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Climate variability and change impact significantly on food security and the livelihoods

of smallholder farmers making it necessary for the farmers to prioritize investment in

adaptation and mitigation approaches, such as climate smart agriculture, to enhance

resilience. Climate smart agriculture approaches have been adopted in many countries

around the world to address the adverse impacts of climate change on agricultural

production. There is limited information about climate smart agriculture adoption by

peri-urban farmers in developing countries. The present study aimed to assess the

extent to which agricultural activities by smallholder crop farmers in the City of

Tshwane Metropolitan Municipality in Gauteng province of South Africa are climate

smart, and to establish the sustainable measures to be put in place to enhance the

adoption of climate smart agriculture. The study made use of a mixed method design

combining qualitative and quantitative approaches. A combination of simple random

and non-probability sampling techniques was employed to select the study locations

and identify respondents. A sample of thirty-six farmers were selected for the study.

The main findings revealed overwhelming awareness of climate change and the impacts

thereof on crop productivity and yields. However, the respondents’ level of awareness of

climate smart agriculture technologies was generally low. Despite the lack of knowledge

of climate smart agriculture practices, the farmers were, to an extent, utilizing adaptation

mechanisms acquired from indigenous systems or scientific knowledge. Examples of

these practices include mulching, cover cropping, crop rotation and use of crop varieties.

The study concludes that much more can be done to scale up the uptake of climate

smart agriculture in the Gauteng province. The study recommends formal and informal

strategies including one-on-one extension programs to raise the awareness of climate

smart agriculture technologies appropriate to the unique conditions of the farmers.

Keywords: climate variability and change, climate smart farming practices, smallholder crop farmers, Gauteng

province, food security

INTRODUCTION

Numerous scientific studies have confirmed that climate variability and change severely affect
the environment, food production and food security, causing detrimental socioeconomic and
livelihood impacts on smallholder farmers particularly in developing countries (Iizumi and
Ramankutty, 2015; Elum et al., 2017). Climate change causes a disruption of traditional agricultural
practices and the livelihoods of smallholder communities who practice semi-subsistence farming
and earn a living through farming (Mathews et al., 2018).
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The term climate variability implies the “variations in the
mean state and other statistics (such as standard deviations, the
occurrence of extremes, etc.) of the climate on all spatial and
temporal scales beyond that of individual weather events” (IPCC,
2018, p.8). Variability may occur naturally due to processes
within the climate system ormay result from variations in natural
or anthropogenic external forcing. On the other hand, climate
change refers to a change in the state of the climate identifiable
by changes in the mean or the variability of its properties and
that keeps on for decades or longer (IPCC, 2018). Climate change
is attributable to natural internal processes or external forces
including anthropogenic. According to the UNFCCC (2013),
climate change is attributable to human activities that alter
the composition of the atmosphere while climate variability is
attributable to natural causes.

The realities of climate variability and change call for drastic
action by farmers to combat the potential detrimental impacts
on food production and food security, the environment, as
well as the resilience, sustainability and livelihoods. Potential
and sustainable action include adaptation strategies which
enable farmers to cope with socioeconomic, environmental and
agricultural production challenges, such as implementing climate
smart agriculture (CSA) (Barnard et al., 2015).

The concept of CSA emerged a decade ago, motivated by
a need to develop solutions for the integrated goals of: (a)
increasing agricultural productivity and yields, (b) reducing
greenhouse gas (GHG) emissions from the agricultural sector,
(c) enhancing resilience, and (d) increasing adaptation of farmers
and agricultural systems ( Food Agricultural Organisation, 2010;
Andrieu et al., 2017). CSA strategies and technologies have been
in use in many countries around the world to address climate
change issues and to improve economic growth and the growth
of the agriculture sector (World Bank et al., 2014). Another
concept which recently emerged, and which is often associated
with CSA is climate resilient agriculture (CRA). Some authors
tend to use these terms interchangeably (Viswanathan et al.,
2020). However, CSA is a much broader term that encompasses
CRA. It is noted that CRA includes agricultural practices and
technologies which enhance resilience and increase the capacity
of smallholder farming systems to withstand disturbances from
climatic factors and enable quick recovery (Rao et al., 2019). In
the context of the present study, the two terms largely overlap
since the CSA practices under focus are more toward enhancing
the resilience of smallholder farmers than achieving the other
CSA goals.

The growing importance of urban and peri-urban agriculture
in meeting human and ecological needs is evident in literature
(Cofie et al., 2003; Moreau et al., 2012), and so is the urgency for
taking measures to ensure the sustainability of these agricultural
systems (Dube et al., 2021). In the wake of these observations, the
current study seeks to investigate how climate-smart the small-
holder agriculture in peri-urban areas of South Africa’s Gauteng
province is.

STUDY AIM

The aim of this study was to assess agricultural practices by peri-
urban smallholder farmers in the Gauteng province of South

Africa in order to determine the extent to which the practices are
climate smart. The study was intended to produce information
which would guide recommendations for sustainable measures
required to promote the uptake (or increased adoption) of
climate smart farming practices in the study area and other areas
with comparable conditions.

