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Abstract: Farmer practices may influence the microbial quality and safety of fresh produce. The in-
creasing demands to create ready-to-eat (RTE) fresh produce while providing potential niche markets
for smallholder farmers might be contributing to increased numbers of fresh produce-associated
foodborne disease outbreaks. This study determined the demographic and socioeconomic character-
istics and farmer hygiene practices of farmers using open-ended questionnaires and key informant
interviews. Additionally, the relationships between farmer socioeconomic characteristics and hy-
giene practices were statistically analyzed. The semi-organic smallholder farmer population and
the farmworkers of the organic farm were female-dominated. Tertiary education was a predomi-
nant characteristic in the organic and semi-conventional workforces. While the semi-organic and
semi-conventional farms relied on a combination of ‘store-bought’ synthetic and composted organic
fertilizers, the organic farm owner only used composted organic fertilizer. The irrigation water
sources varied amongst the farm types. However, most of the semi-organic farmers did not pre-treat
irrigation water prior to use. The irrigation water source and fertilizer type selected by farmers varied
and might affect the microbial quality and safety of fresh produce. Socioeconomic factors such as
gender and education may influence farmer hygiene practices. These characteristics should therefore
be considered when planning farmer support interventions.

Keywords: sustainable farm practices; socioeconomic characteristics; fresh produce; food safety; food
security; organic; conventional

1. Introduction

There is a strong pressure to increase food production and availability globally due to
population growth; another factor is the presence of nearly 811 million people being identi-
fied as food insecure and 768 million being classified as chronically undernourished [1,2].
The FAO recorded the sharpest increases in moderate and severe food insecurity in the
year 2020, with more than one-third (282 million) of this tally being identified in Africa [2].
Agriculture is essential to meet these demands; however, sustainable production methods
need to be employed in order to meet these demands without negatively affecting the
environment [3–6]. Furthermore, sustainable agriculture must also produce food that is
safe for consumption and of good quality to negate public health concerns [3,6]. COVID-19
lockdowns have exposed the weaknesses in international and local food supply chains and
have directed attention to the proximity of the food producers and consumers [5,7,8]. Fresh
produce consumption is an essential part of the human diet and provides micronutrients
and vitamins, which are essential in contributing to the nutritional dimension of food
security [5,8,9]. Consumption trends and government recommendations have increased the
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demand for fresh and ready-to-eat produce due to the apparent health benefits [5,9]. In light
of the COVID-19 pandemic, the importance of more robust immune systems and the neces-
sity of access to a healthy diet has become even more apparent [2,5]. Despite the positive
narrative, fresh produce has been a cause of global food-borne disease outbreaks, highlight-
ing the need for safer, sustainable production practices [3,6,10]. In developing countries
such as South Africa with dual agricultural systems, conventional commercial farming is
practiced by fewer individuals but contributes to a larger proportion of the agricultural
output. However, the larger number of individuals practicing semi-organic, sustainable
agriculture produce smaller but still crucial outputs [11]. Such subsistence/smallholder
farmers have been earmarked as potential contributors in alleviating food insecurity in
South Africa through their potential participation in supplying local markets and retail-
ers [12,13]. In addition, these smallholder farmers could become an important factor in
overcoming the underrepresentation of fresh fruits and vegetables in the African diet by
supplying their communities [5]. Furthermore, smallholder farming has been identified as
an important player in achieving sustainable development goals [4,14].

The agricultural methods employed in fresh produce farming are diverse and include
conventional practices, organic practices, and an array of hybrid methods. Considering the
potential role of primary production practices for the quality and safety of fresh produce,
conducting evaluations of the farming systems and employed practices are essential for
safeguarding consumers’ health [3,5,6,10]. In developing countries such as South Africa,
pressure from large retailers and the formal market system, especially for high-value
products such as fresh produce, has led to the development of a “structured agrifood
system” [15]. However, dual agrifood systems [11] are prevailing in South Africa wherein
modern practices, typically involving regular monitoring to maintain fresh produce safety
on a larger scale, co-exist with the traditional sustainable farming systems; these traditional
systems mostly yield produce without appropriate safety and quality certifications [15].
Studies comparing the farming systems and practices have often focused on which farming
system produces higher yields, contributes to less degradation of the environment, or—in
the view of food safety—which system has a greater tendency for microbial contamina-
tion potentially affecting consumer health [16–18]. Although smallholder farming has a
vital role to play in feeding communities, a limited number of studies have focused on
the socioeconomic factors that may contribute to a farmers’ decision on which farming
systems or farming practices to utilize, especially in the small-scale production of fresh
produce [12,19,20]. With the majority of South African farmers being identified as small-
holder farmers [21], challenges facing such farmers, while not being identical across the
entire country, may be similar in nature.

South African smallholder farmers are often characterized by similar socioeconomic
characteristics, such as limited access to education or reliance on social grants as their
income sources [21]. Socioeconomic characteristics have been highlighted as some of the
most influential aspects in the farmers’ decision-making processes, including their adoption
of farming practices, the type of farming systems utilized, and even what is farmed [22].
South African farmers, especially smallholder farmers, display various socioeconomic
characteristics that have been reported to be crucial contributors to their decision-making
processes, particularly concerning the adoption of certain farming production practices and
market participation [23,24]. Socioeconomic characteristics, such as gender, age, education
level, and income sources, have been previously reported to affect production practices,
including fertilizer and pesticide use, irrigation water sources, and the area (size) of land
farmed [25]. A study on smallholder farmers and their access to market channels in Myan-
mar reported that factors such as gender, age, and income affected the market channel
participation [26]. European studies on the characteristics that affect farmers’ adoption
of organic farming practices highlighted financial constraints, land farm size, and age as
prominent socioeconomic characteristics influencing decision-making [27]. Understanding
the socioeconomic backgrounds of the farmers, especially South African smallholder farm-
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ers, is imperative in designing facilitation strategies to improve food safety, sustainable
production, and graduation into supplying more formalized markets.

A recent report on the state of food security in South Africa highlighted that the
South African provinces characterized as predominantly rural with high levels of poverty,
such as KwaZulu-Natal, were often the provinces where most households were involved
in agricultural activities [13]. KwaZulu-Natal, contributing to 8.5% of South Africa’s
total agricultural production, is home to almost one-fifth of all South African smallholder
farmers [21]. Of the households involved in agriculture in KwaZulu-Natal, 8.1% relied on
agricultural activities as a source of income, with a large number of them (16.2%) practicing
agriculture as an additional food source [21]. The South African National Development
Plan [28], considering the state of South African food security and the high proportion of
smallholder agricultural households, has recognized agricultural productivity and rural
development as an essential priority for employment, economic growth, poverty reduction,
and is essential in alleviating food insecurity.

This case study determined and compared, for the first time, the demographic and
socioeconomic characteristics and farming practices used by selected organic, semi-organic,
and semi-conventional farmers involved in fresh produce farming in the uMgungundlovu
District of KwaZulu-Natal, South Africa. Additionally, the demographic and socioeconomic
characteristics of the farmers, particularly those of the informal smallholder farmers, were
evaluated in view of their potential to influence the adopted farming practices, and how
this may affect fresh produce microbial quality, food safety, and potential market access.

