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Abstract: Sustainable Development Goal (SDG) 2 seeks to end hunger and guarantee food and
nutrition security worldwide by 2030. Smallholder irrigation development remains a key strategy to
achieve SDG 2. This study assesses how smallholder irrigation contributes to household food security
in Mberengwa district, Zimbabwe. Primary data were gathered from a randomly chosen sample of
444 farmers (344 irrigators and 100 non-irrigators) using a structured questionnaire. Microsoft Excel
and Statistical Package for Social Sciences version 27 software packages were used to analyse the
data. Descriptive statistics, chi-square test, t-test, and binary logistic regression were performed. The
t-test results show significant differences in mean between irrigators and non-irrigators for household
size, the dependency ratio, farming experience, farm income, food expenditure share, and livestock
owned (p < 0.05). Irrigators had significantly higher area planted, yield, and quantity sold for maize
during the summer than non-irrigators (p < 0.05). Food Consumption Score results show that 97%
of irrigators and 45% of non-irrigators were food secure. Binary logistic regression results reveal a
significant association between food security and household size, irrigation access, and farm income
(p < 0.05). In conclusion, access to smallholder irrigation increases household food security. The
government and its development partners should prioritise investments in smallholder irrigation
development, expansion, and rehabilitation.

Keywords: smallholder irrigation; food security; food consumption score; Sustainable Development
Goal; Zimbabwe

1. Introduction

The United Nations’ Sustainable Development Goal (SDG) 2 seeks to end hunger,
guarantee food security and improved nutrition, and advance sustainable agriculture for
all people in the world by the year 2030 [1,2]. To achieve SDG 2, there is a need to improve
food production, distribution, and access [1–3]. Global targets for SDG 2 are hindered by
poverty, climate change, conflicts, economic instability, natural disasters, and the COVID-19
pandemic [1,4]. All these factors impede food production and distribution and make it
more difficult for people to acquire the food they require [1,4]. Access to food is a problem
in most countries in the developing world [2]. The percentage of people suffering from
hunger in Africa is almost 20% (257 million individuals); out of this number, 237 million
reside in Sub-Saharan Africa (SSA) [1]. In comparison, the rate of hunger is 3% in North
America and Europe, 6% in Oceania, 9% in Latin America and the Caribbean, and 9% in
Asia [1,2]. Global food insecurity has been increasing since 2014, and if the current patterns
continue, an estimated 670 million people will be undernourished by 2030 [2].
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Food security is defined as a situation where everyone has physical, economic, and
social access to enough food that is safe, nourishing, and meets their dietary needs and
preferences for an active and healthy life [2,3]. Food security has four dimensions, namely,
stability, availability, access, and utilisation [3–5]. Food availability means the physical
existence of enough amounts and quality of food, whether locally produced or imported [4].
Access means the ability of a household to obtain food, both physically and financially [3].
Utilization refers to whether households have the resources and knowledge to prepare and
consume food safely and healthily to meet all physiological needs [4]. Stability refers to
whether the food system can withstand shocks like natural disasters, economic downturns,
or conflicts [2,5]. Food security may be attained by addressing all these dimensions. Food
security is influenced by several variables, including population growth, income, global
warming, climate change, a lack of arable land, poor soils, insufficient water for irrigation,
technological obstacles, conflict, and poverty [1]. A food-secure household can consistently
obtain adequate and diverse foods to meet its nutritional needs [4]. Household food
insecurity can result in hunger, malnutrition, poor health, and, in extreme cases, can even
lead to death [2].

Food security and agriculture are closely related [6]. This is mainly due to the agricul-
ture sector’s role in producing food in the economy. In addition, most of the undernourished
populations in the world are smallholder farmers [7]. Consequently, there is a growing
interest among stakeholders to comprehend how agriculture interventions might enhance
the nutritional status of smallholder farmers in developing nations [7]. Investments in
smallholder irrigation are commonly used as a tool to address concerns over food and
nutrition insecurity by most governments and development partners in developing coun-
tries [3,8]. Access to smallholder irrigation enables farmers to cultivate a wider range
of crops, increase production and productivity, provide jobs, and increase farm incomes,
which can ultimately improve overall food security [9–11]. Irrigation technology reduces
households’ vulnerability to changing rainfall and temperature patterns [12].

However, the provision of irrigation infrastructure alone does not guarantee that
all farmers in a given area will be able to take full advantage of it. While some farmers
may have favourable conditions (such as the availability of water and financial resources)
to take advantage of irrigation infrastructure, others may face constraints, limiting their
ability to benefit from irrigation [8,9]. Addressing these constraints through targeted
interventions, such as providing access to finance, training, and infrastructure maintenance
support, can help more farmers in rural communities maximise the advantages of irrigation
infrastructure [3,8,9]. While higher income and wealth can provide advantages for farmers
to invest in and maintain irrigation infrastructure, it does not mean that farmers with
limited resources cannot benefit [3]. Governments, development agencies, and other
stakeholders play a crucial role in providing support mechanisms, creating an enabling
environment, and ensuring equitable access to irrigation opportunities for farmers across
income and wealth spectrums [3].