STUDY RATIONALE

Agriculture within and around cities is expanding and this
makes it important to promote production systems that aim to
achieve increased food security, reduced carbon emissions and
enhanced resilience to climate change (Moreau et al., 2012).
Urban and peri-urban agriculture has historically been making
a significant contribution to food availability and healthy diets
in many cities in southern Africa (Cofie et al., 2003). A great
deal of research on smallholder agriculture in Africa has focused
on the impact of climate change on agricultural production
and on adaptation strategies used by the farmers. Information
about the extent and the impact of CSA adoption in peri-urban
areas on the continent and in South Africa in particular is still
limited. On one hand, the global challenge of climate change
and variability is putting urban and peri-urban agriculture under
immense pressure. On the other hand, research shows that
appropriate adaptation strategies can enhance the resilience
and sustainability of these agricultural systems (Dube et al.,
2021). The sustainability of peri-urban agriculture is important
considering the critical role this production system plays. Apart
from meeting the increasing demand for food in urban areas,
urban and peri-urban agriculture provides employment and
creates income for the farmers (Anaafo and Akolgo, 2018). It is
well-documented that CSA has been implemented in many parts
of the world (World Bank et al., 2014). It is of interest to find out
at the local scale, the extent of adoption of these technologies and
how they are possibly transforming smallholder agriculture.

The present study addresses an important and growing theme
in the global context, and which focuses on action to address
the United Nations Sustainable Development Goals (SDGs).
By addressing challenges of food security and enhancing the
resilience and sustainability of smallholder agricultural systems,
CSA can address a couple of SDGs, either directly or indirectly.
These include SDG 1 (No poverty), SDG 2 (Zero hunger), SDG
13 (Climate action), and SDG 15 (Life on land). The results
from this case study are hoped to give insights on existing gaps
and what options to take in order to improve the scale of CSA
adoption by smallholder farmers in peri-urban environments.
The relatively small sample used in this study may however
limit the potential to generalize and apply the findings to other
peri-urban areas elsewhere.

REVIEW OF RELATED LITERATURE

CSA comprises practices and technologies useful for adaptation
to climate change by farmers and helps to increase productivity
whilst simultaneously reducing GHG emissions. CSA may also
assist governments in achieving national food security as well as
reducing poverty (Barnard et al., 2015). CSA practices which are
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appropriate for enabling farmers to effectively adapt to climate
change range from the use of techniques and mechanisms suited
for farm-level operations to international policy and finance
mechanisms. Examples of such technologies and techniques
include agro-forestry, mulching, minimum tillage, crop rotation,
water conservation, methane reducing rice systems and soil cover
maintenance (Barnard et al., 2015).

It is noted that CSA is not a one-size-fits-all practice or one
particular strategy, but an array of practices integrated into an
agricultural system at various scales (Thierfelder et al., 2017).
It is further noted that there is no CSA blueprint and that its
implementation is subjected to a country or community’s specific
context (Food Agricultural Organisation, 2010). Nagargade et al.
(2017) observe that CSA strategies incorporate traditional and
innovative practices and technologies relevant to a location’s
context for the adaptation of climate change. Partey et al. (2018)
point out that there are uncertainties around the practice with
regard to what technologies and practices should be categorized
as CSA and which of the three pillars (productivity, adaptation,
and mitigation) should be given priority in any given context.

Lima (2014) identifies some technologies and practices
generally used by some African countries. The Democratic
Republic of Congo invested in irrigation management, drought-
tolerant seed variety production and information dissemination.
Strategies implemented by Lesotho include conservation
agriculture, soil organic matter management, agroforestry and
production of drought-tolerant crops and cultivars. Malawi
practices minimum tillage, agroforestry and utilizes herbicides.
Mauritius practices a variety of technologies including mixed-
cropping, crop rotation, pest control based on indigenous
knowledge systems, pit planting, adjustment of planting dates,
and the use of rainwater harvesting ponds on the fields. There
are a number of CSA practices that have been adopted in
South Africa. These include no tillage, crop diversification, crop
rotation, intercropping, mulching, management of pest, disease
and weed and improved soil fertility (Blignaut et al., 2015;
Schulze, 2016).

Despite the wide range of benefits that CSA practices offer to
low income and vulnerable farming communities, the adoption
of CSA remains a challenge in Africa. Less than 1 million
hectares of farmland is under CSA and a greater part of this is
implemented by commercial farms (Milder et al., 2011). The lag
and lack of CSA in Africa is mostly due to several barriers that
hinder adaptation by smallholder farmers. The barriers include
a lack of financial resources, infrastructure, skills, or awareness
of CSA technologies (Rakgase and Norris, 2015). A majority
of smallholder and subsistent agricultural systems are rain-fed
and have limited access to technological inputs (Pereira, 2017).
Some regions have high population densities and experience land
degradation. Such areas tend to lack crop residue and other forms
of biomass (that could be utilized for mulching or soil fertility)
due to its demand for other purposes such as livestock fodder fuel
or construction (Barnard et al., 2015).

