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Abstract: Smallholder farmers in South Africa face issues related to water shortages and poor irriga-
tion water management. This study investigated barriers to improving water-use efficiency (WUE) in
smallholder production practices in Numbi, South Africa. The objectives were to identify barriers in
redesigning production practices for higher agricultural productivity and analyze the relationship
between irrigation water supply and the adoption of WUE methods. From a population of 7696 peo-
ple, 141 smallholder farmers were sampled using a simple random sampling technique through
Taro Yamane’s sample size formula. The data were analyzed using Pearson’s correlation coefficient
and descriptive statistics. Unreliable water supply (M = 3.78, SD = 0.85), poor soil water retention
(M =3.78, SD = 0.85), lack of water-efficient irrigation systems (M = 3.91, SD = 0.71), lack of water
storage facilities (M = 3.85, SD = 0.93), limited access to credit (M = 4.09, SD = 0.85), income instability
due to market fluctuations (M = 3.96, SD = 0.91), inadequate knowledge of irrigation management
(M =4.00, SD = 0.84), and harsh climatic factors were identified. A positive correlation (r = 0.339,
n =141, p < 0.001) between irrigation water source and WUE techniques was evident, indicating that
irrigation water source had an insignificant impact on WUE methods. Resolving these barriers re-
quires a holistic approach focusing on investments in irrigation infrastructure and targeted education
initiatives by extension agents and other stakeholders, as this can enhance agricultural productivity.

Keywords: water-use efficiency (WUE); smallholder farming; water shortages; sustainable farming

1. Introduction

Water shortage is a major worldwide issue, with far-reaching consequences for agri-
culture, particularly in drought-prone areas [1]. Smallholder farmers in South Africa
confront considerable problems owing to limited water supplies and poor water usage
techniques [2]. These farmers, who play an important role in the country’s food security
and rural livelihoods, are frequently hampered by outdated production practices that do
not maximize water usage [3]. As a result, there is an urgent need to restructure existing
production practices to improve water efficiency, ensure sustainable agricultural practices,
and increase resilience to climate unpredictability.

Smallholder farmers who rely heavily on rain-fed agriculture are especially vulnerable
to the effects of climate change [4]. The country’s inconsistent rainfall patterns and periodic
droughts increase water shortages, making smart water usage not only advantageous
but also required for the survival of these farming communities [5]. However, shifting to
more water-efficient agriculture practices has several hurdles, ranging from economic and
technological barriers to social and policy restraints [6].

Studies [7-9] on water-use efficiency in smallholder farming emphasize the technolog-
ical and agronomic (soil management, crop production, and water management) benefits,
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rather than conducting in-depth research on how socioeconomic factors such as access to fi-
nance and social and cultural attitudes influence the adoption of WUE practices. Moreover,
the long-term sustainability and adaptability of these practices in varying environmental
and socioeconomic contexts should be further explored.

Despite the widely acknowledged need for increased water-use efficiency in agri-
cultural practices, smallholder farmers confront several challenges in redesigning their
production practices for water-use efficiency (WUE). These limitations include a lack of
financial resources, poor access to technology, and insufficient knowledge and training in
current water-efficient practices. Institutional concerns such as inadequate assistance from
agricultural extension agencies and poor infrastructure also restrict success in redesigning
production practices for WUE [10].

Furthermore, approximately 60% of the water used nationally in South Africa is used
for farming [11]. Putting into practice effective water management techniques is essential
to guarantee food security and sustainable agriculture [12]. A framework for water conser-
vation and demand management is provided by the National Water Policy and National
Water and Sanitation Master Plan [13]. Studies [12,14] have shown that smallholder farmers
in South Africa use a variety of water management techniques, such as mulching, drip
irrigation, crop selection and rotation, rainwater harvesting, and conservation tillage. These
strategies minimize water loss, boost crop yields, and improve resilience to drought [15].
Despite the difficulties smallholder farmers face in managing water resources, smallholder
farmers are essential to the country’s food security and livelihoods [16].