Research studies show that having access to smallholder irrigation improves house-
hold food security. For example, Adeniyi and Dinbabo [13] studied the determinants of
food security amongst smallholder irrigators in Northwest Nigeria. Using a structured
questionnaire, primary data were gathered from 306 randomly chosen households. Food se-
curity was assessed using a combination of the Household Dietary Diversity Score (HDDS)
and the Food Consumption Score (FCS). A multivariate regression model was used to
investigate variables associated with food security. The findings revealed that 55% of the
farmers were food secure. There was a significant association between livestock ownership,
farming experience, farm size, education, training, income, and household food security. In
addition, Adeniyi and Dinbabo [13] evaluated the efficiency, food security, and differen-
tiation of small-scale irrigation agriculture in Northwest Nigeria. Their study evaluated
the households’ FCSs and the technical efficiency of the farmers. A random sample of
306 smallholder farmers provided the primary data. A multinomial regression model,
a segmentation strategy utilising cluster analysis, and Pearson correlation analysis were
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all used to analyse the data. Most households were food secure, with a mean technical
efficiency of approximately 86%. The observed variations in efficiency, income, and food
security were due to variations in household characteristics. The findings from these re-
search studies are consistent as they imply that smallholder irrigation improves household
food security. Similarly, Ogunniyi et al. [14] evaluated the effect of irrigation technology
adoption on crop yield, crop income, and household food security in Nigeria using the
treatment-effect approach. Primary data were gathered from a sample of 2305 households
and analysed using a combination of PSM and logistic regression. The findings show that
access to irrigation contributes positively to income, crop yield, and food security.

Research conducted by Balana et al. [15] in northern Ghana revealed that small-
scale irrigation improved household nutrition significantly. Their study used a farm
simulation model to evaluate the economic viability and potential of small-scale irrigation
to increase income and nutrition. The results revealed that the adoption of irrigation
increased net farm profit by 154%. Likewise, Wondimagegnhu and Bogale [8] carried out a
comparative study on the impact of small-scale irrigation on food security in Northwest
Ethiopia. A questionnaire was used to collect data from a total of 185 randomly chosen
households (84 irrigators and 101 non-irrigators). Data were analysed using a household
food balance model, descriptive analysis, and binary logit regression. About 85% of
irrigators and 65% of non-irrigators were food secure. The size of farmland, household
size, access to credit, irrigation, and income from rainfed crops were found to significantly
impact household food security. Their study concluded that access to irrigation improves
household food security.

Mhembwe, Chiunya, and Dube [10] researched the impact of small-scale irrigation
schemes on household food security in Shurugwi district, Zimbabwe. A qualitative method
was applied in the investigation. Primary data were gathered from 40 participants who
were purposively chosen. A total of 32 irrigators and eight government representatives
from the Department of Agritex, Mechanisation and Irrigation, and the District Administra-
tor’s office participated in their study. Data analysis was conducted using thematic analysis.
The findings show that irrigation projects improve food security and farm incomes signif-
icantly transforming the lives of rural farmers. The study concluded that having access
to irrigation improves food security. The researchers recommended that the government
and its development partners should establish new irrigation schemes and rehabilitate the
dilapidated ones.

Research conducted by Chidavaenzi, Mazenda, and Ndlovu [9] in Chipinge, Zim-
babwe, assessed how households cope with food shortages and their resilience. Their study
aimed to investigate the impact of drip irrigation on income, food security, and nutrition.
The researchers used a mixed methods approach. A semi-structured questionnaire was
administered to 40 irrigators, and a focus group discussion was also conducted. Data were
analysed using descriptive statistics, the Mann–Whitney U test, and Kruskal–Wallis H
non-parametric tests. The study found that implementing drip irrigation led to increased
household income, food production, and improved nutrition. The availability of cheap
labour and extension support were identified as the main success factors of the drip irriga-
tion project. The study concluded that developing irrigation systems is necessary to reduce
household food insecurity.

Food and nutrition insecurity remains a global concern and is more prevalent among
SSA countries, including Zimbabwe [2]. Thus, the Zimbabwean government pledges in its
National Development Strategy 1 (NDS 1) to support and guarantee food and nutrition
security for every citizen [16]. The NDS 1 seeks to enhance food self-sufficiency from
45% to 100% (between the years 2019 and 2025), reduce food insecurity to less than 10%,
and restore the country’s bread basket status by the year 2025 [16]. In Zimbabwe, an
estimated 29% of the urban population (1.5 million people) and 19% of the rural population
(1.9 million people) are food insecure [17,18]. It is reported that the high rate of poverty is
the leading cause of food and nutrition insecurity in the country [18]. Approximately 71%
of the population is classified as poor, with 29% of them being extremely poor based on
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the local Total Consumption Poverty Line (TCPL), which is set at USD 2.31 per day [19,20].
Furthermore, food and nutrition insecurity were made worse by the COVID-19 pandemic’s
disruption of the nation’s food supply systems [4]. As part of its strategies to enhance
food and nutrition security, the Zimbabwean government has prioritised the development
of smallholder irrigation and the rehabilitation of dilapidated irrigation infrastructure,
as stipulated in NDS 1 [16]. The government aims to increase the land area equipped
for irrigation to at least 350,000 ha by 2025, which is more than a 90% increase from the
current 180,000 ha [16]. However, a few current studies have assessed the impact of these
irrigation investments on food security in Zimbabwe [9,10]. This study aims to investigate
the relationship between smallholder irrigation and household food security in Zimbabwe.
This study provides a valuable resource for policymakers, researchers, organizations, and
individuals interested in understanding the connection between smallholder irrigation
projects and food security.

