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Climate change threatens agricultural production and the food security of developing countries in
complex ways that demand environmentally friendly innovations. Climate-smart agriculture provides
a response to climate change whilst enhancing livelihood of farmers. Climate-smart agricultural
technological innovations at farm level have the potential to address climate-related challenges.
However, inadequate adoption of these technologies remains a problem. This paper identifies
available climate-smart agricultural technological innovations in South Africa and explores their
characteristics and context of use using an exploratory research approach. An overview of climate
change risks and variability in South Africa and a framework to classify the technological innovations
is established based on a literature review. Interviews with expert stakeholders are used to charac-
terise and collect information on available technologies. Results indicate that Conservation Agricul-
ture, Rainwater Harvesting and Seed Varieties that are Drought Tolerant and Early Maturing may be
the most suited technologies for climate-smart agriculture in South Africa, particularly for smallholder
farmers. However, high initial investment costs, additional labour requirements and management
intensity associated with conservation agriculture and rainwater harvesting may pose problems
within the South African context. Drought Tolerant and Early Maturing Seed Varieties were noted as
less costly and less management intensive, creating better prospects for adoption. This study
serves as an initial assessment through the exploration of the available climate-smart agricultural
technologies in South Africa. This is essential given that the agricultural sector is faced with the
dilemma of responding to climate change related challenges whilst increasing the productivity of
farmers.

© 2017 Published by Elsevier Ltd.
1. Introduction

Climate change threatens the agricultural production and food
security of developing countries in complex ways that demand
environmentally friendly innovations. Africa’s agriculture is
vulnerable to climate change (Arslan et al., 2015; Juana et al., 2013),
owing to the impact of climate variables such as temperature, hu-
midity and precipitation (IPCC, 2007, 2011), its sensitivity to pro-
jected changes and low adaptive capacity (Benhin, 2008; Hellin
et al., 2012). Many climate impacts relate to water and therefore
consideration of how water is managed, especially in rural and
.P., et al., How the characteri
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agricultural sectors, will be key to climate change adaptation stra-
tegies (Hardelin and Lankoski, 2015; UN-Water, 2010). Climate
impacts will worsen water scarcity, water quality problems and
related socio-economic development issues in South Africa (SA)
(New, 2002; Schulze, 2011). Lack of water for agricultural activities
remains a major threat to food security, poverty, and sustainable
development (Kahinda and Taigbenu, 2011). For instance, droughts
which mainly result from the variability in rainfall during the pe-
riods of climate stress are a large factor in augmenting food inse-
curity (Mpandeli et al., 2015). Drought often affects agricultural
production in various provinces of South Africa including Limpopo,
Free State, parts of Western Cape and Northern Cape. This un-
derlines the importance of understanding the characteristics and
availability of different CSA technologies and practices to manage
these climate change related threats (Asfaw and Lipper, 2016). The
stics of innovations impact their adoption: An exploration of climate-
tion (2017), http://dx.doi.org/10.1016/j.jclepro.2017.06.019
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effects of water scarcity include loss of livestock, low yields, and a
shortage of seed for subsequent cultivation (Maponya and
Mpandeli, 2012a). Evidently, shortage of water and droughts in
the 1981/1984, 1988/1989, 1991/92, 2004/2005 and recently during
2014/2015 seasons had significant negative impacts on crops and
livestock volumes and consequently on food security and livelihood
in general (Mpandeli et al., 2015). Predicted impacts of climate
change and the dominance of rain-fed agriculture in SA mean that
climate change poses a sizeable challenge, characterised by poor
and unreliable rainfall, frequent droughts and periodic flooding,
especially within the context of an increasing population
(Bogdanski, 2012). These challenges necessitate the uptake of sus-
tainable technological innovations (Karakaya et al., 2014). The up-
take of these innovations depends upon an understanding of the
intersection of climate change, technological innovation and sus-
tainable development in order to foster transitions to sustainable
bio-economies at the global scale (Ingrao et al., 2016).

Climate-smart agriculture (CSA) recently gained prominence as
a response to climate change (Asfaw et al., 2016; Campbell et al.,
2014). CSA strives to sustainably increase agricultural productiv-
ity, national food security and incomes by adapting to and building
resilience to climate change and by reducing greenhouse gas (GHG)
emissions relative to conventional practices (FAO, 2010, 2013). CSA
includes proven technologies and practices such as water man-
agement, intercropping, conservation agriculture and agroforestry
(Government of SA, 2011; FANRPAN, 2013; Rojas et al., 2014). CSA
consists of technological, policy and institutional interventions
(Taneja et al., 2014) and is context dependent (Zilberman et al.,
2012). Accordingly, particular regions require specific CSA in-
terventions (Asfaw and Lipper, 2016). SA does not have a policy on
CSA, but awareness is high and is likely to increase when CSA
policies are put in place at national, provincial, and local levels
(Mnkeni and Mutengwa, 2013). This is reflected by the number of
projects and initiatives in SA whose objectives and activities are
consistent with CSA principles. Consequently, understanding what
CSA technological innovations (CSATIs) have been introduced or
promoted and their characteristics could highlight challenges and
opportunities for effective adoption of these technologies and
practices.

Understanding the challenges and opportunities for effective
technology adoption is important, as smallholder farmers in Africa
are particularly exposed to climate change and need CSA (Grainger-
Jones, 2011). Frequently, the term ‘smallholder’ is used inter-
changeably with ‘small-scale’, ‘resource poor’ and sometimes
‘peasant farmer’. These terms refer to farmers’ limited resource
endowment relative to other farmers. These farmers generally have
an average farm size of 0.5e2 ha and operate under various con-
straints related to capital and labour, availability of inputs, or lack of
knowledge (Drechsel et al., 2006). In SA, these farmers occupy the
less developed and less resourced agriculture within small-based
plots of land on which they grow subsistence crops and one or
two cash crops (DAFF, 2012; Thamaga-Chitja and Morojele, 2014).
Whilst the smallholder farmers have an important role in
improving household food security (Wiggins and Keats, 2013), they
face new challenges driven by climate change, and environmental
and agricultural policy reforms; for instance, the SA agricultural
sector faces water scarcity, which will increase with climate change
(Baleta and Pegram, 2014). Hence, the best use of rainwater and
maintenance of land productivity is critical. CSATIs at farm level
have the potential to address climate-related challenges. However,
inadequate technology adoption remains a challenge due to several
barriers (Biazin et al., 2012; Long et al., 2016). Barriers include lack
of financial or human resources, institutional capacity, information,
education and technologies among others (Asfaw and Lipper, 2016;
Gandure et al., 2013; Jack, 2009). Therefore, actions and strategies
Please cite this article in press as: Senyolo, M.P., et al., How the characteri
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that enhance adoption and diffusion of CSATIs may be required.
Consequently, knowledge of CSATIs, their characteristics and how
these impact adoption is necessary.

Previous research focused on the impact of climate change on SA
agriculture (Gbetibouo and Hassan, 2005; Maponya and Mpandeli,
2012b; Walker and Schulze, 2008), its sensitivity to climate change
(Blignaut et al., 2009) and to decreasing water resources (Schulze,
2011). Knowledge gaps exist in relation to how socio-economic
and other factors impact CSATIs adoption and diffusion in SA. A
critical research area that will strengthen CSA research and practice
includes understanding how socio-economic conditions interact
with technology characteristics. Exploring the characteristics of
technologies is the first step to understanding their adoption puz-
zle, including if there are potential gaps in available technological
innovations and to theorise potential challenges that different ac-
tors (e.g. farmers) may face.