Water-use efficiency measures are difficult for smallholder farmers to implement,
despite their many advantages. Major obstacles include poor infrastructure, inadequate
training and capacity building, and limited access to financing and technology [17]. These
difficulties are made worse by climate unpredictability and change, which makes it harder
for smallholder farmers to adjust to shifting weather patterns. Furthermore, industry and
urbanization’s conflicting demands for water strain already-limited water supplies [18].
In smallholder agriculture, the significance of water-use efficiency cannot be emphasized
enough. Effective water management strategies boost agricultural yields and quality.
Moreover, they further cut down on waste and water loss and boost resistance to drought
and climate change, according to research [19]. Additionally, WUE also helps to save water
for future generations, enhances sustainable agriculture, and enhances food security and
livelihood [20].

Research depicts that in South Africa, smallholder farming suffers greatly from water
scarcity [14,18]. Some of the effects include lower agricultural yields and productivity,
a rise in food insecurity and poverty, and a loss of livelihood and income. Additional
impacts are a decline in water quality and ecosystem health, and more competition for
scarce water resources [21]. Therefore, recognizing the value of conserving water and using
it effectively, the South African government has put regulations and initiatives in place to
support sustainable water management techniques [22].

Moreover, smallholder water management techniques play a vital role in guaranteeing
South Africa’s food security and sustainable agriculture. Investments in water infrastruc-
ture, capacity building, and policy support are necessary to address issues and advance
water-use efficiency techniques. The development of context-specific tactics and solutions
to assist smallholder farmers in efficiently managing water resources should be the main
emphasis of future research.

In conclusion, the early 1970s saw several worldwide water crises, which is when
the idea of water conservation first emerged. Even twenty years ago, there were around
200 definitions of water conservation in written works [23], demonstrating the definition’s
contextual dependence. The 2021 annual report on the state of water scarcity in the world
is where the term “water conservation” is currently understood to originate from. It is the
practice of using water efficiently to reduce unnecessary water usage [24]. The Theory of
Farmers’ Active Participation in Water Conservation evolved due to the extreme volatility
of agricultural commodity prices and the turmoil in the currency and energy markets at the



Water 2024, 16, 3221

30f17

time; the concept of water conservation was initially centered on ensuring food availability
and the price stability of basic foods [25]. This theory, which emphasized the crucial needs
and behavior of potentially susceptible and affected individuals, was necessary considering
the incidence of famine, hunger, and water crises [26]. Its purpose was to identify and
analyze the factors contributing to water scarcity to come up with collective solutions for
the agricultural community.

Therefore, this study sought to investigate the socioeconomic factors that influence
smallholder farmers” ability to adopt WUE practices in their production practices. The
overall research question for the study is “What are the key barriers to redesigning smallholder
production practices for improved water-use efficiency?” The overall research goal is to identify
and analyze factors hindering water-efficient practices among smallholder farmers, thereby
providing insights to inform policy and extension support. Specifically, the study objectives
were to (1) assess the socioeconomic factors affecting smallholder farmers, (2) examine the
barriers to adopting water-use efficient practices, and (3) evaluate the correlation between
primary irrigation water sources and the implementation of water-use efficiency practices
at the study area.

2. Materials and Methods
2.1. Study Site

Numbi (Figure 1) is a rural community situated near the Numbi-gate Kruger National
Park entrance and forms part of communities under the Mbombela Local Municipality, a
local municipality in Mpumalanga province (MP), South Africa (RSA). The geographical
coordinates of the study area are 25°07/39.8" S 31°09'44.9” E.
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Figure 1. Map of Numbi, Mbombela Local Municipality [14].

The statistical report compiled by [27] states that the size of the rural community is
4.57 km?, comprising 7696 people and 1932 households. Furthermore, the dominant racial
group is Africans, who make up 99 per cent of the community, and 94 per cent are of the
Swati tribe [14,27]. The main economic activity is farming, with most of the households
having backyard gardens consisting of seasonal crops, subtropical fruit trees, and nuts such
as macadamia.
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2.2. Study Design

The study followed a quantitative approach using a survey. A structured questionnaire
was used to gather information from participants. The survey data focused on participants’
perspectives on barriers in redesigning smallholder production practices for WUE, the
utilization of water-efficient methods within the study area, challenges limiting farmers’
capacity to restructure their production practices, and their willingness to embrace formal
water management systems.

