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Abstract

Ending hunger and alleviating poverty are key goals for a sustainable future. Food security is a constant challenge for agrarian
communities in low-income countries, especially in Madagascar. We investigated agricultural practices, household characteris-
tics, and food security in northeast Madagascar. We tested whether agricultural practices, demographics, and socioeconomics in
rural populations were related to food security. Over 70% of respondents reported times during the last three years during which
food for the household was insufficient, and the most frequently reported cause was small land size (57%). The probability of
food insecurity decreased with increasing vanilla yield, rice yield, and land size. There was an interaction effect between land size
and household size; larger families with smaller land holdings had higher food insecurity, while larger families with larger land
had lower food insecurity. Other socioeconomic and agricultural variables were not significantly related to food insecurity,
including material wealth, education, crop diversity, and livestock ownership. Our results highlight the high levels of food
insecurity in these communities and point to interventions that would alleviate food stress. In particular, because current crop
and livestock diversity were low, agricultural diversification could improve outputs and mitigate food insecurity. Development of
sustainable agricultural intensification, including improving rice and vanilla cultivation to raise yields on small land areas, would
likely have positive impacts on food security and alleviating poverty. Increasing market access and off-farm income, as well as
improving policies related to land tenure could also play valuable roles in mitigating challenges in food security.
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1 Introduction

Food insecurity, malnutrition, and environmental degradation
are global challenges facing low- and middle-income coun-
tries, especially in the tropics (Schipanski et al., 2016). Over
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both health and economic opportunities. Approximately 40%
of women are anemic, and 50% of children are malnourished
(FAO, 2020; Golden et al., 2011; Golden et al., 2020).
Farmers face challenges of food security from many causes,
including extreme weather patterns (Harvey et al., 2014).
Variation in relative wealth can have large impacts on natural
resource use and participation in agricultural markets. Farmers
with larger land holdings and family labor were able to invest
more in land use intensification and participation in cash crop
markets than other farmers, which reduced their need to clear
new land for agriculture (Laney & Turner, 2015). Women
tend to own less land and have fewer rights to land than
men, and households with a single female head may be at a
significant disadvantage in terms of economics and access to
agricultural land (Widman, 2014). Education is also an impor-
tant factor in sustainable development and remains a challenge
for rural communities, where a primary school education can
be difficult to obtain (Harvey et al., 2014). All these socioeco-
nomic factors put farmers in Madagascar at high risk for food
insecurity and point to the potential for inequalities, especially
among genders.

The agricultural sector is inextricably tied to socio-
economic characteristics and food security. In
Madagascar, 64% of the population were employed in
agriculture in 2019 (World Bank and ILOSTAT,
accessed June 2020). Subsistence agriculture is the only
livelihood for most people in the rural countryside.
Unsustainable farming practices, especially shifting agri-
culture on steep slopes with short fallow periods, put
pressure on natural resources and biodiverse hotspots
(Borgerson et al., 2018; Borgerson et al., 2019;
Golden et al., 2011; Laney & Turner, 2015; Messerli,
2006; Styger et al., 2007). Crop yields are decreasing
due to declining soil health, and traditional methods are
becoming less productive (Harvey et al., 2014; Laney &
Turner, 2015; Messerli, 2006; Styger et al., 2007;
Styger et al., 2009). Malagasy farmers typically rely
on three main food crops: rice, maize, and cassava
(Harvey et al., 2014). Further, low yields in staple
crops, especially rice, often do not sustain households
throughout the year. Methods of agriculture that sustain-
ably increase yields and regenerate degraded lands have
not had widespread adoption in Madagascar, such as
improved rice agriculture (Jones et al., 2021; Stoop
et al., 2002) and agroforestry (Messerli, 2006;
Rosenstock et al., 2019). Agricultural productivity is
clearly an important factor to understanding smallholder
farmer food security. We investigated how this constel-
lation of agricultural factors affects farmer food security.

