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Food-sourcing from on-farm trees mediates 
positive relationships between tree cover 
and dietary quality in Malawi

Emilie Vansant    1 , Bowy den Braber    1, Charlotte Hall1,2, Judith Kamoto3, 
Florian Reiner    1, Johan Oldekop    4  & Laura Vang Rasmussen    1 

Food security policies often overlook the potential of trees to provide 
micronutrient-rich foods. Here, through causal mediation analysis, 
we show the positive effect of tree cover on micronutrient adequacy, 
explained by people sourcing food from on-farm trees. Detailed survey 
data (n = 460 households with repeated surveys) from Malawi were 
linked to high-resolution (3 m) tree-cover data to capture forest and 
non-forest trees. Our findings support integrating nutrition and landscape 
restoration policies.

Although global hunger rates have decreased in recent decades, one 
in three people experience some form of malnutrition, with the high-
est rates in low- and middle-income countries (LMICs)1. Trees are an 
important source of micronutrient-rich fruits, nuts, seeds and leafy 
vegetables, and there is increasing recognition of how forests can 
contribute to dietary quality through the provision of wild foods, 
income-generating products and ecosystem services that boost agri-
cultural production2. However, less is known about the contribution of 
non-forest trees to improving diets in LMICs, despite the widespread 
prevalence of trees in agricultural landscapes. The few studies that 
successfully draw these links are restricted by the use of broad dietary 
quality indicators (for example, dietary diversity scores, food fre-
quency questionnaires) and therefore do not indicate the degree to 
which trees, both in forests and outside of forests, support people’s 
intake of key micronutrients.

In this study, we focus on Malawi, a densely populated country with 
high rates of poverty and malnutrition, where 51% of the population are 
classified as severely food insecure and 37% of children under 5 years are 
stunted3. Dependence on subsistence agriculture and wood-sourced 
fuel has contributed to high deforestation rates in recent decades, with 
a net loss of 224,000 ha of tree cover (15%) between 2000 and 2022 
(ref. 4). These combined factors make Malawi an optimal site to study 
tree–diet linkages. Based on detailed surveys conducted with 460 
women in the northern and southern parts of the country (Extended 
Data Fig. 1), we examine both the effect of overall tree cover and the 

effect of sourcing food from on-farm trees on women’s micronutri-
ent adequacy (zinc, vitamin A, iron and folate). We conduct a causal 
mediation analysis to evaluate how the effect of tree cover on diets 
might be mediated by whether people obtain food from on-farm trees. 
Causal mediation analysis allows us to measure the extent to which our 
mediator (sourcing food from trees on farms) transmits the effect of 
our treatment variable (tree cover) on our dependent variables (zinc, 
vitamin A, iron and folate adequacy). This approach advances existing 
knowledge of the positive association between forests and dietary qual-
ity2 by measuring how much of the tree cover–diet relationship can be 
explained by the sourcing of food from on-farm trees. Moreover, we 
advance previous studies by going beyond simple nutrition metrics 
and measuring women’s micronutrient adequacy.

We base these analyses on an extensive, interdisciplinary 
dataset combining (1) repeated 24 h dietary recall surveys (on two 
non-consecutive days within a 7 day period) in both the dry and wet 
seasons, (2) survey data on households’ decisions to use trees on and 
around their farmland for food provision, and (3) tree-cover estimates 
from 2019 PlanetScope imagery (3 m resolution)5 within each house-
hold’s surroundings.

Our causal mediation analysis (Fig. 1) reveals four key findings: (1) 
the amount of tree cover around households is positively associated 
with women’s micronutrient adequacy levels (path C); (2) greater tree 
cover also increases the likelihood of whether households source food 
from their on-farm trees (path A); (3) sourcing food from on-farm trees 
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Supplementary Table 5 for additional robustness checks). The fact that 
we do not observe a mediation effect for iron in the wet season—but 
a positive association between tree cover and iron adequacy—is most 
likely because areas with high tree cover host wild animals and green 
leafy vegetables rich in iron, whereas few of the commonly consumed 
on-farm tree fruits in our study areas have high iron content (for exam-
ple, bananas, mangoes, oranges, papayas) (Extended Data Fig. 2 and 
Supplementary Table 3). Yet, high consumption of mangoes, avocado 
and guava across dry and wet seasons can contribute to improved 
vitamin A, zinc and folate adequacy (Supplementary Tables 3 and 6).

