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Abstract

Home gardens are recognised in the literature for their contribution to food security, yet the process by which agrobiodiversity
and household characteristics mediate this relationship is less well understood. This paper contributes to fill this research gap by
drawing on a multi-site case study in the Yucatan region in Mexico. By applying regression analysis, the significance of the
association between home garden diversity and food security is confirmed. Plant diversity is found to have a positive association
with food consumption scores and the frequency of vegetable intakes. The number of animals used for food purposes is also
found to have positive and significant associations with food consumption scores and frequency of meat intakes. However, the
dimension and the significance of these positive associations were found to vary among communities and quantiles of the
distribution of food security measures. In the households studied, younger individuals and better-educated people, males and
Spanish speakers were more likely to engage in jobs in urban areas. Engagement in urban jobs was found to involve comple-
mentarities with the overall plant diversity of home gardens, but also trade-offs with the diversity of vegetables and other herbs

used for food purposes and with the abundance of animals raised for food purposes.
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1 Introduction

In 2018, about 2 billion people struggled to gain regular access
to sufficient nutritious and sufficient food. Among these, more
than 820 million experienced hunger (FAO, UNICEF, WFP
and WHO 2019). After decades of improvements in the global
food security and nutrition of the world population, the last
three editions of the report on The State of Food Security and
Nutrition in the World have revealed that this trend is revers-
ing. The most recent edition in particular highlights the rise of
hunger in almost all African sub-regions, in Latin America
and the Caribbean, and in Western Asia (FAO, UNICEF,
WEFP and WHO 2019).

Governments and development practitioners have used ag-
ricultural interventions to improve people’s food security and
nutrition since the 1960s (Masset et al. 2012). Early interven-
tions focused on increasing agricultural production and pro-
ductivity, whereas more recent approaches have centred on
the quality of food through fortification and production
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diversification (Masset et al. 2012; World Bank 2007; Ruel
etal. 2018). Home gardens are an example of the latter type of
interventions.

In the past two decades, home gardens have become a
popular intervention among different development actors to
promote increased household production of fruits and vegeta-
bles (Marsh 1998; World Bank 2007; Masset et al. 2012).
Home gardens are complex agroforestry systems that exhibit
diverse layers of vegetation strata, from herbs and crops, to
shrubs and high trees, where domestic and wild animal com-
ponents are usually integrated. In addition to their diversity,
one of the most distinctive characteristics of home gardens is
their proximity to the dwelling space (Fernandes and Nair
1986; Kumar and Nair, 2004).

Despite the fact that, in policy circles, the study of home
gardens is a relatively recent phenomenon, these agroforestry
systems have constituted a key component of rural food sys-
tems for centuries. In Southeast Asia, their origin is traced
back to around 13,000 and 9000 B.C., beginning with the
accidental propagation of seeds (Soemarwoto 1987). Kumar
and Nair (2004) cite illustrations of home gardens in the
Indian epics Ramayana and Mahabharata, which date back
to 7000 B.C and 4000 B.C., respectively. Meanwhile in
Mesoamerica, there is evidence of the existence of home gar-
dens since the year 6000 B.C. (Mariaca Méndez 2012).
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The benefits that households may obtain from their engage-
ment in homegardening depend on the levels and types of
species diversity that determine the different functions per-
formed by these agroforestry systems. As Fig. 1 depicts, these
include: ecological functions, material provisioning functions,
economic functions, and social and cultural functions. Among
these multiple functions, this research focuses on the provi-
sion of food (material provisioning), that is, on the contribu-
tion of home gardens to food security.

There is significant evidence that links home gardens to
improvements in food consumption and dietary diversity.
Examples include studies across several sub-Saharan coun-
tries. In South Africa, participation in home garden
programmes was found to contribute to reductions in food
insecurity in rural households by up to 41.5% (Tesfamariam
et al. 2018). In rural Kenya, positive associations were found
between the number of livestock kept in home gardens and
household food security measured through food stocks and

the number of meals consumed daily (Musotsi et al. 2008).
Last, in Zambia, positive associations were found between
production diversity and children dietary diversity and nutri-
tion status (Kumar et al., 2015).

Trends similar to those in sub-Saharan Africa are present
throughout much of southern Asia. In Bangladesh, a project
promoting low-cost vegetable gardens combined with nutri-
tion education increased household consumption of vegeta-
bles (Marsh 1998). A later study on a similar programme in
this country also identified positive effects on the production
of leafy vegetables and diversity of vegetable consumption
(Schreinemachers et al. 2015). In rural Nepal, household pro-
duction diversity, measured through the number of food
groups produced, was positively associated with maternal di-
etary diversity, children’s dietary diversity (aged 659 months)
and children’s weight-for-height z-scores (Malapit et al.
2015). Additional evidence was found in the Philippines,
where children from households with home gardens were
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found to have higher dietary diversity scores (Cabalda et al.
2011).

The patterns described above have also emerged in several
studies in Latin America. In rural Guatemala, crop and animal
species richness, from milpas, home gardens and coffee plan-
tations, was found to be associated with higher dietary diver-
sity (Luna-Gonzalez and Serensen 2018). In rural Mexico,
positive associations were found between crop diversity and
children dietary diversity (aged 24-58 months) (Dewey
1981).