2. Materials and Methods
2.1. Study Site

The study was conducted from 2018 to 2020. It included three different study sites
within the uMgungundlovu District of KwaZulu-Natal, namely an organic farm (Karkloof),
a semi-conventional farm that was part of a school community garden project (Howick), and
a semi-organic farm (Appelsbosch), all located in KwaZulu-Natal, South Africa (Figure 1).
More than one-third (38%) of the uMgungundlovu District’s population resides in rural
areas, many of whom are characterized as subsistence smallholder farmers. The livelihoods
of such farmers, particularly the semi-organic farmers from Appelsbosch, depend on
agricultural activities [29].
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2.2. Sampling Procedures and Data Collection

The research approach employed a case study methodology, comprising a mixed
method of both qualitative and quantitative data collection due to the limited number
of farmers available in two of the three farming systems in this study. Purposive sam-
pling was used in order to include suitable farmers from each farming system, namely,
semi-organic, organic, and semi-conventional farmers. Data collection tools included key
informant interviews (qualitative method) and open-ended questionnaires (quantitative
method) to collect information and provide insight into the farmers’ socioeconomic char-
acteristics, decision-making processes, and personal beliefs regarding hygiene-oriented
farming practices. Key informant interviews were held with the owner of the organic farm
and the manager and staff of the semi-conventional farm. The open-ended questionnaire
(Supplementary Table S1) was administered to semi-organic informal smallholder farmers
(n = 40), and an alternate open-ended questionnaire (Supplementary Table S2) was devel-
oped and used specifically for the smaller groups of farmworkers of the organic (n = 6) and
semi-conventional (n = 5) farms. The questionnaires that were administered were initially
prepared in English and later translated into isiZulu. Additionally, on-site native-speaking
isiZulu translators were present for all study sessions.

The informal smallholder farmers mainly classified themselves as practicing “organic
farming” methods. Their products were thus “organically produced”, referring to produce
that is produced using low and more sustainable agricultural inputs, such as composted
and organic fertilizers and limited organic pesticides, but does not meet the certified
organic production guidelines outlined by the respective organic certification organizations
(e.g., SGS (Société Générale de Surveillance) Woodmead, South Africa (Pty) Ltd. and
Ecocert, Cape Town, South Africa). For the remainder of this paper, the smallholder
farmers are thus referred to as semi-organic farmers and their farms as semi-organic farms.
Farmers, including both farmers that were already supplying markets and farmers that were
interested in supplying markets, made up the purposively sampled informal smallholder
sample population. In addition, the school community garden project will hereafter be
referred to as the semi-conventional farm site and farmers, as the manager identified with
more conventional farming methods, making use of pesticides and store-bought fertilizers
more frequently (Table S3).

2.3. Data Analysis

Data were coded, captured, and analyzed using IBM’s Software Package for Social
Scientists (SPSS (V.27), 2021 (Chicago, IL, USA) and Graph Pad Prism (V.8) (San Diego,
CA, USA). Sample descriptions were generated using descriptive statistics, including the
frequency analysis. The normality of data distribution was assessed using the Shapiro–Wilk
and Anderson–Darling tests at an alpha value of 0.05. The Spearman’s rank correlation
coefficient (ρ) was used to evaluate the relationships between the selected pre- and post-
harvest practices (e.g., pre-treatment of water/compost prior to use) and relevant nominal
or categorical demographic and socioeconomic variables [30]. p-values of <0.05 were
considered to be significant.

3. Results

The current study sought to determine the demographic and socioeconomic char-
acteristics of farmers and their farming practices from three different farming sectors.
Furthermore, the associations between the demographic and socioeconomic factors and se-
lected farming practices were identified. This approach was employed to evaluate whether
these characteristics do affect farmer practices, especially with respect to practices that
potentially contribute to the microbial contamination of fresh produce, thereby affecting
food safety and potential market access.
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3.1. Demographic and Socioeconomic Characteristics of Farmers

For the smallholder farmer sample population representing semi-organic farmers,
we identified the sample population to be female-dominated (82%). Similarly, while a
male owned the organic farm, female workers (67%) dominated the workforce. Con-
trastingly, the semi-conventional farm was again managed by a male but consisted of
only male workers (100%). The semi-organic farmer population displayed an aging
population, with 32% of respondents aged between 55 and 65 years. Interestingly, the
age group that made up the sample’s second-highest proportion (30%) was over 65 years
old. However, the organic and semi-conventional farms displayed younger workforces,
mainly consisting of workers aged under 45 years old (Table 1). The semi-organic farmers
of this study presented themselves as an educated sample, with a large amount (43%) of
the participants having received a secondary level of education. Similarly, the organic
and semi-conventional farm staff had all received formal education up to the secondary
level. Both the owner and manager of the organic and semi-conventional farm reported
having obtained a tertiary education. The income sources of the semi-organic farmers
showed a reliance on governmental grants, with 35% of respondents relying solely on
grants and a further 38% relying on a combination of government grants and farming
as income sources (Table 1). Contrastingly, the workers representing the other farming
systems received wages or salaries as income. The interest level in farming among the
semi-organic farmers differed, with many farmers (42%) being only interested in farming
as a means to earn additional income. Only 10% of the semi-organic farmers displayed
a high interest in farming, as it was their sole source of income. The farmers in all of
the farming sites sampled were exposed to some sort of farmer training (Table 1), while
discussions revealed that many had received farmer training to varying extents and on a
variety of different farming aspects (e.g., composting processes, intercropping, and soil
health) (Supplementary Table S3).

Table 1. Frequency table of smallholder farmer demographic and socioeconomic variables.

Demographic and
Socioeconomic

Variables
Characteristics Semi-Organic

Farmers (n = 40)

Organic Farm
Workforce

(n = 6)

Semi-Conventional
Farm Workforce (n = 5)

Gender
Male 7 (18%) 2 (33%) 5 (100%)

Female 33 (82%) 4 (67%) 0 (0%)

Age

<45 Years Old 4 (10%) 5 (83%) 5 (100%)
45 ≤ 55 Years Old 11 (28%) 0 (0%) 0 (0%)
55 ≤ 65 Years Old 13 (32%) 1 (17%) 0 (0%)

>65 Years Old 12 (30%) 0 (0%) 0 (0%)

Marital Status
Single 10 (25%) 2 (33%) 2 (40%)

Married 27 (67%) 3 (50%) 3 (60%)
Divorced/Widowed 3 (8%) 1 (17%) 0 (0%)

Level of Education

No Formal Education 9 (22%) 0 (0%) 0 (0%)
<Grade 7 14 (35%) 0 (0%) 0 (0%)

Grade 8–12 17 (43%) 4 (67%) 2 (40%)
>Grade 12 0 (0%) 2 (33%) 3 (60%)

Income Source

Combination of Farming
and Grants 15 (38%) 0 (0%) 0 (0%)

Government Grants 14 (35%) 0 (0%) 0 (0%)
Farming 9 (22%) 1 (17%) 0 (0%)

Wages/Salary 2 (5%) 5 (83%) 5 (100%)
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Table 1. Cont.