Ninety-seven percent of Malawians do not have sufficient income 
to afford a healthy diet on a daily basis3. Our results show the nutritional 
benefits of using trees in agricultural landscapes for direct food provi-
sion, thereby identifying an avenue by which households can improve 
their supply of nutrient-rich foods regardless of income level. However, 
we note that while trees may produce fruits or nuts annually, monetary 
and land tenure considerations can influence investment decisions 
due to the time lag between planting and harvest (Supplementary 
Information). Access to silvicultural extension services can help farm-
ers reduce this initial investment by enhancing and accelerating tree 
productivity—which can help ensure the availability of wild and cul-
tivated nutrient-rich foods, especially in areas with limited market 
access and infrastructure9.

Rural Malawians are vulnerable to seasonal fluctuations in food 
availability10. Food shortages in the pre-harvest period, coupled with 
staple crop price fluctuations, can increase household reliance on 
self-cultivated or wild foods at certain times of the year. Our results 
showing how women benefited from different fruits from their on-farm 
trees in dry and wet seasons (Extended Data Fig. 2 and Supplementary 
Table 6) can inform reforestation programmes and agroecological 
interventions11. For example, portfolios of socially and ecologically suit-
able food tree species with staggered harvest periods can be integrated 
into landscape restoration initiatives (such as AFR100) to leverage the 
co-benefits of trees for the environment and people’s diets12.

Our causal mediation analysis shows how farmers’ decisions to 
manage trees on their farm for food are influenced by tree cover in the 
wider landscape—and how trees from forest to farm affect people’s 
nutrition. These findings lay the groundwork for conservation and 
restoration policies that address forest and agroforestry systems 
in tandem. Strengthening the evidence base for tree–diet linkages 
across more countries and contexts is a key step to aligning food and 
nutrition initiatives with forest and tree conservation policies and 
programmes.

improves women’s micronutrient adequacy (path B); and (4) the effect 
of tree cover on women’s adequacy levels for certain micronutrients is 
partly mediated by use of trees on farms as a food source (paths A + B). 
We control for the following variables in our models: household size, 
the Multidimensional Poverty Index (living standards dimension)6, 
farm size (area under cultivation), education level, livestock holdings 
(tropical livestock units)7, crop count and study region. This selection 
of covariates was informed by a synthesis of studies linking trees and 
dietary quality8 as well as extensive fieldwork in Malawi.

We find positive statistically significant associations between the 
percentage of tree cover in households’ surroundings and women’s 
micronutrient adequacy (Fig. 1, path C). For example, we see that a 1% 
increase in tree cover is associated with a 0.25–0.37% average increase 
in iron adequacy rates, depending on the season. A jump from 0% to 62% 
tree cover (maximum observed) corresponds to an increase of 16–23% 
in overall iron adequacy (dry season, P = 0.0192; wet season, P = 0.0019) 
(Fig. 2a). Considering the low mean iron adequacy levels ranging from 
64% to 74% (Supplementary Table 1), this indicates how tree cover can 
contribute to helping women meet WHO recommendations for iron 
intake (Supplementary Table 2).

When controlling for tree cover, women from households that 
source food from on-farm trees have higher levels of zinc, vitamin 
A, iron and folate adequacy in the dry season, and higher levels of 
zinc, vitamin A and folate adequacy in the wet season compared with 
women from households that do not source food from on-farm trees 
(Fig. 1, path B, and Fig. 2b). For example, women sourcing food from 
trees on their farms have on average 8–15% higher folate adequacy, 
depending on the season. This suggests that foods from on-farm trees 
are important sources of folate—especially in the wet season when, on 
average, folate adequacy is low (48%) (Supplementary Tables 1 and 3).

