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Abstract: Agriculture plays an important role for income generation, economic growth,
and employment for majority of people. Agricultural production has become the very
means of alleviating poverty. In pursuit to meet the growing demand for food to sustain the
ever-growing population, the need to salvage farming and farm productions from extreme
climate events using water smart practices remains paramount. The conservation of water
resources for a water-scare country, such as South Africa, is important for agricultural
development. Water-smart agriculture aims at addressing issues associated with water
availability, water use efficiencies as well as water conservation for optimal production.
The study was conducted in Chochocho, Bushbuckridge Local Municipality, South Africa.
The aim of the study was to examine the adoption of water smart agriculture, and to
determine the water use efficient practices employed by farmers in the study area. Random
sampling method was employed, and data was collected using structured and semi-
structured questionnaires as well as focus group discussion. Furthermore, the descriptive
and inferential statistics were used to explain responses from respondents and the
Statistical Package for Social Sciences (SPSS version 27) software was used for the
analysis. The study found that farmers’ adoption of water smart agriculture practices was
hinged on several heterogeneous variables. The study recommends amongst others, the
need to conserve water for agricultural production, and water infrastructural development
for local food security must be improved. Additionally, water demand and supply
management issues must be addressed.

Keywords: Adoption, Water Smart Agriculture, farmers, behaviour, climate change,
productivity

Introduction

The change in climate is one of the most critical problems confronting the world today. It does not
only affect the agricultural sector, but it affects all other sectors, and has caused a lot of damage, and
impacted many lives, namely: the human, plants, and animals (Prakash and Srivastava, 2019;
Lacetera, 2019). Climate change is defined in many different ways by different authors, Stillman
(2014), characterizes environmental change as a change in an area's standard climate designs. This
could be as a result of an adjustment of the measure of downpour that an area normally gets per year.
It could, likewise be an adjustment of an area's standard temperature for a month or season (Ahmed
Khan and Nawaz, 2020). Environmental change is also known as a variety in the world's temperature.
It is also referred to as a shift in where rain and snow normally fall on earth. Climate change emanates
from several factors, which includes: volcanic eruption, garbage, permafrost, natural gas drilling, oil
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drilling, deforestation, fertilizers, transportation, farming, and power plants (Kelly, 2019; Sithole and
Agholor, 2021). Furthermore, there are effects of climate change which streamflow timing changes,
and reduces water supplies for competing demands. Major threats to water availability include an
ascent in ocean level, soil and water disintegration, and flood. Furthermore, increased wildfires, insect
outbreaks, and tree diseases are all contributing to widespread forest destruction (IPCC, 2007). These
further contributes not only to climate change and water availability, but also deforestation.

The clearing id forests and the change in climate leads to reduced availability of water across the
world. Significantly, approximately 70% of the world's water is used for agricultural purposes (FAO,
2013). However, water is progressively scarcer, due to the different demands from other sectors, such
as the construction and mining sectors (Mekonnen and Hoekstra, 2016). The change of climatic
patterns results in the reduction of water sources across the world. Consequently, it is of paramount
importance that water is used more considerately. That is, a number of water conservation approaches
must be employed both in the agricultural and non-farming sectors. Water-Smart Agriculture (WaSA)
approaches assists to conserve the readily available water, for use in the agricultural sector and other
economic sectors. Contemporary studies have shown that farming feeds millions of people in the
world (Dey and Mukherjee, 2019). However, farmer knowledge and techniques to conserving and
saving soil moisture and rain water harvesting during rainfall seasons for future use remains low
(Greyling, 2015; Parry, et al., 2015). Amundson; Berhe; Hopmans; Olson; Sztein; Sparks (2015)
defines WaSA as the integration of many best water usage techniques with sustainable, soil
improvement, crop, and ecosystem management for resilient and effective farming. Moreover, WaSA
comes with several objectives, namely: to increase crop and farm productivity, to enhanced farming
resilience, and to reduce Chlorofluorocarbons’ emissions.