Positive impacts on micronutrient intakes have also been
identified in evaluations of home garden programmes.
Examples of these studies include Bangladesh, where long-
term impacts on the micronutrient supply for iron, zinc, folate
and vitamin A were identified from an integrated home garden
intervention that combined training in gardening practices
with nutrition education (Baliki et al. 2019). Burkina Faso,
where positive impacts on mothers’ dietary diversity, as well
as on intakes of fruit and meat were found from an evaluation
of an intervention involving the delivery of agriculture inputs,
training and educational activities on agricultural practices,
health, nutrition, and hygiene (Olney et al. 2016). Indonesia,
where Javanese home gardens were found to provide 18% of
the calories and 14% of the protein consumed by the house-
holds studied (Soemarwoto et al. 1985). Last, Mexico, where
home gardens were found to provide significant contributions
to intake of nutrients, such as 10% of protein, 55% of vitamin
A and 73% of vitamin C (Stuart 1993).

Despite this growing evidence, there is little information in
the literature on how household characteristics and
agrobiodiversity mediate the impact of home gardens on food
security (Masset et al. 2012; Sibhatu and Qaim, 2018; Ruel
et al. 2018). Most of the studies that have found positive
results also conclude that the relationship between planned
agrobiodiversity and food security is complex and dependent
on household and context characteristics (c.f. Jones et al.
2014; Luna-Gonzalez and Serensen 2018; Sibhatu and Qaim
2018; Zanello et al. 2019). Additionally, a significant number
of studies have found null or negative associations. From a
review of 45 studies, Sibhatu and Qaim (2018) find that over
20% reported non-significant associations, while over 60%
reported non-significant or negative results for sub-samples
of the observations or after controlling the analysis for
household and community characteristics. Sibhatu et al.
(2015) also suggest that contributions of farm diversity to food
security may diminish or even become negative when produc-
tion diversity is already high. This pattern is explained by
increasing income trade-offs as farm diversification reaches
beyond optimal levels.

Studies that examine the relationship between
agrobiodiversity and food security have highlighted access
to markets — measured through physical distance, income or
wealth, food prices, market crop diversity and transport costs

— as a factor that complements production diversity and, in
some cases, has an even larger effect on food security (c.f.
Dewey 1981; Bhagowalia et al. 2012; Jones et al. 2014;
Bellon et al. 2016; Hirvonen and Hoddinott 2017; Zanello
etal. 2019).

Other variables that have been identified as significant con-
founding factors in determining food security outcomes in-
clude the following:

*  Context characteristics such as infrastructure and remote-
ness (Adjimoti and Kwadzo 2018); agroclimatic condi-
tions (Hirvonen and Hoddinott 2017); and seasonality
(Zanello et al. 2019; Chavez Zander 2014; Bellon et al.
2016).

* Household characteristics such as age (Jones et al. 2014;
Chavez Zander 2014; Luna-Gonzalez and Serensen
2018), education (Jones et al. 2014; Kumar et al. 2015;
Luna-Gonzalez and Serensen 2018), household size
(Jones et al. 2014; Kumar et al. 2015; Luna-Gonzalez
and Serensen 2018), gender of the household head
(Jones et al. 2014), women’s empowerment (Malapit
et al. 2015), access to sanitation and cooking facilities
(Dewey 1981; Kumar et al. 2015; Luna-Gonzalez and
Serensen 2018), and storage facilities (Adjimoti and
Kwadzo 2018).

Against this backdrop, this paper contributes to filling the
knowledge gap on how species diversity and household char-
acteristics mediate the impact of home gardening on food
security. The paper draws on a multi-site case study in the
southeast of Mexico and regression analysis.

2 Research context and methods
2.1 Research sites

The research was conducted in four sites located in Yucatan, a
state in the southeast of Mexico. Yucatan has a population of
about 1.9 million inhabitants, 16% of whom live in rural areas
(Instituto Nacional de Estadistica y Geografia 2010). The re-
gion is notable for its rich cultural and biological diversity.
Yucatan has the largest proportion of indigenous people in
Mexico who represent more than half of the Yucatecan pop-
ulation (Consejo Nacional de Evaluacion de la Politica de
Desarrollo Social 2014). The main indigenous group in
Yucatan are the Mayas.

Mexico is considered the 12th most megadiverse country
in the world (Becerril et al. 2014). As in the rest of the country,
the biological diversity of the Yucatecan region has interacted
and co-evolved with its cultural richness over thousands of
years as its inhabitants have transformed entire landscapes
and domesticated a wide array of plant and animal species
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(Moreno-Calles et al. 2014). Agroforestry systems, such as
home gardens, are emblematic examples of biocultural man-
agement and conservation (Moreno-Calles et al. 2014;
Moreno-Calles et al. 2016; Pietersen et al. 2018).

However, similar to many other developing regions,
Yucatan faces the paradox of having substantial biological
and cultural richness as well as a population suffering from
high levels of deprivation and malnutrition (Pingali 2007;
Becerril et al. 2014). According to official statistics, 48.9%
of the Yucatecan population lives in poverty, and 27% of
the households face moderate to severe food insecurity
(Instituto Nacional de Salud Publica 2013; Consejo Nacional
de Evaluacion de la Politica de Desarrollo Social 2012). In
addition to its children undernutrition rate, which is higher
than the national average, Yucatan is the Mexican state with
the largest proportion of adults between 20 and 59 years of age
who are overweight or obese (over 70% of the total population
of the age of reference) (Instituto Nacional de Salud Publica
2013).

