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baobab managers that are cooperative members have
higher income and are more food secure. Households
with unmarried female managers have better welfare
outcomes. The results, therefore, highlight the need to
promote collective action through cooperatives in the
underutilized crop sector to enhance household welfare.
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1 | INTRODUCTION

High levels of food and nutrition insecurity persist in sub-Saharan Africa (SSA) (IFPRI, 2018;
FAO et al., 2019) with 19.1% of the population malnourished, which is the highest in the world
and twice the global average (FAO et al., 2020). In Southern Africa and Malawi, 8.3% and 82% of
the population, respectively, are affected by moderate or severe food insecurity. In addition, 71%
of the Malawian population is poor and lives on less than US$1.90 per day (IMF, 2017). Among
other factors, low crop diversification, biotic and abiotic stresses and climate change contribute
to poor household welfare in SSA (Markelova & Mwangi, 2010; Massawe et al., 2016).

The persistence of poverty and food and nutrition insecurity in SSA, and Malawi in particular,
highlights the need for a paradigm shift in food systems that focuses on diversification into other
food chains such as underutilized crops (Dawson et al., 2018; Mustafa, Mayes & Massawe, 2019).
Food chain diversification has the potential to ensure resilience in harsh environmental condi-
tions that affect individual crops differently (Ray et al., 2012). For example, Asfaw et al. (2019)
found that income and crop diversification strategies had a positive impact on household wel-
fare among farming households in Malawi, Zambia, and Niger. One such diversification pathway
identified for SSA is the promotion and use of underutilized plant species (UPS)' such as baobab.

The utilization of UPS is not a new concept in SSA (Akinnifesi et al., 2008). These crops have the
potential to provide SSA with a productive, nutrition-sensitive, and resilient food system (Hendre
et al., 2019). They contribute to various welfare outcomes such as improved incomes, better food
and nutrition security, and employment opportunities for rural populations (Baldermann et al.,
2016; Adongo et al., 2019). Despite these economic opportunities and the availability of baobab,
their commercialization in rural areas is still low (Rudebjer et al., 2014).

Rural areas are characterized by poor infrastructure and poor networks; therefore, access to
market is limited and transaction costs are high (Barrett, 2008). Smallholders in SSA are thought
to be able to overcome high transaction costs and other market imperfections through collective

1 “Any agricultural or non-timber forest species, collected, managed or cultivated and it is locally abundant, there is limited
scientific knowledge on it and its current use is limited in comparison to its economic potential value” (Gruére et al. 2006).
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action and also strengthen their bargaining power to obtain better prices (Bernard, Collion, et al.,
2008; Markelova et al., 2009; Verhofstadt & Maertens, 2015).

The importance of collective action for rural development has attracted the attention of
researchers, policymakers, and development practitioners. Recent reviews (Grashuis & Ye, 2019;
Bizikova et al., 2020; Ma et al., 2023) have reported mixed findings on the impact of collective
action on the livelihoods of smallholders. For instance, in Zambia, Minah (2021) and Manda et al.
(2020), find that cooperative membership positively and significantly increased income levels and
technology adoption rates by 43% and 11-24%, respectively. In Kenya, Mutonyi (2019) found that
collective action increased household income and asset holding by 24-35% and 19-33%, respec-
tively. Another strand of literature reported the lack of benefits of cooperatives among smallholder
members in Ethiopia (Bernard et al., 2008; Chagwiza et al., 2016; Shumeta & D’Haese, 2016). For
example, Bernard et al. (2008) and Chagwiza et al. (2016) found that cooperative membership did
not have any significant effect in the share of commercialized cereal and the prices obtained by
dairy farmers in Ethiopia, respectively. Most of these impact studies focus on staple crops and
high-value crops with a few studies on UPS (e.g., Gruére et al., 2009; Kruijssen et al., 2009; Tita
et al., 2011; Tilahun et al., 2016; Gelo, 2020). However, there is no empirical evidence on baobab
from Southern Africa, particularly Malawi. In the case of UPS, some studies (Gruere et al., 2009;
Kruijssen et al., 2009; Paumgarten et al., 2012; Gyau et al., 2014) neither accounted for selection
bias nor used a counterfactual group, which may generate biased estimates.

Furthermore, the collection and utilization of UPS is mainly by the rural poor, such as women.
Whether UPS are collected for subsistence or commercial purposes, their utilization is guided by
traditions and norms, including gender norms (Sunderland et al., 2014). Low entry requirements
(both financial and technical), free available resource base, and the safety net advantage are the
reasons why women and the resource-poor find UPS chains attractive (Carr & Hartl, 2008). Hence,
previous studies on gender and UPS have mainly focused on perceptions of forest product use
(Sunderland et al., 2014); activities and roles (Ingram et al., 2014); forest management (Leone,
2019; Zhu et al., 2020); and dimensions of forest income (Asfaw et al., 2013). The heterogeneous
impacts based on gender are neglected in these few studies on UPS. However, literature (Wossen
et al., 2017; Gelo & Dikgang, 2019; Ji et al., 2019; Grashuis & Skevas, 2022) shows that the welfare
impacts of cooperatives can vary depending on the socioeconomic characteristics of the members.