2. Materials and Methods
2.1. Research Approach

This study employed a quantitative approach to assess the contribution of smallholder
irrigation to household food security. The quantitative approach refers to empirical re-
search that uses numerical data to determine causal and correlative relationships between
variables [21]. Quantitative researchers argue that observations must be collected and
measured for repeated incidences of social phenomena [22]. Identifying a specific social
phenomenon is possible when variables are observed over a large number of cases [21].
Thus, quantitative researchers use statistically representative samples to enhance their
confidence in the findings and generalise about the empirical world [21]. Since quanti-
tative research is objective and value-free, it focuses on social behaviour characteristics
that are quantifiable and systematic rather than merely determining and interpreting their
meanings [23].

2.2. Study Area

The study sites were Old-Biri and Biri-Extension irrigation schemes located in the
Mberengwa district of the Midlands Province in Zimbabwe (Figure 1). The study sites were
purposively selected considering that they are functional irrigation schemes located in a
semiarid agroecological region where irrigated farming is vital for food production [24,25].
Agroecological zones are geographical areas that exhibit distinct combinations of uniform
agro-climate, biodiversity, soil composition, and farming practices [24]. Mberengwa has an
average annual rainfall range of 450–600 mm [24]. The study area’s prevalence of poverty
is predicted to be 31.6% based on Zimbabwe’s TCPL of USD 2.31 per day [19]. Old-Biri and
Biri-Extension irrigation schemes are located nearby and separated by a road. The Old-Biri
irrigation scheme consists of 71 beneficiaries owning an average irrigated plot of 0.5 hectares
(ha). The scheme was commissioned in 1988 and uses a gravity irrigation system to irrigate
40.2 ha [26]. The scheme draws its water from Biri Dam. The Biri-Extension irrigation
scheme has 280 beneficiaries and was commissioned in 2005. The scheme also uses a
gravity irrigation system to irrigate 117 ha with the potential to extend to 131 ha [26]. The
scheme draws its water from the Mundi Mataga Dam. The main summer crops grown at
the schemes are maize (Zea mays), sugar beans (Phaseolus vulgaris), and groundnuts (Arachis
hypogaea), while the main winter crops grown are wheat (Triticum aestivum), green mealies
(Zea mays), cucumbers (Cucumis sativus), tomatoes (Solanum lycopersicum), cabbage (Brassica
oleracea), okra (Abelmoschus esculentus), and potatoes (Solanum tuberosum). The farmers in
both irrigation schemes also rear cattle, goats, sheep, donkeys, and various types of poultry.



Agriculture 2024, 14, 617 5 of 16Agriculture 2024, 14, x FOR PEER REVIEW  5  of  17 
 

 

 

Figure 1. Map of the study area. 

2.3. Selection of Respondents 

The  targeted population was all  the  irrigators  in communal  irrigation schemes  lo-

cated in semi-arid to arid agro-ecological regions IV and V of Zimbabwe, which receive 

an average of less than 650 mm of rainfall per annum [24]. The estimated population of 

smallholder irrigators in these regions is 5000 farmers. An acceptable representative sam-

ple size was established using Slovin’s formula [27]. Assuming a confidence level of 95%, 

and a 5% precision level, the statistically representative sample size was calculated to be 

370 irrigators (Equation (1)). 

𝑛
.

   = 370 irrigators    (1)

where n = sample size, N = population size, and e = level of precision. Using Equation (1), 

the required sample size for this study is 370 irrigators. The total number of irrigators in 

the Old-Biri and Biri-Extension irrigation schemes is 351 farmers. Thus, all the irrigators 

in both irrigation schemes were included in the sample. In addition, a control group of 

100 non-irrigators was randomly selected from areas adjacent to the irrigation schemes. 

As suggested by Israel [27], a review of the literature in a discipline can guide “typical” 

sample sizes that are appropriate for a study. The control group sample size was based on 

similar studies [28–30]. 

2.4. Data Collection Procedure 

A structured questionnaire was used to collect primary data from irrigators and non-

irrigators. The questionnaire was administered with the help of four trained enumerators. 

The local vernacular languages of Shona and Ndebele were used during the interviews. 

To enhance the instrument’s validity and reliability, a pre-test of the questionnaire was 

conducted with seven randomly selected farmers at the Biri-Extension irrigation scheme. 

The questionnaire captured household socioeconomic, demographic, agricultural produc-

tion, and food consumption information. The household member in charge of food prep-

aration provided information on food consumption. If unavailable, another adult was in-

terviewed. Food items that were consumed outside the home by the household or indi-

vidual members (for example, food purchased in restaurants) were excluded [2]. 

Figure 1. Map of the study area.

