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Abstract. Smallholder irrigation farming is valuable for im-
proving the welfare of rural communities in South Africa. 
Irrigation schemes in South Africa perform below average 
as some have collapsed. Boosting performance of irrigation 
schemes will ensure economic sustainability for low-income 
earners. There is little scholarly literature on factors affect-
ing performance of smallholder irrigation schemes in South 
Africa. Therefore, this study assessed factors affecting yield 
and gross margin of sweet potato in the Tshiombo Irrigation 
Scheme. Data was collected using structured questionnaires, 
focus group discussions and in-depth interviews. The perfor-
mance of the irrigation scheme was analysed using the ordi-
nary least square method. The yield or gross margin of sweet 
potatoes were used as proxies for the scheme performance. 
Six estimators, namely age of farmers (–0.022), labour avail-
ability (–0.185), cultivated area (–0.130), pesticide subsidy 
(0.138), market price (6.090), and distance of the plot from 
the main canal (0.191) significantly impacted performance of 
the scheme. A minimum participation of farmers in the value 
chain exposed them to lower market prices. The gross margin 
was generally low due to limited participation of aging farm-
ers in the value chain. The performance of the scheme can be 
improved through providing and ensuring competitive prices 
and encouraging youth to participate in the scheme farming 
by providing lucrative market prices.

Keywords: Economic incentives, sustainability, gross mar-
gin, institutions, sweet potatoes

INTRODUCTION

Hunger and malnutrition are major challenges in the 21st 
century given that malnutrition has increased from 181.7 
million in 1990–1992 to 232.5 million in 2014–2016 in 
Africa (Jha, 2019). In South Africa, high levels of mal-
nutrition among resource-constrained smallholder farm-
ers have propelled the government to adopt a National 
Development Plan (NDP) aimed at developing and im-
proving the livelihoods of over 370,000 people mainly 
in rural areas (Pienaar and Traub, 2015). Agriculture is 
expected to eradicate hunger and improve nutritional 
security in the world by 2030 (FAO et al., 2018). Yet, 
persistent droughts due to dynamic climate events have 
reduced crop yields in rain-fed farming systems (Van 
Averbeke et al., 2011). On that account, the potential 
of smallholder irrigation schemes (SIS) in sustaining 
the livelihoods of 389 million people surviving on less 
than $1.90 in sub-Saharan Africa (SSA) is widely ac-
knowledged (Mundial, 2017). Smallholder irrigation 
schemes are of significant value in South Africa where 
13.8% of the national households depend on subsistence 
agriculture as their key source of livelihood (Lehohla, 
2016). SIS are useful in mitigating the negative effects 
of climate change such as water stress, mid-season and 
periodic dry spells, and crop failure (Mhembwe et al., 
2019).
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Further, SIS in South Africa have the potential to 
significantly contribute to job creation, rural develop-
ment and eradication of poverty (Cousins, 2013). The 
South African government has the potential to cre-
ate 250,000 primary jobs and 130,000 secondary jobs 
mainly through expanding irrigated areas by 1.5 – 2 mil-
lion hectares (Cousins, 2015). Therefore, any untapped 
potential to enhance food security and employment 
through smallholder irrigation in South Africa needs to 
be explored. 

In South Africa, SIS were developed to boost food 
production, secure agro-based livelihoods against pro-
longed dry spells and provide rural employment op-
portunities (Muchara et al., 2016; Fanadzo and Ncube, 
2018). Farmers in SIS in South Africa collaborate to 
maintain the irrigation scheme infrastructure, irrigation 
scheduling and the marketing of produce (van Koppen 
et al., 2017). Unfortunately, many smallholder irrigation 
schemes in South Africa have collapsed while others 
are operating below optimum levels (van Koppen et al., 
2017). Globally, factors such as water management, ac-
cess to credit, access to market, poor maintenance, and 
age of scheme farmers have been found to be significant 
variables in determining the performance of SIS (Cous-
ins, 2015; Valipour, 2015; Ward, 2016). Over one-third 
of the schemes in Limpopo Province are inactive, while 
69% of large-scale centre-pivots are idle (van Koppen 
et al., 2017). Previous studies have concluded that the 
sustainability of smallholder irrigation in South Africa 
is constrained by market access, limited water alloca-
tion, land size, operational costs, production levels and 
institutional incompetence (Van Averbeke et al., 2011; 
Cousins, 2015; Mungai et al., 2016). 

