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Visions of sustainable cities mostly conjure up well tended home and community
gardens, where owners and residents plant fruits and vegetables that supply some of
their livelihood needs. Indeed, home gardens can contribute to household food security
but often fail to do so. Moreover, gardens can provide several additional ecosystem
services and impact entire communities. This paper seeks to answer why these gardens
often do not provide adequate services to make a substantial contribution to food
security and identifies possible solutions. We undertook a case study in South Africa in
a low-income former township area. The area is characterized by poverty, high levels of
unemployment and food insecurity. We interviewed 140 respondents with home gardens
to determine what role their own garden plays in household food security. Only 10% of
households were found to be completely food secure. Of the rest, 39% experienced
hunger that affected everyone in the household and 51% were at risk of hunger. Despite
the fact that 72% of the respondents planted vegetables or fruits, the gardens did not
contribute substantially to food security. The respondents mostly bought their food,
with subsequent food shortages when they did not have enough money. The dietary
diversity and consumption of vitamin A-rich fruits and vegetables were very low. The
most important constraints inhibiting urban agriculture in the study area were cultural
practices, such as the presence of large, bare, open spaces, or “lebala,” the focus
of home gardeners on ornamental species and lawns; and a reliance on purchasing
of foods.

Keywords: food security, dietary diversity, home gardens, cultural practices, urban agriculture

INTRODUCTION

Food availability, accessibility and utilization are the three dimensions of food security (Jones et al.,
2013). Food security is assured when “all people at all times, have physical, social and economic
access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for
an active and healthy life” (World Food Summit [WFS], 1996). However, in 2020 it was estimated
that between 720 and 811 million people worldwide faced hunger (FAO et al., 2021). Moreover,
the report stated that “the world has not been generally progressing either toward Sustainable
Development Goal (SDG) Target 2.1, of ensuring access to safe, nutritious and sufficient food
for all people all year round, or toward SDG Target 2.2, of eradicating all forms of malnutrition”
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(FAO et al., 2021). It has also been estimated that two billion
people are deficient in micronutrients, 50 million children
under the age of 5 years are dangerously thin and 790 million
people have insufficient daily dietary energy intake (International
Food Policy Research Institute [IFPRI], 2015). Undernutrition
is associated with three million child deaths annually, which
is almost half of child deaths globally (Myers et al., 2017).
A diverse diet is important to ensure that the requirements for
essential nutrients are met (Arimond and Ruel, 2004). As an
essential nutrient, vitamin A deficiency, especially in children, is
a worldwide problem but particularly so in sub-Saharan Africa,
leading to malnutrition, stunted growth and even deaths as
children with vitamin A deficiency are at greater risk to die from
diarrhea, measles and malaria (Black et al., 2003; United Nations
Children’s Fund [UNICEF], 2008; World Health Organization
[WHO], 2009). In their review on malnutrition and health,
Müller and Krawinkel (2005) conclude that “diet-based strategies
are probably the most promising approach for a sustainable
control of micronutrient deficiencies.”

With regards to the accessibility of foods, urban areas are often
thought to have an advantage over rural areas, however, recent
evidence indicate that the urban poor face distinct barriers that
limit their access to healthy diets (Vilar-Compte et al., 2021).
Financial barriers are a common feature of less healthy eating
patterns throughout the developing world (Faber et al., 2017).
A study assessing 76 low- and middle-income countries found
that domestic food production, as well as inequality in income
and consumption, and market conditions, plays a critical role in
the food security of these countries (Thome et al., 2019). With
the reality that the majority of people now reside in urban areas
(United Nations [UN], 2019), the food security of urban residents
needs urgent attention. The increase in severity and frequency of
natural disasters coupled with the recent global scale COVID-19
pandemic exacerbated fragile food systems worldwide (O’Hara
and Toussaint, 2021; Ruszczyk et al., 2021). The fragility of food
systems, through dependence of cities on global resources, point
strongly to the fact that cities are not as resilient as they ought
to be (Gulyas and Edmondson, 2021). Many new urban residents
end up living in peri-urban areas (Baud, 2000) often characterized
by informal settlements or “slums” (Smit et al., 2017) which are
described as spatial clusters of food insecure (Hunter-Adams
et al., 2019) households without access to improved water,
sanitation, sufficient living area, permanent dwellings or land
tenure (UN-Habitat, 2010).

Thus, an approach that can mitigate food security issues,
and potentially enhance livelihoods, is the pursuit and
encouragement of urban agriculture (Orsini et al., 2013).
Zezza and Tasciotti (2010) defined urban agriculture as “the
production of crop and livestock goods within cities and
towns.” In their multi-country study, they indicated that in
many countries greater household dietary diversity correlated
with urban agricultural practices (Zezza and Tasciotti, 2010).
Tontisirin et al. (2002) also argue that the promotion of home
gardens and small livestock production can be used as strategies
to address micronutrient malnutrition through increased dietary
diversity. The most widespread form of urban agriculture is that
based in private gardens (Lin and Egerer, 2018), which includes

community, domestic and home gardens (Cilliers et al., 2018).
Urban agriculture can provide many benefits or ecosystem
services, such as habitat for biodiversity (Lin and Egerer, 2018),
mitigation of food security (Aerts et al., 2016), contribution to
human nutrition (Boeing et al., 2012), alleviation of poverty
(Adeyemo et al., 2017) and improvement of human wellbeing
(Othman et al., 2018). Its potential role in enhancing urban
resilience is also acknowledged (Gulyas and Edmondson, 2021).
Historically gardens have provided resilient food and nutrition
security for garden owners during times of economic crisis and
food shortages (Barthel et al., 2015; Warren et al., 2015).

However, not all agree that urban agriculture is a silver
bullet to solve urban hunger. Warren et al. (2015) found that
there is substantial debate about the association between urban
agriculture and food security and dietary diversity. In assessing
the potential of urban agriculture for improving city resilience
in the Global North, Gulyas and Edmondson (2021) proposed
five factors which determine the success of urban agriculture
practices namely: “its scale, the extent to which it is integrated
into the urban fabric, its inclusiveness, the efficiency of food
production, and human and environmental safety of practices.”
They go further to state that “these factors in turn depend
on the amount of institutional and public support for urban
agriculture, the presence of a sufficient knowledge base to guide
policy and practice, communication and collaboration among
different actors, and resourcefulness in finding alternative ways
to use space and other resources efficiently.”

Householders establish and maintain gardens for a variety
of reasons. Gardeners who rely monetarily on gardens may be
more likely to plant fruit and vegetables (Lubbe et al., 2011;
Swanepoel et al., 2021). In contrast, higher incomes and access
to urban markets may cause a garden composition shift toward
ornamentals which provide aesthetic and cultural ecosystem
services (Davoren et al., 2016). More broadly, for gardens
as a whole, socioeconomic and demographic factors, such as
education level and wealth, have been widely shown to have
a positive relation to vegetation cover in human dominated
ecosystems (Wang et al., 2015; Lin et al., 2017). Local agricultural
traditions and preferences may also influence the composition
of vegetation providing specific ecosystem services (Barau et al.,
2013; Clarke et al., 2014).

The potential of food production in home gardens for
enhancing food security and improving dietary diversity,
combined with the debate on its efficacy prompted this study.
Specifically, the well documented crisis with undernutrition and
the effect of vitamin A deficiencies on populations in low-
income countries need urgent attention. Clear evidence exists for
beneficial effects of eating fruits and vegetables for preventing
chronic diseases (Wang et al., 2014). We apply an ecosystem
service approach, with a view on human wellbeing, to home
gardens in a former township of South Africa. South Africa is
much more developed than the rest of Africa, and yet still has
issues of poverty, food insecurity, and poor health (Shisana et al.,
2013; Statistics South Africa [SSA], 2016). Our study aims to
answer three distinct questions: (1) what is the effect, if any, of
home gardens on food security and on dietary diversity? (2) What
factors characterize households with higher plant diversity? (3)
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Why home gardens often do not provide adequate services to
significantly contribute to food security?

MATERIALS AND METHODS

Study Site
South Africa has a rich cultural and ethnic diversity, evidenced
by its 11 official languages. It is a middle-income country with
around half of the population living in poverty and a fifth in
extreme poverty (Statistics South Africa [SSA], 2016). There
are high levels of food insecurity, especially in urban informal
settlements (32.4%) and for black Africans (30.3%) (Shisana et al.,
2013). Formal settlements refer to permanent, local council-
organized urban residential areas with water and electricity.
Whilst informal settlements are on un-surveyed land, usually
in the outskirts of towns and without basic service provision
(Statistics South Africa [SSA], 2004). The North-West Province
has been reported to have the highest proportion (21%) and
the biggest increase of households living in informal settlements
nationally (45.1%) (Statistics South Africa [SSA], 2016).

We focused on Ikageng, a peri-urban suburb and former
township of the city of Potchefstroom (Figure 1) in the North-
West Province. Peri-urban refers to an inhabited area on the
fringe of a city characterized by relatively high-density housing,
poor services, limited commercial opportunities, few recreational
green spaces and widespread poverty (Shackleton et al., 2015).
Ikageng has a population of 87,701 inhabitants and 26,245
households of which 71% are in formal settlements. However,
only 37.6% of households have piped water inside the home,
88.6% have electricity and 80% have a flush toilet connected
to sewerage (Statistics South Africa [SSA], 2018). The apparent
discrepancy between piped water inside the house and flush
toilets is due to the fact that many flush toilets are in separate
buildings on the yard. The toilets are connected to municipal
sewage infrastructure without further proper plumbing in the
homes. In Ikageng, the study site was defined by the catchment
area of the Steve Tswete Health Clinic (see Cilliers et al., 2018
for a discussion on the importance of health clinic gardens),
which falls into the boundaries of the local election wards
20 and 26 (Figure 1). These wards contain both formal and
informal settlements.