In this context, our study aims to answer the following research questions: (1) What factors
influence the decision of baobab collectors to participate in a cooperative? (2) How does coop-
erative membership affect income and food security of baobab collectors? (3) How do the levels
of income and food security differ based on gender and other socioeconomic characteristics of
member households?

By answering the research questions, our paper contributes to the literature in the following
ways. First, baobab constitutes a unique case as it exemplifies a crop with increased commercial-
ization in the recent past. The fruit has been commercialized domestically in Malawi (Darr et al.,
2020; Meinhold & Darr, 2022), regionally in SSA (Sanchez, 2011; Jackering et al., 2019; Kaimba
et al., 2020), and internationally (Meinhold et al., 2022). Hence this study will be instrumental in
generating insights into the nexus of an emerging commercial crop and collective action oppor-
tunities. Baobab markets are thin or non-existent in some cases, therefore collective action can
have a greater impact depending on members’ socioeconomic characteristics, relative to working
individually (Rudebjer et al., 2014). Generally, collective action may enable smallholders in the
UPS value chain to achieve economies of scale, improve their bargaining power, and have bet-
ter product quality and quantity (Gruere et al., 2009). Second, our study deviates from the norm
of most previous studies on the impact of cooperatives that assume homogeneous effects among
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members. We extend our analysis by exploring the heterogeneous treatment effects as defined
by gender and other socio-economic characteristics among member households. We disaggregate
our analysis further by exploring this heterogeneity among the female baobab collectors who are
members in cooperatives. Such analyses are critical for developing gender-sensitive policies that
ensure inclusive and sustainable benefits through collective action in the baobab value chain.

The rest of the paper is organized as follows. Section 2 briefly highlights the evolution of cooper-
atives in Malawi. Section 3 provides the conceptual framework. Section 4 describes the empirical
framework, and Section 5 details the data collection method. Section 6 gives the descriptive and
analytical results, and Section 7 concludes.

2 | COOPERATIVES IN MALAWI

The history of cooperatives in Malawi dates back to the colonial period; they were introduced
in the early 1900s by the British regime to trade cash crops (Borda-Rodriguez & Vicari, 2015). In
1946, the Cooperatives Act was established. However, due to high illiteracy levels, limited informa-
tion, poor leadership, and misappropriation of funds, the majority of cooperatives failed (Nkhoma,
2011). In 1964, after Malawi gained independence, the cooperative movement was dismantled and
all the cooperatives were deregistered (Nkhoma, 2011). The government adopted a monopoly sys-
tem for input provision and purchasing and marketing smallholder produce. Cooperatives were
replaced with the agricultural development and marketing corporation (ADMARC) and special
crop authorities, such as coffee and tea authorities, were established to manage the production
of export crops (Borda-Rodriguez & Vicari, 2014). Further, inputs and production credit were
provided by the smallholder agricultural credit administration (SACA) (Kachule, 2004).

In 1994, cooperatives were reintroduced. This was spearheaded by the change in the political sit-
uation, with Malawi adopting a multiparty system coupled with market liberalization (Nkhoma,
2011). The Malawian government advocated for cooperatives to help communities to utilize their
resources for their needs. Since then, the legislative and policy framework that recognizes coop-
eratives was adopted (Borda-Rodriguez & Vicari, 2014). The Cooperative Development Policy was
adopted in 1997, followed by the Cooperatives Society Act in 1998, and the Cooperative Society
Regulations in 2002 (ibid.). Currently, national policies recognize the pivotal role of cooperatives.
For example, the Malawi growth and development strategy of 2017-2022 identifies cooperatives
as a main mechanism for coordinating and strengthening agricultural marketing (Government
of Malawi, 2017). As of 2015, there were 681 registered cooperatives in Malawi, out of which 56%
were agricultural cooperatives (Borda-Rodriguez & Vicari, 2015). Cooperatives are communally
owned with members and have a constitution that regulates their activities.

Cooperatives in baobab collection is exhibited through formation of collector clubs. The num-
ber of members in a club range from 15 to 40 members. Members pay a registration fee of Malawian
kwacha (MWK) 3000 (about US$3) and an annual maintenance fee of MWK 3000. The main aim
of the clubs is to promote training among members on harvesting, storage, and quality control
processes (Meinhold & Darr, 2022). The club is also responsible for aggregating output from the
registered collectors. All the baobab clubs are under an umbrella association called the Zankha-
lango Association (Amosi, 2018), whose main role is to look for markets for the aggregated baobab,
offer training to clubs, and undertake baobab processing activities.
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3 | CONCEPTUAL FRAMEWORK

Collectors of underutilized plant species (UPS) such as baobab are usually faced with different
challenges in commercializing these products (Russell & Franzel, 2004). Some of these challenges
include high transaction costs, information asymmetry, poor access to financial markets, weak
demand, poor policy support, and long distances to markets (Hellin & Higman, 2009; Kruijssen
et al., 2009; Gelo, 2020). High transaction costs can limit or prevent rural households from par-
ticipating in the market (Randela et al., 2008), which can have a negative effect on their welfare.
Hence, smallholders organize themselves into groups to reduce transaction costs and promote
market integration.

