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Climate change represents a serious threat to African agriculture, consequently leading to water
scarcity and climate variability. These challenges negatively impact agricultural production. Climate-
smart Agriculture (CSA) technologies, such as drought-tolerant seed varieties (DTSVs), can provide a
solution. However, effective adoption and use of these technologies within smallholder communities is
not straight forward. This study investigated the factors determining adoption of CSA technologies by
exploring the farmers’ characteristics, contextual factors, and considered additional factors extracted
from farmers’ perceptions of CSA technology-specific attributes. The study was carried out in Limpopo
Province, South Africa. Quantitative and qualitative data from farmers’ cross-sectional survey (n=196)
and focused group discussions (n=5), was subjected to descriptive and inferential statistical analysis.
Factor analysis reduced 19 identified CSA technologies specific attributes to 5 factors that were used in
the multinomial logistic regression model. Results show a range of drivers and barriers influencing
DTSVs adoption. The adoption of DTSVs by sampled smallholder farmers were influenced by training
and demonstration; knowledge and benefits related to DTSVs; necessary requirements like receiving
tractor services on time, knowledge on better dates of DTSVs and weather information; enabling factors
like additional training on DTSVs and information including knowledge about other CSA technologies
other than DTSVs, gender, marital status and credit access. These results have policy implications for
various stakeholders which reinforce multi-actor approach to climate change adaptation and building of
functional institutions, enhancing training of smallholder farmers, improving on access to sufficient
demonstrations, climate change information and credit support amongst other support.

Key words: Climate smart agriculture, smallholder farmers, drought-tolerant seeds technology adoption,
multinomial logit regression.



INTRODUCTION

Climate change represents a serious threat to the
agricultural sector, requiring resilience to climate impacts
and reductions in greenhouse gas (GHG) emissions.
Rural communities in Africa largely depend on rain-fed
small-scale agriculture for their livelihood, and this makes
them vulnerable to changes in climate and climate
variability (Nyasimi et al., 2017; Rankoana, 2016; Zizinga
et al., 2017). While concerns regarding mitigation and
adaption to climate change are renewing the momentum
for investments in agricultural research and are emerging
as added innovation priorities, it is expected that
development and effective diffusion of new agricultural
technologies and practices will influence how well
farmers mitigate and adapt to climate change (Lybbert
and Sumner, 2010).

The main challenge facing agriculture concerning
adaptation and mitigation is that more food which is
produced efficiently under highly unpredictable conditions
with net reductions in GHG emissions from production
and marketing is needed. Hence, input use efficiency is
necessary to keep up with these productivity demands
and to compensate for the effects of climate change.
Innovative approaches, which can be institutional or
technological, will be an important response (Asayehegn
et al.,, 2017; Msangi et al., 2012). A prominent approach
is climate-smart agriculture (CSA), which attempts to
sustainably increase agricultural productivity, food
security and incomes through adaptation and enhancing
resilience to climate change as well as by reducing GHG
emissions (Arslan et al., 2015; FAO, 2010, 2013). CSA
can help to achieve the development goals of vulnerable
populations who depend on agriculture (Partey et al.,
2018), but this will involve effective management of
synergies and trade-offs between mitigation, adaptation
and productivity goals.

South Africa, like many African countries, has been
identified as being highly vulnerable to the impacts of
climate change (Elum et al., 2017). Although the country
has a huge territory with a diverse range of climate, it is
dominated by a semi-arid climate (Chami and Moujabber,
2016). The South African agricultural sector's specific
climate change impacts include moisture stress, climate
variability, drought, scarce rain, erratic rainfall, depletion
of water resources, excessive heat, soil erosion, and
barrenness, which negatively impact agricultural
production (Chami and Moujabber, 2016; Mpandeli et al.,
2015; Rankoana, 2016). These impacts are changing the
functioning of the agricultural landscapes in devastating
and often destructive ways. South African farmers are
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expected to adapt their agricultural practices to build their
adaptive capacity and boost their resilience. CSA targets
both crop and livestock production and can include
conservation agriculture, soil and land management
practices, use of new crop varieties and animal breeds,
rainwater harvesting, agroforestry, mixed cropping, crop
type diversification, adaptation to changing soils structure
(Below et al.,, 2010; Mpandeli et al., 2015; Rankoana,
2016; Ubisi et al., 2017). Given the evidence that climate-
related challenges demand modification to agricultural
practices, the transition to CSA necessitates farmers’
access to productivity-enhancing and climate-smart
technologies (Mutamba and Mugoya, 2014). This is
especially true for smallholder farmers who are
predominantly exposed to climate change (Grainger-
Jones, 2011; Zizinga et al., 2017).

Technological innovations and improved farming
practices that increase productivity while boosting climate
resilience present in South Africa include drought-tolerant
seed varieties, drip irrigation, and the precision of
application of fertilizers and agrochemicals, as well as
practices such as integrated pest management,
conservation farming, and improved watershed and soil
management, among others (Senyolo et al.,, 2018;
Weisenfeld and Wetterberg, 2015). The challenge
however is, to get these technologies into the hands of
the farmers who need them (Nyasimi et al.,, 2017;
Weisenfeld and Wetterberg, 2015). Thus, while CSA
technologies have been promoted for their potential to
help farmers mitigate climate change impacts, effective
adoption and use within the smallholder farmers is not
straightforward.

Despite evidence that effective uptake of CSA practices
and initiatives enable the agricultural sector to become
more adaptive and resilient to climate variability and
farmers got protection against changing weather
patterns, pests and diseases (Suleman, 2017; Wekesa et
al., 2018), smallholder farmers adoption is insufficient
(Barnard et al., 2015).Technology adoption and
specifically the transition to CSA is affected by several
factors (Baiyegunhi, 2015; Fischer et al., 2015; Long et
al., 2016; Meijer et al., 2015; Mushunje et al.,, 2011;
Nyasimi et al., 2017; Senyolo et al., 2018). These include
barriers related to capital and high costs of labour,
availability of inputs, uncertainty, cost and benefits of the
technology, gender, socio-cultural practices, access to
market, access to credits and lack of knowledge among
others, and the fact that some CSA measures often
reduce short-term profits (Drechsel et al., 2005; Fischer
et al., 2015; Mulaudzi and Oyekale, 2015; Nyasimi et al.,
2017). Failures to take specific contexts and the
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perception of farmers into account during technology
development and application is also a contributing factor
(Long et al., 2016; Senyolo et al., 2018). Interventions are
often required to encourage technology adoption. Slower
adoption rates result in loss of potential benefits of
sustainable practices to farmers and the public (Ghane et
al., 2011). The perceptions and attitudes of farmers are
highlighted as important in previous research (Drechsel
et al., 2005; Fischer et al., 2015; Mekoya et al., 2008;
Nyasimi et al., 2017; Zubair and Garforth, 2006), however,
they are not adequately addressed and understood
(Meijer et al., 2015).