To better understand whether the effect of tree cover on micro-
nutrient adequacy is mediated by the direct provision of food from 
on-farm trees, we also test the dependence of the treatment variable 
(tree cover) on the mediator variable (sourcing food from on-farm 
trees) (Fig. 1, path A). We find that if tree cover around the household 
increases by 10%, the probability of using trees on farms for food 
increases by 9–10% on average. That is, in areas with higher tree cover, 
households are more likely to source food from on-farm trees.

The causal mediation analysis reveals how the direct provision 
of food from on-farm trees helps to explain the effect of tree cover 
on micronutrient adequacy. We observe statistically significant aver-
age causal mediation effects (ACMEs) for zinc, vitamin A and folate 
adequacy in both seasons (Fig. 2c and Supplementary Table 4; see 

A B

C

(Y) Micronutrient 
adequacyb

(X) Percentage of tree 
cover around householda

(M) Sourcing food 
from on-farm treesb

Fig. 1 | Hypothesized pathways linking tree cover, sourcing food from 
on-farm trees and people’s dietary quality. The causal mediation analysis21 
consists of three pathways (corresponding to arrows A, B and C), where the effect 
sizes for each pathway are used to measure the degree to which sourcing food 

from on-farm trees (M) mediates the relationship between tree cover (X) and 
micronutrient adequacy (Y). a2019 PlanetScope data via Reiner et al.5. bHousehold 
survey data.
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Fig. 2 | Effect estimates for each component of the causal mediation analysis. 
a–c, Results are presented as coefficient effect estimates for linear regression 
models measuring the effect of tree cover in a 1 km radius around each household 
on women’s micronutrient adequacy (a), logistic regression models measuring 
the effect of sourcing food from on-farm trees on micronutrient adequacy 
(b) and mediation analysis outputs given as ACMEs, indicating the degree to 

which sourcing food from on-farm trees mediates the effect of tree cover on 
micronutrient adequacy (c). In all plots, data points are presented as coefficient 
values within a 95% confidence interval error bar. P values are based on two-sided 
tests. No adjustments were made for multiple comparisons. n = 460 women. 
***P < 0.001, **P < 0.01, *P < 0.05.
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Methods
Malawi is one of the most densely populated countries in Africa, 
approaching 20 million people with a high annual population growth 
rate of 3.06%10. The majority of the population (83%) lives in rural areas 
and at least partially depend on smallholder agriculture for their liveli-
hoods. Sixty-two percent of the population was classified as living in 
multidimensional poverty in 202113, and only 3.7% of people in rural 
areas have access to electricity10. Increasing dependence on natural 
resources for food, fuelwood and livelihoods has driven widespread 
deforestation. Reliance on rain-fed food production exacerbates sea-
sonal production variability, leaving farmers highly vulnerable to 
climatic events (such as droughts and floods) and persistent food 
insecurity. Consequently, malnutrition rates are high, with widespread 
deficiencies in zinc, vitamin A, iron and folate, especially among women 
and children. For example, anaemia prevalence is 31% for women of 
reproductive age3. Taken together, the high levels of natural resource 
reliance, poverty and malnutrition justify Malawi as a case study coun-
try to examine the links between tree cover and dietary quality.

Malawi’s climate is characterized by a unimodal rainy season 
occurring from December to April. To account for dietary changes 
based on seasonal food availability, we conducted two rounds of field-
work in the dry season (October 2021) and wet season (March 2022). 
Study areas were selected in both a northern region (Nkhata Bay dis-
trict) and a southern region (Mulanje district) to expand our inferential 
potential to the country level (Extended Data Fig. 1). The northern study 
area has a greater percentage of tree cover on customary land, whereas 
the southern region has a higher population density and less tree cover. 
In light of recent evidence indicating a relationship between market 
access and dietary quality in Malawi14,15, we selected study sites with 
relatively equal distance to trading centres of at least 5,000 people.