The Batswana ethnic group is predominant at the study
site. In rural settings their home gardens or Tswana tshimo
have been described by Molebatsi et al. (2010) as a “model of
sustainable resource management.” They are informally designed
to contain six main micro gardens, namely food gardens (include
vegetable gardens and orchards), medicinal gardens, ornamental
gardens (flower beds, containers and lawns), structural species
(windbreaks, fire screen, shade trees and hedges), bare open areas
completely devoid of any vegetation (“lebala”) and natural areas
left to grow wild (“naga”). However, as the Batswana people
become more westernized and urbanized their garden design
becomes more “colonial” defined by a more formal garden design
with more focus on ornamentals and the absence of some of the
micro-gardens (Davoren et al., 2016). Thus, this study captures
the full range of gardens from traditional to modern.

Data Collection
We developed a household questionnaire to capture the
(Supplementary Table 1) socioeconomic data, food security,
dietary diversity, home garden benefits (i.e., perceived ecosystem
services and uses) and ecosystem disservices, reasons for and
against gardening, plants grown in the last 12 months, and
garden composition. The questionnaire was developed through a
series of interviews and focus groups with local experts including
academics, the Director of Hospital Services, health clinic
gardeners and agriculture extension workers. The questionnaire
was piloted with 25 households, and questions subsequently
amended for clarity and relevance, and the inclusion of photos for
fruit and vegetable identification in the dietary diversity section.
The questionnaire was complemented by a visual survey of the
home garden, where plants and trees were identified on site where
possible. Unusual species were identified post-interview based on
photos and specimens. The fieldwork was conducted in winter, so
self-seeding annuals and herbaceous perennials were not visible.

The initial questionnaire was developed in English, surveys
were administered in the local language, Batswana. Households
were systematically sampled within formal and informal
settlements at regular intervals, beginning with streets closest to
the health clinic. If no one was home or refused to participate
at the selected household, the neighboring house was visited and
so on until a participant was found. The systematic sampling
approach recommenced from a successfully sampled house. To
be included in the sample, households had to own, or have direct
access to, a home garden from their house. For the purpose of this
study a home garden was defined as a land-use form on private or
communal land surrounding an individual house with a defined
border (although not always physical), in which several useful
plant species are cultivated together (Molebatsi et al., 2010).

Wealth indices are an effective way of measuring
socioeconomic status, often outperforming expenditure data or
income in explaining variations (Filmer and Scott, 2012; Smits
and Steendijk, 2015). When developing our questionnaire, we
used an index that has been externally validated in relevant
low-income contexts (Filmer and Pritchett, 2001; Nundy et al.,
2011). The wealth index is based on data on asset ownership (e.g.,
private or shared toilet, water tap) and household characteristics
(e.g., number of rooms per person). Information on household
assets was analyzed using a Principal Components Analysis
(PCA), which combines the original questionnaire responses
weighted by an asset’s contribution to explaining the variance
and then used to calculate each observation’s score (Filmer and
Pritchett, 2001; Nundy et al., 2011). Table 1 lists all the variables
used to calculate the PCA and their calculated weights. As
recommended by the Department of Demographic and Health
Surveys (DHS) of the United States Agency for International
Development (USAID), the individual households were then
divided into five wealth quintiles, i.e., from poorest to richest
households (Rutstein and Johnson, 2004).

The general categories of the Common International
Classification of Ecosystem Services (CICES) of the European
Environment Agency were applied to classify the plant uses
reported by respondents. Respondent reported uses including
food, medicine, firewood (provisioning services), shade, fencing,
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FIGURE 1 | Map of the study area indicating the two Ikageng wards in which the surveys were undertaken. The inset maps show the location of Potchefstroom in
South Africa (A) and the location of the study area within Potchefstroom (B).

windbreak (regulating and maintenance services), spiritual and
ornamental (cultural services). Many species had multiple uses
and were noted once for each use. The extent and composition of
home gardens was also characterized according to the presence
of the six tshimo micro gardens (Molebatsi et al., 2010).

Food security data were obtained using the internationally
used and validated Community Childhood Hunger Identification
Project (CCHIP) index (Wehler et al., 1992). This index is used
by the South African National Health and Nutrition Examination
Survey (SANHANES-1) (Shisana et al., 2013). The CCHIP index
is based on eight occurrence questions that represent a generally
increasing level of severity of food insecurity. They are related
to whether the household, adults and/or children are affected by
food shortages, perceived food insufficiency or altered food intake
due to constrained economic resources within the household
(Coates et al., 2007). For each of the questions, participants were
asked about occurrences in the 30 days prior to the questionnaire
(Shisana et al., 2013). A score of five or more affirmative
responses out of eight indicates the presence of food shortage
or “hunger” in the household. A score of one to four indicates
that members of the household are at risk of hunger. A score of
zero indicates that the household is food secure (Shisana et al.,
2013; Walsh and van Rooyen, 2015). The frequency of food

insecurity occurrence in the last 30 days was coded with the
Household Food Insecurity Access Scale Score (HFIAS; Coates
et al., 2007). The HFIAS score was estimated by assigning each
frequency response to one of four categories: 0 = Never, 1 = Rarely
(once or twice in the past 4 weeks), 2 = Sometimes (three to
ten times in the past 4 weeks) and 3 = Often (more than ten
times in the past 4 weeks). The HFIAS score could range between
0 and 24; the higher the score, the more food insecurity the
household experienced.

Dietary diversity was calculated by a recall technique following
the Household Dietary Diversity Score (HDDS) as suggested
by Kennedy et al. (2010). The study was only interested in
the contribution from the number of vitamin A-rich fruits and
vegetables consumed (range 0–13), i.e., richness, to nutritional
security. A two-level score was estimated from the data: a
score of the variety or richness of vitamin A consumption
(i.e., number of items eaten); and a score of the abundance
of vitamin A consumption (i.e., times eaten and portion size).
Vitamin A-rich fruit and vegetables at the study site included:
Yellow-orange vegetables (i.e., carrot, butternut squash, Hubbard
squash, pumpkin, orange-fleshed sweet potato), yellow/orange
(non-citrus) fruit (i.e., mango, pawpaw/papaya, melon, apricot,
peach) and dark-green leaves (i.e., spinach and wild and
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TABLE 1 | The calculated wealth indexes of 15 household assets indicators
sorted by category (house, main construction material, toilet facilities, and access
to water) using Principal Component Analysis.

Asset category variable Wealth index weight

House

Rooms per person 0.42

Electricity 0.91

Main construction material

Redbrick 0.25

Concrete 0.55

Aluminum –0.93

Toilet facilities

Bucket –0.06

Pit latrine –0.20

Working flush toilet 0.70

Not working flush toilet 0.10

Communal toilet or latrine –0.59

Using neighbor’s toilet or latrine –0.65

Access to water

No tap –0.30

Tap in yard 0.37

Tap in house 0.34

Communal tap –0.87

traditional leaves such as “morogo”). Respondents were first
asked if they ever ate the listed plants and then if they had
eaten them in the last 24 h, including how many times and
the portion size. Therefore, the nutrition and dietary diversity
results of this study only refer to the consumption of vitamin
A-rich plant sources.

Data Analysis
Four Quasi-Poisson regressions were carried out to determine (a)
what characterized households with more or less total number
of plant species grown in their garden, (b) what characterized
households with food insecurity or a high CCHIP index,
(c) what characterized households with different frequencies
of food insecurity (HFIAS), and (d) what characterized
respondents with different Dietary Diversity Score (DDS) i.e.,
richness of vitamin A-rich plants consumed. The variables
used in the different regressions are presented in Table 2
and were selected based on existing literature on community
and home gardens.

This study is not without limitations. We acknowledge
that studies like the current study which does not include
vitamin A rich foods from other sources (West and Darnton-
Hill, 2008) cannot truly assess the real dietary diversity of
interviewed respondents. The findings only focus on home
gardens as a source of vitamin A-rich plant consumption
and as such the contribution of animal foods for respondents
who prefer it instead of eating fruits and vegetables was not
recorded. Furthermore, although the study covers 1 year of
garden cultivation, seasonal variation in garden produce was not
considered in the study design.

RESULTS

Respondent and Household
Characteristics
The overall sample consisted of 140 households with respondents
who self-identified as the home gardener. Results were included
in Table 3. The sample was close to an equal balance between men
and women, which was an interesting finding as the literature
often reports a high proportion of women as urban small-
scale farmers (Orsini et al., 2013). Just over half of respondents
were Batswana. The next most common ethnic groups were
Sotho and Xhosa. Levels of education were low, with two thirds
only completing high school. Half of respondents were in a
relationship, where cohabiting was predominant. There was a
high level of unemployed respondents, with only 11% working
full time. There was a high level of households with one or more
unemployed persons and just over a third had one or two people
employed full time. Households reported a median of 4 family
members. Households were distributed quite evenly across the
wealth index quintiles.

Just over half of houses were made of concrete block,
followed by red brick or aluminum. Houses had a median
of five rooms including add-on structures in backyards. Most
houses had a water tap, in either their yard or house, an
electricity connection and a functional flush toilet. Although
most households had access to basic services, there were some
houses without electricity, having to borrow a neighbor’s toilet or
without access to water (Table 4).

