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Naturally Available Pollinator Decline Will Decrease 
Household Food Security and Increase the Gender Gap in 
Nutrition between Men and Women Who Head Smallholder 

Farm Households in Sub-Saharan Africa  

Byela Tibesigwa 

Abstract 

This multi-country analysis studies the food security implications of natural pollinator populations in 
sub-Saharan Africa, where smallholder farmers rely on wild pollinators in the absence of commercial 
pollination services. The study specifies daily intake of energy, macro-nutrients, minerals and 
vitamins per household member, and identify differences in pollinator dependence in male- and 
female-headed households. Four key observations emerge. First, smallholder farm households 
produce a menu of food crops. Second, the average household kilo-quantity harvest consists of 57% 
pollinator-dependent, 34% pollinator-independent, and 9% with unknown pollinator responsiveness. 
The kilo-quantity from pollinator-dependent crops is higher in female-headed farm households, while 
the kilo-quantity from pollinator-independent crops is higher in male-headed households. Third, 
considering only the share of crops retained for household consumption, the contribution of 
pollinator-dependent crops to daily nutrition is greater in female-headed households. Fourth, the gaps 
in consumption between male- and female-headed households are much higher for pollinator-
independent crops (18% to 68%) than pollinator-dependent crops (-6% to -33%). This suggests that 
any decline in pollinators is likely to enhance the existing consumption advantage in male-headed 
households, leaving female-headed households even more food insecure. Therefore, policy 
discussions around conserving pollinator habitats should be tailored to issues of gender, crop menu, 
and nutrients. The results are also relevant to ecosystem services policy and suggest that gender 
perspectives need to be considered, as the benefits of naturally available pollination services to vary 
by gender. Although this requires further exploration, it does suggest that ecosystem services 
accounting should re-think the homogeneity of the welfare benefits approach.  
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1. Introduction 

Pollinators play a vital role in crop yield (see, e.g., Potts et al. 2010; Rader et al. 2016), but there is 

compelling evidence of declining abundance of both wild and domesticated pollinators (e.g., Corbet et 

al. 1991; Kremen and Ricketts 2000; Biesmeijer et al. 2006; Potts et al. 2010). This decline is likely to 

compromise food production, reduce already vulnerable global food security, and hinder the 

achievement of the Sustainable Development Goals (SDGs). It is increasingly recognized that more 

evidence is needed to enhance our understanding of pollination services in agriculture and food 

security (FAO 2007; Bauer and Wing 2010; Mwebaze et al. 2010; Bauer and Wing 2010). Some 

studies (see e.g., Klein et al. 2007; Ashworth et al. 2009; Chaplin-Kramer et al. 2014) have 

documented the importance of pollinators to crop production, in an attempt to show how this likely 

decline will impact food security. However, there is a paucity of evidence from sub-Saharan Africa 

(Kasina et al. 2009; Gemmill-Herren et al. 2014).  

Further, there is a lack of coverage on household-level nutrition (Chaplin-Kramer et al. 2014; Smith et 

al. 2015), let alone gendered household food security in the region. Gender, and its many dimensions, 

is a stimulus for development (Quisumbing et al. 2001; Gaye et al. 2010; Kevane 2012; Kassie et al. 

2014; Njoh and Ananga 2016), and hence the importance of SDG 5, which addresses gender 

inequalities, which are salient in sub-Saharan Africa and other developing regions (Gaye et al. 2010; 

Kassie et al. 2014). This study answers the following questions. What is the level of pollinator 

dependency of sub-Saharan African smallholder crop farms? How does this translate to household 

nutrient intake? What is the implication for gendered household nutrition? The study extends the 

aforementioned existing work based on the United Nations Food and Agriculture Organization (FAO) 

crop pollinator dependency categories, ranging from “essential” (crop production is reduced by more 

than 90% in the absence of animal pollinators) to little or no response to pollination1. For example, 

Klein et al. (2007) used these classifications and FAO statistics for the year 2004 to group global food 

crops2. 

This study concentrates on smallholder farm households and uses data from the World Bank Living 

Standard Measurement Survey (LSMS) from Ethiopia, Malawi, Nigeria, Tanzania and Uganda. Using 

these sources, the study determines the contributions of pollination to household members’ 

consumption of the daily recommended nutrient intake (RNI) of calories (energy), macro-nutrients, 

minerals and vitamins. By providing detailed information from a multi-country perspective, this study 

                                                
1 The FAO categories are as follows: (i) essential – yield is reduced by more than 90% in the absence of animal 
pollinators; (ii) great - yield is reduced by 40-90%; (iii) modest - yield is reduced by 10-40%; (iv) little - yield is 
reduced by 0-10%; (v) yield, breeding, or seed production shows an increase in response to animal pollinators; 
(vi) does not show an increase; and (vii) unknown - no literature available. 
2 Klein et al. (2004) found that, globally, 87 crops are dependent on animal pollination while 28 are not. By 
contrast, 60% of the total volume produced globally does not depend on pollination, while 35% depends on 
pollination, and the remaining 5% of the crop volume was unevaluated. As we will show, the proportions for 
crop volume are more or less reversed for sub-Saharan Africa, and this pattern is more pronounced for female-
headed households, indicating the importance of pollination in the region, especially for female farmers. 
Country-level approaches that are similar to Klein et al. (2004) can be found in Ashworth et al. (2009) and 
Chaplin-Kramer et al. (2014). 
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moves forward policy discussions on why it is important to conserve pollinators’ natural habitats in 

sub-Saharan Africa. 

The focus is on sub-Saharan Africa because the region depends on agriculture. Most farms are small, 

and often subsistence (Morton 2007; Jama and Pizarro 2008; Müller et al. 2011), such that farming 

and household food security go hand in hand (Funk et al. 2008; Jama and Pizarro 2008; Sibhatu et al. 

2015; Frelat et al. 2016; Connolly-Boutin and Smit 2016; Conceição et al. 2016). Additionally, 

smallholder farms depend on a variety of natural resources and ecosystem services to boost crop 

productivity, and are already burdened with limited means of adapting to changes that affect crop 

productivity (Funk et al. 2008; Müller et al. 2011; Gemmill-Herren et al. 2014). Further, there are 

essentially no markets to provide commercial pollination services in sub-Saharan Africa (Kasina et al. 

2009; Gemmill-Herren et al. 2014; Martins et al. 2013; Bosselmann and Hansted 2014; Maus 2016). 

The results show that smallholder farmers in sub-Saharan Africa grow a variety of grains, vegetables, 

fruits, seeds, oils, roots and tubers, and that these crops have different pollinator dependence. When 

measured in yearly kilo-quantity use the FAO classification, these crops produce 57% pollinator-

dependent crops (ranging from “essential” to “shows an increase”), 34% pollinator-independent (does 

not show an increase), and 9% with unknown pollinator responsiveness
3
. The kilo-quantity harvest 

from pollinator-dependent crops is higher in female-headed households than in male-headed 

households, while kilo-quantity from pollinator-independent crops is higher in male-headed 

households. 

From the total quantity harvested, the crops retained for consumption provide smallholder farm 

households with energy (calories), macro-nutrients, minerals and vitamins, covering most of the daily 

recommended nutrient intake (RNI). Hence a decline in animal pollinators would imply a reduction in 

the level of nutrition, especially, vitamins, in the households of smallholder farmers. Further, 

pollinator-dependent and pollinator-independent crops contribute disproportionately to male- and 

female-headed households’ nutrition. Relatedly, the gaps in consumption between male- and female-

headed farm households (the difference in energy, macro-nutrient, mineral, and vitamin intake per 

person per day) are much higher among pollinator-independent crops (18% to 68%) than pollinator-

dependent crops (-6% to -33%), because female-headed households produce fewer pollinator-

independent crops. Overall, female-headed households’ crops are more dependent on pollinators, 

which suggests that any decline is likely to enhance the consumption advantage in male-headed 

households, thus increasing the gender gap in consumption and leaving female-headed households 

more food insecure. Because smallholder farms in resource-poor sub-Saharan Africa rely on naturally 

available wild pollinators, it is important to tailor policy discussions to the needs of these households, 

which include conserving the natural ecosystem habitats of pollinators.  

The following section gives background information to support this study. Section 3 explains our 

methods and data. In Section 4, the results document the importance of pollinators and show the 

diversity of smallholder food crops and the level of dependency of smallholder crops on pollinators. 

                                                
3 The crops with unknown responsiveness to pollinators are mainly indigenous smallholder crops. These include 
some of the major crops in Ethiopia, as discussed below.  
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Thereafter, nutrients that are produced by pollinator-dependent and pollinator-independent crops are 

calculated per capita for each household. The analysis ends by comparing the nutrient intake from 

pollinator-dependent and pollinator-independent crops between male- and female-headed smallholder 

farm households. Section 5 concludes the study. 

2. Background: Pollinators, Smallholder Crop Productivity, and Gender 

Pollination is defined as “transportation of pollen from anther to receptive floral stigma” (FAO 2007: 

p.2) to produce seeds and fruits in flowering plants. Although pollination can occur through wind, 

water or animals, the majority of pollination is animal-mediated through insects, birds and mammals, 

where insects, especially bees, are the primary pollinators (Winfree 2010; Breeze et al. 2011; Winfree 

et al. 2011). This has the potential to increase crop yield by enhancing the quality and quantity of 

seeds and fruits, even in hermaphrodite plants. Over the past two decades, various studies have 

produced some compelling evidence showing declining global pollinator abundance, both wild and 

domesticated
4 (e.g., Corbet et al. 1991; Kremen and Ricketts 2000; Biesmeijer et al. 2006; Potts et al. 

2010). Some of the likely causes of pollinator loss include climate change (see, e.g., Devoto et al. 

2009; Gonzalez et al. 2009; Giannini et al. 2012; Hanley et al. 2014); ecosystem degradation and 

habitat loss (see, e.g., Cunningham 2000; Girao et al. 2007); emerging diseases (Biesmeijer et al. 

2006; Hanley et al. 2014); and agriculture intensification, which has required more land and increased 

pesticide use (see, e.g., Kremen et al. 2002; Goulson 2003; Le Féon et al. 2010; Potts et al. 2010; 

Meixner 2010; Hanley et al. 2014), including harmful pesticides (see, e.g., Hanley et al. 2014).  

The 1990s witnessed the initiation of pollination conservation, which was supported by the third 

session of the Conference of the Parties (COP3) of the Convention on Biological Diversity (CBD). 

This, together with widespread global concern by the scientific community, led to the launch of the 

“Forgotten Pollinator Campaign”
5 and inspired the formation of the “Sao Paulo Declaration of 

Pollinators.” This inspiration gave birth to the International Pollinator Initiative (IPI)
6 in COP5 and 

formal adoption of the “Sao Paulo Declaration of Pollinators” (Byrne and Fitzpatrick 2009). Finally, 

                                                
4 Various indicators have been used to document the decline, including decreases in pollinator species and 
changes in pollinator-depend ecosystems. For example, according to Williams (1982), by the second half of the 
20th century, the number of Bombus spp. (bumblebee) varieties had declined from nineteen to sixteen in 
England. A decrease in bumblebees has also been recently observed by Goulson et al. (2008) and Williams and 
Osborne (2009). Another noteworthy indicator is the reduction of flower-rich ecosystems, e.g., a 70% decrease 
in wild flowers in the UK and Netherlands, as observed by Biesmeijer et al. (2006). Similarly, Potts et al. (2010) 
note the decline in animal-pollinated plants in the UK, and this decline is less observed amongst self-pollinating 
and wind-pollinating plants. However, it is more difficult to monitor wild bees than domesticated bees (Aizen 
and Harder 2009; Bauer and Wing 2010; Potts et al. 2010). Hence, some argue that wild pollinator decline 
remains fairly unknown (Garibaldi et al. 2013). 

5 The “Forgotten Pollinator Campaign” was launched in 1995 side by side with an influential book titled 
“Forgotten Pollinator”, by Buchmmann and Nabhan (1996). The book together with the campaign was a call to 
policy makers to initiate pollination conservation (FAO 2007; Byrne and Fitzpatrick 2009). 

6 The International Pollinator Initiative is policy platform coordinated by FAO. Its main objective is to “promote 
coordinated and proposed action worldwide to monitor, improve taxonomic capacity of, evaluate economically 
and promote the conservation of pollinators and pollination” (Byrne and Fitzpatrick 2009: p.198).  
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COP6 saw the adoption of IPI’s Plan of Action (POA)
7 by member states (FAO 2006; Byrne and 

Fitzpatrick 2009). Currently, the IPI oversees several regional initiatives which include the African 

Pollinator Initiative (API)
8
. 

At the same time, smallholder farms depend on nature to boost crop productivity, but have low 

capacity to respond to changes in the ecosystem that may affect crop productivity (Funk et al. 2008; 

Müller et al. 2011; Gemmill-Herren et al. 2014). Declining wild pollinator abundance is an example 

of this challenge (Kasina et al. 2009; Gemmill-Herren et al. 2014), especially due to a lack of 

commercial pollination markets
9
 (Martins et al. 2013; Bosselmann and Hansted 2014; Maus 2016). 

Further, sub-Sahara Africa continues to maintain its undesirable position of being the most food 

insecure region, with a quarter of its population, about 218 million, being undernourished (Conceição 

et al. 2016; Wossen et al. 2017). Although household food insecurity remains widespread, smallholder 

farm households are more vulnerable (Sibhatu et al. 2015), especially those headed by women (Kassie 

et al. 2014; Tibesigwa et al. 2016; Van Aelst and Holvoet 2016; Sheahan and Barrett 2017). This is 

due to limited access to resources (e.g., assets, credit, extension services) which implies fewer means 

to simultaneously run farms and households (Crush et al. 2011; Van Aelst and Holvoet 2016; Sheahan 

and Barrett 2017). An avalanche of studies show how gender affects agricultural productivity and 

food security, but we are yet to uncover gender in pollination and crop productivity. This is especially 

relevant because there is an increasing number of female-headed households in sub-Saharan Africa 

(Kassie et al. 2014; Tibesigwa et al. 2016). 

3. Data and Methods 

The smallholder farm data is from the World Bank Living Standards Measurement Survey (LSMS). 

These are nationally representative household surveys that elicit information on households’ 

economic activities, education, agriculture, health and well-being. This study assembles sub-Saharan 

Africa LSMS that cover Ethiopia (2013), Malawi (2012), Nigeria (2012), Tanzania (2013) and 

Uganda (2010). Because the interest is in household consumption from crop farming, the consumption 

values are obtained by subtracting the kilo-quantity amounts sold from the total kilo-quantity 

harvested, as applied elsewhere in the literature. Then, the kilo-quantity amount that is retained by the 

household is converted to calories, vitamins and macro-nutrients using FAO (1998). This is calculated 

                                                
7 IPI’s Plan of Action (POA) is an international agreement developed by FAO and other key experts based on 
the “Sao Paulo Declaration of Pollinators”. The agreement is a guide for member states on how to develop 
policies and implement measures that can restore habitats and conserve pollinators (Williams 2003; Byrne and 
Fitzpatrick 2009). For more details, see http://www.cbd.int/decisions. 
8 The African Pollinator Initiative was formed in 1999 at the Southern African Society for Systematic Biology 
(SASSB), prior to the IPI (FAO, 2007; Byrne and Fitzpatrick 2009). The API was later on included in IPI’s 
framework during COP6 (Byrne and Fitzpatrick 2009). For more information on API and API’s POA, see FAO 
(2007). 
9 Noteworthy is the distinction between wild and domesticated or managed pollinators. Amongst the 
domesticated pollinators, the Apis mellifera, commonly known as the honey bee is by far the most popular and 
most important (Goulson 2003; Bauer and Wing 2010). Noteworthy is the distinction between wild and 
domesticated or managed pollinators. Amongst the domesticated pollinators, the Apis mellifera, commonly 
known as the honey bee is by far the most popular and most important (Goulson 2003; Bauer and Wing 2010). 



 
 

 

6 
 

 

for each of the different crops. To provide an example, a kilogram of groundnuts produces 5980 

kilocalories (kcal), 492g of fat, 46g of iron, 121mg of niacin, 258g of protein, 1mg of riboflavin, 6mg 

of thiamine, 3mg of vitamin B12 and 33mg of zinc. The amount of nutrients derived from each crop is 

then summed so as to derive the total amount of nutrients from crop farming, i.e., aggregating calories 

separately, then aggregating iron, etc. Thereafter each nutrient is divided by the number of days and 

by the number of household members so as to derive the daily per-person or per-capita intake values 

of each nutrient.  

The study includes selected, key macro-and micro-nutrients. Among the macro-nutrients we include 

energy, fats and protein, while the minerals include iron, riboflavin, thiamine, niacin and vitamins (A, 

B6, B9, B11, C). However, crops are likely to produce other nutrients not covered here. Also worth 

noting is the fact that the nutrient values derived from the crop harvest kept by households is but an 

approximation. That is, some of the retained crops are likely to be used for other purposes besides 

consumption, e.g., agricultural output in sub-Saharan Africa is used for gift giving or for making non-

cash payments. In addition, households are likely to have other sources of consumption, e.g., livestock 

keeping and purchased foods or groceries.  

In determining the pollinator dependence of crops, FAO’s categories are applied, where pollination is 

(i) essential for watermelons; (ii) of great importance for mangoes; (iii) of modest importance for 

coconuts; and (iv) of little importance for beans. Cassava shows an increase in production in response 

to animal pollination (v), while maize does not show a response (vi), and there is no literature on 

monkey bread fruit (vii). Pollinator-dependent crops are defined as crops that fall under the first five 

categories. Accordingly, all nutrients are disaggregated between those nutrients obtained from crops 

that depend on pollinators and those that do not depend on pollinators. For example, maize does not 

depend on pollinators, hence all the nutrients derived from maize are grouped under nutrients obtained 

from pollinator non-dependent crops. Watermelon, on the other hand, has an “essential” dependence 

on pollinators, and therefore all its nutrients are grouped under nutrients derived from pollinator-

dependent crops.  

In analyzing the gender differences in consumption, the comparison is between male- and female-

headed farm households. This approach has been applied elsewhere (see Kassie et al. 2014; Tibesigwa 

et al. 2016), and is ideal for comparing gender differences at the household level, although it does not 

capture any intra-household differences. Regression-based Oaxaca-Blinder decomposition explains 

the gender-gap in consumption (calories, macro-nutrients, minerals and vitamins intake) between 

male- and female-headed households. This method derives the mean differential as a gap between the 

consumption observed in male-headed and female-headed farm households into two parts: the 

explained portion which is attributed to the coefficients and the unexplained portion from residuals 

(Oaxaca and Ransom 1999; Oaxaca 2007).   