Evidence of Changes in Weather and
Climate Patterns
Globally, the agricultural sector faces unprecedented changes
relating to changes in weather and climate patterns with

observable shifts in seasons and rainfall threatening crop yields
and the availability of food. Over the past half century, South
Africa’s temperatures have shown an overall increasing trend
although not as steady as the global change (Schulze, 2016) as
seen in Figure 1.

There is evidence that the Gauteng province of South Africa
has generally seen increases of mean maximum as well as
minimum temperatures. As noted by the Gauteng Department of
Agriculture Rural Development (2017) the province has shown
trends of increased temperatures in the period 1931–2015 of
more than 2◦C/century, which proves to be much higher in
comparison to the mean global warming trend in the last century
of ∼1◦C. This is due to the rapid urbanization of the province
leading to an increasing heat island effect (City of Tshwane,
2015).

Production of various types of field crops in South Africa
has shown a steady shift in total crop area in response to
climate variability. In particular, the crop area under white
maize dropped from 1.5 million hectares to 1.1 million hectares
(Department of Environmental Affairs, 2016). Further, the
production of dryland wheat in the Free State, Limpopo and
North West provinces has declined, from around one million
hectares in the late 1990s to 200 000 hectares by 2013. The
Gauteng province experienced 57mm less rainfall between 1985
and 2014 which implies a significant effect of climate variability.
In addition, the province experienced temperature increases
of about 0.5

◦

C which potentially increased the occurrence of
droughts (Elum et al., 2017). There was a decline in production
of potatoes and cabbages as 77% of potato farmers and 67% of
cabbage farmers across the provinces experienced challenges of
high/extreme temperature (Elum et al., 2017). It is noted that
these trends were experienced due to the lack of risk mitigation
measures by the farmers thereby exposing the crops to climatic
risks (Department of Environmental Affairs, 2016). This in turn
exposed the production and socioeconomic vulnerabilities of
farmers in South Africa, particularly of smallholder farmers.

CSA as an Adaptation Option
The Intergovernmental Panel on Climate Change (2007) defines
adaptation as the moderation of harm of actual or expected
climatic effects or pressures through adjusting natural or
human systems. According to Akinnagbe and Irohibe (2014),
adaptation involves employing appropriate steps and procedures
or adopting necessary adjustments to reduce the effects of climate
change. It also involves the exploitation of positive effects.
The aim of adaptation is to reduce exposure to risk, improve
one’s capacity of coping to risks and damage, and to exploit
new opportunities.

According to the Food Agricultural Organisation (2010)
adaptation to climate change is vital for the achievement of
food security and agricultural development goals. Khatri-
Chhetri et al. (2017b) note that there are adaptation options
that may be utilized to achieve the reduction of climatic
risks in the agricultural sector. CSA services, technologies
and practices are adaptation options used to increase
productivity, enhance resilience to climate variability and
to reduce GHG emissions (Khatri-Chhetri et al., 2017b).
These options include practices such as minimum tillage,
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FIGURE 1 | Mean temperature anomaly for 20 South African climate stations from 1961 to 2014 (Source: South African Weather Services, 2015).

FIGURE 2 | Study locations in the City of Tshwane Metropolitan Municipality

(Source: Government of South Africa, 2021).

various crop establishment methods, the management
of nutrients and irrigation as well as water use efficiency
and management.

A study by Finger and Schmid (2007) projected Research has
shown that there are increased yields when a change in crop
sowing dates combined with the use of irrigation technologies
were applied. It also resulted in less variations when compared

to the case where adaptation measures were not implemented.
Similar cases of farm level studies indicated that crop yields,
input use efficiency and net income increased with the adoption
of CSA. An on-farm experimental study conducted by Khatri-
Chhetri et al. (2017a) across South Asia revealed that the
implementation of a single or a combination of technologies
had a significant positive impact on rice and wheat yields. For
instance, an increase of 83% and 23% of rice and wheat yield,
respectively, was realized from the use of nutrient and water
management technologies.

The preceding sections have shown that there is a variety
of technologies and practices available as CSA options in
southern Africa such as conservation agriculture, agroforestry,
crop diversification and climate information services
(Zougmoré et al., 2018). However, the rate of adoption of
CSA practices and technologies remains low despite the
associated benefits (Khatri-Chhetri et al., 2017b; Tiamiyu et al.,
2017).