Research sites were selected within the Yucatecan region to
represent two historical regions: the sisal and the milpa re-
gions. These two regions represent different modes of engage-
ment in agriculture and distinct urbanisation transitions. The
sisal region takes its name from the former commercial pro-
duction and processing of sisal (Agave sisalana Perring,
henequén in Spanish and ki in Mayan), a type of agave used
for textile purposes, an industry that saw its boom during the
first decades of the twentieth century. This is the more
urbanised region, with its heart located in Mérida, the capital
city of Yucatan. In contrast, the milpa, or maize-growing re-
gion, has been more isolated, and its residents’ livelihoods are
still highly attached to traditional agriculture. Within each
region, the research sites studied represent different levels of
urbanisation: Hocaba (peri-urban, sisal region), Sahcaba
(semi-rural, sisal region), Yaxcaba (semi-rural, milpa region)
and Kancabdzonot (rural, milpa region).

Traditionally, farming families in Yucatan, Mexico, based
their subsistence on two main agroecosystems: the milpa (a
swidden agriculture system based on maize, beans and squash
as the main crops) and the home garden, complemented by
forest management and apiculture (Teran and Rasmussen
1994; Jiménez-Osornio et al. 2003). However, an intensified
connection with urban centres has resulted increasingly diver-
sified livelihoods (Kay 2015).

Home gardens are considered mainly female spaces, al-
though children and elderly people are also involved in their
management and young and middle-aged men usually help
with some of the heaviest tasks (Jiménez-Osornio et al.
2003; Chi Quej 2009; Dietrich 2011). The home garden is
usually regarded as part of the milpa system, even though they
are located in different plots. The milpa provides the main
staples, while the home garden complements the diet, provid-
ing spices, vegetables, fruits and animal protein (Teran and
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Rasmussen 1994; Cuanalo de la Cerda et al. 1998). However,
because households are abandoning the milpa as their main
livelihood due to urbanisation transformations, home gardens
are now interacting with off-farm occupations to provide
means of living to the Yucatecan households (Leatherman
and Goodman 2005).

2.2 Data collection and analysis

The research in this paper is based on primary data collected
over the period from September 2016 to April 2017. It draws
mainly on data of a survey conducted in 316 households;
however, some insights from focus group discussions and
in-depth interviews are also discussed. The household survey
covered the following themes: home garden characteristics,
including a list of all the plant and animal species; housing
characteristics; respondents’ perceptions on home garden dy-
namics and wellbeing meanings; socioeconomic characteris-
tics of the household members; food consumption; and sup-
port received in the household from development actors.

Households were selected following a proportionate strati-
fied random sampling approach. This approach facilitated the
selection of households that were evenly geographically dis-
tributed. Maps of each research site were obtained and divided
into four sections, so that each section contained a similar
number of households. The sampling variables used were di-
versity measurements of home gardens from previous studies,
and the sample size was computed for a confidence level of
95%.

2.2.1 Diversity data

Agrobiodiversity data was collected in order to gain a general
picture of the different types and levels of home garden diver-
sity as a proxy variable of the main functions that the home
gardens perform. In the context of agricultural systems, the
term ‘agrobiodiversity’ is used to refer to both planned diver-
sity, the crops and livestock that farmers manage, and associ-
ated biota, such as soil microbes, weeds and fauna (Kontoleon
etal. 2009). An inventory of planned agrobiodiversity includ-
ing plant species and domesticated vertebrate animals was
conducted as part of the household survey. The common spe-
cies name, the number of individuals of each species and how
people used it were recorded with the help of research
participants.

Species richness and Shannon indices are used to describe
the plant diversity of the home gardens while abundance
(number) of animals used for food purposes is used to assess
the animal component of the home garden. The Shannon in-
dex captures the species diversity, accounting for the relative
abundance of each species in relation to the overall cropping
pattern (Sunwar et al. 2006). It is calculated through the fol-
lowing formula:
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H=- Z.l pilnp;

where n represents the total number of individuals and p; rep-
resents the proportional abundance of species i, i.e. number of
individuals of species i divided by 7.

2.2.2 Food security

This research adopts the 1996 World Food Summit’s defini-
tion of food security: “Food security exists when all people, at
all times, have physical and economic access to sufficient safe
and nutritious food that meets their dietary needs and food
preferences for an active and healthy life” (FAO 2008, p. 1).
This definition implies four dimensions of food security: (i)
physical availability, which is determined by the level of food
production, stock levels and net trade; (ii) economic and phys-
ical access to food at the household level; (iii) food utilisation,
understood as “the way the body makes the most of various
nutrients”; and (iv) stability of the other three dimensions over
time (FAO, 2008, p. 1). Because the focus of this research is
on household dynamics, only two of the four dimensions of
food security are addressed: food access and food utilisation.

Food consumption scores (FCS) are used to analyse the
contribution of home gardens to food security. Based on the
data collected to construct the FCS, frequency in the intake of
vegetables and meat and fish is also assessed (0—7 days in the
previous week). The FCS was selected as main food security
measure because it captures information about the usual
household diet, as it summarises consumption frequency over
a seven-day period. In addition, the FCS has been validated in
different contexts, including Central America (Lovon and
Mathiassen 2014), and against other food security measures,
such as caloric intake (Wiesmann et al. 2009). It also offers the
flexibility to adapt its thresholds to the specific research con-
text (World Food Programme 2008). This latter characteristic
was particularly relevant in the research sites where high fre-
quency of sugar and fat intakes were found.

