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Abstract

Malian farmers’ traditional system for managing seed of sorghum, an indigenous crop of vital importance for food security
and survival, can be conceptualized as a commons. Although this system maintains a wide range of varieties and helps ensure
access to seed, its ability to create and widely disseminate new varieties to meet evolving opportunities and challenges is
limited. A network of farmer groups, public breeding programs, and development organizations collaborating in decentral-
ized creation and dissemination of sorghum varieties in Mali is examined regarding (1) how the network developed and what
activities it conducts; (2) the resulting varietal diversity, varietal performance and organizational models; and (3) the elements
of the traditional seed system that were maintained, strengthened or transformed. A single-case study approach was used that
relies on published literature, official catalogues of released varieties and a database of farmer seed-cooperative requests for
foundation seed. The functioning of the network and its varietal-, seed-, and organizational- outcomes are documented and
the elements of the traditional sorghum seed system that are maintained or strengthened are analyzed. The evolution of the
network’s reliance on commoning as a social process and its strengthening of core Seed Commons features are discussed with
a view to the network’s contributions to targeted development outcomes and potential replicability. The case demonstrates
how creating a framework for collaboration, enabling actors and organizations to take on collective responsibility while
maintaining distributed decision-making at local level, opens opportunities for transforming farming- and food-systems
towards sustainability and resilience.
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Introduction

In this article, we describe how the farmer-managed seed
system for sorghum in Mali can be conceptualized as a com-
mons, and how it has been transformed based on innovations
that were co-created by a network of farmer, development
and public breeding organizations over a period of two
decades.

The traditional sorghum seed system in Mali

Sorghum is an indigenous staple crop that is deeply embed-
ded in the Malian culture. The ancestors of today’s farm-
ers contributed to the domestication of the Guinea-race of
sorghum (Harlan and de Wet 1972), the race most widely
cultivated in the region today (Weltzien et al. 2018). On-
farm seed saving, selection and storage continue to be widely
practiced by farmers in Mali, and knowledge relating to such
activities is shared through social interaction, e.g. within
families and circles of friends and neighbors (Siart 2008;
Coulibaly et al. 2014; Deu et al. 2014).

Cultural norms shape the farmers’ collective management
of sorghum seed, reflecting their long experience with the
crop and its importance for food security. Examples of this
can be seen in the frequently expressed notion that “good
farmers produce their own seed” (Weltzien et al. 2018). The
farmers’ own seed is trusted to be adapted to their condi-
tions and needs, while taking seed from ‘someone outside’
may put their family at risk and results in loss of status and
respect (Siart 2008; Christinck et al. 2018). Most farmers
thus rely on their own farm-saved seed or, in case of need,
access seed from relatives or friends (Siart 2008; Coulibaly
et al. 2014).

It is estimated that more than 90-95% of sorghum seed
used in Mali stems from the traditional farmer-managed sys-
tem, with some variation among regions (Coulibaly et al.
2014; Christinck et al. 2018). The diversity of varieties
maintained is high; individual families often maintain 4-5
different varieties, whereas at the village level, ten to 25 or
more varieties of sorghum may be cultivated as distinct pure
stands in some areas of Mali (Siart 2008).

There is a strong social obligation to share seed with
anyone who asks, and being able to provide seed to oth-
ers involves a gain of status. However, for an individual
farmer, it is culturally unacceptable to expect any money in
return for seed (Siart 2008; Jones 2017). At most, an equal
quantity of grain can be accepted as compensation if the
quantity of seed supplied was large. In such cases, grain is
often returned after the next harvest, when grain prices tend
to be much lower than at the time of sowing. Thus, seed
is assigned a high value in the traditional farmer-managed
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seed system, but the monetary value can be lower than that
of ordinary grain (Christinck et al. 2018).

Hence, sorghum seed is not treated by Malian farmers just
like any other ‘marketable good’ (Siart 2008; Coulibaly et al.
2014). Strong cultural barriers to supplying seed on a purely
commercial basis are revealed by the negative attitudes to
selling seed and to ‘bragging’ about the quality of one’s own
seed (Siart 2008).

Conceptualizing seed systems as commons

According to Bollier (2014), “a commons arises whenever a
given community decides to manage a resource collectively,
with an accent on fair access, use, and long-term sustain-
ability”. Hence, any shared resources that are co-governed
by a community of users according to self-determined rules
and norms can be a referred to as a commons (Bollier 2014).

Following this broad definition, the traditional system for
managing sorghum seed in Mali can be seen as a commons.
Malian farmers take responsibility for maintaining seed of a
range of varieties, sharing knowledge about seed and varie-
ties with others and collectively ensuring that everyone can
access seed based on established rules.

Historically, commons have been categorized based
on the type of resource that is managed, such as natural
resource commons (Ostrom 1990; 2005), or knowledge and
cultural commons (Frischmann et al. 2014). Furthermore,
global commons have been defined based on the level of
governance, e.g. supranational or global domains (Joyner
2001; Mudiwa 2002). Seed cannot easily be placed in such
typologies, since it shares properties of several categories,
while also being different in other aspects.'

For example, seed can be multiplied if the user commu-
nity grows; it is thus considered to be generally non-rival in
nature (Halewood 2013). Seed shares properties of natural
resource commons, knowledge and cultural commons, and
global commons (Sievers-Glotzbach et al. 2020). Therefore,
conceptions of commons that integrate and transcend dif-
ferent categories are particularly relevant for the study of
seed as a commons. Helfrich and Bollier (2019) argue that
any commons relies on resources, knowledge and a social
process. Wherever people come together to share knowl-
edge and develop rules to address a problem that concerns
them, or to manage a resource they depend on, they create a
commons. Commons can thus be understood by looking at
actors, processes and relationships, rather than focusing on
material resources or goods. Euler (2018) therefore consid-
ers the social process of ‘commoning’ to be the core deter-
minant of commons.

1 See also Sievers-Glotzbach and Christinck (this issue).
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However, specific processes and rules that are established
by a group of commoners are likely to depend, at least partly,
on the nature of the material resource in question. For exam-
ple, Ostrom’s ‘design principles’ of successfully managed
commons (Ostrom 2005) have been derived from the study
of common pool resources, considering that such resources
tend to be threatened by over-use; therefore, some of these
principles may not be transferred one by one to the collective
governance of seed and varieties.

A recent study of Seed Commons identified four shared
features (Sievers-Glotzbach et al. 2020): (1) collective
responsibility; (2) protection from private enclosure; (3) col-
lective, polycentric management of seeds and/or varieties;
and (4) sharing of knowledge and practical skills relating
to breeding, seed management as well as cultivation and
use. The concepts of Seed Commons and commoning are
used in this article to examine a collaborative network of
farmer organizations and public breeding programs.

Challenges and needs for transformation

Malian farmers, through countless generations, have created
and maintained an impressively large range of varieties of
sorghum (Lacy et al. 2006; Sagnard et al. 2008; Coulibaly
et al. 2008; 2014). By using several varieties, farmers seek
the best outcomes under highly variable and unpredictable
conditions, and for various production objectives (Lacy et al.
2006). Thus, the farmers’ ability to access seed of diverse
sorghum varieties with differing adaptive capacities is a
critical determinant for productivity and resilience of their
farming systems (Lacy et al. 2006; Hausmann et al. 2012;
Coulibaly et al. 2014).