Previous research has explored farmers’ perceptions of
climate change, evaluated CSA technologies and
practices, explored demographic use patterns, and
agronomic, economic and environmental benefits of the
technologies (Baiyegunhi, 2015; Fischer et al., 2015;
Gandure et al., 2013; Mulaudzi and Oyekale, 2015;
Mutamba and Mugoya, 2014; Rankoana, 2016).
Considering that farmers’ socio-economic conditions and
perceptions of technology affect adoption decisions
(Bryan et al., 2009; Deressa et al., 2009; Drechsel et al.,
2005; Tessema et al., 2013; Ubisi et al., 2017), we seek
to analyse the role of these factors within the context of
CSA technologies in smallholder settings. For instance,
factors such as poverty, income, education, or investment
costs, may limit the widespread implementation of CSA
(Harvey et al., 2014).

This study focuses on drought-tolerant seed varieties
(DTSVs) for maize as a CSA technology relevant for
smallholder farmers in rain-fed crop production
(Asayehegn et al., 2017; Senyolo et al., 2018). In sub-
Saharan Africa in general and in South Africa in
particular, maize is the critical crop due to its importance
to food security and economic wellbeing. However, the
production of this crop by smallholder farmers largely
relies on rainfall, which is increasingly erratic (Fischer et
al., 2015). Unreliable rainfall accompanied by frequent
droughts, make it difficult for smallholder farmers to
obtain high crop yields and, therefore, susceptible to food
insecurity (Mdungela et al., 2017; Mpandeli et al., 2015).

This paper aims to better understand smallholder
decision making about DTSVs as an example of CSA
technology, in order to pinpoint how opportunities might
be created to assist farmers in implementing CSA. The
results highlight the value of considering the context-
specific biophysical factors, socio-economic realities and
perceived characteristics of innovations, knowledge,
attitudes, and perceptions of farmers when exploring
CSA implementation in South Africa.

This paper contributes to an improved understanding of
smallholder farmers’ CSA technology adoption in
developing countries by explaining the specific socio-
economic and socio-technical variables that are important
for promoting CSA in South Africa. These variables are
important and may improve our understanding of the

disparity between perspectives of users (e.g. farmers)
and developers as well as promoters of CSA
technologies and practices (Harvey et al., 2014; Meijer et
al., 2015). Understanding what drives or hinders adoption
of promoted CSA technologies among smallholder
farmers in South Africa may assist in targeting existing
CSA technologies or redesigning them to suit the
preferences and specific situations of farmers to
safeguard adoption and sustainability.

Context for CSA
adoption

technologies perception and

Despite the benefits of CSA technologies (Elum et al.,
2017; Khatri-Chhetri et al., 2017, 2016), adoption by
farmers can be fairly low as numerous factors influence
the extent to which farmers adopt them (Khatri-Chhetri et
al., 2017; Palanisami et al., 2015). While technological
adaptations may benefit from the literature on agricultural
technology adoption (Tessema, 2018), understanding the
adoption process of specific CSA technology (DTSVs in
this case) is necessary to ascertain if the determinants of
adoption are similar or unique in the face of changing
climate. In agriculture, adoption processes take place
amid specific policy, social and cultural, climate,
geographical, technological, and economic contexts
(Botha and Atkins, 2005; Falaki et al., 2013; Mackrell et
al., 2009).

Considering that technology uptake is a multifaceted
process, shaped by many factors, the exploration to
understand diffusion and utilisation of agricultural
technologies cannot be limited to just understanding the
characteristics of adopters, their biophysical contextual
factors or information sources. The adopter’s perceptions
of climate change and/or technologies or practices to
address them is also needed to provide a comprehensive
picture for analysing decision making (Jiri et al., 2015;
Meijer et al., 2015; Mushunje et al., 2011; Pannell et al.,
2006; Rankoana, 2016; Ubisi et al., 2017). For instance,
a comprehensive framework comprising the extrinsic
(e.g. characteristics of adopter and innovations) and
intrinsic (knowledge, perceptions, and attitudes) variables
may increase our understanding of the complex process
of adoption (Meijer et al., 2015). Accordingly, exploring
the contribution of socio-psychological factors such as
perceptions of farmers regarding the specific attributes of
CSA technologies in addition to the highlighted socio-
economic factors could contribute to our understanding
and on-going discussion about CSA adoption. In the
following subsections, we continue to explain specific
sets of factors in greater detail. Figure 1 shows the
conceptual model. We assume that adoption decisions
are conditioned by the socio-economic realities of the
farmer, the characteristics of the external environment (or
contextual factors), as well as the perceived
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Figure 1. Conceptual framework reflecting factors affecting adoption of CSA technologies (ithat is, DTSVs).

Source: Adapted from Meijer et al. (2015).

characteristics of CSA technologies.

Influences of
decisions

agricultural technology adoption

Various technology adoption studies conducted in
developing countries (Adesina and Chianu, 2002; Akinola
et al., 2010; Doss, 2006; Feder and Umali, 1993),
indicate that the importance of factors affecting
technology adoption vary across countries and regions
owing to differences in natural resources, political and
cultural ideologies, and socio-economic realities.
Moreover, determinants of adoption of agricultural
technologies can be grouped in several ways (Mwangi
and Kariuki, 2015). Categories include technology and
location, among others (Bonabana-Wabbi, 2002). In this
study, we investigated the factors determining adoption of
CSA technologies by exploring not only the farmers’
socio-economic realities and characteristics of external
environment (that is, contextual factors). We have also
considered additional factors extracted from farmers’
perceptions of CSA technology-specific attributes as well
as the role of communication and extension.

Effects of familiarity with technologies and perceived
technology attributes on adoption decisions

The role of familiarity, which can come from education,
awareness creation, training, and demonstration during

adoption process, is widely recognized (Deressa et al.,
2009; Meijer et al., 2015; Mushunje et al., 2011; Ubisi et
al., 2017). Generally, people’s familiarity and
understanding of technologies underlie their knowledge,
perceptions, and attitudes towards them. Furthermore,
innovation characteristics that influence adoption include
relative advantage, observability, trialability, compatibility
and complexity (Adesina and Zinnah, 1993; Ghane et al.,
2011; Mwangi and Kariuki, 2015; Rogers, 2003).
Innovations, which are perceived as having a superior
relative advantage, observability, compatibility, trialability,
and less complexity, will have a better rate of adoption
than other innovations (Rogers, 2003). These attributes
can be elaborated as follows:

(1) Relative advantage refers to the perceived net
benefits when individuals adopt.

(2) Trialability refers to how easy it is to move from non-
adoption to adoption through learning (Pannell et al.,
2006).

(3) Compatibility refers to the extent to which an
innovation is attuned to current norms and practices and
(4), complexity, measures the effort required to
understand and use the new innovation (Mannan and
Nordin, 2014). For instance, farmers find a technology to
be a positive investment if they perceive it to be
consistent with their needs and compatible to their
environment (Mignouna et al., 2011). Lastly,

(5) observability of the technology, describes the extent
to which results of an innovation are visible to others.
Thus, the more advantage witnessed, the easier the
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diffusion. The following subsections will indicate the role
of farmers’ socio-economic realities and the external
environment on the likelihood of CSA technology
adoption decisions.