To measure the extent to which sourcing food from on-farm trees 
affects people’s dietary quality, we conducted a household survey with 
515 initial respondents. Household surveys were administered using 
Qualtrics XM with questions pertaining to household characteristics, 
household assets, farming systems, forest use and respondents’ food 
consumption. We selected women with at least one child between 
the ages of 2 and 5 years as the primary survey respondents in each 
household. This was to target women of reproductive age and focus 
on women feeding their children solid foods. In Malawi, women play 
an integral role in household food security and nutrition. They are 
traditionally responsible for food selection, preparation and feeding 
of dependents (elders/children). Women’s dietary diversity has been 
shown to align with household dietary diversity16, which indicates that 
women are reliable representatives of dietary quality at the household 
level. Eligible respondents were selected using systematic sampling 
(taking every nth household on a list, depending on village size). In 
areas with lower population density, a greater percentage of eligible 
women were selected to comply with all selection criteria. In especially 
remote villages, systematic random sampling was not possible due 
to the limited number of eligible households. In two village areas, all 
available eligible households were sampled.

We used a quantitative, 24 h dietary recall survey to collect detailed 
information on the type, quantity and source of the foods people con-
sumed the previous day. For both rounds of fieldwork, each household 
was visited on two non-consecutive days within a 7 day period. Multiple 
24 h recalls at different times of the year have been shown to be useful 
in accounting for seasonal variation in food intake, and multiple 24 h 
recalls with the same individual are integral to capturing variability in 
food intake17. To reduce systematic error and bias in the dietary data 
collection, an interview protocol with culturally sensitive tools and 
methods was developed in close collaboration with local enumerators. 
The first visit consisted of conducting a combined household/dietary 
recall survey, and the second visit consisted of a follow-up dietary 
recall. For the follow-up dietary recall survey, we obtained attrition 
rates of 97% (n = 499 of 515) and 98% (n = 451 of 460) in the dry and wet 

seasons, respectively. As such, our statistical modelling was based on 
the 460 respondents for whom we had complete data in both seasons18.

Photograph aids and local serving size aids (plates, bowls, cups) 
were used to help respondents estimate the quantities of food and 
drink items consumed. Using these same aids, we later converted the 
local portion sizes into standard units (grams). From the collected 
food consumption data, we estimated the dietary supply of four key 
micronutrients: zinc, vitamin A, iron and folate. These micronutrients 
are of critical nutritional importance and are all targeted by Malawian 
government policies and interventions due to persistent, widespread 
deficiencies in the population. Food composition tables for Malawi19 
were used to estimate the micronutrient content of all food and drink 
items reported by respondents, and the daily supply of each nutrient 
was estimated using the consumed quantities in grams. Note that some 
data were ‘borrowed’ from other food composition tables where data 
were missing in the Malawian tables (Supplementary Information).

Estimated usual intake values were generated using the multiple 
source method20. This method synthesizes the multiple dietary surveys 
per respondent to adjust for interpersonal variation in consumption 
patterns. To estimate the adequacy of each micronutrient to meet 
minimum requirements, we used recommended nutrient intake (RNI) 
values21. RNI values were estimated based on each respondent’s age and 
pregnancy and breastfeeding status in both the dry and wet season 
surveys (Supplementary Table 2). We then compared the RNI against 
each respondent’s estimated usual intake (intake/RNI, capped at 1) to 
calculate the nutritional adequacy ratio for each micronutrient. To 
assess the mean adequacy level for all micronutrients of interest, we 
also calculated the mean adequacy ratio for each respondent and for 
our study population overall in each season (Supplementary Table 1).

We use tree cover in the landscape (including trees inside and 
outside forests) as a treatment variable. Tree cover was calculated as a 
percentage within a 1 km radius around each household location, aggre-
gated from a very high resolution map of African tree cover in 20194. The 
continental tree-cover map was created using a deep learning model to 
segment tree cover at the individual tree level, based on 3 m resolution 
PlanetScope satellite imagery. The use of very high resolution imagery 
notably allows the mapping of individual non-forest tree crowns, such 
that both forest trees and trees outside forests are included in the tree 
cover. Note that while tree cover was used as a treatment variable for 
testing paths C and A, we also controlled for tree cover (as a covariate) 
for testing path B (Fig. 1).

We focused on the use of trees on farms for food as a binary media-
tor. In the dry season household survey, respondents were asked if 
they had trees on or around their farmland (‘around’ was defined as 
within 15 m of the field boundary). If they responded ‘yes’, they were 
asked if their household sources food from these trees for household 
consumption (not to be conflated with using food from trees on farms 
for commercial purposes or owning food tree seedlings from which 
they cannot yet harvest food). This variable therefore centres on the 
households’ decision to use trees on and around their farmland for 
household food provision. As the question on tree use did not specify 
use during a specific time period, data on how households use on-farm 
trees were only collected in the dry season, with the assumption that 
presence/use of on-farm trees is not dependent on seasonality.

