about
the technology and the potential benefits. Several variables have been identified in the literature as
determining the level of adoption. These include human capital, credit constraints, risk, farm size,
labour availability, land tenure, livestock assets, agricultural training, interactions with extension
and input supply [16,27–29]. Understanding these variables and how they influence adoption are
important in developing strategies for promoting the use of no-till CA. Figure 2 shows the conceptual
framework on adopting a new technology by farmers.
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2.3. Research Design

A research design provides a context within which a study is conducted [30]. A cross-sectional
study design was used to assess farmers’ perceptions of no-till CA and to determine the factors affecting
the adoption of no-till CA among small-scale farmers. A cross-sectional study design concerns data
collection of at least two variables at a given point in time with the objective of assessing the existence
of a relationship between the variables in question [31]. A questionnaire survey is usually the best
method of data collection in such a design. The methodology that was employed in the study was
quantitative, involving the collection of data using a structured questionnaire. A quantitative survey
allows for the use of econometric models to determine the influence of different factors on no-till
CA adoption.

2.4. Description and Selection of Participants

In 2004, the Department of Agriculture in KwaZulu-Natal implemented a dryland maize project.
The project aimed at promoting no-till CA among rural small-scale farmers. The participants or
respondents of this study were selected from the members of that project and also those who did
not actively participate. Adopters in this study were the farmers who participated in the no-till CA
under the dryland maize project. Most of these farmers are still practicing no-till CA, although on a
smaller scale. Although there may be other farmers who adopted the no-till CA at their own volition
and expense without being participants of the dryland maize project, including them in this study
became an obstacle as obtaining a complete sampling list (frame) of those farmers proved difficult.
Non-adopters are farmers who were aware of the project and some even participated in the project
(went through training) but did not adopt no-till CA for various reasons. The study excluded a small
group of dis-adopters, namely those farmers who had adopted at first and then stopped. The focus
of the study was to understand why farmers adopt or do not adopt no-till CA. The assumption
here is that farmers first decide whether to adopt a new technology or not. Once farmers adopt
that technology, they may decide to either continue or discontinue using it, which then brings the
concept of dis-adoption. Dis-adopters were, therefore, excluded from the study because they bring
a completely different dimension to the research on adoption, which was not the focus of this study.
However, it would be interesting to include dis-adopters in a future study. Farmers were identified
through registers obtained from the Department of Agriculture and Environmental Affairs (DAEA) in
the district.
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2.5. Sample Design and Data Collection

The study used a probability sampling method to select the study sample. It employed stratified
random sampling to determine the households that participated in the questionnaire survey. The study
sample was divided into two groups of farmers: those who adopted (adopters) and those who did
not adopt (non-adopters). The sampling unit was the household member undertaking the farming
activities in the household, and the sampling frame consisted of farmers who were exposed to no-till
conservation agriculture under the dryland maize project in Kwa-Zashuke Ward 8. Hardon et al. [32]
stated that stratified random sampling has an advantage in that it reduces the cost of collecting data
from larger groups of the population by allowing researchers to make usable conclusions using a large
sample taken from a small group. Registers from the DAEA showed that at least 200 farmers in the
district had participated in the no-till CA project. The study used the formula provided by Krejcie and
Morgan [33] to determine the optimal sample size. A sample of at least 132 farmers was determined.
This was based on the population of 200 farmers who took part in the project. In the study, the final
sample was larger, constituting 185 farmers (52% adopters of no-till CA and 48% non-adopters of
no-till CA). No incentives were given to farmers to participate in the study. However, it was difficult to
exclude other farmers from the survey given their interest in participating. The interest from adopters
of no-till CA to participate in the study was probably based on their experience. Experience is a
very important aspect to farmers in adopting a particular technology, especially if the technology
proved worthwhile to them. Initially, the plan was to have an equal number of participants from each
stratum so that there was an equal chance (probability) of selecting each respondent from the two
groups. However, this was not possible as some non-adopters were either not available or not willing
to participate in the survey. All of the adopters were willing to participate, probably because they are
very comfortable with their current farming practices. Farmers may be reluctant to change especially
when they are not convinced about what they are being encouraged to adopt; therefore, they may not
give any thought to improving their lives.