The theoretical perspective of this paper is based on the theory of collective action. The the-
ory of collective action provides insight on why individuals choose to cooperate (Olson, 1965;
Ostrom, 2007). It is also based on the idea that a group of individuals with common interests
act voluntarily in support of their interests to achieve common goals (Meinzen-Dick et al., 2004;
Ostrom, 2007). Collective action through the formation of cooperatives among smallholder farm-
ers has been identified as a strategy to promote rural development in Africa (World Bank, 2008).
Cooperatives provide smallholders with access to technical training, bulking, grading, and sell-
ing produce (Fischer & Qaim, 2012). The literature shows that collective action can help expand
demand, develop competitive market channels, pool resources and efforts to achieve economies
of scale, share information, access better market prices, strengthen value chains by increasing
bargaining power, improve product quality and quantity, and cost-sharing on capital investments
among UPS producers and collectors (Gruére et al., 2009; Kruijssen et al., 2009; Padulosi et al.,
2019; Gelo, 2020) in some developing countries. The organization of smallholders through col-
lective action increases efficiency by reducing transaction costs in accessing markets, which may
improve their incomes and food security.

Figure 1 shows our conceptual framework that explains the relationship between collective
action and welfare outcomes (income and food security) as well as other factors influencing par-
ticipation in collective action, and the heterogeneity in the welfare effects subject to cooperative
membership. Recent reviews (Grashuis & Ye, 2019; Bizikova et al., 2020) have shown that coop-
eratives contribute to improved livelihoods in the welfare of smallholders. For instance, Bizikova
et al. (2020) in their review highlight that changes in income were the most investigated impacts.
More than half of the studies that were reviewed (58%) identified positive impacts on income while
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15% found no income effects. In Rwanda, Verhofstadt and Maertens (2014) found a positive impact
of cooperative membership on household income among farm producers. Similar results are also
found among coffee farmers in Ethiopia (Mojo et al., 2017) and farming households in Zambia
(Minah, 2021). In the context of collectors of UPS, empirical evidence has shown that cooperative
membership is positively associated with welfare outcomes, even though some of the studies do
not control for selection bias and do not use a counterfactual comparison. For example, Gyau et al.
(2014) in Cameroon, and Paumgarten et al. (2012) in Zambia, Ethiopia, and Burkina Faso neither
corrected for selection bias nor employed a counterfactual comparison, but they found that collec-
tive action improved livelihoods of collectors of agroforestry and forest products, respectively. In
Ethiopia, Tilahun et al. (2016) and Gelo (2020) accounted for selection bias and developed coun-
terfactual groups using econometric methods and found that cooperative membership among
collectors of forest products improved their livelihoods. Based on the theory of collective action
and these empirical findings, we expect membership of baobab cooperatives to improve income
and food security of baobab collectors in Malawi. We also hypothesize that the impacts of collec-
tive action on welfare (income and food security) of baobab collectors are likely to differ according
to the socioeconomic characteristics of the respondents, as illustrated in Figure 1. For example,
the extent of these gains depends on many specific factors, including gender (Baden, 2014).

There are various mechanisms through which cooperatives can improve household welfare.
First, collective action may facilitate farmers’ access to high-level markets by enhancing the capac-
ity of farmers to undertake joint investments and providing farmers with information (Naziri et al.,
2014). Second, cooperatives may also offer marketing services to smallholders, which ensures that
farmers have more stable sales at better prices (Ji et al., 2019). In Africa, Shiferaw et al. (2011)
concluded that the provision of economic services by cooperatives helps to improve the food
security status of farmers. Third, cooperatives also offer support in facilitating purchase and sale
transactions (Tefera et al., 2017). Some of these transactions include linkages to modern value
chains, enhancing bargaining power, and providing technical training and assistance. Fourth,
cooperatives may also improve the management skills of their members, provide training and
development programs meant to enhance the efficiency of smallholders, and assist in accessing
extension and financial support services (Fischer & Qaim, 2012; Zheng et al., 2023).