The aim of this study is to:

� identify specific CSA technologies related to water use and
management available in SA,

� to describe their characteristics,
� the context of their application, and
� their potential to address climate change.

To achieve these objectives, this paper addresses the following
research questions: What CSATIs are available in SA to address
climate change related challenges? What are their characteristics
and what is the context within which they are used?

To answer the research questions, the paper takes qualitative
and inductive approach. This means that whilst we use and
acknowledge existing theory and knowledge, we are open to new
interpretations and sensitive to the specific empirical context. We
do not develop nor test hypotheses, but rather explore the problem
and identify available technologies and potential key factors for
adoption through an open data collection process.

We first review key literature covering the specific climate
challenges SA agriculture faces, broader CSATIs available to deal
with these challenges, and the different categories available to
characterise CSATIs. This review informs the development of a
framework for categorising technological innovations. Subse-
quently, primary data is collected through semi-structured in-
terviews with several groups of stakeholders including
governmental officials, researchers (including both from state-
owned research institutions (e.g. WRC,1 ARC2) and selected uni-
versities), the private sector, farmer organisations and NGOs. The
interviews provide data on specific CSATIs used within the SA
context tomitigate climate risks and the key factors impacting their
adoption. The framework for categorising CSATIs is then applied to
explore the key characteristics of the available CSATIs, and how
these characteristics may impact adoption. A discussion of the re-
sults follows which considers the implications for research, poli-
cymakers and practitioners.

2. Literature review

2.1. Climate change risks and innovations to manage them in SA

Drought causes problems for all farmers, however, small-scale
farmers and subsistence farmers are most vulnerable (Maponya
and Mpandeli, 2012a). An understanding of the risks and farmers’
vulnerabilities is important to know to see if the technologies
stics of innovations impact their adoption: An exploration of climate-
tion (2017), http://dx.doi.org/10.1016/j.jclepro.2017.06.019
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available are suitable (FAO, 2013). The risks facing African farmers
include changing temperatures and rainfall patterns, increased
drought, and floods (Hellin et al., 2012; Joshua et al., 2014; Ziervogel
et al., 2010). In SA, the agricultural sector consumes about 65% of
total available water (Blignaut et al., 2009). This, together with the
current socio-economic and environmental context, signifies SA’s
vulnerability to climate change impacts (Ziervogel et al., 2014).
Consequently, water is conceivably the key medium through which
early (and consequent) climate change impacts will be felt; hence
the need to establish resilience to the projected impacts (Schulze,
2011).

Table 1 gives an overview of the observed evidence of climate
change and climate variability. Five (global) themes for categorising
climate change and variability were identified in the literature.
These themes were paired with specific climate change related
risks in SA as well as existing innovations identifiable in the liter-
ature to reduce them. These studies show the impacts of climate
change and how they reduce access to water, observed in the last
two decades in SA. For instance, scenario projections for SA indicate
reductions in summer rainfall ranging from 5% to 10% in the eastern
part of the country whilst marginal increases in earlywinter rainfall
is projected for the western part (Biazin et al., 2012; Blignaut et al.,
2009). Temperatures are expected to rise by between 2.3 �C and
9.6 �C, while precipitation will fall by 2% and 8% by 2100 (Benhin,
2008). Farmers have also perceived temperature increases and
declines in rainfall (Bryan et al., 2009). Mpandeli et al. (2015)
concluded that Sekhukhune District in Limpopo Province, SA,
experienced droughts for several decades. To respond to these
challenges farmers employ a number of agricultural and technical
Table 1
Climate risk for farmers and innovations for risk mitigation in the South African agricult

Global themes for climate
change risks

Climate change and variability related
risk for farmers in SA

In

Changes in average rainfall
patterns, with some regions
experiencing higher rainfall
and others less

Water scarcity caused by rainfall
variability and excessive non-
productive losses

M
h
In

Decrease in rainfall from the current
level and seasonal shifts of rainfall

D
ra
E
W
C
an
C
Li

Aridity R
Precipitation will fall by 2% and 8%. Im

Ir
Increases in the average global

temperature and heat waves
Increasing average temperature P

Li

Temperatures will rise by between 2.3
and 9.6

H
Su
C

More intense and longer
droughts, particularly in the
tropics and subtropics

Increased incidence of droughts and dry
spells

P
d
A

Increased frequency of heavy
rainfall and extreme weather
events over most land areas

Localised floods;
Periodic flooding;
Water runoff;
Soil evaporation;
Decreased/varying river flow

B
M
Li

Rises in the average global sea
level

Sea level rise B
an
P
b
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activities in line with CSA principles, such as the adoption of
drought-tolerant seed varieties and crops that require less water
such as maize and sorghum, direct seeding, rainwater harvesting
and zero tillage system among others. Therefore, the links between
climate change, drought and the specific CSATIs are key criteria in
selecting and finding available technologies.
2.2. Classification of technological innovations

Previously, innovations in agriculture have been noted for their
role in the industrialisation of food production and recently for
their potential to respond to climate change (Lybbert and Sumner,
2010; Pardey et al., 2010). Rogers (1995) popularly defined inno-
vation as an idea, practice or object that is perceived as new by an
individual or another unit of adoption. Toborn (2011) remarked that
innovation is a “deceptively simple term but in reality, it ranges
from embodied external innovations (seed, fertilisers, pesticides,
etc.) to systems changes building on agronomic and managerial
innovations (conservation agriculture, rainwater harvesting, etc.)”.
According to Toborn (2011), within the process of agricultural
development, technology packages consist of various categories
and simultaneous interventions of a non-technical nature, and
therefore trying to understand them in isolation is unrealistic.

Many factors influence technology adoption (see Feder and
Umali, 1993; Sunding and Zilberman, 2001; Rogers, 2003). These
factors can be divided into three categories, namely; characteristics
of technology, the farming environment into which the technology
is introduced, and the farmer making the adoption decision (Morris
et al., 1999). Three major paradigms for explaining adoption
ural sector (based on synthesis of literature).

novations to reduce or manage risks Sources

icro and Macro catchments rainwater
arvesting;
situ rainwater harvesting

Biazin et al., 2012

rought tolerant crops to cope with declining
infall;
xpansion of irrigation;
ater saving and harvesting technologies;
hanges in cropping patterns, planting dates
d land under cultivation;

onservation farming;
velihood diversification

Mpandeli et al., 2015
Joshua et al., 2014
Ziervogel et al., 2010
Blignaut et al., 2009
Bryan et al., 2009
Schulze, 2011
Gbetibouo and Hassan, 2005

ainwater harvesting Kahinda and Taigbenu, 2011
proved farming technologies;

rigation
Benhin, 2008

lanting heat tolerant crops;
velihood diversification

Joshua et al., 2014
Ziervogel et al., 2010
Gbetibouo and Hassan, 2005

eat tolerant crop varieties and animal breeds;
pplemental feeds;

rop residue cover

Walker and Schulze, 2008

lant crops that require less water such as
rought resistant and early maturing varieties;
lter agronomic practices

Mpandeli et al., 2015
Mpandeli, 2014
Joshua et al., 2014

asin technique;
ulch technique;
velihood diversification

Joshua et al., 2014
Botha et al., 2007
Mpandeli et al., 2015

iological options (planting mangroves, estuary
d wetland rehabilitation);

hysical options (sea walls, barrages and
arriers, raising infrastructure, water pumps).