2.3. Sampling Method and Sample Size

In this study, a simple random sampling method was employed to select participants
from the entire population of farmers, estimated to be 217. The sample size for this study
consisted of 141 respondents, determined using Taro Yamane’s formula for sample size
calculation. The equation used is as follows, where 1 = size of the sample (141), N = total
population (217), and e = margin of error (0.05):

_ N
1+ Ne?

217
n=————
1+217(0.05)
n =141

2.4. Data Collection

A structured questionnaire was utilized to gather quantitative data. This questionnaire
was specifically designed to collect information relevant to the achievement of the study
aim and objectives. The questions were predominantly focused on exploring the barriers in
redesigning production practices for WUE and to assess the correlation between the primary
irrigation water source for smallholder farmers and the application of WUE approaches by
smallholder farmers.

The five-point Likert scale ranged from 1 to 5 and it was used to obtain information
from respondents in relation to the barriers faced in redesigning their production practices
for WUE. Participants were asked to respond to barriers they face in redesigning their
production practices for higher agricultural productivity by choosing the following re-
sponse items: strongly disagree (1), rarely disagree (2), disagree (3), agree (4), and strongly
agree (5).

2.5. Data Analysis

The data analysis was carried out using the Statistical Package for the Social Sciences
(SPSS) version 28. Descriptive statistics (mean and standard deviation) were used for
the primary analysis of the responses provided by the participants. The means obtained
for each barrier in redesigning production practices for WUE were interpreted using the
Likert scale interval, as shown in Table 1, and the intervals are obtained by using the
interval level calculation formula as follows: Interval level = [Greatest value (5) — smallest
value (1)]/number of points (5) = 0.8. Therefore, the mean interval for strongly disagree
(1) = 1.00-1.80, rarely disagree (2) = 1.81-2.60, disagree (3) = 2.61-3.40, agree (4) = 3.41-4.20,
and strongly agree (5) = 4.21-5.00.

The Pearson correlation coefficient test was used to measure the correlation between
irrigation water supply and the adoption of WUE approaches. The primary irrigation water
sources included municipal water, rainfall, water streams, and well/borehole, while the
WUE approaches were irrigation scheduling, drought-resistant crops, dry-land farming,
mulching, and rainwater harvesting.
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Table 1. Likert scale mean interval and value (adapted from Bukhari [28]).

Opinion Value Mean Interval
Strongly disagree 1 1.00-1.80
Rarely disagree 2 1.81-2.60
Disagree 3 2.61-3.40
Agree 4 3.41-4.20
Strongly agree 5 4.21-5.00

3. Results
3.1. Socioeconomic Factors of Smallholder Farmers in Numbi

The socioeconomic factors of farmers in the study area with respect to gender, age,
formal educational level, farming experience, and farming methods are presented below.
Considering gender and age when redesigning production practices for water-use effi-
ciency (WUE) is vital as these factors influence resource access and the adoption of new
technologies. Males and females often have different social and cultural roles that can lead
to women facing barriers to implementing water-efficient practices. Age also affects the
willingness of smallholder farmers to embrace innovation. The level of formal education
influences smallholder farmers’ ability to adopt WUE practices. Farmers with higher edu-
cation are more likely to understand and implement new technologies, while those with
less education may face challenges in accessing or operating complex technology [14].

Therefore, the study found that female smallholder farmers make up 63% of respon-
dents surveyed, as shown in Figure 2a, and Figure 2b depicts that 90% of the smallholder
farmers are more than 29 years of age, with about 40% of the smallholder farmers being
above the age of 59 years old. By referring to Figure 3, the literacy (formal education level)
within the study area is encouraging, with 52% of the sampled smallholder farmers having
been exposed to secondary and post-secondary school education and nearly a third (28%)
having attended primary school education.

(a) Gender distribution among respondents (b) The distribution of age range
45%
39.7%
40%
35%
30%
25%
21.3%

20% 18.4%

e 1.4%

9.2%
10%
0%
m Female = Male 20 - 29 years 30 - 39 years 40 -49years 50 - 59 years 260 years

Figure 2. Gender distribution (a) and the distribution of age among respondents (b).
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Figure 3. The level of formal education attained by smallholder farmers surveyed.