It is also acknowledged that women’s access to resources is influ-
enced by land tenure systems. In Malawi, land inheritance is patrilineal 
in the northern region and matrilineal in the southern region (Sup-
plementary Information). Although different land tenure systems 
must be considered in any intervention, our analysis operates on the 
assumption that the participants, by saying they are using the trees on 
their farm for food, had access to those trees.

We used the ‘mediation’ package in R to evaluate the average causal 
mediation (that is, indirect) effect of our food tree variable22. We tested 
the significance of the indirect effects using bootstrapping proce-
dures, where unstandardized indirect effects were computed for 1,000 
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bootstrapped samples with 95% confidence intervals. We then con-
ducted sensitivity analyses to test for omitted variable bias (Extended 
Data Fig. 3), the robustness of the ACME estimates (strong confounding 
effects between the mediator and outcome) (Supplementary Table 7), 
and the consistency of model results using a 500 m tree-cover buffer 
radius around each household (Supplementary Table 4). As an addi-
tional robustness measure, we conducted the causal mediation analysis 
using the mean adequacy ratio as an outcome (Supplementary Table 5) 
to check for consistency in model trends.

In the dry season household survey, respondents also reported the 
different food tree species they currently cultivated. To explore if the 
diversity of on-farm food tree species could explain the relationship 
between tree cover and micronutrient adequacy, we conducted a sup-
plementary analysis equivalent to the second step of a hurdle model. 
Here we only selected households that source food from their on-farm 
trees (n = 360) to avoid conflation with food trees used only for income 
purposes, and we excluded households that did not source food from 
on-farm trees (n = 100). We then conducted a causal mediation analysis 
with this subsample, using food tree species count as a mediator. The 
results (Extended Data Fig. 4) show that higher food tree diversity has 
a statistically significant positive effect on iron adequacy in the wet 
season (P = 0.0090), but not for any of the other micronutrients (Sup-
plementary Table 8). This indicates that the decision to source any food 
from on-farm trees has a larger effect on micronutrient adequacy than 
the number of food tree species.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
The dataset generated by the survey research for the replication of this 
study is available in a Harvard Dataverse repository and can be accessed 
at https://doi.org/10.7910/DVN/WBUTCK (ref. 18). We also accessed 
very high-resolution (3 m) tree-cover data from 2019 PlanetScope nano-
satellite constellation imagery4. Estimated nutrient intakes were calcu-
lated using the following publicly available food composition tables: 
Malawi, http://hdl.handle.net/10427/D217R336D; Tanzania, https://
nutritionsource.hsph.harvard.edu/food-tables/; Zambia, https://nfnc.
org.zm/download/zambia-food-composition-tables-4th-edition/; 
Mozambique, http://hdl.handle.net/10138/337295; Kenya, https://
nutritionhealth.or.ke/programmes/healthy-diets-physical/
food-composition-tables/; West Africa, https://openknowledge.
fao.org/server/api/core/bitstreams/c5b37ac2-7082-48ab-a4a5-
68d27deb4849/content; United States (USDA), https://fdc.nal.usda.
gov/. Source data are provided with this paper.

Code availability
The code written to complete the analyses and ensure the replication 
of this study is available in a Harvard Dataverse repository and can be 
accessed at https://doi.org/10.7910/DVN/WBUTCK (ref. 18).
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Extended Data Fig. 1 | Map of Malawi indicating study sites with surveyed households. Map features surveyed household points overlaid on 2019 PlanetScope data 
with tree cover predictions at 3 m resolution4. Each household is randomly displaced up to 500 m for confidentiality purposes.
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Extended Data Fig. 2 | The consumption frequency of different tree-based foods in the dry and wet seasons. The alluvial flow diagram shows the number of 
women who reported eating different tree-based foods sourced from their own farms in the dry season (n = 441) and wet season (n = 168).
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Extended Data Fig. 3 | Sensitivity contour plots of t-values to test for omitted variable bias. Sensitivity tests using tree cover (A) and sourcing food from on-farm 
trees (B) as treatments to model effects on micronutrient adequacy levels (n = 460 women).
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Extended Data Fig. 4 | Comparison of Average Causal Mediation Effects 
(ACMEs) when using ‘sourcing food from on-farm trees’ and ‘number of 
food tree species’ as mediator variables. Coefficient plots comparing ACME 
estimates for how a) the degree to which sourcing food trees on farms (binary 
mediator) and b) the unique food tree species count per household (count 
mediator) mediates the relationship between tree cover and micronutrient 