The adoption of WaSA practices entails hands-on training and continuous capacity building for
different departments namely: extension agents, producers, and technicians. Studies suggests that
Water-Smart Agriculture and Climate-smart Agriculture (CSA) are partnered concepts with similar
objectives (FAO, 2013). Significantly, most studies recognize WaSA as the means to achieving
Climate-Smart Agriculture (FAO, 2014; Ghosh, et al., 2019; FAO, 2013).

Problem statement of the study

Climate change has become one of the biggest issues faced worldwide, it does not only affect plants
and animals, but also causes serious diseases that affect human health. Contemporary studies suggest
that a few regions in Africa are in danger of experiencing expanding water pressure due to
environmental changes which are as a result of the fast ascent in temperatures (Niang; Ruppel;
Abdrabo; Essel; Lennard; Padgham; Urquhart, 2014). The ever-growing population increases the
demand for food supplies and worsens water-related problems (Parry, et al., 2015). Moreover,
environmental change is expected to negatively affect rural food supplies in African countries and
districts. This is on the grounds that yields from downpour took care of homesteads might be
diminished by up to 50% during droughts (Slegers, 2008; Parry, et al., 2015). Hunger and
malnutrition are most likely to be more normal in Africa due to the change in climatic patterns. Most
investigations found that Africa is among the weakest mainland, especially, with the reported
environmental changes. Particularly, due to the law rate of transformation, limited access to recent
agricultural technologies as well as the assortment of stressors (Schneider, et al., 2007; Niang, et al.,
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2014). Some of the countries in Africa faces the greatest floods, and increased droughts as a result of
climate change (Parry, et al., 2015).

The continuous rise of temperatures, and evaporation rate, contributes immensely to the loss of water
in lakes, dams, and streams and the extinction of all aquatic life (Nwaerema, 2020). The loss of water,
does not only affect human and animal life, but directly impede agricultural production. The
agricultural sector depends on a number of farming input for production to occur. This includes water,
fertilizers, sees or seedlings and other important farming inputs. However, water as a natural resource,
remains paramount in agricultural production, both in crop and livestock production. Crop producers
are faced with diminishing returns as a result of reduced yields, especially in the rain-fed farming.
Moswentsi; Fanadzo; Ncube (2017) suggests that the adoption of water conservation strategies by
farmers, especially, smallholder farmers will increase farming resilience. Some scholars, suggests that
in the era of climate change, smallholder farmers have a number of adaptation strategies to choose
from, depending on availability of resources and skills. These includes Climate-Smart Agriculture,
Precise Agriculture, Digital Agriculture, Conservation Agriculture, and Water-Smart Agriculture.

A number of authors argue that the aforementioned adaptation strategies employed by farmers across
the world assist to increase farming resilience. Literature on WaSA submits that WaSA aims to
increase water resource utility for optimal agricultural production (Luo et al., 2017, Moswentsi et al.,
2017; 1ICA, 2018). On the other hand, Amudson et al., (2015) submits that WaSA aims to conserve
the readily available and accessible scare water resource. WaSA refers to an agricultural system or
practice that focuses on irrigation water use efficiency. However, not much is known about WaSA as
far as its applicability, the rate of adoption by farmers as well as perception and assertiveness of
smallholder farmers on the impact and influence of WaSA in their agricultural businesses. It is noted
by 1ICA (2018) that WaSA is a new concept and more research is yet to be conducted to uncover the
applicability of WaSA in smallholder farming. Moreover, the impact of WaSA on irrigation water use
efficiency as well as assessing the rate at which WaSA is adopted by farmers, particularly,
smallholder farmers is yet to be researched. Therefore, the study attempted to examine Water-Smart
agricultural practices employed by emerging farmers; to assess the perception of emerging farmers in
the adoption of Water-Smart Agriculture; and to determine the adoption behavior of farmers towards
Water-Smart Agriculture practices.