Cash crops can generate income to help lift households out
of relative poverty. In the SAVA region of northeast
Madagascar, 50-65% of the world’s vanilla is cultivated by
approximately 70,000 smallholder farmers in the foothills of
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biodiverse rainforests (percentages based on OEC data be-
tween the years 2000-2017, Brown, 2009; Hénke et al.,
2018; Hending et al., 2019; Laney & Turner, 2015).
Generating over 800 million USD annually in international
exports in 2017 (OEC data accessed 2020), this single cash
crop creates economic opportunities that can alleviate poverty
and food insecurity by having cash income to buy food in
addition to their subsistence agriculture (Laney & Turner,
2015). Therefore, higher yields of this and other cash crops
may improve food security in this system because farmers will
have a valuable product with which to earn income or barter to
supplement subsistence production. Vanilla agriculture is,
however, labor intensive and requires specialized knowledge
(Hénke et al., 2018; Laney & Turner, 2015). Further, there are
heterogeneities among farmers in the degree of economic ben-
efits from vanilla cultivation, such that some farmers have
high productivity and income, while a large proportion have
a relatively low yield and income-earning potential (Hinke
et al., 2018; Martin, Wurz, et al., 2020a, Martin, Osen, et al.,
2020b). Extreme weather events, like cyclones, have the po-
tential to devastate crops (Brown, 2009), and theft is a grow-
ing problem (Neimark et al., 2019). The value of vanilla on the
international market is also subject to extreme volatility, mak-
ing income at the farm gate highly unpredictable (Hénke et al.,
2018). Vanilla agriculture therefore has a high potential for
income generation, but is not without its potential drawbacks
in terms of market volatility and socio-cultural consequences.

The solutions to these problems require interdisciplinary
research and policy reform for sustainable development
(Jones et al., 2019). We conducted research on food security,
agricultural practices, and household characteristics in the
SAVA region of Madagascar. Our goal was to understand
how agricultural productivity, demographics, household as-
sets, and other factors affect food insecurity among smallhold-
er farmers. Our research at the intersection of food security,
agriculture, and natural resource management has important
applications for conservation policy in relation to land use.

Thus, the aim of our work was to understand the relation-
ships between food security, agricultural practices and socio-
economics in rural communities around the SAVA region. We
tested hypothesized effects of agricultural practices and
household characteristics on food insecurity as follows
(Fig. 1).

1) Agricultural factors: food insecurity decreases with in-
creasing land size, the diversity of food and cash crops
as well as livestock, and the yield of rice and vanilla.

2) Socioeconomic factors: Food insecurity increases with
the number of people in the household, lower wealth,
and is higher for households with single female heads,
compared to households with male heads or pairs living
together. Food insecurity decreases with higher education
level.
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Fig. 1 Diagram illustrating the
directionality of hypothesized
relationships. For each concept in
squares, observed variables that
we measured are in circles. The
solid arrows illustrate the
direction of predicted
relationships

Land size

Wealth
indicators
2 Materials and methods

We conducted this study in three communities: Manantenina,
Mandena, and Matsobe (Fig. 2).

Study design The survey team included RJY and NAFR as the
primary enumerators, local Malagasy researchers from each
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Characteristics

Demographics
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village, and AO, CF, and MM. Data were collected during the
months of June and August, in Mandena in 2018, and in
Manantenina and Matsobe in 2019. In each of the three com-
munities, we conducted social surveys for randomly selected
households. In Mandena, a drone image of the village was
overlaid with a grid system (100X100m cells), which was
used to first randomly sample grids, and then randomly
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Fig. 2 Map of survey villages in the northeast SAVA region of
Madagascar. Study villages are shown in blue, and one of the major
cities in the region, Andapa, is labelled with a triangle. The other major

city nearby, Sambava, is off the map to the east. The Marojejy National

. survey villages
Marojejy National Park

Forest loss 2000-2018
I present

A Andapa

g = roads

Percent tree cover year 2010
(150
Il 100

49.80 49.95

Park boundary is also shown. The tree cover (>50% canopy closure of
trees >5 m height), as of the year 2010, and the forest loss between the
years 2000 and 2018 are shown at 30 m resolution, based on the data from
Hansen et al. (2013). The inset shows the SAVA region

@ Springer



1396

Herrera J.P. etal.

sample households within grids, in proportion to the number
of houses in those grids. In Manantenina, a member of the
research team who lived in the village provided a complete
list of all village households, which was used to randomly
sample households. In Matsobe, 2018-2019 census data were
used to randomly select households. If no members of the
randomly selected household could be found, that household
was substituted for an available neighbor.