Joshua et al., 2014
Cartwright et al., 2008

stics of innovations impact their adoption: An exploration of climate-
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decisions exist, namely: innovation-diffusion, economic constraint,
and adopter perception (Adesina and Zinnah, 1993). Although all
three paradigms are relevant, adopter perception is the least
developed in the literature (Long et al., 2016; Wandji et al., 2012),
warranting further exploration particularly to ascertain this aspect
regarding CSA in SA.

Studies of farmers’ perceptions in the context of adoption de-
cisions regarding climate change (Adesina and Zinnah, 1993) have
focused on problems such as soil erosion and land degradation.
However, awareness about the problem needs to be balanced with
knowledge about technological innovations designed to solve
them. It is increasingly recognised that adoption alone may not
achieve optimal outcomes owing to mismatches between the
technological design and the context within which they are used
(Long et al., 2016). Accordingly, farmers’ perceptions of specific
technology attributes are likely to condition their adoption decision
(Assefa & Van Den Berg, 2009; Mushunje et al., 2011; Pannell et al.,
2006). Therefore, knowledge on the characteristics of the tech-
nologies will help us to explore their direct adoption or drivers and
barriers for adoption.

Technological innovations can be characterised and classified
according to several parameters. Table 2 provides an overview of
categories for the characteristics of technological innovations based
on the reviewed literature (see Toborn, 2011; Wandji et al., 2012).
The characterisation of technological innovations can be based on
their state of development, novelty, complexity, or the number of
technical functions (Kaine et al., 2008; Diederen et al., 2003). For
instance, a technology could either be mature or non-mature.
When innovations first appear, potential users are hesitant
regarding their effectiveness and are therefore inclined to view
their use as experimental (Fernandez-Cornejo et al., 1994).

Furthermore, criteria to classify technological innovations
include considerations of their objectives (i.e. prevention,
resource-saving) and the distinction between incremental versus
radical innovations (Henderson and Clark, 1990). Technologies
may also be categorised based on their ability to save resources
such as land and labour. This is worth exploring, given the rapid
population growth, land pressures (Adesina and Chianu, 2002)
and diseases pressures (such as HIV, resulting in a shortage of
labour) that are present in Africa. Hybrid seeds which increase
yield and are drought tolerant may lessen expansion of land for
yield maximisation and help to address water scarcity related to
climate change. Technologies such as new seed varieties (within
unchanged production systems) are considered incremental and
others, like integrated pest management and agroforestry, involve
radical change (Loevinsohn et al., 2012). Since agricultural tech-
nologies usually address multiple, and at times conflicting ob-
jectives,3 it is necessary to balance the environmental objective of
a technology with potential users’ objectives, as a misfit could lead
to non-adoption.

Technological innovations generally imply some type of in-
vestment in cash, labour or learning and farmers are likely to invest
when they expect economic benefits in return (Sin, 2012). New
technologies have a drawback because they involve high costs for
farmers, dis-incentivising adoption, notablywhen adequate finance
is limited (IWMI, 2006). For instance, initial investments in CSATIs
such as macro-catchment rainwater harvesting systems and irri-
gation technologies may be unaffordable to poor farmers because
of the costs of materials (Biazin et al., 2012; Hellin et al., 2012).

Besides technological attributes, the context in which technol-
ogies are being used (location), the people using them and how
they are introduced by technology providers necessitate
3 See http://dfid-agriculture-consultation.nri.org/summaries/dfidwp4.pdf.
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deliberation (UN, 2011). Locally generated technologies are more
likely to be compatible with farmers’ current practices, potentially
enhancing adoption (Morris et al., 1999). Farmers with secure
markets for their produce are more likely to invest in and innovate
with new technologies (DFIDWP4, 2004; IWMI, 2006). Another
categorisation of CSATIs is their ability to enable climate change
adaptation or mitigation and their impact on farm productivity
(IPCC, 2011).

3. Research approach and methods

3.1. Research approach

This research utilises an exploratory and qualitative research
approach. This is due to the nature of the research problem and the
research questions. As is usual with such an approach, we seek rich
and detailed data to build a clear picture of the research contexts
and to answer the research questions, and do not develop nor test
hypotheses. This is an appropriate approach for several reasons.
First, CSA is a new concept and is still being defined (Campbell et al.,
2014; Mutamba and Mugoya, 2014), meaning a qualitative
approach enables an exploration and identification of available
technological innovations and the factors that would affect their
adoption. Second, the context of SA agriculture and climate impacts
is likely to be important, as CSATIs are context specific. A qualitative
approach allows a detailed consideration of this context. Third, we
were seeking to explain what would inhibit the adoption of CSATIs,
meaning a qualitative approach captures a wider set of impacts
(rather than measuring a smaller set of previously existing factors).

In line with this, and as is explained in section 3.2, we primarily
used data collected through semi-structured interviews, supported
with literature where appropriate. The suitability of this approach
is based on the research questions, which involved exploring the
availability and characteristics of CSATIs in SA, through different
expert viewpoints. Literature review and interview data were the
main sources of evidence to discover the relevant themes related to
the research questions.

3.2. Interview data

An interview protocol was developed using the literature review
(see Tables 1 and 2) and from discussions with knowledgeable key
informants working in CSA in general and water management in
particular. Considering the exploratory nature of this study, open-
ended questions were posed for all interviews. The 43 questions
contained in the protocol covered topics (as highlighted in Table 2)
needed to answer the research questions, and discussions held
with key informants were conducted to confirm the validity and
appropriateness of the protocol (see the appendix). These themes
comprised questions under the following headings;

� Respondents (interviewee) background.
� Institutional/Organisational perspective (about role, activities,
initiatives of the organisations, and locations where CSA related
initiatives are taking place).

� Existing and/or future expected water-related climate-smart
agricultural technologies (about characteristics of CSATIs,
importance CSATIs to smallholder farmers).

� Key factors that could impact the adoption of CSATIs.

Data collection was conducted from February to September
2015. Primary data collection was conducted in two steps. First,
discussions were held with knowledgeable key informants (n ¼ 5)
to gain a general depiction of current issues concerning CSA in SA.
We contacted two professors from the universities of Limpopo and
stics of innovations impact their adoption: An exploration of climate-
tion (2017), http://dx.doi.org/10.1016/j.jclepro.2017.06.019
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Table 2
Criteria for classification and characterisation of CSA technological innovations.

Criteria to classify Technological Innovations (TIs) Relationship to adoption/How the characterisation may impact
adoption

Sources

Environmental objectives of TIs (i.e. prevention, resource
savings)

Misfit between environmental objectives and potential user (e.g.
farmers) objectives could lead to non-adoption.

Frondel et al., 2007
Sin, 2012
Henderson and Clark, 1990
Anderson et al., 2010
Kaine et al., 2008

Integrated or add-on Add-on technologies are cost-effective relative to integrated
technologies, which may require changing production practices.