Effects of farmers’ socio-economic realities on

adoption decisions

Specific characteristics (gender, age, marital status),
economic variables (income, assets, education) and
networks (farmer organisations) affect adoption directly
and indirectly by influencing the knowledge, familiarity
with technologies, and perceptions of farmers. This in
turn influences their decision to adopt -certain
technologies in relation to others or not to adopt
(Kariyasa and Dewi, 2013; Meijer et al., 2015; Mushunje
et al., 2011; Mwangi and Kariuki, 2015; Pannell et al.,
2006; Wanigasundera and Alahakoon, 2014).

Effects of external environment on

decisions

adoption

In smallholder farming, external forces such as
information on new and alternative technologies, political
conditions, geographical settings and ecological
conditions, also have influence on technology adoption
decisions and processes (Asayehegn et al., 2017; Meijer
et al., 2015). For example, climate variability and change
may increase the frequency and intensity of drought, and
consequently influence the innovation to adapt to
changes (Asayehegn et al., 2017; Chami and Moujabber,
2016; Mpandeli et al., 2015). Accordingly, farmers tend to
embark on several agricultural and technical activities,
such as adjustment of fertilizer input, adoption of DTSVs
and plant crops that require less water, during drought
periods (Mpandeli et al., 2015). Governmental support
and the political will to introduce technologies and
biotechnology for smallholder farmers is understood to be
crucial for the success of interventions aimed at
enhancing smallholder farmers’ adoption of
biotechnology and climate change adaptation practices,
for instance (Edge et al., 2018; Zizinga et al.,, 2017).
Generally, smallholder farmers in Africa rely on extension
services, usually provided by government. Poorly
performing extension services are often blamed for the
limited uptake of technologies. According to Drechsel et
al. (2005), knowledge about the technology can be
shared by means of communication infrastructure, media
access and networks of continuously updated extension
agents. As previous studies alluded to the role of
communication and extension in influencing adoption
(Meijer et al., 2015; Pannell et al., 2006), it was worth
exploring to see if these factors also hold when
considering the transition to CSA technologies.

MATERIALS AND METHODS
Description of the study area

This study seeks to explore factors influencing farmers’ decision-
making and adoption of CSA technology (that is, DTSVs). The
study was carried out in Vhembe, Capricorn, and Greater
Sekhukhune Districts in Limpopo Province, South Africa (Figure 2).
The multistage sampling approach was adopted. First, the three
districts within Limpopo Province were purposefully selected,
(targeting areas where CSA technologies such as DTSVs were
introduced). Second, from the list of smallholder farmers obtained
from the provincial department agriculture and extension officers
working in these areas, the smallholder farmers were randomly
selected proportional to sample size per district (Table 1), giving
them equal chance of being selected. Capricorn District is situated
as a stopover between Gauteng (Johannesburg) and the northern
areas of Limpopo, and between the northwestern areas and the
Kruger National Park. It forms a gateway to Botswana, Zimbabwe
and Mozambique and covers 21705 km? Greater Sekhukhune
District covers 13528 km? and Vhembe District covers 25597 km?.
For most of Limpopo province, the bulk of precipitation occurs in
summer, with annual rainfall ranging between 400-600 mm (Tshiala
et al.,, 2011). Limpopo Province was selected as the study area
because of its high climatic variability and largely arid to semi-arid
nature; meaning CSA technologies and practices that reduce the
impacts of droughts, water scarcity and moisture stress are needed.
Many of the agricultural activities are undertaken by smallholder
farmers. Furthermore, the existence of political organizations,
research institutes, and NGOs’ willpower to promote the use of
DTSVs to address moisture stress, mitigate against water scarcity
and to improve food security and livelihood of smallholder farmers,
justified the selection. We used both qualitative and quantitative
methods in data collection in order to explore the topic in breadth
and depth and to reduce the chances of missing important variables
(Creswell, 1994; Maponya and Mpandeli, 2012; Ubisi et al., 2017).

The socio-economic characteristics data were analysed using
descriptive statistics. Factor analysis (FA) described the covariance
relationships among many variables in terms of a few underlying,
but unobservable, random quantities called factors and interpreted
through weights of the variable called factor loadings, organized in
a matrix (Hair et al.,, 1995). FA seeks to reduce a large set of
measured variables in terms of relatively few new dimensions
known as factors with the aim of condensing all the information from
the original interdependent variables to a smaller set of
independent variables (Mugi-Ngenga et al., 2016). The FA model is
organized in such a way that all variables within each factor are
highly correlated among themselves but have relatively small
correlations with variables in other factors (Chaminuka et al., 2008).
Usually, factors used for further analysis should contain unique
variables. In this study, five factors were retained for subsequent
analyses.

The significance of the factors that influence adoption of CSA
technologies (in this case DTSVs) by farmers was analysed using
Multinomial Logistic Regression (MNLR) Model. The dependent
variable was clustered as Type of seeds farmers used (1= Hybrids
and Hybrids with OPVs or Traditional seeds, 2= OPVs and OPVs
with Traditional seeds, and 3 = Traditional seeds). For the
estimation of the MNLR model, one category (that is,
base/reference category) was normalized as being the last category
(traditional seeds) and therefore all results were explained in
reference to this category. This was with respect to the use of
seeds. These analyses were conducted using SPSS version 24. Let
Zj (j=1,2,3) be the probability of a smallholder farmer falling in each
seed use category, with j =3 representing the reference category.
The MNLR model gives the relative probabilities of being in the
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Figure 2. A map showing the 9 provinces of South Africa, the 5 Districts within Limpopo Province and the Horticulture Cluster.
Sources : Drawn from Limpopo Development and Growth Strategy (available at : www.waterberg.gov.za/docs/agriculture/other)

and Mpandeli et al. (2015).

three seed use categories as a linear function of X, for the i
farmer, according

In (ZJ/Z3) = Boj + Byj Xai + ... + Bij X + Uj (1)

Forj=1,2andi=1,2...n farmers where: In= natural logarithm Z3 =
the probability of smallholder farmer being in the reference category
(using Traditional seeds); Z; = the probability of smallholder farmer
is using Hybrids and Hybrids with OPVs or Traditional seeds; and
Z, = the probability of smallholder farmer using OPVs and OPVs
with Traditional seeds. Bi ...... By are MNLR coefficients to be
estimated; X;.... X are the K™ explanatory variables describing
the i farmer; and Uij = error term

Following Carter-Hill et al. (2008), the conditional probability of the
ith household being in the three alternative categories (j=1,2 or 3)
are estimated by Equations 2 to 4 as a function of the estimated Bkj
and Xki as:

1

20=0= 1rexp (Bop+BypX it HBpX) Texp Bz +B 13X +Bi3 X))
(2

7 (=2) = ex Pl o, +B X1+ +HBy o X )
1rexp (Bop+B1pX i+ +BipX () Texp Bz +By g%y 4By 3Xy)
(3)

Z (=3)= exp B, +B Xli++B, X, )

Ltexp (Boy+BqpX g FByoXg) +exp Bz +By X+ +By3Xyy)

“)

Description of variables in the multinomial logistic regression
model

Farmers were asked questions on their socio-economic realities
and the description and measurement of those variables is
presented in Table 2. Data were also collected on the perception of
farmers on specific attributes of CSA technologies (that is, DTSVs
in this case). The perception statements were measured on a 5
point Likert scale. The Likert scale ranged from one ‘strongly
disagreed’ to five ‘strongly disagreed’.