Farming experience plays a key role in how farmers adopt new water-use efficiency
(WUE) practices. Experienced farmers may have deeper knowledge of their environment
and traditional farming practices, which can influence their willingness to adopt WUE
practices. Meanwhile, farmers with less experience can be more willing to adopt WUE
practices yet might lack practical skills and knowledge. Regarding farming experience
among the sampled smallholder farmers, as illustrated in Figure 4, merely 6% of the
smallholder farmers have 1 year or less of farming experience, with 75% of the farmers
having more than 5 years of farming experience.

Distribution of farming experience among respondents

10 - 13 years _ 14.2%
<1year — 6.4%
|
0% 5% 10% 15% 20% 25% 30% 35% A40% 45%

Figure 4. A representation of the distribution of farming experience among farmers.

Access to off-farm income is important when considering WUE practices among
smallholder farmers. Farmers with off-farm income may have more financial resources
to invest in modern irrigation technologies or improvements in their farming systems. In
contrast, those relying solely on farming might struggle to afford such investments. Thus,
the findings (Figure 5) show that most smallholder farmers (84%) in the study area receive
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income from non-farming organizations or entities, with 16% of smallholder farmers relying
solely on farming as an income stream.

Distribution of engagement in off-farm activities

No off-farm income
|

Social grant
Non-farm enteprise

Employed (Non- farm)

i
\
|
TA 1%
\
\

0% 5% 10% 15% 20% 25% 30%

Figure 5. Varying sources of off-farm income and its distribution among farmers.

Smallholder farmers using WUE practices demonstrate that they recognize the impor-
tance of conserving water and optimizing its use for crop production. Their choice of WUE
methods indicates an awareness of water scarcity challenges and the benefits of improving
water management for sustainable farming. Based on the survey results in Figure 6, small-
holder farmers value WUE approaches such as mulching (20%) and irrigation scheduling
(23%), with rainwater harvesting (46%) ranking the highest. Drought-resistant crops (3%)
and dry-land farming (8%) are used by fewer smallholder farmers when compared to the
other approaches.

Water-use efficiency approach used among
farmers

= |rrigation Scheduling

= Drought-resistant crops

4 = Dry-land farming

= Mulching

= Rainwater harvesting

Figure 6. The WUE approaches used by farmers and their distribution.
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The distribution of primary irrigation water sources as presented in Figure 7 for
smallholder farmers is municipal water at 41%, rainfall at 21%, water streams at 29%, and
lastly wells/boreholes at 9%. The data in Figure 7, with respect to the main irrigation water
sources used by smallholder farmers, show a strong reliance on municipal water (41%)
and the communal water stream (29%). Farmers relying on reliable sources like water
streams and boreholes/wells are more likely to have flexibility in their water management
practices, while those depending on rainfall or streams may face greater challenges in water
availability. Farmers that experience scarce or unpredictable water supply are more likely
to adopt efficient technologies.

Primary irrigation water source used by respondents

40.5%

29.0%

21.3%

9.2%

Municipal water Rainfall Water stream Borehole / Well

Figure 7. Primary irrigation water sources used by smallholder farmers.

With regard to the irrigation systems preferred by smallholder farmers in the study
area, manual irrigation (watering cans) (55%) is the most preferred as shown in Figure 8,
followed by sprinkler (15%), rain-fed (15%), and surface irrigation systems (13%), with
micro-irrigation systems (2%) being the least used. The irrigation systems that farmers
use significantly impact their WUE practices. Different irrigation systems, such as drip
irrigation, sprinkler systems, or traditional flood irrigation, have varying levels of efficiency
in water application and usage. Farmers using advanced systems like drip irrigation
can achieve higher WUE due to precise water delivery, reducing waste and enhancing
crop yields.

