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Abstract: Rural livelihood diversification has become a central policy in rural development and
poverty alleviation. Farmworkers in irrigation schemes are a typical poor sub-group that has received
little attention in research regarding their livelihood status and the contribution of diversification. This
paper provides evidence derived from a study that was carried out to examine whether farmworkers
in the study area diversify their livelihoods and identify their choices of livelihood-diversification
strategies and the determinants thereof. Data were collected from 191 randomly selected farmworkers
and analyzed using the binary probit model and the multinomial logistic model. Variables considered
in the binary probit model—gender, number of dependents, employment type, farming experience,
land leasing, and market access—influenced livelihood diversification among irrigation farmworkers
in a statistically significant way. The multinomial logistic model analysis considered age, marital
status, household dependents, leasing land from employer, farming experience, agricultural training,
and access to markets as the statistically significant factors that influence the choice of livelihood-
diversification strategies in the study area. The study concluded that rural development policies
should consider leasing land to irrigation farmworkers that is adequate to reduce poverty, achieve
food security, and sustain the livelihoods of farmworkers in the study area, as it boosts the generation
of income.

Keywords: binary probit model; multinomial logistic model; livelihood-diversification strategies;
farmworker; Vhembe District; irrigation scheme

1. Introduction

Despite the minimum rainfall in many areas in sub-Saharan African countries, their
agricultural production is almost entirely dependent on rain-fed farming [1]. Irrigation
reduces or removes water deficit as a limiting factor in plant growth and makes it possible
to grow crops where the climate is otherwise too dry for this purpose and to increase
crop yields where plant-available soil water is a yield-limiting factor during parts or all
of the growing season [2]. Approximately 30% of the world’s food production comes
from approximately 18% of the total cultivated land that is under irrigation [3]. Fanadzo
and Ncube [4] stated that Africa’s poor performance in poverty reduction can, to a large
extent, be attributed to its limited reliance on irrigation farming. The fact that developed
countries have significantly reduced poverty through the use of irrigation, while poverty
has increased in Africa in recent years, is an indication of the key role irrigation can play in
enhancing food security and eradicating poverty for people engaged in rural livelihoods [4].

In South Africa, water deficiency has caused the government to focus on smallholder ir-
rigation schemes to sustain rural livelihoods by creating employment for irrigation schemes
farmworkers to reduce poverty and boost pro-poor sustainable agricultural and economic
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growth [5]. South Africa’s water deficiency is caused by low, erratic rainfall and high evap-
orative demand, which limits rain-fed crop production in most of the country. Irrigated
agriculture, therefore, presents an attractive strategy under these conditions. A smallhold-
ing farmer in an irrigation scheme in South Africa can acquire about 1.5 hectares of land,
while the total size of the schemes can range from 5 hectares to more than 1000 hectares [6].
Approximately 180 public irrigation schemes in the Limpopo Province, on approximately
20,788 ha, are government-supported [5].

In Africa, agriculture has a substantial social and economic footprint. The agricultural
sector contributes approximately 23% of sub-Saharan Africa’s GDP [7]. Worldwide, many
families in rural areas depend on farming to sustain themselves. Agriculture is an essential
source of income, employment, and food [8]. Approximately 80% of jobs in poor African
countries are linked to agriculture [7]. Rural households in sub-Saharan Africa are involved
in agriculture, yet they are poor, with many reporting food shortages for several months
per year. Musumbea et al. [9] proposed livelihood diversification as a viable strategy for
enhancing livelihoods.

Livelihood diversification occurs when households undertake a variety of activities
and social support capabilities for survival and improvement of living standards [10,11].
Diversification can protect vulnerable households from environmental and economic
shocks [12]. Shocks disrupt household income and consumption flows and cause wel-
fare losses in developing countries [13]. Catastrophic disasters, such as storms, floods, and
droughts, can directly deplete household resources, drive poverty traps, increase inequality,
and exacerbate poverty for people who are already poor [14]. In addition, certain particular
shocks, such as health shocks, can endanger households and limit the ability of major earn-
ers to work, increasing healthcare costs and undermining the constant flow of income [13].
Eneyew and Bekele [12] pointed out that livelihood-diversification strategies are complex.

Rural households in Ethiopia, an example of sub-Saharan African countries where the
rural population depends primarily on agriculture to sustain their livelihoods, participate
in diverse livelihood strategies beyond agriculture. These strategies include non-farm and
off-farm activities [15]. The additional livelihood activities contribute to income and enable
people to cope with different livelihood shocks, trends, and seasonal changes associated
with agricultural production [15]. South Africa is no exception, as most of the households
in its rural areas are involved in agricultural activities, making diversification of rural
livelihood systems desirable. As such, rural households across South Africa participate
in informal markets. Baiphethi and Jacobs [16] showed that hawkers in informal markets
considered income from their trading as a primary source of income.

Several studies in Africa, e.g., Nigeria [17], South Africa [18], and Zimbabwe [19], have
assessed the quality of work-life, seasonal food insecurity, and land reforms or land grabs
among farmworkers in rural areas. However, the recent empirical literature that is available
to guide policymakers concerning poverty, welfare, and livelihood diversification among
farmworkers in irrigation schemes in South Africa is scarce. Hence, this study examines
whether irrigation scheme farmworkers who either rent or do not rent irrigation plots from
their employers should diversify their livelihoods and identifies the determinants and
choice of livelihood-diversification strategies in the Limpopo Province of South Africa. The
study hypothesized that leasing land from employers influences irrigation farmworkers in
diversifying their livelihoods.