Incremental or radical Incremental approach to technology adoption is likely to be
preferred by farmers when uncertain about technology because it
usually requires minor changes

Adaptation versus mitigation Balancing priorities will influence adoption decisions of farmers.
Farmers in Africa are less likely to invest in emission reduction if
there are few immediate benefits related to food or water security.

Government of SA, 2011
Rojas et al., 2014
Neufeldt et al., 2013

State of development and novelty Status of development of technology influences adoption.
Immaturity impacts relative competitiveness of technology.
Investments in new innovations higher risk than in mature
technologies.

Kaine et al., 2008
Diederen et al., 2003

Endogenous versus exogenous innovations Technologies generated locally are likely to be compatible with
current farming practices and thus stand a better chance of being
adopted.

Sonnino et al., 2009
Morris et al., 1999

Management-intensive (MI) versus capital-intensive (CI)
technologies

Factors influencing adoption of capital purchases and management
improvements tend to differ. Education and industry involvement
tend to influence adoption of MI technologies in contrast to CI
technologies which may appeal to producers of all education levels.

Zepeda, 1990

Continuous versus discontinuous innovations Facilitating diffusion of information, capacitating the farmers and
their advisors may increase adoption. Switching costs to new
technology depend on knowledge, skills and provisions required to
make it work.

Toborn, 2011
Sin, 2012
Diederen et al., 2003
Fischer et al., 2015

Innovations according to impact (new or improved quality
products, increased yield, cost reduction);

Areas of environmental impacts (e.g. water)

Cost reduction and environmental impact influence adoption
decisions of farmers. Farmers with improved understanding of the
environmental impacts of their technological choices are more
likely to adopt environmentally friendly practices.

Toborn, 2011
Belin et al., 2011
Baumgart-Getz et al., 2012
Sin, 2012

Labour and land saving innovations Where labour and land are scarce, technologies requiring more of
these resources are likely not to be adopted.

Toborn, 2011
Adesina and Chianu, 2002
IWMI, 2006

Individual and collective innovations The focus is on individual adopter and groups of people for
individual and collective innovations, respectively.

Toborn, 2011

Embodied, exogenous innovations (EEI) and packages of
disembodied agronomic and managerial innovations
(PDAMI).

Where technology is embodied in capital good such as seeds,
fertiliser and pesticides, adoption may be improved as the
manufacturer may provide finance or guarantee a loan for its
purchase than with PDAMI such as conservation agriculture,
rainwater harvesting.

Morris et al., 1999
Sunding and Zilberman, 2001
Toborn, 2011

Low-cost versus high-cost technologies In instances where technologies are deemed high-cost, adoption is
likely to be low if farmers are not able to secure finances.

IWMI, 2006

Technologies for household food security versus those for
market production

Market-oriented production farmers are likely to adopt high-cost
technologies relative to those aiming to achieve own food security.

IWMI, 2006

M.P. Senyolo et al. / Journal of Cleaner Production xxx (2017) 1e16 5
North West, officials from Limpopo Department of Agriculture
(LDA) and Agricultural Research Council, Institute of Soil, Climate
andWater (ARC-ISCW) and FAO official based in SA. The discussions
provided insights based on the respondents’ views and experi-
ences. We gathered useful information from university officials
about CSA in SA, technologies and practices being promoted, gov-
ernment initiatives and efforts in promoting and implementing
CSA. Next, officials from Limpopo Department of Agriculture,
Agricultural Research Council, Institute of Soil, Climate and Water
and FAO officials based in SA were contacted to triangulate infor-
mation gathered from the professors and the literature. The dis-
cussions with key informants made clear that several relevant
projects and interventions in which they are directly or indirectly
involved were taking place.

Second, interviews were conducted with 27 CSA stakeholders in
SA from various organisations using a standardised interview
protocol (see Appendix B). Nonprobability purposive sampling
(Palinkas et al., 2013) was chosen, with referrals from existing
contacts used to identify potential study respondents. Interview
respondents had to be an employee of one of the organisations
identified (through literature searches relevant to CSATIs or co-
Please cite this article in press as: Senyolo, M.P., et al., How the characteri
smart agricultural innovations in South Africa, Journal of Cleaner Produc
nomination) as relevant for CSA activities and initiatives, have or
are working (in research or practice) in CSA in general and water
management for agriculture in particular. Potential study re-
spondents were contacted via email, telephone and invited to
participate in the interview.

Questions of validity in qualitative research are not clear cut.
However, the number of interviews conducted were felt to be
sufficient for the research aims, since we reached a point where no
new information was being acquired, and as such achieved data
saturation (Miles and Huberman, 1994). Data gathered from our
respondents was indicatively able to shed light on the available
CSATIs in SA, their context of use and the factors affecting their
adoption based on the knowledge, awareness and involvement of
interviewees in relation to CSA activities. Furthermore, our
research sample included multiple perspectives (such as public
sector, research institutes and universities) which allowed trian-
gulation, increasing validity. Finally, as the research takes an
exploratory and qualitative form the quality of the data is themost
important factor. See Appendix A for an overview of the re-
spondents interviewed.
stics of innovations impact their adoption: An exploration of climate-
tion (2017), http://dx.doi.org/10.1016/j.jclepro.2017.06.019
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3.3. Data analysis

We followed several steps to analyse the data. Firstly, we tran-
scribed the data and during this process, we made memo’s and
noted key initial observations of the contextual information about
details such as the project aims, the setting, participants, and topic
guides (protocol) that where relevant. This process is important
because transcribing is an interpretative act rather than simply a
technical procedure, and the close observation that it entails can
lead authors to notice unanticipated phenomena. Secondly, data
was organised and sorted by looking closely at what the re-
spondents were doing concerning CSA and related projects, specific
CSATIs being promoted and their opinions about them, the op-
portunities for enhancing and challenges hindering CSATIs adop-
tion. We coded individual data items based on their relevance to
the research questions. The coding and categorisation process were
conducted using Atlas.ti. We used a word-based technique (Ryan
and Weisner, 1996) to identify the relevant themes to answer our
research questions. For a theme to be developed, at least three of
the respondents had to note the factor. We repeated this process to
maximise internal consistency within the categories and until most
data items were positioned into the recognised categories. After
sorting the different codes into potential themes, we revised the
potential themes to see if they help to understand what the key
factors for adoption of CSA in SA.