Home Garden Composition and
Ecosystem Services
Most households (91%) had a garden with vegetation, while
the rest (mainly in informal settlements) only had bare open
space (i.e., lebala). More specifically, 93% of households had bare
open space, 61% had ornamental beds, 60% had fruit, 58% had
lawn, 48% had shade trees, 41% vegetables, 31% had medicinal
plants, 25% had hedges and 4% had natural areas. The largest
overall micro garden cover was bare open space in 81% of
households and the largest vegetated micro garden cover was
lawn (38%). Average vegetable area per household was 11 m2,
ranging from 0.01 to 98 m2. A total of 87 plant species were
recorded (Supplementary Table 2), of which 30 provided shade,
26 were vegetables, 23 fruits, 21 medicinal, 12 for firewood, and
8 for spiritual use. Only vegetables and fruit grown in the last
12 months were recorded.

The vegetables and fruit grown was used for consumption
in all households but some was at times sold (a mean 9% of
vegetables, range 4–17%; and 6% of fruit, only one instance)
or gifted to friends and neighbors (mean 23% of vegetables,
range 5–60%; 37% of fruit, range 8–67%). All vegetable and
fruit growers recognized the food benefits (provisioning services)
from their garden but only 11% of respondents mentioned
any other benefits from their garden vegetation: relaxation and
aesthetics (cultural services) and shade, wind protection and
dust protection (regulating services). Just 4% of respondents
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TABLE 2 | The explanatory variables used in the four Quasi-Poisson regressions to determine the characteristics of the respondents and their households, with their
expected sign and justification.

Variable name Description Expected sign Justification

Female Gender of respondent: 1 = female,
0 = male

Positive Women have been found to be more involved in urban agricultural
practices (Magidimisha et al., 2013)

Age Age of respondent Positive Younger adults are less involved in gardening than older people
(Dunnett and Qasim, 2000)

Low education Education level of respondent:
1 = primary school completed or less,

0 = high school or higher

Negative Respondents with at least some high school education (≥ 8 years) were
more likely to be food secure (Faber et al., 2017)

Employed per
household

Proportion of people employed per
household

Negative Reflects less time available to garden (Kornrich and Roberts, 2018)

Wealth Wealth quintile of household:
1 = lowest, 5 = highest

Positive Assets, such as type of dwelling, have been found to be significant for
food security (Walsh and van Rooyen, 2015). Individuals with access to
resources, labor or financial means are capable of effecting change in
their urban environment, e.g., increase species richness (Davoren et al.,
2016).

Children present 1 = Children under 18 years old are
present in the household; 0 = no

children present

Positive Households with children are more likely to want to provide for their
children and sacrifice for them (Walsh and van Rooyen, 2015)

Batswana language 1 = Batswana home language;
0 = other home language

Positive Individuals’ food intake is influenced by the beliefs and behaviors of the
different ethnic and cultural groups (Wentzel-Viljoen et al., 2011).
Batswana people are known for the Tswana tshimo or micro gardens
(Molebatsi et al., 2010).

Informal settlement 0 = Formal settlement; 1 = Informal
settlement

Negative Informal settlement households have no garden area or resources to
grow vegetables and/or fruit (Cilliers et al., 2013)

Know health clinic
garden

Know about the existence of their local
health clinic garden

Positive Health clinic gardens have a positive influence on home gardening
(Cilliers et al., 2018)

Grew vegetables
and fruit

1 = Has grown vegetables and/or fruit
in last 12 months; 0 = has not

Positive Households growing vegetables and/or fruit have higher food security
(Drechsel and Dongus, 2010; Zezza and Tasciotti, 2010)

Dietary diversity Dietary Diversity Score (DDS) Positive Households growing vegetables and/or fruit have higher dietary
diversity (Johns and Eyzaguirre, 2006)

Total vitamin A Consumed Vitamin A (RE mcg per 100
g) from fruit and vegetables in last 24 h

Positive Vitamin A–rich food sources were significantly higher for food secure
households, pointing toward a more frequent dietary intake of vitamin
A–rich foods in the food secure households for both plant and animal
sources of vitamin A (Faber et al., 2017).

mentioned negative effects, e.g., allergy to a plant. However, when
queried directly about plant usage, respondents reported growing
plants for medicine (34%), firewood (29%) and spiritual uses
(19%; e.g., wild garlic to repel snakes, indigenous Aloe species for
funeral cleansing).

A quasi-Poisson regression to determine what characterized
the number of plant species grown at each household explained
30% of variance (Table 5A). Older gardeners grew more plant
species, female gardeners grew more plant species than men, and
the number of species grown increased with wealth. Specifically,
wealth quintiles 2, 3, 4, and 5 were all significantly higher than
wealth quintile 1. Wealth quintile 3 was significantly higher than
2, but there was no difference between 3, 4, and 5. So there is a
threshold around wealth quintile 3 above which respondents with
higher wealth did not increase the number of species grown.

A total of 72% households had grown vegetables and/or
fruit in their garden and 12% had vegetables planted by the
municipality (i.e., with or without their consent). The most
frequently grown vegetable was spinach (35%) and fruit was
peach (54%). The main reasons for growing vegetables and fruit
were to use available land (53%), lack of money to buy vegetables
(25%), to gift to neighbors (9%), and other minor reasons

(13%). Contrastingly, the main reasons for not growing (more)
vegetables and fruit in their garden were bad, rocky or muddy
soil (40%), limited or no land (28%), lack of money (19%), lack of
gardening skills/knowledge (6%), and other minor reasons (7%).

Food Insecurity and Home Gardens
Only 10% of households were found to be completely food secure.
Of the rest, 39% experienced hunger that affected everyone in
the household (38% experienced it in the last 30 days) and 51%
were at risk of hunger (37% experienced it in the last 30 days).
Thus, over a third of households are food insecure and over half
of households are at risk of becoming food insecure. The CCHIP
Index ranged from 0, being food secure, to 8, being food insecure,
with a median of 3. The average number of days in the last 30 days
in which a food insecure condition was experienced was 6.5 days
for adults and 2.3 days for children. The survey also indicated
parents going without food to feed children as a coping strategy
to deal with food insecurity. The HFIAS score for frequency of
food insecurity occurring in the past 30 days had a median of 4
with a range between 0 and 22 (out of 24 maximum).

A quasi-Poisson regression to determine what characterized
households with food insecurity found that respondents with
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TABLE 3 | The socioeconomic characteristics of the respondents of 140
households who self-identified as the home gardener.

Variable Median or percentage SD Range

Female 55%

Age 44 15 20–96

Education level 2% Post-school
60% High school

27% Primary school
11% No education

Home language 55% Batswana
24% Sotho
19% Xhosa
2% Others

Family members 4 2.48 1–18

Marital status 31% Single
31% cohabiting

21% married
17% divorced, widowed, separated

Employment status 44% Unemployed
21% retired

16% work part-time/temporarily
11% work full-time

8% housewives/unable to work

At least one family member
unemployed

68%

At least one family member
employed (respondents could
select more than one option as
needed)

38% full-time
40% part-time

Wealth index quintiles (Q) 14% Q1
29% Q2
16% Q3
21% Q4
20% Q5

TABLE 4 | House characteristics of the respondents of 140 households who
self-identified as the home gardener.

Variable Median or percentage SD Range

House material 55% Concrete
24% red brick
21% aluminum

Number of house rooms 5 1.93 1–10

Water access 48% Water tap in yard
36% water tap in house

13% communal tap
3% no tap

Electricity 86%

Toilet access (1% missing data) 64% Functional flush toilet
16% broken flush toilet

8% communal toilet
7% neighbor’s toilet

4% pit latrine

low education had a higher CCHIP index, indicating they
were more food insecure (Table 5B). While households with a
higher proportion of employed persons and with the highest
wealth quintile were more food secure. More specifically, wealth
quintiles 4 and 5 were significantly different from quintiles 1,
2, and 3 but were the same to each other. Growing vegetables

and/or fruit showed a negative relationship to food insecurity
although it was only significant at 90% level, indicating a
suggestion of a correlation between growing food and vegetables
and increased food security.

A Quasi-Poisson regression was also estimated to determine
what characterizes the frequency of household food insecurity
(HFIAS score). Food insecurity is more frequent for respondents
with low education and is less frequent for households with a
higher proportion of employed persons per household. These
results are similar to those in Table 5B for presence of food
insecurity and are thus included as Supplementary Table 3.

Dietary Diversity and Home Gardens
Respondents reported consuming on average eight (range 4–
11) vitamin A-rich vegetables and fruits. Carrot, spinach, peach
and apricot were the most frequently consumed in their lifetime.
When asked about consumption in the last 24 h, on average 1
plant was consumed (range 0–4) and 51% of households had not
eaten any of the vitamin A-rich vegetables and fruits. The most
frequently consumed vegetables and fruit in the last 24 h were
spinach, Hubbard squash and carrots. These findings evidence
a very low consumption and dietary diversity of vitamin A-rich
vegetables and fruit.

A Quasi-Poisson regression did not find evidence of
explanatory factors for the Dietary Diversity Score (DDS) i.e.,
richness of vitamin A-rich plants consumed (Supplementary
Table 4). It is likely that wealth, and other variables, are not
significant as this study does not cover all possible food sources
of vitamin A, i.e., animal products.

TABLE 5 | Quasi-Poisson regressions for: (A) Total number of plant species grown
per household (1 missing value) and (B) household food insecurity (CCHIP) (2
missing values).

A) Number of species
grown

B) Household food
insecurity

Variable Estimate (S.E.)