2. Literature Review

In the last decade, research has focused on livelihood-diversification strategies and
choices [20-22]. While research and the growing body of literature on livelihood strategies
and choices have been steadily increasing elsewhere in the last decade, there seems to be a
lack of recent similar work in South Africa with regard to irrigation scheme farmworkers.
One of the contributions of the sustainable livelihoods framework, adopted in this study, is
to deepen the understanding of poverty and its causes in rural Africa through empirical
studies [20]. Different factors determine the choice of livelihood-diversification strategies
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at the farm and non-farm levels. These factors are broadly characterized by personal
and household attributes, farm or plot characteristics, and socioeconomic factors [20,23].
Wondim, Kassegn, and Endris [24,25] found that a respondent’s advanced age and access
to agricultural training negatively affect livelihood-diversification activities. Wondim [24]
discussed the effect of age of the household head on diversification and pointed out that
as age increases, a farmer will be less capable of diversifying outside agriculture. Older
farmers are more experienced in agricultural production, more resistant to new ideas and in-
formation, and, hence, less likely to diversify. Young farmers are relatively better educated,
have better access to technologies, and look for alternative livelihood opportunities.

Women play an essential role in agriculture in Africa [26]. In sub-Saharan Africa,
women make up more than half of the agricultural workforce and contribute approximately
80% of the labor in food production [26]. Women are key actors in achieving the trans-
formative economic, environmental, and social changes needed for poverty alleviation
and sustainable development [27]. However, persistent gender inequality limits women’s
contributions to agricultural development and to accessing the associated agricultural
benefits [15]. Compared to men, women farmers usually have limited access to financial
services, land, jobs, agricultural training, and advisory services. In Kenya, for example,
only 5% of the land is owned by women farmers. This is due to the patriarchal nature of
the land heritage culture [26].

According to Gebru et al. [20], the level of education within a household has a positive
relationship with the household’s livelihood-diversification strategies. Educated persons
have a better ability to diversify livelihood strategies, as they have better skills, experience,
and knowledge [24]. The number of dependents in a household positively influences
welfare and secures livelihoods through the deployment of active household members in
diverse employment opportunities [7].

Leasing land in an irrigation scheme allows farmers to better address rain-independent
crop production failures due to climate change-related risks such as drought [20]. In addi-
tion, the surplus income generated by irrigation can strengthen the economic capacity that
is needed to participate in various non-agricultural livelihood-diversification activities to
improve household livelihood and food security levels [20]. Land size allows multiple crops
to grow, which generates surplus household income. Additional income might be used to
participate in non-farm operations, in particular self-employment [28]. However, Barbier
et al. and Kassem et al. [29,30] found that household land size was negatively associated
with the probability of diversifying livelihoods. Homes with large land sizes participated
less in non-farm and off-farm livelihood-diversification strategies and participated more in
on-farm strategies.

Etuk et al. [31] identified marital status as a positive influence on livelihood diversifica-
tion and a direct influence on income levels. Felkner et al. [32] revealed that market access
significantly contributed to livelihood diversification and directly influenced income levels
generated from off-farm business activities According to Wondim [24], farming experience
has a probability of increasing farming, improving livelihoods, and reducing livelihood
diversification. Similarly, [11] revealed that an increasing number of years of experience
in farming decreases the probability of livelihood diversification. Scoones et al. [33] an-
alyzed the livelihoods of former farmworkers in Zimbabwe and found that the type of
employment influenced farmworkers’ livelihood.

Manase and Takunda [34] asserted that on-farm employment is not guaranteed, which
encourages workers to find other ways to fend for themselves and their families. Therefore,
compared with casual work, permanent employment limits farmworkers in accessing skills
or networks that are needed to engage in sustainable alternative livelihood strategies [33].
In addition to understanding rural households’ preferred livelihood strategies, the under-
lying variables that are responsible for livelihood-diversification strategies among farm
workers are equally important. Livelihood-diversification decisions can clarify farmwork-
ers’ strategic choices. Understanding the local context of household livelihoods is necessary



Agriculture 2022, 12, 1866

40f17

not only to ensure appropriate development strategies, but also as a basis for monitoring
and evaluation and as a means of assessing the potential for replication in other contexts.

3. Materials and Methods
3.1. Description of the Study Area

This study was carried out in the Tshiombo Irrigation Scheme located 40 km north of
the Thohoyandou Service Centre, Vhembe District, in the Limpopo Province of South Africa
(Figure 1). The scheme covers 1195 hectares with 930 plots; each farmer owns an average of
1.286 hectares. The irrigators in the scheme are from seven villages [2]. The average rainfall
is £500 mm /annual, with most rain falling during summer (October to March). The rainfall
distribution is uneven and erratic. The average summer temperatures are around 27 °C,
though maximum temperatures can be range from 45 °C to 50 °C. The irrigation scheme
offers the local community an opportunity to increase income and participate in the local
economy. Irrigation development benefits the rural poor in various ways, including (a)
reduced food prices resulting from increased production and (b) increased on-farm and
off-farm employment, leading to income generation for the poor (Machethe et al., [35]).
Approximately 50% of the farmers also sell crops in the formal markets, with maize, cab-
bages, potatoes, tomatoes, onions, beans, spinach, and butternut being the most commonly
produced crops in the irrigation scheme [35].
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Figure 1. Study site, Limpopo Province (Source: Author).

3.2. Sampling Size and Sample Technique

A simple random sampling technique was used to identify the Tshiombo Irrigation
Scheme’s farmworkers. The sampling formula of [36] was applied to compute the sample
size, as shown below:

where 7 is the sample size, Z is the desired confidence level, e is the desired level of
precision, p is the maximum variance, and g is 1 — p. The study used a confidence level of
95% and a 5% level of precision. The p took the value of 0.05, as the variation level among
irrigation farmworkers in the Tshiombo Irrigation Scheme was unknown. Therefore, from
a population of 225 irrigation farmworkers, the desired sample size was 191.
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3.3. Data Collection

A structured questionnaire was administered through face-to-face interviews in the
study area with the 191 farmworkers. Irrigation farmworkers were asked if they diversified
from farm work and for their choices of livelihood-diversification strategies. Positive
responses were coded as Yes (1); otherwise, the responses were coded as No (0). Irrigation
farmworkers were asked about their employment types, which were coded as (1) for
permanent farmworkers and (0) for seasonal farmworkers. Two focus group discussions
with the farmworkers in the irrigation scheme were held to share and validate the survey
findings. One focus group comprised eight women and the other had eight men. The group
with only women allowed them to participate fully, without intimidation. Consent forms
to participate in the meeting were handed to each of the participants, who were asked to
sign the forms freely.