All surveys were administered in the local dialect of
Malagasy, and informed consent was given by all study par-
ticipants prior to taking the survey. RJY or AFR and/or a local
research team member, fluent in the local dialect, conducted
the informed consent and survey with the study participant.
The survey was conducted using Qualtrics software on
Samsung tablets, and had an average duration of 60 min to
complete. Study participants were compensated with 1000
Ariary (MGA, approximately 0.30 USD) in mobile phone
credit upon survey completion.

Food insecurity Questions about food insecurity were modi-
fied from a prior study of agrarian socioeconomics in Malawi
(Ward et al., 2018). We asked respondents if they had times
when there was not enough food to feed the family over the
past three years. We note that in Malagasy culture, when re-
ferring to food security generally, the interpretation is whether
there was enough rice for the household, since rice is the staple
food. To address the causes of food insecurity, options on the
survey included small land size, lack of money, the cost of
food in the local markets, extreme natural events (i.e., cy-
clones, droughts, insect or rodent pest outbreaks), as well as
allowing the respondent to give any other reason for food
insecurity.

Socioeconomic characteristics Standard data on demographics
of households were collected using a survey adapted from the
Demographic and Health Survey instrument
(ICF International, 2012). These variables included the num-
ber of individuals in the household, their ages in years, gender,
education level, and main activity (farming, wage labor, etc.),
and whether farmers reported other wage-earning activities
other than their subsistence farming. To assess material
wealth, we also collected data on the ownership of common
household assets, such as radio, television, telephone, gener-
ator, solar panels, and farming tools including shovels, axes,
plows. We asked about the household materials used to build
the walls, roof, and floor, including natural products that were
collected such as bamboo, raffia, and Ravinala, and purchased
materials including wood planks, aluminum sheets, or cement.
To create composite asset indicators, we used principal com-
ponents analysis (PCA) to summarize the data on household
assets and household building materials into orthogonal axes
that best captured the variance in the data (Appendix Table 1).
As an alternative measure, we summed the number of assets
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the respondent reported. Households were classified as having
a single female head if the respondent was female, identified
herself as the head of the household, and reported that she was
either not married nor living with a partner, or was a widow.

Agricultural practices Questions about agricultural practices
included the types of crops grown, how farmers grew rice
(low-land flooded paddies, on hillsides, or both), and domestic
animal ownership (the number of animals owned for live-
stock, poultry, and other animals, enumerated between 1 and
5 or more than 5 individual animals). The size of farm land
was assessed by asking farmers about the input of rice that
would be required to grow rice on their land, based on a
conversion that approximately 15 kg is used to farm one ha
(pers. comm. with local stakeholders). Rice and vanilla har-
vests were calculated in kg.

To calculate crop diversification, we enumerated the total
number of crops the farmers reported growing in the last year,
as well as the total number of cash crops (coffee, cloves,
cacao, and vanilla). We also calculated the proportion of the
top five crops grown by the respondent, based on the five most
commonly grown crops across all respondents. We divided
these proportions among the top five food and cash crops.
Lastly, we used a PCA to summarize the crop data into two
axes that best separated farmers according to those that grow
similar crops (Appendix Table 2). We quantified variation in
domestic animal ownership as the sum of domestic animals
owned, as well as the richness and diversity (Shannon diver-
sity index) of all domestic animals owned (cattle, pigs, goats,
poultry). We also conducted a PCA of domestic animals
owned to use the first PC as a composite score of domestic
animal ownership (Appendix Table 3).

Analyses All data were examined for outliers that were due to
errors, and in general log transformations were applied to the
data to approximate normal distributions and reduce the influ-
ence of extreme values. We used generalized linear models to
test whether food insecurity (binary variable) was predicted by
livestock and crop diversity, rice and vanilla harvests, land
size, the material asset scores, education, whether the head
of the household was a single female or not, and household
size. All continuous variables were standardized before anal-
yses (z-score transformation). We tested for interactions be-
tween significant variables when plotting the results suggested
that an interaction effect may be present. We included the
village identity as a fixed effect. We used the “dredge” func-
tion in the R package MuMIn (Barton, 2013) to compare
models of all combinations of the variables listed above to
determine the candidate set that best fit the data based on the
lowest Akaike Information Criterion (AIC) score. The initial
model included the variables listed above, as well as interac-
tions of land size with household size, and vanilla yields with
rice yields. Model averaging was then used to determine the
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size of the effect of each independent variable on food inse-
curity, weighting by the AIC weight. All models were evalu-
ated for the fit of the data to the model, and violations of
assumptions by testing for outliers, ensuring predictor vari-
ables were not multicollinear via intercorrelations < |0.50,
examining the distribution of residuals, and goodness of fit
tests.