(Intercept) –0.222 (0.405) 1.864 (0.213)***

Low education 0.301 (0.181) 0.242 (0.114)*

Employed per household –0.003 (0.003) –0.010 (0.003)***

Wealth 2 0.748 (0.327)* –0.198 (0.181)

Wealth 3 1.345 (0.327)*** –0.139 (0.213)

Wealth 4 1.028 (0.340)** –0.533 (0.224)*

Wealth 5 0.988 (0.335)** –0.529 (0.211)*

Female 0.326 (0.145) *

Age 0.012 (0.006)*

Children present –0.242 (0.165)

Know health clinic garden 0.166 (0.169)

Grown vegetables and fruit –0.256 (0.152).

Informal settlement –0.097 (0.203)

Batswana language –0.001 (0.115)

Dietary Diversity Score 0.013 (0.095)

Total vitamin A –0.000 (0.000)

Significance codes: 0.0001 = “***”; 0.001 = “**”; 0.01 = “*”
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DISCUSSION

Potential of Gardens to Reduce Food
Insecurity and Increase Dietary Diversity
Two of the main causes for food insecurity in South Africa are
weak support networks and inadequate and unstable household
food production (Shisanya and Hendriks, 2011). Food insecurity
has been found to be significantly more prevalent in urban than in
rural areas of South Africa, as well as in informal settlements vs.
formal settlements (Walsh and van Rooyen, 2015). Thus, there
is a belief that home gardens have the potential to contribute
substantially to household food security (Cilliers et al., 2018).
However, the presence of a home garden does not guarantee
food security of the adults or children of a household. As our
results indicated that despite 72% of the respondents growing
fruit or vegetables only 10% were completely food secure. The
garden composition results indicated that planting of fruits and
vegetables were not the highest priority in the home gardens.
Bare open spaces “lebala” and then a lawn occupied most of
the space in the gardens. Even the maximum vegetable area
was much lower than the 230 m2 recommended by Trainer
(1995) as the minimum area required to feed one individual.
This provides indirect evidence of the shortfall of home gardens
toward household food security. Faber et al. (2017) reported
that the frequency of household consumption of vegetables and
fruit was lowest in food insecure households, mostly due to
financial constraints.

The questions asked in the survey on food security all revolved
around money to buy food. Together with the results from the
garden survey, findings indicated that respondents mostly rely
on money to buy food, rather than producing their own food.
Moreover, the main reasons for growing vegetables and fruit did
not include food production. Respondents stated that they mainly
did it to use the available land (53%) or due to a lack of money to
buy vegetables (25%).

At the study site, food insecurity figures are similar to those
reported by Walsh and van Rooyen (2015) for the neighboring
Free State Province in South Africa. However, our findings show
a much higher incidence of food insecurity than the national
averages, which are 68.5% for informal and 44.6% for formal
settlements (Shisana et al., 2013). The results on parents going
without food to feed their children as a coping strategy is similar
to findings in other studies (e.g., Walsh and van Rooyen, 2015).

Home gardens in our study were not found to be making a
substantial contribution to vitamin A consumption of households
or food security. Contrastingly, Faber et al. (2017), have found
a more frequent dietary intake of vitamin A–rich foods in
food secure households for both plant and animal sources of
vitamin A. Other studies in Sub-Saharan Africa have shown
the importance of gardens to increase nutrient uptake and
diversification (Johns and Eyzaguirre, 2006) and traditional leafy
vegetables can considerably increase iron and vitamin A in the
diet (Van Jaarsveld et al., 2014). It seems that these benefits
are more commonly observed in rural areas growing more
vegetables and fruit (Faber et al., 2010). It is important to note
that the Dietary Diversity Score is based on a single day’s food

intake, which usually has a day-to-day variation, particularly for
non-staple foods, and availability across seasons has an effect
(Faber et al., 2017).

Garden Composition and Perceptions
The study could not identify characteristics that fully explained
the number of plant species grown in the gardens. Of the variance
explained, wealth, gender and age were the most important.
The study site gardens can be described as transitional gardens
(high lawn and bare open space areas) which are between
traditional (mainly useful plants with large areas of bare open
space and natural areas with wild vegetation) and European
colonial gardens (mainly ornamental and lawn with practically
no bare open space) as described by Davoren et al. (2016). There
was a predominance of large areas of bare open space, lawn
and ornamentals, with smaller areas of utilitarian plants such as
those with a spiritual use. Both bare open space, a traditional
garden cover, and lawn, a more colonial garden cover, are in
conflict with growing more utilitarian plants. Several authors
have mentioned that crops and plants are strongly related to local
culture and traditions (e.g., Orsini et al., 2013). Bare open spaces
have important cultural significance as it indicates the tidiness
of the household (Cilliers et al., 2009) and are immaculately
swept daily (personal communication). It also offers another key
service as it is used for safety, however, it means that many
households are trading off the opportunity to grow food items
by leaving all or a large area of their yard as an open space.
These transition gardens are also retaining traditional spiritual
use plants (such as wild garlic) and giving up traditional food
plants. Other studies also reported that households in urban
or peri-urban areas of South Africa have a predominance of
ornamental plants over food and medicinal plants (Mosina et al.,
2014). The transitional gardens evidences how socioeconomic
status overrides cultural preferences as peri-urban residents gain
access to resources needed to effect change in their gardens
(Davoren et al., 2016).

Garden composition at the small scale was also similar
to other studies. For instance, van Vuuren et al. (2020) and
Nemudzudzanyi et al. (2010) also reported the presence of
spiritual-relevant plants. Likewise, the most predominant plants
found coincided with those reported by Walsh and van Rooyen
(2015) in Free State Province, South Africa. Home gardens can
contribute to human wellbeing beyond just health (via food).
When the reported ecosystem services are linked to human
wellbeing (Smith et al., 2013) we find that home gardens also
contribute to spiritual and cultural fulfillment, connection to
nature (via relaxation and aesthetics), social cohesion (via gifted
vegetables and fruit), and living standards (via sold vegetables and
fruit). It is also important to note the wellbeing contribution of
having bare open space to safety and security, as it was associated
with not providing vegetation for snakes or criminals to hide in
near the house (Molebatsi et al., 2010).

Authors, such as Clarke et al. (2014), have hypothesized
that the higher number of ornamental species and decreased
edible cover in suburban and peri-urban gardens is attributed
to luxury investments. These are due to the desire to imitate
European colonial gardens that provide a certain status. However,
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the findings point to these luxury or “status” investments
happening in low wealth households at risk of or food
insecure, and with low dietary diversity, especially regarding
vitamin A consumption. The way in which gardens are
transitioning from Tshimo to European colonial gardens is
influencing the ecosystem services of food production (and
its associated wellbeing) that households could derive from
their home gardens.

Acknowledgment of the value of an ecosystem service may
vary with the role and perception of the stakeholder and the
ecosystem service considered (de Groot et al., 2010). There is
a clear mismatch between the participants’ perceived ecosystem
services from their garden (and thus the wellbeing they derive
from it) and those observed by researchers. This has been
reported by other authors regarding the relationship between
biodiversity of green urban spaces and psychological wellbeing
(Dallimer et al., 2012; Gaston et al., 2013). A key benefit
from trees that users of urban green spaces highlight in sub-
Saharan Africa is their role in providing shade (Guenat et al.,
2019). However, few participants perceived such benefits from
their garden trees and hedges, perhaps partly explaining why
there were so few of these beneficiary plants. Similarly, many
participants perceived that they had insufficient space as part of
their properties to allow them to maintain a garden, and thus
grow food or other beneficial plants. This is probably linked
to a lack of gardening knowledge regarding required space for
crops. This perception is a crucial barrier to the generation of
ecosystem services from home gardens as participants decide
not to plant at all. It is vital to overcome these awareness and
knowledge deficiencies as a first step to get households’ “buy-in”
into urban gardening.

Why Home Gardens Fail
Several studies indicate that despite unemployment or low
incomes with related food insecurity, the main source of food
consumed is food that is purchased with a low reliance on self-
production (e.g., Acquah et al., 2014; Crush and Caesar, 2014;
Ngema et al., 2018; Garekae and Shackleton, 2020; Lowe et al.,
2021). Moreover, in Windhoek, Namibia, 51% of the respondents
indicated that buying food is much easier than growing food, with
46% indicating that they are not interested at all in growing food
(Crush et al., 2018). In this study, gardens consisted mainly of
large bare open spaces, lawns, and ornamentals with very small
vegetable gardens and areas with fruit trees. The main function
of the garden was not for food production. Moreover, the main
reasons given for growing fruit and vegetables were to use the
land available (53%) and due to a lack of money to buy vegetables
(25%). When asked why they did not grow (more) vegetables
and fruits the reasons included bad, rocky or muddy soil (40%),
limited or no land (28%) and a lack of money (19%). The reliance
on home gardens when respondents do not have money to
buy food and the explanation that a lack of money constrained
them from not planting more vegetables is a major conundrum
for expanding urban agriculture. As evidenced by the studies
mentioned above, if more money were provided, householders
would be more likely to use this for buying food than to expand
their vegetable gardens.

Gardens are often used to improve the status of the
householder. For instance, in a Chinese study on suburban
and peri-urban gardens, Clarke et al. (2014) suggested that
gardens with high ornamental species richness and decreased
edible cover can be attributed to luxury investments. Moreover,
a South African study indicated that especially young people
have negative feelings toward urban agriculture stating that it
is “not modern” and that they were “not interested” (Thornton,
2008). Fruit and vegetables are also not the only source of food
for urban dwellers with many preferring and supplementing
their diets with animal products (Reynolds et al., 2015). This
preference for animal products can also impact the success of
gardening endeavors.