2.3. Selection of Respondents

The targeted population was all the irrigators in communal irrigation schemes located
in semi-arid to arid agro-ecological regions IV and V of Zimbabwe, which receive an
average of less than 650 mm of rainfall per annum [24]. The estimated population of
smallholder irrigators in these regions is 5000 farmers. An acceptable representative sample
size was established using Slovin’s formula [27]. Assuming a confidence level of 95%,
and a 5% precision level, the statistically representative sample size was calculated to be
370 irrigators (Equation (1)).

n =
N

1 + N(e)2 =
5000

1 + 5000(0.05)2 = 370 irrigators (1)

where n = sample size, N = population size, and e = level of precision. Using Equation (1),
the required sample size for this study is 370 irrigators. The total number of irrigators in
the Old-Biri and Biri-Extension irrigation schemes is 351 farmers. Thus, all the irrigators
in both irrigation schemes were included in the sample. In addition, a control group of
100 non-irrigators was randomly selected from areas adjacent to the irrigation schemes.
As suggested by Israel [27], a review of the literature in a discipline can guide “typical”
sample sizes that are appropriate for a study. The control group sample size was based on
similar studies [28–30].

2.4. Data Collection Procedure

A structured questionnaire was used to collect primary data from irrigators and non-
irrigators. The questionnaire was administered with the help of four trained enumerators.
The local vernacular languages of Shona and Ndebele were used during the interviews. To
enhance the instrument’s validity and reliability, a pre-test of the questionnaire was con-
ducted with seven randomly selected farmers at the Biri-Extension irrigation scheme. The
questionnaire captured household socioeconomic, demographic, agricultural production,
and food consumption information. The household member in charge of food preparation
provided information on food consumption. If unavailable, another adult was interviewed.
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Food items that were consumed outside the home by the household or individual members
(for example, food purchased in restaurants) were excluded [2].

2.5. Data Analysis

The data were analysed using Microsoft Excel 2019 and Statistical Package for Social
Sciences (SPSS) version 27. Descriptions of the analyses that were conducted follow.

i Socioeconomic characteristics

This study utilised descriptive statistics to examine the socioeconomic characteristics
of the participants. The mean, percentages, and frequencies were calculated for selected
variables. The chi-square test was used to check for associations among the categorical
variables. In addition, t-tests were utilised to ascertain whether the observed differences be-
tween selected variables were statistically significant. The analyses’ findings are presented
in tables.

ii Household food security valuation

The Food Consumption Score (FCS) index was used to assess household food security.
The FCS index was developed by the World Food Programme (WFP) in 1996 [31]. The FCS
measures the food access dimension by considering dietary diversity and the frequency
of consumption of nine food groups in the past seven days, weighted according to the
nutrition values of the food groups (Table 1) [31]. The FCS ranges from 0 to 112 and
considers both the frequency of food consumption and the nutritional significance of the
food consumed over a given period [31]. The higher the score, the better the household’s
food security status [31].

Table 1. The nine standard food groups used to calculate FCS.

Food Groups Weights

Main staples 2

Pulses 3

Vegetables 1

Fruit 1

Meat and fish 4

Milk 4

Sugar 0.5

Oil 0.5

Condiments 0
Source: VAM, WFP [31].

The FCS is expressed as shown in Equation (2).

FCS = WStapleXstaple + WpulseXpulse + WvegetablesXvegetables + W f ruitX f ruit+
WmeatXmeat + WmilkXmilk + WsugarXsugar + WoilXoil + WcondimentsXcondiments

(2)

where Wi = vector of weights for food groups and Xi = vector of food consumption
frequency for food groups. Based on the FCS, food consumption is categorised as poor
(0–21), borderline (21.5–35), or acceptable (>35) [31]. The FCS measure was used to delineate
the food-secure and food-insecure households, and those with an FCS less than or equal to
35 were categorised as food-insecure and those with an FCS greater than 35 were considered
food-secure.

iii Contribution of irrigation to food security

This study used binary logistic regression to measure the contribution of smallholder
irrigation to food security. This model was chosen because it is suitable for binary de-
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pendent variables, normally distributed data, and large sample sizes [32]. Food security
status was determined using the FCS. Households with an FCS of 35 or less were deemed
food-insecure (coded as 0), while those with an FCS greater than 35 were considered
food-secure (coded as 1). The likelihood of being food secure or not (PVi) depends on
socioeconomic characteristics (Xi). Equation (3) shows the model’s empirical specification.
Woleba et al. [33] used a similar model.

Prob (Food secure = 1) = α + β1X1 + β2X2 + β3X3 + β4X4 . . . . . . .. + µi (3)

where α is the slope, Prob (Food secure = 1) is the likelihood of household i being food secure,
Xi is a vector of the farmer characteristics, βi are the parameters of the exogenous variables
estimated, and µi is the error term.