3 Results

Our sample included over 350 people in three villages
(Table 1). In education, 49% of respondents had a primary
school education, 8% had no formal school education, and
less than half had higher education. Male respondents had a
higher likelihood of a higher than secondary school education
than female respondents (chi-square, adjusted p for pairwise
comparisons = 0.03), but otherwise there were no differences
between genders in education levels. Thirty-one percent of
households had a single female head (either never married,
separated, or widowed). Significantly more people obtained
their water from rivers and streams than piped water or wells
(73%, chi-square =256.39, df=2, p <0.001).

Most respondents reported small farms (median = approx-
imately 4 ha, first quartile = 2 ha). Almost all respondents (92—
95%) grew crops in the last year, and approximately 50%
were women. Seventy-five percent grew rice and 76% grew
vanilla, while few farmers grew crops like beans (1-20%) or
vegetables (0-7%). We ranked the crops grown by the fre-
quency of responses, and found that 50% of respondents grew
only two of the top five crops, rice and vanilla (Fig. 3).
Harvests of the two staple crops, rice and vanilla, did not differ
significantly between households with a single-female head
and other households (Wilcox test, rice harvest: W =24,780,
p=0.13, vanilla harvest: W =28,444, p =0.28).

Up to 76% of respondents reported that they did not have
enough food to feed the family during the previous three

Vanilla

Rice
Bananas
Coffee
Coconuts
Avocados
Pineapple
Cassava
Sugar Cane
Cloves
BreadFruit
Oranges
Pulses
Cocoa
Lychee
Vegetables
Potatoes
Peanuts
Ginger
Maize
Tomatoes
Lemons / Limes
Cucumbers
Jack Fruit
Eggplants
Mangoes
Onions
Carrots
Taro

Sweet Potatoes
Shallots
Grapefruit
Chilies
Green Leaves

T T T T
50 100 150 200

sum of respondents growing crops

Fig. 3 Frequency of growing different crops in three communities in
northeast Madagascar

years. More than half (57%) reported that food insecurity
was due to small arable land size, significantly more frequent-
ly than other causes of food insecurity (e.g., lost crops due to
weather events, not enough money, or food in the market too
expensive, chi-square =786.48, df=12, p<0.001). In the
analyses to follow, we tested which predictor variables had
the strongest effects on the binary food insecurity dependent
variable, especially focusing on the variables that relate to
socioeconomics and agricultural practices.

The best fitting model explained 20% of the variance in
food insecurity. The model included household size, land size,
rice and vanilla harvests, and the interactions between house-
hold size and land size, and rice and vanilla harvests (Fig. 4).
The probability of food insecurity increased with increasing
household size (model averaged coefficient=0.74, p =
0.002), and decreased with larger harvests of vanilla and rice,

Table 1 Summary statistics on

key variables analyzed in this Manantenina Mandena Matsobe
study, separated by village in
northeast Madagascar Number of respondents 150 94 110
Median land size, estimated ha (SD) 5(6.87) 2 (1.64) 6 (35.57)
Mean age of respondent, years (SD) 414 (15.61) 45.56 (18.39) 45.54 (16.7)
Median household size (SD) 4 (2.16) 4 (1.87) 4 (2.13)
Median vanilla harvest, in kg (SD) 20 (55.64) 10 (52.41) 17.5 (68.33)
Median rice harvest, kg (SD) 300 (550.33) 456 (1502.68) 900 (2632.3)
% respondents female 49 55 52
% respondents attended school 94 86 92
% respondents food insecure 71 76 66
% respondents farming as main activity 90 93 86