Home and community gardens also often cannot produce all
year round or supply enough for household needs. A survey
on urban farmers working in community gardens in Emfuleni,
South Africa showed that 86% of the participants agreed that
they could supply fresh vegetables to their own families from
the garden. However, 41% indicated that it was not enough
to feed their families (Modibedi et al., 2020). Moreover, 54%
of the respondents stated that they could not rely on daily
supplies of vegetables due to unreliable production. Further
challenges affecting successful urban agriculture include land
tenure insecurities, land use conflicts, water accessibility, weak
regulatory frameworks to support urban agriculture (Puppim
de Oliveira and Ahmed, 2021), limited space in urban areas
(Lowe et al., 2021), and insufficient resources to maintain
or start a garden (Bannor et al., 2021). Moreover, the safety
of food produced using urban wastewater, planting crops or
rearing livestock or poultry on polluted soils and indiscriminate
use of pesticides, are crucial issues that impact acceptance
and consumption of urban agricultural products (Bannor
et al., 2021; Gulyas and Edmondson, 2021). These health
concerns cause people to prefer to buy food from supermarkets
(Wertheim-Heck et al., 2019).

Strategies for Successful Adoption of
Urban Agriculture
Social grants have been endorsed as a way to ensure that food
security problems are addressed, and for many it is their sole
source of income. On its own, grants are inadequate to eliminate
food insecurity and to date, in South Africa, has not significantly
reduced malnutrition (Chakona and Shackleton, 2019; Waidler
and Devereux, 2019). The main reasons for this are the fact
that food prices continually increase but the grant amount does
not, moreover grants are not solely used to buy food (Chakona
and Shackleton, 2019; Waidler and Devereux, 2019). Therefore,
urban agriculture has a crucial role to play as “safety net” and
secondary food supply (Zimmerer et al., 2021) and ensuring
local food supplies in times of crises such as the COVID-19
pandemic where global supply chains were severely affected
(Gulyas and Edmondson, 2021). To promote urban agriculture,
cooperation is needed with government entities on multiple levels
as well as stakeholder participation in decision-making (Obosu-
Mensah, 2002; Puppim de Oliveira and Ahmed, 2021). Moreover,
viable agricultural land should be protected by acknowledging its
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role as a citizen-led urban green strategy and through relevant
policies and the inclusion of urban agriculture in mainstream
urban planning and development (Cilliers et al., 2020; Bannor
et al., 2021; Steenkamp et al., 2021). Strategies should also
focus on planting food with high nutritional value, combining
it with poultry and livestock, and striving for gardens with high
diversity specifically focusing on the richness and abundance
of species to ensure year-round production (Lowe et al., 2021).
Educating householders on optimal gardening practices and
providing adequate support can greatly enhance the success of
urban agriculture toward reducing food insecurities. However, in
areas such as South Africa where cultural practices have a major
influence on garden design, it is imperative to understand and
find possible solutions for how cultural practices and optimal
food production can coexist without residents losing their
cultural identity. The excellent review of Gulyas and Edmondson
(2021) on urban agriculture in the Global North proposed factors
that we feel are universal for low- and middle-income countries
as well and addressing these will greatly improve the value and
contribute on urban agriculture to urban food security. These
factors are: “the scale, the extent to which it is integrated into the
urban fabric, its inclusiveness, the efficiency of food production,
and human and environmental safety of practices.”

CONCLUSION

The problem of reduced dietary diversity and food security is, of
course, influenced by more than just home gardens (e.g., access
to vegetables and fruits at shops, tastes) and needs to be dealt
with a holistic approach that includes home gardens. Households
need to be provided with the skills, resources and knowledge to
be able to grow fruit and vegetables (e.g., soil improvement, space
management) for food availability. The conflict of maintaining
certain traditional cultural practices (e.g., bare open space,
spiritual plants) and the loss of other traditional garden attributes
(e.g., vegetable and fruit growing) with regards to the imitation
of European colonial gardens (e.g., large lawns) that limit garden
benefits needs to be further studied and managed. Further
research could explore which ecosystem services and wellbeing
benefits are more important to households and why. This could
inform how to best manage culturally significant bare open space
areas and also growing vegetables and fruits for food, income and
social cohesion.

Low- and middle-income countries, like South Africa, have the
potential to enhance peoples’ food security and dietary diversity
by encouraging the growing of fruit and vegetables in urban
home gardens. However, there are many limitations to this,
ranging from a lack of awareness of other garden benefits, lack
of gardening skills and knowledge, cultural loss of utilitarian
gardens and imitation of ornamental European garden styles, and
an over reliance on purchasing of foods. The current protracted
COVID-19 pandemic has shown that global supply chains can be
vulnerable to disruption (Xu et al., 2020) and that low levels of
self-sufficiency can have negative consequences for food security
when food systems fail (Garnett et al., 2020; Reardon et al., 2020).
The threat of global climate change further impels scientists

and decision-makers to find more sustainable and resilient local
food system pathways (Ghadge et al., 2019). Despite our findings
of a weak contribution of home gardens to underpinning food
security and dietary diversity, it is still worth trying to find
ways to overcome the challenges constraining effective urban
agricultural practices.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Faculty of Health
Sciences, North-West University in Potchefstroom (NWU-
00064-16-S1). The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

MD, SC, and OR conceived and designed the study. OR
performed the data collection. OR and VC analyzed the data, with
help from MD. MJD created the map. MJD, OR, and VC wrote
the manuscript. All authors contributed to the final draft and gave
final approval for publication.

FUNDING

OR was supported by a Postdoctoral Fellowship for Early Career
Researchers in South Africa funded by the Department for
Science and Technology Republic of South Africa, the Newton
Fund and the National Research Foundation of South Africa.
MD was supported by a NERC Knowledge Exchange Fellowship
(Grant No. NE/R002681/1).

ACKNOWLEDGMENTS

We thank the School of Biological Sciences, NWU for hosting
OR and engaging students, especially Ancia Cornelius and
Dennis Komape in the research; and the Faculty of Health
Sciences, NWU for support with ethics approval and consumed
Vitamin A estimations. We also thank the Ikageng agriculture
extension worker, the Steve Tswete health clinic groundskeeper
and head nurse, and study participants for sharing their
time and knowledge.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fevo.2022.
804523/full#supplementary-material

Frontiers in Ecology and Evolution | www.frontiersin.org 10 February 2022 | Volume 10 | Article 804523

https://www.frontiersin.org/articles/10.3389/fevo.2022.804523/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fevo.2022.804523/full#supplementary-material
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-10-804523 February 7, 2022 Time: 16:12 # 11

Du Toit et al. Garden Food Security and Dietary Diversity

REFERENCES
Acquah, B., Kapunda, S., and Legwegoh, A. (2014). The dimensions of urban food

insecurity in Gaborone, Botswana. Urban Forum 25, 217–226. doi: 10.1007/
s12132-014-9222-8

Adeyemo, R., Ogunleye, A. S., Kehinde, A. D., and Ayodele, O. A. (2017). Urban
agriculture (UA) and its effects on poverty alleviation: a case study of vegetable
farming in Ibadan metropolis, Nigeria. Am. J. Environ. Sci. Eng. 1, 68–73.
doi: 10.11648/j.ajese.20170103.12

Aerts, R., Dewaelheyns, V., and Achten, W. M. J. (2016). Potential ecosystem
services of urban agriculture: a review. PeerJ [Preprints]. doi: 10.7287/peerj.
preprints.2286v1

Arimond, M., and Ruel, M. T. (2004). Dietary diversity is associated with child
nutritional status: evidence from 11 demographic and health surveys. J. Nutr.
134, 2579–2585. doi: 10.1093/jn/134.10.2579

Bannor, R. K., Sharma, M., and Oppong-Kyeremeh, H. (2021). Extent of urban
agriculture and food security: evidence from Ghana and India. Int. J. Soc. Econ.
48, 437–455. doi: 10.1108/ijse-08-2020-0519

Barau, A., Ludin, A. N. M., and Said, I. (2013). Socio-ecological systems and
biodiversity conservation in African city: insights from Kano Emir’s Palace
gardens. Urban Ecosyst. 16, 783–800. doi: 10.1007/s11252-012-0276-x

Barthel, S., Parker, J., and Ernstson, H. (2015). Food and green space in cities: a
resilience lens on gardens and urban environmental movements. Urban Stud.
52, 1321–1338. doi: 10.1177/0042098012472744

Baud, I. S. A. (2000). Collective Action, Enablement, and Partnerships: Issues
in Urban Development, Inaugural Lecture. Amsterdam: Free University.
Available Online at: https://www.ucl.ac.uk/dpu-projects/drivers_urb_change/
urb_governance/pdf_partic_proc/IHS_Baud_collective_action.pdf (accessed
January 19, 2022).

Black, R. E., Morris, S. S., and Bryce, J. (2003). Where and why are 10 million
children dying every year? Lancet 361, 2226–2234. doi: 10.1016/S0140-6736(03)
13779-8

Boeing, H., Bechthold, A., Bub, A., Ellinger, S., Haller, D., Kroke, A., et al. (2012).
Critical review: vegetables and fruit in the prevention of chronic diseases. Eur.
J. Nutr. 51, 637–663. doi: 10.1007/s00394-012-0380-y

Chakona, G., and Shackleton, C. M. (2019). Food insecurity in South Africa: to
what extent can social grants and consumption of wild foods eradicate hunger?
World Dev. Perspect. 13, 87–94. doi: 10.1016/j.wdp.2019.02.001

Cilliers, E. J., Lategan, L., Cilliers, S. S., and Stander, K. (2020). Reflecting
on the potential and limitations of urban agriculture as an urban greening
tool in South Africa. Front. Sustain. Cities 2:43. doi: 10.3389/frsc.2020.0
0043

Cilliers, S., Bouwman, H., and Drewes, E. (2009). “Comparative urban ecological
research in developing countries,” in Ecology of Cities and Towns: A Comparative
Approach, eds M. J. Mcdonnell, A. K. Hahs, and J. H. Breuste (Cambridge:
Cambridge University Press), 90–111.

