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Abstract 
 
Small farms rely on a range of nature’s contributions to people (NCPs) provided by crop 
diversity, covering both material and immaterial dimensions that are crucial for livelihoods and 
well-being. The maintenance of these NCPs over time, despite perturbations, is a key 
component of small farms' resilience. However, the processes involved in the access of farmers 
to the different NCPs provided by crops are largely unknown. Such knowledge would be 
instrumental for evaluating the vulnerability or resilience of farmers to potential disruptions to 
access channels. In this study, we analyzed how the seed provisioning networks used by farmers 
to access crops relate to the different NCPs they receive from these crops, through a case study 
in Sahelian Senegal. Field surveys were conducted with 91 farmers, half men and half women, 
belonging to 49 households from two villages. The surveys documented which varieties of three 
important staple crop species (pearl millet, cowpea, peanut) farmers grew. Farmers were asked 
to cite their motivations for cultivating each variety as a proxy for NCPs, and to explain from 
where they obtained the seeds of each variety of these three species. We mobilized recent 
developments in Social-Ecological Network research, representing the relationships between 
social entities (i.e., farmers and seed sources), ecological entities (i.e., crops), and NCPs (i.e., 
motivations) as networks. We applied a block model clustering approach to analyze these 
relationships by testing if particular seed sources were associated with particular motivations, 
and if differences existed between men and women. We also analyzed households’ profiles 
according to the motivations they cited and the seed sources they were connected to. Finally, 
we discuss how the observed social-ecological network patterns affect the access of men and 
women farmers to NCPs, and their consequences for the maintenance of NCP provision in the 
face of perturbations.  

https://doi.org/10.1016/j.agsy.2023.103726
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Introduction 1 

 2 

Small farms, cultivating less than 5 hectares each, produce an estimated 50% of the food 3 

calories globally (Ricciardi et al. 2018). These small farms are mostly located in Africa, South 4 

and East Asia, and Latin America and face a variety of factors that make them vulnerable to 5 

multiple types of socio-environmental shocks. Fast changing climatic, biophysical, economic, 6 

social and political conditions affect small farms, and their lack of economic and physical assets 7 

make them particularly vulnerable to these changes that threaten their livelihood (Morton, 8 

2007).  9 

 10 

Crop diversity ensures the provision of multiple benefits related to nature’s contributions to 11 

people (NCPs), such as food and fiber, medicinal and ornamental plants, identity and cultural 12 

values, soil fertility and reduction of soil erosion (Demongeot, Chaplin-Krammer, & Pascual, 13 

2022; Díaz et al. 2018). Furthermore, crop diversification has been identified as a key factor for 14 

the resilience of smallholder farming systems—the capacity of these systems to respond and 15 

adapt to the range of perturbations they face through the maintenance of NCPs that are 16 

instrumental to system function (Renard and Tilman, 2021, Cabell and Oelofse 2012, Kremen 17 

and Merenlender 2018, Schipanski, et al. 2016). Currently smallholder farms grow a much 18 

greater diversity of crop species and varieties than larger farms (Ricciardi et al. 2018), but a 19 

tendency toward uniformization of crops at the global scale has been observed (Khoury et al. 20 

2014; Martin et al. 2019). Smallholders’ ability to diversify their crops is a key factor affecting 21 

agroecosystem resilience, as well as for facilitating the transition toward more sustainable forms 22 

of agriculture (Altieri and Nicholls, 2017; Jackson et al. 2010).  23 

 24 

Crop diversity is clearly linked to the ability of small farms to access a range of different seed 25 

varieties. Small farms access seeds for different crops through numerous channels (McGuire 26 

and Sperling, 2016). Although smallholder farmers often rely on barter or exchange with peers 27 

or monetized transactions at local markets and shops to get seeds, they tend to mobilize a wide 28 

range of other seed sources such as NGOs, private seed companies, and government programs 29 

(Almekinders and Louwaars, 2002). A number of studies have examined seed circulation 30 

networks in smallholder communities in various contexts, and this literature shows that 31 

modalities of seed sourcing can vary strongly across sites (e.g. Delaquis, et al. 2018; Tadesse, 32 

et al. 2017), even within the same country (Cobelli et al. In Press). Recent studies indicate that 33 

farmers’ seed sourcing practices are related to a range of NCPs (Urrea-Hernandez, 34 
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Almekinders, Van Dam 2016, Kilwinger 2020); however, quantitative studies on this topic are 35 

lacking despite the importance of this relationship for household resilience. 36 

 37 

Seed distribution and exchange channels influence the types of crops that farmers access 38 

(Louwaars & Manicad, 2022), therefore impacting the types of NCPs farmers receive.  Studies 39 

in parts of Africa have highlighted how local seed networks and national seed distribution 40 

channels allow farmers to access a variety of types of crops with different functions (McGuire 41 

and Sperling, 2013, 2016). For instance, some crop species and landraces—local crop varieties 42 

that have been reproduced over several generations by farmers in a given location—can be 43 

accessed by farmers only through local networks, because they are not distributed through 44 

official channels. This has been observed for indigenous vegetables that have important 45 

nutritional properties and are adapted to local conditions (Croft, et al. 2017), and for cereal 46 

landraces culturally valued locally (Labeyrie et al. 2014). On the other hand, the seed 47 

dissemination channels of private seed companies or state extension services allow farmers to 48 

access varieties resulting from targeted breeding efforts with productivity advantages such as a 49 

short growth cycle duration or a high yield in favorable growing conditions. Despite the 50 

importance of combining official seed distribution channels with farmers’ seed networks to 51 

enhance the resilience of small farms (McGuire and Sperling, 2013, 2016), relatively little is 52 

known about how seed sourcing practices relate to the NCPs that farmers obtain from crops.  53 