A basic consumption function:   Xy  is used for the purpose of analysis. In this case, y  is 

daily per capita household consumption of a given nutrient. So, y can represent a vitamin (B6, B9, 

B12 or C), measured in milligrams; a macro-nutrient (protein or fats), in grams; a mineral (iron, zinc, 

riboflavin, thiamine or niacin); and energy, measured in calories. The outcome variables are 
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additionally categorised as nutrients from pollinator-dependent and pollinator-independent crops. The 

regressors are captured by X , which denotes a vector of factors that determine consumption, 

including age, marital status, and whether the farm household is located in rural or urban areas. This 

selection of variables is influenced by the availability of data across countries. The gender gap is 

calculated by estimating the consumption function separately for male-headed and female-headed 

farm households, as shown by Equations (1) and (2), respectively, using ordinary least squares (OLS) 

regressions.  

             mmm Xy  
 (1) and fff Xy  

  (1 and 2) 

where )( fm yy  is household consumption separated for each macro-nutrient, mineral, and vitamin, as 

well as calories, in male-headed households (female-headed households); )( fm XX  is a set of 

household characteristics that influence consumption; and )( fm   denotes the additive error. The 

gender gap in consumption between male-headed and female-headed farm households is then 

obtained by taking the difference between Equation (1) and Equation (2), as shown in Equation (3): 

            
)()( fmfmfmfm XXXyy 




  (3) 

where )( fm yy is the average consumption in male-headed households (female-headed households) 

respectively, and )( fm yy  depicts the gender-gap. )( fm XX  are household characteristics observed 

in male-headed households (female-headed households). The estimated coefficients are represented 

by m


 and f


.  mfm XX 


)(   is the explained component of the gender-gap in consumption from 

household characteristics, and )( fmfX 


  is the residual component. A positive (negative) gender 

gap depicts an advantage (disadvantage) in consumption in male-headed households relative to 

female-headed households. An advantage here implies more consumption, as a result of more food 

being available, in a male-headed household. 

4. Results and Discussion 

4.1 Number and Type of Smallholder Food Crop Species and Their Pollinator 

Dependency  

The descriptive statistics (Table S.1) show that the average household of a smallholder farmer has six 

members, with most of the heads of household being men (74%), about 47 years of age, and married 

(72%). Generally, smallholder farmers grow a wide range of crops in a single year with varying 

degrees of pollinator needs as shown in Table S.2. To look at country specific crops, in Tanzania, 83 

food crop species are produced. There are 39 food crops produced during the long-rains (the longer 

rainy season) and 37 in the short-rains, of these, 69% and 76% are pollinator-dependent food crops 
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produced in the long-rains and short-rains respectively (Table S3-S.6). In the long-rains, maize, beans, 

rice paddy and groundnuts are the most common. During the short-rains, famers mainly grow maize, 

beans, groundnuts and sweet potatoes. Also, there are crops grown throughout the year in Tanzania, 

not targeting the rains, and these include 31 fruits and 24 other food crops; 67% of the fruits and 70% 

of the other food crops are pollinator-dependent crops. The permanent crops in Tanzania include 

mango, banana, cassava, cashew nuts and pawpaw.  

In Malawi, there are 38 food crops grown by smallholder farmers (Table S.7-S.9). A total of 21 food 

crops are grown in the rainy season (mainly maize, groundnuts and pigeon peas), while the dry season 

produces 17 crops (mostly maize, tomatoes and nkhwani). In the rainy season, 62% are pollinator-

dependent crops, while in the dry season 46% are pollinator-dependent crops. Malawi also grows 

about 15 varieties of food crops on a permanent basis (mangoes, cassava and bananas). Moving to 

Uganda, there are about 40 food crops. Bananas and cassava are the most common crops in the first 

and second seasons. In the first season, 68% are pollinator-dependent food crops, while 50% of 

second-season crops are pollinator-dependent (Table S.10-S.11). Smallholder farmers in Nigeria grow 

69 food crops in a single year, mainly cassava, groundnuts and guinea corn. 57% are pollinator-

dependent crops (Table S.12). In Ethiopia, there are 76 food crops; 53% are pollinator-dependent. 

Note that Ethiopia has the highest number of crops with unknown pollinator response. These 

pollinator-unknown crops consist of some of the most common staple food crops in the country, for 

example, teff and enset (Table S.13). Summed together across all countries, these smallholder farms 

grow a total 137 food crop species, of which 77 are pollinator-dependent crops, 19 are pollinator-

independent crops and 49 are pollinator-unknown crops (see Tables S.2). 

When converted to kilo-quantity harvested per household per year, this produces an average of 1193 

kilo-quantity of pollinator-dependent crops, 829 kilo-quantity of pollinator-independent and 195 kilo-

quantity of pollinator-unknown crops; see Table 1. A further observation is made for each country 

(Table S.14). Here, although there appears to be more kilo-quantity from pollinator-dependent crops 

in general, there are some variations, i.e., Nigeria (64%), Uganda (77%) and Tanzania (55%) produce 

on average a greater kilo-quantity of pollinator-dependent crops per year, while Ethiopia (36%) and 

Malawi (36%) have lower quantities of pollinator-dependent crops. This is because Ethiopia has the 

highest percentage of crops that have unknown pollinator response values (26%). More than half of 

the kilo-quantity of crops harvested is kept for household use, on average (Table 1). This points to the 

subsistence nature of smallholder farms (Müller et al. 2011; Tibesigwa et al. 2015), where the 

majority of the harvest is often kept for household use and less is supplied to the market. The average 

quantity kept for household use consists of 628 kilo-quantity of pollinator-dependent crops, 486 kilo-

quantity of pollinator-independent crops, and 68 kilo-quantity of pollinator-unknown crops (Table 1). 

Upon considering the gender of the head of smallholder farm household, the average kilo-quantity of 

the harvest translates to 53% pollinator-dependent crops, 38% pollinator-independent crops, and 9% 

pollinator-unknown crops, in an average male-headed household. By comparison, in female-headed 

households, the average kilo-quantity distribution is 59% for pollinator-dependent crops, 34% 

pollinator-independent crops, and 7% for pollinator-unknown crops (Table 1). Crops retained by 

households by gender show that, in male-headed households, 53% of the retained quantity is from 
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pollinator-dependent crops, 42% pollinator-independent, and 6% pollinator-unknown. In female-

headed households, the average kilo-quantity distribution is 57% for pollinator-dependent crops, 37% 

pollinator-independent crops, and 6% for pollinator-unknown crops (Table 1). Figure 1 shows the 

percentage difference in the average quantity produced (and consumed) measured in kilograms per 

year between male- and female-headed households. Panel A gives a detailed breakdown of pollination 

dependence, while Panel B aggregates into the three main categories: pollinator-dependent, pollinator-

independent and pollinator-unknown crops.  

A positive percentage difference indicates that more is produced by male-headed households, while a 

negative percentage difference shows that female-headed households produce more than male-headed 

households. Here we use percentage, instead of absolute values, because the general consensus in the 

literature is that male-headed households on average produce more from smallholder farming, 

compared to female-headed farm households (Kassie et al. 2014; Tibesigwa et al. 2016). Table S.15 

shows the complete breakdown and by each country. The percentage difference is negative for 

pollinator-dependent crops, which indicates that female-headed households produce (and consume) 

more crops that depend on pollinators than do male-headed households (Panel B). The percentage 

difference is positive for pollinator-independent crops; here male-headed households produce and 

consume more of these crops than do female-headed households.  

4.2 Calories, Macro-Nutrients, Minerals and Vitamins Intake from Pollinator-Dependent and 

Pollinator-Independent Smallholder Food Crops  

Smallholder food crops retained by households produce important nutrients for household members. 

As mentioned above, there is a strong likelihood that these crops produce other nutrients not covered 

in this analysis. Hence the nutrients shown here are more likely a lower bound of what smallholder 

crops provide to households. Table 2 shows that 609.5 calories (kcal) per household member per-day 

are derived from pollinator-independent crops, while 471.5 kcal come from pollinator-dependent 

crops. Under macro-nutrients, 5.0g of fats are from pollinator-independent crops, while 13.1g are 

from pollinator-dependent crops. Most of the protein is obtained from pollinator-independent crops 

(16.3g), while 15.3g is from pollinator-dependent crops. In the mineral category, zinc is mainly from 

pollinator-independent crops (34.0mg), while 2.5mg comes from pollinator-dependent crops. This is 

similarly observed with iron, where 5.8mg is from pollinator-independent crops while 4.1mg is from 

pollinator-dependent crops. The same is observed with thiamine: 2.4mg is from pollinator-

independent crops and 0.6mg from pollinator-dependent crops. For niacin, more is obtained from 

pollinator-dependent crops (5.9mg), in comparison to pollinator-independent crops (3.6mg). In 

contrast, under vitamins, we find that they are mostly from pollinator-dependent crops, with the 

exception of vitamin B6. That is, 42.6mg of vitamin C is from pollinator-dependent crops, while only 

0.5mg is from pollinator-independent crops. With vitamin B11, 0.1 mg is from pollinator-dependent 

crops while 0.001mg is from pollinator-independent crops. About 6.5mg of vitamin B9 is from 

pollinator-dependent crops, while 2.1mg is from pollinator-independent crops. Finally, 243.6mg of 

Vitamin A is from pollinator-dependent crops, and 1.6mg is from pollinator-independent crops.  

Table 2 also shows how the nutrients provided from pollinator-dependent and pollinator-independent 

crops are different for male- and female-headed households. Panel A shows the absolute nutrient 
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values, including a comparison between male-headed and female-headed households. Panel B shows 

the same values but in percentages. Almost all the mean differences in nutrient values between male- 

and female-headed household are statistically significant. Table S.15 reports results from each 

country. Figure 2 depicts the percentage difference in daily per capita calories, macro-nutrients, 

minerals and vitamins between male- and female-headed households. The nutrients derived from 

pollinator-dependent crops show a negative difference between male- and female-headed households, 

which means that female-headed households obtain more nutrients from these crops, compared to 

male-headed households. Conversely, the pollinator-independent crops show a positive percentage 

difference, which means that male-headed households obtain more nutrients from these crops, 

compared to female-headed household. 

It is important to note that, although smallholder farm households may be subsistence, they are not 

purely subsistence (Sibhatu et al. 2015). That is, in addition to using agriculture for household food 

supply, these households also depend on purchased food and other sources such as gifts (Tibesigwa et 

al. 2015; Sibhatu et al. 2015). To give an example, Table S.16 uses FAO statistics and shows the 

dietary energy contribution from different sources in fifteen countries in sub-Saharan Africa. These 

sources include (i) share of purchased food, (ii) share of own produced food, (iii) share of food from 

other sources and (iv) share of food consumed away from home (Panel A). According to these FAO 

statistics, there is an intriguingly large variation in the share of own production across the countries, 

where the largest share is found in Niger (79.2%), followed by Mozambique (62.8%), Papua New 

Guiea (54.5%), Mali (49.3%), Uganda (48.1%) and Malawi (46.1%). The share is lower in Chad 

(37.9%), Ghana (36.4%), Zambia (34.6%), Togo (28.2%), Cote d’Ivoire (23.8%), Kenya (14.1%), 

Ethiopia (11.8%) and Sudan (7.6%). It is evident that agriculture plays a big role in supplying food for 

sub-Saharan Africa households.
10 As a robustness check, Panel B (Table S.16) shows FAO’s 

estimated dietary energy consumption per person per day, while the values in Panel C are obtained by 

multiplying the values in Panel B with values under produced food in Panel A. Hence the values in 

Panel C provide the dietary energy consumption per person per day from own production based on 

FAO’s estimates. The values from FAO’s estimates are somewhat similar to the energy consumption 

(kcal) produced by the analysis in this study.  

4.3 Gender Gap in Consuming Calories, Macro-Nutrients, Minerals and Vitamins from 

Pollinator-Dependent and Pollinator-Independent Smallholder Crops  

Figure 2 shows the gap between male- and female-headed households in consuming calories, macro-

nutrients, minerals and vitamins obtained from smallholder crops. This is obtained by running Oxaca-

Blinder decomposition models, and thereafter calculating the percentages of the gender gap. The 

Oxaca-Blinder regression results are reported in Table S.17-S.19. As a summary, Figure 3, Panel A 

shows the overall gender gap in consumption, that is, here all crops are considered. Panel B depicts 

the gender gap in consumption from pollinator-independent crops, and Panel C represents the gender 

                                                
10 Also noteworthy, smallholder farming comprises crop farming and livestock keeping, which are both used to 
provide food for the households and markets. The analysis here only considers crop farming due to its 
relationship with pollination services. However, the proportion of food from livestock keeping is far less than 
that from crop farming, and livestock functions more as household assets (Tibesigwa et al. 2015). 
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gap in consumption from pollinator-dependent crops. Upon comparing Panel B and C, it is evident 

that the gender gaps are much higher for pollinator-independent crops (18%-68%) than pollinator-

dependent crops (-6%-33%). This indicates that pollinator-independent crops enhance the 

consumption advantage that male-headed households possess, while pollinator-dependent crops dilute 

this advantage and reduce the overall gender gap, as shown by Panel A. Also noticeable is the fact 

that the percentage gender gap in consumption for pollinator-dependent crops (Panel C) is much 

lower in vitamins intake (-6%-25%). 

5. Concluding Remarks  

Any decline in pollination ecosystem services may impinge on food security due to its effect on 

agriculture productivity (see, e.g., Allen-Wardell et al. 1998; Steffan-Dewenter et al. 2005; Kluser and 

Peduzzi 2007; Bauer and Wing 2010). This analysis offers new insights into the importance of 

pollinators to smallholder farms in sub-Saharan Africa. This is  important because of (i) high reliance 

on smallholder crops to boost household food security (Morton 2007; Jama and Pizarro 2008; Müller 

et al. 2011); (ii) high reliance on wild pollinators, whose abundance is threatened, coupled with a lack 

of commercial pollination services (Kasina et al. 2009; Gemmill-Herren et al. 2014; Martins et al. 

2013; Bosselmann and Hansted 2014; Maus 2016); and (iii) resource constraints that limit 

smallholders’ adaptive responses to changes in natural ecosystems that negatively affect crop 

productivity (FAO 2006; Funk et al. 2008; Müller et al. 2011; Gemmill-Herren et al. 2014). Our 

results show that pollinator-dependent crops provide important energy, macro-nutrients, minerals and 

vitamins in the households of smallholder farmers, suggesting that a reduction in pollinator abundance 

compromises household nutrition. Further, pollinator-dependent crops reduce the consumption 

disadvantage of female-headed farm households with respect to male-headed households, suggesting 

that any decrease in pollinator abundance will increase the gender gap in consumption. These results 

point to policy discussions on the importance of pollinators and conserving pollinator natural habitats 

if pollination services to smallholder farms are to be maintained. Our results suggest that ecosystem 

services policy needs to consider the gender perspective, as we find the benefits of naturally available 

pollination services varying by gender. For example, the System of Environmental Economics 

Accounts-Experimental Ecosystem Accounts (SEEA-EEA) should perhaps re-think the homogeneity 

of the welfare benefits approach. 

References 

Allen-Wardell, G., P. Bernhardt, R. Bitner, A. Burquez, S. Buchmann, J. Cane, P.A. Cox, V. Dalton, 

P. Feinsinger, M. Ingram, D. Inouye, C.E. Jones, K. Kennedy, P. Kevan, H. Koopowitz, R. 

Medellin, S. Medellin-Morales, G.P. Nabhan, B. Pavlik, V. Tepedino, P. Torchio, and S. Walker. 

(1998). The Potential Consequences of Pollinator Declines on the Conservation of Biodiversity 

and Stability of Food Crop Yields. Conservation Biology. 12(1): 8–17. 

Ashworth, L., Quesada, M., Casas, A., Aguilar, R., & Oyama, K. (2009). Pollinator-dependent food 

production in Mexico. Biological Conservation, 142(5): 1050-1057. 



 
 

 

12 
 

 

Bauer, D. M., & Wing, I. S. (2010). Economic consequences of pollinator declines: a 

synthesis. Agricultural and Resource Economics Review, 39(3): 368-383. 

Biesmeijer, J. C., Roberts, S. P., Reemer, M., Ohlemüller, R., Edwards, M., Peeters, T., Schaffers A., 

Potts S., Kleukers R., Thomas C., Settele J., & Kunin W. (2006). Parallel declines in 

pollinators and insect-pollinated plants in Britain and the Netherlands. Science, 313(5785): 

351-354. 

Bosselmann, A. S., & Hansted, L. (2014). Payments for pollination services: An unexplored 

opportunity for African beekeepers. Seeds, 6: 1-4. 

Breeze, T. D., Bailey, A. P., Balcombe, K. G., & Potts, S. G. (2011). Pollination services in the UK: 

How important are honeybees? Agriculture, Ecosystems & Environment, 142(3): 137-143. 

Byrne, A., & Fitzpatrick, Ú. (2009). Bee conservation policy at the global, regional and national 

levels. Apidologie. 40(3): 194-210. 

Chaplin-Kramer, R., Dombeck, E., Gerber, J., Knuth, K. A., Mueller, N. D., Mueller, M., Ziv G., & 

Klein A. (2014). Global malnutrition overlaps with pollinator-dependent micronutrient 

production. Proceedings of the Royal Society of London B: Biological Sciences, 281(1794): 1-

7. 

Conceição, P., Levine, S., Lipton, M., & Warren-Rodríguez, A. (2016). Toward a food secure future: 

Ensuring food security for sustainable human development in Sub-Saharan Africa. Food 

Policy, 60: 1-9. 

Connolly-Boutin, L., & Smit, B. (2016). Climate change, food security, and livelihoods in sub-

Saharan Africa. Regional Environmental Change, 16(2): 385-399. 

Corbet, S. A., Williams, I. H., & Osborne, J. L. (1991). Bees and the pollination of crops and wild 

flowers in the European Community. Bee World, 72(2): 47-59. 

Crush, J., Hovorka, A., & Tevera, D. (2011). Food security in Southern African cities: The place of 

urban agriculture. Progress in Development Studies, 11(4): 285-305. 

Cunningham, S. A. (2000). Depressed pollination in habitat fragments causes low fruit 

set. Proceedings of the Royal Society of London B: Biological Sciences, 267(1448): 1149-

1152. 

Devoto, M., Medan, D., Roig‐Alsina, A., & Montaldo, N. H. (2009). Patterns of species turnover in 

plant‐pollinator communities along a precipitation gradient in Patagonia (Argentina). Austral 

Ecology, 34(8): 848-857. 