Objectives of the study

® To examine Water-Smart Agricultural practices employed by emerging farmers in the study area.
® To determine the adoption behaviour of farmers towards Water-Smart Agricultural practices.
Methodology

The study was conducted in the Chochocho (Dingledale) area of Bushbuckridge Local Municipality in
Ehlanzeni District, which is adjacent to Mbombela Local Municipality in Mpumalanga, South Africa.
The total area 5,46 km?2, and has a total population of 4845 individuals, blacks (99,5%), whites
(0.2%), Indians and coloreds with 0.1%. The dominant languages spoken in the area includes:
Xitsonga, Sepedi, Siswati, Sesotho and IsiZulu.
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Figure 1: Map of Chochocho community

Source: Maphill (2013)

Sampling Procedure and Data Collection Tools and Techniques

The random sampling technique was employed with an indication that no special treatment of farmers
in the sampled population. However, the likelihood of any farmer in the group being selected does not
necessary depend on any other farmer in the population. This approach used, avoided gender bias and
261 participants were randomly sampled. Structured questionnaires were used to obtain information
from farmers and was divided into two sections: the first part was on socio-economic demographics of
the smallholder farmers while the second part was centered on adoption behaviour of farmers in the
use of WaSA. Furthermore, focus group discussions were employed to understand crop production
pattern and objectives as well as farming practices used. Other PRA tools such as transect walk, Venn
diagram, trend and time analysis were employed to capture common crop production practices
employed in the study area. Moreover, to obtain sample size, the Slovin’s formula was employed and
is reflected below:

N
750
n=____ = 11750(0.05)2 =260.86 =261

1+ Ne?
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N = sample size (261)

e = Margin of error (0.05)
N = Total population (750)
Method of Data Analysis

Descriptive statistics involving frequency, mean and percentages were used to analyze data collected,
and to satisfy the first objective of the study. The adoption behavior of smallholder farmers of WaSA
practices was analyzed using the multi-nominal logistic regression analysis.

Logical framework and empirical model

The hypothesis on the influence of the socio-economic characteristics of farmers on adoption
behaviour  was tested using the binary logistics regression. The Statistical Package for Social
Sciences software (SPSS version 27) was used analyze the data collected for the study. Collected data
was screened before captured into SPSS to ensure quality of primary data entry. The editing and
highlighting of salient errors of omission in the computation of data and testing for missing values
was also done. Multi-nominal regression was used to determine the relationship between selected
demographic (independed or determinant) variables and the dependent variables. Moreover, the
determinants of adoption of WaSA practices or otherwise, suggest individual direction to maximize
utility because of rationality in behaviour. Multi-nominal regression model used to examine farmers’
decision to adopt or not to adopt WaSA practices was as follows:

Where:

Y = Adopt WaSA (farmers adopt = 1, 0 = otherwise)
X1 — X6 = independent variables illustrated as:

X1= Age (years)

X2 = Level of education (literate = 1. 0= otherwise)
X3 = Farm experience (indicated in years)

X4 = Farm size (size in ha)

X5 = Information support on WaSA (1= support, 0 = otherwise)
X6 = Access to Extension (Yes=1, 0 = otherwise)

B0 = constant

B1- B15 = standardized partial regression coefficients

L = error term
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The choice to adopt WaSA as a practice was presented as dependent variables with the assigned
values 1-Pi, and if not Pi. The table 1, indicate the independent variables with a priori expectations as
follows:

Age appears as a continuous variable and was stated in years, with the expectation that younger
farmers may be inclined to undertakings and therefore are less likely to be risk averse as compared to
the elderly farmers (Knowler and Bradshaw, 2007). Level of education was considered as dummy
variable with the value of 1 if farmers are educated and O otherwise. Educated farmers may likely
accept innovation easily as compared to uneducated farmer. Furthermore, educated farmers are
disposed to well informed decisions that may improve adoption of WaSA practices. Therefore, the
higher the level of education the higher the chances to adopt WaSA. Farm experience as a continuous
variable was presented as the number of years a farmer remained in farming. The expectation is that
farm experience will influence adoption decision making as more experienced farmers are disposed to
informed decision making. Farmers access to support on the use of WaSA were measured by the
capability to access assistance. The access to support was indicated as dummy variable, and a farmer
with access to government support information takes the value of 1 or 0 otherwise. However, access
to government support was expected to influence the decision of adopt WaSA practice. Farm size was
prepared and measured in acres. Farmers with larger farm size shows potential for success and
therefore, farm size is expected to influence adoption of WaSA. Extension services was regarded as
dummy variable with the value of 1, if farmer had contact with extension and 0 otherwise. Extension
as a social capital helps in building trust, provides assistance, and share innovative information with
farmers. It was assumed in this study that smallholder farmers with access to extension services are
more likely to adopt WaSA practice in the area.

