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Abstract
Where CGIAR breeding programs rely on the private sector for the multiplication and distribution of improved cultivars,

persistent challenges have dampened their impact on varietal adoption and turnover rates. Part of the problem is that

research and practice in CGIAR and among its national breeding program partners tend to treat the private sector as

a vehicle for seed delivery, rather than as commercial businesses facing a range of unique constraints and threats. This

paper adopts a value chain framework to examine these relationships and pathways for improved varietal adoption/turn-

over outcomes in three cases: hybrid maize, farmed fish, and rice. In the first two cases, weak incentives and high risks left

seed companies reluctant to invest in the marketing and quality assurance efforts needed to realize near-term impacts at

scale from breeding investments. In the third case, seed companies played an insignificant role: grain traders supplied cer-

tified seed to smallholders, potentially prioritizing consumers’ quality preferences over climate-resilience and stress-tol-

erance traits for farmers. The findings raise important questions about the role of CGIAR and national breeding

programs; specifically, how these programs can effectively support the private sector to deliver impact at greater

scale, how consumer preferences are captured in trait prioritization within breeding programs, and what types of incen-

tive mechanisms can be changed within breeding programs to advance a genuine shift towards ‘demand-oriented’ plant
breeding.

Introduction
Increasing the productivity of smallholder agricultural
and livestock systems in the Global South remains a
development priority for many governments and donors.
Smallholders in Sub-Saharan Africa and other regions
have played—and are expected to continue playing—a
major role in food production (Herrero et al., 2017;
Ricciardi et al., 2018; Samberg et al., 2016). Population
growth and urbanization will continue to put pressure on
agriculture to provide nutritious foods, at affordable prices
in increasing volumes (Giller, 2020). The implications of
climate change, including the increased burden of biotic
and abiotic stresses on crop production, add considerably
to these pressures. Since the Green Revolution of the late
1960s and 1970s, the discovery, development, and delivery
of improved genetic material for smallholders have
remained a key element in the strategies pursued by govern-
ments and donors to increase smallholder productivity. But
new challenges—new circumstances and new ways of
doing business—may necessitate a change in how such stra-
tegies are designed and implemented. This is of particular
concern for the international agricultural research system,
including CGIAR, its largest component.1

CGIAR, working closely with national agricultural
research systems (NARS), has been successful with the

introduction of improved cultivars for smallholder produc-
tion of staple food crops (Alston et al., 2000; Evenson and
Gollin, 2003; Renkow and Byerlee, 2010), with reportedly
high returns to investment even despite debates over the
data, methods, and assumptions used to estimate such
returns (Hurley et al., 2014). In pursuit of still higher
returns, CGIAR and its partners have been working to
become more ‘demand-oriented’ in design and action,
particularly with respect to their breeding programs
(CGIAR, 2021). This responds to long-standing criticisms
that public breeding programs are out of touch with their
clients (Atlin et al., 2017; Cobb et al., 2019) and to histor-
ical biases created in a technology-biased, supply-pushed
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approach to agriculture and rural development (Glover
et al., 2019; Scoones and Thompson, 2011; Sumberg
et al., 2012). Both critiques motivate and inform the
growing interest in employing concepts and tools related
to market segmentation strategies and product profile devel-
opment to structure CGIAR breeding programs and in the
prioritization of trait discovery and development (Ragot
et al., 2018). Demand-oriented programs in genetic innova-
tion and seed systems development are likely to expand
within the CGIAR agenda as they pursue a new phase of
operations (CGIAR, 2021).

During the last two decades, breeding programs at CGIAR
centers working on cereals—including the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT) and
the International Maize and Wheat Improvement Center
(CIMMYT)—have made considerable use of public-private
partnerships (PPPs) and other collaboration mechanisms to
engage private companies in seed production and delivery,
thereby leveraging private resources, expertise, or marketing
networks to scale out CGIAR-derived breeding products.
When these mechanisms were first introduced, they repre-
sented a significant change from the previous public-sector
driven approach where NARS carried out the design, multipli-
cation, and distribution of improved varieties throughout much
of the Global South (Tripp and Rohrbach, 2001). Private
sector collaborations with public breeding programs have con-
tributed to increases in overall investment in seed production
and marketing for self-pollinated crops (e.g. wheat, sorghum
and rice), vegetatively propagated crops (e.g. bananas, pota-
toes and casava), maize (both open-pollinated varieties and
hybrids), as well as improved fish species and livestock
breeds. Typically these collaborative arrangements between
public and private actors are structured such that public breed-
ing programs develop relatively finished (i.e. registered and
released) materials before turning them over to private entities
to handle further product testing, seed multiplication, distribu-
tion, and marketing (Spielman et al., 2010).