3.4. Ethics Statement

The study was performed in accordance with the ethical standards of the 1964 Declara-
tion of Helsinki and its later amendments and approved by the Humanities and Social Sci-
ences Research Ethics Committee (HSSREC) of the University of KwaZulu-Natal (protocol
reference number: HSS/0415/019M 19 July 2019). In 2019, the Department of Agriculture
in the Vhembe District of the Limpopo Province granted permission to carry out the study.

3.5. Method of Analysis

Data were captured and analyzed using the Statistical Package for Social Scientists
(SPSS) version 26 and STATA version 17 software. Before the analysis of the variables, the
ShapiroWilk test was applied to test the normality of the explanatory variables using the
SPSS. From the test conducted, if the p-value of the Shapiro-Wilk test was greater than 0.05,
the data were considered normal. A one-way analysis of variance (ANOVA) parametric
test was used to analyze the descriptive statistics for the continuous variables. The p-values
were generated by the SPSS for the ANOVA parametric test, which was validated by the
following conditions: the variables were checked to satisfy normality, the variance in the
samples was approximately equal, and the data were randomly and independently sampled
from the population. A chi-square test was used to analyze the descriptive statistics of
the categorical variables, using the SPSS. The SPSS generated the p-values throughout the
study. The significant levels for the coefficients in the study were categorized into three
levels: 1%, 5%, and 10%. STATA was used for econometrics modeling.

3.6. Estimating the Determinants of Farmworkers” Livelihood Diversification: The Binary Probit
Regression Model

The binary probit model was employed to determine whether or not an individual
respondent diversified his or her livelihood from farming activities. A probit model is
also called a probit regression model, which is used to model a binary response variable.
The assumptions under this model are that (1) we must have enough data from more than
30 observations, (2) the data are assumed to follow a normal standard and the error follows
the standard normality, and (3) the categorical predictors are assumed to have a linear
effect on the response variable [37]. The model perfectly fits the objective of this study, as
it applies when the dependent variable has two categorical outcomes, diversified or not
diversified, which are coded as 1 and 0, respectively. A respondent who diversified from
farm work was coded as (1) and a respondent who had not diversified was coded as (0).

The model may be econometrically stated as follows:

1
17 e—(a+Y BiX))

Pi=F (Z) )
where P; is the probability that a respondent diversified; X; represents the ith explanatory
variables; o and B; are regression parameters to be estimated; and e is the base of the
natural logarithm.
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For ease of interpretation of the coefficients, a probit model may be written in terms of
the odds and a log of odds. The odds ratio is the ratio of the probability that a respondent
diversified livelihood income (F;) to the probability that a respondent did not diversify
livelihood income (1 — P;). That is:

p Z:
(25) - @

Taking the natural logarithm of Equation (2) yields the following:

P
In <1P> =eli =Z; = a+ By Xq+P2 Xo+...... + B Xm ®)

If the disturbance term U; is considered, the probit model becomes:
Zi=a+y ., BiXi+U 4)

where X; represents the ith predictor variables. The parameters of the model, o and §, can
be estimated using the maximum likelihood method [37].

3.7. Estimating the Determinants of Farmworkers” Livelihood-Diversification Strategies

Ahmed et al. [38] used the Simpson Diversification In dex to measure livelihood
diversification as a vector of income shares associated with different income sources. While
Ayana et al. [7] used the Herfindahl-Hirschman Index to estimate the level of households
livelihood diversification. However, in our study, a multinomial logistic (MNL) regression
model was considered more appropriate for analyzing the factors that influence the choice
of livelihood strategies among the Tshiombo Irrigation Scheme farmworkers. The model
was selected because the responses of households with respect to livelihood strategies were
expected to be polytomous. Logistic regression can be extended to handle polytomous
responses, such as responses that are provided in greater than two categories [39]. One
of the underlying motivations for a household’s alternative livelihood strategies is maxi-
mizing utility [39]. The model for determining the probability that a household chooses
an alternative livelihood strategy set “a” is the MNL model, if the sets are nominal. The
model exhibits a superior ability to predict livelihood diversification and to pick up the
differences between the livelihood strategies of rural households [39]. However, for one
to use the MNL model, the households must be clustered into different categories and
the basic assumption is that households in a given category participate in some given
livelihood strategies; hence, households cannot participate in strategies that are chosen by
households in another category [39].

The probability associated with the choice of a livelihood strategy is denoted by
p;j (j = 1-4), where i represents the household; j(1) represents the g household choosing
on-farm alone; j(2) represents the household choosing on-farm and off-farm; j(3) represents
the household choosing on-farm and non-farm; and j(4) represents the laboring household
choosing on-farm, off-farm, and non-farm income-generating activities (Table 1). The
unobserved portion of the utility (en) is identically and independently distributed (iid)
across alternatives [39].

The probability that a household with characteristic x chooses livelihood strategy
J- pijis modeled as follows:

exp (x;B;

py = —2LP)_;_ ©
Zj:() exp (xi:Bj)

with the requirement of 2; _o Pjj =1 forany I, where p;; is the probability representing

the ith respondent’s chance of falling into category j, X are the predictors of response

probabilities, and B; represents the covariate effects specific to the jth response category,
with the category as the reference. Then, through normalization of the model, it is assumed
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that 81 = 0 (this arises because the probabilities total 1, so only J parameter vectors are
needed to determine the J + 1 probabilities) (Tizazu et al., 2018), so that exp (x;5;) =1,
implying that the generalized Equation (1) above is equivalent to the following;:
(XiBj)
e\ ib 1

- for(j=1234) andpy= —
15y ety 7 or U= 1.23,4) andpy L+ 5b el (©)

Pij

Table 1. Description of dependent variables used in the models.