*#SD = standard deviation
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Fig. 4 Effects of predictor variables on food insecurity in Madagascar.
Food insecurity among farmers increased with the number of individuals
in the household but decreases with the yield of vanilla and rice, and land
size. The interaction effects between land size and household size, as well
as rice and vanilla harvests, decrease food insecurity. There were no
significant effects of other variables such as wealth indicators,

as well as land size (vanilla coefficient =—0.61, p < 0.01; rice
coefficient =—0.48, p=0.02; land coefficient=-0.50, p =
0.01, Fig. 4). There were also interaction effects (Fig. 5).
Respondents that had higher yields of both vanilla and rice
had significantly lower probability of food insecurity than
farmers who had low yields on both, or high vanilla but low
rice yields (Fig. S5a). Further, respondents that had small land
size and large household size had a significantly higher prob-
ability of food insecurity than respondents with small land and
small household size (Fig. 5b). The effect of household size on

a)

o
3
o

Rice harvest (kg, log, scaled)

m— + 1 SD
Mean
-18D

Probability of food insecurity
2

o
N
a

0 1 2
Vanilla harvest (kg, log, scaled)

Fig. 5 Interaction effects predicting the probability of food insecurity.
Lines indicate the results of the logistic regression of the four variables
and the interaction terms, with one of the independent variables
discretized based on the mean value and + 1 standard deviation. The
shaded ribbons around lines indicate the 95% confidence interval
around the estimated regression line. (A) The interaction between vanilla
and rice yields indicates that the probability of food insecurity was lowest
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education, single female households, and other variables not shown

(Appendix Tables 4 and 5). Points represent the coefficient estimate and

the standard error based on model averaging of the best candidate models

(delta AIC <2, Appendix Table 5). Results based on logistic regression of

data from 232 respondents

food insecurity decreased as land size increased such that
when land size was large, there was no difference in food
insecurity in relation to household size (Fig. 5b). For refer-
ence, 47% of respondents had land size smaller than the mean,
41% of respondents had household size larger than the mean,
and 13% of respondents had both smaller land size and larger
household size than the mean.

The number and diversity of livestock and crops, with mul-
tiple measures, were not significantly related to the probability
of food insecurity (Appendix Tables 4 and 5). Food insecurity
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Land size (estimated ha, log, scaled)
for respondents with both high yields of vanilla and rice, while those
respondents with high vanilla yields but low rice yields had higher prob-
ability of food insecurity. (B) The interaction between land size and
household size indicates that when land size is small, larger households
have a higher probability of food insecurity than smaller households.
When land size is large, there is no difference in the probability of food
insecurity between large and small households
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did not differ significantly between single female headed
households and households with male heads or female heads
with a partner (coefficient = 0.02, p = 0.95). Further, there was
no effect of education, nor of household asset ownership
(Appendix Tables 4 and 5). Food insecurity also did not differ
across study villages.

4 Discussion

Food security is a major challenge for the agrarian communi-
ties we sampled in the SAVA region of Madagascar. Over
70% of respondents reported experiencing household food
insecurity during a three-year time period. Farmers largely
reported small land size as the cause of food insecurity, and
our results showed quantitatively that farmers with larger
farms had a lower probability of food insecurity. In addition,
agricultural outputs, especially rice and vanilla harvests, de-
creased the probability of food insecurity. Increasing house-
hold size was related to increased food insecurity, unless
coupled with larger land size. These results highlight the in-
teractions between the socioeconomic and agricultural dimen-
sions of food insecurity in this system.

Food insecurity is a tremendous global health challenge,
and some of the patterns observed in this study are common
across systems in low- and middle-income countries. The
trend observed in Madagascar illustrates the high levels of
food insecurity, which is affecting large areas of sub-
Saharan Africa. For example, in Malawi, Benin, and
Madagascar, more than 70% of respondents reported moder-
ate to high food insecurity (Adjimoti & Kwadzo, 2018;
Harvey etal., 2014; Mango etal., 2018). In contrast to patterns
observed in other countries, we found a strong relationship
between food insecurity, land size and household size. These
variables were not significant predictors of food insecurity in
Malawi or Benin, though small land size in general is still an
important reason for food insecurity (Adjimoti & Kwadzo,
2018; Mango et al., 2018). Surprisingly, there was no differ-
ence in food insecurity related to the gender of the respondent
or head of household, while in cross-cultural studies, women
tend to experience food insecurity more often than men
(Sinclair et al., 2019). In the studies of continental African
populations mentioned above, higher education, off-farm in-
come, and crop diversification significantly decreased food
insecurity, while in our study, those variables were not signif-
icantly related to food insecurity. We discuss the possible
mechanisms operating behind these factors below. These con-
trasting patterns illustrate that the drivers of food insecurity
can be highly specific to different regions, and highlight the
difficulty of applying generalized policy measures to meet the
goal of ending hunger globally.