Demographic and
Socioeconomic

Variables
Characteristics Semi-Organic

Farmers (n = 40)

Organic Farm
Workforce

(n = 6)

Semi-Conventional
Farm Workforce (n = 5)

Monthly Income
Bracket

<R1000 9 (22%) 0 (0%) 0 (0%)
R1000–R1500 9 (22%) 0 (0%) 0 (0%)
R1501–R3500 17 (43%) 0 (0%) 0 (0%)

>R3500 5 (13%) 6 (100%) 5 (100%)

Main Livelihood
Strategy

Farming 22 (55%) 1 (17%) 0 (0%)
Casual/Permanent

Employment 11 (28%) 5 (83%) 5 (100%)

Combination of Farming
and Self-employment 5 (12%) 0 (0%) 0 (0%)

Combination of Farming
and Casual labor 2 (5%) 0 (0%) 0 (0%)

Interest Level
in Farming

Only for Consumption 5 (12%) 0 (0%) 0 (0%)
Interested if there was

no Alternative 7 (18%) 0 (0%) 0 (0%)

Interested in Consumption
and Sale 7 (18%) 0 (%) 0 (%)

Interested in
Additional Income 17 (42%) 0 (%) 0 (%)

Very Interested, Sole
Source of Income 4 (10%) 0 (%) 0 (%)

Membership in a
Farmer’s Group

Yes 36 (90%) 0 (0%) 0 (0%)
No 4 (10%) 6 (100%) 5 (100%)

Involved/Exposed to
Farmer Training

Yes 40 (100%) 6 (100%) 5 (100%)
No 0 (0%) 0 (0%) 0 (0%)

Type of
Farming Practiced

“Organic” 17 (43%) n/a n/a
Conventional 23 (57%) n/a n/a

Percentages were rounded to the nearest whole number.

3.2. Farmer Practices

General farm practices that have previously been reported to contribute to microbial
contamination of fresh produce, such as the type of irrigation water used, fertilizer, and
preparation of the fertilizers employed, were the focal points of the current study. The
irrigation water sources were found to vary (Figure 2), with semi-organic farmers reporting
the use of multiple sources such as river water (48%), rainwater (30%), “grey wash water”
(13%), and in some instances a mixture of these source waters (10%). However, the organic
and semi-conventional farmers reported only using two irrigation water sources; the
organic farmer owner used dam and river water, while the semi-conventional farmers used
municipal tap and rainwater. The fertilizer types used by the farmers included synthetic
“store-bought” fertilizers, organic composted fertilizers, and a combination of both in
some instances. Semi-organic farmers used the greatest variety of fertilizer types when
compared to the other farm systems, with the organic farmer solely relying on organic,
composted fertilizer.
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Figure 2. Frequency of the irrigation water sources and fertilizer types used by the different farm-
ing systems.

Farmers and farmworkers from the organic and semi-conventional farms frequently
acknowledged farming equipment, soil, and water as potential sources of bacterial contam-
ination (Figure 3). Contrastingly, only the semi-organic farmers frequently acknowledged
soil as a potential contamination source. At least 23% of the semi-organic farmers did not
acknowledge any consequences of fresh produce bacterial contamination. However, nearly
half of the population (48%) deemed the loss of trust of customers as a consequence of
bacterial contamination. Washing hands prior to entering the farm was a general hygiene
practice observed by a high percentage of individuals belonging to each of the different
farms (Figure 3). The washing of pre- and post-harvest equipment was a practice that
was more commonly observed among the semi-organic farmers (63%), followed by semi-
conventional farmers (40%), whereas the organic farmer did not report the washing of
farming equipment before use. A low percentage of semi-organic farmers reported pre-
treating irrigation water (25%) prior to use, with pre-treatments including the boiling of
water or the addition of household bleach products before use (Table S3). More than half of
the semi-organic farmer sample population (53%) did not pre-treat manure prior to use
(Figure 3).
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3.3. Relationships between Farming Practices and Socioeconomic Characteristics of the Farmers
from the Different Farming Sectors

Among the socioeconomic characteristics analyzed, gender, education level, income
source, and income bracket displayed statistically significant relationships with selected
farming practices employed by the 40 semi-organic farmers (Table 2). Statistically signifi-
cant relationships were not observed between socioeconomic characteristics and farming
practices for the semi-conventional and organic farming systems. Additionally, for the
40 semi-organic farmers, the ρ-values observed may indicate possible, though weak, as-
sociations between demographic and socioeconomic characteristics and selected hygiene
practices and beliefs. For example, the ρ-value for education and the type of irrigation
water used (ρ = −0.253, 95% CI = −0.530–0.074, p = 0.116) was not significant. At the same
time, the confidence interval (CI) indicated the absence of a relevant relationship between
these two variables. Thus, some demographic and socioeconomic characteristics may affect
selected hygiene practices and beliefs, though not at a significant level (Figure 4).

Table 2. Correlation between the selected farming practices and demographic and socioeconomic
characteristics of the semi-organic farmers (n = 40).

Selected Farming
Practices

Spearman’s Rank Correlation Coefficient (ρ)

Gender Age Education Level Income Source Income Bracket

Type of
Farming Practiced

0.403 *
(0.095–0.640)

−0.242
(−0.522–0.084)

0.023
(−0.299–0.341)

0.036
(−0.287–0.352)

0.002
(−0.318–0.322)

Type of
Fertilizer Used

−0.200
(−0.489–0.128)

0.183
(−0.146–0.475)

−0.067
(−0.379–0.258)

0.073
(−0.253–0.384)

−0.479 **
(−0.693–−0.188)
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Table 2. Cont.

Selected Farming
Practices

Spearman’s Rank Correlation Coefficient (ρ)

Gender Age Education Level Income Source Income Bracket

Pre-treatment
of Fertilizer

0.438 **
(0.137–0.665)

0.000
(−0.320–0.320)

−0.090
(−0.399–0.237)

0.403 **
(0.095–0.640)

−0.016
(−0.334–0.306)

Pre-treatment of
Irrigation Water

0.190
(−0.139–0.481)

−0.170
(−0.465–0.159)

0.430 *
(0.127–0.659)

0.203
(−0.126–0.491)

0.016
(−0.306–0.334)

Harvest Time 0.317 *
(−0.004–0.578)

−0.165
(−0.461–0.163)

−0.086
(−0.395–0.241)

0.389 *
(0.079–0.631)

0.196
(−0.132–0.486)

** p < 0.01, * p < 0.05. The numbers in parentheses represent the 95% confidence interval (CI) for ρ.
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4.1. Demographic and Socioeconomic Characteristics of the Different Farming Populations
4.1.1. Gender

Agricultural surveys and studies, especially those focusing on smallholder farming,
often found that females represent the majority of participants involved in smallholder
farming [13,25,31]. Because of females being more involved in smallholder farming,
programs supporting smallholder farm models have been directed toward female par-
ticipants, such as the Awards Incentives and Competition (AIC) in South Africa and
the “buy from women” initiative in Rwanda. There have been continuous suggestions
that female participants have been the primary recipients of improvement initiatives,
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such as training or funding [32–34]. The current study displays a similar finding where
a majority of the semi-organic farmer population, as well as the organic farmworkers,
were female (Table 1). The high proportion of female farmers in the current study mirrors
the findings of a recent South African report, which highlights that among most of the
South African households involved in agriculture, ≈53% are headed by females [13].
Additionally, there was a significant correlation between gender and knowledge of fresh
produce quality (ρ = −0.490, 95% CI = −0.700–−0.201, p < 0.01) (Figure 4), suggesting
that higher involvement rates of females in farming are associated with female farmers
being more knowledgeable regarding farming practices. Two recent studies [26,35]
investigated the impacts of socioeconomic characteristics on smallholder farmers in
Myanmar and Indonesia and found, with similar observations to the current case study
for the semi-organic farmers, that females comprised the majority of the smallholder
farmer population. Unsurprising, considering the essential role of female smallholder
farmers, aspects of the farmers’ gender are often crucial for the success of agricultural
interventions and development due to the specific roles and responsibilities of each
gender in the agricultural system [36].