Data were collected using questionnaires. Questionnaires were prepared and administered on
a house-to-house basis. The questionnaire was translated into the local isiZulu language for ease of
implementation. The questionnaire was pretested before it was finalized. Pretesting was done to refine
the questionnaire and check on important issues such as the time taken to complete the questionnaire
and the adequacy and appropriateness of the questions. Time considerations were very important in
the questionnaire administration given the level of farmer fatigue in the study area. Pretesting was
done in the same community with a few farmers who did not take part in the main survey.

Data collection was conducted by two well-trained enumerators who were known in the Ingwe
Local Municipality area. As part of their training, the enumerators participated in the pretesting, which
also gave them an opportunity to practice asking the questions. The data collection period was two
weeks in the month of December 2015.

2.6. Data Analysis

The study utilized descriptive statistics and inferential analysis to investigate farmers’ perceptions
regarding the influence of no-till CA on product yield. A binary logistics regression model was
employed to determine the factors influencing the adoption of no-till CA in Kwa-Zashuke Ward 8.
Econometrics software was utilized to achieve this. A brief description is given below of the data
analysis methods that were used.

2.6.1. Descriptive and Inferential Analysis

Description of the variables used in the logistic regression model to show the perceptions of
farmers on no-till CA was done using descriptive statistics, t-statistics and Pearson correlations.
The results of this analysis are presented using frequency tables, cross-tabulations, and graphs.
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For continuous variables, mean and standard deviations are reported while for categorical variables,
percentages are reported.

2.6.2. Binary Logistic Model

The study applied a binary logistic regression model to analyze the factors influencing the
adoption of no-till CA. The model was adapted from similar studies; for example [21,29,34–36].
The binary model is motivated by the fact that, when faced with a decision regarding an innovation,
a farmer either adopts or rejects the technology [36,37]. The logistic regression model was chosen
because there is widespread literature showing that farmer adoption decisions can be analyzed using
logistic regression. The dependent variable for this study was the farmer being an adopter or a
non-adopter of no-till CA with a value of 1 (if the farmer was an adopter of no-till CA) and/or 0 (for a
non-adopter of no-till CA). The logistic model predicts the logit of the response variable (adoption of
no-till CA) from the independent variable(s). The likelihood of the farmer being an adopter of no-till
CA is predicted by odds (Y = 1); that is, the ratio of the probability that Y = 1 to the probability that
Y 6= 1:

Odd Y =
P(Y = 1)

(1− P(Y = 1))
. (1)

The binary logistic regression model is specified as follows (Equation (2)):
The logit (Y) is given by the natural log of Odds;

ln
(

p(Yi = 1)
(1− p(Yi = 1))

)
= log Odds = Logit(Y) (2)

This can be expanded as

Logit(Y) = α + ∑ β1X1 + ∑ β2X2 + . . . .+∑ βnXn + εi (3)

where Y = dependent variable (adoption) with 1 = adopters and 0 = otherwise; α = intercept; β1, ...., βn

= coefficients of the independent variables; X1, ..., Xn = the independent variables; P (p) = probability of
adopting no-till CA; 1 − P = probability that a farmer does not adopt no-till CA; and ln = natural log.

With the independent variables of this model (X1 = age, X2 = gender, and so on), logistic regression
for ‘ADOPTION’ in the study is expressed in the following form:

log it(Adoption) = ln
(

p
1−p

)
= α + β1age + β2gender + β3edu + β4land + β5income + β6ext + β7CApro + β8EcoAct (4)

The criterion used to assess the overall significance of the binary logit model was the log-likelihood
ratio following Greene [38]. The variance inflation factors (VIF) were used to inspect the level
of multicollinearity between the independent variables. The classification accuracy indicated the
appropriateness of the model in predicting the adoption of no-till CA given the independent variables
in question. The explanatory variables used in the binary logit model were obtained from the literature,
and the model indicated the significance of these variables in the adoption of the no-till CA technology.