FAO. (1998). Vitamin and mineral requirements in human nutrition: Report of a joint FAO/WHO 

expert consultation, Bangkok, Thailand, 21–30 September 1998.  

Frelat, R., Lopez-Ridaura, S., Giller, K. E., Herrero, M., Douxchamps, S., Djurfeldt, A., Erenstein O., 

Henderson B., Kassie M., Paul B., Rigolot C., Ritzema R., Rodriguez D., van Asten P. & van 

Wijk M. (2016). Drivers of household food availability in sub-Saharan Africa based on big 

data from small farms. Proceedings of the National Academy of Sciences, 113(2): 458-463. 



 
 

 

13 
 

 

Funk, C., Dettinger, M. D., Michaelsen, J. C., Verdin, J. P., Brown, M. E., Barlow, M., & Hoell, A. 

(2008). Warming of the Indian Ocean threatens eastern and southern African food security 

but could be mitigated by agricultural development. Proceedings of the National Academy of 

Sciences, 105(32): 11081-11086. 

Gaye, A., Klugman, J., Kovacevic, M., Twigg, S., & Zambrano, E. (2010). Measuring key disparities 

in human development: The gender inequality index. Human Development Research 

Paper, 46: 1-37. 

Gemmill-Herren, B., Aidoo, K., Kwapong, P., Martins, D., Kinuthia, W., Gikungu, M., & Eardley, C. 

(2014). Priorities for research and development in the management of pollination services for 

agriculture in Africa. Journal of Pollination Ecology, 12(6): 40-51. 

Giannini, T. C., Acosta, A. L., Garófalo, C. A., Saraiva, A. M., Alves-dos-Santos, I., & Imperatriz-

Fonseca, V. L. (2012). Pollination services at risk: Bee habitats will decrease owing to 

climate change in Brazil. Ecological Modelling, 244: 127-131. 

Girão, L. C., Lopes, A. V., Tabarelli, M., & Bruna, E. M. (2007). Changes in tree reproductive traits 

reduce functional diversity in a fragmented Atlantic forest landscape. PLoS One, 2(9): e908. 

González-Varo, J. P., Arroyo, J., & Aparicio, A. (2009). Effects of fragmentation on pollinator 

assemblage, pollen limitation and seed production of Mediterranean myrtle (Myrtus 

communis). Biological Conservation, 142(5): 1058-1065. 

Goulson, D. (2003). Conserving wild bees for crop pollination. Journal of Food Agriculture and 

Environment, 1: 142-144. 

Hanley, M. E., Awbi, A. J., & Franco, M. (2014). Going native? Flower use by bumblebees in English 

urban gardens. Annals of Botany, 113(5): 799-806. 

Jama, B., & Pizarro, G. (2008). Agriculture in Africa: Strategies to improve and sustain smallholder 

production systems. Annals of the New York Academy of Sciences, 1136(1): 218-232. 

Kasina, J.M., Mburu, J., Kraemer, M. & Holm-Mueller, K. (2009). Economic benefit of crop 

pollination by bees: A case of Kakamega small-holder farming in western Kenya. Journal of 

Economic Entomology, 102: 467-473. 

Kassie, M., Ndiritu, S. W., & Stage, J. (2014). What determines gender inequality in household food 

security in Kenya? Application of exogenous switching treatment regression. World 

Development, 56: 153-171.  

Kevane, M. (2012). Gendered production and consumption in rural Africa. Proceedings of the 

National Academy of Sciences, 109(31): 12350-12355. 

Klein, A. M., Vaissiere, B. E., Cane, J. H., Steffan-Dewenter, I., Cunningham, S. A., Kremen, C., & 

Tscharntke, T. (2007). Importance of pollinators in changing landscapes for world 

crops. Proceedings of the Royal Society of London B: Biological Sciences, 274(1608): 303-

313. 

Kluser, S. and P. Peduzzi. 2007. Global Pollinator Decline: A Literature Review. UNEP/GRID-

Europe. 



 
 

 

14 
 

 

Kremen, C., & Ricketts, T. (2000). Global perspectives on pollination disruptions. Conservation 

Biology, 14(5): 1226-1228. 

Kremen, C., Williams, N. M., & Thorp, R. W. (2002). Crop pollination from native bees at risk from 

agricultural intensification. Proceedings of the National Academy of Sciences, 99(26): 16812-

16816. 

Le Féon, V., Schermann-Legionnet, A., Delettre, Y., Aviron, S., Billeter, R., Bugter, R., Hendrickx 

F., and Burel F., (2010). Intensification of agriculture, landscape composition and wild bee 

communities: a large scale study in four European countries. Agriculture, Ecosystems & 

Environment, 137(1): 143-150. 

Martins, D. J. (2013). People, plants and pollinators: uniting conservation, food security, and 

sustainable agriculture in East Africa. Conservation Biology: Voices from the Tropics, 27: 

232-238  

Maus, C. (2016). The impact on environmental stressors on apiculture in Africa. Bulletin of Animal 

Health and Production in Africa, 64(1): 37-48. 

Meixner, M. D. (2010). A historical review of managed honey bee populations in Europe and the 

United States and the factors that may affect them. Journal of Invertebrate Pathology, 103: 

S80-S95. 

Morton, J. F. (2007). The impact of climate change on smallholder and subsistence 

agriculture. Proceedings of the National Academy of Sciences, 104(50): 19680-19685. 

Müller, C., Cramer, W., Hare, W. L., & Lotze-Campen, H. (2011). Climate change risks for African 

agriculture. Proceedings of the National Academy of Sciences, 108(11): 4313-4315. 

Mwebaze, P., Marris, G. C., Budge, G. E., Brown, M., Potts, S. G., Breeze, T. D., & MacLEOD, A. 

(2010). Quantifying the value of ecosystem services: a case study of honeybee pollination in the 

UK. Contributed Paper. 

Njoh, A. J., & Ananga, E. (2016). The development hypothesis of women empowerment in the 

Millennium Development Goals tested in the context women’s access to land in 

Africa. Social Indicators Research, 128(1): 89-104. 

Oaxaca, R. L., & Ransom, M. R. (1999). Identification in detailed wage decompositions. The Review 

of Economics and Statistics, 81(1): 154-157. 

Oaxaca, R. L. (2007). The challenge of measuring labor market discrimination against 

women. Swedish Economic Policy Review, 14(1): 199. 

Potts, S. G., Biesmeijer, J. C., Kremen, C., Neumann, P., Schweiger, O., & Kunin, W. E. (2010). 

Global pollinator declines: trends, impacts and drivers. Trends in Ecology & Evolution, 25(6): 

345-353. 

Quisumbing, A. R., Haddad, L., & Peña, C. (2001). Are women overrepresented among the poor? An 

analysis of poverty in 10 developing countries. Journal of Development Economics, 66(1): 

225-269. 



 
 

 

15 
 

 

Rader, R., Bartomeus, I., Garibaldi, L. A., Garratt, M. P., Howlett, B. G., Winfree, R., & Bommarco, 

R. (2016). Non-bee insects are important contributors to global crop pollination. Proceedings 

of the National Academy of Sciences, 113(1): 146-151. 

Sheahan, M., & Barrett, C. B. (2017). Ten striking facts about agricultural input use in Sub-Saharan 

Africa. Food Policy, 67: 12-25. 

Sibhatu, K. T., Krishna, V. V., & Qaim, M. (2015). Production diversity and dietary diversity in 

smallholder farm households. Proceedings of the National Academy of Sciences, 112(34): 

10657-10662. 

Smith, M. R., Singh, G. M., Mozaffarian, D., & Myers, S. S. (2015). Effects of decreases of animal 

pollinators on human nutrition and global health: a modelling analysis. The 

Lancet, 386(10007): 1964-1972. 

Steffan-Dewenter, I., S.G. Potts, and L. Packer. (2005). Pollinator Diversity and Crop Pollination 

Services Are at Risk. Trends in Ecology and Evolution. 20(12): 651–652. 

Tibesigwa, B., Visser, M., & Turpie, J. (2015). The impact of climate change on net revenue and food 

adequacy of subsistence farming households in South Africa. Environment and Development 

Economics, 20(3): 327-353.  

Tibesigwa, B., & Visser, M. (2016). Assessing gender inequality in food security among small-holder 

farm households in urban and rural South Africa. World Development, 88: 33-49. 

Van Aelst, K., & Holvoet, N. (2016). Intersections of gender and marital status in accessing climate 

change adaptation: Evidence from rural Tanzania. World Development, 79: 40-50. 

Winfree, R. (2010). The conservation and restoration of wild bees. Annals of the New York Academy 

of Sciences, 1195(1): 169-197. 

Winfree, R., Gross, B. J., & Kremen, C. (2011). Valuing pollination services to 

agriculture. Ecological Economics, 71: 80-88. 

Wossen, T., Berger, T., Haile, M. G., & Troost, C. (2017). Impacts of climate variability and food 

price volatility on household income and food security of farm households in East and West 

Africa. Agricultural Systems. 

 

 
 



 
 

 

16 
 

 

Main Tables and Figures 

 
 

Table 1: Quantity produced and consumed from crop farming by the level of pollination dependency. 

   Absolute values % values (aggregated) % values (disaggregated) 

      

Pooled Male-
headed 

household 

Female-
headed 

household 

Mean difference Pooled Male-
headed 

household 

Female-
headed 

household 

Male-
headed 

household 

Pooled Male-
headed 

household 

Female-
headed 

household 
Production Pollinator-independent crops no increase 828.6 965.4 404.1 561.29*** (64.213) 37.4 37.8 34.0 3.8 37.4 37.8 34.0 3.8 

 Pollinator-dependent crops increase 750.2 846.2 467.9 378.36*** (69.097) 33.8 33.2 39.4 -6.3 53.8 53.1 58.9 -5.8 
  little 223.0 260.7 106.2 154.54*** (16.593) 10.1 10.2 8.9 1.3     
  modest 101.7 118.7 44.1 74.57*** (12.573) 4.6 4.7 3.7 0.9     
  great 97.4 105.9 71.1 34.77*** (11.809) 4.4 4.1 6.0 -1.8     
  essential  21.2 24.7 10.4 14.28987 (9.841) 1.0 1.0 0.9 0.1     
 Pollinator-unknown crops unknown 195.3 230.7 83.3 147.40*** (57.000) 8.8 9.0 7.0 2.0 8.8 9.0 7.0 2.0 
Consumption Pollinator-independent crops no increase 486.0 564.9 249.6 315.31*** (23.656) 41.1 41.8 37.3 4.4 41.1 41.8 37.3 4.4 
 Pollinator-dependent crops increase 428.5 484.7 263.2 221.52*** (39.415) 36.2 35.8 39.4 -3.5 53.1 52.5 57.1 -4.6 
  little 129.0 149.3 66.3 83.07*** (8.855) 10.9 11.0 9.9 1.1     
  modest 36.3 42.7 13.8 28.85*** (5.844) 3.1 3.2 2.1 1.1     
  great 29.8 28.8 33.8 -4.94 (3.440) 2.5 2.1 5.0 -2.9     
  essential  4.6 4.5 4.9 -0.43 (1.123) 0.4 0.3 0.7 -0.4     
  Pollinator-unknown crops unknown 68.0 77.9 37.2 40.68** (16.377) 5.8 5.8 5.6 0.2 5.8 5.8 5.6 0.2 

Robust standard errors in parentheses                                      *** p<0.01, ** p<0.05, * p<0.1 

The table shows the average kilo-quantity harvested/produced (and consumed) per household per year classified according to whether the amount was produced by 
pollinator-dependent crops, pollinator-independent crops or pollinator-unknown crops. These amounts are also compared between male- and female-headed households, and 
the test of mean difference is provided. Table S.14 provides more details for each country. 
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Table 2: Daily per capita calorie, macro-nutrients, minerals and vitamins obtained 
from crop farming 

   Panel A Panel B 
 Type of crop  Absolute values % values 
     all male female difference all male female diff 
calories pollinator-independent crops no increase 609.5 697.9 345.0 352.93***  (34.992) 55 56 50 7 
 pollinator-dependent crops increase 261.3 281.4 206.4 75.02***  (24.314) 24 23 30 -7 
  little 131.9 150.5 77.3 73.25***  (15.163) 12 12 11 1 
  modest 61.9 69.2 33.5 35.66***  (11.905) 6 6 5 1 
  great 13.6 11.8 19.6 -7.83***  (2.369) 1 1 3 -2 
  essential  2.8 2.7 3.1 -0.43 (0.969) 0 0 0 0 
  pollinator-unknown crops unknown 22.8 26.3 11.2 15.09***  (4.756) 2 2 2 1 
protein pollinator-independent crops no increase 16.3 18.3 10.1 8.28***  (1.050) 50 51 47 4 
 pollinator-dependent crops increase 3.9 4.2 3.1 1.06***  (0.368) 12 12 15 -3 
  little 8.4 9.3 5.8 3.51***  (0.829) 26 26 27 -1 
  modest 2.6 2.9 1.4 1.53***  (0.430) 8 8 7 2 
  great 0.4 0.3 0.5 -0.18***  (0.055) 1 1 2 -1 
  essential  0.1 0.1 0.1 -0.01 (0.042) 0 0 1 0 
 pollinator-unknown crops unknown 0.7 0.9 0.4 0.49***  (0.146) 2 2 2 1 
fat pollinator-independent crops no increase 5.0 5.6 3.1 2.49***  (0.366) 27 27 28 -1 
 pollinator-dependent crops increase 3.2 3.4 2.8 0.59 (0.433) 17 16 25 -9 
  little 6.7 7.9 3.0 4.90***  (1.164) 36 38 28 11 
  modest 2.6 3.0 1.2 1.79***  (0.490) 14 14 11 4 
  great 0.5 0.4 0.6 -0.23** (0.098) 2 2 6 -4 
  essential  0.1 0.1 0.1 -0.00 (0.050) 1 1 1 -1 
  pollinator-unknown crops unknown 0.3 0.4 0.1 0.25***  (0.091) 2 2 1 1 
iron pollinator-independent crops no increase 5.8 6.7 3.1 3.57***  (0.351) 56 58 50 8 
 pollinator-dependent crops increase 1.3 1.3 1.0 0.29** (0.128) 12 11 17 -5 
  little 1.9 2.1 1.5 0.60***  (0.175) 18 18 23 -5 
  modest 0.8 0.9 0.3 0.64***  (0.149) 8 8 5 3 
  great 0.1 0.1 0.1 -0.05***  (0.016) 1 1 2 -1 
  essential  0.0 0.0 0.0 -0.00 (0.008) 0 0 1 0 
 pollinator-unknown crops unknown 0.4 0.5 0.2 0.27***  (0.081) 4 4 3 1 
zinc pollinator-independent crops no increase 34.0 38.6 20.1 18.53***  (2.459) 92 92 91 2 
 pollinator-dependent crops increase 0.9 1.0 0.7 0.30** (0.129) 3 2 3 -1 
  little 0.9 1.0 0.4 0.55***  (0.136) 2 2 2 0 
  modest 0.4 0.4 0.2 0.22** (0.090) 1 1 1 0 
  great 0.3 0.3 0.4 -0.10 (0.088) 1 1 2 -1 
  essential  0.1 0.0 0.1 -0.03 (0.042) 0 0 0 0 
  pollinator-unknown crops unknown 0.3 0.4 0.2 0.12 (0.080) 1 1 1 0 
ribloflavin pollinator-independent crops no increase 0.3 0.3 0.2 0.13***  (0.019) 55 56 48 8 
 pollinator-dependent crops increase 0.1 0.1 0.1 0.01* (0.008) 18 17 22 -5 
  little 0.1 0.1 0.0 0.01** (0.007) 11 11 12 -1 
  modest 0.0 0.0 0.0 0.02***  (0.007) 8 8 7 2 
  great 0.0 0.0 0.0 -0.01***  (0.002) 4 3 8 -4 
  essential  0.0 0.0 0.0 -0.00 (0.000) 0 0 1 0 
 pollinator-unknown crops unknown 0.0 0.0 0.0 0.01***  (0.003) 3 3 2 1 
thiamine pollinator-independent crops no increase 2.4 2.7 1.5 1.12***  (0.255) 80 80 77 3 
 pollinator-dependent crops increase 0.3 0.3 0.2 0.09***  (0.028) 9 8 9 -1 
  little 0.2 0.2 0.1 0.09***  (0.024) 6 6 6 0 
  modest 0.1 0.1 0.0 0.02* (0.013) 2 2 2 0 
  great 0.1 0.1 0.1 -0.02 (0.014) 2 2 4 -2 
  essential  0.0 0.0 0.0 -0.01 (0.006) 0 0 1 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.01 (0.012) 1 1 2 0 
niacin pollinator-independent crops no increase 3.6 4.1 2.1 1.92***  (0.232) 37 38 33 5 
 pollinator-dependent crops increase 2.0 2.1 1.7 0.40* (0.208) 20 19 26 -6 
  little 2.9 3.2 1.9 1.30***  (0.362) 30 30 29 1 
  modest 0.8 0.9 0.4 0.50** (0.198) 8 8 6 3 
  great 0.2 0.2 0.3 -0.13***  (0.033) 2 2 5 -3 
  essential  0.0 0.0 0.0 -0.01 (0.004) 0 0 0 0 
 pollinator-unknown crops unknown 0.2 0.2 0.1 0.12***  (0.037) 2 2 1 1 
vit C pollinator-independent crops no increase 0.5 0.6 0.3 0.24 (0.153) 1 1 1 0 
 pollinator-dependent crops increase 31.2 33.9 23.6 10.27***  (3.348) 72 74 63 12 
  little 2.4 2.5 2.3 0.19 (0.773) 6 5 6 -1 
  modest 1.9 2.0 1.7 0.30 (0.655) 4 4 5 0 
  great 6.8 6.1 9.2 -3.10***  (1.096) 16 13 25 -11 
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  essential  0.2 0.2 0.3 -0.13** (0.060) 0 0 1 0 
  pollinator-unknown crops unknown 0.3 0.3 0.1 0.21 (0.196) 1 1 0 0 
vit B9 pollinator-independent crops no increase 2.1 2.4 1.2 1.26***  (0.341) 24 27 15 13 
 pollinator-dependent crops increase 0.2 0.2 0.1 0.11 (0.079) 2 2 1 1 
  little 5.4 5.3 6.1 -0.87 (0.686) 62 59 77 -18 
  modest 0.8 0.9 0.4 0.50** (0.252) 9 10 5 5 
  great 0.1 0.1 0.2 -0.13***  (0.041) 1 1 2 -2 
  essential  0.0 0.0 0.0 0.019 (0.019) 0 0 0 0 
 pollinator-unknown crops unknown 0.1 0.1 0.0 0.07 (0.057) 1 1 0 1 
vit B11 pollinator-independent crops no increase 0.0 0.0 0.0 0.001* (0.000) 2 2 1 1 
 pollinator-dependent crops increase 0.0 0.0 0.0 0.001 (0.002) 8 8 8 0 
  little 0.1 0.1 0.1 0.01 (0.008) 71 73 67 5 
  modest 0.0 0.0 0.0 -0.003 (0.011) 18 17 24 -7 
  great 0.0 0.0 0.0 0.00 (0.000) 0 0 0 0 
  essential  0.0 0.0 0.0 0.00 (0.000) 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 -0.00 (0.000) 0 0 0 0 
vit B6 pollinator-independent crops no increase 11.2 11.7 9.6 2.10***  (0.675) 92 92 92 -1 
 pollinator-dependent crops increase 0.6 0.6 0.4 0.19***  (0.062) 5 5 4 1 
  little 0.1 0.1 0.1 0.01 (0.032) 1 1 1 0 
  modest 0.1 0.1 0.0 0.03 (0.020) 1 1 0 0 
  great 0.1 0.1 0.1 -0.03 (0.024) 1 1 1 -1 
  essential  0.1 0.1 0.0 0.04 (0.039) 1 1 0 0 
 pollinator-unknown crops unknown 0.1 0.1 0.1 0.02 (0.020) 1 1 0 0 
vit A pollinator-independent crops no increase 1.6 1.8 0.9 0.95* (0.547) 1 1 0 0 
 pollinator-dependent crops increase 204.6 210.5 189.6 20.94 (35.407) 83 84 80 4 
  little 15.9 13.0 26.0 -13.03 (13.575) 6 5 11 -6 
  modest 9.5 11.5 2.8 8.69** (3.635) 4 5 1 3 
  great 9.5 8.6 12.9 -4.34***  (1.572) 4 3 5 -2 
  essential  4.0 3.5 5.4 -1.91** (0.836) 2 1 2 -1 
  pollinator-unknown crops unknown 1.5 2.0 0.2 1.84 (1.181) 1 1 0 1 

Robust standard errors in parentheses                                      *** p<0.01, ** p<0.05, * p<0.1 

The nutrients provided from pollinator-dependent and pollinator-independent crops are presented. Panel A 
shows the absolute nutrient values, including a comparison between male-headed and female-headed 
households. Panel B shows the same values but in percentage. Table S.15 reports results from each country. 
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Figure 1: Differences in quantity produced and consumed from smallholder crops by 
the level of pollination dependency between male- and female-headed households.  