For instance, R11 was an official who manages about 28 agri-
cultural watermanagement projects, looking at the areas of climate
change, agriculture and irrigation within the research institution
which supports sustainable development through research fund-
ing, knowledge creation and generation. During the interview, they
noted that water availability in certain areas of SA is a problem due
to climatic variability and change. They further noted that the issue
for farmers is to obtain good yield, irrespective of their farming
system (i.e. dry or irrigated land). The respondent noted that there
is a need to adopt strategies consistent with CSA principles due to
climate pressure and mentioned that good examples in SA include
Conservation Agriculture (CA), Rain Water Harvesting (RWH), De-
cision support tools and Drought-tolerant seeds. R11, R15 and R3
acknowledged the potential of various CSATIs, but they were con-
cerned about availability at village level and the affordability of
these technologies by smallholder farmers. Some respondents
noted that providing proof of benefits seemed to be a motivating
factor, yet the benefits were not yet sensitised to most farmers. The
coding process, in this case, started with identifying available
CSATIs, their characteristics and factors likely to influence their
adoption expressed by respondents. Therefore, the above excerpts
were initially highlighted and then categorised based on com-
monalities or generalisations among various respondents. For
example, respondents noted issues such as high price, lack of funds
and availability of implements and we assigned them to the cate-
gory of ‘Availability and affordability of technology’. Concerns that
people must see the technology benefits, demonstrations and
sensitisation of benefits were also noted; and these were assigned
to ‘Proof of technology benefits’ category. The description and
characteristics of the available CSATIs in SA and key factors most
likely to influence their adoption are elaborated in the results
section.
4. Results of the interviews

4.1. Available CSA technologies in SA

During the interviews, CSA stakeholders in SA noted a set of
Please cite this article in press as: Senyolo, M.P., et al., How the characteri
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technologies and practices consistent with CSA, which were
promoted to respond to climate-related challenges. Table 3
highlights the technologies and practices identified through
analysis of the interview data. The technologies and practices are
not ranked nor ordered in terms of their importance but are
presented to briefly explain and highlight their availability and
their associated CSA impact. For example, the results show that
the adoption of seed varieties is expected to enable harvest even
under adverse conditions, whilst helping farmers to deal with dry
spells and mitigate against rain shortfall. No direct mitigation
impact is expected.
4.2. Key factors affecting adoption of CSA technologies and practices

To explore the context within which the above technologies
are used, respondents were asked what they considered to
be key factors for adoption and what capacities smallholder
farmers require to adopt the available technologies and
practices. The factors reported by the respondents were devel-
oped into themes during the analysis (see section 3.3 for expla-
nation of the analysis approach). The themes are presented
below and illustrated with respondent quotes (in italics):

1. Awareness raising and provision of knowledge and skills: Re-
spondents noted that farmers may not possess sufficient
knowledge and skills required to make new technologies work.
Additionally, farmers need to be made aware of where and how
to access these technologies

Visibility on our side. We do have a license to sell hybrids. The
farmers need to know where seeds can be found. (R2)

Farmers need to be empowered with skills and knowledge tailor-
made to their needs, and in the language they understand. (R5)

2. Availability and affordability of technology: Respondents high-
lighted that unavailability and unaffordability of some tech-
nologies will affect their adoption, particularly by smallholder
farmers. This theme comprised elements relating to the price of
the technology and in some instances the fact that farmers lack
financial resources to secure farming inputs. In other cases, the
issue is in terms of supply where promoted technologies were
not yet on the market.

First is the price of technology. Second is the operational costs and
maintenance. (R11)

Lack of funds, as seeds are not cheaper. (R15)

Implements are not always available, especially at village level for
smallholder farmers. (R3)

The main thing is in terms of acquiring the seeds because so far, the
seeds are not yet available in the market. (R27)

3. Farmers’ attitudes, age, and preferences: Respondents raised
concerns about the ageing farming population in SA. Older
farmers are often reluctant to change their practices and this can
be a hindering factor to technology adoption. Respondents
further noted that besides improved yield, farmers may prefer
other attributes such as seed colours and type; and these also
need to be considered when technologies are promoted and
introduced.

Other farmers still prefer traditional methods and are reluctant to
change. (R15)
stics of innovations impact their adoption: An exploration of climate-
tion (2017), http://dx.doi.org/10.1016/j.jclepro.2017.06.019



Table 3
Description of the CSA technologies and practices based on interview data.

CSA technologies and practices Potential CSA impact

Seed varieties (drought tolerant and early maturing): Seeds developed to tolerate
drought and mature early.

Productivity/Incomes: Enable harvest even under adverse conditions.
Adaptation: Help farmers deal with dry spells and mitigate against rain shortfall.
Mitigation: No impact.

Conservation Agriculture: A production system based on 3 principles namely;
minimum or no tillage practice (minimum soil disturbance), permanent organic
soil cover (consisting of a growing crop or dead mulch of crop residues) and
diversified crop rotations.

Productivity/Incomes: Provide options for increased profits and improve food
security.
Adaptation: Avoid structural degradation. Crop rotation can fix nitrogen (which
inhibits high prices of nutrients like fertilisers) and improve crop diversity.
Mitigation: Less fuel from limited tractor use, and less GHGs. Safeguard carbon
sequestration via carbon storage in the soil.

Rain Water Harvesting (RWH): Describe the range of techniques of concentrating,
collecting, storing, and using rainwater runoff. Two types noted; In-field Rain
Water Harvesting (IRWH) and Mechanised Basins

Productivity/Incomes: Increases rainwater productivity and yields.
Adaptation: Helps to avoid risk of crop failure linked to erratic, declining rainfall
and high run-off through efficient rainwater management.
Mitigation: IRWH encompass No-till system, therefore, mitigation potential

Strip intercropping (SI): Practice of growing two or more crops together in strips
wide enough to allow separate crop production using machines and close enough
to permit crops interaction. Usually done with maize and leguminous crops for
nitrogen fixation.

Productivity/Incomes: Increase productivity by maximising available land.
Adaptation: Allow farmers to diversify, thereby improving food security and
reducing risk of crop failure.
Mitigation: No impact.

Biochar (B): A charcoal used as soil amendment. It is produced from plantmatter and
stored in the soil as a means of removing carbon dioxide from the atmosphere.

Productivity/Incomes: Potential to increase incomes of farmers in the presence of
increasing temperature.
Adaptation: Helps farms adapt to high evaporation from high temperatures by
locking water in the soil.
Mitigation: Reduces GHGs and enables sequestration since carbon is not lost
through the atmosphere but locked in the Biochar.

Precision Irrigation Scheduling (PIS): Irrigates as and when water is required using
sensor to detect moistures deficit.

Productivity/Incomes: Enables many production cycles per year, hence income
security.
Adaptation: This is a water efficiency technology which tackles water shortage.
Mitigation: GHGs reduction possibility for those using generators.

Agroforestry (AG): Land use management in which harvestable trees or shrubs are
grown among or around crops to maintain soil fertility and conserve moisture.

Productivity/Incomes: Improve soil fertility which can enable farmers to produce
more yield.
Adaptation: Mitigates against soil infertility, erosion and conserve moisture.
Mitigation: Provides potential for planting trees that can sequester carbon.

Site-specific nutrient management (SSNM): Focuses on application of nutrients (i.e.
Nitrogen) to where needed in farm during the time the crop needs it. Assessment
of crop nutrients needs precede application.

Productivity/Incomes: Saves nutrients, so larger area can be treated with the
nutrients at farmers disposal.
Adaptation: Help farmers to spot place fertilisers, hence reduce evaporation and
nutrients run-off.
Mitigation: Fertiliser use reduction may result in reduced GHGs emissions.

Water Saving Irrigation Technology (WSIT): Underground irrigation. Feeds root
system of crop by releasing water only when needed. Reduces evaporation and
limit water run-off, implying less/no chemicals go on groundwater table.

Productivity/Incomes: Saves and make more water available for production.
Adaptation: Help farmers to adapt to dry spells by reducing evaporation
relatively higher than Subsurface Drip Irrigation.
Mitigation: Little impact.

Drought Early Warning Detection (DEWD): A decision supporting tool (e.g. early
warning system) for seasonal forecasts.

Productivity/Incomes: Reduce production losses linked to uninformed decisions.
Adaptation: Help farmers to make informed decisions as they get the nature of
cropping season before it starts.
Mitigation: No impact.