Crop yields and financial returns are the main stand-
ards of the irrigation scheme performance (Sinyolo 
and Mudhara, 2018). Consequently, farm income and 
cropping intensity are used to assess the performance 
of irrigation schemes in South Africa (Valipour, 2015). 
Improved performance of SIS can enhance social and 
economic status of rural communities (Fanadzo and 
Ncube, 2018). Problems of technical, financial and so-
cial feasibility have constantly arisen as decentralisation 
and farmer participation were incorporated into projects 
(Ward, 2016). These challenges were most likely to be 
perpetuated by the failure to implement monitoring and 
evaluation (M&E) systems that are also required for 
farmers’ enterprise management purposes (Ward, 2016). 

In light of these challenges, this paper seeks to explore 
factors that affect scheme performance. The results of 
this study can be used to improve the sustainability of 
irrigation schemes.

RESEARCH METHODS

Studied Area Description
This study concerns the Tshiombo Irrigation Scheme 
(TIS) that is situated 40 km from Thohoyandou in Thu-
lamela Municipality of Vhembe District in Limpopo 
Province of South Africa (Fig. 1). The province has 
180 of 302 SIS in the country (van Koppen et al., 2017, 
Averbeke, 2012). The Tshiombo Irrigation Scheme is 
among the largest irrigation schemes in Limpopo Prov-
ince, covering an area of 1,196 ha in the western end 
of Tshiombo valley (Lahiff, 1997). Sweet potato is the 
main crop grown in TIS because of its adaptability in 
many different areas, flexibility of planting and harvest-
ing scheduling, drought tolerance and their contribution 
to household food security (Motsa et al., 2015). 

Data collection
The study was conducted among households partici-
pating in TIS. Data and information were collected on 
demographic variables and current agronomic practices 
employed by farmers participating in TIS. The method 
of proportionate stratified random sampling was used to 
select 148 scheme farmers from the head, middle and 
tail section of irrigation scheme at 95% confidence lev-
el using Rao Soft statistical software (Raosoft, 2004). 
TIS was stratified into the head, middle and tail sec-
tions based on the number of farmers in each section. 
Gomo et al. (2014) use stratified random sampling to 
classify SIS into head, middle and tail sections. Forty-
nine scheme farmers were randomly selected and inter-
viewed from each of the three sections of the irrigation 
scheme; the head, middle and tail. Questionnaires that 
were validated by a pilot test were administered by 
trained enumerators.

Face to face interviews were conducted using 
a structured questionnaire. Variables that were captured 
include household name, education level, size of land 
under irrigation as well as yield, sales price, inputs, area, 
and costs related to sweet potato production. In-depth 
interviews were done to collect information from exten-
sion workers, chiefs and committee members.
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Data Analysis
Descriptive statistics, return on investment (ROI), gross 
margin (GM), and ordinary least square (OLS) regres-
sion were used for this study. A general-purpose statisti-
cal software package, STATA, was used to analyse data. 
The gross margin and yield analyses were used to assess 
the performance of the irrigation scheme as in Muchara 
et al. (2016) and Cousins (2013). Equations 1 and 2 show 
how gross margin (GM) of sweet potato was calculated, 
while equations 3 and 4 show how gross income (GI) 
and total variable cost (TVC) were calculated.