 
This is the percentage difference between male- and female-headed households in the average quantity produced 
per household, measured in kilograms per year Panel A gives a detailed breakdown of pollination dependence, 
while Panel B aggregates into the three main categories. A positive percentage difference indicates that more is 
produced by male-headed households. A negative percentage difference shows that female-headed households 
produce more than male-headed households. The percentage difference is used because male-headed households 
on average produce more from smallholder farming than do female-headed farm households. Table S.15 shows 
the complete breakdown overall and by each country. 
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Figure 2: Difference (%) in daily per capita calories, macro-nutrients, minerals and vitamins obtained from crop farming between 
male- and female-headed households. 

  

This shows percentage difference in daily per capita calories, macro-nutrients, minerals and vitamins between male- and female-headed households. A negative percentage 
shows more nutrients in female-headed households, while a positive percentage difference shows more nutrients in male-headed households.  
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Figure 3:  Daily per-person calories, macro-nutrients, minerals and vitamins gender-
gap (decomposition) – comparing between male- and female-headed households – by 

pollinator-dependent and pollinator-independent crops (%). 

 

Panel A shows the overall gender gap in consumption; that is, here all crops are considered. Panel B depicts the 
gender gap in consumption from pollinator-independent crops, and Panel C represents the gender gap in 
consumption from pollinator-dependent crops. Pollinator-independent crops enhance the consumption 
advantage in male-headed households, while pollinator-dependent crops reduce this advantage and thereby 
decrease the overall gender gap, as shown by Panel A. 

 
 

  

Pa
ne

l C
: P

ol
lin

at
or

-d
ep

en
de

nt
 c

ro
ps

Pa
ne

l A
: A

ll 
cr

op
s

Pa
ne

l B
: P

ol
lin

at
or

-in
de

pe
nd

en
t c

ro
ps

41

32 32
39

32
25

20

33

5
13

19

10
17

0

10

20

30

40

50

60

70

80

90

100

calories protein fat iron zinc ribloflavin thiamine niacine vitA vitB12 vitB6 vitB9 vitC

G
en

de
r-

ga
p 

in
 c

on
su

m
pt

io
n 

(%
)

51

34
29

45

34
29

19

39

52

68

18

52
45

0

10

20

30

40

50

60

70

80

90

100

calories protein fat iron zinc ribloflavin thiamine niacine vitA vitB12 vitB6 vitB9 vitC

G
en

de
r-

ga
p 

in
 c

on
su

m
pt

io
n 

(%
)

30 30 33 30 30

16

26 28

4
11

25

-6

17

-20

-10

0

10

20

30

40

50

60

70

80

90

100

calories protein fat iron zinc ribloflavin thiamine niacine vitA vitB12 vitB6 vitB9 vitC

G
en

de
r-

ga
p 

in
 c

on
su

m
pt

io
n

(%
)



 
 

 

22 
 

 

Supplementary Tables 

 

Table S1: Smallholder household characteristics 

  

Household 
characteristics 

Pooled Male-
headed 

household 

Female-
headed 

households 

Mean difference 

Pooled Age of the head of household 46.98 45.38 50.42 -5.04*** (0.294) 
 Head of household is married 0.73 0.90 0.20 0.70*** (0.006) 
 Number of household members 5.56 5.95 4.33 1.62*** (0.054) 
 Urban 0.21 0.19 0.29 -0.10*** (0.008) 
 Head of household is female 0.24     
Ethiopia Age of the head of household 45.54 43.41 46.45 -3.04*** (0.479) 
 Head of household is married 0.69 0.88 0.23 0.66*** (0.010) 
 Number of household members 4.58 5.11 3.32 1.78*** (0.069) 
 Urban 0.37 0.32 0.51 -0.19*** (0.015) 
  Head of household is female 0.29         
Tanzania Age of the head of household 48.93 47.12 54.98 -7.86*** (0.724) 
 Head of household is married 0.60 0.74 0.14 0.59*** (0.019) 
 Number of household members 5.68 5.96 4.73 1.23*** (0.138) 
 Urban 0.15 0.14 0.18 -0.04*** (0.017) 
 Head of household is female 0.23     
Uganda Age of the head of household 48.27 46.52 52.73 -6.21*** (0.771) 
 Head of household is married 0.75 0.94 0.30 0.64*** (0.016) 
 Number of household members 7.40 7.71 6.61 1.10*** (0.171) 
 Urban 0.12 0.11 0.14 -0.03* (0.016) 
  Head of household is female 0.28         
Malawi Age of the head of household 43.98 42.10 49.77 -7.67*** (0.657) 
 Head of household is married 0.77 0.96 0.18 0.78*** (0.011) 
 Number of household members 5.19 5.40 4.52 0.89*** (0.09) 
 Urban 0.14 0.15 0.10 0.05*** (0.014) 
 Head of household is female 0.24     
Nigeria Age of the head of household 50.22 49.26 57.69 -8.42*** (0.857) 
 Head of household is married 0.85 0.96 0.04 0.92*** (0.011) 
 Number of household members 6.32 6.65 3.77 2.88*** (0.178) 
 Urban 0.12 0.11 0.15 -0.04* (0.019) 
  Head of household is female 0.11         

  Robust standard errors in parentheses                                      *** p<0.01, ** p<0.05, * p<0.1 
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Table S2: Smallholder crops and their pollinator dependency 

Crops Breeding system Yield/seed increase in presence of pollinators 
In the absence of pollinators, yield may be less 
by… 

Acha    
African Oil Bean    
Agbono (Oro Seed)    
Amaranths    
Amboshika    
Apple Hermaphrodite, largely self-incompatible Great 40-90% 
Avocado Hermaphrodite, dichogamous, self-incompatible Great 40-90% 
Bambara Nuts Hermaphrodite, self compatible Little 0-10% 
Banana  Reproduce vegetatively Increase in seed production Unspecified 
Barley Unspecified Doesn’t show an increase in yield  
Beans Hermophrodite, self-compatible Little 0-10% 
Beer Root    
Bilimbi Not Available Not Available  
Bitter Kola    
Black Pepper Hermophrodite, self-compatible Doesn’t show an increase in yield  
Bread Fruit Monoecious, dichogamous Unknown  
Cabbage Unspecified Shows an increase in yield Unspecified 
Cardamon Hermaphrodite Great 40-90% 
Carrots Unspecified Shows an increase in yield Unspecified 
Cashew Nut Andro-monoecious Great 40-90%  
Cassava Reproduce vegetatively Shows an increase in yield Unspecified 
Cauliflower Unspecified Shows an increase in yield Unspecified 
Chat    
Cherry (Agbalumo) Unspecified Doesn’t show an increase in yield  
Chick Peas Hermaphrodite, self compatible Doesn’t show an increase in yield  
Chilies Hermaphrodite, self-compatible Modest 10-40% 
Cinnamon Unspecified Shows an increase in yield Unspecified 
Citron Hermaphrodite, varying level of self-incompatibility among varieties Little 0-10% 
Clove Unspecified Unknown  
Cocoa (Pod, Beans) Hermaphrodite, with varying level of self-incompatibility within varieties Essential More than 90% 
Coconut Monoecious Modest  10-40% 
Cocoyams Reproduce vegetatively Shows an increase in yield Unspecified 
Coffee Robusta hermaphrodite, variable level of self-compatibility Great 40-90% 
Coffee, Arabica1 Hermaphrodite, variable level of self-compatibility Modest 10-40% 
Comtatie    
Coriander Hermaphrodite, self-compatible Great 40-90% 
Cotton seed Hermaphrodite, self-compatible Modest 10-40% 
Cow Peas Hermophrodite, self-compatible Doesn’t show an increase in yield  
Cucumber Monoecious/andro-monoecious, self-compatible Great 40-90% 
Cumin Hermaphrodite, self-compatible Great 40-90% 
Custard Apple Hermaphrodite Essential More than 90% 
Date Unspecified Doesn’t show an increase in yield  
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Dodo Andro-monoecious, with varying self-compatibility within varieties Great 40-90% 
Durian Hermaphrodite, monoecious, self-incompatible Great 10-40% 
Eggplants Hermaphrodite, self-compatible Modest 10-40% 
Enset    
Eru    
Fennel Hermaphrodite, few andro-monoecious, dichogamous, self-incompatible Great 40-90% 
Fenugreek    
Field Peas Hermaphrodite, self-compatible Doesn’t show an increase in yield  
Finger Millet Unspecified Doesn’t show an increase in yield  
Fiwi Dioecious Essential More than 90% 
Garden Egg    
Garlic Reproduce vegetatively Shows an increase in yield Unspecified 
Gesho    
Gibto    
Ginger Unspecified Unknown  
Gishita    
Godere    
Grape Fruit Hermaphrodite, with varying level of self-incompatibility within varieties Little 0-10% 
Green Gram Hermophrodite, self-compatible Little 0-10% 
Green Pepper (green, red) Hermaphrodite, self-compatible Little 0-10% 
Ground Bean(Nzama) Hermaphrodite, self compatible Modest 10- 40% 
Groundnuts Hermaphrodite, self compatible Little 0-10% 
Guava Hermaphrodite, self-compatible Modest 10-40% 
Gum Arabic    
Haricot Beans Hermophrodite, self-compatible Little 0-10% 
Horse Beans Hermaphrodite, self compatible Modest 10-40% 
Irish Potatoes Reproduce vegetatively Shows an increase in yield Unspecified 
Jack Fruit Monoecious, dichogamous Unknown  
Jute Not available Not available  
Kale Unspecified Shows an increase in yield Unspecified 
Kapok Not Available Not Available  
Kazmir    
Kolanut Hermaphrodite, andro-monoecious Great  40-90% 
Kuka dry Leaves    
Lemon Hermaphrodite, with varying level of self-incompatibility within varieties Little 0-10% 
Lentils Hermaphrodite, self-compatible Doesn’t show an increase in yield  
Lettuce Unspecified Shows an increase in yield Unspecified 
Lime Hermaphrodite, with varying level of self-incompatibility within varieties Little 0-10% 
Linseed Hermaphrodite, variable level of self-compatibility Little 0-10% 
Locust Bean    
Maize Unspecified Doesn’t show an increase in yield  
Malay Apple Not Available Not Available  
Mandarin/Tangerine Hermaphrodite, with varying level of self-incompatibility within varieties Little 0-10% 
Mango Andro-monoecious, with varying self-compatibility within varieties Great 40-90% 
Masau    
Melon (Unshelled, Shelled) Monoecious or andro-monoecious, self-compatible Essential More than 90% 
Mexican Apple [Masuku] Hermaphrodite Essential More than 90% 
Millet (Bulrush, pearl) Unspecified Doesn’t show an increase in yield  
Mitobo    
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Monkeybread    
Naartje (Tangerine) Not Available Not Available  
Nkhwani    
Nueg    
Oats Unspecified Doesn’t show an increase in yield  
Okro Hermaphrodite, self-compatible Modest 10-40% 
Onions Unspecified Shows an increase in yield Unspecified 
Orange Hermaphrodite, with varying level of self-incompatibility within varieties Little 0-10% 
Palm Oil Monoecious Little 0-10% 
Papaya Dioecious, monoecious, hermaphrodite, self-compatible Shows an increase in yield Unspecified 
Paprika Not Available Not Available  
Passion Fruit Hermaphrodite, mainly self-incompatible Essential More than 90% 
Pawpaw Hermaphrodite, self-incompatible Essential More than 90% 
Peach Hermaphrodite, self-compatible Great 40-90% 
Pear Hermaphrodite, self-incompatible Great 40-90% 
Pears Hermaphrodite, self-incompatible Great 40-90% 
Pigeon Peas Hermaphrodite, self compatible Little 0-10% 
Pineapple Reproduce vegetatively Shows an increase in yield Unspecified 
Plantain Reproduce vegetatively Shows an increase in yield Unspecified 
Plum Hermaphrodite, with varying level of self-compatibility Great 40-90% 
Pomegranate Hermaphrodite, andro-monoecious, partly self-incompatible Modest 10-40% 
Pomelo Hermaphrodite, with varying level of self-incompatibility within varieties Little 0-10% 
Pumpkins Monoecious, self-compatible Essential More than 90% 
Rambutan Hermaphroditic,  functional gynocious and androecious flowers Little 0-10% 
Rape Seed Hermaphrodite, self-compatible Modest 10-40% 
Rice Unspecified Doesn’t show an increase in yield  
Rizga    
Rubber Not Available Not Available  
Rue Unspecified Doesn’t show an increase in yield  
Sesame Hermaphrodite, self-compatible Modest 10-40% 
Simsim Not Available Not Available  
Sorghum Unspecified Doesn’t show an increase in yield  
Soya Beans Hermaphrodite, self compatible Modest 10- 40% 
Spinach Unspecified Unknown  
Star Fruit Hermaphrodite, distylous, self-incompatible Unknown  
Sugarcane Unspecified Doesn’t show an increase in yield  
Sunflower Dichogamous, variable level of self-compatibility among varieties Modest 10-40% 
Sweet Potatoes Reproduce vegetatively Shows an increase in yield Unspecified 
Tamarind Not Available Not Available  
Tanaposi    
Tea Unspecified Doesn’t show an increase in yield  
Teff    
Therere/Okra Hermaphrodite, self-compatible Modest 10-40% 
Timiz Kimem    
Tomatoes Hermaphrodite, self-compatible Little 0-10% 
Tumeric Not Available Not Available  
Vanilla Hermaphrodite, self-incompatible Essential More than 90% 
Vetch Not Available Not Available  
Walnut Unspecified Doesn’t show an increase in yield  
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Watermelon Monoecious or andro-monoecious, self-compatible Essential More than 90% 
Wheat Unspecified Doesn’t show an increase in yield  
Yam (White, Yellow, Water, Three Leave) Reproduce vegetatively Shows an increase in yield Unspecified 
Zobo       

  Note: Crops in italics represent indigenous crops. Only food items are considered. Non-food crops are very few, e.g., tobacco and tree harvesting. 
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Table S.3: Long-rains crops (Tanzania) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of pollinators, yield 
may be less by… 

Freq. Percent 

Maize Doesn't show an increase in yields  3,079 38.81 
Beans Little 0-10% 871 10.98 
Paddy Doesn't show an increase in yields  805 10.15 
Groundnut Little 0-10% 472 5.95 
Sweet Potatoes Shows an increase unspecified 364 4.59 
Sorghum Doesn't show an increase in yields  324 4.08 
Pigeon Pea Little 0-10% 276 3.48 
Sunflower Modest 10-40% 246 3.1 
Cowpeas Doesn't show an increase in yields  244 3.08 
Cotton Modest 10-40% 204 2.57 
Cocoyams Shows an increase unspecified 122 1.54 
Sesame Modest 10-40% 114 1.44 
Green Gram Little 0-10% 85 1.07 
Bulrush Millet Doesn't show an increase in yields  75 0.95 
Bambara Nuts Little 0-10% 71 0.89 
Irish Potatoes Shows an increase unspecified 66 0.83 
Tobacco   62 0.78 
Pumpkins Essential More than 90% 56 0.71 
Tomatoes Little 0-10% 45 0.57 
Cassava Shows an increase unspecified 36 0.45 
Chick Peas Little 0-10% 29 0.37 
Yams Shows an increase unspecified 28 0.35 
Finger Millet Doesn't show an increase in yields  27 0.34 
Wheat Doesn't show an increase in yields  24 0.3 
Amaranths Unknown  22 0.28 
Fiwi Essential More than 90% 22 0.28 
Pyrethrum Unspecified  19 0.24 
Onions Shows an increase unspecified 16 0.2 
Okra Modest 10-40% 14 0.18 
Soya Beans Modest 10- 40% 12 0.15 
Spinach Unknown  10 0.13 
Cucumber Great 40-90% 9 0.11 
Field Peas Doesn't show an increase in yields  9 0.11 
Eggplant Modest 10-40% 8 0.1 
Cabbage Shows an increase unspecified 7 0.09 
Bilimbi Unspecified  5 0.06 
Watermelon Essential More than 90% 5 0.06 
Carrot Shows an increase unspecified 3 0.04 
Chilies Modest 10-40% 2 0.03 
Coffee, Arabica Modest 10-40% 1 0.01 
Others   37 0.47 
Total     7,934 100 