Agro-ecology (AE): Type of farming system which does not rely on external inputs. Productivity/Incomes: Encourage people to produce their own food.
Adaptation: Help farmers to reduce food insecurity.
Mitigation: No fertiliser application, an opportunity to reduce GHGs emissions.
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Ageing farmers are reluctant to adopt new technologies. (R6)

Proper introduction of technologies to farmers. Take care of
farmers’ preferences, for example, seed colours, type, and quality in
addition to yield varieties. (R16)

You also have to deal with attitudes and mindsets, more especially
of farmers. (R11)

Change is difficult. It is an issue of mindset. (R25)

4. Provision of support and complementary programmes: Pro-
vision of sufficient support, such as subsidy programmes,
was mentioned as important for the adoption of CSA tech-
nologies. However, a concern was raised that sometimes the
government launches inharmonious programmes. Re-
spondents stressed that the misunderstanding resulting from
this may lead to non-adoption of CSA technologies, and
therefore, suggest that CSA stakeholders need to coordinate
Please cite this article in press as: Senyolo, M.P., et al., How the characteri
smart agricultural innovations in South Africa, Journal of Cleaner Produc
their efforts and programmes to avoid confusing targeted
farmers and unsolicited outcomes.

Lack of adequate support from government. Government advocates
market-related practices and they would prefer GMOs over agro-
ecology. (R19)

[…] Different viewpoints from stakeholders. Actors, government,
and researchers don’t speak the same language; there is a dif-
ference of opinions. For instance other programmes such as
mechanisation programs are still on, and push conventional im-
plements parallel to the promotion of conservation agriculture
(CA). (R3)

Currently, there is competition, we are just introducing CA, but
farmers are still familiar with mechanisation (i.e. conventional
farming). (R4)

5. Need for immediate benefits: Respondents noted that the time
frame of realising some benefits is likely to affect adoption of
stics of innovations impact their adoption: An exploration of climate-
tion (2017), http://dx.doi.org/10.1016/j.jclepro.2017.06.019
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CSA technologies because farmers are interested in immediate
benefits.

[…] Farmers don’t have patience … they require immediate bene-
fits. (R13)

[…] I have realised that our farmers are only satisfied when they
have yields that sustain them for one season, just for only family
consumption. (R21)

6. Proof of technology benefits: The proof of technological benefits
was notable as a motivating factor to adopt CSA technologies.
This is related to factor 3, that farmers are usually reluctant, and
therefore awareness raising activities should include a demon-
stration of direct benefits at farm level.

Proof of benefits, people must see the benefits. (R9)

Demonstration of benefits can serve a motivating factor. (R5)

Benefits of conservation agriculture are not sensitised to all
farmers. It becomes difficult for a person to become baptised before
they are born again. (R4)

Of course, we do awareness first and people will mostly check
whether there are benefits. (R22)

7. Involvement of end users of the technologies: respondents
noted that failure to involve the end users (farmers) during the
development phase can lead to non-adoption of CSA technolo-
gies. Hence, they suggested bottom-up approaches to technol-
ogy development.

I think if you come up with technology and you have it all designed
without involving farmers … it will be like you are imposing the
technology to them. Do not impose technology on farmers. Use
innovation platforms to engage farmers. (R20)

Consultation with end-users of technologies prior to its develop-
ment and introduction, bottom-up approach is vital. Respect cul-
ture and norms of communities. (R12)

4.3. Reported characteristics of the CSA technologies

Following the identification of the CSATIs introduced and pro-
moted in SA as well as key factors that impact their adoption, the
next step was to explore innovation variables. The innovation var-
iables identified from the literature (see Table 2) allowed an
exploration of the characteristics of the specific CSATIs promoted in
SA. Table 4 provides a summary of characteristics of CSA technol-
ogies promoted in SA.

Respondents reported that all CSATIs are semi-continuous,
requiring additional knowledge and skills to be taught to farmers.
All CSATIs were promoted for their potential to increase yield.

[…] If you want smallholder farmers to adopt technology, obviously
you need to capacitate them and demonstrate to them that this
technology could assist you to save water, etc. (R10)

[…] Conservation agriculture also saves land as you use your land
sustainably. More yields mean some land can be left to rest. (R25)

[…] Of course, these seeds save the land … If you plant something
that is high yielding, with the same hectares of land, you produce
more. (R24)

Six CSATIs were considered to require high initial investment
Please cite this article in press as: Senyolo, M.P., et al., How the characteri
smart agricultural innovations in South Africa, Journal of Cleaner Produc
costs. Respondents noted that although the costs of these tech-
nologies are initially higher, they reduce over time. Out of three
technologies which appeared important according to respondents,
two (CA and RWH) were reported to be management intensive.
Therefore, given the factors mentioned in subsection 4.2, this may
imply that farmers lacking money to purchase equipment may not
opt to adopt those technologies whilst ageing farmers may avoid
management intensive technologies. All CSATIs except for Agro-
ecology were reported to be land saving since they have the po-
tential to increase yield with the same hectares of land relative to
their alternatives. Usual levels of labour would be needed with
most of the promoted CSATIs (7 out of 11), although additional
labour may be required to implement some. Regarding mainte-
nance and operations, although four technologies were reported to
have some implications, fundamentally, these technologies can be
easily maintained and operated as farmers usually receive training.
Other maintenance risks were not reported to be specific to CSA
technologies.

With CA, the land equivalent ratio is better in smallholder farming.
Total crop production is higher. Labour savings in commercial
farming reduce tremendously but with smallholder farmers it de-
pends. (3)

The biggest problem with CA is actually management of weed. It
is labour intensive but it reduces with time. I wouldn’t say the
same problem you are dealing with today with regard to CA
would still be the same in 5 years’ time. Of course, most of the
things we are dealing with would be sorted over time. For
example, weed will be suppressed over time. CA saves land
because now you find the potential of your land as you build
your soil structure, potential increases as well and you can
produce more. (13)

Another characteristic of the CSATIs was the return on invest-
ment. Respondents reported that some technologies are associated
with immediate benefits and some longer-term with benefits
accruing in the future.

What we have seen is that significant impacts of CA are observable
within on average 4e5 years. However, some changes can be seen
in the first years. Nonetheless, hardly on the 1st year. (13)

RWH, if it is adopted by smallholder farmers, the return on in-
vestment is between 2-5 years. But that will depend on the
geographical location where you are. (R11)

Benefits are immediate. You plant your seeds and then harvest the
yield. (R16)

In summary, we identify available CSATIs in SA, their charac-
teristics and key factors that may influence their adoption.
Although respondents mentioned that all CSATIs were important,
we looked closely at our data set and explored technologies
based on their characteristics. Based on the characteristics
noted by the respondents Conservation Agriculture (CA), Rain-
water Harvesting (RWH) and Seed Varieties that are Drought
Tolerant and Early Maturing seem to be the most suited tech-
nologies and practices for the promotion of CSA in SA, particu-
larly among smallholder farmers. These technologies were
promoted as early as 2000, suggesting they have an ability to
enhance resilient livelihoods of farmers in the face of a changing
climate. Table 4 provides a summary of the CSATIs promoted in
SA, which gives an indication of the important technologies for
CSA in SA.
stics of innovations impact their adoption: An exploration of climate-
tion (2017), http://dx.doi.org/10.1016/j.jclepro.2017.06.019
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5. Discussion of the results

5.1. Implication of the characteristics and interplay factors that
affect adoption

Respondents showed that SA smallholder farmers have been
introduced to various CSATIs through a number of government
programmes and private company interventions since 2000.
However, these interventions do not always succeed in enhancing
technology adoption by smallholder farmers due to several factors.
Insights from respondents and literature were used as the basis for
reflections regarding future challenges and opportunities for the
adoption of CSATIs in smallholder farming and implications for
future research.