Independent Variables and Their Expected Outcomes

The independent variables that were used in the study are given in Table 1 and the choice of
independent variables was guided by the literature. Table 1 shows the independent (explanatory)
variables, their description and the expected outcome in relation to the dependent variable.
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Table 1. Explanatory variables, description and the expected outcome.

Variable Description and Measurement Type Variable Type
Expected
Outcome

(+/−)

Age Age of farmer (years) continuous +

Gender Gender of farmer (1 = female 0 = male) categorical +

Education Number of years of formal education continuous +

Economically active
members Proportion of household members economically active continuous +

Experience in farming Experience in farming continuous +

Training Training received on no-till CA (1 = Yes received,
0 = otherwise) (Dummy) categorical +

Extension Frequency of extension visits per month (1 = does not visit,
2= once, 3= twice, 4= more than twice) categorical +

Access to credit Have access to credit for agriculture (1 = Yes received,
0 = otherwise) (Dummy) categorical +

Promotion of no-till Perception on promotion of no-till CA (1 = strongly agree,
2= agree, 3= neutral, 4= disagree, 5 strongly disagree) categorical +

Land size Land size of arable land (Ha) continuous -

Income Household income continuous -

Source: By authors; (+/−) indicates a positive or negative relationship with the dependent variable.

The independent variable of age, measured as a continuous variable, can be used as a proxy for
experience in farming. Age was expected to positively influence the adoption of no-till CA, meaning
that older farmers would tend to adopt no-till CA more frequently than younger farmers. Gender
was measured as a categorical variable (dummy) coded with 1 if female and 0 if male. Adoption was
expected to be higher among females compared to males since females are the ones most involved
with household farming activities in rural areas. Education was measured as a continuous variable
(number of years of formal education the farmer had). The assumption was that adoption increases
with more years of schooling. Thus, a more educated person is expected to appreciate new ideas
better and quicker than their counterparts (the less educated farmers). The variable economically
active members were measured as a continuous variable. Instead of using family size, the study used
economically active members of the household as a proxy for labour availability. This is because
of the realization that higher family size does not necessarily translate to more family labour in the
household. The variable economically active members were computed as the difference between total
family size and the number of dependents in the household. Dependents are defined as members
who were 15 years and younger and those who were 65 years and older. The study postulated
that households with a larger proportion of economically active household members would adopt
no-till CA compared to those with smaller proportions of economically active members. Experience
in farming was measured as a continuous variable. The variable used a proxy to measure farmers’
knowledge about farming, which is acquired over time. It was assumed that experienced farmers have
a higher probability of adopting no-till CA compared to those with little experience in farming. Access
to working capital is a challenge for small-scale farmers. The variable was measured in the study
by asking farmers if they had access to credit loans. Access to credit was measured as a categorical
(dummy) variable with a yes or no answer. Adoption was expected to be high among farmers with
access to credit compared to those without. The variable perceptions about the promotion of no-till
CA were used to measure farmers’ perceptions of no-till CA. It was measured on a Likert scale of 1–5
coded with 1 if strongly agreed, 2 if agreed, 3 if neutral, 4 if disagreed, and 5 if strongly disagreed.
Expectations were that the higher the scale, the more likely that a farmer would adopt no-till CA.
The variable received training in CA (dummy variable) was measured by asking farmers whether they
had previously been trained in CA. Access to training is a key aspect of technology adoption, especially
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where new ideas are introduced. The study postulated that adoption would be higher among those
who received training compared to those who did not receive any training. The frequency of extension
visits (number of extension visits per month) was used to measure both access to and intensity of
extension services. No-till CA adoption was expected to be higher with increased extension contacts.
The size of land cultivated was recorded in hectares (measured as a continuous variable). The literature
indicates that small-scale farmers with smaller sizes of land are expected to adopt no-till CA compared
to those who cultivate larger sizes of land [17]. The income variable was collected as a proxy of the
working capital available for use in farming. Each farmer was asked to indicate their estimated income
per month in South African Rands (ZAR). This income had to be calculated from all their livelihood
sources. Income was measured as a continuous variable and it was expected that farmers with a higher
income would be more likely to adopt no-till CA compared to those with a lower income.