Increasing pressure on the land (Coulibaly et al. 2015)
and soil nutrient deficiency are severe problems for most
Malian sorghum farmers, for men and even worse for women
(Leiser et al. 2018). Continued expansion of cropland and
reduced fallow periods lead to reduced fodder availability for
livestock (De Ridder et al. 2004), fueling conflicts between
farmers and transhumant herders (Ollenburger et al. 2016).
These developments, along with increasing labor constraints
(Weltzien et al. 2006), require modification of farming sys-
tems. Furthermore, highly variable rainfall (Lacy et al. 2006;
Traore et al. 2013) and alterations of climate make farmers
vulnerable to other diverse stresses at unprecedented speed
and scale (Jarvis et al. 2010). Low yields and food insecurity
are thus central concerns of smallholder farmers in Mali
(Ollenburger et al. 2016; Weltzien et al. 2018).

In responding to these challenges, it can be observed that
farmers frequently change the sorghum varieties they culti-
vate (Lacy et al. 2006; Siart 2008) and are actively looking
for new varietal options to respond to evolving socio-eco-
nomic and environmental conditions, challenges and needs
(Deu et al. 2014). Although the traditional system offers a

great diversity of varieties, the diffusion of new varieties
is slow (Weltzien et al. 2006; Coulibaly et al. 2014), with
actions generally taking place at a very local scale (Sag-
nard et al. 2008). Furthermore, strong cultural barriers
for requesting or selling seed (Siart 2008; Weltzien et al.
2018) hinder timely and widespread dissemination of new
varieties.

Sorghum breeding programs in Mali, both national and
international, were established to help meet the described
challenges. Yet despite decades of work, farmers’ adoption
of newly bred sorghum varieties remained limited (Yapi
et al. 2000). Moreover, efforts to establish commercial seed
distribution systems in West and Central Africa have shown
limited success, despite extensive support through subsidy
programs and other (often project-based) interventions as
well as by introducing legal frameworks that promote such
approaches (Djamen 2016).

The changes of the legislative framework have posed new
challenges for breeding programs and farmers alike, includ-
ing legal uncertainties regarding seed transfers among farm-
ers (De Jonge et al. 2019). Mali’s seed law of 2010, so as to
be in line with the regional seed legislation of the Economic
Community of West African States’ (ECOWAS), requires
certification for the commercial dissemination of seed.

Scope and objectives

We suggest that the presented case of a collaborative net-
work involving international/national public breeding pro-
grams and local farmer organizations could offer a model
for governing varieties and seed of food crops as commons,
making new varietal options available and accessible to
smallholder farmers at large scale and ensuring that the new
varieties address their needs.

The objectives of this paper are thus to (1) describe the
case of a network of farmer organizations and public sor-
ghum breeders in Mali, its activities and the process by
which this network and its activities evolved; (2) exam-
ine relevant outcomes of this network, especially relating
to properties and performance of co-developed sorghum
varieties, varietal diversity, and organizational models;
and (3) assess how elements of the traditional commons-
based sorghum seed system in Mali were either maintained,
strengthened or transformed in the process of establishing
the network.

We discuss these findings with a view to ongoing dis-
courses on developing seed systems and how the concepts
of commoning and Seed Commons are embodied in the

2 Loi 10-032 du 12 juillet 2010 relative aux semences d’origine
végétale.
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presented case of the sorghum network. Further, we discuss
relevant outcomes and replicability of this approach. Finally,
we draw conclusions on the potential of the approach for
developing seed system in a way that supports the transfor-
mation of farming and food systems towards sustainability
and resilience.

Methods and data used

We use a single-case study approach to describe the evolv-
ing network of farmer cooperatives and national and inter-
national public sorghum breeding programs in Mali (to be
denoted here on as the ‘sorghum network’ or ‘network’ for
brevity). Case studies are used in scientific research to inves-
tigate “a real-life phenomenon in-depth and within its envi-
ronmental context” (Ridder 2017). A single-case study can
help to enhance scientific understanding on how and why
things happened or evolved in a certain direction (Ridder
2017). Contrary to other approaches, the case is not cho-
sen to represent a larger population, but rather because it
is of interest for a specific topic (Stake 2005) or can help
to create, advance, test or extend current theories (Eisen-
hardt and Graebner 2007). It is thus a qualitative approach
that typically relies on various sources of data which can
be triangulated to result in a more detailed case description
(Ridder 2017).

Peer reviewed journal articles, book chapters, books, dis-
sertations and technical reports were produced over the two
decades of evolving collaboration. Topics covered include,
inter alia, aspects of environmental adaptation, genetic vari-
ation for relevant plant traits, methodology and outcomes of
the breeding process, traditional seed systems, gender issues
as well as new forms of farmer-managed seed production
and dissemination. Our case description relies in part on this
body of published literature.

Additional information was gained from the official
Malian Variety Catalogue and a database curated by the
International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) and the Institut d’Economie Rurale
(IER) of requests by collaborating farmer cooperatives for
foundation seed. The Variety Catalogue, foundation seed
database and complementary information provided directly
by farmer seed-cooperatives (via e-mail) were used to char-
acterize the diversity of varieties developed by the sorghum
network and the spatial and temporal trends of varieties cho-
sen by farmers for production of certified seed. These data
present outcomes in terms of varietal diversity and strength-
ening of farmers’ roles as seed system actors.

Lastly, we include information from two unpublished
master theses by Miriam Ehret (“Varietal Diversity for
Sorghum in the Mandé Region of Southern Mali: Changes
from 2004-2009", University of Hohenheim 2010) and
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Mamourou Sidibé (“Stratégies Paysannes pour Développer
la Vente de Semences Certifiées des Variétés et Hybrides
de Sorgho au Mali. Cas de I’Union Locale des Producteurs
de Céréales (ULPC) dans le Cercle de Dioila”, Centre de
Formation et d’Appui Conseil pour le Développement Local
(Delta-C) 2018) on strengths, weaknesses and strategies of
farmer organizations engaged in distributing certified seed.

The methodology for obtaining and evaluating empiri-
cal data is described in the respective publications. In this
article, we use both qualitative and quantitative data from
the specified sources without further evaluation. Data from
the foundation seed database were analyzed using simple
spreadsheet functions to assess the seed-request patterns
over time and regions. Detailed information regarding the
collaborating farmer seed-cooperatives was provided by
their representatives and by ICRISAT.

Results

In this section, the network of farmer cooperatives and pub-
lic breeding programs that evolved to address the identified
challenges is briefly described, followed by a presentation of
varietal and organizational outcomes. A third section sum-
marizes how elements of the traditional farmer-managed
seed system were maintained or transformed as the network
evolved.

The development of the sorghum network in Mali

Following internal and external reviews and assessments, a
complete re-orientation of the joint breeding activities was
initiated in 1998 by a group of sorghum breeders from ICRI-
SAT and IER. Both institutes are publicly funded research
organizations.