The gross margin model is calculated as follows:

Gross Margin (GM) = Gross Income (GI) –  
 Total Variable Cost (TVC) 

(1)

where:

 GM = Σn i=1 PiQi – Σn i=1 PiXi (2)
GI = Quantity of Output (Qi) ×  

 Price of Output (Pi) 
(3)

TVC = Σn i=1 PiQi = Quantity of Intput (Qi) ×  
 Price of Intput (Pi) 

(4)

where:

i – number of respondents (i = 1, 2, 3, … n),
Qi – quantity in kg
Pi – price in ZAR
Xi – ith farmer
n – number of farmers
GM – gross margin
GI – gross income
R – revenue produced
ha – hectare 

OLS with multiple explanatory variables which fall 
under multiple linear regression model was used for this 
study. OLS was determined as follows:

 Y = α + β1X1 + β2X2 + … + βkXk + ε (5)

where:
Y – gross margin of sweet potato,
α – the value of Y when all values of explanatory 

variables are zero
β – the average change in Y that is associated with 

a unit change in X
X – is the explanatory variable
ε – error term.

Fig. 1. Tshiombo Irrigation Scheme
Source: own elaboration.
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The dependent variable, income from sweet potato 
was regressed against socio-economic explanatory vari-
ables collected in TIS. The sweet potato was the crop 
grown by the majority of the scheme farmers; therefore, 
its gross margin was more representative when com-
pared to other crops. The key assumption of the study 
was that the gross margin of sweet potato is representa-
tive for all other performance indicators. A reweighted 
iterative regression procedure was used to produce 
a constant estimate of sweet potato gross income per 
year as transfer function models are not necessarily con-
sistent (Muller and Wei, 1997). An iterative method is 
a regularly used technique to search in a stepwise fash-
ion for the best value of estimates (Abdi, 2007).

The extent to which the variance of the coefficient 
estimate is being inflated by multicollinearity was es-
timated by means of a variance inflation factor (VIF), 
while the F-test was used to check if the model is better 
suited for analysing the data (Javed et al., 2016). The 
chi-square goodness of fit was used to find out how the 
observed value of the given phenomenon is significantly 
different from the expected value. It tells us if the sam-
ple data is representative of the actual population.

RESULTS

Household Characteristics
Table 1 below shows socio-demographic characteristics 
of farmers in TIS. Based on the questionnaire survey, 
results from the study show that 76.4% of respondents 
were female. Among the female respondents, 53.1% 
were married. The majority of farmers in TIS were mar-
ried given that approximately two-thirds of all respond-
ents were married (Table 1). It was also observed that 
the scheme was dominated by ageing farmers (average 
of 59 years) as shown in Table 1. There was a signifi-
cant difference in the marital status of male and female 
respondents (P≤0.01), as a considerably higher number 
of female farmers were not married compared to male 
farmers (Table 1). Data from the questionnaire survey 
reveal that approximately two-thirds of the respond-
ents had access to extension services. Irrigation plots in 
TIS were owned for an average of 29 years. The aver-
age household size for the respondents was 6 members. 
Answers provided by the respondents participating in 
TIS show that sweet potato was the main crop grown 
by 89.2% of the scheme participants. The crop had a re-
turn on investment (ROI) of 1.28. Furthermore, findings 

Table 1. Selected socio-demographic characteristics of the 
respondents

Variable Frequency Percentage Mean Standard 
deviation

Gender

Male 35 23.65

Female 113 76.35

Marital status

Married 92 62.16

Unmarried 56 37.84

Access to extension services

Yes 100 67.57 

No 48 32.43

Access to credit

Yes 11 7.43

No 137 92.57

Main crop 

Sweet potato 132 89.19

Others 16 10.81

Age of household head (years)

≤30 4 2.70

58.70 12.75

31–40 8 5.41

41–50 21 14.19

51–60 51 34.46

61–70 44 29.73

≥71 20 13.51

Household size (members)

1–3 17 11.49

6 3.00
4–6 73 49.32

7–9 41 27.70

≥10 17 11.49

Period of plot ownership (years)

1–20 56 37.84

29 15.0821–40 55 37.16

≥41 37 25.00

Area under sweet 
potatoes (ha) 0.40 0.20

ROI (ZAR) 1.28 0.32

Source: research survey, 2018.
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show that only 7.4% of all the respondents were able to 
access credit.