The FCS is a composite index that captures dietary diver-
sity, food frequency, and relative nutritional importance of
different food groups (World Food Programme 2008), and it
is computed “using the frequency consumption of different
food groups consumed by a household during the 7 days be-
fore the survey” (World Food Programme 2008, p. 8). The
steps for computing the FCS are as follows:

a) Group all food items into specific food groups: main sta-
ples, pulses, vegetables, fruit, meat and fish, milk, sugar,
oil, and condiments.

b) Sum all the consumption frequencies of food items of the
same group and recode the value of each group to a max-
imum of 7.

¢) Multiply the frequency value by the weight assigned by
the World Food Programme: main staples — 2, pulses — 3,
vegetables — 1, fruit — 1, meat and fish — 4, milk — 4, sugar
—0.5, oil —0.5, and condiments — 0.

d) Sum the weighted food group scores (World Food
Programme 2008).

2.2.3 Regression analysis

Linear, quantile, Poisson and probit regression models were
estimated to analyse the relationship between home garden
diversity and food security, controlling for household and
community characteristics. This approach was adopted to as-
sess the sensitivity of the results to parametric assumptions
and to different points of the distribution of the outcome var-
iable. A pooled regression of the four communities was esti-
mated (Table 4) in addition to specific regressions of the peri-
urban and rural sites and a pooled regression of the semi-rural
sites (Table 5).

The dependent variables entering the models are the
FCS discussed in the previous section and frequency of
vegetable and meat intakes. FCS are used as dependent
variables in linear and quantile regressions and a binary
variable indicating whether the household is food secure
or not is used in probit regressions. Frequency of vegeta-
bles and meat intakes (1 to 7 days) are modelled using
Poisson and count quantile regressions. A binary variable
taking the value of 0 whether the frequency of intakes was
below 4 days and 1 if the frequency was 4 days or over is
modelled using probit regressions.

Cluster analysis was performed to define context specific
thresholds that accounted for the high consumption of sugar
and fat identified in the research sites. The thresholds defined
from this analysis are as follows: FCS 0-51.5 poor, FCS 52—
76 borderline, and FCS > 77 acceptable. Following the com-
mon practice (Wiesmann et al. 2009; Lovon and Mathiassen,
2014), the households that reported a ‘poor’ food consump-
tion score are considered as severely food insecure in the
probit regressions.

Based on the literature review presented in the introduction
and on exploratory data analysis, the independent variables
included in the regression analyses are: home garden diversi-
ty, age of the household head, youth dependency ratio, aver-
age education of the adults of the household, language spoken
by the household head, gender of the household head, wealth,
rural-urban interactions, subsidies and location.

Since endogeneity of home garden diversity could be af-
fecting the model (omitted variable bias), a first attempt was
made in applying an instrumental variable and using the size
of'the plot, the age of the plot, the occupation of the household
head and different combinations of these variables as instru-
mental variables. However, exogeneity of home garden
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diversity was not rejected.’ This does not necessarily refute
the endogeneity of the variable of interest, it but may only
indicate that the variables used may be weak instruments.
Additionally, variance inflation factors (VIF) were computed
to verify if multicollinearity (high correlation among indepen-
dent variables) was affecting standard errors estimates. VIF
values for all the regressors were below the ‘rule of thumb’ of
10 in the different models computed with the exception of
some specifications of the regressions estimated for the rural
community: quantile and probit regressions where the report-
ed VIF values for average education and age were slightly
greater than 10.

3 Results
3.1 Home garden species diversity and food security

A total number of 18 animal species and 212 plant species
were recorded in the 316 home gardens surveyed. Of the plant
species, 115 were herbs, 29 were shrubs and 68 were trees. As
explained in the introduction, species diversity contributes to
the different functions that home gardens perform and the
benefits that people derive from them. An increasing peri-
urban — rural gradient was observed in the diversity of plants
and food animals, with the exception of Sahcaba, a semi-rural
community located in the sisal region. This community
showed the lowest diversity of plants among the four research
sites. The main differences in the type of species diversity
across peri-urban — rural gradient were found in herbs used
for food purposes, which include vegetables, and the abun-
dance of animals raised for food purposes, mainly poultry and
pigs (Table 1).

Home gardens in the research sites were mainly valued as
sources of food. Over 60% of the survey respondents men-
tioned food consumption as the main reason for home garden-
ing. However, home gardens also provide other materials that
contribute to people’s livelihood security, including fodder,
medicinal plants, timber and other construction inputs. The
home gardens surveyed were identified to perform ecological,
economic, social and cultural functions, and the relevance of
these functions varied across the peri-urban — rural spectrum.
The households located in the most rural communities had
more uses for their home garden plants, including: as food,
as an ornament, as shade, for feeding animals, as medicine, as
tool, for rituals, in construction and as timber (Fig. 2). In
addition, the ornamental role of home gardens was found to
increase in importance along with urbanisation.

The main source of food in the research sites was the mar-
ket, although the home garden, the milpa, other plots, gifts and

! Wald test of exogeneity (correlation = 0), p value>0.400 for all the different
specifications.
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hunting were also mentioned as primary and secondary
sources of food. The dependence on the home garden as a
source of food showed an increasing peri-urban — rural gradi-
ent. In the more urban communities of the sisal region, less
than 30% of the households surveyed obtained at least one
food group from the home garden; while in the communities
of the milpa region, the proportion of households was above
70%.

FCS were computed to assess food security status at house-
hold level, as explained in section 2. Significant differences
were observed among the research sites. Hocaba (peri-urban,
sisal region) showed the highest proportion of households
with borderline and acceptable food consumption, while
Sahcaba (semi-rural, sisal region) showed the lowest propor-
tion of households in these categories (p value<0.10)
(Table 2).