 54 

Representing the complex interactions between a range of social and ecological/biophysical 55 

entities as social-ecological networks (SENs) is increasingly proposed for understanding the 56 

processes involved in NCP provision (Felipe-Lucia, et al. 2022, Dee et al. 2017). SENs provide 57 

a conceptual framework for analyzing the interactions and relationships between smallholder 58 

seed sourcing networks and the NCPs associated with crops. Network approaches conceptualize 59 

a system as a set of nodes (vertices) and the relationships that exist between them (ties or edges), 60 

and can be used to analyze complex social–ecological interdependencies (Bodin et al. 2019). 61 

In these social-ecological networks, NCPs can be represented as nodes, edges between social 62 

and ecological nodes, attributes of nodes, or as emergent properties of the overall social-63 

ecological network (Felipe-Lucia, et al. 2022, Dee et al. 2017, Bodin, et al. 2019, Sayles et al. 64 

2019). Dedicated network analysis tools can then be applied to analyze these interactions and 65 

relationships. 66 

 67 

https://doi.org/10.3390/seeds1040028
https://www.tandfonline.com/doi/full/10.1080/00220388.2017.1308487
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Here we mobilize these recent developments in SEN research to conceptualize and examine 68 

how farmers access different NCPs through the seed sourcing channels of various crop varieties, 69 

through a case study in Sahelian Senegal. Via interviews and surveys, we first identified the 70 

main seed sources for farmers in the area (i.e. inherited seeds, acquired via peers, local markets, 71 

etc.), and then we assessed the main motivations for growing the different chosen seed varieties. 72 

These motivations were used as proxies for NCPs and categorized as regulating, material, or 73 

non-material benefits according to the NCP framework (Pascual et al. 2017; Díaz et al. 2018). 74 

Then, we tested if particular seed sources were associated with particular motivations and if 75 

differences existed between men and women, and between households. Considering the 76 

strength of networks in capturing the interrelations and interdependencies between variables of 77 

interest, employing a SEN framing supports this study’s aim to analyze the relationships 78 

between seed sources, seed varieties, and NCPs. In addition, the statistical analysis tools 79 

developed for network analysis allow dealing with the non-independence of observations, 80 

which is not possible with classical statistical methods. In the next sections, we detail the 81 

methods to collect and analyze the network data, and then report on the results. Finally, we 82 

discuss how the observed SEN patterns affect the access of men and women farmers to crop 83 

diversity, and consider the associated consequences for the maintenance of NCP provisioning 84 

in the face of shocks to the agricultural system for both gender groups.  85 

 86 

Methods  87 

 88 

Study site 89 

The study site covered two neighboring villages located in the central western part of the 90 

groundnut basin (old basin), in the Department of Fatick, Senegal (Figure 1). These two villages 91 

are located in the same biophysical and socioeconomic context, within the area covered by the 92 

Niakhar Health and Demographic Surveillance System piloted by the French National Research 93 

Institute for Sustainable Development (IRD), located 135 km east of the capital city, Dakar 94 

(Delaunay et al. 2013). The climate is Sudano-Sahelian, with a short rainy season from 95 

June/July to October and a long dry season of eight to nine months. Annual rainfall is highly 96 

variable, but the average rainfall has been 502 mm/year since 2000 (Sultan et al. 2015).  97 

 98 

The Sereer farmers, who make up nearly 97% of the inhabitants living in this area, are agro-99 

pastoralists (Delaunay et al. 2013). They grow both cereals, mainly pearl millet (Pennisetum 100 

glaucum), and legumes, mainly cowpea (Vigna unguiculata) and groundnut (Arachis 101 
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hypogeae), for self-consumption, animal feed, and for local sale. These crops are grown either 102 

in association or in rotation on sandy soils in agroforestry systems with Faidherbia trees. Plots 103 

are usually delineated with roselle (Hibiscus sabdariffa) hedgerows, the flowers of which are 104 

sold by women at local markets. Fallow is rare, as land is fully occupied in the area due to a 105 

rapid population and urbanisation growth since the end of the twentieth century. A few 106 

vegetables are also grown near the house for preparing sauces, such as okra (Abelmoschus 107 

esculentus) and cucurbitaceae. A range of commercial farming activities, such as watermelon 108 

cultivation or cattle raising for meat, are developing in the area. Farmers in surveyed villages 109 

have limited access to chemical inputs, and they only rely on animal-driven tools for plowing, 110 

sowing, and harvesting. Irrigation is also not possible in the area due to groundwater salinity. 111 

A recent study details the patterns of crop diversity and its management practices in the two 112 

studied villages (Cobelli et al. In Press), indicating that farmers grow an average of 6 species, 113 

and between 1 and 2 varieties for the three species targeted in this study. Seed lots from different 114 

origins can be sown for a given variety within a household (i.e. multiple seed sources). 115 

 116 

Households are organized into concessions, which group together members of the same family 117 

and vary in size. One or more households (elementary families) live in the same concession and 118 

share the land to be cultivated. Each household represents a family unit composed of the sons 119 

or brothers of the head of the concession, their wives, children, and uterine nephews. The land 120 

in the concession is divided among the different heads of households, each of whom is 121 

responsible for the self-sufficiency of his or her household (Benoit-Cattin & Faye, 1982; 122 

Guigou, 1992). These heads are the ones who determine the allocation of plots, the cropping 123 

calendar, the quantities sown, and the distribution of family labor.   124 

 125 
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 126 
Figure 1. Study site location 127 

 128 

Ethics approval  129 

To carry out the study, the Code of Ethics of the International Society of Ethnobiology (ISE) 130 

was followed. The work was conducted in collaboration with the Senegalese Institute for 131 

