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1. Introduction

Abstract

An assessment of agricultural water management (AWM) practices was conducted
in Gauteng and Limpopo provinces of South Africa. The study focused on AWM
practices under rainfed farming and farmer-led irrigation systems. Data were col-
lected using focus group discussions (FGDs), structured questionnaires, and a
stakeholder workshop. It has been shown that there are promising investment op-
portunities in the country based on the AWM practices under rain-fed and irrigated
systems. The rainfed farming system is a high-priority area for investment with
potentially large benefits, as it involves the majority of the small-scale farmers in
the country. The country should develop specific policies and implement long-term
investment programmes to work with local communities to restore degraded land-
scapes and move to sustainable resource management. Farmer-led irrigation devel-
opment (FLID) is a very important driver of increased food production, especially
for urban markets. It requires very little financial investment by governments, as
the input and output value chains are largely driven by the private sector. Individ-
ualised irrigation technologies are easier to target at women, youth, and others who
otherwise may be left out in the other farming systems. The farmers can be sup-
ported through special subsidies and focused capacity strengthening, which re-
quires consultations and experimentation with these farmers to make sure those
targeted really benefit.

Keywords

Agricultural water management; rainfed farming; farmer-led irrigation; irrigation
water sources; conservation agriculture

Agricultural water management (AWM) comprises a suite of water management practices in agriculture, including
but not limited to watershed management, water capture, storage, conveyance, and application. This holistic focus
is strategic because the sustainable and productive water management in agriculture requires attention to several
factors, including inter alia, climate change and variability, crop selection, animal nutrition, maintaining ecosystem
goods and services, and soil quality. For example, irrigation alone will not guarantee increased crop productivity on
nutrient-poor soils; pests and diseases can severely diminish water productivity; and changes in precipitation or
temperature may render some agricultural options untenable [1]. AWM includes capture and storage (in dams, in
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groundwater) as well as the drainage of any water used for agriculture (crops, livestock, fish); lifting and transport-
ing water from where it is captured to where it is used for agricultural production or removing excess water from
where agriculture is practiced; and in-field application and management of water, including land management prac-
tices that affect water availability to crops [2]. Thus, AWM encompasses the management of water used in crop
production (both rainfed and irrigated), livestock production, and inland fisheries. Improved AWM in these produc-
tion areas is crucial for global food security and poverty reduction'. Namara et al. [3] identified AWM practices
into three main groups of technologies, namely, technologies for water control and storage, technologies for water
lifting and conveyance, and field water application technologies. They further argued that in-field application and
management of water and land are the common denominators, regardless of the water source, and are critical ele-
ments of all agriculture. Therefore, AWM is essential for successful agricultural production.

Rainfed agriculture, which covers approximately 80% of the world’s cultivated lands and contributes significantly
to 60% of total crop production, is a fundamental agricultural practice reliant solely on natural rainfall as its water
supply [4, 5]. Beyond its agricultural role, rainfed farming plays a pivotal part in global food security and the sus-
tenance of communities worldwide [6, 7]. It is responsible for 99% of the production of the main cereals, such as
maize, millet, and sorghum in Sub-Saharan Africa [8]. It is estimated that 93% of the African population relies on
rainfall for survival, while about 70% of citizens of the Southern African Development Community (SADC) depend
on rainfed agriculture for their livelihoods [9]. Productivity growth in rainfed farming can be accelerated if con-
trolled water can be added to the system. This agricultural practice serves as the major source of staple food pro-
duction for the majority of rural inhabitants in sub-Saharan Africa (SSA) [10].

Rainfed agriculture is prevalent in South Africa, particularly among small-scale farmers who utilize the majority
of cultivated land [11]. This practice supports over 13 million people across approximately 4 million farms, playing
a vital role in the income of rural households and occupying about 30% of the country’s arable land [12]. However,
South Africa faces significant water-related challenges due to its low annual rainfall average compared to the global
average [13]. Hartley et al. [14] reported that approximately 80% of South African crop production is rainfed, with
irrigated crops accounting for only 20%.