Table 3 shows key characteristics of the households studied
while Table 4 presents the results of the regression analysis
between household food security measures (FCS and food
intakes) and home garden diversity, as measured through plant
species diversity and the abundance (number) of animals
raised for food purposes. From the pooled regressions includ-
ing the four communities the coefficient estimates suggest a
positive association between plant species diversity and FCS,
particularly at higher quantiles of the distribution and these
quantiles overlap with the higher quantiles of the distribution
of the wealth index. A positive association is also found be-
tween the number of animals raised for food purposes and
FCS, but in this case in the lowest quantile, which represents
the most vulnerable households. Regarding the frequency in
the intake of vegetables, positive associations were found with
plant diversity, but only from the probit regression. Positive
associations were also identified between the abundance of
animals and meat intake, from the probit regression and in
the lowest quantile of the distribution.

Table 5 shows the results from the regressions at the com-
munity level. The dimension and significance of the associa-
tion between home garden diversity and food security mea-
sures vary across communities. In the peri-urban community
positive associations are only found with plant species diver-
sity, both for food consumption scores (across the whole dis-
tribution) and the frequency of vegetables intake. In the semi-
rural communities, positive associations are found with both
plant species diversity and abundance of animals, particularly
in the lowest half of the distribution of food consumption
scores. Finally, in the rural community, significant positive
associations are only identified with plant diversity in the sec-
ond quantile of the distribution of food consumption scores
and between frequency of meat intake and abundance of
animals.

From the control variables used in the regression analysis it
was found that education, ethnicity, wealth, participation in
urban jobs, participation in cash-transfers programmes and
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Table 1 Biodiversity indicators of the home gardens by research site, Yucatan, Mexico
Variable Statistic Hocaba Sahcaba Yaxcaba Kancabdzonot Kruskal-
(Peri-urban, sisal (Semi-rural, sisal (Semi-rural, milpa (Rural, milpa Wallis
region) region) region) region) H p values
Shannon diversity index (plants) Median 1.923 1.628 2.040 2.237 <0.001
Number of plant species Median 8.0 6.0 11.0 13.0 <0.001
Number of species of shrubs Median 0.0 0.0 1.0 1.0 <0.001
Number of species of herbs Median 2.0 1.0 3.0 4.0 <0.001
Number of species of trees Median 5.0 5.0 7.0 8.0 <0.001
Number of herbs used for food Median 1.5 0.0 4.0 10.0 <0.001
purposes
Number of animal species Median 2.0 2.0 2.0 3.0 <0.001
Number of animals raised for Median 0.0 2.0 3.0 8.0 <0.001

food purposes

Notes: Hocaba, n =98; Sahcaba, n = 81; Yaxcaba, n = 84; Kancabdzonot = 53

Source: Author’s survey data (December 2016—April 2017)

urban-rural location are also significant factors in explaining
household food security (Table 6). Some of these household
characteristics showed an even larger effect than home garden
diversity demonstrated. The next subsection examines the in-
teractions between these variables and home garden diversity.

3.2 Urban jobs

Urban jobs emerged from the analysis as significant factors
that explain both food consumption scores and home garden
diversity, uncovering trade-offs and complementarities be-
tween these two livelihood activities. Households with adults

0.4% —~— 0.6%

working in urban jobs exhibited a lower diversity of herbs and
quantity of animals raised for food purposes but also tended to
be better-off in terms of wealth and food consumption scores
(Table 7).

The decision to work in urban areas has important impli-
cations for the mean wage that individuals can aspire to earn.
From the survey data collected, individuals working inside
their communities reported an average monthly wage of
MXN 990.6 (GBP 40.4; USD 52.7), while those working
outside their communities reported an average wage more
than four times greater (Table 8). Although urban jobs provide
opportunities to earn better incomes, access to these jobs is

Fig. 2 Distribution of the number
of plants by use and research site,
Yucatan, Mexico]
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Table 2 Proportion of households by food consumption score by research site, Yucatan, Mexico

Hocaba Sahcaba

(Peri-urban, sisal region)

Food consumption score

(Semi-rural, sisal region)

Kancabdzonot
(Rural, milpa region)

Yaxcaba
(Semi-rural, milpa region)

0-51.5 (Poor) 9.18 24.69 13.1 22.64
52-76 (Borderline) 42.86 38.27 47.62 32.08
>77 (Acceptable) 47.96 37.04 39.29 45.28

Pearson Chi-squared: 12.004, p value: 0.062
Source: Author’s survey data (December 2016—April 2017)

constrained due to context-specific formal and informal insti-
tutions (Ellis 1998; Becker 2013; Tacoli 1998).