One key element of the new approach was the develop-
ment of partnerships with existing farmer organizations,
mostly farmer-managed cooperatives engaging in collec-
tive marketing of grain. Development organizations and
extension services were also involved, both informally and
as partners in specific projects.

The first farmer organizations engaged in collaborative
sorghum activities were Union Locale de Producteurs de
Céréales (ULPC), a union of 43 cooperatives that facilitates
grain commercialization, and the Association des Organi-
sations Professionelles Paysannes (AOPP), representing
Malian farmer organizations (Weltzien et al. 2006), both
operating in the Koulikoro region of southern Mali. The
sorghum network expanded its activities as it accumulated
organizational learning, other cereal producer coopera-
tives wished to collaborate, and new joint projects permit-
ted upscaling to the Sikasso and Mopti regions. The net-
work activities thus grew to cover the three major sorghum
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Fig. 1 Map of southern Mali showing locations of individual farmer
seed-cooperatives, unions of cooperatives and research stations col-
laborating in the sorghum network with overlay of average annual
rainfall isohyets; map created with QGIS 3.6 using climate data from

production zones of Mali (Christinck et al. 2014) over a wide
range of rainfall conditions (Fig. 1).

ICRISAT and IER negotiated ‘Memoranda of Under-
standing’ (MoU) with farmer organizations as frameworks
for stating common goals and modes of operation. The
MoUs also indicated that specific project-based agreements
would be developed regarding transfer of funds, account-
ability and communication (Weltzien et al. 2006).

Initially, the work focused on observing, understanding
and exploring farmers’ own practices of seed selection and
management, current and desired varietal options, produc-
tion objectives and emerging issues regarding sorghum
production (Weltzien et al. 2006). Interactions took place
through various on-farm and on-station participatory breed-
ing activities (Weltzien et al. 2020). Farmers also explored
the sorghum diversity available with breeders by visiting
research stations or on-farm plots (Diakite 2003; Siart 2008)
and identified and prioritized preferred traits for future
improvements (Weltzien et al. 2006; 2008; Diallo et al.
2018).

Targeted studies of specific topics, such as farmers’ seed
systems and trait preferences (Diakité 2003; Siart 2008;
Ehret 2010, unpublished work; Deu et al. 2014; Diallo et al.
2018), as well as women’s role in sorghum production and

https://www.worldclim.org/data/worldclim21.html (Fick and Hijmans
2017) and geographic coordinates provided by IER and ICRISAT-
Mali

use (Isaacs et al. 2018; Rattunde et al. 2018) were under-
taken. Also, characterizations of agro-ecological and cli-
matic factors influencing crop-production and crop improve-
ment research (Abdulai et al. 2012; Herrmann et al. 2013)
were conducted.

The insights gained through consultations with farm-
ers and directed studies informed the breeders regarding
farmers’ preferences and key issues regarding sorghum
production (Weltzien et al. 2006). Priority setting for the
sorghum network was thus a dynamic process based on con-
tinual learning (Weltzien et al. 2020). The priority setting
involved determination of priority traits, identification of
germplasm base, and choice of the type of varieties (e.g.
open-pollinated (OPV) or hybrid) to be bred (Weltzien and
Christinck 2017).

On-farm variety trials rapidly became a major area of
collaboration based on farmers’ keen interest to see new
varieties with novel traits and trait combinations. A two-
stage variety testing scheme evolved for joint evaluations of
diverse new breeding materials (Weltzien et al. 2006; 2008;
Weltzien and Christinck 2017). The initial Stage-1 trials
(so called ‘32 Entry Trials’) involved village-level evalu-
ations of priority traits chosen by the farmers and overall
varietal appreciation (Weltzien et al. 2008), replicated yield
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measurements, as well as grain qualities through post-
harvest culinary testing (Isaacs et al. 2018). The Stage-2
‘Adaptation Trials’ were conducted by both men and women
farmers in up to 60 villages with fewer entries, often chosen
by village-level farmer groups (Weltzien et al. 2006; 2020).
Activities to generate new diversity and create experimental
varieties were also conducted (Rattunde et al. 2016; Weltz-
ien et al. 2020).

Farmers’ demand for the Adaptation Trials soon sur-
passed the breeders’ capacity to prepare these trial sets.
Farmers’ interest in these trials appeared to be partly due
to the opportunity of obtaining small quantities of seed of
experimental varieties for further multiplication. Farmer
cooperatives thus started exploring options to produce seed
for wider distribution (Dalohoun et al. 2011). Farmers opted
to produce certified seed as it would provide official recog-
nition for the quality of their work and enable selling seed
to emerging seed trade companies and non-governmental
organizations (NGOs) in view of expected seed legislation
changes. Training and support provided by public breeders
and national seed specialists (Weltzien et al. 2020) enabled
several farmer groups to launch production of certified seed
of preferred sorghum varieties identified in the trials. One of
these groups, the Coopérative pour la Promotion de la Filiere
Semence de Mandé (COPROSEM), emerged directly from
farmer-testers engaged in the network for variety evaluations
(Dalohoun et al. 2011).

The total amounts of sorghum seed produced by the
farmer cooperatives in Mali were initially very small but
increased steadily over the years (Christinck et al. 2014) and
extended to other crops such as maize, groundnut and rice
(Dalohoun et al. 2011; Christinck et al. 2014). Although the
tonnage of seed sold by the cooperatives to emerging seed
companies increased over time, no measurable seed sales
occurred in the vicinity of the farmer seed-cooperatives,
with most seed being distributed by NGO or government
programs, and retail sales limited to shops in urban and peri-
urban areas (Dalohoun et al. 2011; Christinck et al. 2014;
2018). Furthermore, the farmer seed-cooperatives struggled
under the unreliable purchases by seed companies, who only
obtained seed once receiving orders, and late payments,
often after the cultivation season had already started (Chris-
tinck et al. 2014).

The seed producer cooperatives thus sought options to
increase seed sales directly to farmers that would offer a
more predictable and sustainable market, serve local farm-
ers’ needs, and overcome farmers’ limited experience and
cultural barriers to seed purchase (Sidibé 2018, unpub-
lished work). They tested communication and experiential
approaches that included sale of ‘mini-packs’ of 100 g for
‘sampling’ new varieties, decentralized seed conditioning
and packaging by cooperative members to increase trust
and transparency, rural radio broadcasts at harvest events
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of village-level variety comparisons, and testimonials by
respected farmers (Weltzien et al. 2020). They further exper-
imented with diverse distribution pathways such as seed
fairs, stands and mobile selling at weekly markets (Dalo-
houn 2011; Christinck et al. 2014; Sidibé 2018, unpublished
work).

An assessment conducted in 2014 found that the sor-
ghum network’s collaborative activities had evolved over
three phases: (1) engagement solely in participatory breed-
ing; (2) establishing the production of certified seed; and (3)
linking seed production activities with seed marketing and
dissemination targeting farmers in nearby areas (Christinck
et al. 2014).