Agricultural Research (ISRA). Before conducting individual surveys, a meeting was organized 132 

with the leader of the village to fully inform them of the purpose of the research and how it 133 

would be conducted and to seek their consent. The methodology and the type of data collected 134 

were explained to farmers prior to the interviews to inform them about the implications of their 135 

participation in the surveys. The future use of the data and the expected benefits of the study 136 

were described and discussed with the interviewees. The farmers participated voluntarily and 137 

free from coercion, and they had the right to withdraw at any time. Before conducting the 138 

interviews, farmers gave their prior informed consent verbally. No activities were conducted 139 

without such consent. The involvement of an interpreter, a native of the study area, helped 140 

ensure that local rules and customs, as well as the rights and well-being of the farmers 141 

interviewed, were respected. 142 

 143 

 Data collection 144 

Surveys were conducted between March and June 2018 in the two selected villages. The first 145 

part of the study aimed to obtain general information about the agrarian context of each village 146 

through semi-structured interviews with each village leader. We also carried out a census of 147 

households in each village and with the village leader, and established a typology of households 148 
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according to their economic status based on key descriptors (total area cultivated, farm 149 

equipment, availability of labor, working animals). This typology led to the construction of 150 

three classes (rich, middle-income, poor). We selected a stratified random sample of three low 151 

income households, four middle-income, and three rich households. We then employed 152 

snowball sampling and conducted surveys with all the households cited as seed providers by 153 

the heads of these 10 households. Snowball sampling is appropriate given the cultural context, 154 

where personal introductions and referrals are key in order to elicit responses. Further, albeit 155 

non-random, snowball sampling is often the method of choice when eliciting social network 156 

data (Carrington, Scott and Wasserman 2005), which was the initial purpose of the project in 157 

which this study takes place.   158 

We surveyed a total of 49 households for the farm survey. In each household, we interviewed 159 

separately both male and female household heads, as the people responsible for selecting and 160 

managing crop seeds. We interviewed a total of 85 people (43 men and 42 women) as in some 161 

households there were single household heads or one of the heads could not be interviewed. 162 

This represents about 80% of the number of households in the two study villages. One of the 163 

co-authors (OC) interviewed each household head once individually, with the aid of a local 164 

translator who was intensively trained for this type of survey and had experience working for 165 

researchers within the Niakhar Health and Demographic Surveillance System.  166 

 167 

The survey included four sections that applied to both male and female household heads on 168 

each farm. The first part of the survey aimed at collecting socio-economic and demographic 169 

information concerning the household and both household heads. The second part of the survey 170 

was an inventory of crop species and varieties of millet, groundnut, and cowpea cultivated on 171 

the farm in 2017. We selected these three crop species, because they are the main staple crops 172 

grown in the area and have different functions for households. The inventory of crop varieties 173 

was based on the names cited by the respondents, which reflect how farmers manage their 174 

genetic resources (Berg, 2009). Collective discussions at each site helped to identify possible 175 

synonyms (same biological object associated with different names) and to homogenize the 176 

names of varieties. This inventory therefore does not reflect the varietal diversity characterized 177 

by genetic markers, but rather that identified and named by farmers. The third part of the survey 178 

aimed at documenting seed sources mobilized by farmers, asking where farmers obtained the 179 

seeds of each variety of the three selected species cultivated in 2017 during their last and most 180 

recent seed sourcing event outside of the farm (i.e. external sourcing that could have occurred 181 

prior to 2017). Seed sourcing event is the instance of the seed of one variety sourced by a farm 182 

https://link.springer.com/article/10.1007/s10681-008-9829-8
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and coming from one source. Self-sourcing events were excluded as we were interested only in 183 

external sourcing. This allowed us to document the origin of the current seed lots cultivated on 184 

the farms, prior to any further on-farm reproduction, if relevant. The last seed sourcing event 185 

was chosen, because previous studies have linked the overall level of crop diversity on-farm to 186 

the diversity of the last seed sourcing events (e.g. Calvet-Mir 2012). The modes of seed supply 187 

were grouped into 5 main categories (Table 1.a).  188 

 189 

The last part of the survey aimed to document the NCPs farmers get from each variety of the 190 

three selected crop species. As a proxy for NCPs, we used the motivations farmers reported for 191 

cultivating each variety of the three selected species by asking the question “Why do you grow 192 

this specific variety?”. The motivations were collected from farmers through an open-ended 193 

individual survey. This free elicitation procedure was found to give a better account of what 194 

objects are perceived to be doing or providing for the users (Steenkamp and Van Trijp 1997). 195 

Farmers could cite as many motivations as they wanted for each variety. The researcher and 196 

translator conducting the survey were trained to ask the farmer to provide details about these 197 

motivations to make sure that farmers’ ideas were adequately captured. These motivations were 198 

coded a posteriori into seven categories, with a total of 11 sub-categories (Table 1.b). This part 199 

of the survey was conducted separately with men and women for all the varieties of the three 200 

target species cultivated by each household.   201 

 202 

Table 1. Categories of seed sources and of motivations used for the study. 203 

a. Seed Sources Details Type of seed 
1. Legacy  Farmers inherited the seeds 

from their parents 
Farmers’ seeds (i.e. 
multiplied  on-farm), mainly 
from landraces but also from 
creolized varieties 

2. Interpersonal  Farmers get seeds from 
peers, mainly through gifts or 
exchanges, and more rarely 
with money 

Mainly farmers’ seeds, either 
from landraces or creolized 
varieties 

3. Local markets and seed 
sellers 

Farmers bought seeds at 
local markets from other 
farmers or from brokers, or 
they bought seeds in local 
shops 

Mainly farmers’ seeds, either 
from landraces or creolized 
varieties 

4. Rural development 
organizations  

Farmers get seeds from 
NGOs, cooperatives, 
associations, or extension 
services and research centers 

Mainly certified seeds from 
varieties bred by national 
research centers or private 
companies 
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5. Agrodealers and others 
sources  

Farmers get seeds from other 
sources, mainly agrodealers 

Mainly certified seeds 

 
 
 
 
 
 

  

b. Nature Contributions to 
People (NCP) 

Motivations Exemples 

Regulation NCP   
1. Agronomic  1.1. Crop variety well 

adapted to the local climate  
 

Drought resistant 

 1.2. Crop variety with 
adapted growth cycle length 

Short or long growth cycle 

 1.3. Crop variety presenting 
other agronomic 
characteristics of interest   
 

Adapted to local soils, low 
fertility requirement, 
easy to grow, resistant to 
birds 