RESULTS AND DISCUSSION

Socioeconomic characteristics of surveyed farmers
in Limpopo Province, South Africa

The socio-economic variables of the respondents,
potentially impacting the adoption of CSA technologies
are presented in Table 3. Data shows that 68% of the
respondents were female while only 32% were male. The
average age of the interviewed farmers is 55.15 years
old, and the youth accounted for only 11% of the
respondents. Regarding education, 41.3, 41.8 and 6.6%
of the respondents obtained primary, secondary and
post-secondary education respectively, and only 10%
have not been to school. More than 80% of the farmers
are married. Sixty-five percent of the farmers noted
consumption and marketing as their main reason for
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Table 1. Elaboration of how sampled farmers were selected.

Districts (total number of accessed smallholder

Probability proportional to sample

Total smallholder farmers

farmers) size per district (%) interviewed
Vhembe (198 smallholder farmers, 42% of 475) 42 87
Capricorn (182 smallholder farmers, 38% of 475 38 71
Sekhukhune (95 smallholder farmers, 20% of 475) 20 38
Total sampled smallholder farmers (41% of the sampling frame of 475) 196

Table 2. Description of variables in the multinomial logistic regression model.

Variable Description
Gender 1= male, 0 otherwise
Age Age of the respondents in years

Marital status

Household size

Farming experience
Education

Reason for farming
Income level

Land size

Government support
Credit access
Cooperative membership

1= married O otherwise

Number of farming household members

Years of farming experience

Number of years smallholder farmer attended school
1= farming for consumption and marketing, O otherwise
1= middle income (115.4$-269.2%), 0 otherwise

Land size in hectares (ha)

1= received government support, 0 otherwise

1= credit access, 0 otherwise

1= member of cooperative, 0 otherwise

engaging in agriculture. Socio- economic factors are
usually more influential to the dissemination of a
technology than biophysical factors (Drechsel et al.,
2005; Senyolo et al., 2018). This is largely because the
biophysical conditions are often well described in
common manuals, making them relatively easier to verify,
yet with the social, cultural and economic perspectives,
the situation is complex (Drechsel et al., 2005).

While access to government support (i.e. formal
extension services) usually influence adoption of
technologies positively (Diale, 2011; Ikheloa et al., 2013),
this was not the case in our study. Our data shows
negative but insignificant relationship  between
government support and the use of DTSVs. Notably,
during discussions with farmers, concerns regarding
extension services such as un-coordinated services, and
lack of adequate monitoring and evaluation were raised,
which might possibly explain these unexpected results.
Only 34% of the farmers belonged to cooperatives.
Farmers’ concerns regarding extension support may
have been attributed to the often-observed biases in
service provision towards farmers belonging to
agricultural cooperatives. Since the issue of climate
change has assumed an important position in public
discourse and media, we asked respondents if they think
they experienced climate change. Almost all of them
99.5% (195) noted they have experienced it. Previous
studies indicated the relationship between technology

adoption (also in response to climate change) and access
to land (Diale, 2011, Ikheloa et al., 2013). For instance, in
previous research a positive relationship between farm
size and technology adoption was expected but negative
statistical significance was observed (Mulaudzi and
Oyekale, 2015). The average land size that interviewed
farmers had access to was 1.89 ha with the majority of
the respondents having access to between 0.25 and 2.7
ha of land. Although from our results access to land was
not significant, land access and land ownership in
particular, may still have a role to play considering that
collateral is needed when farmers apply for credit from
financial institutions. Our data revealed that the majority
94.4% (185) of the sampled farmers hold only the
permission to occupy (that is, no title deeds). The
majority 65.3% (128) of the smallholder farmers produced
mainly for family consumption, and marketed the surplus
produce. Sixty-nine percent of the respondents came
from a family of about 6 to 8 members, with an average
household size of 6 (5.58) members. The mean farming
experience for the farmers was 17 (that is, 16.68) years
(Table 3).

Types of CSA technologies (that is, DTSVs) used by
the respondents

Previous studies indicated that the availability and
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Characteristics Frequency Mean Percentage Min Max
Female 134 68.4

Age (years) 55.15 25 84
Married 159 81.1

Attended school 176 89.8

Primary education 81 41.3

Secondary education 82 41.8

Post-secondary education 13 6.6

Produce for family consumption and marketing 128 65.3

Household size 5.58 2 9
Farming experience 16.68 3 35
Land size 1.89 0.25 17
Title deed 10 5.1

Permission to occupy (PTO) 185 94.4

Neither Title deed nor PTO 1 0.5

Experienced climate change: Yes 195 99.5

Government support 150 76.5

Not cooperative membership 129 65.8

No Access to credit 108 55.1

Sources of credit: Formal institutions (3%); Stockvel or Saving group (18%); Loan Shack (‘Matshonisa’) (7%); Other sources (66%) and

More than one sources (6%)

affordability of technologies potentially affect their
adoption (Diale, 2011; Senyolo et al., 2018). Where crop
farming is the main land-use option and especially given
the climate change uncertainties, seed materials are
often crucial. Farmers were asked about the seed
varieties they used and their procurement processes.
Table 4 indicates that 69.4% of the farmers used Hybrids
and Hybrids with OPVs or traditional seeds. Twelve
percent of the respondents reported using OPVs and
OPVs with traditional seeds, while 18% were using
traditional seeds only. Specific reasons were provided by
farmers who reported using more than one seed variety
in one season, within one field. Farmers noted that
unavailability of the OPVs, unaffordability of the Hybrid
seeds, and provision of the seeds by the government
and/or research institutions influenced their choice of
seeds. Moreover, some respondents indicated that
Hybrid seeds gave relatively higher yields, justifying their
expense, while others argued that recycling traditional
seeds were preferred in ensuring household food
security.

In response to unaffordability and unavailability, some
farmers resorted to using traditional seeds and/or
combination of seeds at their disposal. Twenty-six
percent of the farmers purchased their own seeds and
50% acquired their seeds through a combination of
channels. Although the South African government has
attempted to assist farmers through different inputs
provision programmes, this still seems inadequate as

only 14% usually attained seeds from government seed
provision schemes. However, it should be noted that
among the 97 farmers who obtained seed materials from
a combination of sources, there were those that received
seeds from the government. In these cases, challenges,
other than access, existed (that is, lack of monitoring of
service providers, lack of planning resulting in late
delivery of inputs, small quantities of seeds and
fertilizers).

The previous subsection has provided an overview of
farmers’ socio-economic conditions that were expected to
affect farmers’ adoption of CSA technologies to
safeguard food security in the face of climate change.
The following section tests the significance of the socio-
economic characteristics that are theorised to impact the
perceptions of the CSA technologies specific attributes;
and to test the significance of the theorised variables in
driving or hindering farmers’ adoption of CSA
technologies. Factor analysis (FA) and a Multinomial
logistic regression (MNLR) model were used for empirical
analysis.

Farmers’ perceptions of the CSA technology specific
characteristics

Farmer’s individual perception of a given challenge may
influence their decision towards possible solutions
(Drechsel et al, 2005). Limpopo farmers have
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Table 4. Types and sources of seeds.