Farmer-led irrigation development (FLID) has gained increasing importance in Africa over the last 20 years and
is identified as the dominant process driving agricultural water expansion in Aftrica [15]. This sector comprises
individuals and small groups who make their investments to advance irrigation and AWM practices. These are
mostly small-scale, market-oriented producers, typically farming horticultural crops for urban markets [16]. FLID
has expanded rapidly in the West, East, and Southern African regions, and studies have shown that the areas under
AWM are likely much larger than what is officially recorded [17]. FLI technologies and practices vary across the
nine countries but include creating shallow groundwater with tubewells or open dug wells, lifting water from rivers
and streams using either manual or motorised pumps, ex-situ water harvesting in ponds or small dams, adoption of
drip and sprinkler irrigation technologies, and gravity-based systems tapping small streams [16].

Poor AWM and agronomic practices drive land degradation and biodiversity loss due to the expansion of rainfed
systems into marginal lands and forests. Therefore, this study aimed to understand the complex landscape of the
AWM practices under rain-fed and farmer-led irrigation systems in the country.

2. Materials and Methods
2.1 Study location

The study was conducted in the Limpopo and Gauteng Provinces. The Limpopo Province, which is located in the
far northern part of South Africa, links the country with the rest of Southern Africa. The province comprises five
districts, namely Sekhukhune, Mopani, Capricorn, Waterberg, and Vhembe (Figure 1).

These districts are made up of three distinct climatic regions: the low-veld (arid and semi-arid) regions, the middle
veld, high-veld, and semi-arid regions [18]. In the context of agriculture, the Limpopo Province is described as the
“Garden of South Africa” because of its rich production of fruits and vegetables [17]. The predominantly rural
province has been identified as the second-poorest province in the country after the Eastern Cape province [19, 20].
However, despite the availability of varied water sources such as springs, boreholes, canals, and rivers, communities
in the province have been suffering because of erratic water supplies [21, 22].

As a result, small-scale agriculture has become intensely reliant on rainfall, making it highly vulnerable to the
impacts of climate change [23]. High levels of inter-annual precipitation variability led to regular droughts and
vulnerability with regard to food and water security [22].

! https://eos.com/blog/agricultural-water-management/
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Figure 1. Map of the Limpopo Province. (Source: Serote et al., 2021)

Gauteng Province is both the richest and the smallest province in South Africa [24]. Unlike the Limpopo Province,
Gauteng Province (Figure 2) is divided into three metropolitan municipalities (City of Ekurhuleni, City of Johan-
nesburg, and City of Tshwane) and two district municipalities (Sedibeng and West Rand). The two districts are
further divided into six municipalities: Emfuleni, Lesedi, Merafong City, Midvaal, Mogale City, and Rand West

City.

Midvaal

Figure 2. Map of the Gauteng Province. (Source: Nhamo et al., 2021)

This province, located in the central north-eastern part of the country, is one of the most populated provinces with
an estimated population of around 12.3 million people [25]. However, 22.4% of the country’s total population
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resides in poor peri-urban areas within the province, enabling diversity in the types of farming systems and levels
of agricultural production [26]. This huge population tends to place water resources under stress due to extensive
human activities such as agriculture, industry, and mining that generate waste and negatively impact the environ-
ment and water quality in particular [26]. In the context of water use in agriculture, some farmers use wastewater
released from the sewage system as a water source while others rely on rivers, dams, boreholes, and rain. Therefore,
the transformation of identified farming systems in the two provinces through AWM is essential to ensure the sus-
tainable use of available water.

2.2 Data collection and analysis

Face-to-face interviews were conducted to collect data for rainfed and irrigated farming systems. Data were also
collected through a structured questionnaire from farmers. The study used focused group discussions (FGDs) with
the relevant stakeholders. A questionnaire was developed and administered to the identified key stakeholders. The
purpose of the focus group discussion was to identify and gather information about the farmers under the rainfed
and farmer-led irrigation systems. In the Limpopo Province, FGDs were conducted with stakeholders from the
Department of Agriculture, Land Reform and Rural Development (DALRRD) in Thulamela Municipality and the
provincial stakeholders from DALRRD in Limpopo Province. In the Gauteng Province, the focus was on the
Tshwane municipality, where consultations were held with farmers, managers, and government officials from the
Department of Agriculture, Water, and Sanitation.

A stakeholder workshop was organised as part of the FGDs process. The objective of the stakeholder workshop
was to solicit inputs from key stakeholders on the policy, governance and institutional systems for creating an ena-
bling environment for the implementation of the AWM practices in the country. Apart from the questionnaire, data
and information on AWM practices in the country were obtained through a desktop review of various reports and
documents from key institutions.

The collected data were analysed using the Statistical Package for the Social Sciences (SPSS 22), Statistical
Software for Data Science (STATA 15), and ATLAS.ti. Descriptive statistics were employed to describe the various
AWM practices and processes under the two farming systems.