Material NCP   
2. Production 2.1. Crop variety that 

provides a good production 
in quantity, and all the year 
long  

 

 2.2. Crop variety that 
provides a good production 
of processed products, and 
good quality products  

Good flour/oil production, 
big seeds / pods 

Food preparation and 
consumption 

3.1. Crop variety that 
provides tasty and nutritive 
food, adapted to the different 
specific food uses 

Staple food, food for 
shortage periods, food 
diversification, Tasty food 
production, with a nice 
texture, nutritional qualities, 
specific culinary use 

 3.2. Crop variety that limits 
workload for food 
preparation 

Easy to cook or mash  

Sale 4.1. Crop variety that 
provides marketable 
products  

High price on the local 
market, source of income for 
women 

Other uses 5.1. Crop variety that 
provides other products for 
non-food uses 

Fodder, building material 

Non-material NCP   
Attachment 6.1. Crop varieties that 

makes farmers remember 
their father, and is part of 
their attachment to tradition 

Father memory, attachment 
to tradition,  
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Familiarity 7.1. Crop varieties that 
farmers know well, and that 
can be easily accessed 
because they are available 
locally.  

Deep knowledge of the 
variety, variety which seeds 
are available in the 
household, variety grown by 
everybody in the village 

 204 

2.4 Data analysis  205 

 206 

We first used descriptive analysis to summarize the frequency of the different varieties of each 207 

crop species. Then, we conceptualized the relationship between crop varieties, seed sources, 208 

and motivations (as a proxy for NCPs) as social-ecological networks (Felipe-Lucia, et al. 2022). 209 

Depending on the analysis conducted to address the different research questions listed bellow, 210 

nodes represented the individual households, seed sources, crop varieties, or 211 

motivations/benefits associated with them. Ties represented various types of relationships 212 

between the nodes. We constructed three networks described below, involving two or three 213 

types of nodes, resulting in bipartite or tripartite networks. The three networks were analyzed 214 

using a probabilistic model-based approach (namely latent block models and extensions) 215 

described hereafter.  216 

The three socio-ecological networks of interest were: 217 

(i) Network 1: sources x motivations.  First, we aimed to identify the most frequently cited seed 218 

sources and motivations, and whether there were particular associations between the 219 

motivations and the seed sources, when considering all the varieties together for all the three 220 

species. Conducting an analysis for the three main crop species cultivated by farmers makes 221 

sense, because farmers manage them together due to their complementary and sometimes 222 

redundant functions in the farming system. We analyzed the “sources x motivations” weighted 223 

bipartite network where two different types of nodes represented the different sources and 224 

motivations, respectively, and where the ties represented the number of times farmers cited a 225 

given motivation for growing any variety that was obtained through a given seed source. Such 226 

a bipartite network can be represented as a table (Figure 2), where the rows represent a given 227 

type of nodes (e.g. sources), the columns represent another type of node (motivations), and at 228 

row i and column j of the table one reads the number of times the source i has been cited for 229 

motivation j (for instance, represented as a grey level). This representation is quite convenient 230 

when considering small weighted networks.  231 
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 232 

Figure 2. Weighted bipartite network [Source x Motivations] on all species. Represented as a 233 

table.  Motivations cited by women are in red while the ones cited by men are in blue.  The 234 

darker the box (i,j) the more the source of supply is associated  with motivation j. As an 235 

example, 40 women declared that they got their varieties used for food from inheritance.  236 

 237 

(ii) Network 2: Varieties x [motivations, seed sources]. We aimed to identify if the seed sources 238 

used by farmers and the associated motivations differed between varieties. This allowed us to 239 

bring a finer-grain discussion of the specifics of each variety and its contribution to the general 240 

aggregated pattern observed for the three crop species. This division according to varieties was 241 

more relevant than according to species, because the different varieties for a given species can 242 

be linked to very different NCPs. For instance, for both cowpea and peanut, some varieties are 243 

dedicated to fodder and other to grain production. We analyzed the “varieties x [motivations, 244 

seed sources]” tripartite network. The ties between sources and varieties represented the number 245 

of times each variety was obtained by farmers from a given source, and the ties between 246 

varieties and motivation represented the number of times farmers cited the different motivation 247 

for each variety (Figure 3). This tripartite network is represented by two tables sharing the same 248 

rows.  249 
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 250 

 251 

Figure 3. Tripartie network Varieties x [motivations, seed sources] Motivations cited by 252 

women are in red while the ones cited by men are in blue.  The darker the box (i,j) the more 253 

the source of supply is associated  with motivation j. As an example, 28 women declared that 254 

they used the variety of mil Thiossane for food. All the interviewed people declare that they 255 

obtained Thiossane by legacy.  256 

 257 

(iii) Network 3: Households x [motivations, seed sources]. In order to identify different 258 

household profiles of combined seed sourcing and motivations, we analyzed the “household x 259 

[motivation, seed sources]” weighted tripartite network. The ties between households and 260 

motivations represented the number of times each motivation was cited by farmers in that 261 

household, and the ties between household and seed sources represented the number of times 262 
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farmers reported getting seeds for these sources (See SI 1 for the network matrix graphical 263 

display).  264 

 265 

A probabilistic approach to analyze the networks. 266 

When analyzing a network, it is important to get a mesoscopic view of its structure (or 267 

topology), thus highlighting any patterns and/or identifying the role played by 268 

households/individuals, motivations and seed sources. The probabilistic approach assumes that 269 

the networks at stake are the realization of unspecified probabilistic distributions. Using the 270 

probabilistic framework ensures theoretical properties of the inferred quantities and thus on the 271 

resulting decisions. In this paper, we employed latent block modelling (LBM) adapted to 272 

bipartite networks and its extensions to tripartite weighted networks (and more complex 273 

networks) by Bar-Hen et al (2021).   274 

 275 

Specifically, the LBM presented here assumes that the interactions (counts) are distributed 276 

according to a Poisson distribution. To model connectivity heterogeneity, we assume that the 277 