Binary probit regression model

Diversified from farm work

~<
Il
—_

Not diversified from farm work

<
1l
o)

Multinomial logistic regression model

Choices of livelihood-diversification strategies (J):
j1 = On-farm alone
j» = On-farm + off-farm
j3 = On-farm + non-farm
ja = On-farm + off-farm + non-farm

Source: Research survey, 2020.
Like the binary logistic model, this implies that we can compute J log-odds ratios that

are specified as follows;

&

Pj

In

= X (Bj —Bi)=xB}, if j =0 @)

Before running the binary probit model and the MNL model, two continuous and
nine discrete or binary explanatory variables were checked for multicollinearity, using the
variation inflation factor (VIF) and contingency coefficient, respectively. The VIFs for all
the continuous variables were less than 10 and greater than one. Similarly, the result of the
contingency coefficient test revealed that there was no problem of association among the
eleven discrete explanatory variables. This indicated that there was no serious problem of
multicollinearity. Therefore, all of the hypothesized explanatory variables (Table 2) that
were expected to determine whether or not an individual respondent diversifies his or
her livelihood from farming activities were included in the binary probit model, while the
expected effect of livelihood choice and adoption of household livelihood-diversification
strategies were included in the MNL analysis using STATA software, and only the marginal
effects of statistically significant variables were discussed (Tables 3 and 4).

Table 2. Description of independent variables used in the binary probit regression model and the
multinomial logistic regression model.

Variables Measures Expected Sign

Age Years +

Gender Male = 1; Female =0 +/—
Marital status Married = 1; Single = 0 +
Level of education 1 = Formal education; 0 = non-formal education +
Number of dependents Number of dependents +

Employment type Permanent farmworker = 1; seasonal farmworker = 0 +/—
Farming experience Years +
Agricultural training Yes=1;,No=0 +
Savings Rand (R) +
Market access Yes=1;,No=0 +
Leasing land from employer Yes=1;,No =0 +

Note: + means the variable is expected to have a positive effect on the dependent variable; — means the variable
is expected to have a negative effect on the dependent variable. Source: Research survey, 2020.
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Table 3. Parameter estimates of the binary probit regression model’s analysis on livelihood diversification.

Independent Variables Coefficients Robust Std. Error Marginal Effects
Age 0.005 0.009 0.002
Gender 0.554 0.221 0.218 **
Marital status —0.237 0.208 —0.093
Level of education 0329 0.249 —0.129
Number of dependents 0.134 0.046 0.052 **
Employment type —0.381 0.221 —0.150 *
Years of farming experience —0.033 0.010 —0.013 ***
Agricultural training 0.093 0.210 0.036
Land leasing 0.423 0.215 0.166 **
Market access 0.486 0.249 0.191 **
Savings 0.158 0.106 0.062
Constant —0.069 0.547

Note: ***, ** and * means the coefficient is statistically significant at 1%, 5% and 10% levels, respectively. n = 191,
LR X? = 113.36 ***, Pseudo R? = 0.14 Source: Research survey, 2020.

Table 4. Multinomial logistic results of the factors that influence livelihood-diversification strategies
among irrigation farmworkers.

On-Farm Only On-Farm and Off-Farm On-Farm and Off-Farm & Non-Farm
Independent Variables
Coef. Std. Err. ME Coef. Std. Err. ME Coef. Std. Err. ME
Age —0.002 0.020 —0.003 —0.024 0.025 —0.007 —0.081 0.025 —0.001 ***
Gender 0.128 0.442 0.016 0.564 0.536 0.031 0.254 0.517 0.060
Marital status 1.358 0.430 0.209 *** 0.409 0.536 0.259 1.039 0.517 0.017 **
Level of education 0.297 0.502 0.065 —0.860 0.624 —0.021 0.518 0.579 —0.109
Number of dependents —0.113 0.093 —0.009 —0.226 0.115 —0.037 ** —0.157 0.111 —0.016
Employment type 0.461 0.464 0.073 —0.005 0.542 —0.090 0.454 0.563 —0.022
Leasing land from 0.958 0.449 0.147 0582 0531 0.164 1.354 0573 0.114*
employer
Farming experience 0.030 0.021 0.001 0.047 0.026 —0.012 0.089 0.027 0.002 ***
Agricultural training —0.105 0.424 —0.061 1.307 0.619 0.058 ** 0.128 0.495 0.119
Savings 0.213 0.212 0.016 0.338 0.259 —0.071 0.382 0.256 0.021
Market access —0.571 0.513 —0.074 0.233 0.626 0.131 1416 0.670 0.064 **
Constant —0.951 1.09 —1.163 1.464 1.564 1.221

Note: *** and ** means the coefficient is statistically significant at 1%, 5%, and 10% levels, respectively. Number
of observations = 191. LR X? = —207.89 ***, pseudo R? = 0.16. The reference category is on-farm and non-farm.
ME = marginal Effect.