In the research sites, young adults, men, more educated
people and Spanish speakers are more likely to participate in
urban jobs. In contrast, occupations within the communities
are more accessible livelihood strategies for elderly people,

women and Mayan speakers. These differences are likely
due to the higher education and Spanish-speaking require-
ments of urban jobs in comparison with on-farm and off-
farm occupations inside the communities. Furthermore, be-
cause of the patriarchal nature of Mexican society, occupa-
tions are more socially acceptable for women if they are

Table 3 Selected characteristics of the households studied by research site, Yucatan, Mexico
Household characteristics Statistic Hocaba Sahcaba Yaxcaba Kancabdzonot
(Peri-urban, sisal region) (Semi-rural, sisal region) (Semi-rural, milpa region) (Rural, milpa region)

Land (solar) size (mean, squared Mean 1363.8 1137.1 924.1 1239.3
metres) Std. Dev.  1643.1 1138.0 783.5 970.0

Frequency in vegetables intakes ~ Mean 4.7 43 4.6 4.1
(07 days) Std. Dev. 2.3 2.1 2.1 2.0

Frequency in meat and fish Mean 52 4.5 5.0 4.7
intakes (07 days) Std. Dev. 1.6 1.8 15 1.5

Age of household head (years)  Mean 58.8 53.1 55.0 46.7

Std. Dev. 154 16.4 15.6 14.4

Average household education Mean 6.5 59 6.8 6.5
(years) Std. Dev. 3.6 29 35 2.6

Youth dependency ratio (Ratio of Mean 0.55 0.96 0.31 0.52
the children under 15 yearsold g7 pey. .82 1.03 0.55 0.57
divided by the number of
adults in the household)

Female head without partner Proportion 20.41 8.64 13.10 7.55

Male head without partner Proportion 10.20 3.70 4.76 3.77

Household head speaks Maya Proportion 0.00 2.50 4.82 13.21

Household head speaks Spanish  Proportion 18.37 3.75 9.64 0.00
and Maya

Household head speaks Spanish ~ Proportion 81.63 93.75 85.54 86.79

Urban jobs (% of household Mean 0.30 0.35 0.16 0.07
members working in urban Std. Dev. 0.25 027 022 0.17
jobs)

Household income, mean, adult  Mean 1670.4 1545.7 1618.6 977.0
scale equivalent MXN Std. Dev. 11334 835.2 1494.4 1042.0
(GBP/USD)

Wealth index (0-1, 5 assets) Mean 0.54 0.44 0.44 045

Std. Dev.  0.23 0.19 0.20 0.21

Prospera beneficiary Proportion 17.35 41.25 67.86 83.02

Sixty-five and over beneficiary ~ Proportion 7.14 7.50 21.43 9.43

Source: Author’s survey data (December 2016—April 2017)
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Table 4  Association between home garden diversity and food security (pooled regressions of the four research sites), Yucatan, Mexico

Dependent variable: Food Consumption Score OLS
Shannon diversity index (plants)

Coefficient 3.894 wE

Robust standard error 0.755

R?/ Pseudo R? 0.138
Number of animals raised for food purposes

Coefficient 0.204

Robust standard error 0.122

R?/ Pseudo R? 0.132
Dependent variable: Vegetables intake' Poisson
Shannon diversity index (plants)

Coefficient 0.057

Robust standard error 0.042

R®/ Pseudo R 0.016
Dependent variable: Meat and fish intake" Poisson
Number of animals raised for food purposes

Coefficient 0.002

Robust standard error 0.002

Pseudo R? 0.014

Number of observations: 313

Q (0.25) Q (0.50) Q (0.75) Probit

3250  kEE 5865 #RE 6104 k% 0056 %

0.789 0.986 2.364 0.056

0.119 0.115 0.067 0.162

0248  *xx 0271 0.054 0.005  **

0.087 0.182 0.074 0.003

0.118 0.107 0.064 0.158

Q (0.25) Q (0.50) Q (0.75) Probit

0.091 0.115 0.014 0212 **

0.086 0.090 0.029 0.127
0.052

Q (0.25) Q (0.50) Q (0.75) Probit

0.004  * —0.001 0.000 0.021  *#k

0.002 0.002 0.003 0.007
0.089

Control variables: Age of the household head, youth dependency ratio, average education of the adults of the household, language spoken by the
household head (ethnicity), gender of the household head, wealth index, participation in urban jobs, participation in off-farm activities in the community,

subsidies and community
##% p value<0.01, ** p value<0.05 and * p value<0.1

Pseudo R? are not available from quantile regression estimates for count dependent variables such as vegetables intake and meat and fish intake

Source: Author’s survey data (December 2016—April 2017)

located within their own communities than if they are based in
urban area; local occupations allow women to spend more
time in their communities and take care of their multiple house
chores.

4 Discussion

The analysis above provides evidence on the contribution of
home garden diversity to food security and sheds light on how
the rural-urban location of the household and the participation
in urban jobs mediate this relationship. Differences in the size
of the coefficients across quantile regressions are likely
reflecting how home garden plant diversity plays a comple-
mentary rather than a main role in household food consump-
tion. Larger effects were identified at the highest quantiles of
the FCS distribution which grouped households that also
tended to be wealthier. In contrast, the abundance of animals
was more relevant in the lowest quantiles of the distribution of
both FCS and the frequency of meat intake. These findings are
relevant for the design and targeting of home garden interven-
tions; while most of the households may benefit from in-
creased access to inputs and training to grow vegetables,

increased access to poultry and small livestock components
are likely to result in greater impacts among the poorest
households.

Household rural-urban interactions can lead to the intro-
duction of new species and gardening techniques as well as to
the loss of biodiversity and traditional knowledge (De Haan
1999; Guerrero Pefiuelas 2007; Cano-Ramirez et al. 2012).
This research identified that closer interactions with urban
areas tend to increase the adoption of ornamental plants but
also favour overall plant diversity levels in the most urbanised
communities. Wiersum (2006) arrives at similar conclusions
on the relationship between ornamental plants and off-farm
jobs in a review of studies on Indonesian home gardens; he
finds that, when alternative income opportunities emerged,
households tended to increase the production of ornamental
plants in their home gardens. However, this pattern is likely to
reduce the resilience of the household in case of job loss as
well as undermine the role of the home garden as a biocultural
repository.