Varietal and organizational outcomes
Properties and performance of co-developed varieties

The new varieties co-developed by the network range from
extremely short-cycle (90 days) to long-cycle (140 + days)
growth durations suited for the diverse production systems
and conditions in Mali (CILSS, 2016). The varieties also
differ for height, from tall (4 m) to short (less than 2 m),
and for the panicle form, from lax and drooping to erect
(CILSS 2016).

The tall varieties with drooping panicles are like the farm-
ers’ local varieties whereas the shorter varieties represent
a novel plant type with stems that are less woody and of
higher quality for livestock fodder than those of tall varieties
(Weltzien et al. 2018). Whereas the farmers’ local varieties
are cultivated primarily for food-grain production (Weltzien
et al. 2018), these shorter ‘dual-purpose’ varieties are cul-
tivated to produce both grain for human consumption and
stover for feeding livestock (Deu et al. 2014). Some of the
newest varieties combine good quality grain for food and
stems that are sweet and juicy. These ‘multi-purpose type’
varieties can be used for production of grain, fodder for live-
stock and sorghum syrup, thus differing considerably from
the farmers’ local sweet-stemmed sorghums that have poor
grain quality and are not used for food.

Certain varieties were identified as having superior adap-
tation to phosphorous (P)-deficient soils (Leiser et al. 2012),
which are prevalent in both men’s but especially in women’s
sorghum production fields in Mali (Leiser et al. 2018). These
varieties exhibited superior P uptake and/or P-use efficiency
capacities and included both traditional and new plant types
(Leiser et al. 2014).

Improving the grain-yielding ability of new varieties
was a key objective of the sorghum network (Weltzien et al.
2020). The newly bred OPV and hybrid varieties, chosen
by farmers to compare with their own varieties in their own
fields, showed both yield and economic net-return supe-
riorities over the local varieties (Table 1). Furthermore,
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Table 1 Grain yield and economic net-return superiorities of open-
pollinated (OPV) and hybrid-varieties relative to the farmers’ own
local varieties under the farmers’- and intensified-agronomic prac-
tices across 81 farmer-managed Adaptation Trials in Mali between
2009 and 2012 (summarized from Weltzien et al. 2018)

Variety type  Farmer practice Intensified practice
Yield %  Netreturn %  Yield %  Net-return %

OPV 14.6 14.2 25.4 31.4

Hybrid 30.4 28.4 42.7 52.1

Table2 The number of on-farm comparisons, hybrid and local-vari-
ety mean yields and hybrid yield superiorities in side-by-side 0.25 ha
plots of three new sorghum hybrids and the farmer’s own local varie-
ties organized by the Compagnie Malienne pour le Développement du
Textile (CMDT) in 2014 in the Koutiala and Sikasso regions of Mali
(data provided by CMDT and ICRISAT-Mali)

Hybrid Variety =~ Number on-farm  Yield (kg ha™") % Hybrid
comparisons Superior-
ity
Hybrid  Local
Pablo 60 1236 876 41
Fadda 58 1084 768 41
Sewa 42 1056 780 35
Total 160 1136 812 40

considerable mean yield- and net-return superiorities were
exhibited under the farmers’ traditional agronomic manage-
ment as well as improved management practices by both the
new OPV and hybrid varieties. The yield superiorities of the
new hybrids over the farmers’ local varieties did not differ
discernably between women’s and men’s field comparisons
across the series of Adaptation Trials between 2009 and
2012 (Krista Isaacs, in preparation).

Large (35 to 40%) hybrid yield superiorities over local
varieties were shown by short- and intermediate-height
hybrids across all productivity conditions (Rattunde et al.
2013) and by a tall Guinea landrace-based hybrid in the
lowest yielding environments (Kante et al. 2017) in the net-
work’s Stage-1 on-farm yield trials. Similar hybrid yield
superiorities were also observed in farmer’s side-by-side
comparisons with their own variety in large (0.25 ha) field
plots (Table 2). Village level surveys revealed how the cul-
tivation of these new sorghum hybrids was associated with
large yield increases, reduced purchases of sorghum for food
and increased portions of harvest sold as grain (Smale et al.
2018).

An important feature of the landrace-based hybrids co-
produced by the network is their ability to retain yield supe-
riority over local varieties when sowing second-generation
(F2) seed. Both multi-year on-station trials (Frey et al. in

prep.) and feedback from many farmers indicate that the
hybrid ‘Pablo’ had no observable yield loss when using F2
seed, and some farmers report that even the third-generation
seed does not result in yield losses. For the hybrid ‘Fadda’,
grain yield tends to decrease when F2 seed is used but it is
still superior to that of the local varieties (M. Sidibé, per-
sonal communication).

Varietal diversity

Farmer seed-cooperatives in the network produced seed of
28 sorghum varieties over the last four years (Table 3). Only
seven of these varieties were developed prior to the collabo-
rative activities and 21 were newly co-created by the net-
work and registered in 2008 or more recently (Table 3). The
new varieties include 13 open-pollinated varieties (OPV),
five hybrid varieties, and three female hybrid seed-parents
(Table 3).

The new varieties created by the network have diverse
genetic backgrounds, ranging from pure Guinea-race to
partial Guinea-race with varying degrees of introgressed
Caudatum-race germplasm that comes from more Eastern
and Central Africa (Harlan and de Wet 1972). The varieties
include direct selections out of local landrace varieties, like
‘Tieblé’ (pure Guinea-race), to varieties that are predomi-
nantly Guinea-race with introgression of a small (e.g. 15%)
amount of Caudatum-race (e.g. the variety ‘Lata’, Weltzien
et al. 2018), to inter-racial varieties that are derived from
crossing and backcrossing between Guinea- and Caudatum-
materials (like “Tiandougoucoura’).

Seed production by farmer cooperatives, mostly organ-
ized at the community level, demonstrates area-specific
choices of varieties. The novel dual- and multi-purpose
plant-type OPV varieties represented a much larger (nearly
half) proportion of varieties chosen for seed produced in the
Dioila and Koutiala zones (Table 4), where livestock popu-
lations and demand for fodder are higher (Weltzien et al.
2018). The traditional OPV varieties represented one third
of the varieties produced by cooperatives in the Mandé and
Dioila zones, whereas they constituted only around 12% of
the varieties produced in Koutiala, where more intensified
farming is practiced (Rattunde et al. 2016).

Among the traditional type OPV varieties, farmers
emphasized seed production of varieties with novel traits
such as extra-early maturity for breaking the ‘hungry sea-
son’ or enabling later sowing (Dalohoun et al. 2011) or
adaptation to altered rainfall patterns (vom Brocke et al.
2014). Some landrace-derived varieties with maturity and
plant type similar to the farmers’ local varieties were also
widely appreciated (e.g. ‘Tieble’ and ‘Boboje’) and regularly
included in seed production (Table 3).