  The frequency represents plot level production of crops produced during the long-rains in Tanzania. 
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Table S.4: Short-rains crops (Tanzania) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of pollinators, 
yield may be less by… 

Freq. Percent 

Maize Doesn't show an increase in yields  967 43.46 
Beans Little 0-10% 470 21.12 
Groundnut Little 0-10% 131 5.89 
Sweet Potatoes Shows an increase unspecified 129 5.8 
Paddy Doesn't show an increase in yields  76 3.42 
Cowpeas Doesn't show an increase in yields  76 3.42 
Cocoyams Shows an increase unspecified 63 2.83 
Green Gram Little 0-10% 55 2.47 
Cotton Modest 10-40% 51 2.29 
Sorghum Doesn't show an increase in yield  46 2.07 
Pigeon Pea Little 0-10% 22 0.99 
Sunflower Modest 10-40% 18 0.81 
Irish Potatoes Shows an increase unspecified 15 0.67 
Tomatoes Little 0-10% 14 0.63 
Amaranths Unknown  11 0.49 
Yams Shows an increase unspecified 7 0.31 
Pumpkins Essential More than 90% 6 0.27 
Okra Modest 10-40% 6 0.27 
Bambara Nuts Little 0-10% 5 0.22 
Sesame Modest 10-40% 5 0.22 
Finger Millet Doesn't show an increase in yields  4 0.18 
Cassava Shows an increase unspecified 4 0.18 
Cabbage Shows an increase unspecified 4 0.18 
Cucumber Great 40-90% 3 0.13 
Chick Peas Little 0-10% 3 0.13 
Spinach Unknown  3 0.13 
Eggplant Modest 10-40% 2 0.09 
Onions Shows an increase unspecified 2 0.09 
Field Peas Doesn't show an increase in yields  1 0.04 
Bulrush Millet Doesn't show an increase in yield  1 0.04 
Watermelon Essential More than 90% 1 0.04 
Fiwi Essential More than 90% 1 0.04 
Coconut Modest 10-40% 1 0.04 
Soya Beans Modest 10- 40% 1 0.04 
Chilies Modest 10-40% 1 0.04 
Carrot Shows an increase unspecified 1 0.04 
Cauliflower Shows an increase unspecified 1 0.04 
Tobacco   6 0.27 
Other   9 0.4 
Total     2,225 100 

  The frequency represents plot level production of crops produced during the short-rains in Tanzania. 
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Table S.5: Fruit crops (Tanzania) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of pollinators, yield 
may be less by… 

Freq. Percent 

Mango Great 40-90% 1,449 25.56 
Banana Shows an increase unspecified 1,434 25.3 
Papaw Essential More than 90% 512 9.03 
Orange Little 0-10% 458 8.08 
Avocado Great 40-90% 399 7.04 
Guava Modest 10-40% 293 5.17 
Lemon Little 0-10% 168 2.96 
Pineapple Shows an increase unspecified 155 2.73 
Jack Fruit Unknown  152 2.68 
Custard Apple Essential More than 90% 103 1.82 
Mandarin Little 0-10% 88 1.55 
Passion Fruit Essential More than 90% 86 1.52 
Lime Little 0-10% 61 1.08 
Peaches Great 40-90% 35 0.62 
Plum Great 40-90% 24 0.42 
Plums Great 40-90% 19 0.34 
Peaches Great 40-90% 19 0.34 
Pears Great 40-90% 16 0.28 
Star Fruit Great 40-90% 14 0.25 
Pomegranate Modest 10-40% 12 0.21 
Apples Great 40-90% 9 0.16 
Bread Fruit Unknown  7 0.12 
Date Doesn’t show an increase in yield  6 0.11 
Rambutan Little 0-10% 4 0.07 
Cassava Shows an increase unspecified 3 0.05 
Bilimbi Unspecified  2 0.04 
Malay Apple Unknown  1 0.02 
Mitobo Unspecified  1 0.02 
Cocoyams Shows an increase unspecified 1 0.02 
Pomelo Little 0-10% 1 0.02 
Durian Great 10-40% 1 0.02 
Other (Specify)   136 2.4 
Total     5,669 100 

  The frequency represents plot level production of fruits produced permanently in Tanzania. 
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Table S.6: Permanent crops (Tanzania) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of pollinators, 
yield may be less by… 

Freq. Percent 

Cassava Shows an increase unspecified 1,475 31.55 
Cashew Nut Great 40-90%  686 14.67 
Timber   563 12.04 
Firewood/Fodder   471 10.07 
Coconut Modest  10-40% 411 8.79 
Coffee Great 40-90% 301 6.44 
Sugar Cane Doesn't show an increase in yields  185 3.96 
Palm Oil Little 0-10% 158 3.38 
Pigeon Pea Little 0-10% 70 1.5 
Sisal   56 1.2 
Clove Unknown  38 0.81 
Tamarind Little 0-10% 26 0.56 
Cocoa Essential More than 90% 23 0.49 
Cinnamon Shows an increase unspecified 22 0.47 
Cocoyams Shows an increase unspecified 20 0.43 
Cardamom Great 40-90% 19 0.41 
Fence Tree   19 0.41 
Bamboo   17 0.36 
Monkeybread Unspecified  15 0.32 
Black Pepper Doesn't show an increase in yields  11 0.24 
Medicinal Plant   11 0.24 
Tea Doesn't show an increase in yields  9 0.19 
Yams Shows an increase unspecified 7 0.15 
Kapok   5 0.11 
Sweet Potatoes Shows an increase unspecified 2 0.04 
Grapes Doesn't show an increase in yields  2 0.04 
Pineapple Shows an increase unspecified 1 0.02 
Banana Increase in seed production Unspecified 1 0.02 
Durian Great 10-40% 1 0.02 
Rubber   1 0.02 
Wattle   1 0.02 
Other (Specify)   48 1.03 
Total     4,675 100 

  The frequency represents plot level production of crops produced permanently in Tanzania. 
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Table S.7: Rainy season crops (Malawi) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of 
pollinators, yield may be 
less by… Freq. Percent 

Maize (Local, Composite, Hybrid, Hybrid 
Recycled, Others) Doesn't show an increase in yields  4,197 42.13 
Pigeonpea(Nandolo) Little 0-10% 1,167 11.71 
Groundnut (Chalimbana, Cg7, Manipinta, 
Mawanga, Jl24, Others) Little 0-10% 1122 11.26 
Nkhwani Unspecified  694 6.97 
Beans Little 0-10% 458 4.6 
Soya Beans Modest 10- 40% 402 4.03 
Sorghum Doesn't show an increase in yields  367 3.68 
Tobacco (Burley, Flue Cured, Nndf, 
Others)   329 3.3 
Pea Great 40-90% 218 2.19 
Rice (Local, Faya, Pussa, Tcg10, Senga, 
Wambone, Kilombero, Mtupatupa etc) Doesn't show an increase in yields  195 1.96 
Sweet Potato Shows an increase unspecified 173 1.74 
Cotton Modest 10-40% 167 1.68 
Pearl Millet(Mchewere) Doesn't show an increase in yields  57 0.57 
Sunflower Modest 10-40% 55 0.55 
Therere/Okra Modest 10-40% 50 0.5 
Finger Millet(Mawere) Doesn't show an increase in yields  32 0.32 
Irish [Malawi] Potato Shows an increase unspecified 30 0.3 
Ground Bean(Nzama) Unspecified  30 0.3 
Tomato Little 0-10% 28 0.28 
Onion Shows an increase unspecified 9 0.09 
Paprika Unspecified  7 0.07 
Tanaposi Unspecified  5 0.05 
Sugar Cane Doesn't show an increase in yields  3 0.03 
Cabbage Shows an increase unspecified 1 0.01 
Other (Specify)   167 1.68 
Total     9,963 100 

  The frequency represents plot level production of crops produced in the rainy season in Malawi. 

Table S.8: Dry season crops (Malawi) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of pollinators, 
yield may be less by… 

Freq. Percent 

Maize (Local, Composite, Hybrid, 
Hybrid Recycled,) Doesn't show an increase in yields  281 22.96 
Tomato Little 0-10% 188 15.36 
Nkhwani Unspecified  172 14.05 
Beans Little 0-10% 147 12.01 
Tanaposi Unspecified  146 11.93 
Irish [Malawi] Potato Shows an increase unspecified 82 6.7 
Sweet Potato Shows an increase unspecified 53 4.33 
Cabbage Shows an increase unspecified 17 1.39 
Pea Great 40-90% 16 1.31 
Therere/Okra Modest 10-40% 14 1.14 
Sugar Cane Doesn't show an increase in yields  13 1.06 
Onion Shows an increase unspecified 11 0.9 
Rice  (Faya, Tcg10, Senga,  
Kilombero, Mtupatupa, Others) Doesn't show an increase in yields  10 0.82 
Paprika Unspecified  3 0.25 
Pigeonpea(Nandolo) Little 0-10% 2 0.16 
Sorghum Doesn't show an increase in yields  1 0.08 
Ground Bean(Nzama) Unspecified  1 0.08 
Tobacco Flue Cured   1 0.08 
Other (Specify)   66  
Total     1,224   

  The frequency represents plot level production of crops produced in the dry season in Malawi. 
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Table S.9: Permanent/Tree crops (Malawi) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of pollinators, yield 
may be less by… Freq. Percent 

Mango Great 40-90% 965 35.56 
Cassava Shows an increase unspecified 387 14.26 
Banana Shows an increase unspecified 335 12.34 
Pawpaw/Papaya Shows an increase unspecified 298 10.98 
Guava Modest 10-40% 135 4.97 
Avocado Great 40-90% 117 4.31 
Mexican Apple [Masuku] Essential More than 90% 102 3.76 
Orange Little 0-10% 90 3.32 
Masau Unspecified  56 2.06 
Lemon Little 0-10% 46 1.69 
[Custade Apple] Poza Essential More than 90% 42 1.55 
Peach Great 40-90% 42 1.55 
Naartje (Tangerine) Little 0-10% 25 0.92 
Pineapple Shows an increase unspecified 4 0.15 
Tea Doesn't show an increase in yields  3 0.11 
Other (Specify)   43 1.58 
Total     2,714 100 

  The frequency represents plot level production of permanent crops in Malawi. 
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Table S.10: First season crops (Uganda) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of pollinators, 
yield may be less by… Freq. Percent 

Beans Little 0-10% 2,252 16.95 
Banana (Food, Beer, Sweet) Shows an increase unspecified 2,243 16.88 
Maize Doesn't show an increase in yields  2,113 15.9 
Cassava Shows an increase unspecified 2,110 15.88 
Sweet Potatoes Shows an increase unspecified 1,036 7.8 
Coffee  Great 40-90% 650 4.89 
Groundnuts Little 0-10% 591 4.45 
Sorghum Doesn't show an increase in yields  482 3.63 
Finger Millet Doesn't show an increase in yields  281 2.11 
Soya Beans Modest 10- 40% 122 0.92 
Yam Shows an increase unspecified 115 0.87 
Field Peas Doesn’t show increase in yield  105 0.79 
Irish Potatoes Shows an increase unspecified 93 0.7 
Rice Doesn't show an increase in yields  91 0.68 
Simsim Unspecified  89 0.67 
Pigeon Peas Little 0-10% 87 0.65 
Sunflower Modest 10-40% 87 0.65 
Sugarcane Doesn't show an increase in yields  73 0.55 
Jack Fruit Unknown  49 0.37 
Avocado Great 40-90% 47 0.35 
Pumpkins Essential More than 90% 45 0.34 
Green Gram Little 0-10% 45 0.34 
Tomatoes Little 0-10% 44 0.33 
Cotton   43 0.32 
Tobacco   36 0.27 
Mango Great 40-90% 32 0.24 
Oranges Little 0-10% 31 0.23 
Paw Paw Essential More than 90% 28 0.21 
Cabbage Shows an increase unspecified 28 0.21 
Pineapples Shows an increase unspecified 27 0.2 
Cow Peas Doesn't show an increase in yields  20 0.15 
Eggplants Modest 10-40% 18 0.14 
Onions Shows an increase unspecified 18 0.14 
Dodo Great 40-90% 17 0.13 
Cocoa Essential More than 90% 15 0.11 
Passion Fruit Essential More than 90% 12 0.09 
Vanilla Essential More than 90% 7 0.05 
Tea Doesn't show an increase in yields  5 0.04 
Carrots Shows an increase unspecified 2 0.02 
Wheat Doesn't show an increase in yields  1 0.01 
Other   100 0.75 
Total     13,290 100 

  The frequency represents plot level production of first season crops in Uganda. 
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Table S.11: Second season crops (Uganda) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of pollinators, 
yield may be less by… Freq. Percent 

Beans Little 0-10% 1,822 19.93 
Banana (Food, Beer, Sweet) Shows an increase unspecified 1,748 19.12 
Maize Doesn't show an increase in yields  1,459 15.96 
Cassava Shows an increase unspecified 976 10.68 
Sweet Potatoes Shows an increase unspecified 785 8.59 
Coffee All Great 40-90% 516 5.64 
Groundnuts Little 0-10% 325 3.56 
Finger Millet Doesn't show an increase in yields  242 2.65 
Sorghum Doesn't show an increase in yields  195 2.13 
Simsim Unspecified  165 1.81 
Irish Potatoes Shows an increase unspecified 87 0.95 
Yam Shows an increase unspecified 87 0.95 
Soya Beans Modest 10- 40% 80 0.88 
Cotton Modest 10-40% 76 0.83 
Field Peas Doesn't show an increase in yields  59 0.65 
Sugarcane Doesn't show an increase in yields  49 0.54 
Rice Doesn't show an increase in yields  47 0.51 
Sunflower Modest 10-40% 47 0.51 
Jack Fruit Unknown  46 0.5 
Tomatoes Little 0-10% 41 0.45 
Avocado Great 40-90% 37 0.4 
Cow Peas Doesn't show an increase in yields  30 0.33 
Pigeon Peas Little 0-10% 27 0.3 
Mango Great 40-90% 25 0.27 
Pumpkins Essential More than 90% 22 0.24 
Paw Paw Essential More than 90% 22 0.24 
Cabbage Shows an increase unspecified 20 0.22 
Oranges Little 0-10% 16 0.18 
Onions Shows an increase unspecified 13 0.14 
Pineapples Shows an increase unspecified 13 0.14 
Eggplants Modest 10-40% 11 0.12 
Cocoa Essential More than 90% 10 0.11 
Passion Fruit Essential More than 90% 8 0.09 
Dodo Great 40-90% 7 0.08 
Tea Doesn't show an increase in yields  5 0.05 
Vanilla Essential More than 90% 3 0.03 
Tobacco   2 0.02 
Other   18 0.2 
Total     9,141 100 

  The frequency represents plot level production of second season crops in Uganda. 
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Table S.12: Crops produced (Nigeria) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of pollinators, 
yield may be less by… Freq. Percent 

Cassava Old Shows an increase unspecified 2,128 16.62 
Ground Nut/Peanuts (Unshelled, Shelled) Little 0-10% 1664 13 
Guinea Corn/Sorghum Doesn't show an increase in yields  1,533 11.97 
Yam (White, Yellow, Water, Three Leave) Shows an increase unspecified 1368 10.68 
Beans/Cowpea Doesn't show an increase in yields  1,160 9.06 
Millet/Maiwa Doesn't show an increase in yields  910 7.11 
Maize (Cob, Grain, Pop Corn) Doesn't show an increase in yields  492 3.84 
Melon (Unshelled, Shelled) Essential More than 90% 350 2.73 
Rice (Rice Paddy) Doesn't show an increase in yields  341 2.66 
Okro Modest 10-40% 321 2.51 
Cocoyam Shows an increase unspecified 305 2.38 
Pumpkin (Leave, Fruit, Seed) Essential More than 90% 257 2.01 
Oil Palm Tree Little 0-10% 241 1.88 
Cocoa (Pod, Beans) Essential More than 90% 198 1.55 
Soya Beans Modest 10- 40% 191 1.49 
Plantain Shows an increase unspecified 172 1.34 
Pepper Little 0-10% 160 1.25 
Beeni-Seed/Sesame Modest 10-40% 136 1.06 
Kolanut Great  40-90% 123 0.96 
Tomato Little 0-10% 85 0.66 
Orange Little 0-10% 73 0.57 
Potato Shows an increase unspecified 66 0.52 
Sweet Potato Shows an increase unspecified 62 0.48 
Banana Shows an increase unspecified 48 0.37 
Bambara Nut Little 0-10% 46 0.36 
Green Vegetable   42 0.33 
Onion Shows an increase unspecified 32 0.25 
Cotton Modest 10-40% 27 0.21 
Cashew Nut Great 40-90%  19 0.15 
Pineapple Shows an increase unspecified 19 0.15 
Acha Unspecified  19 0.15 
Garden Egg Unspecified  19 0.15 
Pear Great 40-90% 17 0.13 
Agbono(Oro Seed) Unspecified  15 0.12 
Pigeon Pea Little 0-10% 13 0.1 
Pawpaw Essential More than 90% 12 0.09 
Coconut Modest 10-40% 12 0.09 
Small Pepper Little 0-10% 9 0.07 
Palm Oil Little 0-10% 9 0.07 
Ginger Unknown  9 0.07 
Sugar Cane Doesn't show an increase in yields  8 0.06 
Avocado Pear Great 40-90% 8 0.06 
Carrot Shows an increase unspecified 8 0.06 
Cabbage Shows an increase unspecified 8 0.06 
Zobo Unspecified  7 0.05 
Mango Great 40-90% 6 0.05 
Mandarin/Tangerine Little 0-10% 6 0.05 
Seed Cotton Modest 10-40% 5 0.04 
Cucumber Great 40-90% 4 0.03 
Lime Little 0-10% 3 0.02 
Letus Shows an increase unspecified 3 0.02 
Bitter Kola Unspecified  3 0.02 
Oil Bean Unspecified  3 0.02 
Wheat Doesn't show an increase in yields  2 0.02 
Grape Fruit Little 0-10% 2 0.02 
Guava Modest 10-40% 2 0.02 
Rubber   2 0.02 
Walnut Doesn't show an increase in yields  1 0.01 
Cherry(Agbalumo) Doesn't show an increase in yields  1 0.01 
Other Spices/Vanila Essential More than 90% 1 0.01 
Apple Great 40-90% 1 0.01 
Coffe Great 40-90% 1 0.01 
Gum Arabic Unspecified  1 0.01 
Dry Leaves(Kuka) Unspecified  1 0.01 
Rizga Unspecified  1 0.01 
Jute Unspecified  1 0.01 
Locust Bean Unspecified  1 0.01 
Eru Unspecified  1 0.01 
Tobacco   1 0.01 
Other (Specify)   8 0.06 
Total     12,803 100 