The detrimental impacts of climate variability and change
on smallholder farming systems can no longer be ignored
or denied (Schulze, 2016). It is therefore imperative for
farmers to embrace appropriate adaptation strategies to enhance
resilience (Mathews et al., 2018). Smallholder farmers are mostly
adversely impacted by the occurrence of climate change and
may require support from the local / central government
or non-governmental organizations. In order to recommend
appropriate forms of support, it is important to assess the
status of CSA implementation in the given communities. The
next section presents the materials and methods used in
this study.
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METHODS

Study Area Description
The study focused on the City of Tshwane Metropolitan
Municipality which lies on the northern part of Gauteng
province of South Africa. Gauteng province is the smallest of
the nine provinces of South Africa in terms of geographic extent
(Figures 2, 3). It is situated in the north-eastern interior of South
Africa, occupying 18,176 km2 or just 1.5% of the countries’ land
(Statistics South Africa, 2020). The province is made up three
metropolitan municipalities, namely, Ekurhuleni, Johannesburg
and Tshwane. Gauteng is regarded as the largest urban economy
in Africa (Wray and Cheruiyot, 2015) and includes mining and
industrial centers as well as pockets of agricultural hubs. Gauteng
province is the financial capital of South Africa and the country’s
economic hub, contributing about 34% of the country’s GDP
(Statistics South Africa, 2019). It is highly urbanized and houses
approximately 15.5 million people or 26% of the country’s total
population (Statistics South Africa, 2020).

The Gauteng province has about 830,000 hectares of
agricultural land, of which, just over half is considered potentially
arable and 390,000 ha is suitable for grazing. The province is
conveniently positioned for agricultural production, with good
infrastructure and access to markets (Gauteng Department of
Agriculture Rural Development, 2017).

The agricultural zones in Gauteng province have ∼242,594
agricultural households of which 40,700 rear livestock, 160,700
grow crops and 16,800 practicemixed farming, and only 1,700 (or
<1%) are commercial units (Gauteng Department of Agriculture
Rural Development, 2017). The sector contributes 0.5% to GDP
and 0.5% to employment quotient in Gauteng province.

Research Design
This study adopted a case study design and makes an in-
depth study of CSA adoption and implementation in selected
areas of the City of Tshwane Metropolitan Municipality. The
study adopted a cross-sectional (once-off) approach to collect
data and a descriptive approach to answer the questions of
what, where, when, who and how, with regard to climate smart
farming in the study area (University of Southern California
Libraries, 2016). Aspects of both quantitative and qualitative
procedures were used; thus the study employed the mixed
methods approach (Akhtar, 2016). The research strategy used
the qualitative approach to decipher social phenomena from the
participant’s perspectives, and collected quantitative data relating
to the existing agricultural practices by the farmers (Tiamiyu
et al., 2017). The study made use of primary data from surveys
and field observation as well as secondary information from
published sources and unpublished information availed during
interviews with key informants.

Data Collection Instruments and Methods
Data collection instruments used in this study consisted of a
semi-structured questionnaire, semi-structured key informant
interviews, field observations and informal discussions with
participants. The semi-structured questionnaire was targeted
at smallholder crop farmers as respondents. Face to face

engagements were held with thirty-six farmers at their
respective farms. Interviews were held with local government
officials (in the City of Tshwane Metropolitan Municipality)
who were working with the farmers in the four selected
locations of Rooiwal, Soshanguve, Mamelodi, and Cullinan.
Field observations were conducted to gather supplementary
information and to confirm data collected from questionnaires
and interviews. Informal discussions were held with participants
where appropriate (during field observations), to get clarity or
in-depth information on the phenomena being observed.

Sampling Procedure
Purposive sampling was used to select the City of Tshwane
Metropolitan Municipality out of the three metropolitan
municipalities of Gauteng province. The municipality was
selected based on the study purpose and with the expectation
that the regions in the municipality presented diverse agricultural
activities that would provide unique and rich information
relating to ongoing CSA practices. Participants for the key
informant interviews were also selected purposively based on
their knowledge and experience as extension service providers in
the area (Suen et al., 2014). The City of Tshwane Metropolitan
Municipality constitutes seven regions, two of which were
selected for the study. Simple random sampling was used to select
two regions and then to select four locations within the regions
selected for study. Cullinan and Rooiwal (situated in Region 5)
and, Mamelodi and Soshanguve (situated in Region 6) were the
locations selected (Figure 2).

The target population composed of smallholder crop farmers
operating and residing in the study locations. In order to
identify the thirty-six crop farmers who participated in the study,
snowball sampling was employed. The sample size was decided
on after the data collected became constant and repetitive, when
it was realized that a bigger sample would not generate new
information or increase the precision of the estimator any further
(Saunders et al., 2018; Hennink and Kaiser, 2020). It was deemed
unnecessary to continue collecting data after the saturation level
had been reached.

Quantitative data on tillage system, crop system, soil fertility
management, and irrigation types were analyzed by means of
descriptive statistics (frequencies and percentages). Qualitative
data generated through observations, semi-structured interviews
and open-ended questionnaire items were categorized and
subjected to content analysis and categorized into themes that
relate to the variables assessed by the close-ended questionnaire
items to enable, where appropriate, triangulating the data from
the different sources.