The varieties that farmers chose for seed production were,
on average, quite new with half or more of the varieties
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Table 3 Sorghum varieties in

. . Variety Type* Race® Reg 2011 2016 2017 2018 2019

certified seed production by

farmer-cooperatives, classified Jacunbe Trad- OPV G 1987 3 8 8 4 4

b et ey il Segounion 6w |

and the number of villages in Tieble G 2001 10 6 5 5 2

which each was produced by Soumalemba G 2001 3 1

year (data from the Foundation N’golofing G 2002 1

Seed Request Database, Bobodje G 2008 6 7 3 3 2

ICRISAT-Mali)
Douaje G 2010 4 2 1 1
Diema G 2010 1 1 2
Gnosikoni G 2012 2 4 4 3
Seguifa DP- OPV IR 1993 2 1 1 1
Niatchiama IR 1997 1
Soumba IR 2001 3 3
Grinkan IR 2007 2 2 2 3 1
Lata G 2009 3 1
Tiandougoucoura IR 2010 2 5 9 9
Peké IR 2015 1
Samboni G 2015 2 1 1
Mamba IR 2020 1
Jigikala MPS-OPV IR 2015 1 2 3 2
Kalawassa IR 2015 1
Soubatimi IR 2015 13 11 11
Tiokala IR 2015 3 3 3 2
FambeA Hyb-female G 2009 4 4 2
02-SB-F5DT-12A IR 2015 2 2 2 2
97-SB-F5DT-150A IR 2009
Pablo Trad-Hyb G 2012 8 18 19 20 23
Niakafa G 2012 2 1 1 1
Sewa DP-Hyb IR 2008 1 5 6 2
Fadda G 2008 9 11 7 9 9
Grinkan Yerewolo IR 2011 4 3

#Trad-, DP and MPS denote tall traditional, shorter dual-purpose and multi-purpose sweet stem plant types,
respectively; OPV, Hyb-female and Hyb denote open-pollinated variety, hybrid female seed-parent, and

hybrid variety, respectively

G and IR denote Guinea-race and Guinea-Caudatum inter-racial genetic backgrounds, respectively

Table 4 Number of varieties that network farmer-cooperatives chose
for seed production between 2016 and 2019 in the Mande, Dioila and
Koutiala zones of Mali, differentiated by type of variety and the total
over all types (data from Foundation Seed Request Database, ICRI-
SAT-Mali)

Variety type Mande Dioila Koutiala
OPV (Traditional) 3 7 2

OPV (Dual- and multi-purpose) 2 10 7
Hybrid Female-Parent 1 2 3
Hybrid 4 5 4

Total 10 24 16
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registered in 2010 or later (Table 3). Seed of two or three
new varieties was produced each year. A total of nine new
varieties were chosen by farmer cooperatives for seed pro-
duction in 2016 that had not been produced five years earlier
(Table 3). The types of varieties chosen for seed produc-
tion also shifted over time. Whereas more villages produced
traditional-type varieties in 2011 and 2016, seed production
of varieties with new plant types showed major increases
in 2017 to 2019 (Table 3). Although the number of villages
producing traditional plant-type OPVs decreased over time,
seed production of traditional plant-type hybrids increased
dramatically (Table 3), with the hybrid ‘Pablo’, just reg-
istered in 2012, becoming the most frequently produced
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Table 5 Responsibilities assumed by different types of partners for activities conducted by the sorghum network in Mali (summarized from

Weltzien et al. 2006; 2020)

Type of activity Responsibilities

Farmers, Farmer Cooperatives and
Unions

NGO/Extension Development
Organizations

Public Breeding and Seed Pro-
grams

Variety creation and evaluation Set priorities

Progeny selection

Variety evaluation at fieldand post-
harvest events

Implement Variety Adaptation
Trials

Collect farmer feedback in villages

Seed production Chose varieties for seed produc-
tion and order/distribute founda-
tion seed

Produce, store, clean and package
certified seed of OPV’s, hybrids

and in some cases hybrid parents

Collect and record testimonies
from farmers for radio messag-
ing

Set and implement seed marketing

Implement direct seed sales to
farmers

Identify buyers for bulk sales of
seed

Identify (new) buyers of grain, e.g.
for new varieties with specific
traits

Seed marketing and dissemination

Village facilitators training for
trial establishment

Prepare protocols/ templates for
documenting farmers’ observa-
tions and assessments

Train facilitators to monitor seed
production, processing and
storage

Train cooperatives for manage-
ment, accounting and marketing
skills

Facilitate radio transmission of

information regarding varieties
and sale of seed

Create breeding populations
Multiply selected lines
Organize trials

Analyze results

Conduct feedback meetings
Variety registration

Produce early-generation seed

Produce training materials

Conduct training on seed produc-
tion and seed certification

Organize exchange visits between
seed-cooperatives

Prepare and facilitate communica-

tion of varietal information (e.g.
fliers, seed packet labels etc.)

Facilitate organizational change

Facilitate linkages of Seed Coop-
eratives with other actors

Organize tools and procedures for
monitoring and data collection

variety in all zones. The second most frequently produced
variety, ‘Soubatimi’, is a novel sweet-stem multi-purpose
type that was just registered in 2015.

Organizational models and structures

A major outcome of collaborative networks are organiza-
tional models that create collaborative advantages deriving
from the different, complementary knowledge, experience
and skills of organizations involved (Christinck et al. 2020).
The farmer organizations, public breeding programs and
development organization engaged in the sorghum network
share common objectives of contributing to food and nutri-
tion security, income generation and empowerment of farm-
ers while having very different knowledge, experiences and
skills (Christinck et al. 2020). The partners, over a decade or
more of collaboration, arrived at detailed division of respon-
sibilities (Table 5). The partners also developed complemen-
tary means of mobilizing access and use of resources such as
land, germplasm, databases and analytical capacity.
Annual feedback and planning meetings have become a
major forum for facilitating interactions among the network
partners (Weltzien et al. 2008; 2020). These meetings have
evolved to include three types of feedback: (1) breeders’
summary presentations of the Stage-1 multi-location variety

trials; (2) farmer groups reporting Stage-2 ‘Adaptation Trial’
observations and experiences; and (3) seed producers shar-
ing experiences with specific OPV and hybrids varieties,
seed certification and seed sales (Weltzien et al. 2008; 2019).
Subsequently, topics for planning the upcoming seasons’
activities are identified for small group discussions by dif-
ferent subgroups of farmers and local development partners.
Each small group presents their discussion outcomes to the
plenary by reporting, for example, objectives for adaptation
trials, training requirements, or procedures for planning seed
production (Weltzien et al. 2008). The plans and timelines
for the upcoming seasons’ activities are then finalized in
plenary. These meetings thus enable joint assessment of
achievements, bottlenecks and options for progress and the
prioritization of objectives and activities in the context of
each farmer organization and the practical experiences of
its members.