4. Results
4.1. Descriptive Statistics

The explanatory variables were checked for normality and were deemed to be normal.
The sample of 191 irrigation farmworkers was dominated by female farmworkers (62.8%);
37.2% of the participants were male farmworkers. In terms of age, 7.3% of the farmworkers
were less than 25 years old, 23.6% were between the ages of 46 and 55, and 15.2% were
66 years old or older. In the study, 22.5% of the farmworkers had farming experience
ranging from 1 to 5 years, while 24.6% had farming experience of 31 years. With respect to
household size, 51.3% of the farmworkers had five to eight dependents in their households,
while 4.7% of the farmworkers had nine to 12 dependents. At least 67.7% of the farmworkers
were able to save R 1000 or less within 12 months, while 13.6% of the farmworkers hade
saved up to R 4000 or more within the preceding 12 month period. With respect to marital
status, 52.4% of the farmworkers were single, while 47.6% of the respondents were married.
The workers in the irrigation scheme included 67% who were seasonal farmworkers
and 33% who were employed permanently in the irrigation scheme. With respect to
education levels, 8.8% of the farmworkers did not go to school, 23.6% completed primary
school, 55% completed secondary school, and 12.6% of the farmworkers completed tertiary
education. With respect to training, 36.6% of the farmworkers had acquired agricultural
training, while 63.4% had no such training. With respect to diversification, 55.5% of the
farmworkers diversified their livelihoods, while 44.5% of the farmworkers did not. At
least 80.1% of the farmworkers had access to markets. The study revealed that at least
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40.3% of the farmworkers were able to lease land, while the rest could not lease land in the
irrigation scheme.

4.2. Irrigation Farmworkers” Livelihood-Diversification Strategies

Figure 2 shows that 43.5% of the irrigation farmworkers were able to diversify their
livelihoods into on-farm and non-farm activities: 24.1% of the farmworkers diversified to
on-farm alone, 19.4% of the farmworkers diversified to on-farm and off-farm and non-farm,
and 13.1% of the farmworkers diversified into on-farm and off-farm income-generating
livelihood strategies.

livelihood srategies

50
40

30

Percent

20

On- farm alone On-farm + non-farm On-farm + off-farm On-farm + off-farm +
non-farm

livelihood srategies

Figure 2. Choice of livelihood-diversification strategies adopted by the irrigation farmworkers.
Source: Research survey, 2020.

Table 5 presents the parametric one-way ANOVA results of the continuous variables.
The age of the irrigation farmworkers was statistically significant, differently across the
livelihoods (p < 0.01). The ANOVA indicated that farmworkers with a mean age of 48 years
only participated in on-farm activities, those who had a mean age of 47 years participated
in a combination of on-farm and non-farm activities, those with a mean age of 49 years
were able to participate in a combination of on-farm and off-farm activities, and those who
had a mean age of 39 years were able to participate in a combination of on-farm, off-farm,
and non-farm activities.

Table 5. Parametric one-Way ANOVA results for irrigation farmworkers’ livelihood-diversification strategies.

On-Farm On-Farm + On-Farm + Off On-Farm + Off-Farm +

Variables Alone Non-Farm Farm Non Farm p-Value
Age 48.41 47.06 49.28 39.95 ok
Number of dependents 5.08 5.48 4.68 4.81 ns
Total house-hold monthly income (ZAR) 1667.82 2325.13 2546.50 2586.40 ns
Years of farming experience 17.30 14.73 18.76 19.45 ns

Note: *** means the coefficient is statistically significant at 1% and 5% levels. ns = not statistically significant.
Source: Research survey, 2020.

Table 6 presents the chi-square test results of the categorical variables. A statistically
significant relationship exists between irrigation farmworker livelihood-diversification
strategies and marital status (p < 0.01). Table 6 shows that 16% of the irrigation farmwork-
ers who were single participated only in on-farm activity, 54% participated in on-farm
and non-farm activities, 12% participated in on-farm and off-farm activities, and 18% par-
ticipated in a combination of on-farm, off-farm, and non-farm activities. In the category
of irrigation farmworkers who were married, 33% participated only in on-farm activity,
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31.9% participated in on-farm and non-farm activities, 14.3% participated in on-farm and
off-farm activities, and 20.9% participated in a combination of on-farm, off-farm, and
non-farm activities.

Table 6. Association between livelihood-diversification strategies and socioeconomic parameters.

Livelihood Diversification Strategies
On-Farm On-Farm + On-Farm+ On-Farm + Off-Farm X2 Si
Variable Measure Alone Non-Farm Off-Farm + Non-Farm n Leve(lg'
(n = 46) (n=83) (n =25) (n=37)
Gender Woman (%) 21.7 46.7 12.5 19.2 120 ns
Male (%) 28.2 38.0 14.1 19.7 71
Marital status Single (%) 16.0 54.0 12.0 18.0 100 i
Married (%) 33.0 319 14.3 20.9 91
Level of education No formal education (%) 224 48.2 18.8 10.6 85 **
Formal education (%) 25.5 39.6 8.5 26.4 106
Type of farmworker Seasonal farmworker (%) 242 422 12.5 21.1 128 ns
Permanent farmworker (%) 23.8 46.0 14.3 159 63
Leasing land No (%) 18.2 53.2 19.5 9.1 77 wx
Yes (%) 28.1 36.8 8.8 26.3 114
Agricultural training No (%) 25.7 50.0 7.1 17.1 70 ns
Yes (%) 23.1 39.7 16.5 20.7 121
Market access No (%) 242 41.8 12.4 21.6 153 ns
Yes (%) 23.7 50.0 15.8 10.5 38

Note: *** and ** mean the coefficient is statistically significant at 1% and 5% levels. ns = not statistically significant.
Source: Research survey, 2020.

A statistically significant relationship, as shown in Table 6, was found between ir-
rigation farmworkers’ livelihood-diversification strategies and their levels of education
(p < 0.05). The results indicated that 22.4% of irrigation farmworkers who did not have any
formal education participated only in on-farm activity, 48.2% participated in on-farm and
non-farm activities, 18.8% participated in on-farm and off-farm activities, and 10.6% were
able to participate in a combination of on-farm, off-farm, and non-farm activities. In the
category of irrigation farmworkers who obtained formal education, 25.5% participated only
in on-farm activity, 39.6 participated in on-farm and non-farm activities, 8.5% participated
in on-farm and off-farm activities, and 26.4% were able to participate in a combination of
on-farm, off-farm, and non-farm activities.