Results and Discussions

Respondents’ awareness of WaSA agricultural practices in the study area

Findings reveals that (72.6%) of all the smallholder farmers who participated in the survey were not
familiar with WaSA practices and did not know that WaSA practices can be used on farm as means to
conserve irrigation water. However, a small number (27.4%) of the respondents were aware of WaSA
practices and that they seldom employ it in their farms (figure 1). WaSA practices are connected to
Climate-Smart Agriculture (CSA), as a result of the efficient water use management practices
contributing also to the CSA goals of increasing crop productivity and farmer adaptation to the effects
of climate change. The efficient use of water and irrigation management practices, and the minimizing
of water quality impacts, calls for innovative training, retraining with robust extension activities in the
study area.
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Figure 2: Respondents’ awareness of WaSA practices in the study area

WaSA practices used by respondents in the study area

Findings as indicated in figure 2, show that 5.94% of the total of 219 smallholder farmers who
participated in the study use crop rotation as a WaSA practice. Of the 219 smallholder farmers
involved in the study, 3.20% use mulching and 18.26% use a combination of both crop rotation and
mulching as WaSA practices. WaSA, is one of the key conservation practices for achieving a
sustainable food production while decreasing hunger and poverty. Significantly, 72.60% respondents
asserted that they do not use WaSA practices in their farms. This is therefore, concluded to result from
the unawareness of the smallholder farmers about the WaSA. Almost 75% of the world’s smallholder
farmers depend on their farming practices for the generation of income and provision of food to them
and their families (World Bank, 2013). Similarly, agricultural development and the consequent
increase in farm incomes must be seen as one of the important ways to take smallholders farmer out
of poverty. This is particularly significant as a result of previous studies predicting that by 2050
global agricultural production could sustainably increase by 60% to satisfy the food and fiber needs of
an additional two billion people. Moreover, agricultural production should double in the Sub-Saharan
African region to meet the growing demands for food (Alexandratos and Bruinsma, 2012). This
increase must be understood under WaSA and climate change conditions, without necessarily
compromising the natural resource endowment on which our food and depend. In this context,
employing various types of WaSA can be used to sustainably increase agricultural productivity to
facilitate enhanced agricultural development.
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Figure 3: WaSA agricultural practices used by respondents in the study area

Determinants of farmers’ decisions to adopt Water Smart Agriculture

Table 1, below, indicate the multi-nominal regression results with the independed variables employed
in the determination of farmers’ decisions to adopt or not to adopt WaSA. In models, with a
categorical dependent variable, the computation of single R2 statistics that has all characteristics of
R2 in any model is impossible. Hence, approximations are made instead, and therefore, this study
adopted this technique. As indicated in table 1, the Pseudo R2 shows a summary of the proportion of
variance of the dependent variable which is associated with the predictor (independent) variables.
With Cox and Snell (0.319), McFadden (0.581) and Nagelkerke R2 of 0.659 result obtained, show
that more of the variables were explained in the model and that the model fit the study
(Nagelkerke,1991). In the model, five independent variables were positive and significant but
negatively influence adoption of WaSA practice with the exception of farm experience.