nodes belong to (unobserved) blocks and that the intensity of connection between pairs of nodes 278 

varies depending on the blocks they belong to. The inference of the parameters of the model 279 

results in a non-supervised clustering of the nodes, where the clusters gather nodes of the same 280 

nature based on connectivity patterns (e.g. households or motivations) assuming that similar 281 

connectivity patterns imply similar roles in the network they are involved in. For instance, 282 

applying LBM to the tripartite network Households x [motivations, seed sources] would group 283 

together households having the same connectivity behavior, i.e. connected to the same set of 284 

seed sources and motivations. Contrary to community detection or other network analysis tools, 285 

the block modeling is agnostic when it comes to seeking predefined type of structure (hubs, 286 

communities, or embeddedness). The clustering algorithm employed in LBM assess clusters 287 

based on observed connectivity patterns and uses maximum likelihood to determine whether or 288 

not two nodes belong to the same cluster.             289 

The final number of clusters was chosen following the principle of parsimony. We resorted to 290 

a model selection criterion (namely ICL) that selected the model that best fit the data, but 291 

penalized for over-fitting and fuzzy clustering (essentially, favoring clear clustering). The 292 

method was applied using the R package ‘sbm’ (Chiquet, Donnet, and Barbillon 2021). More 293 

details on the statistical method we employed are provided in the supplemental methods (SI 2).  294 

 295 

 296 

https://cran.r-project.org/web/packages/sbm/sbm.pdf
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3. Results  297 

 298 

3.1. Motivation and seed sources according to gender 299 

 300 

Overall, men reported sourcing seeds of the three target crop species twice as many times as 301 

women (127 seed sourcing events reported by men versus 62 reported by women). Farmers 302 

reported getting most of their seeds through legacy, interpersonal exchanges, and the market 303 

(Figure 4). Men obtained seeds more frequently through legacy than women, and this trend was 304 

observed to a lesser extent for market sourcing. Women more frequently obtained seeds through 305 

interpersonal exchanges. The rural development organizations were rarely cited as a source of 306 

seeds, and in most cases it was by men.  307 

 308 

The most frequently cited motivations for cultivating the varieties differed between men and 309 

women. Women most frequently cited motivations related to food, such as the good taste and 310 

texture or nutritional properties, and then motivations related to the quality of production 311 

(mainly the quantity of flour or oil that the seed can produce) and to the growth cycle length. 312 

Men mainly cited motivations related to the growth-cycle length and to other uses, which 313 

mainly corresponded to fodder production. Motivations related to the familiarity of the seeds 314 

and to the knowledge and experience of how to grow them, to climate adaptation, and to 315 

attachment (e.g., identity and heritage value) were very rarely cited by women. Conversely, 316 

only women reported motivations related to food processing (i.e. easiness to cook and process 317 

the seeds).  318 

 319 
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 321 
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Figure 4. Top: Number of seed-lots obtained by men (n=127) and women (n=62) farmers 322 

from the five categories of seed sources. Bottom: number of citations per category of 323 

motivation by women (N=47) and men (N=44). 324 

 325 

3.2. Relationship between channels of seed sourcing and motivations 326 

The results of the LBM Model on the data aggregated for men and women and for the three 327 

species are represented in Figure 5. In Figure 5A, we reordered the rows and columns of the 328 

table with respect to the inferred blocks/clusters. We observed which associations of sources 329 

and motivation were more frequent than others. In order to highlight the differences between 330 

blocks, we plotted the estimated mean number of interactions between any pairs of row and 331 

column blocks (Figure 5B). The second representation gives a mesoscopic view of the table, 332 

ignoring the pair variability and focusing on the patterns.  333 

 334 

Since we found four blocks of motivations and three blocks of sources, there is enough evidence 335 

to conclude that preferential associations between specific motivations and specific seed 336 

sources exist. In particular, an association was found between seed sourcing through legacy and 337 

the motivations cited by men related to seed familiarity and knowledge, to crop attachment, and 338 

to other agronomic uses, and to motivations related to food processing cited by women (Block 339 

3). A broader range of seed sources was associated with other motivations, including legacy, 340 

but also market or interpersonal relationships and the motivations related to growth-cycle length 341 

that were frequently cited by both the men and the women, the motivations related to food uses 342 

and production quality cited by women, and other uses (e.g., fodder or building material 343 

production) cited by men (Block 1). There was also a range of less frequently cited motivations 344 

(Block 2). 345 

 346 
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 347 

 348 

Figure 5: Network Sources-Motivations matrices on data aggregated for all the varieties of 349 

the three species. A. (top): reordered table following the inferred blocks. B. (bottom): mean 350 

number of interactions for each pair of blocks. For instance, on average, 20 women declared 351 

having inherited seeds they use for food.   352 

 353 

The results of the LBM of the tripartite network variety X [motivations, seed sources] brought 354 

a more detailed understanding of the observations described for the aggregated data (Figure 6). 355 

They highlighted that the different varieties of pearl millet, groundnut, and cowpea were 356 

sourced through different channels and associated with different motivations. The pearl millet 357 

variety Thiossane was clearly distinguished from the rest of the varieties (Block 1), because it 358 

was exclusively obtained by farmers through legacy, and it is the only variety men associated 359 

with the motivations related to familiarity, attachment, food production, other agronomic 360 

motivations (e.g. soil adaptation, low fertility requirement), climate adaptation, and production 361 

(quantity and quality). This particular pattern for Thiossane variety probably explains the higher 362 
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prevalence of seed sourcing through legacy observed for men in the general analysis on 363 

aggregated data presented above (Figure 5). Women associated Thiossane primarily with 364 

motivations related to food, and then to the quality of production and to food processing. 365 