Participation in urban jobs was identified as having positive
associations with the overall levels of plant diversity in the
most urbanised communities, but negative associations with
the diversity of vegetables and other herbs used for food
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Table 5 Association between home garden diversity and food security at the community level, Yucatan, Mexico
Peri-urban community Semi-rural communities Rural
community
Dependent variable: Food OLS Q(0.25) Q(0.75) Probit OLS Q(0.25) Q(0.50) Probit Q(0.50)
Consumption Score
Shannon diversity index (plants)
Coefficient 6381 ** 6460  ** 7992 k¥ (0843 k 4884 * 11.075 *** 5549  * 11.991  **
Standard error 2.757 3.176 3.872 0.428 2.494 3.921 3.195 5.847
R?/ Pseudo R? 0.224 0.230 0.130 0.230 0.167 0.150 0.133 0.225
Number of animals used for food purposes
Coefficient 0.370 * 0.437  * 0.050 **
Standard error 0.175 0.237 0.022
R*/ Pseudo R* 0.170 0.124 0.229
Dependent variable: Poisson
Vegetables intake'’
Shannon diversity index (plants)
Coefficient 0.156 **
Robust standard error 0.078
R®/ Pseudo R 0.021
Dependent variable: Meat Probit
and fish intake"
Number of animals raised for 0.067  **
food purposes
Coefticient 0.036
Robust standard error 0.227
Pseudo R?
Number of observations 98 98 98 162 162 162 162 53

Note: Only significant estimates are reported

Control variables: Age of the household head, youth dependency ratio, average education of the adults of the household, language spoken by the
household head (ethnicity), gender of the household head, wealth index, participation in urban jobs, participation in off-farm activities in the community,

subsidies and community
% p value<0.01, ** p value<0.05 and * p value<0.1

YPseudo R? are not available from quantile regression estimates for count dependent variables such as vegetables intake and meat and fish intake

Source: Author’s survey data (December 2016-April 2017)

purposes and with the abundance of animals. Positive associ-
ations with plant diversity are likely explained by the intro-
duction of new species and availability of resources to invest
in the home garden. Synergy between on-farm and off-farm
occupations has been identified in previous studies. For ex-
ample, in Ghana, Tsiboe et al. (2016) find positive effects of
off-farm work on nutrient availability, noting that households
that combined off-farm business with farming showed the
greatest food nutrient availability. This is particularly relevant
for semi-rural communities, where households tend to depend
on both on-farm and off-farm livelihoods.

Negative associations between urban jobs and both herb
diversity and animal abundance in home gardens may be in-
dicative of trade-offs in the time allocated between on-farm
and off-farm activities. The processes of growing herbs and
raising animals tend to be more time-consuming in compari-
son with taking care of other home garden components, such

@ Springer

as fruit trees. Guerra Mukul (2005) arrives at a similar conclu-
sions from a study conducted in Yaxcaba, Mexico: the en-
gagement of the household head in urban paid jobs caused a
reduction in milpa production; the loss of knowledge trans-
mission between fathers and children; and the deterioration of
the home garden facilities, such as fences, pigsties and poultry
pens. Nonetheless, complementarities are also identified
where urban jobs may be allowing households to invest in
their home gardens; this appears to apply to total plant diver-
sity, particularly in the communities located in the sisal region.

Participation in urban jobs, however, is not an option for all
households nor for all household members as explained in
section 3. Previous studies similarly have found that access
to non-agricultural occupations is constrained by context-
specific formal and informal institutions, which are based on
political power, political affiliation, religion, income, ethnici-
ty, gender, generation, and other sociodemographic
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Table 6 Determinants of food consumption scores (pooled regressions of the four research sites), Yucatan, Mexico
Dependent variable: Food Consumption Score OLS Q (0.25) Q (0.50) Q (0.75) Probit
Coeff. Coeff. Coeff. Coeff. Coeff.
Homegarden characteristics
Shannon diversity index 3.894 o 3.250 ok 5.865 ok 6.104 o 0.276 o
Age of the household head —0.041 —0.068 —0.036 —0.043 —0.003
Youth dependency ratio 0.607 1.300 0.682 -0.174 —0.147
Average education (years) 0.397 0.656 0.878 —0.440 *E 0.086 w3
Language spoken by the household head
(Base category: Spanish and Maya)
Maya 3.124 —4.628 12.880 ok —3.065 0.220
Spanish 3.493 3.191 2.982 6.478 ok —0.106
Female head (alone) —3.643 —4.869 —2.343 —0.190
Male head (alone) —4.283 —4.197 —4.839 -1.327 —0.333
Wealth (index) 10.320 o —6.959 ik 6.869 8.375 HEE 0.678 o
Rural-urban interactions 12.077
Urban jobs 10.528 o 17.402 ok 11.003 ok 0.391 0.881 ok
Off-farm diversification 4.568 5.078 6.483 1.319 0.021
Subsidies
Sixty-five and over —0.679 5.038 #EE L —=3.940 -1.759 0.200
Prospera 1.202 1.481 0.778 0.177 0.210
Community (Base category: Hocaba, peri-urban)
Sahcaba (semi-rural) —6.764 —7.966 —4.217 -3.993 —0.650 o
Yaxcaba (semi-rural) -3.275 —-0.859 —3.489 —1.346 —-0.409 HEE
Kancabdzonot (rural) —4.918 —5.586 —1.686 —4913 -0.776 HAk
Constant 60.159 #* o 45.540 ok 53.815 ok 78.108 ok 0.144
Pseudo R? 0.138 0.119 0.115 0.067 0.162
Number of observations 313 313

*##% p value<0.01, ** p value<0.05 and * p value<0.1
Source: Survey data (December 2016—April 2017)

characteristics (Ellis 1998; Tacoli 1998; Becker 2013). It has
been observed in different developing countries across Asia
(Hoang et al. 2008; Rungmanee 2014), Africa (Adusah-
Karikari 2015) and Latin America (Bravo-Ureta et al. 1996;
Guerrero Pefiuelas 2007), that young and better-educated fam-
ily members are more likely to migrate and to take advantage
of non-farm job opportunities.