A statistically significant relationship, as shown in Table 6, was found between irriga-
tion farmworkers’ livelihood-diversification strategies and farmworkers’ leasing of land
from employers (p < 0.01). The results indicated that 28.1% of irrigation farmworkers who
leased land from employers participated only in on-farm activity, 36.8% participated in
on-farm and non-farm activities, 8.8% participated in on-farm and off-farm activities, and
26.3% participated in a combination of on-farm, off-farm, and non-farm activities. In the
category of irrigation farmworkers who could not lease land from employers, 18.2% par-
ticipated only in on-farm activity, 53.2% participated in on-farm and non-farm activities,
19.5% participated in on-farm and off-farm activities, and 9.1% participated in a combina-
tion of on-farm, off-farm, and non-farm activities.

A binary probit model was used to estimate the parameters responsible for livelihood
diversification among the irrigation farmworkers in the study areas (Table 3). The results
indicated that all of the estimated coefficients were statistically significant, as the LR X?
statistic was statistically significant (p < 0.01). The coefficients of the binary probit model
did not represent the magnitude of the effects of the explanatory variables. Instead, the
marginal effects were discussed. The marginal effects (ME) measured how a unit change in
the average value of the independent variables influenced the probability of whether or
not a respondent diversified his or her livelihood from farming activities.

Table 4 depicts the factors that influence livelihood-diversification strategies of ir-
rigation farmworkers. The results indicated that all of the estimated coefficients were
statistically significant, as the LR X? statistic was statistically significant (p < 0.01). The
interpretation of significant variables was based on the marginal effects. The binomial and
polynomial responses of the dependent variables and the coefficients of the independent
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variables had no complete meaning for interpretation, beyond reflecting the direction of
the relationship.

Table 7 shows a multicollinearity test for the variables that was carried out, showing
a variance inflation factor (VIF) for each variable. A high level of tolerance occurred
among the variables, which indicated that there was no serious multicollinearity among
the variables used in the analysis. The Cox and Snell square and Nagelkerke R square were
not statistically significant. This indicated that the data fit the model well for this study.

Table 7. Multicollinearity test for explanatory variables.

Variables Collinearity Statistics
Tolerance Variance Inflation Factor (VIF)
Age 0.570 1.755
Gender 0.840 1.190
Marital status 0.870 1.150
Level of education 0.629 1.591
Number of dependents 0.909 1.100
Employment type 0.851 1.175
Years of farming experience 0.745 1.343
Agricultural training 0.906 1.104
Land leasing 0.826 1.210
Market access 0.945 1.058
Savings 0.909 1.101

Source: Research survey, 2020.

5. Discussion
5.1. Determinants That Influence Livelihood Diversification among Irrigation Farmuworkers

Gender had a positive impact on livelihood diversification among the irrigation
farmworkers, implying that male-headed households have a higher probability of diver-
sifying livelihood activities. The marginal effect showed that male-headed homes had a
21.8% higher likelihood of becoming diversified than woman-headed households. This
finding was consistent with those of Lutomia et al., and Olumeh [26,40]. During the focus
groups, participants mentioned that while women are key participants in agricultural
activities, most men migrate from the village to urban areas in search of formal employ-
ment, while most women remained in the rural area taking care of their rural households’
livelihoods. Women pointed to the need for them to be participants in various agricultural
training, as they are the ones who work on the farms. Therefore, these programs should
encourage women to access advanced training in farming, to improve their skills and to be
able to sustain their livelihoods and their food security. Goba [41] showed that women face
various constraints, such as lack of agricultural training, limited property ownership, and
collateral. Women and men have different means of accessing critical economic resources
and varying power in making choices that affect their lives, due to gender relations. The
variations in power result in an inequality of roles and responsibilities for women and men
within rural farming households [41].

Rural farming households engage in non-farm activities, such as migration, to diversify
their sources of income and to reduce risks. However, access to the most lucrative non-farm
jobs by the poor may depend on gender [42]. For instance, child-care responsibilities can
compel women to remain in home-based, labor-intensive jobs, as they are limited in their
ability to engage in non-farm activities. The majority of the paid employment options for
rural men and women are typically seasonal. However, women are more likely than men to
be employed seasonally, part-time, or in low-paying occupations, because they often have
less education and work experience than men [42]. Olumeh et al. [26] indicated that women
farmers had less access to financial services, land, labor, agricultural markets, and extension
services than men. For instance, in Kenya, only 5% of the land is owned by women farmers,
which is attributed to the patriarchal culture of land inheritance [26]. By improving gender
inequality, women irrigation farmworkers can more effectively adopt adaptive strategies
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that will alleviate the vulnerability of their livelihoods, help policymakers implement
effective policies, and promote sustainable livelihoods.

The number of dependents in a household was found to have a positive and statisti-
cally significant impact on livelihood diversification in irrigation farmworkers” households.
The marginal effect showed that a one-unit increase in the number of dependents resulted in
a 5.2% higher chance of irrigation farmworkers diversifying their livelihoods. This finding
was consistent with that of Ayana et al. [7], who indicated that the number of dependents in
a household had a positive effect on livelihood diversification. Oluwaseun and Tekana [11]
found similar results and reported that a large dependency ratio significantly and positively
influenced a rural household head to diversify livelihood income sources. Therefore, a
dependency ratio will push the household head to diversify into other activities that can
bring more revenue to the home [25,41]. The implication is that the fewer the number of
dependents, the smaller the quantity of food that the household requires and the better the
chances of achieving food security and earning more income to sustain their livelihoods
(Table 5).

The employment type of the farmworker had a negative effect on livelihood diversi-
fication among irrigation farmworkers. The marginal effect showed that the permanent
employment of irrigation farmworkers resulted in a 15% lower chance of the irrigation
farmworkers becoming diversified. A plausible explanation could be that seasonal employ-
ment offered farmworkers a chance to diversify into other income-generating activities,
unlike permanent employment. These results were consistent with those of Manase and
Takunda [34] and Scoones et al. [33], who showed that permanent employment limited
farmworkers’ access skills or networks for engaging in sustainable alternative livelihood
strategies, compared with casual farm workers.