Literature shows that farmers’ participation in collective action is influenced by household
characteristics (gender, age, level of education, household size, experience, and marital status),
market-related factors (broker availability and expected price), and endowments (land size and
access to hired labour) (Abebaw & Haile, 2013; Chagwiza et al., 2016; Ma & Abdulai, 2016; Tilahun
et al., 2016; Wossen et al., 2017; Mojo et al., 2017; Ciliberti et al., 2020; Manda et al., 2020; Blekking
et al., 2021; Ma et al., 2021; Minah, 2021). Hence, we hypothesize that these factors are likely to
have either negative or positive correlation with participation in collective action. For example,
studies have shown that due to reproductive roles women may have limited time to participate in
other activities such as collective action (Quisumbing & Pandolfelli, 2010; Baden, 2014). Thus, we
expect that households with male baobab managers are more likely to be cooperative members
than those with female managers (see, e.g., Abebaw & Haile, 2013; Ma et al., 2021). Household
size is proxied as access to family labour; hence, we expect households with a high number of
members to exhibit higher levels of participation in cooperatives (see, e.g., Tilahun et al., 2016;
Blekking et al., 2021). Older and more experienced baobab collectors are hypothesized to be more
likely cooperative members. We expect that longer experience exposes smallholders to benefits
of collective action. Similar to Mojo et al. (2017) and Manda et al. (2020), we expect more edu-
cated baobab collectors to be members of a cooperative, as education allows baobab managers to
understand the significance of joining cooperatives.
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The size of land owned by a smallholder is an important resource for production; similar to
other previous studies (Minah, 2021), we expect a positive relationship between land ownership
and cooperative membership among baobab collectors.

4 | MATERIALS AND METHODS

This study aims to assess the impact of collective action on household welfare, specifically focus-
ing on baobab income and household food security status. Baobab income is calculated as the
total annual revenue from sale of both baobab whole fruit and baobab pulp by the household,
measured in Malawian kwacha (MWK). We measure baobab collector’s household food security
status using two indicators: the household dietary diversity score (HDDS) and the food consump-
tion score (FCS). Based on Carletto et al. (2013), the HDDS is used as a measure of diet quality at
the household level. We calculate the HDDS based on 12 food groups and a 24-hour recall period.
These food groups include cereals; tubers and roots; vegetables; fruits; meat; eggs; fish and other
sea food; legumes and nuts; milk and milk products; oil and fats; sweets; and spices, condiments,
and beverages. The final score is obtained by summing up the total number of food groups con-
sumed over the referenced period. A higher score indicates a higher level of food security of the
household. The FCS is a frequency-weighted dietary diversity score, which is based on a house-
hold consumption of eight key food groups within a 7-day reference period. The frequency of
consumption within seven days prior to the survey is multiplied by the weight. The score is then
summed to generate a food consumption score. A higher score indicates a higher level of food
security of the household.

One simple approach to carry out this analysis would involve using a dummy variable that
captures membership of baobab collectors in a producer organization in the outcome equation
(baobab income and food security), then use ordinary least squares (OLS) to estimate the coef-
ficient. However, this approach might yield biased estimates, as it assumes that participation
in producer groups is determined exogenously, when it could be potentially endogenous. The
decision of baobab collectors to join a producer organization is voluntary and may be based on
individual self-selection. Collectors who are members of producer organizations may possess sys-
tematically different characteristics compared to non-members, and their decision to be group
members may be driven by expected benefits. Moreover, collectors’ unobservable characteris-
tics may also affect their decision to participate in producer organizations and also influence the
outcome variables, potentially leading to inconsistent and biased estimates.

To address these challenges, we follow Blekking et al. (2021) and apply the inverse probabil-
ity weighted regression adjustment (IPWRA) estimator. This approach helps in controlling for
selection bias arising from non-random treatment assignment and provides results that are robust
against misspecification (Wossen et al., 2017; Nikam et al., 2022). The IPWRA estimator uses the
inverse of the estimated treatment-probability weights to estimate missing data-corrected coef-
ficients that are subsequently used to generate robust estimates of the average treatment effect
on the treated (ATT) (Manda et al., 2018). The IPWRA uses a three-step procedure in estimating
treatment effects (StataCorp, 2019), which is described below.

First, we estimate the parameters of the treatment model and inverse-probability weights. Here,
we estimate the probability of baobab collecting households deciding whether to participate in col-
lective action, conditional on household characteristics, endowments, and market related factors.
Following Fischer and Qaim (2012), we assume that a baobab collector’s decision to join coopera-
tives at a given period is associated with maximization of expected utility. In particular, a baobab
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collecting household would participate in a producer organization if the utility derived from being
a member outweighs being a non-member. Let U,; and Uy denote the utilities derived from mar-
keting baobab through producer groups and from marketing baobab individually, respectively.
Let D} (D] = Uy — Uy) denotes the difference between expected net returns from marketing
baobab through groups and individually. A baobab collector is likely to choose to market their
output collectively rather than individually if D' > 0. The incremental net benefit (D;") that the
baobab collector gains from marketing their output through a group rather than individually is a
latent variable determined by observable characteristics (z;) and an error term (y;):

Lif D > 0
0 otherwise

D! =z; B + y; where D; = { 1)

If a collector markets baobab through a group, D; = 1 for household i and 0 otherwise; z; is
a vector of the household characteristics (gender, age, level of education, household size, baobab
experience, and marital status), market-related factors (broker availability and expected price),
and endowments (land size and access to hired labour); 3 is a vector of parameters to be estimated;
and y; is an error term with zero mean and normal distribution. Hence, the probability (propensity
scores) of a baobab collector participating in a cooperative is expressed as:

Pr( =1) = Pr(D} > 0) = Pr(u; > —z;f) = 1 — F(-zp) 2

where F is the cumulative distribution function for the error term p;. The above equation was
estimated using a probit regression model.