The Yield of Sweet Potato
Figure 2 shows the yield of sweet potato in TIS. An av-
erage yield of 2.4 t/ha of sweet potato was produced. 
The yield of sweet potato is clustered below average as 
shown in Figure 2 below. The yield of sweet potato is 
widely spread, given a standard deviation of 2.2 t/ha. 
The majority of the respondents produced an average 
yield of 2.386 tonnes per hectare.

Gross margin of sweet potatoes
Table 2 below shows that the respondents get an aver-
age gross margin (GM) of ZAR 29,169.61. On average, 
each respondent earns a gross income of ZAR 39,739.06 
and total variable costs (TVC) of ZAR 17,463.11.

Factors Affecting Gross Margin of Sweet 
Potatoes
In this study, OLS was used to estimate factors affecting 
the gross margin of sweet potato as well as to explore 
the extent to which the gross margin was influenced by 
each factor. The Chi-square test indicates that OLS is 
statistically significant (P<0.01), therefore the model fits 
well for further analysis. Socio-economic factors signif-
icantly affect the gross margin of sweet potato. 

Age of household head, labour per household, size 
of land cultivated, price, the distance of plot from the 

main canal, and pesticide subsidy significantly influence 
the yield and gross margin of sweet potato (Table 3). 
The age of household head, labour force per household, 
size of cultivated land impacted the productivity of po-
tatoes negatively, while pesticide subsidy, the market 
price of sweet potatoes and distance from the main ca-
nal to the plot had a positive impact on income received 
from sweet potatoes.

The age of household head, household size, and 
size of irrigation land cultivated contributed to the re-
duction of the yield of sweet potato as shown in Table 
3. On the contrary, pesticide subsidy, market price and 
distance from the main canal positively influenced the 
yield of sweet potatoes (Table 3). An increase of age by 
a year statistically decreased the gross margin of sweet 
potatoes by 0.02% (Table 3). As the age of participants 
increases their gross margin decreases. An increase in 
household size significantly decreases the GM of sweet 
potato by a margin of 0.19% (P<0.01). The increase in 
the cultivated area by a hectare results in a decrease of 
gross margin by a margin of 0.13. Also, access to a unit 
of pesticide subsidies result in an increase of gross mar-
gin by a margin of 0.14 (Table 3). From the results, an 
increase in the market price of sweet potato by 1.00 

Fig. 2. Yield of Sweet potato per hectare 
Source: research survey, 2018.

Table 2. Gross margins analysis for sweet potato crops grown 
in the Tshiombo Irrigation Scheme

Production cost item Amounts (ZAR)

Gross income 39,739.06

Transport cost 268.47

Inputs: seed 4,012.12

fertiliser 4,533.55

pesticide 299.57

Land preparation 3,165.10

Labour: planting 1,305.44

weeding 1,195.94

irrigating 1,025.25

spraying 533.03

Harvesting 1,124.64

Total variable costs 17,463.11

Gross margin 22,275.95

Source: research survey, 2018.
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ZAR leads to a 6.00 ZAR increase in sweet potato in-
come. A unit increase in distance from the main canal 
to the plot leads to 0.19 units increase in sweet potatoes 
production.

DISCUSSION

Respondents participating in TIS have a household 
size of 6 members on average (Table 1). An increase in 
household size resulted in a significant reduction of GM 
(Table 1). The study noted that an increase in household 
size does not translate into an increase in labour avail-
ability in TIS. The majority of household members opt 
to engage in other economic activities which are more 

lucrative due to a lack of motivation for farming, leav-
ing the household head responsible for all farming ac-
tivities (Njoko and Mudhara, 2017). Hence, the majority 
of farmers opt to hire extra labour to work in the plots. 

The results further reveal that respondents participat-
ing in the irrigation scheme own an average of 1.27 ha 
(Table 1). A study by Van Averbeke et al. (2011) revealed 
that farmers participating in irrigation schemes in South 
Africa own an average of 1.513 ha, hence, the size of 
plots in TIS is below the national average. An irrigated 
plot with an area above 0.5 ha is sufficient to meet food 
security needs at the household level (Van Averbeke 
et al., 2011)). Despite this, the majority of land was 
under-utilised preventing the households to meet their 
livelihood needs. Findings from the FGDs discussions 
and KIIs interviews support that the land was not uti-
lised enough, hence food and income security for their 
livelihood was greatly compromised. 