4.1.2. Age

The low percentage of younger farmers among the semi-organic farmers in the current
study (10%) has been mirrored in a South African study in the Free State [37], which
reported that only 8% of the farmers were under the age of 35 years. A study focusing on
the socioeconomic challenges facing European agriculture also found that many farmers
were older than 55 years (≥31%), with only ≈6% being younger than 35 years [38]. Factors
such as the limited availability of other professions in rural areas have been regarded
to impact the number of younger people involved in the smallholder farming sector in
developing countries similar to South Africa. Sumberg et al. [39] also suggested that the
low involvement of African youth in agriculture may be attributed to their migration
to urban areas in search of better opportunities. The younger workforces of the organic
and semi-conventional farms sampled in this study could be attributed to similar causes,
where the younger individuals, although not participating in farming on their own, were
participating in farming as a source of income.

4.1.3. Education Level

Education in the South African farming sector has often been characterized by large-
scale commercial farmers having higher education levels, even leading up to and includ-
ing tertiary education [40]. Synonymous with such reports, several organic and semi-
conventional farmers in this study have reported having tertiary-level (e.g., > grade 12)
education qualifications. The rural resource-poor farmers of South Africa have often been
reported to have limited access to education [11]. However, many (43%) of the semi-organic
farmers in the current study reported having education up to at least the secondary level.
The importance of education in the current study is highlighted by the correlation between
education and the practice of pre-treating irrigation water (ρ = 0.430, 95% CI = 0.127–0.659,
p < 0.01). Contrastingly, similar studies on the socioeconomic characteristics of informal
South African smallholder farmers have reported populations with mostly lower levels of
education [25,41]. Furthermore, the South African Department of Cooperative Governance
and Traditional Affairs has described the education levels of low-income households to
be cyclic in nature [29]. Low levels of education limit individuals from receiving better
employment opportunities and higher wages; however, the wage level directly affects the
spending capacity of the individual and the related household. Due to the limited incomes
and thus limited spending capacity, children from low-earning households are more likely
to drop out of school [29].
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4.1.4. Income Source

Multiple studies [13,23,37] have noted that incomes from fresh produce farming con-
tribute a relatively small amount to total household incomes. This challenge was similarly
displayed by the semi-organic farmers in the current case study, where 35% of farmers
relied on government grants as the primary source of income. These findings are concurrent
with the findings of the uMgungundlovu District profile report, which highlighted a high
dependency ratio within the district, and assigned a high expenditure on social grants [29].
Alternate income sources such as wages, social grants, and remittances have been reported
to make up the majority of income streams for these farming households [21,24,41]. As both
the income source and income bracket of semi-organic farmers significantly correlated with
the selected farming practices (Table 2), the financial situation of such farming households
is an essential socioeconomic parameter. According to a recent South African General
Household Survey, government grants are the primary source of income for about one-fifth
of South African households [21].

4.1.5. Interest in Market Access

The expansion of modern markets has important implications for agriculture in many
developing countries as it provides both opportunities and challenges for smallholder
farmers [26]. The interest in market access for the organic farmer was not of importance in
this study, as the farm was already a supplier of organic produce to fresh produce markets
and a retail store (Supplementary Table S3). Similarly, the semi-conventional farmers did
not have market access concerns, as the main interest in farming was reported to be that of
consumption rather than sale (Supplementary Table S3). The semi-organic farmers varied
in their degrees of interest in farming for an intended market access, with many (42%) only
being interested in farming for additional income purposes. An Indonesian study found
that socioeconomic factors had significant associations with smallholder farmers’ decisions
on market participation [35]. Therefore, market access remains one of the confounding
factors affecting not only South African smallholder farmers, but also farmers in Myanmar
and Indonesia [25,26,35], countries that are currently at a similar developmental level as
South Africa.

4.1.6. Farmer Group Memberships and Training

Membership in a farmer’s group or associations are a common relationship ob-
served among smallholder farmers. Semi-organic farmers in the current study were no
different, with a majority (90%) of farmers reporting membership in a farmer group. Al-
though not belonging to formal organizations, fresh produce farmers have been reported
to form “farmer groups” with family and neighbor networks [42]. Such networks allow
smallholder farmers to engage with each other in different manners, such as in educa-
tional initiatives, support networks, and even the collective marketing of products, thus
affecting their farming practices, the type of markets they supply, and the income that
can be earned [43]. However, the organic and semi-conventional farmer or the respective
workers did not belong to any farmers’ group. All farmers and farmworkers in the cur-
rent study were exposed to some farmer training (Table 1 and Supplementary Table S3).
Amongst the semi-organic farmers, exposure to training is not surprising, as many ex-
tension programs aimed at facilitating smallholder farmers have engaged in the training
of farmers.

4.2. Farmer Practices
4.2.1. Irrigation Water

Irrigation water is a critical component in the production of fresh produce and has been
highlighted as one of the primary contamination sources in fresh produce farming [44,45].
However, access to safe, good-quality water is progressively becoming a challenge in
South Africa, resulting in potentially increased food safety risks and decreased production
yields [13,46,47]. Figure 2 highlights the multiple irrigation water sources used by the
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different farmers surveyed in the current case study. Dam and stream/river water have
previously been highlighted as irrigation water sources used by fresh produce farmers in
South Africa [25,46,47]. Rainwater, utilized by semi-conventional farmers and at least 30%
of the semi-organic farmers (Figure 2), has been described as an irrigation water source
that is currently gaining popularity among farmers due to its eco-friendly nature and
affordability [48]. While rainwater is frequently used by farmers worldwide and in South
Africa, it was found in South Africa to contain higher microbial indicator counts than what
is considered acceptable for safe irrigation [44,46,48,49]. From a food security perspective,
microbial contamination of ready-to-eat fresh produce is concerning, given that the uptake
of enteropathogens via contaminated fresh produce can lead to severe diarrhea, which in
turn can affect nutrient uptake [50]. The use of rainwater as an irrigation water source
should thus be carefully monitored to avoid the transfer of further microbial contamination
to fresh products, as this could affect microbial safety and saleability. Wastewater reuse,
or the use of “grey wash” water, has been described as a possible means to cope with the
depletion of conventional water resources, particularly in areas where water is mainly
assigned for direct human use [51,52]. In South African rural areas, safe tap water is
frequently scarce, and if available, most municipal water is required for direct human
use [53]. Therefore, the use of “grey wash” water and mixtures of stream and “grey wash”
water by at least 13% of farmers and 10% of the semi-organic farmers in this study is
not surprising. A study from South Africa [46] similarly illustrated that fresh produce
farmers used process wash water (e.g., “grey wash” water) as a source of irrigation. The
pre-treatment of irrigation water sources other than potable tap water was overall low
in the current study, with the organic farmer and under 50% of the semi-organic farmers
pre-treating such irrigation water types prior to use (Figure 3); this is especially relevant,
with most of the irrigation water sources not being municipal potable water. Pre-treatment
of irrigation water, such as through boiling, filtration, and SODIS, has often been correlated
with safer production and thus, a higher quality of fresh produce [54,55].