STUDY FINDINGS

Agricultural Practices Identified in the
Study Area
Information on the practices conducted by the farmers was
collected with the objective of assessing the extent to which
these agricultural practices were climate smart. The agricultural
practices identified in this study can be categorized into
four systems: tillage, cropping, soil fertility management and
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FIGURE 3 | Gauteng City Regions (Gauteng Department of Agriculture Rural Development, 2017).

TABLE 1 | Farming systems and practices identified in City of Tshwane

Metropolitan Municipality.

System Practices Involved

Tillage practices - Conventional;

- Tractor plowing;

- Basin planting;

- Hand hoe digging

Cropping systems - Crop rotation;

- Sole cropping;

- Intercropping;

- Mulching;

Soil fertility management - Inorganic fertilizer

- Organic fertilizer;

- Leaf litter;

- Animal manure;

- No fertilizer

Irrigation methods - Manual irrigation;

- Drip irrigation;

- Surface (flood) irrigation;

- Sprinklers

Compiled through questionnaire, interviews, and field observations.

irrigation systems. This categorization was adopted from a
related study conducted by Makuvaro (2014) in smallholder
farming communities in Zimbabwe. Table 1 identifies the
farming systems and the associated practices.

Figure 4 displays the numbers of farmers that practiced
each of the various farming systems. The most commonly
utilized tillage system was conventional tillage, reported by 15
respondents. Closely next to this was the use of tractors and
hand digging utilized by 10 and 7 respondents, respectively. The
least utilized approach was the use of plant basins. None of the
respondents applied zero tillage in their farms.

There seemed to be no overwhelmingly popular cropping
system. The largest proportion of respondents (44%) practiced
crop rotation. The second most popular cropping system
in terms of respondents implementing it was intercropping,
implemented by 28% of the respondents, followed by sole or
mono cropping and mulching, each implemented by only 11%
of the respondents.

Regarding soil management, the use of inorganic fertilizer was
the most utilized approach with close to half of the respondents
(47%) indicating constant use. The second most popular soil
fertility management was the use of animal manure, indicated by
28% of the respondents. The next was organic fertilizer which was
utilized by 17% of the respondents. One respondent indicated the
use of leaf litter while two did not apply any fertilizer.

With respect to irrigation systems, drip and sprinkler
irrigation were the two most commonly used include with
44 and 33% of the respondents, respectively. About 14% of
the respondents used manual irrigation (pouring water using
buckets) while 6% used the surface (flood) method. Observations
during the study confirmed some of the irrigation methods that
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FIGURE 4 | Existing agricultural practices by smallholder farmers in Rooiwal, Soshanguve, Mamelodi, and Cullinan areas who participated in this research. N = 36.

Multiple responses were allowed.

FIGURE 5 | Drip irrigation in a greenhouse in Soshanguve area (Source:

survey results—field observations).

were being used in the area. Figure 5 presents a picture of drip
irrigation observed during this study.

Respondents’ Years of Farming Experience
The experience of a farmer is known to influence the decision
and choices the farmer makes as well as his/her planning for
future mitigation strategies (Elum et al., 2017). To be able
to make an informed assessment of the farmers’ perceptions
and practices, this study investigated the participants’ years of
farming experience. Table 2 shows the number of years the
farmers participating in this study have been practicing. A greater
proportion (47%) of the farmers has been practicing for 11–15

TABLE 2 | Respondents’ number of years of farming experience.

Years of farming experience Number of respondents

0–5 3

6–10 12

11–15 17

16–20 4

Over 20 0

years and 33% has been farming for 6–10 years. About 8% has
been practicing for 5 years or less. It was seen that generally
farmers who had been practicing for a longer time were more
traditional (in terms of methods used) and highly conventional as
compared to those new to the field. Such respondents indicated
that their indigenous knowledge and skills about farming and
adaptation strategies were acquired through generational transfer
from their predecessors.

Respondents’ Perceptions and Knowledge
of Climate Variability and Change Issues
The study explored the farmers’ perceptions and knowledge
about climate variability and change, the impacts and ways in
which the farmers have adapted. The respondents were also
questioned about their knowledge of CSA and whether they
implemented any CSA strategies. It can be noted that the concept
of CSA was explained in vernacular language to ensure the
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respondents had the same understanding of what practices were
implied. The farmers were also asked for their opinions on what
they perceived as the most appropriate way forward for the
adoption of CSA practices. Figure 6 presents the findings.

The results indicate that all farmers were aware of the concept
of climate change. In general, the farmers expressed that over the
years, there has been much less rainfall and higher temperatures,
which affect their farming activities. In addition, the farmers
showed a general awareness that there has been a change in
the starting and ending times of seasons, causing difficulties in
planning for cultivation.

Figure 6 shows that most respondents (58%) indicated having
experienced the effect of all the climate change indicators or
variables on crop health, production and yield. The farmers
expressed awareness that temperatures and amount of rainfall
received directly affects the soil moisture which determines crop
productivity. The study revealed that decision on planting dates
was dependent on the available soil moisture as well as availability
of seed and draft power.