The binary logistic regression model was run after checking the hypothesised ex-
planatory variables for multicollinearity. To ensure accurate predictions, the presence of
multicollinearity was tested using the variance inflation factor (VIF) for continuous vari-
ables and the contingency coefficient for discrete variables. If the mean VIF exceeds 10, the
variable is highly collinear [32,33]. A contingency coefficient that is greater than or equal to
0.75 indicates serious multicollinearity [32,33]. The Pearson Goodness-of-fit, Nagelkerke
R-squared, and Hosmer–Lemeshow tests were applied to evaluate the goodness of fit and
assess the binary logistic regression model’s overall performance [32]. For the Pearson
goodness-of-fit, if the p-value is significant (p < 0.05), it suggests a lack of fit between the
model and the data [32]. For the Hosmer–Lemeshow test, a significant p-value (p < 0.05)
suggests a lack of calibration, indicating that the model’s predictions do not align well
with the observed data [32]. The Nagelkerke R-squared ranges from 0 to 1, and it provides
a sense of how well the model predicts the binary outcomes [32,33]. Table 2 shows the
description of the independent variables chosen based on a thorough review of similar
studies [3,8,9,13,33,34].

Table 2. List of independent variables, their codes, and expected signs.

Description of Variable Unit/Code Expected Sign

Age of household head Years +
Gender of household head 1 = male, 0 = female +

Education of household head Years +
Household size Number of persons −

Dependency ratio Proportion per working-age members −
Farm size Hectares +

Irrigation access 1 = Irrigator, 0 = non-irrigator +
Farm income USD +

Livestock holding (TLU) TLU +
Extension frequency Number of visits +

− means negative, + means positive.

Justification of variables
Age of household head was measured in years. According to Woleba et al. [33], age is a

crucial factor that determines the access to land by household heads. Their study suggests
that older heads of households have accumulated years of experience and knowledge
and are likely to have more access to land than young ones. As individuals grow older,
they acquire knowledge, skills, and assets that are essential for increased agricultural
production [33]. The older the household head, the more the likelihood to be food secure.

Gender was captured as a dummy variable. Research shows that male-headed house-
holds have better access to resources and opportunities, making them more food secure
than those headed by women [33,34].

Education of household head was measured as the number of years a household head
spent attending school. It was expected that higher education levels would result in a
higher likelihood to be food secure. According to Woleba et al. [33], a more educated
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household head is more likely to be aware of the benefits of modernizing agriculture,
leading to an increase in food production. With greater knowledge and understanding of
good farming practices, a more educated farmer can produce higher yields [33].

Household size was measured as the number of people who live at the same address and
share meals and common housekeeping. According to Woleba et al. [33] and Sekhampu [35],
a larger household size means more people to feed. This study hypothesises that household
size is negatively associated with food security.

The dependency ratio indicates the percentage of household members who rely on eco-
nomically active household members for their food, clothing, and education needs [36]. The
higher the dependency ratio, the less likely the level of food security [36]. Hence, this study
hypothesised that household food security and the dependency ratio are negatively correlated.

The farm size was a continuous variable captured in hectares. Generally, the larger
the farm, the more food production and farm income can be generated. Owning a larger
piece of land allows families to cultivate a variety of crops, which in turn can increase the
household food supply [33]. This study hypothesised that farm size and food security are
positively correlated.

Irrigation access was captured as a dummy variable. This study hypothesised a positive
correlation between irrigation access and food security. As per the findings of Ahmed [37]
and Feliciano [38], irrigation contributes to achieving food security by increasing crop pro-
duction, facilitating crop diversification, promoting sustainable intensification, enhancing
resilience, and generating employment and income.

Farm income was measured as a continuous variable in USD. Fanzo et al. [39] argue
that farm income is essential for households to have enough financial resources to purchase
nutritious food, and it also enables them to access a diverse range of food items, including
fresh produce, protein sources, and other essential nutrients. This study assumed that farm
income is positively correlated to food security.

Livestock holding was measured as tropical livestock units (TLUs). This measurement
included cattle, goats, and poultry. For instance, cattle provide draught power, manure
for fertilizer, income, and a store of value, contributing to food security [33]. Thus, it
is common for rural communities to invest in cattle [33]. This study hypothesised that
livestock holding and food security are positively correlated.

Extension frequency was measured as the number of visits made by extension officers
to farmers per given period. Extension services are designed to provide farmers with skills
and know-how to enhance their farm production, productivity, and food security levels [33].
We assume that extension frequency and household food security are positively correlated.

3. Results and Discussion
3.1. Description of the Farmers’ Socio-Economic Characteristics

The chi-square test was performed to determine if there was any association between
access to irrigation and the gender, marital status, and education level of the farmers
(Table 3). The findings show that the majority of the respondents were male, with 56.4%
being irrigators and 51% being non-irrigators. However, there was no significant association
between the farmer’s gender and access to irrigation.

Most of the respondents were married (80.8% irrigators and 85% non-irrigators), as
shown in Table 3. The chi-square test result shows that p = 0.027, which is less than 0.05,
meaning that there is an association between irrigation access and marital status at a 5%
level of significance. The reason behind this could be that the marital status of a farmer has
an impact on their access to resources, decision-making power, and responsibilities [40].
The results also show that 72.1% of the irrigators had attained secondary-level education. In
addition, 68% of the non-irrigators had achieved secondary-level education. The chi-square
test result reveals that there is an association between the level of education and irrigation
access (p = 0.05). Education plays a vital role in a farmer’s ability to access irrigation
technology. According to Achichi et al. [40], educated farmers are more likely to embrace
new technology to enhance their farming practices.
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Table 3. Chi-square test results.