Variable Frequency Percentage
Types of seeds

Hybrids and hybrids with open pollinated varieties (OPVSs) or traditional seeds 136 69.4
OPVs and OPVs with Traditional seeds 24 12.2
Traditional seeds 36 18.4
Sources of seeds

Self-purchased 50 255
Government seed provision scheme (i.e. LDA) 28 14.3
Saved from farm 21 10.7
Other sources and/or combination 97 49.5

OPVs in this study refers to improved OPVs which are certified and registered and Traditional seeds refers to specific type of open-
pollinated varieties that have been passed on within families or communities for several years.

preferences for certain CSA technologies, based on real
experience or perceived characteristics. Therefore,
several questions were asked to understand this aspect.
Farmers’ perceptions of the CSA technology attributes
were measured by respondents’ opinions about the
characteristics and important effects of CSA technologies
in their area. This was based on Kaizer-Meyer-Olkin
(KMO) Measure of Sampling Adequacy (KMO=0.80),
similar to (Bidogeza et al., 2009; Mugi-Ngenga et al.,
2016).

Table 5 shows the rotated factor farmers’ perceptions
of the CSA technology specific attributes. The Kaizer
criterion (1960) was used for selecting the number of
essential factors or principal components explaining the
data. All components with Eigen values of less than one
were left out, following the rule of thumb when conducting
Principal Component Analysis (PCA) using correlation
matrix (Mugi-Ngenga et al., 2016). Subsequently, the
factor loadings for the reduced components as suggested
by the criterion of Eigen values were retained for further
analysis. The 5 factors extracted explained 63% of the
variance in the 19 CSA technology specific characteristic
components. These factors are:

Factor 1: Training and demonstration related to DTSVSs,
accounts for 23.7% of the variance. Adequate
opportunities for training, training, access to agricultural
advisory services and well demonstration related to
DTSVs, loaded heavily in this factor. The loadings for all
the items had positive signs, implying that these four CSA
technology specific characteristics are positively
correlated. That is, they are likely to influence adoption of
DTSVs. The result implies that farmers with adequate
opportunities for training and demonstration are also
likely to be trained often and have regular access to
agricultural services.

Factor 2: Knowledge possession and benefits related

DTSVs, explained 14.8% of the total variance in the 19
CSA technology specific characteristic variables.
Farmers’ knowledge about DTSVs and its better planting
dates as well as its ability to enhance yield, safeguard
households’ food security and to offer immediate benefits
loaded heavily in this factor. The common positive signs
of the loaded variables suggested positive correlation
with CSA technology adoption. Thus, farmers who have
knowledge about DTSVs and their better planting date,
also attested that the DTSVs are likely to offer them
immediate benefits while enabling them to enhance their
yield as well as safeguarding their household food
security. These corroborated the findings of Senyolo et
al. (2018).

Factor 3: Knowledge and experience on non-agricultural
activities, accounts for 12.2% of the variance. Knowledge
of non-agricultural activities, relevant experience to get
employment outside agriculture, consideration of
knowledge about other activities other than agriculture
and signal to consider non-agricultural opportunities
loaded heavily in this factor and reflected positive
correlation. These variables give an indication of farmers’
decisions when faced with alternative opportunities
outside agriculture. Farmers’ with knowledge of better
non-agricultural activities and relevant experience to get
employment elsewhere may not adopt DTSVs and
instead focus on alternatives. However, Langat et al.
(2013) indicate that off-farm income often complements,
rather than replaces farm income, potentially increasing
the affordability of new (CSA) technologies.

Factor 4: Necessary requirements, explained 7.2% of the
total variance in the CSA technology specific
characteristics variables. The importance of receiving
tractor services on time, knowledge on better planting
dates of DTSVs and weather information loaded heavily
in this factor, and also reflected positive correlation.
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Farmers’ perceptions of the CSA technology attributes 1 2 Compon;ent/factor4 5

| have adequate training on planting drought tolerant and fast maturing cultivars DTSVs 0.820 0.308 -0.176 -0.098 0.214
| currently have adequate opportunities for training related to (DTSVS) 0.855 0.164 -0.226 0.005 0.223
DTSVs have been well demonstrated in my area 0.713 0.271 0.109 -0.250 -0.002
| have adequate access to agricultural advisory services regarding DTSVs 0.813 0.074 -0.040 -0.014 0.157
I have knowledge about DTSVs 0.295 0.755 -0.141 -0.082 0.214
I have knowledge on better planting date for DTSVs 0.270 0.746 -0.078 -0.130 0.236
Planting DTSVs enable extra yield to be realized 0.181 0.720 -0.092 0.090 0.177
Planting DTSVs safeguard household food security -0.167 0.739 0.046 0.186 -0.177
Planting DTSVs offers immediate benefits 0.052 0.513 0.225 0.074 -0.232
It is important to be informed about weather information in my area -0.174 -0.039 0.000 0.758 0.015
It is important to know about better planting date for DTSVs -0.104 -0.019 -0.039 0.842 0.058
It is important to receive tractor services in time to plant DTSVs 0.022 0.052 -0.075 0.791 -0.077
I have knowledge of non-agricultural activities that could sustain my life better -0.036 0.054 0.882 -0.129 -0.091
| consider knowledge about other activities other than agriculture important -0.027 0.093 0.819 0.127 -0.241
I can switch from agricultural production to exercise other activities if am informed about them -0.078 -0.118 0.564 -0.158 -0.001
I have a relevant expertise and/or experience to get the job elsewhere -0.100 0.054 0.862 0.065 -0.201
Additional training would increase my ability to adopt DTSVs 0.242 0.066 -0.163 0.018 0.722
Information about other CSA technologies would increase my ability to adopt them 0.173 0.078 -0.188 0.054 0.811
I consider knowledge about other CSA technologies and practices important 0.078 0.122 -0.070 0.445 0.526
% of total variance 230.7 140.8 120.2 70.2 50.1

Eigen values 40.98 30.11 20.56 10.51 10.06
Cronbach’s alpha 0.876 0.760 0.826 0.754 0.663

Extraction Method: Principal Component Analysis: Varimax with Kaizer Normalization; Kaizer-Meyer-Olkin Measure of Sampling Adequacy (0.80, Chi-square

=1894.97); Cut point for loadings and communalities = 0.5.

Based on farmers’ opinions, it is important for
them to receive tractor services on time, to be
informed about better planting dates and to
receive weather forecasts.

Factor 5: Enabling factors to adopt DTSVs and
other CSA technologies, explained 5.15 of the
total variance. Variables additional training on

DTSVs and information as well as knowledge
about other CSA technologies would increase the
ability to adopt DTSVs and other CSA
technologies, respectively, loaded heavily in this
factor. The positive signs of the loaded variables
implied positive correlation.

We concur with the interviewed farmers that
despite the preference and reasons of those

promoting a particular technology at a point in
time, it is necessary and relevant to still be
informed about alternatives as well as this will
enhance their chances to adopt CSA technologies
and practices that suit them best.

In the following subsection, the explained factors
together with other socio-economic variables are
used in the MNLR model as variables.