The average yield of sweet potato was 2.4 t/ha in TIS 
(Fig. 2). However, this is far below the reported mean 
yields of 3.9-9.5 t/ha in communal gardens (Motsa et al., 
2015). Given that the yield gap of sweet potatoes in TIS 
and the proposed yield range of poorly-equipped envi-
ronment, this shows a performance gap which needs to 
be explored further and addressed to boost the yield. 
The study reveals that a unit increase in cultivated land 
resulted in a negative change in GM significantly at 5% 
level (Table 3). While some farmers fail to manage their 
crop production effectively as the size of land increas-
es given that sweet potato is labour-intensive farming 
(Motsa et al., 2015). However, the lack of appropriate 
technology and relevant information results in poor en-
terprise success.

The study shows that 76.4% of the respondents par-
ticipating in the scheme were women. Findings from 
the study support observations at Mogalatsane and 
Setlaboswane irrigation schemes in Limpopo Province 
where female farmers own an average of 64% of irriga-
tion plots (Mapedza et al., 2016). Considering the domi-
nance of women in TIS, policies and resources need to 
be gender-responsive so that women participating in the 
irrigation schemes have a commercial outlook. A study 
conducted in Botswana concluded that commercially 
oriented women in agriculture help to improve food 
security (Fehr and Moseley, 2019). Results obtained 
from this research further revealed that 53.1% of the 
female household heads were married. Although there 
was a high number of married household heads (62.2%), 

Table 3. OLS results on the factors which affect the gross mar-
gin of sweet potatoes

Factor Coefficient P-value

Constant 9.220 0.000

Gender 0.111 0.098

Age –0.022 0.009

Formal education –0.026 0.178

Household size –0.185 0.004

Years in irrigation farming 0.003 0.639

Extension contact 0.072 0.121

Plot fee 0.008 0.612

Area cultivated –0.130 0.18

Fertiliser subsidy 0.000 0.827

Pesticide Subsidy 0.138 0.001

Subsidised land preparation 0.064 0.666

Social grants 2.169 0.794

Hawking –2.756 0.365

Market price 6.090 0.041

Distance from the main canal 0.191 0.048

State of irrigation infrastructure –0.091 0.370

Credit 0.019 0.623

Maintenance fee 0.001 0.850

Years in market participation –0.003 0.576

Total livestock units 9.208 0.663

Source: estimated from research survey, 2018.
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a vast majority of male household heads (91.4%) were 
married, only (53.1%) of their female counterparts were 
married. Marital status affects access to services and 
resources like extension and loan among most African 
households (Mdlozini, 2017). This suggests a low likeli-
hood of access to services and resources by a consider-
able number of female-headed households in TIS, con-
sidering the gender disparity in access to resources.

The age of farmers was significantly negatively cor-
related with the gross margin of sweet potato (Table 3). 
The majority of farmers reached the average age of 59 
years, hence they are not active economically due to 
the advanced age. As the farmers becomes older, GM 
decreases further. In addition to this, elderly people in 
TIS who reach the age of 60 and above gain access to 
income in the form of social grants, hence they enjoy 
minimum incentives to engage in irrigation farming. 
Ageing has a diminishing effect on the performance of 
irrigation schemes and food security (Dube, 2018). Age-
ing affects the technical efficiency of the agricultural 
systems as older farmers are unwilling to change their 
practices and slow to adopt new technologies (Senyolo 
et al., 2018). Although age comes with wisdom and ex-
perience, elderly farmers face difficulties in the adoption 
of efficient irrigation practices (Mango et al., 2018). 