adequacy. Note: the analysis using the unique food tree species count mediator 
was conducted only with women from households that source food from on-farm 
trees (n= 360 women). In all plots, data points are presented as coefficient values 
within a 95% confidence interval error bar. P values are based on two-sided tests. 
No adjustments were made for multiple comparisons. See Supplementary Table 
8 for exact P values. ***P<0.001; **P<0.01.
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in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection The household surveys were designed using online using Qualtrics XM (accessed 2021-2022, no specific version available). The Qualtrics XM 
license agreement package included access to an app through which to conduct offline surveys. We used this to administer our survey on 
tablets using the Qualtrics Offline Surveys App (Version 17).

Data analysis Survey data was downloaded to CSV format and accessed through Excel 2016 software. The CSV file was uploaded to ArcGIS Pro (Version 
3.0.3 ) to displace and map household GPS points. 
 
For each respondent’s food consumption data, we also generated Estimated Usual Intake values using the Multiple Source Method (MSM). 
This method synthesizes the multiple dietary surveys per respondent to adjust for interpersonal variation in consumption patterns. We used a 
web-based statistics package developed by the German Institute of Human Nutrition (DIFE) to implement the MSM with our nutrition data: 
https://nugo.dife.de/msm. 
 
To examine the relationship between tree cover, use of on-farm food trees, and dietary quality, we cleaned and analyzed our data in R 
(version 4.2.2). We ran linear regressions, controlling for a selection of covariates, to examine these relationships. Specifically, we used the 
‘mediation’ package in R to evaluate the causal mediation (i.e. indirect) effect of our food tree variable. This package also allowed us to 
evaluate the robustness of our average causal mediation effect estimates by testing for the possible confounding effect of unmeasured 
pretreatment variables. We also tested for the impact of omitted variables using the ‘sensmakr’ package in R.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.



2

nature portfolio  |  reporting sum
m

ary
April 2023

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

The dataset generated by the survey research and the code to facilitate the replication of this study is publicly available at:  https://doi.org/10.7910/DVN/WBUTCK 
We also accessed very high resolution (3m) tree cover data from 2019 PlanetScope nanosatellite constellation imagery: https://www.nature.com/articles/
s41467-023-37880-4 
Estimated nutrient intakes were calculated using the following publicly available Food Composition Tables: 
Malawi: http://hdl.handle.net/10427/D217R336D 
Tanzania: https://nutritionsource.hsph.harvard.edu/food-tables/ 
Zambia: https://nfnc.org.zm/download/zambia-food-composition-tables-4th-edition/ 
Mozambique: http://hdl.handle.net/10138/337295 
Kenya: https://nutritionhealth.or.ke/programmes/healthy-diets-physical/food-composition-tables/ 
West Africa: https://openknowledge.fao.org/server/api/core/bitstreams/c5b37ac2-7082-48ab-a4a5-68d27deb4849/content 
United States (USDA): https://fdc.nal.usda.gov/ 

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender For our household and dietary surveys, we targeted women in each household with children between the ages of 2-5 years. 
The focus was on gender, rather than biological sex, due to the cultural and societal role women play in Malawian 
households in determining patterns of food consumption. Consent was obtained for sharing individual-level data. As all of our 
individual data was collected from people who self-identified as women, no gender-based analysis was performed.