3. Results

3.1. Summary of Socioeconomic Characteristics of Respondents

In general, the study found that more male farmers (54%) were adopters of no-till CA than female
farmers (46%). Education levels among both types of farmers were low and there was a significant
difference between the two, meaning that education could be a potential determinant in the adoption
of no-till CA. No-till conservation adopters had a higher mean education level (3.7) compared to
non-adopters (2.6). Other studies have shown that higher education levels increase the chances of
adopting no-till CA because educated farmers are more likely to easily understand and be receptive to
new technology or innovations [39,40]. There was no significant difference between the age of no-till
adopters and non-adopters. The average age of adopters was slightly higher; 63 years compared to
non-adopters (62 years). In general, the results show that farmers who participated in the study were
elderly. This conforms to the demographic structure of South Africa where most of the elderly are
found in the rural areas and young people in the urban areas [41,42]. Although adopters had larger
household sizes compared to non-adopters, the results have shown that this does not translate to more
labour availability on the farm but does reveal high levels of economic burden in such households.
It is expected that households with a higher number of household members are more likely to adopt
no-till CA since it is assumed that larger families have more labour available for farm operations such
as weeding, which is critical in no-till CA [43]. However, this assumption does not always hold since
labour availability depends not only on how large a household is but also on the ages and type of
persons in that household [44]. In this study, the proportion of economically active members was
slightly higher for non-adopters (0.28) compared to adopters (0.23) even though the household size
was higher for adopters compared to non-adopters.

There was a significant difference in land, income, access to credit, access to extension, group
membership and training on CA. The size of land cultivated by farmers was significantly different
between no-till CA adopters and non-adopters with a p-value of less than 0.05. Farmers who did not
adopt no-till CA cultivated bigger mean land sizes compared to adopters. Income levels between
no-till CA adopters and non-adopters were statistically different at 5%. The size of land cultivated by
farmers was significantly different between no-till CA adopters and non-adopters with a p-value of
less than 0.05. Adopters had a mean higher income of R1 746 compared to R1 271 for non-adopters.
Higher incomes are associated with higher levels of adoption rates [21,45]. Higher income means that
the farmer can buy inputs for farming and hence can engage in conservation agriculture. However,
although most CA technologies are cheaper (low external input), no-till CA was not readily adopted
by low-income households probably because these households did not have full knowledge about it
or its benefits and/or probably perceived it to be costly because of their lack of knowledge. Again,
further discussion with farmers revealed that small-scale farmers generally lack infrastructure such as
fencing material, which requires some income to purchase.
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The findings of the study suggest that non-adopters of no-till CA cultivated larger pieces of land,
had lower incomes and limited access to extension and credit. The top three sources of income of
the adopters of no-till CA were government grants, farming and piece work. The majority (78% and
51%) of the adopters indicated that they derived their income from government social grants and
farming, respectively, as compared to the non-adopters. Non-adopters did not necessarily rely on crop
farming as a source of income. Further probing revealed that government grants describe mostly social
support grants received by households that qualify for child, disability and old person support from
the Department of Social Development. On the other hand, more (65%) non-adopters of no-till CA
indicated that they relied on piece work to earn an income. Table 2 shows the results of extension visits,
access to credit, awareness of CA and training. According to the results in Table 2, adopters of no-till
CA had more access to extension services compared to non-adopters. Non-adopters of no-till CA also
did not participate in groups and few received training on CA. All these socioeconomic factors could
be important determinants of no-till CA adoption for farmers in Ingwe, Ward 8. Farmer perceptions
on the promotion of no-till CA were also positively related to maize yield.