Annual culinary testing activities enabled women’s exper-
tise in grain processing and use to be systematically inte-
grated into the network, contributing to identifying varieties
for advancement and seed production (Isaacs et al. 2018).
Also, by requiring that women conduct their own Stage-2
Adaptation Trials for a village to participate, women and
their groups gained direct involvement in activities as well
as a voice in network decision making (Rattunde et al. 2018).
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Specific women’s trials furthermore triggered changes in
selection strategy to explicitly focus on adaptation to low
soil-phosphorus, a problem that is most acute for women
farmers (Leiser et al. 2012; 2018). In addition, nutrition
research and varietal-monitoring for nutritional value was
integrated into the collaborative breeding work as a result
of women’s involvement and focus on both grain quality
as well as yield (Isaacs et al. 2018; Rattunde et al. 2018;
Bauchspies et al. 2017). Thus, several organizational struc-
tures have enabled women’s roles and agency in the network
to grow and make critical contributions to its functioning.

The diverse and growing scale of network activities by
numerous cooperatives proved to be challenging for the
union of farmer cooperatives, ULPC, as it struggled to both
coordinate and maintain transparency for its member coop-
eratives (Sidibé 2018, unpublished work). ULPC members
and management thus engaged in a series of detailed discus-
sions and negotiations that was monitored by a researcher
from the network. A major outcome was the creation of
local ‘seed management committees’ responsible for coor-
dinating the various cooperatives in their commune (low-
est administrative unit in Mali) (Sidibé 2018, unpublished
work). These decentralized seed committees now plan all
the seed-related activities, including production, storage,
conditioning and sale, with the various cooperatives in their
area (Y. Touré, personal communication 30 October 2019).
Each local seed committee is represented in a newly created
seed coordination committee at the union headquarters. This
multilayered management structure is a novel development
that is highly appreciated and has inspired ULPC to create
additional committee systems for the environment, member
services and gender (Y. Traoré, personal communication 30
October 2019).

Elements of the traditional sorghum seed system
maintained or transformed

Nine elements of the traditional sorghum seed system were
identified that were either maintained or transformed as the
sorghum network’s activities evolved.

Collective ‘ownership’ of varieties

In the traditional farmer-managed seed system, the concept
of private ownership of sorghum varieties seems unknown;
rather, varieties tend to be ‘owned ° collectively by those
who use them. The new varieties created by the network are
also maintained as public goods with no intellectual property
protection or exclusive licensing for seed production or dis-
semination. Breeders’ seed of these varieties is maintained
by the public breeding programs. Any farmer cooperative
interested in multiplying and selling seed of a specific vari-
ety can request foundation seed from the breeding programs.
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To comply with the requirements for seed certification, vari-
eties developed by the network are registered in the national
seed catalogue under the names of participating breeders
and the farmer organizations, or individual farmers, if spe-
cific contributions for the selection, and identification of the
varieties can be traced. In addition, certain farmers kept and
disseminated seed of selected varieties from the participa-
tory trials.

Maintaining and using a range of different varieties

Malian farmers cultivate a diverse range of sorghum varieties
for different conditions and purposes (Bazile and Soumare
2004; Lacy et al. 2006; Siart 2008). The new varieties that
were co-developed by the network strengthen this approach
by offering novel plant types and new trait combinations,
as described above. In the Malian traditional seed system,
varieties may occasionally travel far, but this is limited to ad
hoc initiatives of individual travelers or traders (Siart 2008).
Through the growing number of collaborating farmer seed-
cooperatives, seed of new varieties is now available across
larger geographic areas and reach a significant number of
farm households in Mali and neighboring countries (Smale
et al. 2018; Sissoko et al. 2019; vom Brocke et al. 2020).

Creating new varieties

The creation of new varieties in the traditional system is the
outcome of individual farmers making single-plant selec-
tions in their own field, with the genetic diversity limited
to the intra-varietal diversity present. The sorghum network
builds on the individual farmers’ skills in observation and
selection, as well as their curiosity for testing new varie-
ties (Lacy et al. 2006), while transforming it in multiple
ways. For example, experimental designs and protocols for
evaluating the same materials over multiple locations were
co-created and introduced at many locations (Weltzien et al.
2020), allowing the integration of many individual farm-
ers’ observations, and facilitating their use by breeders and
farmer seed-cooperatives. Furthermore, the entire approach
builds systematically on making use of farmers’ and breed-
ers’ complementary knowledge and access to resources
(including diverse sources of germplasm) (Christinck et al.
2020). These transformations were critical for achieving pro-
gress in breeding for complex traits like yield, or the devel-
opment of novel plant types with new trait combinations.

Sharing information on varieties

The sharing of information about new sorghum varieties
in the traditional system depends on close social relation-
ships and is, therefore, most often limited to local scale.
Additionally, the cultural expectation that seed be given to
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someone in need, creates a disincentive for ‘advertising’ the
advantages of new varieties. The communication of varietal
information by farmer seed-cooperatives and their use of
diverse, inclusive and novel communication strategies rep-
resent major transformations that facilitate large-scale and
rapid spread of varietal information (Jones 2017). Knowl-
edge sharing was also actively facilitated by, for example,
forming groups of farmers within a village to conduct each
type of trial and organizing exchange visits among coop-
eratives (Christinck et al. 2014). Village-level field days
(“visites inter-paysans”), visits of researchers and technical
staff to on-farm trials, new forms of documenting and shar-
ing knowledge in written form (Weltzien et al. 2020) and
at annual meetings expanded the pathways for knowledge
sharing beyond what was previously practiced.

Combining food and seed production

Traditionally, sorghum farmers never sow entire fields for
seed production but rather select desirable plants for seed
prior to harvesting a field. Farmers who now produce seed
for the network often deliver only a portion of their OPV
seed-production plot harvest to sell as seed, keeping the rest
as food grain. This practice is also intrinsic in hybrid seed
production, with farmers selling the hybrid seed harvested
from the female parent and using the grain harvested from
the male parent for home consumption. Farmer’s enthusiasm
to produce hybrid seed appears to be due to the ability it
offers to combine a ‘cash crop’ (hybrid seed from the female
parent) with a food crop (grain from the male parent) in the
same field (Weltzien et al., 2020).

Saving seed from one’s own harvest

Farmer’s ability and skills to select and save seed is a key
aspect of the traditional sorghum seed system. Therefore,
OPVs were the sole focus of network activities initially,
and remains a major undertaking in terms of numbers of
varieties created and disseminated (Table 3). When activi-
ties for developing hybrid varieties were first discussed,
farmers indicated concerns about their ability to save and
resow seed and whether seed of preferred hybrids would be
available in subsequent years. However, over time these con-
cerns decreased as farmers observed that some hybrids can
be re-sown once or even several times and still show yield
advantages (see above), and the farmer seed-cooperatives’
enthusiasm and success at producing seed of the preferred
hybrids and of their parents.

Ensuring everyone’s access to seed

The sharing of seed with anyone who asks is fundamental in
the traditional sorghum seed system. The seed cooperatives

share or sell seed according to their own strategies, including
providing seed on credit with repayment in kind as per tradi-
tional practices. Although the sale of seed by individuals is
not traditionally acceptable, it is acceptable for cooperatives,
through which benefits accrue to the group (Jones 2017;
Sidibé 2018, unpublished work).