4.2.2. Fertilizer

Fertilizers are an essential component of crop production, with the fertilizer type
being used to distinguish between conventional and organic farming. Organic agriculture
relies on the use of biological soil amendments (BSAs) (partially, non-composted, or “raw”
animal manure), whereas conventional agriculture is reliant on synthetic fertilizers [56]. A
common practice used by farmers across all farming systems in the current case study was
the use of animal manure as a component of fertilizer or, in the case of the semi-organic
smallholder farmers, sometimes directly as a substitute for fertilizer (Figure 2). While
BSAs have positive effects on agricultural soils [57], the use of partially composted or
“raw” manure has been linked to an increased prevalence of pathogenic microorganisms
in agricultural soils, compared with soils that only utilize synthetic fertilizers [58]. Live-
stock manure may carry pathogenic bacteria such as E. coli O157:H7 and Salmonella spp.,
which can contribute to fresh produce contamination if the manure is directly applied as
a fertilizer [25,58]. A previous study evaluating the rural fresh produce farmer practices
similarly highlighted the potentially risky use of so-called “raw” manure as a substitute
for fertilizer [25]. Appropriate composting of manure is crucial for the production of safe,
ready-to-eat (RTE) fresh produce in organic farming, as there is typically no “inactivation
step” (such as cooking) that takes place between harvest and consumption [59,60]. In
the current study, pre-treatment of fertilizer displayed a significant correlation (ρ = 0.404,
95% CI = 0.097–0.641, p < 0.01) with the type of fertilizer used by the semi-organic farmers
(Figure 4). The preparation time of fertilizers comprising manure differed for the farm
systems, with the organic farmer using a six-month minimum preparation time for the
fertilizer to be applied directly to soils (Supplementary Table S3). Contrastingly, the semi-
conventional farmer, due to more frequent use of “store-bought” synthetic fertilizer, did
not prepare organic fertilizer comprising of manure before use (Supplementary Table S3).
The appropriate preparation and use of organic manure-based fertilizers are imperative in
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sustainable fresh produce production to avoid possible health risks due to microbial con-
tamination and the subsequent effects on fresh produce food safety and saleability [61,62].
The path toward producing good quality and hygienically safe fresh produce should in-
clude the development of efficient sanitizing treatments for biological solids (including
animal and human wastes), particularly when used as a source of fertilizers, with the
treatments adapted to the demographic and socioeconomic situation of the farmer [57,63].

4.2.3. General Hygiene Practices

A study by Bartz et al. [64] investigating the routes of contamination of fresh produce
on farms identified soil, hands of farmworkers, and farm equipment as potential sources of
contamination. An official European Union guidance document highlighted the microbio-
logical risks that can affect the safety and quality of fresh produce at the primary production
level in the absence of appropriate hygiene procedures, and noted similar sources (e.g.,
soil, water, and farmworker hygiene) [65]. In the present study, the organic farmer and
farmworkers most often recognized farming equipment, soil, irrigation water, and fertilizer
as potential sources of microbial contamination (Figure 3) compared with individuals from
the other two farming sectors. Mdluli et al. [25] found that the farmer’s knowledge of the
sources of bacterial contamination differed among trained and untrained farmers of the uM-
bumbulu District in South Africa. However, the sources of contamination recognized in that
study also included soil, water, and equipment. The consequences of bacterial contamina-
tion were more often recognized by the individuals of the organic farm in the current study
(Figure 3). The loss of customers’ trust as a consequence of bacterial contamination was the
most recognized consequence by the individuals of the organic farm, which may be a direct
result of them already being market participants (Supplementary Table S3). Contrastingly,
the individuals of the semi-conventional farm did not acknowledge the loss of customer
trust as a consequence of bacterial contamination, potentially resulting from their minimal
interest in gaining market access (Supplementary Table S3). The semi-organic farmers often
did not link health complications or customer trust with bacterial contamination and were
the only group to identify “no hazards” as a result of bacterial contamination. So far, only a
limited number of studies is available [25,66] in the South African context, with respect to
those specifically focusing on farmer hygiene practices and the awareness required for the
microbiological safety of fresh produce when farming, and thus the implications of these
factors on food safety and market access. Therefore, the implementation of good farming
hygiene practices and the raising of awareness of potentially risky agricultural practices
among smallholder farmers is essential for enabling their access to regulated markets.

4.3. Relationships between Farmer Socioeconomic Characteristics and Farming Practices

Gender has continually been highlighted as an influential factor governing smallholder
farmer decision-making [35,67,68] and was also identified as a critical factor affecting food
security [13,69]. In the current study, gender displayed the largest degree of significant
association with the selected farmer practices (Table 2). Age has previously been described
as a demographic and socioeconomic characteristic affecting farming practices among
smallholder farmers [25,27], but it did not display a significant relationship with any farm-
ing practices in any of the farming systems that we studied. The farmer’s education level
has been described as a crucial characteristic in agricultural settings [27]. A significant corre-
lation between the education and pre-treatment of irrigation water among the semi-organic
smallholder farmers was observed in the current study (Table 2). Kyaw et al. [26] reported
that higher education levels of smallholder farmers correlated with their adoption of better
general farm management and hygiene practices. Reports by the South African Agricultural
Research Council (ARC) have highlighted that poor education levels and illiteracy continue
to be important contributing factors that prevent smallholder South African farmers from
meeting retailers’ requirements of record-keeping and safety standards [70]. The income
bracket that the farmers belonged to was another observed socioeconomic characteristic
of the semi-organic farmers, and was significantly associated with the type of fertilizer
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that they used (Table 2). Often, the financial status of a farmer dictates the type of farming
practices that are used [23]. Studies undertaken in Europe have highlighted that financial
characteristics often impact farmers’ decisions to adopt organic farming practices, which
are considered to be more costly than conventional farming practices [27]. Additionally, the
education levels of the semi-organic farmers displayed a significant correlation with the
farmer’s income bracket (ρ = −0.322, 95 CI = −0.582– −0.003, p < 0.05). This may suggest,
similarly, that farmer income may also impact the level of education that farmers have had
access to or aspire to achieve.