Reporting on race, ethnicity, or 
other socially relevant 
groupings

In the survey, we asked respondents to self-report their ethnicity (the question was phrased as "What is your ethnic group?" 
and translated accordingly). No data was collected on race or any other social grouping. Reporting on ethnicity was not 
included in the data analysis or manuscript. This is because the village areas selected in each study region were ethnically 
homogenous, with the village area populations predominantly (>90%) identifying as either Tonga/Tumbuka 
(Nkhata Bay) or Lomwe (Mulanje). It is noted that in terms of food culture, Tonga and Tumbuka cultures are 
regarded as similar based on mutual linguistic intelligibility and shared cultural history relative to other ethnic 
groups in Malawi (Kamwendo, 2005). Therefore, given the strong correlation between ethnicity and study region, we decided 
to only use the latter variable in our analysis. 
 
Kamwendo, G. (2005). Language, Identity and the Politics of Recognition in Post-Banda Northern Malawi. Ufahamu: 
A Journal of African Studies, 31(1–2). https://doi.org/10.5070/F7311-2016524 

Population characteristics The human research participants were women, aged 18-47 (average: 28). At the time of the dry season survey, 38 women 
were pregnant, 143 reported to be breastfeeding. At the time of the wet season survey, 30 women were pregnant, 119 
reported to be breastfeeding. We selected women with at least one child between the ages of 2 – 5 years as the primary 
survey respondents. This was to target women of reproductive age and focus on women feeding their children solid foods. In 
Malawi, women play an integral role in household food security and nutrition. They are traditionally responsible for food 
selection, preparation, and feeding of dependents (elders/children). Women’s dietary diversity has been shown to align with 
household dietary diversity, which indicates that women are reliable representatives of dietary quality at the household level. 
 
No other data was collected regarding respondent health status or other physical conditions. 

Recruitment Prior to recruitment, local authorities in each village area were visited to obtain permission to conduct research activities in 
each community. Individual survey participants were then recruited by local Health Surveillance Assistants (HSAs), who had 
records on women in each village area corresponding to our recruitment criteria (women with children between the ages of 
2-5 years). After obtaining a full list of eligible women in each village area, we conducted systematic sampling (choosing a 
random starting point and then selecting every nth woman on the list relative to list length/village size). The list of women 
was not in any particular order, so we can assume there was no hidden pattern that would skew the sample. In the event 
that a recruited respondent was not available for the survey, the following household on the HSA's list was selected. Consent 
forms in the local language were read and signed by recruited survey participants to ensure voluntary participation and 
optional withdrawal at any time in the study prior to data collection.

Ethics oversight The project has received approval from the European Research Council (funding the parent project under the European 
Union's Horizon 2020 research and innovation programme) and the Research Ethics Committee for Science and Health at the 
University of Copenhagen (hosting institution).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Behavioural & social sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description We analyzed the relationship between tree cover, household decisions to source food from on-farm trees and women's 
micronutrient adequacy in rural Malawi. As part of a mixed-methods case study, we collected quantitative and qualitative data in the 
dry season (October 2021) and wet season (March 2022). Our analysis includes data from 460 women with whom we conducted 
surveys in both seasons, including 24-hr dietary recall data on food consumption.

Research sample Our survey was designed to collect data at the individual and household level. At the individual level, our research sample consisted 
of women (aged 18 - 48; average 28). Given the age range and average, we find this sample to be adequately representative of 
women of reproductive age in Malawi - our target demographic for the survey. Our sample consisted of women with at least one 
child between the ages of 2 – 5 years as the primary survey respondents. This was to target women of reproductive age and focus on 
women feeding their children solid foods. In Malawi, women play an integral role in household food security and nutrition. They are 
traditionally responsible for food selection, preparation, and feeding of dependents (elders/children). Women’s dietary diversity has 
been shown to align with household dietary diversity, which indicates that women are reliable representatives of dietary quality at 
the household level.

Sampling strategy Across the two districts, we initially surveyed 515 women (dry season) and followed-up with 460 women (wet season) (89% attrition 
rate). No statistical methods were used to predetermine sample size. The sample size for the dry season was set at 500, with 15 extra 
households added due to available time and resources. Upon consulting experts in this field of nutrition, this sample size was 
determined as sufficient for a study using a 24-hour dietary recall (a time-intensive survey tool). The sample size for the wet season 
was determined by the availability of respondents - as we had to track down all respondents we had previously visited for the first 
round of the survey.