Thiossane is a local traditional variety cultivated by all households for self-consumption as a 366 

staple food crop. It is mainly managed by men and transmitted from fathers to their sons (pers. 367 

obs.). 368 

 369 

One cowpea variety (Baye Ngagne) and one groundnut variety (Foure) presented similar 370 

profiles of motivations and seed sourcing (Block 2). They were obtained through different seed 371 

sources: legacy, interpersonal exchanges, or through the market. Both men and women 372 

dominantly associated them with motivations related to sale, to the growth-cycle length (early 373 

maturing), and to the quality of production (produced a lot of oil for Foure / produced big seeds 374 

for Baye Ngagne). Only women associated these varieties with food (good taste). Foure and 375 

Baye Ngagne were the most cultivated groundnut and cowpea varieties, respectively, used for 376 

both self-consumption (sauces preparation) and sale. Foure was distributed by the state in the 377 

1970’s as a drought resistant variety, and the origin of Baye Ngagne is unclear (pers. obs.).  378 

 379 

Third, the pearl millet variety Souna 3 was distinguished from the rest of the varieties (Block 380 

3), because it was the only one sourced from rural development organizations (associations) or 381 

other actors (official seed producers). Indeed, this variety was bred by the national research 382 

center and released at the end the 1970’s. It is rarely cultivated, and was only present in one of 383 

the villages surveyed. It was only associated with motivations related to food and the quality of 384 

production (produces a large amount of flour) by both men and women.  385 

 386 

Last, all the other varieties, which were less frequently cultivated, were grouped in the last block 387 

(Block 4). It covers one pearl millet variety (Mathie), two cowpea varieties (Mbirix and Melakh) 388 

and three groundnut varieties (Yeger, Law and Essamaye). These varieties were also obtained 389 

through a range of seed sources (legacy, market, interpersonal), but were the only varieties 390 

associated with non-agronomic uses: primarily for the production of fodder and building 391 

material. Women also cited motivations related to food and to the quality of production of these 392 

varieties. They particularly valued the big size of Yeger seeds, the taste and the good flour 393 

production of Mathie, and the fact that Mbirix is late maturing, which allows them to get fresh 394 

seeds later, and also because it produces big seeds. Mathie is a local pearl millet variety that is 395 
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less cultivated nowadays because it has a long cycle and therefore less adapted to the shortened 396 

rainy season, but the origin of Mbirix and Yeger is unclear (pers. obs.).  397 

 398 

 399 
Figure 6: Results of multi-stakeholder LBMs on the matrix « varieties X sources; motivations » 400 

for the three species (right), and frequency of each variety in the village (left, number of 401 

households cultivating each variety). 402 

 403 

3.3. Identifying profiles of households depending on the combined seed sources and 404 

motivations 405 

 406 

The analysis of the multipartite network of Households x [sources; motivations] with the three 407 

target species taken separately indicated that the optimal number of blocks calculated through 408 

the penalized likelihood criterion (ICL) was one or two (ICL of -1602 for one block versus -409 

1615 for two blocks). In order to highlight the different household strategy, we retained the 410 

LBM results with two blocks of households (See figure in SI 3). The main difference between 411 

the two blocks was that the first one groups together households that cited a broader range of 412 

motivations for millet and groundnut, and to a lesser extent, a larger number of seed sources 413 
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than the second Block (Figure 7). This was probably related to the fact that the households in 414 

Block 1 grew on average more varieties (4.8, sd=1.4) than in Block 2 (3.2, sd=0.9). No 415 

particular differences in the socio-economic status of households belonging to each group were 416 

detected.  417 

 418 

Figure 7. left: Mean number of motivations cited per household (Y axis) and its standard 419 

deviation for each LBM block (Y axis). Right: Mean number of seed sources cited per 420 

household (Y axis) and its standard deviation for each LBM block (X axis). 421 

 422 

4. Discussion 423 

Our joint analysis of the seed sources and motivations that Sereer farmers associated with 424 

different crop varieties resulted in three main themes that will be elaborated in the following 425 

discussion. First of all, this study emphasized that farmers combined a range of seed sourcing 426 

channels, which in turn provided them with a range of NCPs that support their livelihoods and 427 

well-being. Second, gender played an important role in shaping the number and type of seed 428 

sources, as well as motivations for growing different varieties. Third, we discuss the 429 

implications of the patterns of seed sources and motivations for vulnerability and resilience 430 

within the farming systems. The Discussion is rounded out with a reflection on the limitations 431 

of the study and future research directions.  432 

 433 

Farmers combine a range of seed sourcing channels to secure their access to NCPs necessary 434 

for their livelihoods 435 

We found that Sereer farmers did not rely on a unique type of seed sourcing channel, but rather 436 

mobilized a mix of different channels to meet a range of NCPs that are key for their livelihoods 437 

and well-being. Farmers rarely obtained seeds through the official channels, and mainly relied 438 

on legacy, exchange through peer-to-peer relationships, and on commercial relationships with 439 
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different types of seed sellers at local markets or shops. These results align with previous studies 440 

in Africa, showing that the so-called “formal” or official seed dissemination channels are rarely 441 

mobilized by farmers (McGuire and Sperling 2016). Reasons cited in the literature are mainly 442 

the high cost of buying certified seeds through the official channels, and that the benefit 443 

expected in terms of increased yield is frequently not attained by farmers due to sub-optimal 444 

growing conditions (e.g. limited access to fertilizer, water stress). Supply of seeds through 445 

formal channels can also be constrained by supplier interests and preferences. For example, 446 

suppliers tend to focus on just a few crops and varieties, they may sell at locations that are far 447 

away or not readily accessible, and they may price seeds too high for many smallholder farmers. 448 

Further, as in other smallholder agricultural systems (Almekinders and Louwaars 2002), we 449 

observed that varieties that would have been initially released by the official crop breeding 450 

system were frequently obtained by farmers through peer-to-peer seed circulation and through 451 

local markets, which is a common pattern for agricultural innovations (e.g. Röling, 2009; 452 