  The frequency represents plot level production in Nigeria. 
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Table S.13: Crops produced (Ethiopia) 

  
Yield/seed increase in presence of 
pollinators 

In the absence of pollinators, yield may 
be less by… Freq. Percent 

Maize Doesn't show an increase in yields  3,270 11.06 
Sorghum Doesn't show an increase in yields  2,690 9.1 
Teff Unspecified  2,306 7.8 
Coffee Great 40-90% 2,106 7.12 
Enset Unspecified  1,793 6.06 
Wheat Doesn't show an increase in yields  1,383 4.68 
Barley Doesn't show an increase in yields  1,313 4.44 
Chat Unspecified  1,142 3.86 
Haricot Beans Little 0-10% 955 3.23 
Horse Beans Modest 10-40% 944 3.19 
Kale Shows an increase unspecified 856 2.89 
Bananas Shows an increase unspecified 847 2.86 
Godere Unspecified  776 2.62 
Millet Doesn't show an increase in yields  505 1.71 
Field Peas Doesn’t show increase in yield  481 1.63 
Avocados Great 40-90% 478 1.62 
Sweet Potato Shows an increase unspecified 473 1.6 
Mangos Great 40-90% 464 1.57 
Gesho Unspecified  457 1.55 
Garlic Shows an increase unspecified 425 1.44 
Pumpkins Essential More than 90% 410 1.39 
Red Pepper Little 0-10% 350 1.18 
Sugar Cane Doesn't show an increase in yields  299 1.01 
Potatoes Shows an increase unspecified 285 0.96 
Nueg Unspecified  282 0.95 
Sesame Modest 10-40% 252 0.85 
Rape Seed Modest 10-40% 251 0.85 
Papaya Essential More than 90% 241 0.81 
Ground Nuts Little 0-10% 204 0.69 
Chick Peas Little 0-10% 198 0.67 
Linseed Little 0-10% 198 0.67 
Cassava Shows an increase unspecified 192 0.65 
Green Pepper Little 0-10% 182 0.62 
Lentils Doesn't show an increase in yields  180 0.61 
Vetch Unspecified  153 0.52 
Oranges Little 0-10% 131 0.44 
Fenugreek Unspecified  130 0.44 
Onion Shows an increase unspecified 124 0.42 
Guava Modest 10-40% 111 0.38 
Lemons Little 0-10% 101 0.34 
Rue Doesn't show an increase in yields  95 0.32 
Cabbage Shows an increase unspecified 70 0.24 
Tomatoes Little 0-10% 69 0.23 
Cardamon Great 40-90% 61 0.21 
Beer Root Unspecified  60 0.2 
Sunflower Modest 10-40% 57 0.19 
Oats Doesn't show an increase in yields  53 0.18 
Tobacco   53 0.18 
Peach Great 40-90% 49 0.17 
Coriander Great 40-90% 43 0.15 
Ginger Unknown  39 0.13 
Soya Beans Modest 10- 40% 32 0.11 
Gibto Unspecified  28 0.09 
Cotton Modest 10-40% 23 0.08 
Tumeric Unspecified  21 0.07 
Boye/Yam Shows an increase unspecified 20 0.07 
Spinach Unknown  16 0.05 
Rice Doesn't show an increase in yields  14 0.05 
Carrot Shows an increase unspecified 14 0.05 
Pinapples Shows an increase unspecified 12 0.04 
Roman Unspecified  12 0.04 
Mandarins Little 0-10% 9 0.03 
Cauliflower Shows an increase unspecified 9 0.03 
Black Cumin Great 40-90% 9 0.03 
Citron Little 0-10% 8 0.03 
Lettuce Shows an increase unspecified 6 0.02 
White Cumin Great 40-90% 5 0.02 
Apples Great 40-90% 4 0.01 
Amboshika Unspecified  4 0.01 
Fennel Great 40-90% 3 0.01 
Comtatie Unspecified  3 0.01 
Gishita Unspecified  2 0.01 
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Black Pepper Doesn't show an increase in yields  1 0 
Timiz Kimem Unspecified  1 0 
Kazmir Unspecified  1 0 
Cactus   40 0.14 
Other Root C   164 0.55 
Other Fruits   233 0.79 
Other Spices   141 0.48 
Other Pulses   23 0.08 
Other Oil Seed  5 0.02 
Other Cereal   49 0.17 
Other Case Crops  1 0 
Other Vegetable  75 0.25 
Total     29,575 100 

  The frequency represents plot level production of second season crops in Ethiopia. 
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Table S14: Quantity produced and consumed from crop farming by the level of pollination dependency 

        all male female Difference all male female   all male female 
All Production Pollinator-independent crops no increase 828.6 965.4 404.1 561.29*** (64.213) 37.4 37.8 34.0 3.8 37.4 37.8 34.0 3.8 

  Pollinator-dependent crops increase 750.2 846.2 467.9 378.36*** (69.097) 33.8 33.2 39.4 -6.3 53.8 53.1 58.9 -5.8 
   little 223.0 260.7 106.2 154.54*** (16.593) 10.1 10.2 8.9 1.3     
   modest 101.7 118.7 44.1 74.57*** (12.573) 4.6 4.7 3.7 0.9     
   great 97.4 105.9 71.1 34.77*** (11.809) 4.4 4.1 6.0 -1.8     
   essential  21.2 24.7 10.4 14.28987 (9.841) 1.0 1.0 0.9 0.1     
  Pollinator-unknown crops unknown 195.3 230.7 83.3 147.40*** (57.000) 8.8 9.0 7.0 2.0 8.8 9.0 7.0 2.0 
 Consumption Pollinator-independent crops no increase 486.0 564.9 249.6 315.31*** (23.656) 41.1 41.8 37.3 4.4 41.1 41.8 37.3 4.4 
  Pollinator-dependent crops increase 428.5 484.7 263.2 221.52*** (39.415) 36.2 35.8 39.4 -3.5 53.1 52.5 57.1 -4.6 
   little 129.0 149.3 66.3 83.07*** (8.855) 10.9 11.0 9.9 1.1     
   modest 36.3 42.7 13.8 28.85*** (5.844) 3.1 3.2 2.1 1.1     
   great 29.8 28.8 33.8 -4.94 (3.440) 2.5 2.1 5.0 -2.9     
   essential  4.6 4.5 4.9 -0.43 (1.123) 0.4 0.3 0.7 -0.4     
   Pollinator-unknown crops unknown 68.0 77.9 37.2 40.68** (16.377) 5.8 5.8 5.6 0.2 5.8 5.8 5.6 0.2 
Ethiopia Production Pollinator-independent crops no increase 446.9 562.6 168.2 394.41*** (48.789) 37.7 37.3 40.3 -3.1 56.9 55.4 63.5 -8.1 
  Pollinator-dependent crops increase 131.2 169.2 43.8 125.38*** (36.150) 11.1 11.2 10.5 0.7 29.6 31.4 23.4 8.0 
   little 135.3 170.4 53.2 117.23*** (21.168) 11.4 11.3 12.7 -1.5     
   modest 134.4 173.1 36.4 136.73*** (24.954) 11.3 11.5 8.7 2.7     
   great 23.3 26.1 12.1 14.06** (6.006) 2.0 1.7 2.9 -1.2     
   essential  6.9 8.1 3.5 4.68*** (1.313) 0.6 0.5 0.8 -0.3     
  Pollinator-unknown crops unknown 308.0 400.7 100.2 300.43** (153.005) 26.0 26.5 24.0 2.5 13.4 13.2 13.1 0.1 
 Consumption Pollinator-independent crops no increase 83.6 108.4 28.1 80.27*** (18.374) 24.1 24.5 23.2 1.3 65.4 63.9 71.3 -7.4 
  Pollinator-dependent crops increase 52.1 67.0 17.8 49.15*** (14.170) 15.0 15.1 14.7 0.4 25.4 27.3 18.0 9.2 
   little 77.3 98.2 28.1 70.15*** (14.089) 22.3 22.2 23.2 -1.0     
   modest 50.2 64.8 11.4 53.50*** (10.110) 14.5 14.6 9.4 5.3     
   great 6.0 6.6 4.1 2.44 (1.667) 1.7 1.5 3.4 -1.9     
   essential  3.5 4.2 1.7 2.44*** (0.729) 1.0 0.9 1.4 -0.5     
    Pollinator-unknown crops unknown 74.1 93.5 30.0 63.52*** (21.458) 21.4 21.1 24.7 -3.6 9.2 8.8 10.6 -1.8 
Tanzania Production Pollinator-independent crops no increase 910.1 1002.3 602.9 399.45*** (97.043) 36.1 35.4 40.6 -5.2 34.4 34.9 31.9 3.0 
  Pollinator-dependent crops increase 548.5 623.4 298.7 324.76*** (84.651) 21.8 22.0 20.1 1.9 57.5 56.8 61.5 -4.8 
   little 276.1 314.3 148.6 165.74*** (54.907) 11.0 11.1 10.0 1.1     
   modest 166.5 185.2 104.3 80.91* (43.871) 6.6 6.5 7.0 -0.5     
   great 328.7 367.9 198.0 169.93*** (63.544) 13.0 13.0 13.3 -0.4     
   essential  67.2 78.7 29.2 49.41 (59.747) 2.7 2.8 2.0 0.8     
  Pollinator-unknown crops unknown 223.9 260.3 102.4 157.93** (75.481) 8.9 9.2 6.9 2.3 8.1 8.3 6.6 1.8 
 Consumption Pollinator-independent crops no increase 169.5 183.3 123.8 59.46** (24.560) 44.5 44.2 45.8 -1.6 66.0 67.1 60.6 6.4 
  Pollinator-dependent crops increase 83.5 93.3 51.0 42.29* (25.545) 21.9 22.5 18.8 3.7 24.7 23.7 30.3 -6.6 
   little 39.5 42.4 30.1 12.30 (10.284) 10.4 10.2 11.1 -0.9     
   modest 20.5 24.9 5.5 19.40 (15.796) 5.4 6.0 2.0 4.0     
   great 33.1 34.5 28.2 6.31 (9.005) 8.7 8.3 10.4 -2.1     
   essential  5.5 4.2 9.9 -5.75 (4.850) 1.4 1.0 3.7 -2.7     
   Pollinator-unknown crops unknown 29.6 31.9 22.0 9.92 (22.058) 7.8 7.7 8.1 -0.4 9.2 9.3 9.0 0.2 
Uganda Production Pollinator-independent crops no increase 735.7 907.6 297.4 610.13 (404.529) 20.8 22.8 12.3 10.5 22.0 23.1 15.5 7.6 

  Pollinator-dependent crops increase 2377.5 2561.9 1907.3 654.65* (368.105) 67.2 64.5 78.8 -14.3 72.8 71.3 81.3 -9.9 
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   little 173.9 193.5 124.0 69.41*** (22.420) 4.9 4.9 5.1 -0.3     
   modest 67.2 85.4 20.9 64.50*** (28.065) 1.9 2.1 0.9 1.3     

 
  great 100.8 122.9 44.3 78.62*** (30.054) 2.8 3.1 1.8 1.3     

   essential  16.3 15.1 19.5 -4.45 (8.180) 0.5 0.4 0.8 -0.4     
  Pollinator-unknown crops unknown 64.7 87.4 6.9 80.56 (86.855) 1.8 2.2 0.3 1.9 5.2 5.5 3.2 2.3 
 Consumption Pollinator-independent crops no increase 306.9 351.4 193.4 158.01*** (44.623) 15.2 15.6 13.5 2.0 21.8 22.6 16.5 6.2 
  Pollinator-dependent crops increase 1537.6 1704.6 1111.9 592.72*** (157.163) 75.9 75.4 77.9 -2.5 75.2 74.2 81.1 -6.8 
   little 106.6 115.5 83.9 31.67*** (8.459) 5.3 5.1 5.9 -0.8     
   modest 9.8 11.4 5.9 5.44** (2.642) 0.5 0.5 0.4 0.1     
   great 15.0 15.3 14.2 1.05 (5.555) 0.7 0.7 1.0 -0.3     
   essential  8.0 6.1 13.0 -6.94* (3.963) 0.4 0.3 0.9 -0.6     
    Pollinator-unknown crops unknown 41.4 55.5 5.3 50.16 (64.604) 2.0 2.5 0.4 2.1 3.0 3.1 2.5 0.7 
Malawi Production Pollinator-independent crops no increase 1200.5 1291.2 913.7 377.55*** (75.656) 60.6 60.4 61.6 -1.2 52.2 53.7 43.3 10.5 

  Pollinator-dependent crops increase 102.4 112.7 70.0 42.71** (16.947) 5.2 5.3 4.7 0.6 35.5 33.4 47.8 -14.4 
   little 270.6 296.4 189.5 106.83*** (28.497) 13.7 13.9 12.8 1.1     
   modest 78.0 87.5 47.6 39.96** (19.834) 3.9 4.1 3.2 0.9     
   great 111.0 102.6 138.3 -35.70** (14.821) 5.6 4.8 9.3 -4.5     
   essential  0.8 0.7 0.8 -0.06 (0.408) 0.0 0.0 0.1 0.0     
  Pollinator-unknown crops unknown 217.4 247.0 123.8 123.22* (63.995) 11.0 11.6 8.3 3.2 12.3 12.8 8.9 3.9 
 Consumption Pollinator-independent crops no increase 1167.9 1253.4 897.6 355.85*** (73.973) 64.9 65.0 64.4 0.6 47.0 49.1 36.5 12.6 
  Pollinator-dependent crops increase 81.3 87.0 63.3 23.65* (12.799) 4.5 4.5 4.5 0.0 46.4 44.1 58.0 -13.9 
   little 236.8 257.5 171.5 86.01*** (25.389) 13.2 13.4 12.3 1.1     
   modest 59.3 66.8 35.6 31.17* (18.639) 3.3 3.5 2.6 0.9     
   great 102.1 95.0 125.5 -30.45** (14.258) 5.7 4.9 9.0 -4.1     
   essential  0.7 0.7 0.8 -0.13 (0.380) 0.0 0.0 0.1 0.0     
   Pollinator-unknown crops unknown 151.9 168.2 100.3 67.96 (53.733) 8.4 8.7 7.2 1.5 6.6 6.8 5.4 1.3 
Nigeria Production Pollinator-independent crops no increase 1100.7 1225.4 128.1 1097.29*** (117.334) 35.1 36.3 9.9 26.5 27.4 29.2 24.6 4.6 

  Pollinator-dependent crops increase 1609.0 1675.7 1088.9 586.77** (295.478) 51.3 49.7 83.9 -34.2 66.2 63.8 70.4 -6.5 
   little 316.2 350.7 46.8 303.90*** (73.009) 10.1 10.4 3.6 6.8     
   modest 36.1 40.2 4.1 36.08*** (11.696) 1.2 1.2 0.3 0.9     
   great 9.0 9.8 3.0 6.84 (4.648) 0.3 0.3 0.2 0.1     
   essential  32.1 34.5 13.8 20.68* (12.524) 1.0 1.0 1.1 0.0     
  Pollinator-unknown crops unknown 34.4 37.1 13.3 23.72 (18.154) 1.1 1.1 1.0 0.1 6.5 7.0 5.1 1.9 
 Consumption Pollinator-independent crops no increase 866.9 967.2 83.9 883.35*** (96.642) 40.9 42.4 9.7 32.7 27.1 29.1 23.6 5.5 
  Pollinator-dependent crops increase 1011.1 1047.1 730.3 316.81 (223.129) 47.7 45.9 84.6 -38.7 69.1 66.8 72.9 -6.0 
   little 198.5 219.9 30.9 189.00*** (34.653) 9.4 9.6 3.6 6.1     
   modest 18.5 20.4 3.7 16.79** (7.629) 0.9 0.9 0.4 0.5     
   great 0.7 0.7 0.9 -0.15 (0.982) 0.0 0.0 0.1 -0.1     
   essential  7.6 7.8 5.6 2.22 (3.906) 0.4 0.3 0.7 -0.3     
    Pollinator-unknown crops unknown 17.6 18.8 8.2 10.68 (14.032) 0.8 0.8 0.9 -0.1 3.8 4.0 3.5 0.5 

Robust standard errors in parentheses                                      *** p<0.01, ** p<0.05, * p<0.1 

The table shows the average kilo-quantity harvested/produced (and consumed) per household per year, classified according to whether the amount was produced by 
pollinator-dependent crops, pollinator-independent crops or pollinator-unknown crops. These amounts are also compared between male- and female-headed households, and 
the test of mean difference is provided. 
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Table S.15: Daily per capita calories, macro-nutrients, minerals and vitamins obtained 
from crop farming 

        Panel A Panel B 
    Absolute values % values 
        all male female difference all male female diff 