Variable Description Irrigators (%) Non-Irrigators (%) Chi-Square (p-Value)

Gender of household head
Male 56.4 51 0.133

(0.716)Female 43.6 49

Marital status of
household head

Married 80.8 85 7.223 **
(0.027)Divorced 6.7 0

Widowed 12.5 15

Education of household head

No formal education 6.7 19
16.150 **
(0.001)

Primary education 19.5 13
Secondary education 72.1 68
Tertiary education 1.7 0

** Significant at a 5% level.

Descriptive statistics were also performed to analyse the age, household size, depen-
dency ratio, household labour, farming experience, farm income, food expenditure share,
and livestock ownership of the farmers. We performed the t-test to check if the differences
between irrigators and non-irrigators were significant (Table 4).

Table 4. Differences in the mean for continuous variables.

Variable Measure
Farmer Type

t-Value
Irrigators Non-Irrigators

Age (years) Mean
(Standard dev)

51.9
(10.6)

51.6
(8.4) −0.324

Household size
(number of persons)

Mean
(Standard dev)

4.9
(1.3)

4.3
(0.9) −3.995 **

Dependency ratio
(proportion per working-age members)

Mean
(Standard dev)

0.5
(0.8)

0.3
(0.4) 2.669 **

Household labour (number of persons) Mean
(Standard dev)

2.8
(1.1)

2.5
(0.7) −2.405 **

Farming experience (years) Mean
(Standard dev)

15.8
(5.8)

26.5
(8.6) 14.677 **

Farm income (USD) Mean
(Standard dev)

269.22
(114.4)

96.12
(97.3) 13.754 **

Food expenditure share (%) Mean
(Standard dev)

25
(13.6)

38.9
(13.7) 8.945 **

Livestock owned (TLU) Mean
(Standard dev)

3.1
(3.2)

1.4
(1.4) 4.988 **

** Significant at a 5% level.

The t-test results indicate no significant difference in the ages of irrigators and non-
irrigators. The results show significant differences in household size, dependency ratio,
farming experience, farm income, food expenditure share, and livestock owned between
irrigators and non-irrigators (p < 0.05). Household members under the age of 15 years and
those above 64 years are considered dependent [36]. The results show that the dependency
ratio was higher for irrigators (50%) than for non-irrigators (30%). There is a significant
difference in the dependency ratios (p < 0.05). This means that the irrigators have more
members who are dependent on them for basic needs such as food, clothing, and education
than non-irrigators. As expected, the irrigators were found to have significantly higher farm
income compared with non-irrigators (p < 0.05). Irrigation farming is practised throughout
the year; hence, it is usually associated with more income than rainfed farming [9,10].
Rainfed farming is confined to the rainy season; thus, no farm income is generated from
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crop production during the dry season. High farm incomes are usually associated with
high levels of household food security [9,10].

The findings show that the food expenditure share was less for irrigators (25%) com-
pared with non-irrigators (38.9%) (Table 4). The difference in food expenditure shares
was significant (p < 0.05). Because of their lower food expenditure shares, irrigators are
more food secure than non-irrigators [3]. A high food expenditure share indicates that a
household is struggling to meet its food needs, while a low food expenditure share may
indicate that a household is food secure [3].

Table 4 shows that irrigators have average livestock ownership of 3.1 TLUs and non-
irrigators have 1.4 TLUs. The difference in livestock owned was significant (p < 0.05).
Irrigators are more likely to invest in livestock such as cattle, which have a symbiotic
relationship with crop production as they can provide draught power and manure for
crop production, while the Stover from the irrigated crops can be used as cattle feed [33].
Livestock ownership and food security are positively correlated [33]. This study’s findings
suggest that irrigating households are more food secure than non-irrigating ones.

3.2. Contribution of Access to Irrigation to Crop Production and Productivity

An analysis of the contribution of access to irrigation to crop production was also
conducted. Communal irrigation schemes such as Old-Biri and Biri-Extension are interven-
tions designed to increase income levels and food security for rural communities [26]. The
choice of crops grown is usually influenced by the subsistence threshold, the availability of
good roads, and the distance from marketing points for the marketed surplus [41]. Table 5
shows the crops grown, area planted, yield, and quantity sold.

Table 5. Area planted, yield, and quantity sold for summer and winter crops.