Teeken, et al. 2012). This was possible because the varieties released by the state crop breeding 453 

system were not hybrid ones. However, even if the official distribution channels represent a 454 

very small proportion of the seed sources documented in this study, their importance and 455 

contribution to the diversity of crops grown by farmers is potentially significant. Finally, the 456 

low prevalence of the State distribution channels in this study may not be representative of the 457 

situation in other places in Senegal (IPAR 2015), illustrating the importance of acknowledging 458 

the local context when considering smallholder systems.   459 

 460 

The range of perceived NCPs provided by seed varieties obtained through this sourcing network 461 

is notable. While past research largely focused on utilitarian aspects, such as food and sale (e.g., 462 

Greig 2009), this study highlighted the importance of cultural NCPs, as some crop varieties 463 

were pivotal to providing non-tangible benefits, such as cultural and place attachment. This is 464 

particularly important to recognize, as cultural NCPs are notoriously difficult to measure and 465 

value (e.g. Hirons, et al. 2016). Cultural values are often tied to specific environmental and 466 

social conditions, whereby farmers have adapted specific seed and crop varieties to reduce yield 467 

uncertainty. Over time, these varieties come to assume meaning beyond the materialistic 468 

benefits (food, profit etc.) (Rijal, 2010). Likely, a combination of these cultural values and other 469 

criteria (e.g. agronomic adaptation) served as the drivers of crop choice (Ficiciyan, et al. 2018; 470 

Velasquez-Mila, et al. 2011), making it difficult to delineate a single primary motivation for 471 

farmers’ decisions. 472 

 473 
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The complex and intertwined nature of the seed exchange system in this study is in line with 474 

previous observations concerning the high porosity between official seed dissemination 475 

channels and local networks (Almekinders and Louwaars, 2002). Our results provide evidence 476 

that counters the currently divided approaches to policy and development in the formal and 477 

informal seed systems (McGuire & Sperling, 2016; Hlatshwayo, et al. 2021). Rather, the results 478 

support proposals to consider the variety of seed sourcing channels as parts of a single 479 

integrated system, which should be treated as such for policy and investment decisions 480 

(Louwaars & de Boef, 2012).  481 

   482 

Gender discrepancies in source and motivations and differences between varieties 483 

This study also demonstrates how men and women diverge in terms of the relationships between 484 

seed sourcing, crop varieties, and the associated perceived benefits. These gender differences 485 

have implications both for acquiring new or improved crop varieties, and for the vulnerability 486 

and adaptive capacity of accessing desired NCPs. 487 

 488 

First of all, this study showed that women relied on a more limited pool of sources for seeds 489 

than men. Men generally cited a wider range of seed sources than women for the three grain 490 

crop species. Interestingly, women mentioned the market and legacy as seed sources less 491 

frequently than men. Men cited rural organizations while women did not, suggesting that 492 

women have limited access to this source. Several processes may explain the gender differences 493 

observed in seed sources. First, men in the Sereer society are the ones in charge of pearl millet 494 

cultivation and seed management, and they traditionally get their seed through inheritance from 495 

their father, which probably explains the higher importance of this seed source for men as 496 

compared to women. Second, men dedicate more time than women to social interactions outside 497 

the household, while women have a considerably larger workload in the home. Men thus have 498 

more opportunities to connect to a larger range of seed providers than women. Men also possess 499 

more money than women, who mostly rely on their husbands for resources, which may explain 500 

the differential access to the market. As such, non-monetary seed sourcing channels such as 501 

peer-to-peer gifts or exchanges appear particularly pivotal for women to access seeds. Previous 502 

research in Africa supports these findings, showing how women rely mostly on their own seeds, 503 

personal connections, or local markets, rather than extension services, seed companies, or 504 

farmers groups (e.g., Marimo et al. 2021; McGuire & Sperling 2016). While social factors may 505 

influence where men and women source seeds, there is evidence from other studies that policies 506 
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and programs that empower women or put them in decision-making positions can encourage 507 

more agrobiodiversity (e.g. Assefa, et al. 2022; Valencia, et al. 2021). 508 

 509 

Men and women also perceived different NCPs in relation to the crop varieties. For instance, 510 

the millet landrace Thiossane was associated primarily with food uses by women, and with 511 

motivations related to familiarity and attachment or agronomic uses by men. Indeed, Thiossane 512 

is a men’s crop in the Sereer society, transmitted from a father to his sons, creating a strong 513 

cultural attachment to the crop not seen among the women. Conversely, women are in charge 514 

of food preparation, which explains the importance they place on these motivations, which were 515 

also observed for the other crop species. This corroborates other studies that have found 516 

gendered rationale for crop choice, although these motivations vary by cultural and 517 

geographical context (Nordhagen, et al. 2021; Sari, et al. 2020; Oakley & Momsen, 2004). For 518 

instance, one study in Southeast Sulawesi found that men selected timber and fruit trees for 519 

shade based on economic benefits, while women cited production for household needs (Sari, et 520 

al. 2020). Conversely, in Papua New Guinea, women tended to be more motivated by marketing 521 

potential, and men by tradition and status (Nordhagen, et al. 2021). That said, the literature 522 

connecting gender and NCPs (here, the ecosystem services term is used) in general is very 523 

limited (Yang, et al. 2018).  524 

 525 

Perceived NCP varied by variety for the different species. For millet, the motivations cited for 526 

the three varieties cultivated locally differed considerably: Thiossane landrace was associated 527 

to immaterial NCP, particularly attachment, while Souna 3 variety was exclusively associated 528 

to production quality and quantity, and Mathie landrace was mainly associated to other uses, 529 

such as fodder and building material production. Similar patterns were observed for cowpea 530 

and groundnut, with Baye Ngagne and Foure varieties dominantly associated with motivations 531 

related to their growth cycle and to their marketability, respectively, and Mbirix and Yeger more 532 

frequently motivated by other uses (mainly fodder production).  533 

  534 

Implications for the resilience of agricultural systems 535 

Our results showed that different seed channels are complementary from farmers’ perspectives, 536 

as they allow them to access different crop varieties that provide different NCPs. For instance, 537 

legacy allows farmers to obtain seeds from local traditional Thiossane millet landrace 538 