3.2. Distribution of Barriers in Redesigning Production Practices

The barriers faced by smallholder farmers in redesigning their production practices for
WUE among smallholder farmers in the study area are presented in Table 2. The presented
findings shed light on several crucial obstacles that smallholder farmers must overcome
to restructure their production practices for WUE. Based on the overall mean given for
each challenge in Table 3, the smallholder farmers agree to lacking reliable water supply
(M =3.78; SD = 0.85), having soils with poor water-holding capacity (M = 3.78; SD = 0.85),
having absent water-efficient irrigation systems (M = 3.91; SD = 0.71), having a lack of
water storage systems/facilities (M = 3.85; SD = 0.93), having no access to credit (M = 4.09;
SD = 0.85), having inconsistent income due to unreliable markets (M = 3.96; SD = 0.91),
having insufficient knowledge on irrigation water management (M = 4.00; SD = 0.84), and
experiencing harsh and unpredictable climatic conditions as a result of climate change
(M = 3.89; SD = 0.90).
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Irrigation system used

m Sprinkler irrigation

= Rain-fed irrigation

m Surface irrigation

= Micro-irrigation (trickle)

® Manualirrigation (Watering cans)

Figure 8. The distribution of irrigation systems among smallholder farmers.

Table 2. Barriers to redesigning production practices for WUE.

Challenges N Minimum Maximum Mean Std. Deviation
I'lack reliable water supply. 141 1.00 5.00 3.60 1.00
The soil on my farm has a poor water-holding capacity. 141 1.00 5.00 3.78 0.85
I do not have water efficient irrigation system (s). 141 1.00 5.00 3.91 0.71
I cannot irrigate as much as I would due to a lack of 141 1.00 5.00 3.85 0.93
water storage system.
I do not have access to financial assistance. 141 1.00 5.00 4.09 0.85
My farm income is inconsistent seasonally due to 141 1.00 5.00 3.96 0.91
unreliable market.
I do not have enough knowledge on irrigation water 141 1.00 5.00 400 0.84
management.
Climate change effects such as droughts regularly affect 141 1.00 500 3.89 0.90

my production output.

Table 3. The correlation of primary irrigation water source and the application of WUE approaches.

Primary Irrigation Water Application of WUE
Source Approaches
Pearson Correlation 1 0.339 **
Primary irrigation water source Sig. (2-tailed) 0.000
N 141 141
Pearson Correlation 0.339 ** 1
Application of WUE approaches Sig. (2-tailed) 0.000
N 141 141

Note: ** Correlation is significant at the 0.01 level (two-tailed).

3.3. The Correlation of Primary Irrigation Water Source and the Applicarion of WUE Approaches

With regard to the correlation between the primary irrigation water source and the
WUE approaches used by smallholder farmers, a moderate positive correlation (r = 0.339,
n = 141, p < 0.001) was found, as presented in Table 3. This finding has substantial
consequences for understanding the barriers farmers encounter when seeking to redesign
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their production practices. The modest positive correlation implies that, while there is
a link between the primary irrigation water source utilized and the application of WUE
approaches, the correlation is not strong.

The heatmap (Figure 9) below visually represents the hypothetical correlations be-
tween various water-use efficiency (WUE) practices and primary irrigation water sources.
The color gradient and corresponding numeric values provide insights into the strength of
the correlation, where darker blue shades signify stronger positive correlations and lighter
shades represent weaker correlations. The numeric values in each cell range from 0 to 1,
indicating the degree of association between each WUE practice and a specific irrigation
water source.

Correlation between WUE Practices and Primary Irrigation Water Sourc%s8

Irrigation scheduling 0.50 0.30 0.20
0.7
Drought-resistant crops - 0.20 0.30 0.15
0.6
Dry-land farming - 0.10 0.20 0.25
3 0.5
5
S
= Mulching - 0.15 0.25 0.30
5
= | 0.4

Conservation tillage - 0.10 0.40 0.30 0.35

Organic farming

\ 0.40
Rainwater harvesting - 0.80

-0.3
-0.2
0.55

0.40

Municipal water Rainfall Water stream Well ~G.l

Primary Irrigation Water Source

Figure 9. A heatmap on the correlation between primary irrigation water source and the application
of WUE practices.