Cilliers, S., Cilliers, J., Lubbe, R., and Siebert, S. (2013). Ecosystem services of urban
green spaces in African countries—perspectives and challenges. Urban Ecosyst.
16, 681–702. doi: 10.1007/s11252-012-0254-3

Cilliers, S. S., Siebert, S. J., Du Toit, M. J., Barthel, S., Mishra, S., Cornelius, S. F.,
et al. (2018). Garden ecosystem services of Sub-Saharan Africa and the role
of health clinic gardens as social-ecological systems. Landsc. Urban Plan. 180,
294–307. doi: 10.1016/j.landurbplan.2017.01.011

Clarke, L. W., Li, L., Jenerette, G. D., and Yu, Z. (2014). Drivers of plant
biodiversity and ecosystem service production in home gardens across the
Beijing Municipality of China. Urban Ecosyst. 17, 741–760. doi: 10.1007/
s11252-014-0351-6

Coates, J., Swindale, A., and Bilinsky, P. (2007). Household Food Insecurity
Access Scale (HFIAS) for Measurement of Food Access: Indicator Guide (v.3).
Washington: United States Agency for International Development.

Crush, J., and Caesar, M. (2014). City without choice: urban food insecurity in
Msunduzi, South Africa. Urban Forum 25, 165–175. doi: 10.1007/s12132-014-
9218-4

Crush, J., Nickanor, N., and Kazembe, L. (2018). Informal food deserts and
household food insecurity in Windhoek, Namibia. Sustainability 11:37. doi:
10.3390/su11010037

Dallimer, M., Irvine, K. N., Skinner, A. M. J., Davies, Z. G., Rouquette, J. R.,
Maltby, L. L., et al. (2012). Biodiversity and the feel-good factor: understanding

associations between self-reported human well-being and species richness.
Bioscience 62, 47–55. doi: 10.1525/bio.2012.62.1.9

Davoren, E., Siebert, S., Cilliers, S., and Du Toit, M. J. (2016). Influence of
socioeconomic status on design of Batswana home gardens and associated plant
diversity patterns in northern South Africa. Landsc. Ecol. Eng. 12, 129–139.
doi: 10.1007/s11355-015-0279-x

de Groot, R. S., Alkemade, R., Braat, L., Hein, L., and Willemen, L. (2010).
Challenges in integrating the concept of ecosystem services and values in
landscape planning, management and decision making. Ecol. Complexity 7,
260–272. doi: 10.1016/j.ecocom.2009.10.006

Drechsel, P., and Dongus, S. (2010). Dynamics and sustainability of urban
agriculture: examples from sub-Saharan Africa. Sustain. Sci. 5, 69–78. doi: 10.
1007/s11625-009-0097-x

Dunnett, N., and Qasim, M. (2000). Perceived benefits to human well-being of
urban gardens. Horttechnology 10, 40–45. doi: 10.21273/horttech.10.1.40

Faber, M., Van Jaarsveld, P. J., Wenhold, F. A. M., and Van Rensburg, J.
(2010). African leafy vegetables consumed by households in the Limpopo and
KwaZulu-Natal provinces in South Africa. South Afr. J. Clin. Nutr. 23, 30–38.
doi: 10.1080/16070658.2010.11734255

Faber, M., Wenhold, F. A., and Laurie, S. M. (2017). Dietary diversity and
vegetable and fruit consumption of households in a resource-poor Peri-urban
South Africa community differ by food security status. Ecol. Food Nutr. 56,
62–80. doi: 10.1080/03670244.2016.1261024

FAO, IFAD, UNICEF, WFP, and WHO (2021). The State of Food Security and
Nutrition in the World 2021. Transforming Food Systems for Food Security,
Improved Nutrition and Affordable Healthy Diets for All. Rome: FAO.

Filmer, D., and Pritchett, L. H. (2001). Estimating wealth effects without
expenditure data—or tears: an application to educational enrollments in states
of India. Demography 38, 115–132. doi: 10.1353/dem.2001.0003

Filmer, D., and Scott, K. (2012). Assessing asset indices. Demography 49, 359–392.
doi: 10.1007/s13524-011-0077-5

Garekae, H., and Shackleton, C. M. (2020). Foraging wild food in urban spaces:
the contribution of wild foods to urban dietary diversity in South Africa.
Sustainability 12:678. doi: 10.3390/su12020678

Garnett, P., Doherty, B., and Heron, T. (2020). Vulnerability of the
United Kingdom’s food supply chains exposed by COVID-19. Nat. Food
1, 315–318. doi: 10.1038/s43016-020-0097-7

Gaston, K. J., Ávila-Jiménez, M. L., and Edmondson, J. L. (2013). REVIEW:
managing urban ecosystems for goods and services. J. Appl. Ecol. 50, 830–840.
doi: 10.1111/1365-2664.12087

Ghadge, A., Wurtmann, H., and Seuring, S. (2019). Managing climate change risks
in global supply chains: a review and research agenda. Int. J. Prod. Res. 58,
44–64. doi: 10.1080/00207543.2019.1629670

Guenat, S., Dougill, A. J., Kunin, W. E., and Dallimer, M. (2019). Untangling
the motivations of different stakeholders for urban greenspace conservation in
sub-Saharan Africa. Ecosyst. Serv. 36:100904. doi: 10.1016/j.ecoser.2019.100904

Gulyas, B. Z., and Edmondson, J. L. (2021). Increasing city resilience through urban
agriculture: challenges and solutions in the global north. Sustainability 13:1465.
doi: 10.3390/su13031465

Hunter-Adams, J., Battersby, J., and Oni, T. (2019). Food insecurity in relation to
obesity in peri-urban Cape Town, South Africa: implications for diet-related
non-communicable disease. Appetite 137, 244–249. doi: 10.1016/j.appet.2019.
03.012

International Food Policy Research Institute [IFPRI] (2015). Global Nutrition
Report 2015: Actions And Accountability To Advance Nutrition And Sustainable
Development. Washington: IFPRI, doi: 10.2499/9780896298835

Johns, T., and Eyzaguirre, P. B. (2006). Linking biodiversity, diet and health in
policy and practice. Proc. Nutr. Soc. 65, 182–189. doi: 10.1079/PNS2006494

Jones, A. D., Ngure, F. M., Pelto, G., and Young, S. L. (2013). What are we assessing
when we measure food security? A compendium and review of current metrics.
Adv. Nutr. 4, 481–505. doi: 10.3945/an.113.004119

Kennedy, G., Ballard, T., and Dop, M. C. (2010). Guidelines for Measuring
Household and Individual Dietary Diversity. Rome: FAO.

Kornrich, S., and Roberts, A. (2018). Household income, women’s earnings, and
spending on household services, 1980–2010. J. Marriage Fam. 80, 150–165.
doi: 10.1111/jomf.12450

Lin, B. B., and Egerer, M. H. (2018). “Urban agriculture: an opportunity for
biodiversity and food provision in urban landscapes,” in Urban Biodiversity:

Frontiers in Ecology and Evolution | www.frontiersin.org 11 February 2022 | Volume 10 | Article 804523

https://doi.org/10.1007/s12132-014-9222-8
https://doi.org/10.1007/s12132-014-9222-8
https://doi.org/10.11648/j.ajese.20170103.12
https://doi.org/10.7287/peerj.preprints.2286v1
https://doi.org/10.7287/peerj.preprints.2286v1
https://doi.org/10.1093/jn/134.10.2579
https://doi.org/10.1108/ijse-08-2020-0519
https://doi.org/10.1007/s11252-012-0276-x
https://doi.org/10.1177/0042098012472744
https://www.ucl.ac.uk/dpu-projects/drivers_urb_change/urb_governance/pdf_partic_proc/IHS_Baud_collective_action.pdf
https://www.ucl.ac.uk/dpu-projects/drivers_urb_change/urb_governance/pdf_partic_proc/IHS_Baud_collective_action.pdf
https://doi.org/10.1016/S0140-6736(03)13779-8
https://doi.org/10.1016/S0140-6736(03)13779-8
https://doi.org/10.1007/s00394-012-0380-y
https://doi.org/10.1016/j.wdp.2019.02.001
https://doi.org/10.3389/frsc.2020.00043
https://doi.org/10.3389/frsc.2020.00043
https://doi.org/10.1007/s11252-012-0254-3
https://doi.org/10.1016/j.landurbplan.2017.01.011
https://doi.org/10.1007/s11252-014-0351-6
https://doi.org/10.1007/s11252-014-0351-6
https://doi.org/10.1007/s12132-014-9218-4
https://doi.org/10.1007/s12132-014-9218-4
https://doi.org/10.3390/su11010037
https://doi.org/10.3390/su11010037
https://doi.org/10.1525/bio.2012.62.1.9
https://doi.org/10.1007/s11355-015-0279-x
https://doi.org/10.1016/j.ecocom.2009.10.006
https://doi.org/10.1007/s11625-009-0097-x
https://doi.org/10.1007/s11625-009-0097-x
https://doi.org/10.21273/horttech.10.1.40
https://doi.org/10.1080/16070658.2010.11734255
https://doi.org/10.1080/03670244.2016.1261024
https://doi.org/10.1353/dem.2001.0003
https://doi.org/10.1007/s13524-011-0077-5
https://doi.org/10.3390/su12020678
https://doi.org/10.1038/s43016-020-0097-7
https://doi.org/10.1111/1365-2664.12087
https://doi.org/10.1080/00207543.2019.1629670
https://doi.org/10.1016/j.ecoser.2019.100904
https://doi.org/10.3390/su13031465
https://doi.org/10.1016/j.appet.2019.03.012
https://doi.org/10.1016/j.appet.2019.03.012
https://doi.org/10.2499/9780896298835
https://doi.org/10.1079/PNS2006494
https://doi.org/10.3945/an.113.004119
https://doi.org/10.1111/jomf.12450
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-10-804523 February 7, 2022 Time: 16:12 # 12

Du Toit et al. Garden Food Security and Dietary Diversity

From Research to Practice, eds A. Ossola and J. Niemelä (Milton Park:
Routledge), 71–86.