The findings show that most respondents (61%), perceived
awareness campaigns and training regarding CSA practices as
the most critical intervention measures to increase adoption of
CSA. Above 50% of the farmers had no knowledge of CSA
practices. This finding explains why most respondents perceived
more awareness campaigns and training on CSA practices as
an intervention that could increase adoption of CSA practices
among smallholder farmers.

A relatively smaller proportion of respondents (22%) opined
that access to credit facilities is important to enhance the
capacity of farmers to procure the necessary inputs for
climate smart farming. Policy changes to create an enabling
environment, training of extension staff and provision of
supportive programmes did not seem to be critical measures in
this regard. With regard to credit facilities it should be noted
however that given the high interest rates charged on loans /
credits by banks in South Africa, access to credit facilities per
se may not be a panacea for the smallholder farmers as they
may struggle to pay back the principal amount together with the
interest. The interest rates charged by the banks is in lieu of the
costs incurred by the banks as they raise the funds at commercial
markets (Land Agricultural Development Bank of South Africa,
2021). The lending institutions require collateral security and do
make assessment and give loans only to qualifying candidates
(Land Agricultural Development Bank of South Africa, 2021).
The study revealed thatmany smallholder farmers fall out and fail
to qualify in this regard. Perhaps, the farmers should get access to
soft loans with very minimal interest rates and with flexible terms
of repayment, including right-off in the event of poor production
due to natural challenges such as prolonged drought.

DISCUSSION

Tillage Practices and Cropping Systems
This study revealed that conventional tillage practices (using
tractors for cultivation or using hand hoes in cases of inadequate
financial resources) were predominantly practiced by the peri-
urban farmers under focus. This is despite the known detrimental

effects of these systems on soil quality over time (Makuvaro,
2014). Conventional tillage systems are known to promote soil
degradation and are not regarded climate smart.

The study also showed that the use of plant basins was
not popular in the area. Basin planting is considered a climate
smart practice due to its soil erosion mitigation properties
and effectiveness and efficiency in harnessing water resources
for the crops (Kaczan et al., 2013). These findings indicate
that regarding cultivation and soil preparation, farmers had to
a greater extent maintained the conventional practices which
are not typically climate smart (with respect to the pillars of
productivity, adaptation, and mitigation).

Crop rotation appeared to be common knowledge and
practice among the farmers and its positive impacts on soil
quality was widely appreciated among the farmers. Despite
its benefits, the practice was not maximally implemented in
the study area. The study revealed that the types of crops
and hectarage cultivated was determined by the demand from
consumers. This observation is consistent with the findings by
Mudhara (1995) in the Chivi communal areas of Zimbabwe that
the farmers conducted crop rotations on only 40% of maize fields
with other crops such as sunflower, pearl millet and groundnuts
due to demand factors.

The second most practiced cropping system in the study area
was intercropping. According to Muimba-Kankolongo (2018),
intercropping involves mixing a number of subsidiary crops on
one field often with one base crop to accord higher yields per
unit area. This practice maximizes the use of natural resources
such as soil moisture, radiation from the sun, and nutrients due
to the various crop shapes, root structures, and physiological
components of the crops. It is beneficial for the conservation of
good soil quality. Sole or mono cropping, defined as a practice
whereby a field is used for cultivation of a single crop type
(Muimba-Kankolongo, 2018) was one of the least used practices,
with 4 respondents indicating use. This reflects that mono-
cropping is not typical of smallholder farming systems except in
special cases. An example in this study was a farmer who, due to
lack of water resources, cultivated only sunflower plant because
it is less intensive with regard to water use and can tolerate short
drought periods (Ahmad et al., 2014).

Soil and Water Management Practices
The use of inorganic fertilizer was the highest utilized soil
management practice with close to half the respondents
indicating constant use. Many farmers referred to 2:3:2 or 2:3:4
fertilizer, depending on requirements of the soil and crops.
The first ratio unit refers to the proportion of nitrogen (N),
followed by phosphorus (P) and potassium (K). Applying this
type of fertilizer on the soil has negative impacts which include
emission of GHG’s, disruption of soil as development of new
aggregates is impeded, and groundwater pollution through
the development and leaching of nitrates via mineralisation
of soil micro-organisms that release ammonia (Faurès et al.,
2013). The study gathered that high usage of inorganic
fertilizer was because of financial constraints of smallholder
farmers to purchase environmentally friendly soil management
technologies. Inorganic fertilizer was perceived to be cheaper and
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FIGURE 6 | Awareness of climate variability/change and CSA, and perceived interventions.

more effective in terms of yields. According to Hazeltine and
Bull (2003), manure and compost are low-strength fertilizers,
where 100 kg chemical fertilizer composed of 10-5-10 contains
about the same amount of manure N-P-K of 2,000 kg on an
average farm.