Second, using the weights derived in step 1, weighted regression models of the outcome (baobab
income and food security status) are fitted for each treatment level (D = 1 for participation in
collective action and D = 0 for non-participation) as specified in Equations (3) and (4):

|
[

Yil = 61 + Glxi + €1 forD = (3)

Il
o

YiO = ﬁo + Goxi + € for D (4)

The parameters (8y,6, 1,6:) in Equations (5) and (6) are estimated using the inverse
probability-weighted least squares, specified as:

N
min Z i — Bo — 6ox) it D, = 0 )
i

(Bo6o) p (x, 9)

N
min i — B — 61x) . _
Goy& pme ! ©

In the third step, ATT is calculated by subtracting Equations (5) and (6) as shown below:

Ny

At = = (A - B) - (8- 6)x @

i
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where, (/3A1, GAl) are the estimated inverse probability weighted parameters for baobab collectors
participating in cooperatives, and (,BAO, 6/6) are estimated inverse probability weighted parameters
for baobab collectors who are non-cooperative members. D; is the treatment indicator; D; = 1
if a collector markets baobab through a group for household i and 0 otherwise. Ny, is the total
number of treated households. The difference of these averages provides the estimated treatment
effects. Since there are several methods that can be used in estimating treatment effects, Athey
and Imbens (2017) recommend the use of more than one approach to estimate treatment effects
to check the robustness of the results. We use the propensity score matching (PSM) for a robust-
ness check. Further, even though the IPWRA is considered double robust, it does not control for
selection bias based on unobserved heterogeneity. To assess whether selection on unobservable
factors has an effect on our results, we use the Rosenbaum bounds (Rosenbaum, 2002) to assess
sensitivity of the results to hidden bias.

With regards to heterogeneous effects, we follow previous studies (Verhofstadt & Maertens,
2015; Ji et al., 2019; Grashuis & Skevas, 2022) and explore whether the treatment effects of coopera-
tive membership on household welfare vary with gender, marital status, and other socioeconomic
characteristics.

5 | SOURCES OF DATA

We use data from a household survey collected from baobab collectors in March-April 2021 in
Malawi. A multistage sampling procedure was employed in the selection of respondents. First,
the southern and central regions were purposively selected based on the national intensity of col-
lection and marketing of forest products (Sanchez, 2011; Darr et al., 2020). In the second stage,
four districts where baobab is extensively collected were chosen. They include Mangochi and
Neno districts in the southern region and Salima and Dedza districts in the central region. In
the third stage, 4-6 villages were selected based on the density of baobab collectors in each dis-
trict. Fourth, with the help of cooperative officials and agricultural officers, two lists of baobab
collecters were generated for cooperative members and non-members in the selected villages.
Finally, approximately 30-40 baobab collecting households, composed of cooperative members
and non-members in each village, were randomly selected from each sub-group using the list of
baobab collectors, resulting in a sample of 864 households. The collected data includes informa-
tion on socio-economic characteristics of collectors, indicators on transaction costs, perceptions
of collective action, and baobab collection and marketing. Following data cleaning and removal
of outliers, our analysis included 795 households.

6 | RESULTS AND DISCUSSION

6.1 | Summary statistics of characteristics of members and
non-members of cooperatives

Table 1 presents an overview of the definition and summary statistics of the variables included in
the analysis. We find that 38% of baobab collectors are members of a baobab group. Approximately
40% of baobab collectors are male, most them are 40 years old, and have attained 5 years of formal
education, cultivate about 2.8 acres of land, and have a household size of 5.
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FIGURE 2 Services offered by the baobab group. [Colour figure can be viewed at wileyonlinelibrary.com]

The mean differences in the characteristics of baobab cooperative members and non-members
are also presented in Table 1. Members and non-members have similar characteristics in terms
of marital status, expected price, negotiation time, and coordinated transport, but they exhibit
statistically significant mean differences in other covariates. In particular, members are older,
have larger household sizes and land sizes, and are more experienced in baobab collection than
non-members. The group members have a higher likelihood of accessing hired labour.

We observe that members have higher baobab income and food security levels than non-
members. However, these results cannot be used to make inferences on the impact of the group
membership on the welfare of baobab collectors. This simple comparison does not account
for confounding factors such as observable and non-observable characteristics. Hence, further
analysis using IPWRA was conducted to provide more reliable and unbiased estimates.

6.2 | Benefits of cooperative membership and reasons for
non-membership

Figure 2 shows the benefits received by members of baobab groups. We find that marketing
products, negotiating better prices, and quality assurance are the three most important services
received by cooperative members. These results are consistent with the observations of Bizikova
etal. (2020), who indicated in their review that marketing commodities and providing information
on selling prices are the core functions of cooperatives.