Ethiopia calories pollinator-independent crops no increase 154.3 190.0 72.3 117.7 42 41 48 -7 
  pollinator-dependent crops increase 27.3 34.4 11.2 23.2 7 8 7 0 

   little 32.6 42.7 11.4 31.2 9 9 8 2 

   modest 103.6 130.5 30.5 100.0 28 28 20 8 

   great 4.2 3.6 5.5 -1.9 1 1 4 -3 

   essential  0.5 0.6 0.4 0.1 0 0 0 0 
   pollinator-unknown crops unknown 45.1 56.6 18.3 38.3 12 12 12 0 
 protein pollinator-independent crops no increase 4.9 6.0 2.5 3.5 38 37 47 -10 
  pollinator-dependent crops increase 0.5 0.6 0.3 0.3 4 4 6 -2 

   little 1.8 2.3 0.6 1.7 14 14 11 3 

   modest 3.9 4.9 1.2 3.8 30 31 22 9 

   great 0.1 0.1 0.1 0.0 0 0 1 -1 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 1.7 2.1 0.7 1.4 13 13 12 1 
 fat pollinator-independent crops no increase 1.3 1.6 0.6 1.0 13 13 16 -3 
  pollinator-dependent crops increase 0.4 0.5 0.1 0.4 4 4 4 1 

   little 1.5 1.9 0.6 1.3 15 16 16 0 

   modest 5.9 7.5 1.7 5.8 62 62 48 14 

   great 0.2 0.2 0.4 -0.3 3 1 13 -11 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.3 0.4 0.1 0.2 3 3 3 0 
 iron pollinator-independent crops no increase 1.5 1.8 0.8 1.0 33 32 42 -10 
  pollinator-dependent crops increase 0.2 0.2 0.1 0.1 4 4 6 -2 

   little 0.2 0.2 0.1 0.2 4 4 3 0 

   modest 1.8 2.3 0.5 1.8 39 40 26 13 

   great 0.0 0.0 0.0 0.0 1 0 1 -1 

   essential  0.0 0.0 0.0 0.0 0 0 1 0 
  pollinator-unknown crops unknown 0.9 1.2 0.4 0.8 20 21 21 0 
 zinc pollinator-independent crops no increase 7.7 9.5 3.4 6.0 86 85 88 -3 
  pollinator-dependent crops increase 0.1 0.1 0.1 0.1 1 1 1 0 

   little 0.1 0.1 0.0 0.1 1 1 1 0 

   modest 0.6 0.8 0.2 0.7 7 7 4 3 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.5 0.6 0.2 0.4 5 5 5 0 
 ribloflavin pollinator-independent crops no increase 0.1 0.1 0.0 0.1 40 41 43 -3 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 7 6 12 -5 

   little 0.0 0.0 0.0 0.0 2 2 1 0 

   modest 0.1 0.1 0.0 0.1 32 32 22 11 

   great 0.0 0.0 0.0 0.0 2 2 5 -3 

   essential  0.0 0.0 0.0 0.0 1 1 2 -1 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 16 17 15 1 
 thiamine pollinator-independent crops no increase 0.7 0.9 0.2 0.7 80 81 77 4 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 3 3 5 -2 

   little 0.0 0.0 0.0 0.0 2 2 3 -1 

   modest 0.1 0.1 0.0 0.1 8 8 6 2 

   great 0.0 0.0 0.0 0.0 0 0 2 -1 

   essential  0.0 0.0 0.0 0.0 0 0 1 0 
   pollinator-unknown crops unknown 0.0 0.1 0.0 0.0 6 5 7 -2 
 niacin pollinator-independent crops no increase 1.6 1.8 0.9 1.0 32 32 42 -10 



 
 

 

41 
 

 

  pollinator-dependent crops increase 0.2 0.2 0.1 0.1 4 4 5 0 

   little 0.4 0.5 0.1 0.3 8 8 7 2 

   modest 2.2 2.7 0.8 1.9 46 46 36 11 

   great 0.1 0.0 0.1 0.0 1 1 3 -2 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.4 0.5 0.2 0.3 8 9 8 1 
 vit C pollinator-independent crops no increase 0.1 0.2 0.1 0.1 1 1 1 0 
  pollinator-dependent crops increase 7.3 8.1 5.4 2.6 68 66 76 -10 

   little 0.4 0.4 0.2 0.2 4 4 3 1 

   modest 1.4 1.8 0.4 1.4 13 15 6 9 

   great 1.3 1.5 0.8 0.7 13 12 12 1 

   essential  0.2 0.2 0.1 0.0 2 2 2 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit B9 pollinator-independent crops no increase 0.9 0.9 0.9 0.0 28 25 51 -26 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 0 0 0 0 

   little 0.0 0.0 0.0 0.0 0 0 0 0 

   modest 2.3 2.8 0.9 1.9 72 75 49 26 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit B11 pollinator-independent crops no increase 0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 0 0 0 0 

   little 0.0 0.0 0.0 0.0 100 99 100 -1 

   modest 0.0 0.0 0.0 0.0 0 1 0 1 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit B6 pollinator-independent crops no increase 1.1 1.5 0.3 1.1 85 85 78 7 
  pollinator-dependent crops increase 0.0 0.1 0.0 0.0 4 3 8 -5 

   little 0.0 0.0 0.0 0.0 0 0 0 0 

   modest 0.1 0.1 0.0 0.1 6 6 5 2 

   great 0.0 0.0 0.0 0.0 1 1 3 -2 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.1 0.1 0.0 0.0 5 4 6 -2 
 vit A pollinator-independent crops no increase 0.4 0.5 0.2 0.3 0 0 0 0 
  pollinator-dependent crops increase 122.5 143.7 73.0 70.7 77 76 84 -8 

   little 0.1 0.1 0.1 0.1 0 0 0 0 

   modest 25.8 34.4 6.4 28.0 16 18 7 11 

   great 1.7 2.0 0.9 1.1 1 1 1 0 

   essential  7.5 7.9 6.0 1.9 5 4 7 -3 
   pollinator-unknown crops unknown 0.1 0.1 0.1 0.0 0 0 0 0 

Tanzania calories pollinator-independent crops no increase 264.9 273.9 235.0 38.9 52 52 55 -4 
  pollinator-dependent crops increase 85.3 93.7 57.4 36.3 17 18 13 4 

   little 53.4 59.4 33.5 25.9 11 11 8 3 

   modest 24.8 28.1 13.7 14.5 5 5 3 2 

   great 43.7 39.6 57.1 -17.4 9 7 13 -6 

   essential  6.3 5.9 7.7 -1.8 1 1 2 -1 
   pollinator-unknown crops unknown 27.9 29.8 21.4 8.4 6 6 5 1 
 protein pollinator-independent crops no increase 6.5 6.6 6.1 0.5 50 49 56 -7 
  pollinator-dependent crops increase 1.9 2.1 1.2 0.9 15 16 11 5 

   little 1.9 2.1 1.1 1.0 14 16 10 6 

   modest 0.7 0.7 0.4 0.4 5 5 3 2 

   great 1.1 1.0 1.5 -0.5 9 7 13 -6 

   essential  0.2 0.2 0.2 0.0 1 1 2 -1 
  pollinator-unknown crops unknown 0.7 0.8 0.6 0.2 6 6 5 1 
 fat pollinator-independent crops no increase 2.2 2.2 2.2 0.0 35 33 42 -9 
  pollinator-dependent crops increase 1.1 1.3 0.7 0.6 18 19 12 7 
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   little 1.4 1.6 0.7 0.8 21 23 14 9 

   modest 0.4 0.4 0.3 0.1 6 6 6 0 

   great 0.9 0.9 1.0 -0.1 14 13 18 -6 

   essential  0.1 0.1 0.1 0.0 1 1 1 -1 
   pollinator-unknown crops unknown 0.4 0.4 0.4 0.0 6 5 7 -1 
 iron pollinator-independent crops no increase 1.5 1.5 1.5 0.0 47 46 52 -6 
  pollinator-dependent crops increase 0.5 0.6 0.4 0.2 16 17 13 4 

   little 0.5 0.6 0.3 0.3 16 17 10 7 

   modest 0.1 0.1 0.1 0.0 4 4 4 1 

   great 0.3 0.3 0.4 -0.1 9 8 13 -5 

   essential  0.1 0.1 0.1 0.0 2 2 2 0 
  pollinator-unknown crops unknown 0.2 0.2 0.2 0.0 6 6 5 0 
 zinc pollinator-independent crops no increase 10.8 10.9 10.6 0.2 61 60 62 -2 
  pollinator-dependent crops increase 2.4 2.6 1.7 0.9 13 14 10 4 

   little 1.2 1.3 0.7 0.7 7 7 4 4 

   modest 0.7 0.7 0.6 0.0 4 4 4 0 

   great 1.6 1.5 2.1 -0.6 9 8 12 -4 

   essential  0.3 0.2 0.4 -0.2 1 1 3 -1 
   pollinator-unknown crops unknown 0.9 0.9 1.0 -0.1 5 5 6 -1 
 ribloflavin pollinator-independent crops no increase 0.1 0.1 0.1 0.0 49 47 55 -9 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 17 18 13 5 

   little 0.0 0.0 0.0 0.0 12 12 9 3 

   modest 0.0 0.0 0.0 0.0 5 6 4 2 

   great 0.0 0.0 0.0 0.0 10 10 11 -1 

   essential  0.0 0.0 0.0 0.0 1 1 2 -1 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 6 6 5 1 
 thiamine pollinator-independent crops no increase 1.7 1.7 1.6 0.1 59 59 61 -2 
  pollinator-dependent crops increase 0.4 0.4 0.2 0.2 14 15 10 5 

   little 0.2 0.2 0.1 0.1 7 8 4 4 

   modest 0.1 0.1 0.1 0.0 4 4 4 0 

   great 0.2 0.2 0.3 -0.1 9 8 12 -4 

   essential  0.0 0.0 0.1 0.0 2 1 3 -2 
   pollinator-unknown crops unknown 0.1 0.1 0.1 0.0 5 5 6 -1 
 niacin pollinator-independent crops no increase 1.3 1.2 1.3 -0.1 45 43 53 -10 
  pollinator-dependent crops increase 0.5 0.6 0.3 0.2 18 19 13 6 

   little 0.4 0.5 0.3 0.2 16 17 12 5 

   modest 0.1 0.1 0.1 0.0 4 4 3 1 

   great 0.3 0.3 0.3 0.0 10 9 12 -2 

   essential  0.0 0.0 0.0 0.0 1 1 1 0 
  pollinator-unknown crops unknown 0.2 0.2 0.1 0.0 6 6 6 1 
 vit C pollinator-independent crops no increase 2.5 2.8 1.4 1.4 19 19 18 1 
  pollinator-dependent crops increase 3.9 4.3 2.9 1.4 30 29 36 -7 

   little 2.0 2.2 1.3 0.9 15 15 16 -1 

   modest 0.8 0.9 0.4 0.6 6 7 5 2 

   great 2.9 3.4 1.5 1.9 23 23 19 5 

   essential  0.2 0.2 0.2 0.0 1 1 2 -1 
   pollinator-unknown crops unknown 0.6 0.7 0.3 0.4 5 5 4 1 
 vit B9 pollinator-independent crops no increase 3.3 3.7 2.1 1.6 45 46 45 1 
  pollinator-dependent crops increase 1.1 1.2 0.5 0.7 15 15 11 4 

   little 1.8 2.1 1.0 1.1 25 26 22 4 

   modest 0.2 0.2 0.1 0.1 2 2 2 0 

   great 0.4 0.2 0.8 -0.5 5 3 17 -14 

   essential  0.1 0.1 0.0 0.1 2 2 1 1 
  pollinator-unknown crops unknown 0.5 0.6 0.1 0.4 6 7 3 4 
 vit B11 pollinator-independent crops no increase 0.0 0.0 0.0 0.0 1 1 0 1 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 9 9 7 3 
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   little 0.0 0.0 0.0 0.0 27 25 66 -41 

   modest 0.0 0.0 0.0 0.0 52 55 0 55 

   great 0.0 0.0 0.0 0.0 5 6 0 6 

   essential  0.0 0.0 0.0 0.0 1 1 0 1 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 5 4 28 -24 
 vit B6 pollinator-independent crops no increase 2.9 2.9 2.7 0.2 60 60 61 -1 
  pollinator-dependent crops increase 0.7 0.7 0.4 0.3 14 15 10 5 

   little 0.3 0.4 0.2 0.2 7 7 4 3 

   modest 0.2 0.2 0.2 0.0 4 4 4 0 

   great 0.4 0.4 0.5 -0.1 9 8 12 -4 

   essential  0.1 0.1 0.1 -0.1 1 1 3 -2 
  pollinator-unknown crops unknown 0.3 0.3 0.3 0.0 6 5 6 0 
 vit A pollinator-independent crops no increase 4.8 5.9 1.3 4.5 12 13 6 7 
  pollinator-dependent crops increase 18.6 20.7 11.5 9.2 48 47 56 -10 

   little 4.3 5.1 1.7 3.4 11 11 8 3 

   modest 1.5 1.9 0.3 1.5 4 4 2 3 

   great 5.9 6.2 5.1 1.1 15 14 25 -11 

   essential  0.8 1.0 0.1 0.8 2 2 1 2 
   pollinator-unknown crops unknown 3.1 3.9 0.4 3.5 8 9 2 7 

Uganda calories pollinator-independent crops no increase 344.1 376.2 262.2 114.0 28 28 26 3 
  pollinator-dependent crops increase 733.3 778.5 618.2 160.3 59 59 60 -1 

   little 133.3 137.4 123.1 14.3 11 10 12 -2 

   modest 4.8 5.4 3.4 1.9 0 0 0 0 

   great 10.8 9.8 13.2 -3.4 1 1 1 -1 

   essential  1.6 0.8 3.8 -2.9 0 0 0 0 
   pollinator-unknown crops unknown 12.1 15.9 2.4 13.5 1 1 0 1 
 protein pollinator-independent crops no increase 8.7 9.6 6.7 2.9 27 28 24 4 
  pollinator-dependent crops increase 12.7 13.5 10.5 3.0 39 39 38 1 

   little 10.6 10.9 9.8 1.0 32 31 35 -4 

   modest 0.2 0.2 0.1 0.1 1 1 0 0 

   great 0.3 0.2 0.4 -0.2 1 1 2 -1 

   essential  0.1 0.0 0.2 -0.2 0 0 1 -1 
  pollinator-unknown crops unknown 0.2 0.3 0.0 0.2 1 1 0 1 
 fat pollinator-independent crops no increase 3.3 3.6 2.5 1.1 15 16 14 2 
  pollinator-dependent crops increase 16.3 17.5 13.3 4.2 76 76 75 1 

   little 0.9 0.9 0.8 0.1 4 4 5 -1 

   modest 0.2 0.2 0.2 0.1 1 1 1 0 

   great 0.7 0.6 0.7 -0.1 3 3 4 -1 

   essential  0.1 0.0 0.2 -0.2 0 0 1 -1 
   pollinator-unknown crops unknown 0.0 0.1 0.0 0.0 0 0 0 0 
 iron pollinator-independent crops no increase 2.4 2.6 1.9 0.7 26 27 24 3 
  pollinator-dependent crops increase 3.0 3.2 2.5 0.7 33 33 31 1 

   little 3.6 3.7 3.3 0.4 39 38 41 -3 

   modest 0.1 0.1 0.0 0.0 1 1 0 0 

   great 0.1 0.1 0.2 -0.1 1 1 2 -1 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.1 0.1 0.0 0.1 1 1 0 1 
 zinc pollinator-independent crops no increase 20.7 22.4 16.5 5.9 91 91 90 1 
  pollinator-dependent crops increase 2.0 2.1 1.6 0.4 9 8 9 -1 

   little 0.1 0.1 0.1 0.0 0 0 0 0 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.1 0.1 0.0 0.1 0 0 0 0 
 ribloflavin pollinator-independent crops no increase 0.2 0.2 0.1 0.1 28 29 25 4 
  pollinator-dependent crops increase 0.4 0.4 0.3 0.1 60 59 63 -4 
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   little 0.0 0.0 0.0 0.0 7 7 8 -1 

   modest 0.0 0.0 0.0 0.0 1 1 1 0 

   great 0.0 0.0 0.0 0.0 1 1 2 -1 

   essential  0.0 0.0 0.0 0.0 0 0 1 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 2 3 1 2 
 thiamine pollinator-independent crops no increase 2.8 3.1 1.9 1.2 80 81 76 5 
  pollinator-dependent crops increase 0.5 0.5 0.4 0.1 15 14 17 -3 

   little 0.2 0.2 0.2 0.0 5 5 7 -2 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 niacin pollinator-independent crops no increase 1.6 1.7 1.3 0.4 17 17 16 1 
  pollinator-dependent crops increase 6.5 6.9 5.4 1.5 68 69 66 3 

   little 1.0 1.1 1.0 0.1 11 11 12 -1 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.3 0.2 0.4 -0.2 3 2 5 -3 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.1 0.1 0.0 0.1 1 1 0 1 
 vit C pollinator-independent crops no increase 0.3 0.3 0.3 0.0 0 0 1 0 
  pollinator-dependent crops increase 62.4 67.1 50.4 16.7 93 93 93 0 

   little 2.1 2.2 1.6 0.6 3 3 3 0 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 1.1 1.2 0.9 0.3 2 2 2 0 

   essential  0.6 0.5 1.0 -0.6 1 1 2 -1 
   pollinator-unknown crops unknown 0.9 1.2 0.2 1.0 1 2 0 1 
 vit B9 pollinator-independent crops no increase 0.7 0.8 0.2 0.6 2 3 1 2 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 0 0 0 0 

   little 26.8 27.6 25.0 2.6 97 96 97 -1 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.3 0.2 0.5 -0.3 1 1 2 -1 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit B11 pollinator-independent crops no increase 0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-dependent crops increase 0.1 0.1 0.0 0.0 100 100 99 0 

   little 0.0 0.0 0.0 0.0 0 0 0 0 

   modest 0.0 0.0 0.0 0.0 0 0 1 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit B6 pollinator-independent crops no increase 4.8 5.3 3.3 2.0 78 79 75 4 
  pollinator-dependent crops increase 1.2 1.3 1.0 0.3 20 20 24 -4 

   little 0.0 0.0 0.0 0.0 1 1 1 0 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit A pollinator-independent crops no increase 1.1 1.2 1.1 0.1 0 0 0 0 
  pollinator-dependent crops increase 1017.1 1048.4 937.3 111.1 99 99 98 1 

   little 0.6 0.7 0.4 0.3 0 0 0 0 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 1.4 1.5 1.2 0.3 0 0 0 0 

   essential  6.7 4.2 13.0 -8.8 1 0 1 -1 
   pollinator-unknown crops unknown 2.0 2.6 0.4 2.2 0 0 0 0 