Years of farming experience had a negative and statistically significant impact on
livelihood diversification among irrigation farmworkers. The implication is that the number
of years of farming experience decreased the probability of livelihood diversification.
The more the experience in farming, the lower the diversification of livelihoods, as the
household head would have greater experience and be more invested in agriculture. The
marginal effect showed that a year’s increase in farming experience reduced the probability
of irrigation farmworker households becoming diversified by 1.3%. These results were
consistent with those of Wondim [24], who asserted that lack of farming experience among
rural farming households had a negatively impact on the probability of improving rural
farming households’ livelihoods.

This study’s hypothesis was that leasing land from employers influences irrigation
farmworkers to diversify their livelihood. The results in Table 4 show that there was a
statistically significant and positive relationship between leasing land and food security
among irrigation farmworkers. Similarly, Table 5 shows that leasing land was statistically
significant and, as expected, had a positive influence on farmworkers’ livelihood diversifi-
cation. The marginal effect indicated that farmworkers leasing land had a higher chance
(16.6%) of diversifying their livelihoods. This result suggests that irrigation farmworkers
who have access to lease land have better choices in sustaining their livelihoods by adopting
combinations of livelihood-diversification strategies. This finding was consistent with that
of Gebru et al. [20] and Chang, and Takahashi [28], who indicated that the ability to access
land is a significant resource in the expansion of rural households” incomes, as it can be
combined with two or three other livelihoods activities.

Access to markets increased the probability of a farmworker’s household diversifying
livelihood activities. The marginal effect showed that access to markets led to a 19.1%
higher chance of irrigation farmworkers becoming diversified. That relationship could
indicate that market access exposes farmworker households to other livelihood strategies.
Prowse [43] asserted that distance to markets and towns and the availability of electricity
determined non-farm income diversification in rural areas.



Agriculture 2022, 12, 1866

13 of 17

5.2. Factors That Influence the Choice of Livelihood-Diversification Strategies

Table 3 shows that the age of irrigation farmworkers is significantly different statisti-
cally across the livelihood strategies. The MNL, as shown in Table 6, indicated that as the
age of farmworkers increased, farmworkers were more likely to adopt a combination of the
reference categories only. Therefore, the odds ratio depicted that, if other factors were held
constant, the odds ratio in favour of the probability of the households diversifying into
livelihood strategies that combined on-farm plus off-farm and non-farm income \decreased
by a factor of 0.01 as the farmworkers ages increases by one year. This result aligned with
the findings of a study conducted by Emmanuel [44] in Ghana, which concluded that
the age of irrigation farmworkers decreased the ability of the household to engage in a
combination of livelihood-diversification strategies, thus negatively affecting the welfare
and food security status of rural households. The probable reason is that young families
are relatively better educated, have better access to technologies, and look for alternative
livelihood opportunities [25]. The age structure of rural household heads was also found
to negatively and significantly affect the decision choice of respondents regarding a com-
bination of off-farm and non-farm activities [6]. A year’s increase in the age of the heads
of households was likely to shift the choices of respondents’ livelihood-diversification
strategies to sustain their livelihoods [6].

As shown in Table 3, the results showed that there was a statistically significant and
positive relationship between marital status and livelihood income-generating strategies
among irrigation farmworkers., Table 6 also shows that the marital status of the respondents
significantly and positively influenced the participation of farmworkers in on-farm activities
only and in a combination of on-farm, off-farm, and non-farm income-generating activities,
respectively. Interpretation of the odds ratio depicted that, if other factors were held
constant, the odds ratio in favor of the probability of the households participating in
on-farm only activities and a combination of on-farm, off-farm, and non-farm income-
diversified livelihood strategies increased by a factor of 0.209 and 0.017, respectively, as
the marital status of farmworkers increased by 1. The justification behind this result is that
farmworkers who have spouses form part of a productive labor force, as they can join or
combine the surplus income acquired from various income-generating activities.

In Table 6, the MNL shows that a unit increase in dependency causes and 0.037 chance
of farmworkers adopting the reference category combinations opposing the combination of
on-farm and off-farm income-generating activities. The rationale behind this result is that
an increase in dependency on the household leads to a shortage of working hands to earn
from diversified activities to fulfil household needs and affects livelihood diversification
negatively. The result of this study is consistent with the findings obtained by [20].

This study’s hypothesis was that irrigation farmworkers who lease land from their
employer have more options in the choice of livelihood diversification income strategies.
As shown in Table 4, the results of our study showed that there was a statistically significant
and positive relationship between leasing land and farmworkers’ livelihood-diversification
strategies. The results shown in Table 6 also indicate that leasing land was statistically signif-
icant and, as expected, had a positive influence on farmworkers’ livelihood-diversification
strategies. The interpretation of the odds ratio depicted that, if other factors were held
constant, the odds ratio in favor of the probability of the irrigation farmworker diversifying
into a combination of on-farm plus off-farm and non-farm income-diversified livelihood
strategies increased by a factor of 0.114. However, a study by Kassegn and Endris [25]
asserted that the area of land owned by the household had a significant and negative
association with the probability of selecting a diversified livelihood. Households with large
land sizes participated less in non-farm and off-farm livelihood-diversification strategies
and participated more in on-farm strategies only. This was plausible and may have been
because households with more land tend to follow agricultural intensification rather than
diversification [29].

The years of farming experience by farmworkers were statistically significant and
positively influenced the participation of the respondents in a combination of on-farm plus
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off-farm and in a combination of on-farm plus off-farm plus non-farm income-diversified
livelihood strategies. The interpretation of the odds ratio in favor of the probability of the
respondents diversifying into a combination of on-farm plus off-farm and a combination of
on-farm plus off-farm and non-farm income-diversified livelihood strategies increased by a
factor of 0.12 and 0.02, respectively. A possible explanation is that irrigation farmworkers
who have worked in the agricultural field for an extended period know how to adjust when
faced with economic challenges, such as retrenchment or when the farm owner has passed
on, off-season unemployment, and general increases in the prices of basic needs, including
food, such as maize meal and meat. This finding agreed with that of [24].