Variables found to be predictive of food insecurity in other
low-income settings surprisingly did not have effects in this

study, which will require further research to disentangle
interacting factors. For example, single-female households
did not report higher food insecurity than other households.
This may be correlated to the finding that vanilla and rice
harvests did not differ significantly between those groups.
Further research should investigate the factors that could in-
crease the resilience of single-female households and other
such vulnerable groups in this population. For some variables,
a lack of variation may explain the lack of effect on food
insecurity. Opportunities to earn wage income are limited in
this system, such that we cannot detect effects on food inse-
curity. We found that only 10% of farmer respondents had
other forms of income, and thus there may not have been
opportunities for income diversification in this study system.
Similarly, for education, few respondents (<10%) achieved
higher than primary school education, while almost all other
respondents went to primary school. These observations make
it difficult to detect patterns if they exist. These surprising
findings offer new avenues for research to understand the
factors affecting food security in northeast Madagascar.

The strong effect of land size on food insecurity has impor-
tant implications for land tenure policy in Madagascar. The
traditional system of land inheritance involves partitioning the
parents’ land among their children (Laney & Turner, 2015;
Omrane, 2018), and women tend to inherit less land than men
(Widman, 2014). Thus, as future generations inherit smaller,
fragmented parcels, farmers will need to produce more from
less area, clear unclaimed forest, or rent / buy land, which is
relatively expensive (Omrane, 2018). In addition, legally rec-
ognized landholdings are relatively rare because government
policies to legalize land rights have had mixed success, mak-
ing farmers’ rights to the land tenuous (Bellemare, 2013).
Borrowing and loaning land is a common system for local
economics, and is negotiated among community members
(Laney, 2002; McConnel, 2009). Farmers can rent or borrow
land from others, and then share the harvest they produce with
the owner as payment, thereby reducing the amount of harvest
available for the household. The land fragmentation problem
is also a frequent theme affecting agricultural systems in other
countries (Andersson Djurfeldt & Sircar, 2018), with effects
on productivity and efficiency (Place, 2009). Though larger
fields may produce larger harvests, productivity generally de-
creases with increasing land size due to the inefficiencies of
input use on larger fields, especially when they are in
fragmented parcels (Frelat et al., 2016). The downstream ef-
fects of land tenure systems on food security highlight the
links between agriculture, health, governance, and well-being.

Further complicating the need for arable land is the need to
conserve natural habitats. Many farmers have had to change
their land-use strategies because of protected area manage-
ment, as observed in this study system and in nearby sites in
Madagascar (Llopis et al., 2019; Rakotonarivo et al., 2017).
The villages in this study were situated adjacent to a national
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park, which affects their access to forested lands that might
have otherwise been transformed for cultivation (Laney,
2002; McConnel, 2009). These cultural land tenure systems
and resource management activities therefore affect the land
size of future generations, which could impact their food
security.

The strong positive association between food insecurity
and the number of people in the household observed in this
study has also been highlighted in food insecure communities
across Africa (Akerele et al., 2013; Frelat et al., 2016;
Misselhorn, 2005). In contrast, larger families for social sup-
port and labor in fields can increase food security. In this
study, we showed that larger families (4+ members of the
household) with small landholdings (<7 ha) had higher food
insecurity than smaller families (<4 members) with small land,
but as land size and productivity increased, there was less
impact of family size on food insecurity. The interaction ef-
fects observed between household size and land size on de-
creasing food insecurity, as well as positive correlations be-
tween household size, land size, and harvests, demonstrate the
importance of family size to these subsistence communities.
Indeed, availability of family members for labor is an impor-
tant component of social capital in both rice and cash crop
agriculture (Laney & Turner, 2015). These associations are
well known in the other rural settings, leading to debate over
the directions of cause and effect (Clay & Johnson, 1992).