Rainwater harvesting demonstrates the strongest correlation with rainfall as a primary
water source, which is expected given its reliance on precipitation as a direct source.
Moderate correlations with municipal water and water streams suggest that these sources
may supplement rainwater harvesting in varying seasonal conditions, allowing farmers to
rely on stored rainwater as an alternative or complementary source.

Irrigation scheduling shows a moderate correlation with municipal water and water
streams, which are typically more controlled and predictable sources. The use of irrigation
scheduling may be more feasible and effective when water availability is steady, allowing
farmers to plan water application efficiently. Organic farming exhibits a moderate cor-
relation with several water sources such as municipal water, water streams, and rainfall.
This relationship aligns with organic practices, which often emphasize sustainable and
adaptable water use. Farmers practicing organic farming may draw on a combination of
water sources to support crop growth and soil health.

Drought-resistant crops show a relatively strong correlation with rainfall. This as-
sociation reflects the desirability of these crops for their ability to thrive in low-water
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environments, thus aligning with rain-dependent systems and reducing the need for sup-
plemental irrigation. Dry-land farming is strongly correlated with rainfall, as it primarily
relies on natural precipitation instead of artificial irrigation. This practice is well suited to
environments where water access is limited or inconsistent.

4. Discussion
4.1. Socioeconomic Factors of Smallholder Farmers in the Study Area

As women make up most smallholder farmers, initiatives meant to improve WUE
must consider the requirements and difficulties women experience. This might entail tack-
ling problems like women’s training programs, decision-making authority, and resource
accessibility [29]. Furthermore, the population of elderly farmers raises the possibility of
difficulties in implementing new procedures or technology that enhances WUE. There is
a likelihood that older farmers are less motivated or equipped to alter traditional meth-
ods [8,14]. This emphasizes the necessity of providing elderly farmers with relevant and
accessible targeted education and support programs.

The literacy rate is positive and reassuring as it indicates that many farmers may be
able to comprehend and use more sophisticated WUE methods [30,31]. This higher level
of access to formal education among smallholder farmers can be used in farmer-training
programs to present sophisticated ideas, information, and methods. With respect to farming
experience, most smallholder farmers have a great deal of agricultural expertise, which can
work to their advantage because they may be better at comprehending and applying water-
efficient techniques [32]. It also suggests, nevertheless, that any innovative approaches
must complement existing ones or be an advancement over them [33].

As 84% of smallholder farmers earn their income from sources other than farming, this
indicates the need for a diversified income stream. This could lead to increased financial
stability and the opportunity to invest in more effective water-use practices [34,35]. The 16%
who rely solely on smallholder farming as a source of income could be more susceptible to
problems with water [36]. The WUE approaches used by smallholder farmers in the study
area reflect their adaptability to water shortage and climate unpredictability. This shows a
significant preference for techniques that catch and use available water effectively by the
smallholder farmers [37].

Municipality-supplied water is the preferred source of irrigation water by smallholder
farmers in the study area because of its reliability compared to rainfall [38]. This reliance
emphasizes the necessity of managing these sources sustainably to guarantee their efficiency
and availability over the long run [39,40]. Moreover, the other notable proportion that
depends on rainfall underscores the crucial function of rainwater harvesting in enhancing
water-use efficiency [41].

Smallholder farmers in the study area are heavily reliant on manual irrigation systems
with little use of highly water-efficient micro-irrigation systems such as the drip irrigation
system. The preference of smallholder farmers for manual irrigation systems is indicative
of their limited access to or inability to buy modern irrigation technologies [42]. The low
percentage of farmers that use micro-irrigation points to a lack of resources or expertise
needed to put such effective systems in place [43].

4.2. Barriers in Redesigning Production Practices for Water-Use Efficiency

Most smallholder farmers primarily depend on rainfall to fulfill their irrigation water
needs [44]. However, rainfall patterns are unpredictable in South Africa and can lead
to smallholder farmers not being able to plan for their crops and manage their water
resources efficiently [14]. Consequently, a lack of a reliable water supply is a common
contributor to low yields and food insecurity [45]. To add to this, farmers constantly
struggle with water availability, which makes it challenging to develop and carry out
efficient irrigation schedules and strategies. This dependability issue underlines the need
for better infrastructure to provide a continuous water supply. Additionally, the occurrence
of soils with poor water-holding capacity suggests that the soils on these smallholder
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farms lack the ability to retain water effectively, leading to greater water requirements
for crops. Therefore, irrigation must occur more often, placing additional strain on the
already scarce water supplies and emphasizing the need for soil management techniques
or improvements.