Table 2. Other socioeconomic characteristics between adopters and non-adopters.

Variable Adopters (%) Non-Adopters (%) Chi-Square

Extension visits
(per month)

No visits 3.1 30.7
One visit 18.6 26.1 38.8 ***
Two visits 22.7 23.9

3 and above visits 55.7 19.3
Total 100 100

Access to credit
(Yes/No)

Yes 10.3 2.3
No 89.7 97.7 4.91 **

Total 100 100

Awareness of CA
(Aware/Not aware)

Aware 100 88.6
Not aware 0 11.4 11.65 **

Total 100 100

Received training
on CA (Yes/No)

Yes 100 2.3 177.1 ***
No 0 97.7

Total 100 100

Source: Own survey (2015) ***; ** means statistically significant at 1% and 5%.

Findings showed that farmers who support the promotion of no-till CA had higher maize yields
compared to those who did not support no-till CA promotion. Positive perceptions show readiness
of the farmer to accept the technology and learn. It also determines the level of commitment that the
farmer will put into their no-till CA farming, which affects their output. Further analysis confirmed
this finding with farmers who adopted no-till CA and had positive perceptions of CA promotion by
having higher maize yields compared to those who had negative perceptions of its promotion.

3.2. Why Do Farmers Adopt No-Till CA?

In order to isolate and determine the factors influencing the adoption of no-till CA in Zashuke,
this study was informed by the work of Knowler and Bradshaw [39]. Knowler and Bradshaw [39]
reviewed several studies on farmers’ adoption of CA and highlighted numerous factors that have an
effect on the adoption of the technology.

The binary logistic model included some of the factors that were identified by Knowler and
Bradshaw [39] as having a significant influence on farmers’ adoption of conservation agriculture, but
was also guided by the availability of data and the scope of this study. Table 3 shows the results of
the binary logistic regression used to determine factors that were identified to significantly influence
the adoption of no-till CA. The results show that factors associated with the adoption of no-till CA
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technology were the frequency of extension worker visits, the perception of no-till CA promotion, the
age of the farmer, the level of education and the total cultivated land in hectare (ha).

Table 3. Estimates of the binary logit model.

Variable Coefficients Odds Ratio Std. Err. z P > z VIF

Constant −5.528 0.004 0.008 −2.75 0.006

Gender −0.390 0.677 0.278 −0.95 0.343 1.14

Age 0.065 *** 1.067 0.026 2.64 0.008 2.05

Education (schooling years) 0.194 ** 1.214 0.113 2.09 0.037 2.34

Farm size cultivated −0.272 * 0.762 0.115 −1.81 0.071 1.07

Income 0.000 1.000 0.000 1.63 0.104 1.4

Frequency of extension visits
Once a month 1.911 ** 6.762 5.091 2.54 0.011 1.87
Twice a month 1.711 ** 5.539 4.171 2.27 0.023 2.08
Three or more times a month 3.284 *** 26.697 19.963 4.39 0.000 2.3

Economically active ratio −0.257 0.774 0.681 −0.29 0.771 1.21

Perceptions of farmers on
no-till CA promotion

Agree −0.812 0.444 0.238 −1.51 0.131 2.01
Neutral - 1.000 - - - 1.3
Disagree −0.121 0.886 0.551 −0.19 0.846 1.74
Strongly disagree −2.810 *** 0.060 0.055 −3.06 0.002 1.53

Source: Own survey (2015) ***; **; * means statistically significant at 1%, 5% and 10%.