166 J. Dev. Agric. Econ.

Multinomial logistic regression

The Multinomial Logistic Regression (MNLR) model was
used to analyse the factors influencing smallholder
farmers’ choice of seed varieties. This was done to
understand the drivers and barriers to adoption of CSA
technologies such as DTSVs. MNLR model for the choice
of seed varieties specifies the relationship between the
probability of choosing a particular seed variety and the
set of explanatory variables. MNLR can use standard
regression techniques to select variables (Mugi-Ngenga
et al., 2016; Petrucci, 2009; Ubisi et al., 2017). The
dependent variables in the final model for this paper is
the type of seed varieties that respondents in this study
were using (Table 4). It was established that the sampled
smallholder farmers were using three seed varieties
namely: CSA technologies (Hybrids and OPVs) and
traditional seeds. Therefore, the dependent variable was
specified as the seed variety that farmers adopted/used,
as follows: 1= “Hybrids and Hybrids with OPVs or
traditional seeds”; 2= “OPVs and OPVs with traditional
seeds”; and 3= “traditional seeds”. The independent
variables were derived from the 5 factors produced by the
factor analysis, together with other socio-economic
variables based on the literature (Ikheloa et al., 2013;
Mugi-Ngenga et al., 2016; Mulaudzi and Oyekale, 2015;
Senyolo et al., 2018; Ubisi et al., 2017).

There are numerous ways to assess the model fit in
MNLR. According to Petrucci (2009), the most commonly
used is the likelihood ratio test. The presence of a
relationship between the dependent variable and
combination of independent variables is based on the
statistical significance of the final model chi-square.
According to our results presented in Table 6, -2Log
Likelihood (218. 432) and chi-square (103.787) with 38
degrees of freedom, the probability of the probability of
the model chi-square was 0.000, less than the level of
significance of 0.01. These indicate that the independent
variables as a group contribute significantly to the
prediction of the outcome. Furthermore, SPSS generates
three different pseudo R2 summary statistics, used by
some to assess model fit by determining the effect size of
the model (Petrucci, 2009). For our analysis, pseudo R2
statistics were as follows: Cox and Snell, 0.411;
Nagelkerke, 0.510 and McFadden, 0.322. The
McFadden’s is a transformation of the likelihood ratio
statistic, and values from 0.2 to 0.4 for McFadden are
considered highly satisfactory (Petrucci, 2009).

Discussion of the significant variables

Training and demonstration related to DTSVs

The variable “Training and demonstration related to
DTSVs” in both contrasts is positive and statistically

significant at the 5 and 10% level of significance,
respectively. This implies a unit increase in the training
and demonstration related to DTSVs to sampled
smallholder farmers increases the probability both of
using “Hybrids seeds and Hybrids with OPVs or
traditional seeds” and “OPVs seeds and OPVs with
traditional seeds” by 3.7 and 6.9% as compared to
traditional seeds, respectively. number of years of
sampled small-scale farmers increases the probability
both of no climate change adaptation strategy and
adaptation strategy out of the farming sector by 0.2 and
1.1% as opposed to adaptation strategy within the
farming sector, respectively. These results corroborate
previous research suggesting that receiving information
on improved farming and contact with extension
significantly explained the adoption of improved fallows
among smallholder farmers (Matata et al., 2010).
Farmers who have information about weather forecasts,
are likely to adjust their planting decisions.

Furthermore, these results agree with similar results by
Kielbasa (2016), who indicated that although education is
important, it must be supported by experience, and
verified in practical situations.

Knowledge possession and benefits related to

DTSVs

The variable “Knowledge possession and benefits related
to DTSVs” is positive and statistically significant
significant at thel and 5% level of significance,
respectively in both contrasts. A positive relationship and
marginal effect show that an increase in farmers who
acquired knowledge about DTSVs and their better
planting dates as well as familiarity with the perceived
benefits of DTSVs increases the probability of using
“Hybrids and Hybrids with OPVs or traditional seeds” and
“OPVs and OPVs with traditional seeds” relative to the
base category by 14 and 4.6%, respectively. Accordingly,
farmers who were aware of the Hybrids and improved
OPVs and thought they gave benefits such as immediate
benefits, increased yield and improving households’ food
security were likely to use them relative to the traditional
seeds. These results concur with research that found that
if farmers believe that DTSVs were responsible for high
yield and enhanced food security, they are most likely to
adopt them to improve their livelihood (Diale, 2011;
Ikheloa et al., 2013; Senyolo et al., 2018).

Necessary requirements

The variable “Necessary requirements” which in this
study meant the combination of essentials that the
sampled farmers noted were obligatory to complement
the seeds technologies use (Factor 4 explanation), is
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Table 6. Multinomial logit coefficient and marginal effect estimates, of sampled smallholder farmers within 3 districts of Limpopo Province, South Africa.

Dependent variable

Ln (Zz/ 23)

Hybrids and hybrids with OPVs or traditional

seeds vs. traditional seeds

Ln(22/23)
OPVs and OPVs with traditional seeds vs.
traditional seeds

Contrast 1 Contrast 2
Independent variable Coefficient Marginal effects Coefficient Marginal effects
(Std. error) dy/dx P-value (Std. error) dy/dx P-value2

Intercept -14.848(1444) (0.992) 0.681(1.748) (0.125)
Training and demonstration related to DTSVs 0.786**(0.336) 0.037 0.019 0.735%*(0.386) 0.069 0.057
Knowledge possession and benefits related to DTSVs 1.091***(0.279) -0.141 0.000 0.761**(0.343) -0.046 0.027
Knowledge on non-agricultural activities 0.156(0.337) 0.2030 0.677 0.018(.427) 0.025 0.965
Necessary requirements 0.803*(0.475) 0.014 0.091 -0.029(0.623) -0.019 0.963
Enabling factors 0.961**%(0.302) -0.009 0.001 0.770**(0.378) 0.511 0.041
Gender -1.020%(0.602) 0.066 0.090 -0.626(0.758) -0.433 0.409
Age 1.171(0.784) -0.048 0.135 -0.495(944) 0.032 0.600
Marital status -1.791**(0.775) 0.103 0.021 -1.312(0.980) 0.102 0.181
Household size -0.112(0.640) 0.047 0.862 -0.018(0.932) -0.014 0.984
Farming experience -0.685(0.739) -0.006 0.354 0.058(0.921) 0.291 0.950
Education -0.407(0.997) -0.312 0.683 -1.274(1.468) -0.403 0.385
Income: middle (115.4%$-269.2%)a 0.292 (0.650) -0.505 0.653 0.224(0.817) -0.115 0.784
Income: high (higher than 269.2$) 0.871(1.074) 0.103 0.417 1.404(1.400) 0.031 0.316
Reason for farming -0.195(0.598) -0.037 0.745 -10.003(0.775) 0.069 0.196
Land size 16.872(1442) 0.027 0.822 -1.163(0.973) 0.036 0.306
Credit access 1.129**(0.558) 0.014 0.043 -0.466(0.711) -0.019 0.512
Government support -0.613(0.642) -0.109 0.340 -0.190(0.867) 0.511 0.826
Cooperative membership -0.185(0.671) 0.066 0.782 -1.171(8.28) -0.433 0.157

Number of observations= 196; Reference category = Traditional seeds (Z3); Log likelihood= -218.432; Chi-square = 103.787 (significant level = .000); Pseudo-R2= 0.510; Classification accuracy
(correctly predicted); Hybrids and Hybrids with OPVs or Traditional seeds = 91.9%; OPVs and OPVs with Traditional seeds = 29.2%; Traditional seeds = 63.9%; overall model = 79.1%; dy/dx is for
discrete change of dummy variable from 0 to 1; Standard errors are in parentheses; Based on exchange rate of 1$ =13ZAR; ***, ** and * are significant levels at 1, 5 and 10% respectively.