The notable lack of water-efficient irrigation systems suggests that smallholder farm-
ers in the study area are likely wasting a lot of water by using ineffective techniques.
Improving WUE requires the adoption of contemporary, effective irrigation technology,
such as sprinkler or drip systems [46]. Furthermore, farmers are susceptible during dry
seasons as they are unable to collect and store water during times of surplus due to a lack
of water storage systems or facilities. Creating sufficient water storage capacity is essential
to preserve a steady water supply and enhance water management in general [47].

The lack of access to finances by smallholder farmers in this study indicates that
financial limitations also play a significant role in slowing down the adoption of sustainable
agricultural practices such as WUE. This lack of access to finances means smallholder
farmers are unable to make investments in WUE technology, infrastructure, and other
essential inputs without the financial means and financing availability [48]. This problem
is exacerbated by economic volatility brought on by unreliable markets, which makes
it difficult for farmers to make long-term investments in sustainable agricultural prac-
tices [49]. This irregularity affects their capacity for risk-taking and financial planning [50],
highlighting the necessity of dependable and easily accessible markets for agricultural
goods to guarantee a steady flow of revenue and promote investment in environmentally
friendly methods.

Another barrier to smallholder farmers’ capacity to maximize water use is a lack of
access to information regarding irrigation water management. This can lead smallholder
farmers to use inefficient water management practices that will only exacerbate the effects
brought on by water shortages. Thus, to teach farmers the best strategies for managing their
water resources, training and extension services are essential [51]. In addition to lacking
information on WUE practices, these difficulties are made worse by harsh and unpredictable
weather patterns brought forth by climate change. To deal with these changes, farmers
must implement more resilient farming techniques and technology [52], such as improved
water management techniques.

4.3. The Correlation of Primary Irrigation Water Sources and the Applicarion of WUE Approaches

The study findings on the correlation between the application of WUE approaches and
the primary irrigation water source suggests that variables other than the primary irrigation
water source such as irrigation infrastructure, knowledge, and economic barriers may have
a greater impact on farmers’ decisions and abilities to apply WUE approaches [53]. In terms
of practice, this result highlights how difficult it is to increase WUE in smallholder agri-
culture. Furthermore, the results implies that increasing irrigation water access on its own
might not enhance WUE unless it is combined with supportive policies that tackle other im-
portant obstacles noted in research [53,54], like insufficient irrigation infrastructure, scarce
financial resources, and a lack of awareness regarding efficient irrigation management.

Furthermore, the minor effect that irrigation water sources have on WUE methods
emphasizes the necessity of integrated and comprehensive approaches to agricultural
growth in these circumstances. A comprehensive approach should be considered when
enhancing WUE among smallholder farmers. This approach should include infrastructure
development to guarantee dependable access to water and storage facilities, financial
support or incentives for investing in WUE technologies, and capacity-building through
agricultural extension services to improve farmers’ knowledge and skills in effective water
management [55]. The modestly positive correlation highlights the complex nature of the
barriers that smallholder farmers encounter in redesigning production practices for WUE,
even while it offers some insight into the correlation between the primary irrigation water
source and WUE approaches among them.
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The correlations represented in the heatmap (Figure 9) provide insights into how
different WUE practices align with specific irrigation water sources. This understanding is
beneficial for stakeholders, including agricultural extension officers and policymakers, who
seek to promote WUE strategies in various farming contexts. Farmers with access to more
stable and controlled water sources such as municipal water may benefit from practices like
irrigation scheduling, which enables them to allocate water resources at optimal times for
crop needs [56]. Conversely, those relying on rainfall may prioritize rainwater harvesting
or the use of drought-resistant crops, which are more compatible with variable or limited
water availability [57]. Therefore, agricultural policy planners and/or extension officers
can use such correlations to suggest WUE practices that are more compatible with available
water sources, helping to optimize water use in different farming contexts.