Awareness raising, knowledge and skills provisionwere noted to
be an important factor in influencing the adoption of CSATIs. These
results concur with Diederen et al. (2003) who assert that knowl-
edge and skills required tomake a new technologywork, determine
switching costs and adoption rates. Respondents indicated that
they created some level of awareness during the introduction and
promotion of CSATIs to smallholder farmers, through the use of
workshops, farmers’ field days and experimental demonstrations.
These methods, however, are insufficient for transferring all the
necessary information about the technology to farmers (Jacobson
and Myhr, 2013). Furthermore, Eidt et al. (2011), state that the
effectiveness of sharing knowledge depends on how the knowledge
is packaged. This could mean that alternative or additional
knowledge transfer methods (tailored to smallholder context) are
required and that information for farmers should be provided by
multiple actors so that farmers are better able to judge the infor-
mation given.

Availability and affordability are the second factors noted to
impact on the possibility of CSATIs being beneficial to small-
holder farmers. This is consistent with previous research (IWMI,
2006; Sin, 2012; Long et al., 2016), showing that high costs dis-
incentivise farmers to adopt new technologies. Respondents
indicated that many of the technologies have been supplied to
smallholder farmers through government-sponsored in-
terventions (freely or greatly subsidised), and according to
Fischer et al. (2015), this suggests that farmers have not yet
experienced the real costs of these technologies. This could
further explain the perceived behaviour of farmers to abandon
technologies at the end of projects (interventions) noted by some
of the respondents.

Past research also points towards the influence of farmers’ at-
titudes, age, and preferences on the adoption of technologies
(Assefa and Van Den Berg, 2009; Mushunje et al., 2011). These
concur with issues of ageing farmers and their attitudes towards
new technologies which emerged as one of the key themes during
the coding process. Another key factor identified as crucial to
influencing adoption of CSATIs is if there is proof of a technology’s
benefits. This is related to the factor on awareness because the
process of sensitising these technologies can be coupled with
demonstrations of benefits, particularly in farmers’ fields. Another
justification for demonstrating benefits at farm level is related to
the fact that smallholder farmers are operating in suboptimal
agricultural environments which can produce different outcomes
(Fischer et al., 2015).

Provision of support and complementary programmes was also
noted to be strategic in influencing adoption of CSATIs in SA. This
point tally’s with Mnkeni and Mutengwa (2013) who noted that
effective CSA implementation depends on clear policies and
involvement of the necessary sectors. Hence, responsible organi-
sations should monitor newly introduced technology and the
adoption practices of farmers (Assefa and Van Den Berg, 2009; Eidt
stics of innovations impact their adoption: An exploration of climate-
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et al., 2011). Respondents further indicated that contradictory (e.g.
tractor subsidy versus promotion of no-till planters) government-
funded programmes jeopardise the chance of adoption of CSA
technologies. This suggests that conflicting programmes can leave
farmers confused and limit adoption (Mnkeni and Mutengwa,
2013).

Moreover, these results show that the benefits of the CSA
technologies promoted in SA are not all immediate. This assertion is
analogous with Fischer et al. (2015) who indicated that smallholder
farmers are not able to absorb the losses associated with the
waiting periods before the benefits, due to their lack of an economic
buffer. Furthermore, lack of appreciation of users’ needs and wants
by technology developers and providers highlighted by Long et al.
(2016) was indeed noted by the respondents as an influencing
factor to technology adoption. Respondents suggested that a more
bottom-up approach towards technology development as opposed
to imposing of technologies could positively influence adoption by
farmers.

5.2. How innovation variables help us to understand the application
of CSATIs in SA

Exploring the criteria highlighted through the literature allowed
successful consideration of how CSATIs apply in the SA context and
further permitted us to deliberate on possible strategies to improve
the effectiveness of CSA promotion efforts in SA. For instance, re-
spondents noted that unaffordability and unavailability of techno-
logical innovations is likely to affect the adoption by farmers. This is
expected as high-cost and capital intensive technologies were
theorised (see Table 3) to have lower adoption rates. Additionally,
respondents noted the importance of raising awareness and
providing knowledge and skills as a factor to adoption. This relates
to characteristics of innovations, such as continuous versus
discontinuous, present within the wider technological innovation
adoption literature.

The misfit between the environmental objectives and potential
user objectives theorised to affect adoption in Table 2 was not
mentioned explicitly by our respondents. However, the need for
immediate benefits by farmers and involvement of end users of the
technologies were noted, and this could imply that the objectives of
farmers and goals of CSA need to be aligned to enhance adoption of
CSATIs. Whilst the variables identified in Table 2 apply to agricul-
tural contexts in SA and elsewhere, some respondents in our study
noted that Agroforestry should be among prioritised CSATIs, yet
literature shows that technologies like Agroforestry involve radical
change (Loevinsohn et al., 2012). This could mean they are less
likely to be adopted as compared to incremental technologies like
new seed varieties. Therefore, future research could explore the
conditions under which radical technological innovations would be
most appropriate and what forms of support may be needed.

5.3. Implication of the result for CSA efforts in SA

The results of the study highlighted that several CSATIs intro-
duced and promoted in SA require high initial investments. The
availability and affordability of technology, noted to influence
technology adoption, suggests that efforts to promote CSA tech-
nology adoption in SA need to be carried out through local supply
channels and at affordable prices. Seeing that all CSATIs promoted
in SAwere found to be semi-continuous innovations, it is necessary
that information channels to smallholder farmers be increased and
that flaws (see Jacobson and Myhr, 2013; Mushunje et al., 2011) in
Please cite this article in press as: Senyolo, M.P., et al., How the characteri
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how such information is transferred to them be avoided. For
instance, CSATI providers and extension officers could join forces
through a holistic educational campaign to enhance levels of in-
formation on CSATIs. This approach could help in tailoring infor-
mation transfer and ensuring that farmers receive and understand
the required information.

Some CSATIs promoted in SA are noted to be management
intensive and requiring additional labour. Considering that most
smallholder farmers are likely to be old farmers with physical
weaknesses and lack labour for manual weeding (Assefa and Van
Den Berg, 2009), it is fitting to target youth to enhance adoption
of CSATIs in SA. A promising solution to these concerns is to invest
in programmes that would encourage youth participation in agri-
culture as the country seeks to respond to climate change related
challenges. Likewise, with regard to farmers’ attitudes and prefer-
ences, the use of correct information dissemination channels
regarding CSATIs could help in shaping smallholder farmers’ per-
ceptions to make informed decisions concerning the adoption of
these technologies. For example, the creation of innovation plat-
forms that are farmer-centred will give farmers a chance to learn
and exchange knowledge with other stakeholders.