Lin, B. B., Gaston, K. J., Fuller, R. A., Wu, D., Bush, R., and Shanahan, D. F.
(2017). How green is your garden?: Urban form and socio-demographic factors
influence yard vegetation, visitation, and ecosystem service benefits. Landsc.
Urban Plan. 157, 239–246. doi: 10.1016/j.landurbplan.2016.07.007

Lowe, W. A. M., Sinniah, J., Jeyavanan, K., Silva, G. L. L. P., and Pushpakumara,
D. K. N. G. (2021). ‘Can homegardens assist in enhancing the domestic
food security?’ A study in Jaffna Peninsula, Sri Lanka. Agroforestry Syst. 95,
1205–1216. doi: 10.1007/s10457-021-00647-1

Lubbe, C. S., Siebert, S. J., and Cilliers, S. S. (2011). Floristic analysis of domestic
gardens in the Tlokwe City Municipality, South Africa. Bothalia 41, 351–361.
doi: 10.4102/abc.v41i2.78

Magidimisha, H., Chipungu, L., and Awuorh-Hayangah, R. (2013). Challenges and
strategies among the poor: focus on urban agriculture in KwaMashu, Durban,
South Africa. J. Agric. Food Syst. Commun. Dev. 3, 109–126. doi: 10.5304/jafscd.
2013.032.002

Modibedi, T. P., Masekoameng, M. R., and Maake, M. M. S. (2020). The
contribution of urban community gardens to food availability in Emfuleni Local
Municipality, Gauteng Province. Urban Ecosyst. 24, 301–309. doi: 10.1007/
s11252-020-01036-9

Molebatsi, L. Y., Siebert, S. J., Cilliers, S. S., Lubbe, C. S., and Davoren, E. (2010).
The Tswana tshimo: a homegarden system of useful plants with a particular
layout and function. Afr. J. Agric. Res. 5, 2952–2963.

Mosina, G. K. E., Maroyi, A., and Potgieter, M. J. (2014). Comparative analysis
of plant use in peri-urban domestic gardens of the Limpopo Province,
South Africa. J. Ethnobiol. Ethnomed. 10:35. doi: 10.1186/1746-4269-10-35

Müller, O., and Krawinkel, M. (2005). Malnutrition and health in developing
countries. CMAJ 173, 279–286. doi: 10.1503/cmaj.050342

Myers, S. S., Smith, M. R., Guth, S., Golden, C. D., Vaitla, B., Mueller, N. D.,
et al. (2017). Climate change and global food systems: potential impacts on
food security and undernutrition. Annu. Rev. Public Health 38, 259–277. doi:
10.1146/annurev-publhealth-031816-044356

Nemudzudzanyi, A. O., Siebert, S. J., Zobolo, A. M., and Molebatsi, L. Y. (2010).
The Zulu muzi: a home garden system of useful plants with a particular layout
and function. Indilinga Afr. J. Indigenous Knowl. Syst. 9, 57–72. doi: 10.10520/
EJC61583

Ngema, P., Sibanda, M., and Musemwa, L. (2018). Household food security
status and its determinants in Maphumulo Local Municipality, South Africa.
Sustainability 10:3307. doi: 10.3390/su10093307

Nundy, S., Gilman, R. H., Xiao, L., Cabrera, L., Cama, R., Ortega, Y. R., et al. (2011).
Wealth and its associations with enteric parasitic infections in a low-income
community in Peru: use of principal component analysis. Am. J. Trop. Med.
Hyg. 84, 38–42. doi: 10.4269/ajtmh.2011.10-0442

Obosu-Mensah, K. (2002). Changes in Official Attitudes Towards Urban
Agriculture in Accra. Afr. Stud. Q. 6, 19–32.

O’Hara, S., and Toussaint, E. C. (2021). Food access in crisis: food security and
COVID-19. Ecol. Econ. 180:106859. doi: 10.1016/j.ecolecon.2020.106859

Orsini, F., Kahane, R., Nono-Womdim, R., and Gianquinto, G. (2013). Urban
agriculture in the developing world: a review. Agron. Sust. Dev. 33, 695–720.
doi: 10.1007/s13593-013-0143-z

Othman, N., Mohamad, M., Latip, R. A., and Ariffin, M. H. (2018). Urban
farming activity towards sustainable wellbeing of urban dwellers. IOP Conf. Ser.
117:012007. doi: 10.1088/1755-1315/117/1/012007

Puppim de Oliveira, J. A., and Ahmed, A. (2021). Governance of urban agriculture
in African cities: gaps and opportunities for innovation in Accra, Ghana.
J. Clean. Prod. 312:127730. doi: 10.1016/j.jclepro.2021.127730

Reardon, T., Mishra, A., Nuthalapati, C. S. R., Bellemare, M. F., and Zilberman, D.
(2020). COVID-19’s disruption of India’s transformed food supply chains. Econ.
Polit. Wkly 55, 18–22.

Reynolds, L. P., Wulster-Radcliffe, M. C., Aaron, D. K., and Davis, T. A. (2015).
Importance of animals in agricultural sustainability and food security. J. Nutr.
145, 1377–1379. doi: 10.3945/jn.115.212217

Ruszczyk, H. A., Rahman, M. F., Bracken, L. J., and Sudha, S. (2021).
Contextualizing the COVID-19 pandemic’s impact on food security in
two small cities in Bangladesh. Environ. Urban 33, 239–254. doi: 10.1177/
0956247820965156

Rutstein, S. O., and Johnson, K. (2004). The DHS Wealth Index, DHS Comparative
Reports No. 6. Calverton: ORC Macro.

Shackleton, S., Chinyimba, A., Hebinck, P., Shackleton, C., and Kaoma, H.
(2015). Multiple benefits and values of trees in urban landscapes in two towns
in northern South Africa. Landsc. Urban Plan. 136, 76–86. doi: 10.1016/j.
landurbplan.2014.12.004

Shisana, O., Labadarios, D., Rehle, T., Simbayi, L., Zuma, K., Dhansay, A., et al.
(2013). South African National Health and Nutrition Examination Survey
(SANHANES-1). Cape Town: HSRC Press.

Shisanya, S. O., and Hendriks, S. L. (2011). The contribution of community gardens
to food security in the Maphephetheni uplands. Dev. South. Afr. 28, 509–526.
doi: 10.1080/0376835X.2011.605568

Smit, S., Musango, J. K., Kovacic, Z., and Brent, A. C. (2017). Conceptualising slum
in an urban African context. Cities 62, 107–119. doi: 10.1016/j.cities.2016.12.
018

Smith, L. M., Case, J. L., Smith, H. M., Harwell, L. C., and Summers, J. K. (2013).
Relating ecoystem services to domains of human well-being: foundation for a
U.S. index. Ecol. Indic. 28, 79–90. doi: 10.1016/j.ecolind.2012.02.032

Smits, J., and Steendijk, R. (2015). The International Wealth Index (IWI). Soc.
Indic. Res. 122, 65–85. doi: 10.1007/s11205-014-0683-x

Statistics South Africa [SSA] (2004). Census 2001: Concepts and Definitions. Report
no. 03-02-26 Version 2. Pretoria: Statistics South Africa.

Statistics South Africa [SSA] (2016). GHS Series Volume VII: Housing From a
Human Settlement Perspective. Media release 20 April 2016. Available Online
at: http://www.statssa.gov.za/?p=6429 (accessed January 18, 2022).

Statistics South Africa [SSA] (2018). My Settlement: Ikageng [Online]. Available
Online at: http://www.statssa.gov.za/?page_id=4286&id=11134 [accessed July
12, 2018].

Steenkamp, J., Cilliers, E. J., Cilliers, S. S., and Lategan, L. (2021). Food for thought:
addressing urban food security risks through urban agriculture. Sustainability
13:1267. doi: 10.3390/su13031267

Swanepoel, J. W., Van Niekerk, J. A., and Tirivanhu, P. (2021). Analysing the
contribution of urban agriculture towards urban household food security in
informal settlement areas. Dev. South. Afr. 38, 785–798. doi: 10.1080/0376835x.
2021.1920888

Thome, K., Smith, M. D., Daugherty, K., Rada, N., Christensen, C., and
Meade, B. (2019). International Food Security Assessment, 2019-2029, GFA-30.
Washington: Economic Research Service.

Thornton, A. (2008). Beyond the metropolis: small town case studies of urban
and peri-urban agriculture in South Africa. Urban Forum 19, 243–262. doi:
10.1007/s12132-008-9036-7

Tontisirin, K., Nantel, G., and Bhattacharjee, L. (2002). Food-based
strategies to meet the challenges of micronutrient malnutrition in the
developing world. Proc. Nutr. Soc. 61, 243–250. doi: 10.1079/PNS200
2155

Trainer, T. (1995). “Food and agriculture,” in The Conserver Society: Alternatives
for Sustainability, ed. T. Trainer (London: Zed Books), 18–37.