4.4. Study Summary

The socioeconomic factors affecting smallholder farmers in the study area are closely
connected to the barriers they encounter in redesigning their production practices for water-
use efficiency (WUE) practices. Their ability to use water-efficient practices is influenced
by socioeconomic variables such as age, gender, and their level of education. Although
older and less adequately literate individuals may find it difficult to adopt more advanced
techniques, many farmers rely on manual irrigation methods. Adoption of effective water-
use techniques is hampered by a lack of knowledge regarding irrigation management,
which further strengthens the dependence on traditional practices.

Another major factor impeding the redesign of production practices for WUE is
economic restrictions [8,58]. Due to their reliance on non-farm income, many farmers
may be less inclined to engage in agricultural developments focused on promoting WUE.
Furthermore, farmers find it challenging to access essential infrastructure, such as efficient
irrigation systems and water storage facilities, due to limited access to finances and/or
credit. Farmers are deterred from committing to long-term WUE resolutions by this
financial volatility, which is exacerbated by erratic markets and climatic circumstances [59].
Improving farmers’ access to information, funding, and the infrastructure required to
implement more effective techniques will be necessary to address these issues.

4.5. Study Limitations

The sampling method (simple random sampling) used in this study can result in an
under-representative sample as differences in the sample might have been overlooked
by, for example, focusing more on crop and mixed farmers rather than livestock farmers.
The data collection tool (structured questionnaire) can be rigid in a sense that smallholder
farmers are only limited to choosing the options provided to them by the researchers.

Language barriers between the English-drafted questionnaire and the Siswati-speaking
respondents in the study resulted in Likert-scale compression. This problem occurs when
respondents become unclear or confused because of direct translations of the Likert-scale
questions that may not fully convey the intended meanings. The English language skill
of the respondents may vary, which could have an impact on how well they comprehend
the scale and how they respond. The reliability and validity of data collected using Likert
scales can be improved by conducting cognitive interviews and rigorous pilot studies,
making sure that translations are accurate and culturally appropriate, and clearly providing
instructions for respondents.

5. Conclusions

The barriers highlighted in the study must be resolved in smallholder production
practices to redesign smallholder production practices for WUE. These include the financial
barriers that keep farmers from adopting sustainable practices, the restricted availability
of contemporary irrigation systems (micro-irrigation systems) and equipment (soil mois-
ture sensors), and the lack of training and understanding among farmers. Implementing
water-efficient technologies is also made more difficult by socioeconomic issues such as
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poor access to information on WUE. A holistic approach including investment in irriga-
tion infrastructure, targeted education initiatives by agricultural extension agents, and
stakeholder participation is needed to overcome these barriers. To address the barriers
limiting the adoption of water-use efficiency (WUE) practices among smallholder farmers,
the following policy interventions are recommended:

e  Enhancing access to affordable credit and financial instruments is essential, enabling
farmers to invest in advanced irrigation systems and water storage infrastructure.

e Improving farmer education and capacity-building initiatives, particularly in irrigation
management, is critical. These programs should target older and less educated farmers
to facilitate the adoption of more sophisticated WUE practices.

e  Policy efforts must also prioritize investment in water infrastructure, ensuring equi-
table access to reliable water sources and promoting the implementation of efficient
irrigation technologies, such as drip or micro-irrigation systems.

e  Policies should promote climate-resilient agricultural practices, including the cultiva-
tion of drought-tolerant crops and the adoption of soil water retention techniques, to
help farmers adapt to the challenges posed by climate variability.

e To reduce financial instability, improving market access and stability through the
strengthening of local agricultural markets and farmer cooperatives is necessary, as
this would encourage greater investment in sustainable WUE practices.

e In conclusion, gender-sensitive policy interventions that provide targeted support to
female farmers are imperative to ensure equitable resource allocation and empowerment.

Implementing these policy recommendations would create a conducive environment
for smallholder farmers to overcome socioeconomic barriers and enhance the efficiency of
water use in their agricultural systems.
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