5. Conclusions

Farming systems and practices are known to contribute to the microbial contamination
of fresh produce. This case study showed that the farming systems assessed mainly differed
in terms of the fertilizer type and irrigation water sources used, as well as the methods of
fertilizer preparation. These differences are important in fresh produce production, as they
have been previously highlighted as potential contributors to the microbial contamination
of fresh produce, which in turn may affect food safety, food security, and market access.
Additionally, this study highlights the potential role of demographic and socioeconomic
characteristics in influencing farmer practices. Gender was one of the demographic charac-
teristics that most affected farming practices. Considering the female-dominated farmer
population of both the semi-organic and organic farm samples analyzed, policy and devel-
opment initiatives that focus on improving sustainable farming practices should closely
consider the gender dynamic to allow for the participation of female farmers given their
other time-consuming productive roles.

A limitation of the current case study was the restriction on traveling and social
interactions imposed by the South African government due to the COVID-19 pandemic,
which restricted the size of the sample population. This limitation made it impossible to
identify the specific practices of conventional farmers. It is noteworthy that farmers already
supplying regulated markets, such as the organic farmer in the current case study, could
disseminate information on good agricultural practices to informal smallholder farmers,
resulting in improved microbiological quality and saleability of the fresh produce generated.
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18. Szczech, M.; Kowalska, B.; Smolińska, U.; Maciorowski, R.; Oskiera, M.; Michalska, A. Microbial quality of organic and
conventional vegetables from Polish farms. Int. J. Food Microbiol. 2018, 2, 155–161. [CrossRef]

19. Van den Berg, J. Socioeconomic factors affecting adoption of improved agricultural practices by small scale farmers in South
Africa. Afr. J. Agric. Res. 2013, 8, 4490–4500. [CrossRef]

20. Setshedi, K.L.; Modirwa, S. Socioeconomic characteristics influencing small-scale farmer’ level of knowledge on climate-smart
agriculture in Mahikeng local municipality, North West Province, South Africa. S. Afr. J. Agric. Ext. 2020, 48, 139–152.

21. Statistics South Africa (STATS SA). General Household Survey. Report: P0318; Statistics SA: Pretoria, South Africa, 2019.
22. Schipmann, C.; Qaim, M. Spillovers from modern supply chains to traditional markets: Product innovation and adoption by

smallholders. Agric. Econ. 2010, 41, 361–371. [CrossRef]
23. Mdluli, F.; Thamaga-Chitja, J.; Schmidt, S.; Shimelis, H. Small-scale organic farmer practices: South Africa. Fam. Consum. Sci. Res.

J. 2014, 42, 17–23.

http://esa.un.org/unpd/wpp/DataQuery
http://doi.org/10.4060/cb4474en
http://doi.org/10.1016/j.scitotenv.2016.03.241
http://www.ncbi.nlm.nih.gov/pubmed/27110986
http://doi.org/10.55317/9781784135263
https://globalnutritionreport.org/documents/753/2021_Global_Nutrition_Report.pdf
http://doi.org/10.3389/fsufs.2020.00001
http://doi.org/10.1016/j.gfs.2020.100410
http://www.ncbi.nlm.nih.gov/pubmed/32834955
http://doi.org/10.4060/cb2395en
https://www.who.int/elena/titles/fruit_vegetables_ncds/en/
http://doi.org/10.3390/ijerph18189733
http://doi.org/10.1080/09709274.2014.11906688
http://www.statssa.gov.za/publications/03-00-14/03-00-142017.pdf
http://www.statssa.gov.za/publications/03-00-14/03-00-142017.pdf
http://doi.org/10.1002/sd.1907
https://www.southernafricafoodlab.org/
http://doi.org/10.1016/j.fm.2013.04.016
http://doi.org/10.3934/agrfood.2020.2.233
http://doi.org/10.1016/j.ijfoodmicro.2018.08.018
http://doi.org/10.5897/AJAR12.1025
http://doi.org/10.1111/j.1574-0862.2010.00438.x


Sustainability 2022, 14, 10590 16 of 17

24. Khoza, T.M.; Senyolo, G.M.; Mmbengwa, V.M.; Soundy, P. Socioeconomic factors influencing smallholder farmers’ decision to
participate in agro-processing industry in Gauteng province, South Africa. Cogent Soc. Sci. 2019, 5, 1664193. [CrossRef]

25. Mdluli, F.; Chitja, J.T.; Schmidt, S. Appraisal of hygiene indicators and farming practices in the production of leafy vegetables by
organic small-scale farmers in uMbumbulu (Rural KwaZulu- Natal, South Africa). Int. J. Environ. Res. Public Health 2013, 10,
4323–4338. [CrossRef]

26. Kyaw, N.N.; Ahn, S.; Lee, S.H. Analysis of the factors influencing market participation among smallholder rice farmers in
Magway Region, Central Dry Zone of Myanmar. Sustainability 2018, 10, 4441. [CrossRef]

27. Serebrennikov, D.; Thorne, F.; Kallas, Z.; McCarthy, S.N. Factors influencing adoption of sustainable farming practices in Europe:
A systemic review of empirical literature. Sustainability 2020, 12, 9719. [CrossRef]

28. South African National Planning Commission. National Development Plan 2030. Our Future-Make It Work; National Planning
Commission of South Africa: Pretoria, South Africa, 2012. Available online: https://www.gov.za/sites/default/files/gcis_
document/201409/ndp-2030-our-future-make-it-workr.pdf (accessed on 17 May 2022).

29. South African Department of Cooperative Governance and Traditional Affairs (SADCGTA). uMgungundlovu District Munici-
pality, KZN. Profile and Analysis-District Development Model. 2020. Available online: https://www.cogta.gov.za/ddm/wp-
content/uploads/2020/08/Umgungundlovu-District-Municipality-Profile.pdf (accessed on 21 June 2022).

30. Caruso, J.C.; Cliff, N. Empirical size, coverage, and power of confidence intervals for Spearman’s Rho. Educ. Psychol. Meas. 1997,
57, 637–654. [CrossRef]

31. FAO (Food and Agriculture Organization of the United Nations). FAO Policy on Gender Equality: Attaining Food Security Goals in
Agriculture and Rural Development; FAO: Rome, Italy, 2013; pp. 1–32.

32. Thamaga-Chitja, J. How has the rural farming woman progressed since the setting up of the Millennium Development Goals for
eradication of poverty and hunger? Agenda Empower. Women Gend. Equity 2012, 26, 67–80. [CrossRef]

33. Domenech, L.; Ringler, C. The Impact of Irrigation on Nutrition, Health, and Gender: A Review Paper with Insights for Africa South of the
Sahara; IFPRI Discussion Paper 1259; International Food Policy Research Institute: Washington, DC, USA, 2013.