UN-Habitat (2010). The State of African Cities 2010: Governance, Inequality and
Urban Land Markets. Nairobi: UN Habitat.

United Nations [UN] (2019). World Urbanization Prospects: The 2018 Revision
(ST/ESA/SER.A/420). New York: Department of Economic and Social Affairs,
Population Division.

United Nations Children’s Fund [UNICEF] (2008). The State of the World’s
Children: Child Survival. New York: United Nations Children’s Fund
[UNICEF].

Van Jaarsveld, P., Faber, M., Van Heerden, I., Wenhold, F., Jansen Van Rensburg,
W., and Van Averbeke, W. (2014). Nutrient content of eight African leafy
vegetables and their potential contribution to dietary reference intakes. J. Food
Comp. Anal. 33, 77–84. doi: 10.1016/j.jfca.2013.11.003

van Vuuren, M. J., Van Averbeke, W. B., and Slabbert, M. M. (2020). Urban home
garden design in Ga-Rankuwa, City of Tshwane, South Africa. Acta Hortic.
1279, 117–124. doi: 10.17660/ActaHortic.2020.1279.18

Vilar-Compte, M., Burrola-Mendez, S., Lozano-Marrufo, A., Ferre-Eguiluz, I.,
Flores, D., Gaitan-Rossi, P., et al. (2021). Urban poverty and nutrition
challenges associated with accessibility to a healthy diet: a global systematic
literature review. Int. J. Equity Health 20:40. doi: 10.1186/s12939-020-0
1330-0

Frontiers in Ecology and Evolution | www.frontiersin.org 12 February 2022 | Volume 10 | Article 804523

https://doi.org/10.1016/j.landurbplan.2016.07.007
https://doi.org/10.1007/s10457-021-00647-1
https://doi.org/10.4102/abc.v41i2.78
https://doi.org/10.5304/jafscd.2013.032.002
https://doi.org/10.5304/jafscd.2013.032.002
https://doi.org/10.1007/s11252-020-01036-9
https://doi.org/10.1007/s11252-020-01036-9
https://doi.org/10.1186/1746-4269-10-35
https://doi.org/10.1503/cmaj.050342
https://doi.org/10.1146/annurev-publhealth-031816-044356
https://doi.org/10.1146/annurev-publhealth-031816-044356
https://doi.org/10.10520/EJC61583
https://doi.org/10.10520/EJC61583
https://doi.org/10.3390/su10093307
https://doi.org/10.4269/ajtmh.2011.10-0442
https://doi.org/10.1016/j.ecolecon.2020.106859
https://doi.org/10.1007/s13593-013-0143-z
https://doi.org/10.1088/1755-1315/117/1/012007
https://doi.org/10.1016/j.jclepro.2021.127730
https://doi.org/10.3945/jn.115.212217
https://doi.org/10.1177/0956247820965156
https://doi.org/10.1177/0956247820965156
https://doi.org/10.1016/j.landurbplan.2014.12.004
https://doi.org/10.1016/j.landurbplan.2014.12.004
https://doi.org/10.1080/0376835X.2011.605568
https://doi.org/10.1016/j.cities.2016.12.018
https://doi.org/10.1016/j.cities.2016.12.018
https://doi.org/10.1016/j.ecolind.2012.02.032
https://doi.org/10.1007/s11205-014-0683-x
http://www.statssa.gov.za/?p=6429
http://www.statssa.gov.za/?page_id=4286&id=11134
https://doi.org/10.3390/su13031267
https://doi.org/10.1080/0376835x.2021.1920888
https://doi.org/10.1080/0376835x.2021.1920888
https://doi.org/10.1007/s12132-008-9036-7
https://doi.org/10.1007/s12132-008-9036-7
https://doi.org/10.1079/PNS2002155
https://doi.org/10.1079/PNS2002155
https://doi.org/10.1016/j.jfca.2013.11.003
https://doi.org/10.17660/ActaHortic.2020.1279.18
https://doi.org/10.1186/s12939-020-01330-0
https://doi.org/10.1186/s12939-020-01330-0
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-10-804523 February 7, 2022 Time: 16:12 # 13

Du Toit et al. Garden Food Security and Dietary Diversity

Waidler, J., and Devereux, S. (2019). Social grants, remittances, and food security:
does the source of income matter? Food Secur. 11, 679–702. doi: 10.1007/
s12571-019-00918-x

Walsh, C. M., and van Rooyen, F. C. (2015). Household food security and hunger
in rural and urban communities in the free state province, South Africa. Ecol.
Food Nutr. 54, 118–137. doi: 10.1080/03670244.2014.964230

Wang, H.-F., Qureshi, S., Knapp, S., Friedman, C. R., and Hubacek, K. (2015). A
basic assessment of residential plant diversity and its ecosystem services and
disservices in Beijing, China. Appl. Geogr. 64, 121–131. doi: 10.1016/j.apgeog.
2015.08.006

Wang, X., Ouyang, Y., Liu, J., Zhu, M., Zhao, G., Bao, W., et al. (2014). Fruit and
vegetable consumption and mortality from all causes, cardiovascular disease,
and cancer: systematic review and dose-response meta-analysis of prospective
cohort studies. BMJ 349:g4490. doi: 10.1136/bmj.g4490

Warren, E., Hawkesworth, S., and Knai, C. (2015). Investigating the association
between urban agriculture and food security, dietary diversity, and nutritional
status: a systematic literature review. Food Policy 53, 54–66. doi: 10.1016/j.
foodpol.2015.03.004

Wehler, C. A., Scott, R. I., and Anderson, J. J. (1992). The community childhood
hunger identification project: a model of domestic hunger—Demonstration
project in Seattle, Washington. J. Nutr. Educ. 24, 29S–35S. doi: 10.1016/S0022-
3182(12)80135-X

Wentzel-Viljoen, E., Laubscher, R., and Kruger, A. (2011). Using different
approaches to assess the reproducibility of a culturally sensitive quantified
food frequency questionnaire. S. Afr. J. Clin. Nutr. 24, 143–148. doi: 10.1080/
16070658.2011.11734366

Wertheim-Heck, S., Raneri, J. E., and Oosterveer, P. (2019). Food safety
and nutrition for low-income urbanites: exploring a social justice dilemma
in consumption policy. Reg. Environ. Change 31, 397–420. doi: 10.1177/
0956247819858019

West, K. P., and Darnton-Hill, I. (2008). “Vitamin A deficiency,” in Nutrition and
Health in Developing Countries, eds R. D. Semba, M. W. Bloem, and P. Piot
(Totowa: Humana Press), 377–433.

World Food Summit [WFS] (1996). The Rome declaration on world food security.
Popul. Dev. Rev. 22, 807–809. doi: 10.2307/2137827

World Health Organization [WHO] (2009). Global Prevalence of Vitamin A
Deficiency in Populations at Risk 1995–2005. WHO Global Database on Vitamin
A Deficiency. Geneva: World Health Organization.

Xu, Z., Elomri, A., Kerbache, L., and El Omri, A. (2020). Impacts of COVID-19
on global supply chains: facts and perspectives. IEEE Eng. Manage. Rev. 48,
153–166. doi: 10.1109/emr.2020.3018420

Zezza, A., and Tasciotti, L. (2010). Urban agriculture, poverty, and food security:
empirical evidence from a sample of developing countries. Food Policy 35,
265–273. doi: 10.1016/j.foodpol.2010.04.007

Zimmerer, K. S., Bell, M. G., Chirisa, I., Duvall, C. S., Egerer, M., Hung, P.-
Y., et al. (2021). Grand challenges in urban agriculture: ecological and social
approaches to transformative sustainability. Front. Sustain. Food Syst. 5:668561.
doi: 10.3389/fsufs.2021.668561

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Du Toit, Rendón, Cologna, Cilliers and Dallimer. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Ecology and Evolution | www.frontiersin.org 13 February 2022 | Volume 10 | Article 804523

https://doi.org/10.1007/s12571-019-00918-x
https://doi.org/10.1007/s12571-019-00918-x
https://doi.org/10.1080/03670244.2014.964230
https://doi.org/10.1016/j.apgeog.2015.08.006
https://doi.org/10.1016/j.apgeog.2015.08.006
https://doi.org/10.1136/bmj.g4490
https://doi.org/10.1016/j.foodpol.2015.03.004
https://doi.org/10.1016/j.foodpol.2015.03.004
https://doi.org/10.1016/S0022-3182(12)80135-X
https://doi.org/10.1016/S0022-3182(12)80135-X
https://doi.org/10.1080/16070658.2011.11734366
https://doi.org/10.1080/16070658.2011.11734366
https://doi.org/10.1177/0956247819858019
https://doi.org/10.1177/0956247819858019
https://doi.org/10.2307/2137827
https://doi.org/10.1109/emr.2020.3018420
https://doi.org/10.1016/j.foodpol.2010.04.007
https://doi.org/10.3389/fsufs.2021.668561
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

	Why Home Gardens Fail in Enhancing Food Security and Dietary Diversity
	Introduction
	Materials and Methods
	Study Site
	Data Collection
	Data Analysis

	Results
	Respondent and Household Characteristics
	Home Garden Composition and Ecosystem Services
	Food Insecurity and Home Gardens
	Dietary Diversity and Home Gardens

	Discussion
	Potential of Gardens to Reduce Food Insecurity and Increase Dietary Diversity
	Garden Composition and Perceptions
	Why Home Gardens Fail
	Strategies for Successful Adoption of Urban Agriculture

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