Source: Survey data (2016). The dependent variable was specified as the seed variety that farmers adopted/used.

positive and negative in the first and second
contrasts, respectively. This variable is positively
related to the use of Hybrids seeds technologies
and statistically significant at the first contrast at
10% level of significance. This implies a unit
increase in the necessary requirements (that is, if

farmers receive tractor services on time, possess
knowledge on better planting dates of DTSVs and
weather information) increases the likelihood of
farmers using “Hybrids and Hybrids with OPVs or
traditional seeds” by 0.014 (1.4%), relative to
reference category. However, during FGDs farmers

indicated their frustration of receiving tractor
services and other inputs late in the season which
in turn impacts planting dates recommended for
DTSVs. Unquestionably, timing regarding inputs
and services delivery is important in agriculture,
particularly within smallholder agriculture where
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several barriers are farmers’ reality.

Enabling factors

The variable “Enabling factors” which in this study meant
the combination of empowering elements that sampled
farmers noted were necessary in complementing the use
of seeds technologies (Factor 5 explanation), in both
contrasts is positive and statistically significant at the 1
and 5% level of significance, respectively. A positive
relationship and marginal effect show that an increase in
the enabling factors (that is, additional training on DTSVs
and information as well as knowledge about other CSA
technologies, other than DTSVSs) increases the probability
of using “Hybrids and Hybrids with OPVs or traditional
seeds” and “OPVs and OPVs with traditional seeds”
relative to the base category by 0.9 and 51.1%,
respectively. Notable from these results, is also that
though farmers appreciated the DTSVs, they deemed it
was also necessary to be trained and be informed of
other CSA technologies, other than DTSVs. These
results are in line with Katengeza et al. (2012) and
Mulaudzi and Oyekale (2015), who note that trait
preferences of farmers form the basis of their selection of
varieties.

Gender

The variable Gender in first and second contrasts is
negative, but statistically significant in the first contrast at
the 10% level of significance. Therefore, the estimated
results of Gender imply a unit increase in the number of
male smallholder farmers reduces the likelihood of using
“Hybrids and Hybrids with OPVs or traditional seeds” by
6.6%, relative to the reference or base category. These
results contradict with Ikheloa et al. (2013) who noted
that male-headed households have the tendency to adopt
climate adaptation strategies much more than female-
headed households. However, our results concurred with
Bayard et al. (2007) and Mugi-Ngenga et al. (2016) who
found that female farmers are more likely to adopt
strategies to adapt to climate variability. Although
previously, female farmers were inclined to and managed
to save seeds for the next farming season as compared
to their male counter parts, the changing climate have
seen households headed by women taking up climate
adaptation strategies (Nhemachena and Hassan, 2007,
Kom et al., 2020).

Marital status

The variable Marital status is negative in both contrasts,
but statistically significant in the first contrast at the 5%

level of significance. Therefore, the estimated results of
Marital status imply a unit increase in the number of
married smallholder farmers reduces the likelihood of
using “Hybrids and Hybrids with OPVs or traditional
seeds” by 10.3%, relative to the reference or base
category. Marital status has previously been found to be
insignificant in influencing the choice of adaptation
strategies and technology adoption (Matata et al., 2010;
Mugi-Ngenga et al., 2016; Ubisi et al., 2017). Our results
however relate with the findings of Mulaudzi and Oyekale
(2015) who found a statistically significant, but positive
relationship between marital status and adoption of
improved seeds varieties. Oluwatayo and Ojo (2016) also
found a positive relationship between marital status and
the likelihood of choosing diversification as an adaptation
strategy. Furthermore, the highest percentages of
married farmers observed in the study suggest that
adoption of DTSVs in the study depends on the
perception of the technology by males, as it may be
common that women do not own land and/or other
resources to take autonomous adoption decisions.

Credit access

The variable Credit access in first and second contrasts
is positive and negative, respectively, but statistically
significant in the first contrast at the 5% level of
significance. This result implies that a unit increase in
farmers’ access to credit will yield a 0.014 (1.4%)
increase in probability of using “Hybrids and Hybrids with
OPVs or traditional seeds”, relative to the reference or
base category. These results corroborate research that
found that access to credit facilities positively increased
the use of different adaptation strategies (Ikheloa et al.,
2013; Oluwatayo and Ojo, 2016). Thus, as access to
credit increases, so does the financial capacity of the
smallholder farmers to employ various technologies that
are climate smart and profit driven. It should be noted
that the discussion was limited to independent variables
that were significant in distinguishing the 2 categories of
the dependent variable related to the “traditional seeds”
category (that is, base category). The reason for this was
that looking at the characteristics of DTSVs as perceived
by the farmers and other socio-economic factors;
knowledge and experience on non-agricultural activities,
age, household size, farming experience, education,
income, reason for farming, land size, government
support and cooperative membership; were found not to
be significant in distinguishing both categories related to
“traditional seeds” within their crop farming. Therefore,
these variables were not included in the interpretation
(Table 7).

While, MNLR computes correlation measures to
estimate the strength of the relationship (Pseudo R utility
of the MNLR model, classification accuracy is more
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Predicted
Hybrids and hybrids OPVs and OPVs -
Observed
with OPVs or with traditional Traditional Percent
. seeds correct
traditional seeds seeds
Hybrids and hybrids with OPVs or traditional seeds 125 3 8 91.9
OPVs and OPVs with traditional seeds 16 7 1 29.2
Traditional seeds 13 0 23 63.9
Overall percentage 78.6 5.1 16.3 79.1

useful and compares predicted group membership based
on the logistic model to the actual, known group
membership, which was the value for the dependent
variable. Even if the predictor variables had no
relationship to the groups defined by the dependent
variable, the predictions would still be expected to be
correct for group membership some percentage of the
time. This is referred to as by chance accuracy (Petrucci,
2009). Correctly classified cases are on the diagonal in
Table 7 (that is, “Hybrids and Hybrids with OPVs or
traditional seeds” category, “OPVs and OPVs with
traditional seeds” category, and “traditional seeds”
category). Overall, the final model accurately predicted
79.1% of the cases. However, we see that the “Hybrids
and Hybrids with OPVs or traditional seeds” category had
a much higher prediction at 91.9% compared to other 2
categories. The estimate of by chance accuracy is
computed by summing the squared percentage of cases
in each group. The difference between by chance
accuracy for binary logistic models and by chance
accuracy for multinomial logistic models is the number of
groups defined by the dependent variable. The
proportional-by-chance accuracy rate was computed by
calculating the proportion of cases for each group based
on the number of cases in each group in the ‘Case
Processing Summary’ (see Table 4), and then squaring
and summing the proportion of cases in each group
(0.694%+0.122°+0.184°=0.531). The proportion by chance
accuracy criteria is 66.4% (1.25 x 53.1% = 66.4%). Since
the classification accuracy rate of 79.1% (Table 7) was
greater than the proportional-by-chance accuracy criteria
of 66.4%, the model improves on chance 25% or more
and is considered adequate.