Although we focus on the role of collective action in the welfare of baobab collectors, we also
want to find out why non-members have not joined baobab groups. Figure 3 shows that delayed
payments, preference of selling to other output channels, and payment defaults are the major rea-
sons for non-membership. These results concord with the findings of Mujawamariya et al. (2013)
on coffee cooperatives in Rwanda, and Chagwiza et al. (2016) on dairy cooperatives in Ethiopia,
who highlighted that participation may be affected by payment defaults, delayed payments, and
the probability of competitors offering better prices than cooperatives.
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FIGURE 3 Reasons for non-membership in cooperatives. [Colour figure can be viewed at
wileyonlinelibrary.com]

TABLE 2 Probit model estimates of cooperative membership.

Marginal
VARIABLES Coefficients SE effects SE
Male —0.16 0.17) —0.06 (0.06)
Age 0.02%%* (0.01) 0.01%%* (0.00)
Level of education —0.01 (0.02) —0.00 (0.01)
Household size 0.07* (0.04) 0.03* (0.01)
Baobab experience 0.02 (0.02) 0.01 (0.01)
Married 0.18 0.13) 0.07 (0.04)
Land size —0.00 (0.02) —-0.00 (0.01)
Access to hired labour 0.86%** (0.15) 0.33%** (0.05)
Brokers availability 0.18 (0.14) 0.07 (0.05)
Expected price —0.28*** (0.10) —0.10%** (0.04)
Constant —1.95 (0.33)
Model chi-square 159.06***
Obs 795

Note: Standard errors in parentheses are clustered at the village level; *, **, *** denote significant values at 10%, 5%, and 1%. SE
denotes standard errors.

6.3 | Correlates of participation in cooperatives

The estimates of the correlates of cooperative membership are presented in Table 2. The goodness-
of-fit tests indicate that the selected covariates provide good estimates of the conditional density
of cooperative membership. The independent variables are jointly statistically significant (LR x?
test statistics = 159.06, p < 0.00). Although we do not discuss estimates of the outcome equations
based on the IPWRA, the results are presented in Table Al of the Appendix. We find that older
collectors are more likely to be cooperative members compared to young collectors. Older farmers
have more information regarding benefits of collective action from the years of experience they
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TABLE 3 Impact of cooperative membership on baobab income and food security.

Cooperative membership status

Outcome variables Members Non-members ATT Change (%)
Ln (baobab income) 10.43 10.07 0.36 (0.08) *** 3.57
HDDS 4.77 4.29 0.48 (0.19) *** 11.19
FCS 43.24 40.93 2.31 (1.56) ** 5.64

Note: ** and *** denote 5% and 1% level of significance, respectively; standard errors in parentheses; ATT denotes average treatment
effect on the treated; income values are in natural log; HDDS denotes household dietary diversity score; and FCS denotes food
consumption score.

have been involved in baobab collection and marketing (Fischer & Qaim, 2012). These results may
also indicate the presence of barriers for younger generations to join forms of collective action
(Mojo et al., 2017). These results are consistent with findings in Ghana that show a positive and
significant effect of age on cooperative membership (Abdul-Rahaman & Abdulai, 2018). We also
find that larger household sizes are more likely to join baobab cooperatives.

Baobab collectors with access to hired labour are more likely to join a cooperative. The col-
lection of baobabs is labour intensive; the availability of non-family labour can be important
in ensuring that higher quantities of fruits are collected. Our finding corroborates with the evi-
dence of Chagwiza et al. (2016) that higher access to labour was positively associated with group
membership in Ethiopia.

6.4 | Impacts on baobab income and food security

Results on the impact of cooperative membership on the three outcome variables (baobab income,
household dietary diversity score, and food consumption score) are presented in Table 3. The
IPWRA results show that cooperative membership improves income from baobab sales and the
household food security status in Malawi. Cooperative membership increases baobab income
for cooperative members by MWK 10,236 (US$10) (taking the difference of antilogs of the esti-
mates in Table 3), which is approximately 3.57% higher than the baobab income of non-members.
This finding is consistent with evidence from Tilahun et al. (2016), Fischer and Qaim (2012), and
Verhofstadt and Maertens (2015) in Ethiopia, Kenya, and Rwanda, respectively, that cooperative
membership increased members’ incomes. This may indicate a specialization in marketing among
cooperative members and thus an increase in their incomes (Minah, 2021). More detailed analysis
revealed that baobab contributes about 26% of the household income to non-members, and 34%
of the household income to members (Figure Al in Appendix C). This result shows that income
from baobab contributes greatly to total household income, particularly members of cooperatives.
This evidence also emphasizes the need to promote the baobab value chains to stimulate rural
economic development.

Similarly, group membership among baobab collectors improves their food security. In
particular, the HDDS increases by 11%, whereas the FCS increases by 5.6%. These findings are
consistent with evidence from Shumeta and D’Haese (2018) and Nugusse et al. (2013) in Ethiopia,
and Theng et al. (2014) in Cambodia. In the case of coffee cooperatives and food security in
Ethiopia, the income effects of cooperative membership among coffee farmers improved their
purchasing power and allowed them to acquire adequate and diverse food from the market
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TABLE 4 Average treatment effects using propensity score matching (PSM).