Malawi calories pollinator-independent crops no increase 1130.7 1160.0 1042.9 117.0 74 74 75 -1 
  pollinator-dependent crops increase 51.1 54.0 42.2 11.8 3 3 3 0 
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   little 235.3 249.8 190.0 59.8 15 16 14 2 

   modest 92.3 93.2 89.8 3.4 6 6 6 -1 

   great 18.1 14.0 31.1 -17.1 1 1 2 -1 

   essential  0.5 0.4 0.7 -0.3 0 0 0 0 
   pollinator-unknown crops unknown 0.6 0.8 0.0 0.7 0 0 0 0 
 protein pollinator-independent crops no increase 32.7 33.1 31.6 1.5 56 55 59 -3 
  pollinator-dependent crops increase 0.6 0.6 0.5 0.2 1 1 1 0 

   little 19.4 20.3 16.8 3.5 33 34 31 3 

   modest 4.8 5.1 4.1 1.0 8 9 8 1 

   great 0.6 0.5 0.9 -0.4 1 1 2 -1 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 fat pollinator-independent crops no increase 9.5 9.6 9.5 0.0 35 33 42 -9 
  pollinator-dependent crops increase 0.7 0.8 0.6 0.2 3 3 3 0 

   little 13.8 15.2 9.5 5.7 51 53 42 11 

   modest 2.4 2.5 2.0 0.4 9 9 9 0 

   great 0.7 0.6 0.9 -0.3 2 2 4 -2 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 iron pollinator-independent crops no increase 10.4 10.4 10.1 0.3 68 67 70 -3 
  pollinator-dependent crops increase 0.2 0.2 0.1 0.1 1 1 1 0 

   little 3.9 4.0 3.5 0.4 25 26 25 1 

   modest 0.7 0.8 0.4 0.4 5 5 3 2 

   great 0.2 0.1 0.2 -0.1 1 1 2 -1 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 zinc pollinator-independent crops no increase 65.4 65.8 64.4 1.3 97 97 97 -1 
  pollinator-dependent crops increase 0.1 0.1 0.1 0.0 0 0 0 0 

   little 1.6 1.7 1.2 0.5 2 3 2 1 

   modest 0.3 0.3 0.3 0.1 0 1 0 0 

   great 0.1 0.1 0.1 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 ribloflavin pollinator-independent crops no increase 0.5 0.5 0.5 0.0 61 61 60 2 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 2 2 1 1 

   little 0.1 0.1 0.2 0.0 18 18 18 -1 

   modest 0.1 0.1 0.1 0.0 10 11 8 3 

   great 0.1 0.1 0.1 0.0 8 7 12 -5 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 thiamine pollinator-independent crops no increase 3.6 3.5 3.8 -0.3 87 87 89 -2 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 1 1 1 0 

   little 0.4 0.4 0.3 0.1 9 9 7 2 

   modest 0.1 0.1 0.1 0.0 1 1 1 0 

   great 0.1 0.1 0.1 0.0 2 1 2 -1 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 niacin pollinator-independent crops no increase 6.4 6.5 6.2 0.3 40 39 42 -3 
  pollinator-dependent crops increase 0.3 0.3 0.3 0.1 2 2 2 0 

   little 8.6 9.1 7.1 2.0 53 54 48 6 

   modest 0.2 0.2 0.3 0.0 1 1 2 0 

   great 0.7 0.6 1.0 -0.4 4 3 7 -3 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit C pollinator-independent crops no increase 0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-dependent crops increase 9.2 9.6 7.8 1.8 19 21 13 9 
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   little 4.2 4.2 4.2 0.0 9 9 7 3 

   modest 6.7 6.5 7.3 -0.8 14 14 12 3 

   great 28.8 24.7 42.2 -17.5 59 55 68 -14 

   essential  0.1 0.1 0.1 -0.1 0 0 0 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit B9 pollinator-independent crops no increase 2.2 2.4 1.6 0.8 21 24 13 11 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 0 0 0 0 

   little 8.4 7.7 10.6 -2.9 79 76 87 -11 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit B11 pollinator-independent crops no increase 0.0 0.0 0.0 0.0 2 3 1 2 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 0 0 0 0 

   little 0.3 0.3 0.3 0.1 78 80 73 7 

   modest 0.1 0.1 0.1 0.0 19 17 26 -9 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit B6 pollinator-independent crops no increase 42.0 42.3 41.2 1.1 99 99 99 0 
  pollinator-dependent crops increase 0.1 0.1 0.1 0.0 0 0 0 0 

   little 0.2 0.1 0.2 0.0 0 0 0 0 

   modest 0.1 0.1 0.1 0.0 0 0 0 0 

   great 0.1 0.1 0.2 -0.1 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit A pollinator-independent crops no increase 2.1 2.1 2.1 0.1 1 1 2 -1 
  pollinator-dependent crops increase 103.9 122.8 43.6 79.2 67 72 41 31 

   little 2.1 2.2 2.0 0.2 1 1 2 -1 

   modest 3.7 4.5 1.0 3.5 2 3 1 2 

   great 39.1 33.5 57.1 -23.5 25 20 54 -34 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 3.8 5.0 0.0 5.0 2 3 0 3 

Nigeria calories pollinator-independent crops no increase 1348.4 1480.9 314.5 1166.4 56 59 21 37 
  pollinator-dependent crops increase 737.3 701.5 1016.0 -314.5 31 28 69 -41 

   little 265.7 285.1 114.6 170.5 11 11 8 4 

   modest 26.1 28.7 5.6 23.1 1 1 0 1 

   great 0.7 0.7 0.6 0.2 0 0 0 0 

   essential  7.1 6.5 11.8 -5.3 0 0 1 -1 
   pollinator-unknown crops unknown 10.4 11.4 2.4 9.1 0 0 0 0 
 protein pollinator-independent crops no increase 32.5 35.7 7.7 28.1 58 60 30 30 
  pollinator-dependent crops increase 9.0 8.6 12.0 -3.4 16 14 47 -33 

   little 12.2 13.2 5.0 8.2 22 22 19 3 

   modest 1.2 1.3 0.2 1.1 2 2 1 1 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.4 0.3 0.6 -0.3 1 1 2 -2 
  pollinator-unknown crops unknown 0.3 0.3 0.1 0.3 1 1 0 0 
 fat pollinator-independent crops no increase 10.2 11.2 2.5 8.7 31 32 16 16 
  pollinator-dependent crops increase 3.5 3.3 4.9 -1.7 11 9 31 -22 

   little 17.1 18.4 7.1 11.3 52 53 45 8 

   modest 0.6 0.7 0.2 0.5 2 2 1 1 

   great 0.1 0.1 0.0 0.0 0 0 0 0 

   essential  0.5 0.5 0.9 -0.4 2 1 6 -4 
   pollinator-unknown crops unknown 0.8 0.9 0.2 0.7 3 3 1 1 
 iron pollinator-independent crops no increase 14.9 16.4 2.8 13.6 67 69 26 43 
  pollinator-dependent crops increase 3.8 3.5 6.0 -2.5 17 15 55 -40 
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   little 2.9 3.0 1.8 1.2 13 13 16 -4 

   modest 0.4 0.4 0.1 0.3 2 2 1 1 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.1 0.1 0.2 -0.1 0 0 2 -1 
  pollinator-unknown crops unknown 0.2 0.3 0.1 0.2 1 1 1 1 
 zinc pollinator-independent crops no increase 76.6 84.3 16.6 67.7 96 96 85 11 
  pollinator-dependent crops increase 1.4 1.4 1.9 -0.5 2 2 10 -8 

   little 1.7 1.8 0.8 1.0 2 2 4 -2 

   modest 0.1 0.1 0.0 0.1 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.1 0.0 0.1 -0.1 0 0 1 -1 
   pollinator-unknown crops unknown 0.1 0.1 0.0 0.1 0 0 0 0 
 ribloflavin pollinator-independent crops no increase 0.5 0.6 0.1 0.5 71 73 40 33 
  pollinator-dependent crops increase 0.1 0.1 0.2 0.0 19 17 54 -37 

   little 0.1 0.1 0.0 0.1 10 10 6 4 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 thiamine pollinator-independent crops no increase 4.5 4.9 1.7 3.2 83 84 64 20 
  pollinator-dependent crops increase 0.6 0.6 0.8 -0.2 11 10 31 -21 

   little 0.3 0.3 0.1 0.2 5 5 5 1 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 niacin pollinator-independent crops no increase 7.6 8.4 1.6 6.8 44 47 13 33 
  pollinator-dependent crops increase 5.1 4.7 7.9 -3.3 29 26 66 -40 

   little 4.5 4.7 2.4 2.3 26 26 20 6 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.1 -0.1 0 0 1 -1 
  pollinator-unknown crops unknown 0.1 0.1 0.0 0.1 0 1 0 0 
 vit C pollinator-independent crops no increase 0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-dependent crops increase 100.8 96.7 132.8 -36.2 95 96 92 3 

   little 4.9 4.2 10.6 -6.4 5 4 7 -3 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.1 0.1 0.5 -0.4 0 0 0 0 
   pollinator-unknown crops unknown 0.1 0.1 0.0 0.1 0 0 0 0 
 vit B9 pollinator-independent crops no increase 4.1 4.5 1.5 3.0 100 100 100 0 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 0 0 0 0 

   little 0.0 0.0 0.0 0.0 0 0 0 0 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit B11 pollinator-independent crops no increase 0.0 0.0 0.0 0.0 0 0 0 0 
  pollinator-dependent crops increase 0.0 0.0 0.0 0.0 0 0 0 0 

   little 0.0 0.0 0.0 0.0 0 0 0 0 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.0 0.0 0.0 0.0 0 0 0 0 
   pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit B6 pollinator-independent crops no increase 7.1 7.7 2.8 4.9 78 80 52 27 
  pollinator-dependent crops increase 1.5 1.4 2.0 -0.5 16 15 37 -22 
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   little 0.1 0.1 0.3 -0.2 2 1 7 -5 

   modest 0.0 0.0 0.0 0.0 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  0.4 0.4 0.2 0.2 4 4 4 0 
  pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 
 vit A pollinator-independent crops no increase 0.8 0.8 0.3 0.5 1 1 0 1 
  pollinator-dependent crops increase 54.0 52.7 63.9 -11.2 39 48 18 30 

   little 80.6 54.2 287.3 -233.1 58 49 79 -30 

   modest 0.1 0.1 0.0 0.1 0 0 0 0 

   great 0.0 0.0 0.0 0.0 0 0 0 0 

   essential  3.1 2.1 11.2 -9.1 2 2 3 -1 
    pollinator-unknown crops unknown 0.0 0.0 0.0 0.0 0 0 0 0 

 
 



 

 

Table S.16: FAO dietary energy (%) from different sources 

    Panel A Panel B Panel C 

    

FAO Share of dietary energy consumption from different sources FAO Consumption per 
capita per day 

FAO Consumption per capita per 
day from produced food 

    

Share of purchased 
food in total food 

consumption  

Share of own 
produced food in total 

food consumption  

Share of food from 
other sources in total 

food consumption  

Share of food consumed 
away from home in 

total food consumption  

Dietary energy  
(kcal/capita/day) 

Dietary energy  
 (kcal/capita/day) 

Chad  2009 57.0 37.9 1.4 3.8 2461.3 932.8 
Côte d'Ivoire  2002 73.4 23.8 0.0 2.8 2104.6 500.9 
Ghana  1998 55.4 36.4 0.0 8.2 2302.3 838.0 
Kenya  2005 58.7 14.1 24.7 2.5 1798.7 253.6 
Malawi  2004 43.7 46.1 9.4 0.8 2236.5 1031.0 
Mali  2001 45.5 49.3 2.3 2.9 2276.3 1122.2 
Mozambique  2002 35.8 62.8 0.9 0.5 1955.3 1227.9 
Niger  2007 18.2 79.2 2.1 0.5 1937.6 1534.6 
Papua New Guinea 1996 30.4 54.5 10.6 4.5 2002.6 1091.4 
Sudan (former)  2009 79.4 7.6 9.2 3.8 2237.7 170.1 
Togo  2006 45.5 28.2 0.0 26.3 2159 608.8 
Uganda  2002 40.6 52.3 3.2 3.9 2158.9 1129.1 
Uganda  2005 40.2 48.1 6.6 5.2 2006.2 965.0 
Zambia  2002 58.0 34.6 7.1 0.3 1967.5 680.8 
Ethiopia 2015 87.8 11.8 0.4 - 2313 272.9 

Source: FAO (2016) 

Panel A shows FAO's estimates of percentage share of dietary energy from different sources: (i) purchased food (ii) produced food (iii) other sources and (iv) 
away from home.  

Panel B shows FAO's estimated dietary energy consumption per person per day. The values in Panel C are obtained by multiplying the values in Panel B by 
values under produced food in Panel A. This gives the dietary energy consumption per person per day from own production. The values from FAO statistics are 
somewhat similar to the energy consumption (kcal) determined by the analysis in this study.  

 

  

  



 

 

Table S.17: Daily per capita calories, macro-nutrients, minerals and vitamins gap and Decomposition (ALL crops) 

      (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 
     kcal prot fat iron zinc ribl thia niac vitA vitB12 vitB6 vitB9 vitC 

MHH 1,266***    44.26***  32.18***    13.06*** 8.856***    0.721***    7.648*** 12.35***    248.8***   0.100***   2.77***     8.852***    45.27*** 
   (23.87)     (0.849)   (0.959)      (0.243)  (0.197)     (0.0134)     (0.176)   (0.290)     (19.17)   (0.00697)    (0.300)       (0.401)      (1.888) 

FHH 743.2***    29.88***  21.81***    7.940*** 5.981***    0.541***    6.145*** 8.296***    237.6***   0.0876***  10.39***     7.972***    37.47*** 
   (30.17)     (1.303)   (1.292)      (0.338)  (0.305)     (0.0226)     (0.327)   (0.401)     (28.22)   (0.0146)    (0.556)       (0.659)      (2.575) 

Gender-gap 523.1***    14.38***  10.38***    5.123*** 2.875***    0.180***    1.503*** 4.050***      11.28    0.0126  2.376***        0.880     7.800** 
   (38.47)     (1.555)   (1.609)      (0.416)  (0.363)     (0.0263)     (0.372)   (0.495)     (34.12)   (0.0162)    (0.631)       (0.772)      (3.193) 

Gender gap (%)      41         32        32         39      32         25         20       33          5        13       19           10          17 
Explained 105.0***      0.227   -1.069*   0.692***   0915 -0.0282***  -0.629*** 0.0377   -45.35*** -0.00949**  1.085***    -1.754***    -2.347* 

   (16.42)     (0.597)   (0.626)      (0.172)  (0.143)  (0.00959)     (0.125) (0.216)     (12.21)  (0.00392)    (0.213)       (0.337)    (1.248) 
Unexplained 418.0***   14.15***  11.44***   4.431*** 2.783***    0.208***   2.133*** 4.013***      56.63    0.0221  3.461***     2.635***   10.15*** 

   (40.92)     (1.632)   (1.729)      (0.439)  (0.383)   (0.0275)     (0.375) (0.550)     (36.43)  (0.0172)    (0.635)       (0.926)     (3.456) 
 
 
 

Table S.18: Daily per capita calories, macro-nutrients, minerals and vitamins gap and decomposition (POLLINATOR-
INDEPENDENT crops) 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 
 kcal prot fat iron zinc ribl thia niac vitA vitB12 vitB6 vitB9 vitC 
MHH 682.5*** 24.86*** 9.001*** 8.045*** 56.30*** 0.477*** 6.941*** 4.948*** 1.851*** 0.00219*** 11.77*** 2.442*** 0.561*** 
 (15.89) (0.533) (0.196) (0.176) (1.282) (0.0103) (0.170) (0.117) (0.302) (0.000491) (0.293) (0.180) (0.0814) 
FHH 335.1*** 16.39*** 6.354*** 4.431*** 37.17*** 0.337*** 5.620*** 2.998*** 0.895*** 0.000695** 9.646*** 1.176*** 0.311*** 
 (18.48) (0.863) (0.342) (0.238) (2.039) (0.0183) (0.318) (0.171) (0.147) (0.000337) (0.547) (0.201) (0.0825) 
Gender-gap 347.4*** 8.467*** 2.647*** 3.615*** 19.13*** 0.140*** 1.322*** 1.950*** 0.956*** 0.00149** 2.126*** 1.266*** 0.250** 
 (24.37) (1.015) (0.395) (0.296) (2.409) (0.0210) (0.361) (0.207) (0.336) (0.000595) (0.621) (0.270) (0.116) 
Gender gap (%) 50.9 34.1 29.4 44.9 34.0 29.4 19.0 39.4 51.6 68.0 18.1 51.8 44.6 
Explained 107.2*** 0.858** -0.00388 0.898*** 2.197** -0.00203 -0.604*** 0.401*** -0.269 -0.000229 -1.118*** 0.315** -0.137*** 
 (11.08) (0.378) (0.140) (0.122) (0.925) (0.00727) (0.120) (0.0815) (0.225) (0.000356) (0.207) (0.134) (0.0514) 
Unexplained 240.2*** 7.609*** 2.651*** 2.717*** 16.94*** 0.142*** 1.926*** 1.549*** 1.225*** 0.00172** 3.243*** 0.951*** 0.387*** 
 (25.35) (1.011) (0.393) (0.295) (2.366) (0.0210) (0.361) (0.207) (0.431) (0.000796) (0.622) (0.289) (0.125) 

 
  



 

 

Table S.19: Daily per capita calories, macro-nutrients, minerals and vitamins gap and Decomposition (POLLINATOR-
DEPENDENT crops)  

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 
VARIABLES kcal prot fat iron zinc ribl thia niac vitA vitB12 vitB6 vitB9 vitC 
MHH 583.8*** 19.40*** 23.18*** 5.017*** 3.225*** 0.244*** 0.707*** 7.398*** 247.0*** 0.0980*** 0.999*** 6.410*** 44.71*** 
 (15.52) (0.551) (0.893) (0.142) (0.128) (0.00720) (0.0231) (0.251) (19.16) (0.00695) (0.0455) (0.358) (1.882) 
FHH 408.1*** 13.49*** 15.45*** 3.509*** 2.264*** 0.204*** 0.525*** 5.297*** 236.7*** 0.0869*** 0.748*** 6.796*** 37.16*** 
 (18.64) (0.733) (1.124) (0.188) (0.187) (0.0107) (0.0333) (0.322) (28.22) (0.0146) (0.0659) (0.624) (2.571) 
Gender-gap 175.7*** 5.913*** 7.729*** 1.508*** 0.962*** 0.0401*** 0.182*** 2.101*** 10.32 0.0111 0.250*** -0.386 7.550** 
 (24.25) (0.917) (1.435) (0.236) (0.227) (0.0129) (0.0406) (0.408) (34.11) (0.0161) (0.0801) (0.719) (3.186) 
Gender gap (%) 30.1 30.5 33.3 30.1 29.8 16.4 25.7 28.4 4.2 11.3 25.0 -6.0 16.9 
Explained -2.056 -0.636* -1.067* -0.208** -0.129 -0.0262*** -0.0250 -0.365* -44.89*** -0.00929** 0.0321 -2.071*** -2.186* 
 (10.30) (0.370) (0.568) (0.100) (0.0908) (0.00516) (0.0162) (0.189) (12.13) (0.00386) (0.0346) (0.309) (1.247) 
Unexplained 177.8*** 6.549*** 8.796*** 1.716*** 1.091*** 0.0663*** 0.207*** 2.466*** 55.21 0.0204 0.218** 1.686* 9.736*** 
 (26.44) (1.015) (1.558) (0.268) (0.254) (0.0146) (0.0450) (0.471) (36.37) (0.0172) (0.0851) (0.877) (3.450) 
Observations 15,836 15,836 15,836 15,836 15,836 15,836 15,836 15,836 15,836 15,836 15,836 15,836 15,836 

MHH=Male-headed household, FHH= Female-headed household,   Robust standard errors in parentheses                                      *** p<0.01, ** 
p<0.05 

 

 