Animal manure was second in use by the participants in
this study. Some farmers used chicken manure from the poultry
they were rearing. Some farmers could acquire manure from
neighboring farms that were rearing poultry or livestock. In
such cases, this implied easier access to relatively cheaper animal
manure. Only 6 respondents indicated using humus (organic
fertilizer) due to the high costs and expenses of this fertilizer
which oftentimes become a liability.

The two commonly used irrigation systems include drip
irrigation and sprinklers by 44 and 33% of the respondents,
respectively, followed bymanual irrigation (14%) which included
the use of hose pipes.

Awareness of Climate Change and
Adaptation Mechanisms Adopted
There was an overwhelming awareness among the respondents,
of climate change and its impacts on crop productivity and
yields. The findings in this study concur with the findings by
Dube et al. (2021) among peri-urban farmers in Bulawayo,
Zimbabwe. The present study confirmed that the farmers have,
over time, adapted various ways of addressing the impacts of
climate change. Some farmers in this study, mainly those with

over 10 years of experience, expressed that the use of indigenous
knowledge has enabled them to withstand the challenges of
climate change. Strategies used included growing nitrogen-fixing
crops (legumes) in rotation and the use of higher soil organic
matter which result in reduced use of inorganic fertilizers and
reduced demand for water. Other farmers resorted to tilling the
soil just before the rains come to enable the soil to hold onto the
water for longer periods of time. These results compare well with
the findings by Rakgase and Norris (2015) which showed that
the perception of older farmers to climate change and its impacts
such as drought is critical as they have been highly exposed and
have experienced the changing conditions over the years, and
have observed the severity of the impacts. Further research is
required to verify the conception by the farmers of tilling the land
just before the rains since this conception is inconsistent with
research findings showing more runoff on occasional strategic
tillage plots compared to no tillage treatments (Dang et al., 2018).

Climate Smartness of Agricultural
Practices in the Study Locations
Manda et al. (2019) point out that the climate smartness of
practices depends on their ability to enhance food security,
mitigate against climate change and assist in reducing GHG
emissions. However, there is no specific guideline or criteria on
what should be included, as CSA includes various practices or
technologies making it a challenge to prioritize CSA objectives.
Further, there is a lack of a workable method to assess climate
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smartness of practices as there is limited amount of information
available to assess the impacts. According to Bell et al. (2018) the
impacts of CSA are the culmination of three outcomes which are
the pillars of CSA which include productivity (measured through
yield or economics), resilience (measured by means of any factor
that has the capacity to buffer a system) or mitigation.

Lima (2014) notes that there are examples of traditional
and research-based agricultural practices in every country
that can be considered climate smart, however, such are not
mainstreamed and do not get adequate support. These include
agroecological practices such as agroforestry, mulching, mixed
farming, intercropping and growing of drought-tolerant and/or
high-yielding crop varieties.

In this study, climate smartness was determined by the
potential for the practices to achieve the pillars of CSA, that is,
reducing GHG emissions, increasing food security and increasing
the resilience of the farming systems against climate variability
and change. In a water scarce country like South Africa, and
the Gauteng province in particular, practices such as mulching,
cover-cropping and crop rotation practiced by the farmers in
the four study locations, would be considered climate smart.
This is because they act as water conserving practices; improve
soil quality, structure and fertility and reduce runoff. These
attributes contribute greatly to food security and adaptation to
climate variability and change leading to the achievement of the
adaptation and food security goals. Manda et al. (2019) arrived
at a similar conclusion in a study in the Lushoto community
in Tanzania. According to Huyer and Nyasimi (2017), in terms
of the adaptation pillar, these practices promote increased water
retention which assists in the reduction of crop losses. With
regard to mitigation, the practices have the capacity to improve
carbon storage in the soil whilst retaining soil moisture. On
one hand, this leads to increased productivity enabled by higher
soil nutrients while on the other hand, promotes reduction in
soil erosion.

This study found crop rotation to be the most frequently
used practice among the farmers under focus. The practice of
crop rotation is used to address agroecological issues relating
to declining soil quality. The practice involves growing plants
in sequence on the same land, fostering carbon sequestration.
The practice has the potential to reduce Methane (CH4) and
other GHGs emissions, increase crop yields and productivity,
reduce soil erosion, increase nutrient cycling and reduce pests
and diseases (Singh and Singh, 2017; Partey et al., 2018).

The use of crop varieties by farmers is considered climate
smart because it has the capacity to control pests, increase
yields and increase drought tolerance. Since the practice accords
improved resilience it helps to achieve the adaptation pillar. It
also applies to the production pillar, considering the potential
to enable high sustainable yields (Huyer and Nyasimi, 2017). In
line with this observation, Singh and Singh (2017) confirmed
that mixed cropping reduces pests and diseases as well as
the risk of crop failure whilst increasing food supply by an
estimated 15–20%.