A conceivable alternative could be to engage smallholder
farmers earlier in the innovation process to prioritise and support
CSATIs that are more aligned to agro-ecologies and farming prac-
tices. This kind of approach, called user-centred innovation or co-
creation, could enhance adoption of CSATIs because it helps to
overcome several adoption barriers (see Long et al., 2016).

This study also identified gaps in knowledge that require further
exploration to deepen our understanding of the CSA adoption
puzzle in SA. This study provided the context of CSATIs in SA, their
characteristics as well as factors likely to influence their adoption.
To gain further understanding, future research should seek to
identify the barriers and drivers of CSA technology adoption from
the perspectives of farmers and technology providers. This may
show how farmers perceive (see Mushunje et al., 2011; Wandji
et al., 2012; for insights on the importance of perception) the bar-
riers to the adoption of CSA technologies contrary or similarly to
what the respondents of this study have said. This knowledge could
assist other stakeholders in improving their offerings to small-
holder farmers in SA.

This study is the first and crucial step in understanding and
answering the ‘what’, ‘how’ and ‘why’ questions related to the CSA
adoption puzzle in SA. This study forms a good basis uponwhich to
inform the nature and scope of further investigations. Whilst a
wider set of respondents could have been interviewed, we reached
data saturation, highlighting that no new information existed.
Although it is possible we have omitted some CSATIs, the research’s
contribution is unaffected due to the broader application of the
results towards the successful adoption of innovations for sus-
tainability in agricultural contexts. Further research could reveal
other CSA technologies that respondents in this study were not
aware of, which farmers are practising and/or are promoted by
other stakeholders in the country. Results showed the important of
awareness and access to information by farmers and how infor-
mation is transferred in advancing CSATIs adoption. Future
research could explore the effectiveness of different information
dissemination channels used through government-funded pro-
grammes and/or private company interventions to transfer infor-
mation on CSA technologies to farmers. It is likely that
combinations of technologies may be needed to achieve better
results with CSA efforts, so future research could also investigate
how this occurs in practice.
stics of innovations impact their adoption: An exploration of climate-
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6. Concluding remarks

The study identified available CSATIs in SA and examined their
characteristics and context of use, using an exploratory qualitative
research approach. Data were collected by interviewing CSA
stakeholders working in SA. The aim in taking this approach was to
look at the adoption topic using the wider perspective of thosewho
work in the field of CSA and water management for agriculture.
Several CSATIs introduced in SA were identified and characterised.
Through the exploration of the available CSATIs, this study serves as
an initial assessment towards understanding the context of CSATIs
in SA. This is essential given that the agricultural sector in SA is
faced with the dilemma of responding to climate change related
challenges whilst increasing the productivity of farmers.

Key results indicate that CA, RWH and Seed Varieties that are
Drought Tolerant and Early Maturing seem to be the most suited
technologies and practices for the promotion of CSA agriculture in
SA. However, high initial investment costs and additional labour
requirements, as well as management intensiveness associated
with CA and RWH, may render these technologies disadvantageous
in the SA context, especially for smallholder farmers. Drought
Tolerant and EarlyMaturing Seed Varieties, on the other hand, were
noted to be less costly (particularly, OPVs), not management
Table A.1
CSA stakeholder data source/respondents and their expertise/professions

No Field of study Responsibilities within the institut

R1 Soil Science and Agronomy Research scientist and farmers adv
R2 Agricultural Economics Manager of a company which prod
R3 Sustainable Agriculture Manager and Facilitator of CA prog
R4 Engineering Manager in the Section of Natural
R5 Natural Resource Management and

Extension
Coordinating CA, Agroforestry and

R6 Accounting and Finance Management President of the association. Interac
farmers when it comes to interacti

R7 Agro-ecology Conduct and lead research related
R8 Meteorology and Agro-Meteorology Conduct research on climate chang

adaptation technologies to farmers
R9 Sustainable Agriculture (Crop &

Livestock)
Manager for research section. Over

R10 Geography (GIS and Remote Sensing) Coordinate and manage research r
R11 Climate Change, Agricultural and

Irrigation Management
Manage agricultural water manage

R12 Soil Science Researcher (80% of time spent in t
R13 Environmental Management Responsible for implementation of
R14 Agro-Meteorology Manages the unit of climate chang

activities, agriculture, forestry and
R15 Horticulture Agricultural advisor to farmers in th
R16 Plant Breeding Managing scientific research withi
R17 Plant Breeding Plant breeder. Lecture plant breedi

related to plant breeding and food
R18 Soil Chemistry and Biology Conduct research on Biochar which
R19 A project officer responsible for pr

pillar of Land Reform) is concerned
R20 Soil Science Conduct research on Precision Agr

farmer needs and challenges
R21 Soil Science Advise farmers on irrigation mana
R22 Agricultural Disaster Management Coordinator in the unit called Disa

affect agricultural production
R23 Agronomy Work under Home Grown (Food b

provide access to inputs to farmers
R24 Agronomy and Farm and Business

Management
Relate and work with farmers. Tea
resource they need.

R25 Sustainable Agriculture and Ecological
Remediation and Sustainable Use

Director in the directorate of land

R26 Agricultural Engineering Researcher within the agricultural
R27 Agriculture: Agronomy Lecturing, supervision of students

varieties of maize cultivars (e.g. W

RI¼ Research Institution, GO¼ Governmental Organisation/Department, FA¼ Farmers As
NGO¼Non-Governmental Organisation.
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intensive and therefore may present better prospects of adoption,
even by smallholder farmers. Results further indicate that aware-
ness raising and effective transfer of information about the CSA
technologies, provision of support and complementary pro-
grammes, demonstration of benefits and greater involvement of
farmers early in the innovation process is essential in enhancing
CSATIs adoption. Moreover, the results suggest that a holistic
educational campaign to enhance the level of information
regarding CSA technologies whilst involving the farmers from the
onset has the potential to enhance adoption of these technologies.
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Appendix A. Outline of Respondents
ion or organisation Institution or
Organisation

isor RI
uces and sell certified seeds PC
ram FA
Resource Management GO
Soil Fertility Management and Land Care GO

t with farmers and serve as contact person and representative of
on with other agricultural stakeholders

FA

to Global Change. Climate Change is one aspect of Global Change U
e and variability and facilitate transfer of some mitigation and RI

see and facilitates all research activities GO

elated to climate change across all water linked ecosystems RI
ment projects RI

he field) RI
CA through training RI
e and disaster management which coordinates climate change
fisheries

GO

e divisionwhich focuses on development, particularly of farmers PC
n research section GO
ng, supervise post graduate students and conduct research
security

U

is part of mitigation research U
e and post-settlements as far as redistribution programme (one
.

NGO

iculture and Socio-economic Development. Conduct and assess GO

gement and conduct research on No tillage for maize crop GO
ster and vulnerability management. Check all the hazards that GO

rand) and is responsible for primary agriculture where they
through off-take agreements

PC

ch them how to grow maize because it is the company’s main PC

use and soil management. Responsible for land care. GO

mechanization and irrigation section RI
projects. Conduct research on indigenous vegetables, different
EMA)

U

sociation. U¼ University, PC¼ Private Companies providing and selling technologies,
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Appendix B. PhD Project Interview Protocol

Climate-smart Agricultural Technologies (CSATs) related to
water use and management in South Africa
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