As Table 6 shows, farmworkers’ access to attend irrigation training statistically sig-
nificantly and positively influenced the respondents’ participation. The odds ratio in-
terpretation implied that if other influencing factors were held constant, the odds ratio
in favor of the probability of a farmworker household head choosing a combination of
on-farm plus off-farm income-diversified livelihood strategies increased by a factor of
0.58. A possible explanation is that the skills acquired from a course assist irrigation farm-
worker households in obtaining more revenue, as participation in irrigation helps them
to strengthen their economic capacity to participate in different livelihood-diversification
activities. Gebru et al. [20] showed that household heads who had access to potential small-
scale irrigation and use it properly made surplus production and better income. Therefore,
this helped them cope with the failure of rain-dependent crop production, compared with
nonusers of irrigation, due to the risks associated with drought and other climate-change-
induced factors.

As expected, access to the market was statistically significant and had a positive
influence on irrigation farmworkers diversifying their livelihoods into a combination of
on-farm plus off-farm and non-farm income-generating activities. The result of the odds
ratio depicted that by keeping the influence of other factors constant, the odds ratio in
favor of the likelihood of the irrigation farmworker choosing a combination of on-farm plus
off-farm and non-farm income-generating livelihood-diversification strategies increased
by a factor of 0.064. This was in line with the study by Abdiassa [21], which found that
rural household heads living around and having access to market centers had higher
involvement in livelihood diversification and could diversify their sources of income more
than household heads living far from market centers. Gebreyesus [45] concluded that
a walking distance to the nearest market yielded a positive and significant influence on
the level of livelihood diversification. A positive and meaningful relationship between
market distance and non-farm and off-farm activities could mean that residing nearer to
the market enables farm households to engage in non-farm and off-farm activities, mainly
trading and service provision. Nearness to a market center provides for access to additional
income through on-farm and off-farm employment opportunities, information on inputs,
and transportation [25,45].

6. Conclusions and Policy Implications

The main aim of this study was to determine livelihood-diversification strategies
among farmworkers of the Tshiombo Irrigation Scheme of the Vhembe District in South
Africa. The binary probit model revealed that employment type and years of farming
experience negatively influenced the probability of irrigation farmworkers diversifying
their livelihoods, while gender, number of dependents, leasing of irrigable land, and market
access positively influenced the probability of irrigation farmworkers diversifying their
livelihoods. The results showed that gender affects diversification, as men have more
livelihood-diversification options, which underscores that in order to ensure sustainable
livelihoods and agricultural progress, decreasing gender inequities in agriculture should
be in line with international, regional, and national norms. By implication, this study
suggested that policymakers should design programs that empower women and take
account of the other commitments women have. For instance, radio programs that educate
women on how to farm should be aired when women have the time away from domestic
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chores. Furthermore, the rural irrigation farmworkers in the study area were likely to have
a diversified livelihood when they had more experience with age, better livelihood skills
developed via training, and more working hands in a household.

The results of the multinomial logistic regression model showed that a farmworker’s
choice and adoption of livelihood-diversification strategies were determined by the age
of the respondent, the marital status of the respondent, access to markets, leasing land
from an employer, years of farming experience, and access to agricultural training, and
that these factors significantly affected households’ choices and adoptions of livelihood-
diversification strategies. Regarding the study’s hypothesis, the results showed that leasing
land from employers influences irrigation farmworkers in diversifying their livelihoods
and that irrigation farmworkers who lease land from their employers have more options in
the choice of livelihood-diversification strategies. The study concluded that the agricultural
sector cannot stand alone in sustaining livelihoods, reducing poverty, and achieving food
security for the irrigation farmworkers in the study area. This is evident, as the majority
of farmworkers who lease land also participate in other income-generating combinations,
such as off-farm and non-farm activities.

Based on these findings, this study recommends that to improve the livelihood of the
respondents, stakeholders and tribal leaders should permit farm owners to lease irrigation
scheme plots to their employees to facilitate their adaptation to livelihood-diversification
strategies. Farmworkers, with their past farming experience, can then grow their crops,
generate additional income by selling in the nearest markets, and become self-employed
instead of looking for jobs outside agriculture. The stakeholders should also develop
programs that accommodate both older and younger people in agriculture. Policymakers
and stakeholders need to reflect on the most suitable ways of supporting livelihood skills
development among rural irrigation farmworkers to bring sustainable livelihood outcomes
to the area.

Analysis of livelihood-diversification strategies is a broad subject which can be car-
ried out using various analytical tools, such as the Simpson Diversification Index, the
multinomial logistic model, the Herfindahl Index, and other tools. This study used the
binary probit model and the MNL model to analyze the factors influencing farmworkers’
livelihood-diversification strategies. This study should be supplemented with studies that
use other tools for livelihood diversification so that a more comprehensive conclusions can
be drawn. Ongoing research on livelihood diversification among farmworkers in irrigation
schemes is needed. To fully understand the complex dynamics of this issue, this research
would include the following:

e  Policymakers should design policies that are sensitive to laborers” household-level
characteristics in promoting livelihood income diversification.

e Rural development strategies should promote non-farm and off-farm activities in
rural areas, as they could positively affect the income-generating capacity of irrigation
scheme laborers.

e Policymakers should design policies that encourage engagement in informal land-
lease contracts to encourage land rental market participation by both farm employers
and employees in the rural areas of Tshiombo Village.

e  Policymakers need to focus on the most suitable activities for supporting a sustainable
livelihood outcome among rural irrigation scheme farmworkers.
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