Traditional organic composting including animal and chicken
manure enhances the soil organic matter and improves carbon
sequestration (Singh and Singh, 2017). This addresses the

mitigation and resilience pillars of CSA. A study by Subedi
et al. (2019) assessed CSA practices that increase crop yield
and compared various soil fertility practices found that in
Nepal the application of jholmal (which is a mixture of animal
manure and water) increased yields of rice by 15.5% and
reflected similar results in four other tested sites, as compared
to the use of inorganic fertilizers. The most frequently used soil
fertility management practice in the current study locations was
inorganic (chemical) fertilizer followed by animal manure. The
proportions of farmers using organic fertilizers was relatively low
(28%), which is concerning.

Irrigation practices were generally minimal in the area under
focus. Manual irrigation methods were less popular in the area.
The study gathered through key informant interviews that this
was because these irrigation methods were labor intensive and
not water efficient. The use of the drip system and sprinklers were
the most used. The farmers who used these indicated that the
practices were convenient and conserve water thus, appropriate
in water scarce areas. Key informant interviews revealed that
drip irrigation utilizes a lot less water due to its targeted crop
irrigating model and was perceived to be economically viable
for the low-income farmers under focus. Drip irrigation is
an advanced irrigation method characterized by frequent and
precise application of water in small amounts through a system
of plastic pipes onto the root zone of crops in localized areas
(Patle et al., 2020). It assists the conservation of water yielding
better returns for farmers’ investments (Balana et al., 2017). The
irrigation efficiency is up to 90%—depending on the crop and soil
types, root depths and weather conditions. Due to these features,
drip irrigation is climate smart due to its capacity to create
resilience and to mitigate against impacts of climate variability
or change. It also has benefits such as increasing crop yields
and reducing diseases and bleaching since the application is
not on foliage. The use of drip irrigation thus has the potential
to enhance food security and improve the farmer’s livelihoods
(Balana et al., 2017).

Scaling Up Uptake of CSA Technologies
and Practices
The term scaling up refers to a variety of processes which
are defined in different ways (Makate, 2019). In this study,
the term implies horizontal scaling up (also referred to as
scaling out) whereby the adoption of CSA spreads across the
geographical area with more farmers adopting the technologies.
The term also implies vertical scaling up whereby a technology
that has been used by one farmer becomes adopted by a group
of farmers or association of farmer groups (Makate, 2019).
The farmers in this study were employing various adaptation
and mitigation strategies in response to climate variability and
change even though the level of awareness of the concept of
CSA was low. These results compare well with the findings
of Knegtel and Naidoo (2014) that some farmers in the city
of Durban in South Africa were implementing climate-smart
agricultural techniques but they were not aware that such
techniques were climate-smart. It is possible that due to limited
access to scientific information smallholder farmers may not have
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knowledge of technical terms such as CSA yet they may possess
knowledge of some CSA practices acquired and accumulated
over years of experience, often transferred from one generation
to another (Horamo et al., 2021). The farmers in the study
area were implementing adaptation mechanisms acquired from
indigenous systems as well as scientific knowledge acquired
through agricultural extension services. However, much more
can be done to scale up the uptake of CSA in the Gauteng region
in terms of geographical spread of technology adoption as well
as more intensive implementation of the adopted technologies.
Peri-urban areas are highly vulnerable to climate-related disasters
partly due to dwindling traditional informal institutions and
the associated forms of collective action and interdependence in
these communities (Revi et al., 2014). Therefore, local authorities
should consider reviving and empowering local traditional
institutions that can help to promote technology adoption in
these smallholder farming communities.

CONCLUSION

This study focused on smallholder crop farmers in the peri-
urban areas of Tshwane Metropolitan Municipality in Gauteng
Province. The findings revealed overwhelming awareness of the
impacts of climate variability or change on production and food
security. To some extent, the farmers were employing various
adaptation and mitigation strategies against these impacts even
though the level of awareness of the concept of CSA was low.
The study revealed that the non-climate smart conventional
tillage practices were predominantly practiced by the peri-urban
farmers under focus. Some CSA practices acquired through
indigenous knowledge systems or scientific knowledge were
implemented in the study area but to a limited scale or
intensity. Much more could be done by the local authorities,
extension service providers and the farmers to jointly scale up
the uptake of CSA in the Gauteng region. The study recommends
inter-connected interventions involving traditional institutions,
extension service providers and themedia to support the farmers.
The interventions may include creating capacity development
which may involve institutional and financial support for farmers
to make the transition to CSA. The study also recommends
investments in technology developments and the adoption of

inter-sectoral approaches to achieve CSA objectives (Sulaiman
et al., 2018). Capacity building by stakeholders in the form of
training workshops, CSA information dissemination, one-on-
one extension engagements and campaigns to raise the awareness
of CSA technologies appropriate to the unique conditions of
each farmer are recommended. Various stakeholders which
can be involved include government extension staff, farmer
associations, the private sector, the public sector and researchers.
The study further recommends policy development to support
the upscaling of CSA technology adoption in peri-urban areas.
This is not to call for the development of a new CSA policy as
such but the adjustment of existing policies and improvement
of coordination of policies to ensure policy frameworks that are
supportive of CSA (Williams et al., 2015).
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