Season Type of Crop Variable
Farmer Type

t-ValuesIrrigators Non-Irrigators

Summer

Maize
Area planted (ha) 1.14 0.03 25.849 **

Yield (t/ha) 0.58 0.13 9.372 **
Quantity sold (t) 0.30 0.01 21.750 **

Sorghum
Area planted (ha) 0 0.01 n/a

Yield (t/ha) 0 0.04 n/a
Quantity sold (t) 0 0.01 n/a

Sugar bean
Area planted (ha) 0.04 0 n/a

Yield (t/ha) 0.54 0 n/a
Quantity sold (t) 0.02 0 n/a

Winter

Green mealies
Area planted (ha) 0.25 0 n/a
Yield (dozens/ha) 3510 0 n/a

Quantity sold (dozens) 850 0 n/a

Wheat
Area planted (ha) 0.16 0 n/a

Yield (t/ha) 2.91 0 n/a
Quantity sold (t) 0.47 0 n/a

** Significant at a 5% level, n/a means not applicable.

Table 5 shows the area planted, yield, and quantity sold for both summer and winter
crops. Irrigators also own dryland plots on which they practice rainfed crop production
during the summer season. The area planted for maize was 1.14 ha for irrigators and 0.03 ha
for non-irrigators. For the irrigators, the area under maize production during the summer
season included both rainfed and irrigated plots, which explains the higher land holding of
the irrigators. The t-test results show that irrigators had significantly higher area planted,
yield, and quantity sold of maize during the summer than non-irrigators (p < 0.01). In
addition, the irrigators grew sugar beans on an average area of 0.04 ha during the summer
season, achieving a yield of 0.54 t/ha. During the summer season, the non-irrigators also
planted sorghum (0.01 ha), obtaining average yields of 0.04 t/ha.
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Green mealies and wheat were grown under irrigation during the winter season.
Table 5 shows that wheat was planted on an average area of 0.16 ha, whereas green
mealies were grown on an average area of 0.25 ha. The findings imply that irrigators
produce more cereals and have greater food security than non-irrigators. The findings
are similar to those of Nhundu and Mushunje [42], who found that irrigators produce
more cereals, which makes them more food secure than non-irrigators. In general, crop
production was higher and more diverse under the irrigation farming system compared
with the rainfed farming system. The findings are consistent with those of Gebregziabher
et al. [43], who found that the productivity of crops grown under irrigation was greater
than that of rainfed crops in Tigray, Ethiopia. Irrigation improves crop production and
productivity by providing a reliable water supply, increasing crop yield, extending growing
seasons, facilitating crop diversification, and promoting, efficient resource utilization in
agricultural communities [44–46]. Understanding the crops grown in a farming system
helps researchers and policymakers develop technologies and policies to improve crop
production and productivity.

3.3. Contribution of Irrigation Access to Food Security

The respondents’ food security status is shown in Figure 2. Approximately 97% of the
irrigating households and 45% of the non-irrigating households were food secure. Thus,
irrigating households were more food secure than non-irrigating ones. These observed
differences could be attributed to differences in access to irrigation technology. For instance,
irrigators can grow crops all year round which helps to boost their household food stocks
compared with non-irrigators who only grow crops during the rainy season. The findings
concur with the prior expectation that access to irrigation increases household food security.
Wondimagegnhu and Bogale [8] reported similar findings, where families with irrigation
had higher levels of food security than those without.
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Table 6 shows the results of the binary logistic regression model. The diagnostic test
results indicate that there was no multicollinearity because the VIF values were less than
10 and the contingency coefficient values were less than 0.7 [32]. The pseudo-R2 value
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indicates that the independent variables account for 60.8% of the variation in food security.
The χ2 statistic for the Hosmer and Lemeshow test of 5.377 and the model fit of p = 0.717
demonstrate that the model fits the data sufficiently because the p-value is greater than 0.05.

Table 6. Binary logistic regression results.

Explanatory Variables B Wald Sig. Exp (B)

Age of farmer 0.003 0.017 0.895 1.003
Gender of farmer 0.377 0.886 0.347 1.458

Education of farmer 0.016 0.076 0.783 1.016
Household size −0.443 6.249 0.012 ** 0.642

Dependency ratio 0.515 1.385 0.239 1.673
Farm size 0.156 0.723 0.395 1.169

Irrigation access 3.477 18.646 0.000 ** 32.357
Farm income 0.010 12.140 0.000 ** 1.010

Livestock holding (TLU) 0.050 0.206 0.650 1.051
Extension frequency −0.073 2.588 0.108 0.930

Constant −0.070 0.002 0.968 0.932
Pearson χ2 5.377

Nagelkerke R2 0.608
N 444

Log-likelihood 184.936
Hosmer and Lemeshow Test 0.717

** Significant at a 5% level.

Most independent variables had expected signs except for the dependency ratio and
extension frequency (Table 6). Only three variables, including household size, farm income,
and irrigation access, had a significant correlation with food security. The age of the
farmer, gender of the farmer, education of the farmer, dependency ratio, farm size, livestock
holding, and extension frequency had no significant correlation with food security.

Household size had a negative and significant correlation with food security (p = 0.012,
which is less than 0.05). This suggests that the likelihood of a household being food secure
decreases by a factor of 0.64 if household size increases by one member. The results are
similar to those of a study carried out by Gemechu, Zemedu, and Yousuf [47], which
revealed that a bigger family size reduces the likelihood of being food secure. According to
Sekhampu [35], bigger households typically have a higher demand for food. If resources
are limited, larger households may find it difficult to access sufficient and nutritious food,
reducing food security [35].