Ensuring seed quality based on trusted relationships

Trust, personal relationships and proximity underlie
exchange and dissemination of sorghum seed in both the
farmers’ traditional system and within the network. Seed
production by local cooperatives enabled farmers to visit
seed production fields and meet or know the seed produc-
ers. The seed cooperatives realized the importance of social
trust for successful seed sales and used these local strengths
by, for example, ensuring that seed sellers had first-hand
experiences with the varieties they sell, transmitting radio
messages with the experiences of locally well-respected
farmers, and including the names of the cooperative and
seed producer on seed packets. Packaging seed in clear bags
and labelling it with descriptions in local language also con-
tributed to building trust (Jones 2017; Sidibé 2018, unpub-
lished work).

Acknowledging individual skills and expertise
that contribute to the common good

Village seed- or variety-specialists who invest special efforts
in seed selection andproduction are important actors in the
traditional system for sorghum in Mali and enjoy high recog-
nition and esteem (Siart 2008; Lacy et al. 2006). The seed-
cooperative’s reliance on farmers who are recognized as seed
experts and who volunteer based on their strong interest in
seed, builds on this tradition. The conduct of variety trials
and seed production by such local seed experts is expected
to increase the credibility of these activities, facilitating
acceptance and sharing of seed of these new varieties by
farmers who did not participate directly in the variety evalu-
ations (Lacy et al. 2006; Jones 2017). The interaction among
specialists from different villages and regions was new and
powerful for joint learning.

Discussion

‘Developing’ the seed system—but where to?

‘Seed sector development’ has been identified as a key driver
for fostering agricultural productivity, resilience, nutrition
and economic growth in developing countries (e.g. Coomes

et al. 2015; McGuire and Sperling 2016). However, most
seed used in these countries (80-90% or more) stems from
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traditional farmer-managed systems (McGuire and Sperling
2016; Access to Seeds Foundation 2018). The limited suc-
cess of interventions to ‘modernize’ the seed sector to bet-
ter serve smallholder farmers is widely noted (e.g. Djamen
2016; McGuire and Sperling 2016).

Several factors have been cited as obstacles. High ini-
tial investments, along with fragmentation of supply and
demand, present a challenging context, especially for private
investors (Sagnard et al. 2008; Djamen 2016). Subsidized
seed distribution programs, intended to facilitate smallholder
farmers’ access to certified seed, hinder the success of more
market-based approaches and tend to benefit ‘opportunistic’
suppliers that, lacking rigor in provision of quality seed,
can undermine trust (Djamen 2016; Christinck et al. 2018).
Furthermore, interventions are sometimes planned based on
vague needs analyses; for example, assessments of what is
‘economic’ for farmers may be too simplistic (e.g. Vitale
2018) not considering the crop’s full internal use value or
that only a portion of the harvest may be sold.

A general tension stems from diverse actors, including
public, private and civil society, following competing nar-
ratives of how to best build innovative and sustainable seed
systems, with divergent goals, underlying values, and lev-
els of influence on policy formulation (Spielman and Ken-
nedy 2016; McGuire and Sperling 2016) or under implicit
assumptions of what a ‘developed’ or ‘mature’ seed sector
entails (McGuire and Sperling 2016). Coomes et al. (2015)
disprove several common misconceptions concerning farm-
ers’ seed systems, including that the latter are destined to
weaken and disappear once commercial seed systems and
related regulation are in place.

Tripp and Rohrbach (2001) identify a dividing line
between (1) approaches for strengthening farmers’ own
seed production; or (2) their capacities as effective ‘con-
sumers’ of commercial inputs. More recently, Integrated
Seed Sector Development (ISSD) has been proposed as a
‘twin track approach’, where both the farmer-managed and
the formal seed system are enhanced and their integration
is promoted for various seed system activities, including
genetic resources conservation, breeding, seed production
and distribution (Louwaars and De Boef 2012).

How farmers themselves would develop seed systems
seems to be little studied. The case documented here does
represent an example where farmers had leading roles in
the transformation of the seed system for one of their most
important food crops.

The approach taken by the sorghum network in Mali was
found to:

e affirm cultural values relating to seed, rather than consid-
ering them as a hindrance.

e add options to, rather than compete with, the traditional
farmer-managed system.
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e strengthen farmers’ role as key actors in sorghum seed
systems in general, rather than limiting it to specific sub-
sections.

e integrate variety creation, seed production and dissemi-
nation, rather than focusing on a single seed system func-
tion or ‘bottleneck’.

e allow farmers to actively contribute their knowledge and
context-specific experience to all activities of the net-
work, from priority setting to developing varieties to pro-
ducing and distributing seed, rather than being dependent
on information provided by others.

e allow local groups of farmers to produce and distribute
seed of varieties co-developed by the network in response
to their members’ and customers’ demand, rather than
based on assessments made by ‘outsiders’ with economic
self-interest.

Commoning and features of a Seed Commons
in the sorghum network

Commoning as a social practice is argued to be based on
“voluntary and inclusively self-organized activities and
mediation of peers who aim at satisfying needs” (Euler
2018). Participation in the activities of the sorghum network
is purely voluntary; they offer at lot of room for discussion at
‘official” meetings as well as many other occasions (Weltzien
et al. 2020). For example, almost all activities at local level
are carried out in small groups of farmers, requiring joint
reflection of observations, progress etc. Efforts have con-
stantly been made to make group deliberations as inclusive
and consent-oriented as possible, e.g. by involving facilita-
tors and jointly establishing protocols for agreed-upon pro-
cedures (Weltzien et al. 2020).

The decentralized design of the network is a key feature
that ensures a clear orientation towards local needs, along
with possibilities to respond flexibly to changing conditions.
However, the cooperatives are more than just an ‘instrument’
for distributing seed. They also promote social cohesion
and political representation, e.g. via membership in larger
umbrella organizations. This confirms experiences made
elsewhere that community-based enterprises can be success-
ful in that they are able to address broad sets of goals and
create social values, meaning and identity, besides securing
better access to the resources or goods in question (Berkes
and Davidson-Hunt 2009).

The network’s overall design and principles of organiza-
tion can be related to the core features of Seed Commons
identified by Sievers-Glotzbach et al. (2020).

Collective responsibility underlies the entire approach.
Responsibilities of farmers and public institutions, such as
national and international breeding programs were previ-
ously fragmented by their focus on different environments
and varieties (Lacy et al. 2006) and relying on different
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actors, knowledge, processes and rules. Whereas the tra-
ditional seed system emphasized collective responsibility
to ensure seed security, the public research organizations
focused on creating new varieties. By undertaking joint
activities, the responsibilities of actors and institutions par-
ticipating in the sorghum network were expanded and re-
defined to serve shared goals (Table 5) integrating variety
creation and seed-production and dissemination.

Knowledge sharing is fundamental to the network activi-
ties and takes place at multiple levels: within and among
the groups of collaborating farmers, among farmers and
researchers, among researchers from national and interna-
tional breeding programs (Christinck et al. 2020), and across
levels of operation. The presented case however not only
engages in sharing knowledge but also on actively connect-
ing the knowledge held by various actors, taking advantage
of its complementarity (Christinck et al. 2020) and embody-
ing it into new practices (e.g. new trial designs, and farming
practices) and products (e.g. novel variety types) (Weltzien
et al. 2020).