For this study, pesticide subsidies increase GM by 
a margin of 0.138, significantly at 1% level (Table 3). 
Irrigation farming in TIS is partly subsidised by the 
government and private organisations. The government 
of South Africa has long been noted for its role in sup-
porting smallholder irrigation farming among all rural 
communities, particularly through its revitalisation pro-
grammes (Cousins, 2015; Ncube, 2018; Fanadzo and 
Ncube, 2018). Findings from FDGs reveal that farm-
ers access subsidies for various operations such as land 
preparation, seeds for selected crops, fertilisers, and 
pesticides from the government of South Africa. Based 
on findings from KIIs and FGDs, subsidies offered 
mainly concerned the support of crops like maize which 
the government consider a key for meeting its goal to-
wards food security. Hence, crops of low economic im-
portance to a specific group of people as in TIS are not 
looked into mainly due to a top-down approach. The 
in-depth interviews showed that farmers participating in 
TIS diverted pesticides which were subsidised for maize 
production towards sweet potato production. Input sub-
sidies are associated with an increased efficiency among 
farmers (Michael et al., 2018). Considering the findings 

from TIS, different input subsidies impacted scheme 
performance differently. Therefore, there is a need for 
the government to offer some subsidies to allow greater 
flexibility and target resources to the farmers’ needs.

The study reveals that changes in the price of sweet 
potato positively impact the GM of sweet potato. Mar-
kets for sweet potatoes in TIS are mainly informal, 
hence, market prices are highly volatile and difficult 
to predict and are also characterised by extremely low 
prices during harvest periods. Farmers participating in 
TIS produce sweet potato with limited compliance with 
the requirements of locally operating formal and infor-
mal markets due to poor information on its profitability 
and demand (Fanadzo and Dube, 2019). This perpetu-
ates a poor bargaining position of farmers, making them 
more exposed to extremely low prices. Moreover, the 
lack of access to formal markets results in some con-
flicts among scheme farmers given that some farmers 
gazettes lower prices which are not competitive for oth-
ers. Despite this, an increase in market prices stimulates 
an increase in the production of sweet potato as farmers 
will be attracted by a more lucrative price. Therefore, 
ensuring a higher market price is a sure way of encour-
aging farmers to grow sweet potatoes. Given this sce-
nario, there is a need for the intervention by the govern-
ment to ensure that farmers access a stable market for 
sweet potatoes. Providing formal markets will help to 
improve the scheme performance and eradicate market-
related conflicts within the scheme.

Empirical findings from the study show that the dis-
tance of the plot from the main canal positively impacted 
sweet potato production. A unit increase in the distance 
from the main canal to the plot leads to a 0.191 per-
centage increase in sweet potatoes production at a 5% 
level of significance (Table 3). Farmers with plots closer 
to the main canal are likely to produce crops that de-
mand more water, while those away from the irrigation 
plot produce drought-resistant crops like sweet potato. 
A study by Gomo et al. (2014) concerning SIS in South 
Africa reported that water productivity is higher as the 
distance from the main canal increase. The sweet potato 
is a drought-tolerant, short maturing crop (Low et al., 
2020). Hence, the production of sweet potato in plots that 
are far away from the main irrigation canal is more viable 
as it has smaller water requirements compared to other 
crops grown in the scheme. Findings from the in-depth 
interviews indicated that as the distance from the main 
canal increased, water access subsequently decreased.
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CONCLUSION

SIS are a key resource among rural communities in 
South Africa in the face of climate change, therefore, 
a continuous assessment of their performance is impor-
tant to identify spatial and temporal factors that need to 
be altered to ensure their sustainability. In TIS, there are 
various factors that affect the scheme performance. Also, 
the impact of ageing on the performance of SIS should 
not be underestimated as it limits farmers’ participa-
tion in the value chain. Hence, the future of TIS is more 
likely to be characterised by poor performance and low 
sustainability due to the limited participation of young 
farmers. Integrating research and development will en-
able scheme farmers to acquire knowledge helping them 
to utilise their resources more efficiently and improve 
their productivity which may help them maximise their 
profit margins. The policy should focus on incorpo-
rating young farmers into irrigation farming to bridge 
the participation gap between aged farmers and young 
farmers. There is a need to shift support from input sub-
sidies to cash disbursements to allow for greater auton-
omy in resource allocation. The farmer support systems 
should integrate scheme farmers into lucrative markets.
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