34. Cousins, B. Smallholder irrigation schemes, agrarian reform and ‘accumulation from above and from below’ in South Africa. J.
Agrar. Chang. 2013, 13, 116–139. [CrossRef]

35. Maspaitella, M.; Garnevska, E.; Siddique, M.I.; Shadbolt, N. Towards high value markets: A case study of smallholder vegetable
farmers in Indonesia. Int. Food Agribus. Manag. Rev. 2017, 21, 73–87. [CrossRef]

36. Beuchelt, T.D.; Badstue, L. Gender, nutrition-and climate-smart food production: Opportunities and trade-offs. Food Secur. 2013,
5, 709–721. [CrossRef]

37. Myeni, L.; Moeletsi, M.; Thavhana, M.; Randela, M.; Mokoena, L. Barriers affecting sustainable agricultural productivity of
smallholder farmers in the Eastern Free State of South Africa. Sustainability 2019, 11, 3003. [CrossRef]

38. European Commission. Modernising and Simplifying the CAP: Background Document, Socio-Economic Challenges Facing EU
Agriculture and Rural Areas. 2017. Available online: https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_
policies/documents/soc_background_final_en.pdf (accessed on 21 June 2022).

39. Sumberg, J.; Anyidoho, N.A.; Leavy, J.; Lintelo, D.J.T.; Wellard, K. Introduction: The young people and agriculture ‘problem’ in
Africa. IDS Bull. 2012, 43, 1–8. [CrossRef]

40. Khapayi, M.; Celliers, P.R. Factors limiting and preventing emerging farmers to progress to commercial agricultural farming in
the King William’s town area of the Eastern Cape Province, South Africa. S. Afr. J. Agric. Ext. 2016, 44, 25–41. [CrossRef]

41. Neves, D.; Du Toit, A. Rural livelihoods in South Africa: Complexity, vulnerability and differentiation. J. Agrar. Chang. 2013, 13,
93–115. [CrossRef]

42. Aliber, M. How Can We Promote a Range of Livelihood Opportunities through Land Redistribution; Working Paper 58. PLAAS.; UWC:
Cape Town, South Africa, 2019.

43. Bunce, B. Dairy joint ventures in South Africa’s land and agrarian reform programme: Who Benefits? Land 2020, 9, 328. [CrossRef]
44. Allende, A.; Monaghan, J. Irrigation water quality for leafy crops: A perspective of risks and potential solutions. Int. J. Environ.

Res. Public Health 2015, 12, 7457–7477. [CrossRef]
45. Decol, L.T.; Casarin, L.S.; Hessel, C.T.; Batista, A.C.F.; Allende, A.; Tondo, E.C. Microbial quality of irrigation water used in leafy

green production in Southern Brazil and its relationship with produce safety. Food Microbiol. 2017, 65, 105–113. [CrossRef]
46. Jongman, M.; Korsten, L. Assessment of irrigation water quality and microbiological safety of leafy greens in different production

systems. J. Food Saf. 2017, 37, e12324. [CrossRef]
47. Gemmell, M.E.; Schmidt, S. Microbiological assessment of river water used for the irrigation of fresh produce in a sub-urban

community in Sobantu, South Africa. Int. Food Res. J. 2012, 47, 300–305. [CrossRef]
48. Hamilton, K.; Reyneke, B.; Waso, M.; Clements, T.; Ndlovu, T.; Khan, W.; DiGiovanni, K.; Rakestraw, E.; Montalto, F.; Haas, C.N.;

et al. A global review of the microbiological quality and potential health risks associated with roof-harvested rainwater tanks.
NPJ Clean Water 2019, 2, 7. [CrossRef]

49. Gekenidis, M.T.; Schöner, U.; von Ah, U.; Schmelcher, M.; Walsh, F.; Drissner, D. Tracing back multidrug-resistant bacteria in fresh
herb production: From chive to source through the irrigation water chain. FEMS Microbiol. Ecol. 2018, 94, fiy149. [CrossRef]
[PubMed]

50. Rosenberg, I.H.; Solomons, N.W.; Schneider, N.W. Malabsorption associated with diarrhea and intestinal infections. Am. J. Clin.
Nutr. 1977, 30, 1248–1253. [CrossRef]

http://doi.org/10.1080/23311886.2019.1664193
http://doi.org/10.3390/ijerph10094323
http://doi.org/10.3390/su10124441
http://doi.org/10.3390/su12229719
https://www.gov.za/sites/default/files/gcis_document/201409/ndp-2030-our-future-make-it-workr.pdf
https://www.gov.za/sites/default/files/gcis_document/201409/ndp-2030-our-future-make-it-workr.pdf
https://www.cogta.gov.za/ddm/wp-content/uploads/2020/08/Umgungundlovu-District-Municipality-Profile.pdf
https://www.cogta.gov.za/ddm/wp-content/uploads/2020/08/Umgungundlovu-District-Municipality-Profile.pdf
http://doi.org/10.1177/0013164497057004009
http://doi.org/10.1080/10130950.2012.674187
http://doi.org/10.1111/joac.12000
http://doi.org/10.22434/IFAMR2017.0011
http://doi.org/10.1007/s12571-013-0290-8
http://doi.org/10.3390/su11113003
https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_policies/documents/soc_background_final_en.pdf
https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key_policies/documents/soc_background_final_en.pdf
http://doi.org/10.1111/j.1759-5436.2012.00374.x
http://doi.org/10.17159/2413-3221/2016/v44n1a374
http://doi.org/10.1111/joac.12009
http://doi.org/10.3390/land9090328
http://doi.org/10.3390/ijerph120707457
http://doi.org/10.1016/j.fm.2017.02.003
http://doi.org/10.1111/jfs.12324
http://doi.org/10.1016/j.foodres.2011.07.016
http://doi.org/10.1038/s41545-019-0030-5
http://doi.org/10.1093/femsec/fiy149
http://www.ncbi.nlm.nih.gov/pubmed/30101286
http://doi.org/10.1093/ajcn/30.8.1248


Sustainability 2022, 14, 10590 17 of 17

51. Van Rooijen, D.J.; Biggs, T.W.; Smout, I.; Dreschel, P. Urban growth, wastewater production and use in irrigated agriculture: A
comparative study of Accra, Addis Ababa and Hyderabad. Irrig. Drain. Syst. 2010, 24, 53–64. [CrossRef]

52. Becerra-Castro, C.; Lopes, A.R.; Vaz-Moreira, I.; Silva, E.F.; Manaia, C.M.; Nunes, O.C. Wastewater reuse in irrigation: A
microbiological perspective on implications in soil fertility and human and environmental health. Environ. Int. 2015, 75, 117–135.
[CrossRef]

53. Edokpayi, J.N.; Rogawski, E.T.; Kahler, D.M.; Hill, C.L.; Reynolds, C.; Nyathi, E.; Smith, J.A.; Odiyo, J.O.; Samie, A.; Bessong, P.;
et al. Challenges to sustainable safe drinking water: A case study of water quality and use across seasons in rural communities in
Limpopo Province, South Africa. Water 2018, 10, 159. [CrossRef] [PubMed]

54. Caslake, L.F.; Connolly, D.J.; Menon, V.; Duncanson, C.M.; Rojas, R.; Tavakoli, J. Disinfection of contaminated water by using
solar irradiation. Appl. Environ. Microbiol. 2004, 70, 1145–1151. [CrossRef]

55. Delbeke, S.; Ceuppens, S.; Hessel, C.T.; Castro, I.; Jacxsens, L.; De Zutter, L.; Uyttendaele, M. Microbial safety and sanitary quality
of strawberry primary production in Belgium: Risk factors for Salmonella and Shiga toxin-producing Escherichia coli contamination.
Appl. Environ. Microbiol. 2015, 81, 2562–2570. [CrossRef]

56. Pires, A.F.A.; Milner, P.D.; Baron, J.; Jay-Russell, M.T. Assessment of current practices of organic farmers regarding biological soil
amendments of animal origin in a multi-regional U.S Study. Food Prot. Trends 2018, 28, 347–362.