The co-creation of new varieties in Mali, for example,
involved jointly applying the knowledge of farmers (e.g.
traits required for adaptation and quality, observation
skills) and breeders (e.g. statistical and quantitative-genetic
support, awareness of new traits for quality, adaptation or
resistance).

Most of the Sorghum Network’s practical activities and
related organizational structures can be summarized under
polycentric management. While fundamental decisions on
the orientation of the breeding program are made jointly, the
main activities, such as variety testing, choice of varieties
for seed production or modes of marketing, are organized in
a decentralized manner, with farmer cooperatives or local
groups of members deciding independently on key opera-
tional issues.

The annual meetings play an important role for facilitat-
ing joint reflection on experiences and results, shared plan-
ning and problem solving as well as prevention and reso-
lution of conflicts. Seed committees coordinate activities
across levels and facilitate communication among members
of a union of farmer cooperatives. The general assemblies
of individual cooperatives likewise represent organizational
structures for ensuring collective management at the local
level.

Following the model of the traditional farmer-managed
system, protection from private enclosure is primarily
understood as an obligation (or willingness) to share. Indi-
vidual farmers continue to share seed, following traditional
practices. Variety protection is not sought by the sorghum
network and there is no exclusive licensing for seed produc-
tion. Any farmer cooperative can register as a seed producer
organization and submit their orders for foundation seed to
the national breeding program. Access to foundation seed

is essential for the functioning of the decentralized model
of seed production and distribution, allowing individual
cooperatives to respond to variety and seed demand of their
respective user communities. Varieties co-developed by
ICRISAT are also shared with users globally via the Mul-
tilateral System (MLS) of the ITPGRFA, thus establishing
linkages between local and global Seed Commons.

Considerations concerning defensive protection to pre-
vent appropriation by others (L6pez Noriega 2016) are not
very advanced within the sorghum network; the focus has
been on facilitating use of the co-developed varieties, rather
than restricting it in any way. However, varieties have been
registered in the National Variety Catalogue, with the neces-
sary documentation of varietal traits and performance. This
provides some level of protection, although strategies could
still be improved (L6pez Noriega 2016). However, as the
network’s diverse actors increase their joint engagement-
and stake in variety creation, seed availability and access,
dialogue on seed legislation and regulations from a com-
mons perspective will likely grow.

Contributions towards global development goals

The sorghum network was initiated to better fulfil the man-
date of the participating organizations. While the mandate
of farmer organizations is defined by their members, those
of national and international public breeding organizations
are mostly derived from international and national policy
agendas. For ICRISAT, for example, the Research Program
for Grain Legumes and Dryland Cereals (Sharma 2020) con-
tributes to three CGIAR system level outcomes: reducing
poverty, improving food and nutrition security, and improv-
ing natural resources and ecosystem services. Intermedi-
ate development outcomes expected to contribute to these
system-level outcomes include increased productivity and
food security, and increased resilience and incomes for the
rural poor.

Contributions to these strategic goals are thus considered
by the participating breeding programs as primary measures
of success. The substantial yield-superiorities of the col-
laboratively-developed varieties over local varieties (Smale
et al. 2018; Weltzien et al. 2018) under both poor as well as
favorable conditions (Weltzien et al. 2008; 2018; Rattunde
et al. 2013; Kante et al. 2017,) suggest that the sorghum
network is contributing to the food security of smallholder
farmers. An impact study found that farmers cultivating
these new varieties, particularly the hybrids, reduced the
share of sorghum grain they had to purchase for home con-
sumption (Smale et al. 2018). Furthermore, these farmers
widened the range of food items they consumed, suggesting
that nutritional improvement through dietary diversification
is possible (Smale et al. 2018).
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Contributions to agrobiodiversity and resilience can also
be expected from various outcomes of the sorghum network.
The large and changing portfolio of varieties co-created and
in seed production by the sorghum network (Table 3) pro-
vides a direct indicator. The network’s emphasis on local
(Guinea-race) germplasm for breeding new varieties (Weltz-
ien et al. 2006; Diallo et al. 2019), rather than the earlier
focus on exotic germplasm (Yapi et al. 2000), is expected
to favor adaptation to widely prevalent threats such as grain
mold (Weltzien et al. 2018), poor soil conditions (Leiser
et al. 2012), and the complex of stresses associated with
rainfall variability (Clerget et al. 2008).

Furthermore, the availability of varieties with novel traits
opens new opportunities for smallholder farming system
diversification and resilience. A major example is that of
improved fodder-quality, which when combined with the
good quality grain of the local Guinea-race sorghums, ena-
bles new and multiple uses of this traditional food crop that
enhances overall farm-output and income stability. Further-
more, the improved availability of livestock feed, especially
in the dry-season, can greatly facilitate crop-livestock inte-
gration and its multiple benefits, directly as well as indi-
rectly, such as through enhanced availability of manure
and compost for improving soil water-holding capacity and
fertility.

Replicability of the approach

The sorghum network in Mali is not simply an ‘outlier’ that
arose in a favorable context. A study conducted by Access
to Seed Foundation (2018) found that farmer-managed seed
cooperatives are active in at least in 17 countries of West and
Central Africa, often cooperating with national breeding and
research programs. Similar models were also documented in
detail for sorghum in Burkina Faso (Christinck et al. 2014;
vom Brocke et al. 2014; 2020) and pearl millet in Niger
(Christinck et al. 2014). In Vietnam, ‘Farmer Seed Clubs’
engage in breeding, variety evaluation, large-scale seed pro-
duction and marketing of rice seed in collaboration with the
Mekong Delta Research and Development Institute and local
government authorities (Tin et al. 2011; SEARICE 2007).
What role commons features play in each of these networks
would be a subject for future research.

Conclusions and outlook

This study of the sorghum network and its evolution shows
how a process emphasizing collective responsibility and dis-
tributed decision-making has the potential to strengthen and
further variety and seed governance of an indigenous staple
cereal crop in Mali.
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This transformation was enabled by creating an inclusive
framework for collaboration involving farmer organizations,
public breeding programs and various other partners (e.g.
NGOs and extension agents). The way that relationships
within the network were shaped and strengthened was a
decisive factor for success; commoning as a social process
was facilitated at multiple levels, with farmers contributing
to priority setting at the network level while practicing local-
level decision-making.

By taking on collective responsibility for breeding and
seed dissemination, the previously observed fragmentation
of responsibilities and actors was overcome. The integra-
tion of breeding and seed activities creates dynamics that
enable responsiveness to the diversity of evolving challenges
and opportunities in a timelier manner. This represents an
alternative model for organizing breeding programs that can
respond with an appropriate diversity of varietal options at
scale while the dissemination of seed of these varieties is
accelerated.

The sorghum network, through reliance on and strength-
ening of core features of Seed Commons, proved capable of
increasing agricultural productivity, food security and agro-
biodiversity. Contributions to the transformation of farm-
ing and food systems towards sustainability and resilience
can thus be made using this approach that emphasizes local
aspirations and leadership in a wider collaborative network
pursuing global development agendas.
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