The binary logistic regression model results show that the age variable holding all other things
constant is an important factor influencing the no-till CA adoption decisions. The variable age
of the farmer positively influenced no-till CA adoption and was statistically significant at the 5%
significance level (p = 0.008). The coefficient of the age of the farmer was positively associated with the
adoption of no-till CA, which indicates the receptiveness toward technology among the older farmers.
An additional year in the age of the farmer increased the log odds of adopting no-till CA (versus
non-adoption) by about 1.06 (odds ratio = 1.067) times. This finding is interesting since there is only a
slight and insignificant difference in the mean age between the adopters and non-adopters of no-till
CA. This suggests some other patterns of potential interest, for example, as revealed earlier in the
descriptive statistics section, that adopters of no-till conservation had a higher mean level of education
when compared to non-adopters. Again, the more educated farmers tended to be younger than the
less educated farmers. Among the more educated farmers, the older farmers would have a higher
tendency of adoption. Adoption of the technology by the older farmers may be attributable to the fact
that older people may have had better access to resources (for example, land ownership), coupled with
experience and knowledge that had been gained over time compared to younger farmers. These results
confirmed findings from the work of Nyambose and Jumbe [40]. However, [36,46] provided contrary
evidence to this finding, the former arguing that older farmers were accustomed to conventional
methods of farming and were unlikely to change.

The variable of the farm size cultivated significantly and negatively influenced the adoption of
no-till CA. Larger pieces of land were associated with farmers being less likely to adopt the no-till
CA technology, in comparison to the group of farmers with a smaller land size. With a unit increase
in the land (an additional hectare of land), the results showed that such farmers were about 33.8%
(odds ratio = 0.762) less likely to adopt no-till CA. This could be because farming is usually regarded
as a lesser-desired profession and those with nonfarm jobs tend to lease their land to others. Again,
management practices may not be sustainable on larger pieces of land. Although CA does not need
to use more labour, these results are explainable in the sense that farmers could have perceived that
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larger tracts of land may be associated with more farm labour requirements and increased weeds
especially in the absence of herbicides. Again, there may be increased demand for labour in CA
in the initial stages, especially in residue transfer and in adjusting to the system. This emphasis is
supplemented by [17,29,47] who concur that farmers utilizing small farm sizes are more likely to adopt
new technologies. This may possibly be to maximize land utilization of their small farm sizes under
cultivation. On the contrary, larger tracts of land may also influence adoption as stipulated by [36,40].

Although this study excluded dis-adopters, which may result in biased results towards extension
visits (as part of the being the Dryland Maize Project) being linked with adoption, the extension is a
very important aspect in explaining adoption decisions. The variable frequency of extension worker
visits was categorized into four groups. Results in Table 3 show three odds ratios, each describing
a relationship with the adoption of CA. The reference was the odds of a farmer having no visits
from a local extension worker. The results show that farmers who reported an extension visit once a
month had nearly seven (odds ratio = 6.762) times the odds of adopting the technology (statistically
significant at 5% significance level (p = 0.011)). In the same way, farmers who reported an extension
visit of twice a month and more than 3 times per month have higher odds of adopting no-till CA of
about 5.5 times (odds ratio = 5.539) (statistically significant at 5% significance level (p = 0.023)) and
about 26.7 times (odds ratio = 26.697) (statistically significant at 1% significance level (p = 0.000)),
respectively, than those with no extension worker visits. The findings are consistent with the work
of [40,48]. Therefore, farmers who have more frequent visits from extension workers are more likely to
adopt technologies or farming practices that they are exposed to through extension services. In this
case, frequent extension services increased the odds of a farmer adopting conservation agriculture as a
farming practice.