CONCLUSIONS, IMPLICATIONS FOR POLICY AND
FURTHER RESEARCH

DTSVs are CSA technologies for addressing moisture
stress and water scarcity related to climate change and
variability. Results showed smallholder farmers in the
study area were using three seed varieties namely: CSA
technologies (Hybrids and improved OPVs) and traditional

seeds. Thus, results from the survey of 196 farmers
showed 136 (69.4%) used Hybrids and Hybrids with
Open Pollinated Varieties (OPVs) or Traditional seeds,
followed by 24 (12.2%) who were using “OPVs and OPVs
with Traditional seeds”, with the remaining 36 (18.4%)
who did not adopt any DTSVs and were using Traditional
seeds. We find that despite the acknowledged potential
of such technologies as DTSVs, drivers and barriers
exist, which impact their adoption and use. For instance,
variables “Training and demonstration related to DTSVs”,
“Knowledge possession and benefits related to DTSVs”
and “Enabling factors” (that is, referring to empowering
elements such as additional training on DTSVs and
information as well as knowledge about other CSA
technologies, other than DTSVs) were significant in
distinguishing both categories (“Hybrids seeds and
Hybrids with OPVs or traditional seeds” and “OPVs seeds
and OPVs with traditional seeds” of the dependent at 5
and 1% as well as 1 10, and 5% as well as 5%
significance levels respectively, when compared with
“Traditional seeds”. Furthermore, the following variables:
“necessary requirements” (that is, combination of
essentials such as farmers receiving tractor services on
time, possessing knowledge on better planting dates of
DTSVs and weather information), gender, marital status
and credit access were significant in distinguishing
category 1 of the dependent variable. These results are
valuable to policymakers and technology developers as
they highlight the key factors that impact farmers’
adoption decisions. Farmers in the study area report that
enabling factors such as additional training and
information would increase their ability to adopt DTSVs.
Our results highlight that training and demonstration
related to DTSVs, knowledge possession and awareness
of benefits related DTSVs and enabling factors were
important for all the categories of the dependent variable.
It can be recommended that Department of Agriculture,
Forestry and Fisheries (DAFF), Provincial Departments of
Agriculture (PDsA) and Agricultural Research Council as
well as private companies work together to improve
adoption of DTSVs to establish functional regulatory
board in order to work closely with the farmers and to
educate them about the seeds and their benefits so as to
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safeguard food security and to improve farm incomes.
Working closely with farmers will enable them to assess
the most suitable seed varieties for a given area and
farming system, together with farmers’ ability to
adequately adopt seeds in question.

The results also indicate that training and demonstration
were significant in impacting farmers’ adoption of DTSVs
relative to traditional seeds. In this instance, policymakers
and other stakeholders can mobilize their resources and
coordinate their efforts to provide training and
demonstration to farmers regarding the DTSVs to
enhance adoption of these technologies. The results also
highlight that farmers in rural areas are heterogeneous,
with some having better capabilities to adopt different
CSA technologies; therefore, how other stakeholders
engage farmers through education, training and any form
of assistance related to CSA technologies should be
tailored to suit farmers’ different needs and capabilities.
Furthermore, the results highlight that access to effective
training, agricultural advisory service and weather
forecasting impacted adoption. The strengthening of
existing extension services as well as engagement with
the private sector (e.g. technology providers), could help
overcome the barriers of lack of knowledge and finances,
thereby safeguarding adequate adoption by farmers.

Results indicated that variable necessary requirements
related to DTSVs were significant when the outcome
variable “Hybrids and Hybrids with OPVs or traditional
seeds” was being compared to outcome variable
“traditional seeds”. Thus, farmers highlighted the
importance of being informed about weather information
and better planting dates in their area and to receive
tractor services on time to plant DTSVs. Despite the
importance of timing regarding inputs and services
delivery in agriculture, during FGDs farmers indicated
their frustration of receiving tractor services and other
inputs late in the season which in turn impacts planting
dates recommended for DTSVs. Therefore, PDsA in
South Africa need to relook into their planning and supply
chain processes in order to improve the effectiveness of
their input delivery system to smallholder farmers.

Our results indicated that unit increase in the number of
male smallholder farmers reduces the likelihood of using
“Hybrids and Hybrids with OPVs or traditional seeds” by
6.6%, relative to the use of traditional seeds. Gender
issues within climate change related studies are not new
and continue to yield mixed results. In Ikheloa et al.
(2013) male-headed households showed a tendency to
adopt climate adaptation strategies, while in Bayard et al.
(2007) and Mugi-Ngenga et al. (2016) female famers
were more likely to adopt strategies for climate variability
adaptation. Perhaps potential issues arise during survey
processes. It can be recommended that a specific study
be conducted in South Africa and pay attention to
potential gender issues during survey process to ascertain
the conditions which hinder or enable various genders to

adopt CSA technologies such as DTSVs.

Credit access was also a significant factor, again
illustrating the difficulty of farmers’ access to agricultural
production credit. It can therefore be recommended that
farmers’ access to credit be enhanced so as to beef-up
their financial capacity to adopt CSA technologies such
as DTSVs. lkheloa et al. (2013) alluded that improving
farmers’ access to credit and extension will boost farmers
capability to use various adaptation strategies to respond
to climate variability. This is important given that
affordability of DTSVs remains a challenge. Department
of Land Reform and Rural Development in partnership
with DAFF could work to together to fast-track the pillar of
land reform responsible for provision of title deeds and
adequate post-settlement support that farmers will need
to ensure transferred farms remain viable. Ownership of
land accompanied by adequate sufficient support will
empower the farmers in several ways that include ability
to produce food and to use the land as a collateral to
obtain production credit which is a necessity for
commercial production. Policymakers could help farmers
obtain title deeds of the land they use for agriculture, so
this land can be used as collateral to obtain production
credit in formal institutions. Some farmers in the study
area sourced their credit from informal institutions, often
even considered ‘illegal’; as they see these as alternative
options in the absence of support from formal institutions
such as commercial banks, government, and the private
companies. Further research could unpack other sources
of production credit and how they function, to complement
the provision by formal institutions.

Although it is undeniable that local provision of seeds
has the potential to reduce the higher transaction costs of
procuring DTSVs, the concern raised by some farmers
over issues of trust regarding production and marketing
of quality seeds at local level demand further attention.
Therefore, government, private sector and universities
should join forces and mobilize resources to invest in
organizing and empowering more farmers to engage in
community-based seed production that farmers can all
trust. Furthermore, knowledge of these enabling and
hindering factors to adopting CSA technologies such as
DTSVs will also contribute to the emerging literature as
well as the global research and policy debate regarding
CSA.
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