associated with tradition, heritage, and identity (in addition to agronomic and use benefits), 539 

while commercial channels provide them with the Foure groundnut variety related to 540 

https://www.sciencedirect.com/science/article/pii/S0305750X20302618?via%3Dihub
https://www.mdpi.com/2073-445X/9/4/108
https://rgs-ibg.onlinelibrary.wiley.com/doi/epdf/10.1111/j.1475-4959.2005.00160.x?saml_referrer
https://www.sciencedirect.com/science/article/pii/S0305750X20302618?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2212041617304795
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marketability and agronomic properties/adaptation (material and regulating NCP). We also 541 

observe redundancy as farmers mobilized different seed sources to get varieties associated with 542 

key NCPs for their livelihoods. For instance, cowpea variety Baye ngagne, which was pivotal 543 

for both women`s income and food provision, was obtained through a range of seed sources. 544 

This redundancy can improve the resilience of seed provisioning, providing alternatives when 545 

seeds are no longer available from one source (Matsuhita, et al. 2016; Massawe, et al. 2016). 546 

Diversifying seed sources as a possible strategy to mitigate perturbations appears to be a 547 

practice shared by most households in this study, who demonstrated very similar seed sourcing 548 

practices and cited similar motivations. 549 

 550 

The relationships between seed sourcing practices and NCPs based on the gender of Sereer 551 

farmers also highlights areas of potential resilience and vulnerability to shocks in this 552 

agricultural system. A study in Bangladesh similarly suggested that gendered choices of 553 

crops/agrobiodiversity may ultimately impact on the capacity to adapt to stressors like climate 554 

change (Bhattari, et al. 2015). Women in this study perceived multiple NCPs for each crop 555 

species; however, crop species were acquired from a limited number of sources. Men, on the 556 

other hand, had redundancy in the mapping of NCPs to a variety of sources, even within some 557 

crop species. This duplication of NCPs among crops and sources may indicate the ability to fall 558 

back on or exchange crops/seed sources based on the conditions. Consequently, the limited 559 

number of sources for seeds potentially makes Sereer women vulnerable to the loss of some 560 

NCPs under shocks.  561 

 562 

To the best of our knowledge, the gender differences between the combination of crops, seed 563 

sourcing practices and NCPs have never been highlighted in the literature. Gender is known to 564 

be a key factor to consider in policies for rural development, given the well documented  565 

differences in risks, vulnerabilities, and barriers between men and women (Denton, 2002; 566 

Huyer, 2016; Jost, et al. 2016). Therefore, understanding these differences can guide initiatives 567 

and rural development policies aimed at supporting and securing farmers´ access to seeds. 568 

 569 

Limitations and future research directions 570 

The examination of seed sources, crop choice, and associated NCPs is still an active field of 571 

research. As such, there are several areas to take this work further, and limitations in the current 572 

study. For one, while seeds may originate from a variety of sources and due to a suite of 573 

motivations, how those differ between households appeared to be fairly limited in this study. 574 

https://www.sciencedirect.com/science/article/pii/S0305750X15000042
https://doi.org/10.1080/13552070215903
https://journals.sagepub.com/doi/abs/10.1177/0971852416643872
https://www.tandfonline.com/doi/full/10.1080/17565529.2015.1050978
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The main difference between households was for the number of motivations, and to a lesser 575 

extent the number of seed sources, that were reported for the three species at the household 576 

level. Future investigations would be required to understand the factors explaining the inter-577 

household differences in the number of motivations and seed sources cited. It is also worth 578 

noting that we limited our analysis to what was elicited by farmers, and so in some cases 579 

motivations for both the variety and for the source may be highly intermingled and thus difficult 580 

to tease apart. 581 

 582 

One limitation of our work is that we only documented the final seed sourcing events for each 583 

variety cultivated by farmers, while monitoring over several years would allow us to develop a 584 

better understanding of seed flows in smallholder farming communities. Documenting only the 585 

last source of seeds limits our capacity to discuss implications for farm resilience over time and 586 

to future shocks. Our study could be taken further using panel data to monitor seed sourcing 587 

networks and NCP provision over time, which would help elucidate which properties of 588 

farmers’ seed sourcing networks are key for maintaining the different NCPs in the face of 589 

shocks to the agricultural system.  590 

 591 

Finally, several studies have highlighted the importance of the local farmer seed exchange 592 

networks for maintaining food sovereignty and security, hedging against crop failure, 593 

strengthening social cohesion of families and communities, and maintaining agrobiodiversity 594 

(Niekerk & Wynberg, 2017, Khadka, et al. 2018). Both food sovereignty, including the control 595 

over seed stocks (e.g. Bezner Kerr, 2013; Helicke, 2015), and food security can be objectives 596 

stemming from seed sourcing networks; however, these areas of scholarship often diverge. 597 

Exploring the role of seed networks in achieving these related, but often siloed, ultimate 598 

objectives was outside the scope of this study, yet would be a compelling area for additional 599 

research.  600 

 601 

5. Conclusion 602 

This study illustrates how representing the interactions between crop varieties (biological 603 

entities), seed sources (social entities), and NCPs in the form of SEN networks opens new ways 604 

for analyzing such complex systems of interactions. Analyzing these relationships brings 605 

insights on the resilience of farmers by identifying how vulnerable is the provision of the 606 

different NCPs to the disruption of particular seed sources. Our results showed that the 607 

maintenance of a range of NCPs, which are instrumental for households’ resilience, relies not 608 
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exclusively on interpersonal seed exchanges or official seed diffusion channels, but on a 609 

diversity of seed sources that allow farmers to get a range of crops, and which are 610 

complementary. Our study therefore indicates that the development initiatives aimed at 611 

centralizing and structuring seed diffusion don’t match with smallholder needs and may 612 

compromise their resilience. Instead, the coexistence of different types of seed sources and their 613 

intertwining should be further supported by development policies to enhance smallholder 614 

resilience to global changes.  615 

 616 
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