Outcome means

Matching

algorithm Outcome variables = Members Non-members ATT Change (%)

NNM Ln (baobab income) 10.43 10.06 0.37 (0.12) *** 3.68
HDDS 4.77 4.21 0.56 (0.18) *** 13.30
FCS 43.24 40.57 2.67 (1.47) * 6.58

Radius Ln (baobab income) 10.43 10.08 0.35 (0.09) *** 3.47
HDDS 4.77 4.23 0.55 (0.16) *** 13
FCS 43.24 40.45 2.79 (1.33) ** 6.90

Kernel Ln (baobab income) 10.43 10.07 0.36 (0:09) *** 3.57
HDDS 4.77 4.25 0.53 (0.16) *** 12.47
FCS 43.24 40.52 2.72 (1.30) ** 6.71

Note: *and *** denote significance levels at 10% and 1%, respectively; standard errors in parentheses; ATT (average treatment
effect on the treated); Ln denotes natural logarithm; HDDS denotes household dietary diversity score; and FCS denotes food
consumption score.

(Shumeta & D’Haese, 2018), which could also be an explanation of our results. An analysis of
the consumption of food items based on cooperative membership status, reveals that members
ranked higher in consumption of fish, vegetables, meat, and legumes (Figure A2 in Appendix C),
which highly contributes to higher dietary diversity and food consumption scores.

6.5 | Robustness check

As a robustness check of the IPWRA estimates, we compare our results with estimates from
propensity score matching (PSM). The diagnostic results from the PSM estimates show that the
balancing of the covariates was successful (Table A2 in the Appendix). We observe that before
matching, seven variables show statistically significant differences, whereas after matching the
differences are not statistically significant. This confirms a good quality for the covariates used
in matching to generate a reliable counterfactual. Second, we compared the pseudo-R? before
and after matching (Table A3). For us to conclude that the matching is acceptable, the pseudo-R?
should be low after matching. We employed three matching algorithms to generate our estimates:
nearest neighbour matching (NNM), radius matching (RM), and kernel-based matching. The
results in Table 4 show that the estimated ATT for baobab income, HDDS, and FCS are posi-
tive and statistically significant and very comparable to the IPWRA results in Table 3, confirming
that our ATT estimates are robust.

Further, we also check if the PSM results are sensitive to hidden bias due to unobserved selec-
tion. We use the bounding approach proposed by Rosenbaum (2002) to determine if unobserved
factors may influence selection into cooperative membership and therefore bias the PSM results.
The Rosenbaum sensitivity test results are presented in Table A3. The results show that robust-
ness to hidden bias varies across the outcome variables. The value of gamma (y) for the impact
of cooperatives on baobab income, household dietary diversity, and food consumption score vary
from 1.7 to 1.8, 1.5 to 1.7, and 1.1 to 1.3, respectively. For example, for the impact of cooperative
membership on baobab income, the critical value of gamma y with NNM is between 1.7 and 1.8.
This suggests that the unobserved factors would have to increase the odds ratio of participation by
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TABLE 5 Heterogeneity in treatment effect of cooperative membership by gender and marital status of
female managers.

Marital status of female baobab

Gender of the baobab manager managers
Dependent variable Male Female Married unmarried
Ln (baobab income) 0.61%** 0.20 0.14 0.35

(0.15) (0.14) (0.14) (0.24)
HDDS 0.89** 0.17 0.03 0.59

(0.40) (0.20) (0.24) (0.31)
FCS 3.27 116 0.62 3.86*

(2.75) (2.00) 2.47) (2.08)

Note: Standard errors in parentheses; ***, ** * denote significance at 1% level, 5% level, and 10% level, respectively.

70-80% before we can render the estimated impact spurious. Based on the results of the sensitivity
analysis, we can conclude that estimates of membership in cooperatives on baobab income and
food security remain robust even in the presence of unobserved heterogeneity.

6.6 | Heterogeneous impacts of cooperative membership over
household characteristics

The previous results on the ATT of cooperative membership on outcome variables assume a
homogeneous impact of membership on welfare outcomes across all baobab collectors. How-
ever, previous studies (Verhofstadt & Maertens, 2015; Shumeta & D’Haese, 2016; Wossen et al.,
2017; Ma et al., 2021) have shown that the effect of cooperative membership can be heteroge-
neous within members. In this paper, we are interested in the heterogeneity effects of gender,
and we extended our analysis by comparing between both male and female managers, but also
among female baobab managers. We analysed the effect of gender and the marital status on the
ATT of cooperative membership among all baobab collectors and female baobab managers in
cooperatives, respectively (Table 5). Further, we also present graphical analyses of heterogeneous
treatment effects based on other socioeconomic characteristics. We show the results of hetero-
geneity over land ownership and experience in baobab collection (Figure 4). First, we follow
previous studies (Ali & Abdulai, 2010; Ji et al., 2019; Grashuis & Skevas, 2022) and explore whether
the treatment effects of cooperative membership on household welfare vary with gender among
all baobab collectors and marital status among female baobab managers, the IPWRA results are
estimated separately for male and female baobab collectors (Table 5). Table 5 indicates that the
impact of cooperative membership on food security and baobab income among collectors is not
homogeneous. Specifically, the positive impacts of cooperative membership on baobab income
and food security are stronger for households with a male baobab manager. This could be due
to severe market access constraints and high opportunity costs of time that make group member-
ship more beneficial for men than women (Fischer & Qaim, 2012a). With the marital status among
female baobab managers, we find that the impact of cooperative membership on food security is
more pronounced among unmarried female managers (Table 5). A plausible explanation for these
findings could be that married female managers may need to consult their spouses on household
expenditure; thus, male managers may have a lower preference for purchasing diverse foods than
asset investments.
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Results on heterogeneous impacts of cooperative membership on household welfare confirm
that the ATT varies within cooperative members. Gender is an important correlate of the effect of
cooperative membership on household welfare. Even more nuanced is that when we only focus
on the group of female managers who are members (Table 5), the heterogeneous effects driven by
their marital status still persist.