3. Results and Discussion
3.1 Introduction

The assessment focused on practices related to agricultural water under rainfed and irrigated farming systems. The
study focused on AWM practices under rainfed farming and farmer-led irrigation systems.

3.2 Rainfed farming systems in South Africa

Rainfed agriculture is a predominant form of farming in South Africa, whereby approximately 80% or more of the
land that is cultivated is used for rainfed agriculture. There are a number of farmers practising rainfed farming across
the country. However, the details of rainfed farming are scanty as the DALRRD does not have records and data
regarding these farmers and as to where they are located in the municipalities, as well as the crops they grow.
Generally, the land size for most rainfed farmers is between 1 and 3 ha. However, there are some rainfed farmers
who have a larger land size greater than 5 ha. The most common crops which these farmers normally grow include
maize, sorghum, tobacco, cotton, beans, nuts, and sunflowers. The available data show that the total land under the
rainfed farming system in the country is 10,779,615 ha, which is 80% of the agricultural land. Under a rainfed
farming system, supplemental irrigation is practised as a mitigation measure against intra-seasonal droughts.

One of the major challenges faced by rainfed farmers is climate change. The problems associated with climate
change include: rainy season starting later than usual; unreliability and unpredictability of rainfall; high tempera-
tures that cause drought; and heavy rainfalls that damage crops. Some of the small-scale farmers practice rainwater
harvesting using jojo tanks for both irrigation and home consumption.

In Kanana, Hammanskraal, rainfed farmers rely on hand-dug wells for supplementary irrigation during dry peri-
ods (Fig. 3). In the absence of rainfall, they manually draw water from the wells using buckets. Although the wells
may appear shallow in photographs, they are actually quite deep. A rope is tied to one of the buckets, allowing it to
be lowered into the well and pulled back up with ease. The water is then transferred to another bucket, which is
carried to the field for irrigation purposes (Fig. 4).
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Figure 3. Hand-dug well in Kanana, Hammanskrall, Pretoria.

Figure 4. Rainfed farmers using water collected from a hand-dug well for supplemental irrigation in Kanana, Hammanskrall,
Pretoria.

3.3 Farmer-led irrigation systems

3.3.1 Irrigation water sources

The study also assessed the water resources that farmers use for irrigation in the country, as these influence the
irrigation systems and the AWM practices. Irrigation water resources data were obtained from the Department of
Water and Sanitation (DWS). The data were analysed to determine the amounts of water issued by the DWS to
farmers for irrigation at the regional and district municipality levels. The data were also analysed to determine the
main water resource types for irrigation in the country, and the project team managed to obtain irrigation water data
from the DWS.

Farmers who want to irrigate their crops are obliged to obtain permits from the DWS to obtain water from various
sources for their irrigation systems. The volumes of water per year issued by the DWS to irrigation farmers at the
regional level are presented in Figure 5. The largest volume is issued in the Mpumalanga region, which is a reflection
of the high irrigation production in the region.

The largest mean volume of irrigation water issued at a district municipality level is in Frances Baard District
Municipality in the Northern Cape Province (Fig. 6). The water resource type with the largest number of irrigation
farmers at the national level is schemes, followed by wetland (Fig. 7). This means the largest number of farmers
obtain their irrigation water through scheme sources.
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The largest mean volume of irrigation water at the regional level is in the scheme, and Mpumalanga Region has
the largest volume, followed by Free State, Gauteng Region, and Northern Cape Region (Fig. 8).
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Figure 8. Mean volumes of irrigation water sources at the regional level. (Data Source: [27])

3.3.2 Farmer-led irrigation practices

The FLID farmers are independent farmers who play a role in improving their water use for agriculture by taking
the lead in establishing and improving it through their own initiatives. The majority of these farmers get water from
the rivers, groundwater (borehole), and municipal water, and they use different ways/equipment to irrigate. The
characteristics of these farmers include that they use watering cans, buckets, drip, and sprinkler irrigation to irrigate
their crops. Furthermore, the majority of the farmers practising farmer-led irrigation have a land size of less than
1.5 ha, and they practice both conventional and conservation agriculture (minimum tillage, mulching, and different
cropping systems). These farmers plant a variety of crops each season due to access to water to irrigate, but the
majority of the crops planted include maize, beans, and vegetables (tomatoes, onions, peppers, carrots, lettuce,
spinach, and cabbage).