The findings show that irrigation access has a positive and significant correlation with
food security (p = 0.000, which is less than 0.01). A unit increase in access to irrigation
increases the likelihood of a household being food secure by a factor of 32.36. The findings
are similar to the prior expectation that access to irrigation increases food security as farm-
ers can grow crops throughout the year, thus, increasing their food supplies. The results are
similar to those of research carried out by Balana et al. [15] and Wondimagegnhu and Bo-
gale [8], which found that irrigation increases household food security. Access to irrigation
enhances food security by improving crop production, enabling crop diversification, en-
hancing resilience, promoting sustainable intensification, and generating employment and
income [37,38]. Hence, government policies should enhance access to irrigation, and more
resources should be availed towards investments in irrigation infrastructure, expanding
coverage and rehabilitation of existing irrigation systems. The government of Zimbabwe
aims to increase the irrigated land area from 180,000 ha to more than 350,000 ha from 2021
to 2025, as stated in the NDS 1 [16]. This policy measure will help to increase access to
irrigation, which will in turn improve household food security in the country.

Farm income has a positive and significant correlation with household food security
(p = 0.000, which is less than 0.01). This implies that if farm income increases by one unit, the
likelihood of being food secure increases by a factor of 1.01. The findings are similar to the
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prior expectation that farm income directly correlates with household food security. Money
obtained from farming can be used to buy food for the household [15]. Balana et al. [15]
and Wondimagegnhu and Bogale [8] also found similar results that farm income and
household food security are positively related. Farm income enables households to access
a diverse range of food items, including fresh produce, protein sources, and other essential
nutrients [39]. It is also important to note that the relationship between income access to
irrigation, and food security is bidirectional, with each factor influencing the others [8].
A positive feedback loop can exist, where higher income facilitates access to irrigation,
leading to improved food security, which, in turn, can contribute to increased income [8,15].
Recognizing this bidirectional relationship is important for designing comprehensive
interventions that address multiple determinants and promote sustainable improvements
in food security [8].

3.4. Food Insecurity Consumption Coping Strategies

If households fail to access enough food to meet their needs, they resort to various
consumption coping strategies that are necessary for them to survive. The four main
categories of consumption coping strategies are change in diet, reducing the number of
people to feed, food rationing, and temporary strategies that increase food supply [31].
Consumption coping strategies are commonly employed in the short run. Figure 3 shows
the various consumption coping strategies that were being utilised by households to cope
with food shortages. The coping strategies were obtained from the survey conducted in the
study area.
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Figure 3. Consumption coping strategies.

The irrigators used four consumption coping strategies including relying on less
preferred or less expensive food (68%), purchasing food on credit (15%), limiting portion
size (4%), and reducing the number of meals (5%). Non-irrigators were using seven different
consumption coping strategies, which included relying on less preferred or less expensive
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food (80%), borrowing food (25%), purchasing food on credit (6%), sending household
members to eat elsewhere (18%), begging for food (24%), limiting portion size (33%), and
reducing the number of meals eaten per day (41%). The findings show that non-irrigators
have more food insecurity coping mechanisms compared with irrigators. Non-irrigators
are more vulnerable to food insecurity compared with irrigators. It is important to note that
these coping strategies are often adopted out of necessity and reflect the resource constraints
faced by food-insecure households. Addressing food insecurity requires comprehensive
approaches that go beyond short-term coping strategies [15]. Long-term solutions such as
investments in irrigation infrastructure help to improve access to nutritious and affordable
food, enhance income opportunities, promote sustainable agricultural practices, and build
resilience in vulnerable rural communities [3,8,9].

4. Conclusions

Smallholder irrigation development increases the chances that Zimbabwe will achieve
the global SDG 2 and the local NDS 1 goals of improving food security. This study con-
tributes to the debate on smallholder irrigation and household food security in Zimbabwe
and similar developing countries. This study’s findings suggest that irrigating households
tend to be more food secure compared with non-irrigating households. Crop production
was higher and more diverse for irrigating households compared with non-irrigating
ones. Furthermore, the FCS measure revealed that about 97% of irrigating households
were food secure compared with 45% of non-irrigating households. The binary logistic
regression results indicate that irrigation access, household size, and farm income have
a significant relationship with food security. However, the age of the farmer, gender,
education, dependency ratio, farm size, livestock holding, and access to extension had
no significant relationship with food security. Households were found to be employing
various strategies to cope with food insecurity, such as opting for cheaper and less desirable
food choices, borrowing food, buying food on credit, sending household members to eat
elsewhere, sending household members to beg, reducing portion sizes, and cutting down
on the number of daily meals consumed. Based on the results, this study concludes that
the presence of smallholder irrigation enhances crop production, productivity, and the
overall food security of households. This study recommends that the government and its
development partners should continue to invest in smallholder irrigation development in
rural areas because access to irrigation contributes positively to household food security.
Further studies should be conducted on the determinants of irrigation access in the studied
areas. Understanding the determinants of irrigation access is vital for improving house-
hold food security by increasing agricultural productivity, promoting crop diversification,
enhancing resilience to climate change, generating income, and supporting sustainable
water resource management. By addressing barriers and improving access to irrigation,
households can enhance their ability to produce food, increase their income, and improve
their overall well-being.
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