57. Ramos, T.M.; Jay-Russell, M.T.; Millner, P.D.; Shade, J.; Misiewicz, T.; Sorge, U.S.; Hutchinson, M.; Lilley, J.; Pires, A.F.A.
Assessment of biological soil amendments of animal origin use, research needs, and extension opportunities in organic pro-
duction. Front. Sustain. Food Syst. 2019, 3, 73. Available online: https://www.frontiersin.org/article/10.3389/fsufs.2019.00073
(accessed on 21 December 2021). [CrossRef]

58. Gu, G.; Luo, Z.; Cevallos-Cevallos, J.M.; Adams, P.; Vellidis, G.; Wright, A.; van Bruggen, A.H. Factors affecting the occurrence of
Escherichia coli O157 contamination in irrigation ponds on produce farms in the Suwannee River Watershed. Can. J. Microbiol.
2013, 59, 175–182. [CrossRef] [PubMed]

59. Jung, Y.; Jang, H.; Matthews, K.R. Effect of the food production chain from farm practices to vegetable processing on outbreak
incidence. Microb. Biotechnol. 2014, 7, 517–527. [CrossRef] [PubMed]

60. Weller, D.; Shiwakoti, S.; Bergholz, P.; Grohn, Y.; Wiedmann, M.; Strawn, L.K. Validation of a previously developed geospatial
model that predicts the prevalence of Listeria monocytogenes in New York State produce fields. Appl. Environ. Microbiol. 2016, 82,
797–807. [CrossRef]

61. US EPA (United States Environmental Protection Agency). Part 503- Standards for the Use or Disposal of Sewage Sludge. 2018.
Available online: https://www.govinfo.gov/content/pkg/CFR-2018-title40-vol32/xml/CFR-2018-title40-vol32-part503.xml
(accessed on 30 October 2021).

62. Gutierrez-Rodriguez, E.; Adhikari, A. Preharvest farming practices impacting fresh produce safety. Microbiol. Spectr. 2018, 6,
19–46. [CrossRef]

63. Arthurson, V. Proper sanitization of sewage sludge: A critical issue for a sustainable society. Appl. Environ. Microbiol. 2008, 17,
5267–5275. [CrossRef]

64. Bartz, F.E.; Lickness, J.S.; Heredia, N.; de Aceituno, A.F.; Newman, K.L.; Hodge, D.W.; Jaykus, L.-A.; Garcia, S.; Leon, J.S.
Contamination of fresh produce by microbial indicators on farms and in packing facilities: Elucidation of environmental routes.
Appl. Environ. Microbiol. 2017, 83, 1–10. [CrossRef]

65. European Commission. Commission notice on guidance document on addressing microbiological risks in fresh fruits and
vegetables at primary production through good hygiene (2017/C 163/01). Off. J. Eur. Union 2017, 60, C163.

66. Beharielal, T.; Thamaga-Chitja, J.; Schmidt, S. Pre-and post-harvest practices of smallholder farmers in rural KwaZulu-Natal,
South Africa: Microbiological quality and potential market access implications. Food Control 2018, 93, 53–62. [CrossRef]

67. Mutenje, M.J.; Farnworth, C.R.; Stirling, C.; Thierfelder, C.; Mupangwa, W.; Nyagumbo, I. A cost-benefit analysis of climate-smart
agriculture options in Southern Africa: Balancing gender and technology. Ecol Econ. 2019, 163, 126–137. [CrossRef]

68. Serote, B.; Mokgehle, S.; Du Plooy, C.; Mpandeli, S.; Nhamo, L.; Senyolo, G. Factors influencing the adoption of climate-smart
irrigation technologies for sustainable crop productivity by smallholder farmers in arid areas of South Africa. Agriculture 2021,
11, 1222. [CrossRef]

69. Cele, T.; Mudhara, M. Impact of market participation on household food security among smallholder irrigators in KwaZulu-Natal,
South Africa. Agriculture 2022, 12, 261. [CrossRef]

70. Harvest, S.A. Small-scale Farming: Challenges and Constraints Facing Small-Scale Agricultural Productivity in South Africa.
2011. Available online: https://www.arc.agric.za/arc-iscw/News%20Articles%20Library/Challenges%20and%20constraints%20
for%20small-scale%20farmers.pdf (accessed on 30 October 2021).

http://doi.org/10.1007/s10795-009-9089-3
http://doi.org/10.1016/j.envint.2014.11.001
http://doi.org/10.3390/w10020159
http://www.ncbi.nlm.nih.gov/pubmed/30595910
http://doi.org/10.1128/AEM.70.2.1145-1150.2004
http://doi.org/10.1128/AEM.03930-14
https://www.frontiersin.org/article/10.3389/fsufs.2019.00073
http://doi.org/10.3389/fsufs.2019.00073
http://doi.org/10.1139/cjm-2012-0599
http://www.ncbi.nlm.nih.gov/pubmed/23540335
http://doi.org/10.1111/1751-7915.12178
http://www.ncbi.nlm.nih.gov/pubmed/25251466
http://doi.org/10.1128/AEM.03088-15
https://www.govinfo.gov/content/pkg/CFR-2018-title40-vol32/xml/CFR-2018-title40-vol32-part503.xml
http://doi.org/10.1128/microbiolspec.PFS-0022-2018
http://doi.org/10.1128/AEM.00438-08
http://doi.org/10.1128/AEM.02984-16
http://doi.org/10.1016/j.foodcont.2018.04.033
http://doi.org/10.1016/j.ecolecon.2019.05.013
http://doi.org/10.3390/agriculture11121222
http://doi.org/10.3390/agriculture12020261
https://www.arc.agric.za/arc-iscw/News%20Articles%20Library/Challenges%20and%20constraints%20for%20small-scale%20farmers.pdf
https://www.arc.agric.za/arc-iscw/News%20Articles%20Library/Challenges%20and%20constraints%20for%20small-scale%20farmers.pdf

	Introduction 
	Materials and Methods 
	Study Site 
	Sampling Procedures and Data Collection 
	Data Analysis 

	Results 
	Demographic and Socioeconomic Characteristics of Farmers 
	Farmer Practices 
	Relationships between Farming Practices and Socioeconomic Characteristics of the Farmers from the Different Farming Sectors 

	Discussion 
	Demographic and Socioeconomic Characteristics of the Different Farming Populations 
	Gender 
	Age 
	Education Level 
	Income Source 
	Interest in Market Access 
	Farmer Group Memberships and Training 

	Farmer Practices 
	Irrigation Water 
	Fertilizer 
	General Hygiene Practices 

	Relationships between Farmer Socioeconomic Characteristics and Farming Practices 

	Conclusions 
	References