One intervention that could potentially improve food secu-
rity in Madagascar, especially for households with small land
holdings (almost 50% of the study sample), is increased ac-
cess to women’s reproductive health care infrastructure and
family planning (Starbird et al., 2016). Increasing access is an
important step towards empowering women to make choices
that are also important for their health (Gaffikin & Engelman,
2018; Robson et al., 2017). Family planning has been inte-
grated into many population and environmental health pro-
grams to address issues of population growth and limited nat-
ural resources across geographic settings (Gaffikin &
Engelman, 2018; Kock & Prost, 2017). In Madagascar, sev-
eral international conservation and reproductive health NGOs,
including Marie Stopes International, support family planning
activities in rural communities (Robson et al., 2017). Such
family planning interventions have had positive impacts in
several sites (Gaffikin & Engelman, 2018), but they are not
without their drawbacks and ethical concerns. Interventions
must be framed within the local context and culture, and it is
critical that participants are well informed and consenting
(Baker-Médard & Sasser, 2020). Family planning can be
one dimension of sustainable development that would allevi-
ate food stress in this system, but only within the cultural and
socioeconomic context.

Land and agricultural outputs are also important for socio-
cultural reasons related to local economics (Laney & Turner,
2015). Rice is a fundamental staple to the Malagasy diet and
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culture, and is not only an important food source, but a source
of income when portions of yields are sold in markets, as well
as a way to pay for expenses and debts. In our study, increas-
ing rice production was significantly related to decreased
probability of food insecurity. To improve food security in
this population, given declining land size, action is needed
to sustainably intensify agricultural productivity. The com-
mon systems of rice agriculture in these areas, including both
rainfed hillside rice involving shifting agriculture and lowland
flooded paddy rice, are not sustaining households with enough
food, in addition to degrading the natural and agricultural
environment. Rice yields in many parts of Madagascar are
declining due to eroding soil fertility (Styger et al., 2009). In
shifting agriculture systems, the soil and natural vegetation
need as long as 10 years in fallow to regenerate, compared
to the 2-5 year fallow that is commonly practiced in
Madagascar (Styger et al., 2007). Low input, low productivity
swidden practice is deeply rooted in traditional systems of
land tenure and claiming land (McConnell, 2002;
McConnell et al., 2004), as well as an economically effective
insurance policy that buffers farmers from market fluctuations
in cash crop values (Laney & Turner, 2015).The importance
of rice in this socio-cultural system and low yields are con-
tributing to food insecurity.