Data collection The household and 24-hr dietary recall surveys were tested and validated by a team of six MSc Nutrition graduates from the Lilongwe 
University of Agriculture and Natural Resources (LUANAR), who were hired as enumerators to conduct the surveys in the local 
language, Chichewa. All enumerators also contributed to the translation and revision of the household and dietary data survey tools. 
Therefore no researchers were blind to the study design nor research hypotheses during data collection. Household surveys were 
administered using tablets (Qualtrics XM app) with questions pertaining to household characteristics, household assets, farming 
systems, forest use, and respondents’ food consumption. We used a quantitative, 24-hr dietary recall survey to collect detailed 
information on the type, quantity, and source of the foods people consumed the previous day. Photo aids and local serving size aids 
(plates, bowls, cups) were used to help respondents estimate the quantities of food and drink items consumed. 
 
Enumerators were trained to interview participants in isolation to avoid biases, with the exception of minors under the care of the 
respondent. Multiple 24-hr recalls at different times of the year have shown to be useful in accounting for seasonal variation in food 
intake, and multiple day 24-hr recalls with the same individual are integral to capturing variability in food intake. To reduce 
systematic error and bias in the dietary data collection, an interview protocol with culturally sensitive tools and methods was 
developed in close collaboration with local enumerators. For both rounds of fieldwork, each household was visited on two non-
consecutive days within a 7-day period. The first visit consisted of conducting a combined household/dietary recall survey, and the 
second visit consisted of a follow-up dietary recall. Conducting two dietary recalls per respondent allowed us to obtain a more 
accurate 'snapshot' of habitual food consumption for each respondent, thereby improving our ability to calculate their estimated 
usual intakes for each target nutrient in each season (see Data Analysis section).

Timing The first round of data collection was conducted from 20/10/2021 - 24/11/2021, and the second round was conducted from 
01/03/2022 - 28/03/2022.

Data exclusions In our analysis, we excluded the 55 households for which we only had household and dietary data from the dry season survey.

Non-participation No participants declined participation in the survey. In the follow-up (wet season) round of data collection, we were unable to re-visit 
55 households. This is because the woman who we had originally surveyed was unavailable for reasons including: seasonal migration, 
family illness, funeral attendance. When possible, all efforts were made to follow-up with individual respondents within the survey 
time-frame.

Randomization Study sites (ie. village clusters) were intentionally chosen in each district based on proximity to forests and markets. Eligible 
respondents corresponding to our pre-determined study criteria were randomly selected from lists provided by local health 
authorities (taking every nth household on the list, depending on village size). Post data collection, we compared women in areas 
with different degrees of tree cover and controlled for potential confounding variables that could explain differences in food 
consumption, including: household size, the Multidimensional Poverty Index (MPI) living standard, farm size (acres under cultivation), 
education level, livestock holdings (TLU), crop count, and study region. This selection of covariates was informed by a synthesis of 
studies linking trees and dietary quality as well as extensive fieldwork in Malawi.
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Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches, 
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the 
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe 
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor 
was applied.

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If 
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Authentication Describe any authentication procedures for each seed stock used or novel genotype generated. Describe any experiments used to 
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism, 
off-target gene editing) were examined.

Plants


	Food-sourcing from on-farm trees mediates positive relationships between tree cover and dietary quality in Malawi
	Methods
	Reporting summary

	Acknowledgements
	Fig. 1 Hypothesized pathways linking tree cover, sourcing food from on-farm trees and people’s dietary quality.
	Fig. 2 Effect estimates for each component of the causal mediation analysis.
	Extended Data Fig. 1 Map of Malawi indicating study sites with surveyed households.
	Extended Data Fig. 2 The consumption frequency of different tree-based foods in the dry and wet seasons.
	Extended Data Fig. 3 Sensitivity contour plots of t-values to test for omitted variable bias.
	Extended Data Fig. 4 Comparison of Average Causal Mediation Effects (ACMEs) when using ‘sourcing food from on-farm trees’ and ‘number of food tree species’ as mediator variables.