While FLID varies in its appearance, there are several irrigation practices developed through FLID that are wide-
spread in the country, including irrigation from earthen canals in mountainous areas, the use of shallow groundwater
in valley bottoms, petrol pump irrigation from open water bodies, and peri-urban agriculture using wastewater. The
study has shown that the system involves practices such as diversion of streams using earthen main canals carrying
the water from the stream to the field, often referred to as the furrow. Usually, along a stream, several diversions
are constructed, sometimes creating networks of interlinked canals on the hill slopes. Water is predominantly used
for intensive production of marketable vegetables, but also for supplementary irrigation of staple crops, particularly
in times of drought.
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Valley bottoms in dry regions can be relatively wet due to their shallow groundwater levels. Over the past 40
years, there has been a gradual shift in the use of such valleys from dry-season grazing to intensive dry-season
vegetable production. During the wet seasons, they are more commonly used for rice production. Supplementing
available soil water moisture, water is collected by manually scooping it from shallow dug wells and through the
use of pumps on such wells [28]. After the rainy season, farmers try to drain off excess water as soon as possible,
while drains are closed later in the season to hold on to as much water as possible to sustain growth in the dry season.

Petrol and diesel pumps have emerged as an irrigation technology for smallholder farmers to pump water from
open water bodies, such as lakes and rivers, for intensive horticultural production. In some cases, small pumps are
used to draw water from reservoirs behind dams in order to irrigate larger areas upstream of the dam rather than by
gravity downstream [29]. In other cases, horticultural production by means of petrol pumps provides an alternative
to declining fisheries, hence an important alternative economic opportunity for young people in the area [30].

Small-scale horticultural producers in cities and peri-urban areas often make use of waste water — diluted or raw
— creating serious health risks both for those handling the water and for consumers buying the products of such
irrigation [28]. Watering cans are commonly used for this type of irrigation. Though laborious, this technology often
suffices for the generally small plot sizes in the city, which are mostly limited to between 0.01 and 0.02 ha per
farmer [28]. Motorised pumps are increasingly being used, especially where farmers can share a pump and where
distances between the water source and the fields are large. Even in these cases, farmers continue to use the watering
cans, drawing from a reservoir on the farm that is filled by the pump. In all these cases, FLID is strongly oriented
towards producing crops for the market, and almost 40% of irrigators adopt intensive production practices using
fertilisers and improved seeds, while only 10% of non-irrigators do so [31].

An increasing number of small-scale farmers are independently utilising irrigation. They purchase or rent irriga-
tion equipment and source water from nearby dams, rivers, or underground, operating without a licence or interfer-
ence from public agencies or water user associations. Most of the farmers using private or farmer-led irrigation are
females operating on an average of 4 ha of land. Some are using community land such as school and church gardens
producing leafy vegetables (cabbage, spinach, lettuce, etc), tubers (potatoes, sweet potatoes), and root vegetables in
Gauteng Province. Most of the farmers are using crop rotation. Very few farmers received AWM training, so there
is a need for training.

Most farmers source water from dams, boreholes, and municipalities. Then, a sprinkler irrigation system is used
for irrigation, as they believe that it covers all the plants and saves time. Some sources their water from the wells.
The main challenges faced by farmers are theft of boreholes and damage to boreholes due to lightning during heavy
rainfalls, and low supply of water from the municipality. On average, a typical farmer irrigates 4 times a week and
pays R600 per month for water. In addition, the level of food security is low, and it can improve when access to
irrigation water is improved.

The individualisation of AWM has been progressing for several decades in SSA, where most irrigation now relies
on privately owned wells. Some farmers are using wells and ponds as a source of irrigation water for their crops.
Water is collected through containers or pipes from a source to the field. Crops produced and irrigated through these
methods are sweet potatoes, root vegetables, and leafy vegetables. Figure 9 shows a broken-down borehole, while
Figure 10. shows a farmer drawing water for irrigation from a well in Gauteng due to his boreholes not working.

Figure 9. A broken-down well in Winterveld, Gauteng Prov-  Figure 10. A farmer drawing water from a well in Winter-
ince. veld, Gauteng Province.
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In addition, most of the small-scale farmers are using municipal water for irrigation. The water is drawn from
home taps through the use of containers or pipes to irrigate their fields. Crops produced are mainly leafy vegetables
(both exotic and indigenous), tubers (carrots, potatoes, etc.), and chillies.