There is a growing body of literature supporting the utility
of conservation and regenerative agriculture techniques, in-
cluding agroforestry, to improve productivity and sustainabil-
ity (Lal, 2020; Rosenstock et al., 2019). These technologies
have been piloted, and evidence exists for their efficacy in
Madagascar (Messerli, 2000, 2006). Specifically, to increase
soil fertility, farmers can use locally-made compost and ma-
nure, grow cover crops and keep soil covered as long as pos-
sible throughout the year, and strategically plant trees to
amend soils, produce biomass, and reduce erosion.
Conservation agriculture techniques including systematic
crop rotations, mulching and minimum tillage as well as
choosing appropriate varieties, and proper water management
can all improve yields individually and in combination
(Balasubramanian et al., 2007). Techniques such as the system
of rice intensification (SRI) have shown two- to three-fold
increases in rice yields by managing soils and water, optimiz-
ing plant root health, and increasing the bioavailable nutrients
(Stoop et al., 2002). Adopting farmers have benefited from the
increased yield and low starting inputs in terms of seeds and
land size. Persistent barriers to widespread adoption of SRI
include lack of access to irrigated valley-bottom land com-
pared to hillsides, the increased labor intensity of SRI com-
pared to traditional techniques, the complexity of the system,
and a lack of extension services (Moser & Barrett, 2003). To
improve the sustainability of land management in
Madagascar, greater attention must be paid to the local context
and rules governing land use, rather than only focusing on
national policies repressing the use of forests and fire
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(Homing, 2005; Kull, 2002). Greater extension services are
required to disseminate these new technologies to a broader
audience, with consistent, long-term monitoring and consul-
tation to realize their potential, as exemplified in other coun-
tries (Styger et al., 2011). Madagascar has a new, national
initiative to increase sustainable agriculture extension ser-
vices, supported by the World Bank, which could realize these
goals (Jones et al., 2021). Sustained skills development to
strengthen the capacity of rural farmers to adopt new tech-
niques coupled with innovations to adapt techniques to local
contexts can increase farmer resilience to food stress.
Growing few staple crops increases farmers’ vulnerability
to low yields and catastrophic events like cyclones, pests, and
droughts. Crop and livestock diversification can improve
farmer resilience to such variability (Adjimoti & Kwadzo,
2018; Ljaz et al., 2019; Mango et al., 2018). In this system,
crop diversity was relatively low across all respondents, and
farmers were heavily reliant on a few staple foods, specifically
rice, banana, and cassava. Further, domestic animal ownership
was relatively rare, with most respondents owning less than
five chickens, and only 10-45% owning cattle or pigs. By
diversifying crops and livestock, farmers can spread their
yield across the year, buffer themselves from extreme weather,
and increase profitability (Rosa-Schleich et al., 2019).
Diversified home vegetable gardens can substantially improve
food security and nutritional outcomes, even in small spaces
(Baliki et al., 2019; Galhena et al., 2013; Keatinge et al.,
2011). These skills can be disseminated through workshops that
teach about polyculture, crop rotation, and domestic animal hus-
bandry. Such activities have been highly successful in other
African settings (Leakey, 2018), and have begun in the SAVA
region. Numerous fruit and vegetable crops are accessible and
valuable in the SAVA region (Fig. 3), including fruit trees, veg-
etables and legumes, and tubers like cassava, and sweet potatoes.
Food crops are key to nutrient-dense diets, but cash crops
can also alleviate food insecurity via revenue that can be used
to purchase food. In this region, local markets with diverse
food crops are available, with relatively good access to roads
(Fig. 2). Vanilla agriculture is especially important in the
SAVA region (Hinke et al., 2018), and 45-90% of farmers
across the three villages in our sample reported growing va-
nilla. Given the economic value, this crop can create substan-
tial revenue for impoverished, food insecure households. If
farmers have cash debts to repay, they can often do so with
portions of their vanilla harvest. The cash income can offset
the inadequate food supply from smallholder subsistence ac-
tivities (Laney & Turner, 2015), and the positive effect of
vanilla yield on food security in our findings illustrates this
point. Nevertheless, we found that farmers that produced less
rice reported higher levels of food insecurity than those who
produce more rice, even when vanilla production was high.
This is most likely due to the subsistence system in the study
area, in which most or all rice is for household consumption

(Laney & Turner, 2015), and thus a low yield will directly
translate to food insecurity. The volatility of vanilla prices
and prevalence of theft (Hénke et al., 2018) may explain
why farmers with high vanilla yields and low rice yields still
report higher food insecurity than farmers who produce more
rice. Therefore, vanilla agriculture may be one component of
diversified agriculture to alleviate poverty and food insecurity
in this system, within the framework of the interaction with
rice harvests, described above. Other important cash crops
include coffee (Laney & Turner, 2015), cocoa, cloves, pepper,
cinnamon, and other spices (Fig. 3, Martin, Wurz, et al.,
2020a, Martin, Osen, et al., 2020b).

A comprehensive program is needed to alleviate food in-
security, as well as improve human and environmental health
in this setting. Holistic interventions that increase the produc-
tivity of home gardens with fruit, vegetable, and cash crops
increase and diversify yields and food security for smallholder
farmers, though they are not without their barriers (Baliki
et al., 2019; Keatinge et al., 2011; Messerli, 2006).
Increasing farm productivity is only one variable in a holistic
framework. Income from off-farm labor and market access
may have a greater impact on food security in parts of
Africa than agricultural intensification (Frelat et al., 2016). A
holistic paradigm would require international-, national-, and
regional-level policies to increase equity and fair pricing of
agricultural products along the value chains from international
trade to the farmer to address the issues of price volatility that
affect vanilla farmers, as described above. Further, improved
land tenure policy is needed for farmers to have security in
their land ownership. Agricultural extension services are
needed to disseminate the values and skills of new and diver-
sified cropping systems, coupled with skills development in
agroforestry. These efforts will have positive impacts on peo-
ple and the environment in this setting, leading to a more
sustainable future.
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