Second, to gain more insights on the extent to which heterogeneity of cooperative treatment
effects on household welfare vary with baobab collector’s characteristics, we conduct more graph-
ical analyses. Following Verhofstadt and Maertens (2015), we focus on two key variables—land
ownership and experience in baobab collection. The results in Figure 4 reveal that there is an
inverse relationship between land ownership, experience in baobab collection and the estimated
ATT on baobab income and food security. These findings imply that cooperatives are most effec-
tive in increasing baobab income and food security among baobab collectors with smaller land
holdings and those with few years of experience in baobab collection. The results of treatment
effects and land size are consistent with the findings of Fischer and Qaim (2012), Ji et al. (2019)
and Grashuis and Skevas (2022) in Kenya, China, and Peru, respectively, that found cooperative
membership to be associated with a larger impact for smaller farms. Baobab collectors with large
land sizes may gain the least from cooperative membership. Compared to collectors with relatively
small land sizes, they may already be operating efficiently (Grashuis & Skevas, 2022).

With regards to experience in baobab collection, the effects are more pronounced for collectors
with less experience than those with more experience. A similar observation is reported by Ji et al.
(2019) for China.

7 | CONCLUSION

Using household survey data from baobab collectors in Malawi, this study examined the impact
of cooperative membership on food security and baobab income using the IPWRA estimator.
In doing so, the paper provides both methodological and empirical contributions. Methodolog-
ically, the paper goes beyond descriptive and case studies that are prevalent in the literature
on the impact of cooperatives on underutilized plant species (UPS). The paper provides a rig-
orous econometric analysis that accounts for endogeneity due to selection bias on observables,
thereby producing an unbiased causal effect of cooperative membership on the welfare of baobab
collectors.

The results showed a positive correlation between baobab managers’ membership in cooper-
atives and their age, household size, and access to hired labour. The findings of this study show
that patterns observed in the majority of agricultural crops also apply to baobab. Similar to other
agricultural crops, baobab cooperative membership improves the welfare (e.g., income and food
security) of baobab collectors. However, this positive effect is not distributed uniformly among
all members, but differs based on some household characteristics, such as gender, land size, and
the experience in baobab collection. We find that male baobab managers benefited more from
cooperatives than their female counterparts. Further, when we focus solely on female baobab
managers who are cooperative members, the results show that the impact is stronger for unmar-
ried females—that is, widowed, divorced, or separated. Additionally, we also find that the effect of
cooperative membership is more pronounced among members with smaller land sizes and those
with less experience in baobab collection. These results on the heterogeneity of impacts reveal
the significance of looking beyond average treatment effects and the need to move beyond the
assumption that one size fits all and adopt more specific, targeted, and contextual interventions.
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Our results are relevant for those tasked with improving the livelihoods of smallholders in
emerging value chains, such as baobab. We demonstrate that cooperative membership can be
instrumental in enhancing the welfare of baobab collectors. Therefore, policymakers and coopera-
tive promotion officers should intensify incentives for training baobab collectors in organizational
development, to motivate them to join existing cooperatives or form viable ones. Additionally,
considering that the impact of cooperatives is greater among collectors with smaller land sizes
and less experience, who may face greater information and financial barriers, it may be prefer-
able to target these groups who face more constraints in participating in cooperatives. Lastly, the
positive association between cooperative membership and welfare outcomes suggests the need to
increase awareness about the benefits of cooperatives among baobab collectors. This awareness
can be improved through extension services and outreach efforts by development practitioners.

Our study demonstrates that membership in cooperatives can have positive welfare effects on
baobab collectors. However, membership is measured as a dummy variable, where participants
take a value of 1, and O for non-participants. Using this dummy variable, we are not able to demon-
strate how impacts may vary based on the intensity of participation. Further research on collective
action should focus on how impacts vary based on intensity of participation among members.
Such insights can provide evidence on how to maximize welfare effects that are subject to coop-
erative membership. More empirical research on the baobab value chain is required in southern
Africa, especially in Malawi.
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APPENDIX C: Comparison of outcome variables by group membership
FIGURE A1l Baobab contribution
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FIGURE A2 Food item consumption by cooperative membership.
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