Results show that the variable perceptions of farmers on no-till CA promotion were negatively
related to the likelihood of a farmer adopting no-till CA. Perceptions on no-till CA promotion were
measured on a Likert scale, which was categorized into five categories (1, strongly agree; 2, agree; 3,
neutral; 4, disagree; and 5, strongly disagree). As the scale increased, perceptions on the promotion
of no-till CA became negative. The base category in the model was the odds of a farmer having a
very positive perception of no-till promotion; strongly agreeing to no-till CA promotion. Results in
Table 3 show that farmers who had a very negative perception regarding the promotion of no-till
CA, strongly disagreeing with no-till CA promotion, were less likely to adopt no-till CA by about
94% (odds ratio = 0.060) (statistically significant at 1% level (p = 0.002)) compared to farmers who
strongly agreed with no-till CA promotion. This shows that as farmers’ perceptions on no-till CA
promotion changed in a positive way, they were more likely to adopt the technology. These results
confirm findings by [25,49] who found that farmers’ perceptions had an effect on the adoption of
agricultural technologies. The finding is also in harmony with the descriptive analysis showing that
farmers who supported the promotion of no-till CA had higher maize yields compared to those who
did not support no-till CA promotion, suggesting that the farmers’ perceptions could be linked to the
level of crop success or failure experienced by the farmers.

The variable number of years in education of the farmer positively influenced the adoption
of no-till CA (statistically significant at 5% significance level (p = 0.037)). An additional year of
education attained by the farmer is associated with the log odds of adopting no-till CA (versus
non-adoption) increasing by about 1.2 (odds ratio = 1.214) times. These findings are consistent with
other studies, such as the work by [28,40,50]. Nakhumwa [51] argued that education is a helpful tool
for farmers in analyzing choices and making decisions about forecasts of the anticipated benefits of
adopting technologies.

4. Conclusions

The limited involvement of young people in small-scale farming poses a threat to the sustainability
of new methods of farming practices such as no-till CA. Van Niekerk et al. [52] stated that one of the
problems in small-scale farming is the lack of involvement of young people in the sector. In farming,
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knowledge has been handed from generation to generation through the elderly teaching the young
people their traditions. Thus, it is important to assess how small-scale farmers view no-till CA.
Acceptance of the technology as a new farming method in the community will have an impact on
its continued promotion and existence in the community. The study has shown the importance
of extension contacts in promoting new farming technologies. It managed to show that extension
access alone is not enough; the intensity of the extension services is critical in determining the level of
adoption. Working with the elderly with limited formal education can be a challenge when introducing
new concepts such as no-till CA. Their minds are usually willing but some elderly might be slow
in grasping all of the technical issues in the new technology. This points to the need for increased
extension contacts between the extension agents and the farmer. Farmers with positive perceptions
of no-till CA are more likely to adopt the technology and be committed to seeing it succeed on their
farms. Perceptions are part of the psychological capital of an individual and those farmers who have
positive attitudes and are long-term focused will adopt no-till CA technologies.

Based on the findings of this study, it is important to make considerations in targeting larger
households and older farmers who are more likely to be adopters of no-till CA. However, the attitudes
of young people towards farming need to be changed, and conditions need to be created that support
their entry into farming at an early stage of their lives. This means that the curriculum at the school
level (both lower and higher learning) and lucrative job opportunities in the sector should be geared
towards creating this interest. Coupled with support at the household level, an environment can be
created where new farming methods such as no-till CA are not only adopted but are sustained from
generation to generation. Increasing extension contact with farmers is important in influencing the
adoption of CA. More young people need to be trained as extension agents. This can be achieved by
providing resources for higher learning institutions to produce quality agents and by marketing the
extension advisory services to young people as a lucrative job.

To enhance the adoption of no-till CA, there is a need to change the farmers’ mindsets and
perceptions of new farming methods in small-scale farming communities. The study has shown
that negative perceptions are associated with decreased likelihood of adopting no-till CA. Again,
the descriptive analysis shows that positive perceptions are associated with increased yields. Thus,
there is a need to train farmers on no-till CA technology to improve their appreciation of the methods,
especially in areas where farmers have limited opportunities for and exposure to formal education.
The extension information needs to be carefully packaged and disseminated in a way that is understood
by even those with little formal education. In addition, refresher training should be supported to
the extent that the technology is accepted as the norm and the benefits are appreciated by all in
the community.
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