5 Conclusions

This research contributes to the understanding of how house-
hold characteristics and agrobiodiversity mediate the impact
of home gardens on food security. Positive associations are
found between plant diversity and animal abundance and dif-
ferent measures of food security. The dimension and the sig-
nificance of these positive associations was found to vary
depending on the type of home garden diversity, across com-
munities and across quantiles of the distribution of food

security measures. Plant diversity was significant across all
the peri-urban—rural spectrum, while animal abundance was
significant in the semi-rural and rural communities, particular-
ly in the lowest quantile of the distribution of food consump-
tion scores.

In the research sites, home gardening interacts with other
livelihood activities, such as urban jobs, in the fulfilment of
household food consumption needs. Participation in urban
jobs, however, is constrained by formal and informal institu-
tions. In the households studied, younger individuals, better—
educated people, males and Spanish speakers are more likely
to engage in jobs in urban areas. Engagement in urban jobs
was found to involve not only complementarities with the
overall plant diversity of home gardens, but also trade-offs
with the diversity of vegetables and other herbs used for food
purposes and with the abundance of animals raised for food
purposes.

One of the main limitations of this study is its reliance on
self-reporting measures of food security which are subject to
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Table 7  Selected home garden and household characteristics by participation in urban jobs, Yucatan, Mexico
Variable 4 field Hocaba (Peri- Sahcaba (Semi- Yaxcaba (Semi- Kancabdzonot
sites  urban, sisal rural, sisal region) rural, milpa region) (Rural, milpa
region) region)
Shannon diversity index At least one household member 1.796  1.835 1.634 1.912 2.171
(all plants, mean) participates in urban jobs
No participation in urban jobs  1.786  1.503 1.372 1.900 2.059
T-test p value 0.891 0.023 0.092 0.937 0.613
Shannon diversity index At least one household member 0.395  0.400 0.108 0.699 0.686
(herbs used for food participates in urban jobs
purposes, mean) No participation in urban jobs  0.566  0.309 0.185 0.618 0918
T-test p value 0.013 0412 0.389 0.582 0.386
Number of animals At least one household member 6.109 5242 6.152 5.774 13.333
raised for food participates in urban jobs
purposes (mean) No participation in urban jobs  8.364  4.375 8.772 7.528 12.068
T-test p value 0.051 0.689 0.263 0.368 0.783
Wealth index (mean) At least one household member 1.027  1.123 0.945 0.923 0.923
participates in urban jobs
No participation in urban jobs  0.848  1.005 0.663 0.843 0.843
T-test p value <0.001 0.295 0.008 0.445 0.445
Food consumption At least one household member 74.420 76.240 71.288 76.596 69.350
score (mean) participates in urban jobs
No participation in urban jobs ~ 67.900 72.140 58.430 68.150 74.110
T-test p value 0.002 0.278 0.007 0.042 0.470

Note: Hocaba, n=92; Sahcaba, n =79; Yaxcaba, n = 78; Kancabdzonot, n =

Source: Author’s survey data (December 2016-April 2017)

recall errors. Nonetheless, the quality of the data collected was
ensured through following international standards, such as
those that the World Food Programme has established for
the collection and analysis of the data to construct food con-
sumption scores. In consideration of the high incidence of
malnutrition in the region, both in form of undernutrition
and overweight and obesity, future research could explore
the role of home gardening interventions on nutrition status

53

and the incidence of chronic diseases. The relevance of study-
ing this topic has become apparent during the COVID-19
pandemic, which has disproportionately affected populations
who suffer from obesity and chronic diseases such as diabetes
and hypertension (Hernandez, 2020). Other areas for future
research include the study of the contribution of home garden-
ing to food security across different seasons and intra-
household dynamics of food consumption, as well as the

Table 8 Characteristics of working adults by location of occupation, Yucatan, Mexico

Characteristics

Outside the community

Inside the community T-test/Chi-squared p value

Mean age 34.38

Mean years of education 8.71

Proportion of women 14.84
Proportion of men 44.74
Proportion of Maya speakers 6.38

Proportion of Maya and Spanish speakers 27.9

Proportion of Spanish speakers 41.14

Mean monthly wage, MXN 4358.23
(GBP/USD) (177.73/232.07)

47.14 <0.001
6.02 <0.001
85.16 <0.001
55.26 <0.001
93.62 <0.001
72.1 <0.001
58.86 <0.001
990.63 <0.001
(40.40/52.75)

Observations: Hocaba 337, Sahcaba 270, Yaxcaba 225, Kancabdzonot 144
Source: Author’s survey data (December 2016—April 2017)
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provision of non-tangible services, such as those social and
cultural.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s12571-021-01148-w.
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