Some FLI farmers have tractors (Fig. 11) used for ploughing, tilling, disking, harrowing, planting, and similar
tasks on their irrigation farms. The furrow irrigation system (Fig. 12) is also common among small-scale irrigators.
The fact that most of these farmers operate mostly outside the government, and they are not easy to identify and
map, because they are not documented. In addition, the irrigated area established by farmers is not included in the
government’s database, and FLID, which is primarily small-scale and not formal, falls into the group of farmers
who are rarely recorded [32].

Figure 11. Water tank and tractor at an irrigation farm, Figure 12. Furrow irrigation system at an irrigation farm,
Malskop, Makhado Municipality. Malskop, Makhado Municipality.

These irrigators operating outside formal irrigation schemes often lack access to the institutional and financial
support systems. Such support includes agricultural advice, training, input support, and infrastructure development.
Furthermore, the FLID farmers use their home savings, pension funds, and income from other sources to support
the farms. One of the challenges that the farmers face is poor water quality or polluted water from rivers, the lack
of access to extension services, capacity building, and resources such as fertilisers. Climate change and variability
(heat) affect crop development, leading to crop failure.

4. Discussion

One of the major challenges faced by rainfed farmers is climate change. The problems associated with climate
change include: rainy season starting later than usual; unreliability and unpredictability of rainfall; high tempera-
tures that cause drought; and heavy rainfalls that damage crops. Rainfed farmers are likely to invest in improved
AWM practices if they see real benefits within a fairly short time. While the government is supporting the farmers
in various ways, the policies of the government should support the adoption of improved soil and water management
in rainfed agricultural systems, implemented through long-term investment programmes in close collaboration with
local communities.

Most of the rainfed farmers who depend on rainwater for irrigation are those who produce maize, soyabean,
groundnuts, dry beans, sorghum, etc., and the others produce indigenous vegetables (some grown by themselves).
The farmers also practice supplemental irrigation using furrow and in-field rainwater harvesting. Their water man-
agement practices include conservation agriculture, rainwater harvesting, pasture farming, mixed farming, and wet-
land farming.

Farmer-led irrigation is widespread in the country. While the government has no specific policies or programmes
to support farmers’ own irrigation investments, the government provides more support for farmers’ investments in
technologies such as pumps, drip, and sprinkler systems.

Most farmer-led irrigators operate outside formal irrigation schemes and often lack access to the institutional and
financial support systems. Such support includes agricultural advice, training, input support, and infrastructure de-
velopment. Furthermore, the FLID farmers use their home savings, pension funds, and income from other sources
to support the farms. FLID farmers face poor water quality or polluted water from rivers, and they have limited
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access to extension services, capacity building, and resources such as fertilisers.

Although FLID is largely invisible to policymakers, it is a potential game-changer for millions of small-scale
farmers. Investments can generate multiple synergies and impacts by improving farmers’ livelihoods, enhancing the
food security of consumers, creating jobs, and promoting economic growth. This high-priority farming system has
a lower cost per farmer than large-scale irrigation investments, begins generating returns immediately, and can
leverage private investments from farmers and private firms, and does not require large financial investments by the
government.

The actions needed to support rapid scaling out of FLID include ensuring affordable access to irrigation technol-
ogies, ensuring there is a level playing field for private firms to market and even manufacture locally, irrigation
technologies; and encouraging local financing institutions to provide credit to enable small-scale, including women
and youth, to purchase equipment.

5. Conclusion

The study focused on AWM practices under rainfed farming and farmer-led irrigation systems. The study used the
provinces of Limpopo and Gauteng as case studies. It has been shown that there are promising investment opportu-
nities in the country based on the AWM practices under rain-fed and irrigated systems. The rainfed farming system
is a high-priority area for investment with potentially large benefits, as it involves the majority of the small-scale
farmers in the country. The country should develop specific policies and implement long-term investment pro-
grammes to work with local communities to restore degraded landscapes and move to sustainable resource manage-
ment. FLID is a very important driver of increased food production, especially for urban markets. It requires very
little financial investment by governments, as the input and output value chains are largely driven by the private
sector. Individualised irrigation technologies are easier to target at women, youth, and others who otherwise may
be left out in the other farming systems. The farmers can be supported through special subsidies and focused capac-
ity strengthening, which requires consultations and experimentation with these farmers to make sure those targeted
really benefit.
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SSA Sub-Saharan Africa
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