The result reveals that age was significant with p-value of 0.039 but negatively (= -0.336) related to
decision to adopt Water Smart practices for farming (table 1). This result implies that for every yearly
increase in age of respondents there is 0.336 times decrease in the Log odds of decision to adopt
WaSA practice. This result is consistent with the study of Lubisi et al., (2021), who found that age of
farmers negatively influenced smallholder farmers’ choice to adopt the use of ICT in Driekoppies,
Mpumalanga Province. Farm size was significant and positively related to adoption of WaSA with a
p-value = 0,000 and B =1.162. This result suggests that for every unit increase in farm size of
respondents, there is 1.162 times increase in the Log odds of adoption of WaSA, when all other
variables are held constant. This result agrees with Agholor (2021) in his study on access to local
markets and information, found that farm size was significant and positively related to the choice or
decision to participate in local market in Clau- Clau, Mbombela. Government support show
significant relationship but negatively influence adoption with P-value = 0.041 and p = -0.663. The
implication of this finding is that for any support received by a farmer there is 0.663 times decrease in
the Log odds of adoption of WaSA.
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The contact with extension service personnel recorded a significant relationship with P-value 0.001,
but negatively related to adoption of WaSA. This result implies that for every unit increase in the
number of contacts with extension services, there is 0.525 times decrease in the Log odds of adoption.
It should be noted, however, that extension services increase the level of awareness and plays a vital
role for information dissemination to farmers (Agholor and NKkosi, 2020; Nyangane and Juma, 2014).
The level of education was positive and significant with a p-value = 0.000 but negatively (p = -3.574)
influence the choice to adopt WaSA. This implies that holding all variables constant, for every
increase in the level of education there is 3.574 decrease in the Log odds for adoption of water smart
agriculture by respondents. The findings, however, is in contrary with the study of Ntshangase et al.,
(2018), found that education influences the adoption of conservation agriculture.

Table 1: Determinants of farmers’ decision to adopt Water-Smart Agriculture

Parameter Estimates

95% Confidence Interval for

Independent Exp(B)

variables B Std. Error  Wald  df Sig. Exp(B) Lower Bound Upper Bound
Intercept 13.842 3429.130 .000 1 .997

Age -.336 .162 4265 1 .039* 715 520 .983
Farming 005 122 .001 1 .969 1.005 791 1.276
experience

Farm size -1.162 .270 18.466 1 .000** 313 184 532
Support on -.663 .324 4182 1 .041* 515 273 973
WaSA

Extension visits -.525 .160 10.756 1 .001** 592 432 .810
Level of -3.574 .986 13.140 1 .000**  .028 .004 194
education

Pseudo R2:

Cox and Snell  .319

Nagelkerke .659

McFadden .581

The asterisks [0.01 ** and 0.00**] represent statistical significance at 0.05 and 0.1 levels respectively

Conclusion

The study aimed to examine Water-Smart Agriculture practices employed by smallholder farmers in
the study area and to determine the adoption behavior of farmers towards Water-Smart Agriculture.
The respondents were randomly sampled for the purpose of the study and this was done purposely to
afford all the participants and equal chance of being sample. Structured questionnaires were used to
gather information and were purposely divided into two sections, that is, 1. The section to gather
information about the socio-economic characteristics of the respondents and 2. The section designed
to ask questions on the use of WaSA practices by smallholder farmers in the study area. Descriptive
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statistics involving frequency, mean and percentages was employed to analyze the data. The adoption
behavior of smallholder farmers was analyzed using the multinomial logistic regression analysis. The
analysis of data for this study was done using the Statistical Package for Social Sciences software
(SPSS version 27). Furthermore, independed variables for the study were: age, level of education,
farm experience, farmland size, information support on WaSA and access to extension services. The
determinants of smallholder farmers’ adoption of WaSA practices or otherwise, suggests individual
direction to maximize utility because of rationality in behaviour. Findings revealed that majority
(72.6%) of smallholder farmers who participated in the survey were not familiar with WaSA
practices. The study found that age, farm size, government support, level of education, and contact
with extension services were significant and positively related to the choice or decision to adopt
WaSA. WaSA agricultural practices are connected to Climate Smart Agriculture (CSA) and the
efficient water management contributes to CSA goals of increased productivity and adaptation. The
efficient use of water and irrigation management practices, and the minimizing of water quality
impacts, calls for innovative training, retraining with robust extension activities in the study area.
WaSA is a key concept for achieving a sustainable food production while decreasing hunger and
poverty, especially, in rural areas. Similarly, agricultural development and farm income maximization
should be viewed as one of the important ways to help smallholders’ farmers out of poverty. It is
therefore, recommended that the relationship between smallholder farmers and their access to
extension services be investigated to further uncover the impact of extension services in the adoption
of WaSA practices and other practices to help farmers move towards Sustainable Agriculture.
Researchers further recommend that government support to smallholder farmers be strengthened,
especially, in the aspect of influencing farmers to adopt recent farming technologies, instead of just
the provision of farm inputs.
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