There is considerable interest in understanding the conse-
quences and impacts of these collaborations in the Global
South (Spielman et al., 2007; Spielman et al., 2010;
Langyintuo et al., 2010; Van Mele, Bentley and Guèi, 2011).
Research has highlighted both the capacity of private seed
companies and the bottlenecks they face in delivering
improved varieties derived from CGIAR breeding programs
to smallholders. A common feature of these studies is the con-
sideration of seed businesses as a vehicle for seed delivery,
rather than as unique commercial operations trying to
survive while facing a range of challenges and threats, includ-
ing anti-competitive behavior, murky regulatory regimes, static
consumer or farmer preferences, and political interference
(Spielman and Smale, 2017; Tripp and Rohrbach, 2001;
Rutsaert et al., 2021; Spielman and Kennedy, 2016). In this
context, the future reach and ultimate impact of CGIAR breed-
ing programs for cereals and other crops depends on recogniz-
ing the potential of the private sector and identifying options
for context-appropriate approaches and new partnerships
needed for seed business development.

This paper examines the implications of public-private
engagement from the perspective of such businesses. It

focuses on the perspective of two specific types of private
actors: farmer-facing small- and medium-sized seed pro-
duction and marketing companies that engage directly
with CGIAR and NARS breeding programs and grain
traders/millers that contract seed production and supply to
smallholders in the context of pre-existing commercial con-
tracts. This focus on small- and medium-sized seed com-
panies is distinct from that of larger—and often
multinational—crop-science firms that manage their own
large-scale breeding programs and interact with CGIAR
and NARS on issues more related to R&D and intellectual
property rights. The perspective is also distinct from that of
smaller, more localized seed banks and seed enterprises that
are managed by farmer cooperatives, women’s associations,
community groups, or small-scale entrepreneurs. These
actor-types are no less important to efforts to increase small-
holder productivity, but arguably receive more attention in
the literature than this “hidden middle” (Reardon, 2015)
comprised of small and medium-scale companies operating
within emerging seed value chains.

Despite the importance of this class of private actors for
the ultimate success of CGIAR breeding programs, we
know little about the circumstances and strategies required
to build them into viable businesses able to respond to the
preferences and needs of smallholders. An implied assump-
tion that underpins the impact pathways of CGIAR breed-
ing programs is that these actors, as compared to their
multinational counterparts, are more willing to seek out tra-
ditionally underserved segments of the seed market, includ-
ing small-scale, resource-poor farm households located in
less-favored production zones. It remains to be seen
whether this assumption is an accurate one. Another
strong assumption of the impact pathway of breeding pro-
grams is that these same actors are willing and able to con-
tinuously introduce new products to market—including
products derived from CGIAR and NARS breeding pro-
grams—while phasing out older varieties to stay ahead of
the competition. In reality, however, evidence suggests
that seed businesses tend to be reluctant to remove top
selling products from the market for various reasons,
including the difficulty of building market share for new
varieties, a lack of investment capital or capacity to
undertake the necessary marketing, or an unwillingness to
challenge farmers’ loyalty to tried-and-true varieties
(Spielman and Smale, 2017). This calls for critical reflec-
tion on the ideas and assumptions that underpin the
design of public-private collaborations in seed production
and distribution—reflections that partly require a better
understanding of seed businesses themselves and what
support they need.

Drawing on insights from three case studies, this paper
describes the role of private sector actors (e.g. seed produ-
cing businesses, seed retailers, and grain millers and traders)
in getting improved cultivars to smallholders, the incentives
faced and capacities of these actors in carrying out these
roles, and the contributions of public- and donor-supported
breeding programs and other service providers in support of
formal seed sector development. To frame the discussion
across different commodities, a value chain lens is applied
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on three cases: (i) maize in Kenya, (ii) fisheries in
Bangladesh, and (iii) rice in Vietnam and Bangladesh.
The remainder of the paper is organized as follows.
Section 2 goes deeper into the value chain focus and what
this means for seed sector development. Section 3 presents
the three different case studies and Section 4 brings together
learnings from the different cases and proposes some new
directions for the CGIAR going forward with private
sector engagement.

Seed from a value chain perspective
A key feature of the applied agricultural economics and
agribusiness literature in recent years has been its discus-
sion of value chains and food systems, in particular, how
private companies in the Global South can better respond
to consumer demand in ways that yield benefits for those
involved, including processors, traders, farmers, and consu-
mers. Researchers have turned to the value-chain analysis
framework to understand design options for development
interventions where the private sector can play a key role
in achieving development outcomes, to include those
related to poverty reduction (Gómez et al., 2011; Vos and
Cattaneo, 2021), human nutrition (Tschirley et al., 2015;
Reardon and Timmer, 2012), and gender equity (Devaux
et al., 2018; Stoian et al., 2018). Instead of looking at a
single actor or market, this analytical framework considered
the range of stakeholders and their successive value-adding
activities that moves a commodity from production all the
way to consumption and eventual disposal (Kaplinsky and
Morris, 2001). At its core, value-chain frameworks guide
analysis towards (i) the preferences and needs of end-users
(either farmers, downstream buyers, or consumers) and (ii)
the capacities and incentives for upstream businesses (either
individually or in collaboration with others) to respond to
these needs with value added products and services. In
this context, the potential for development programming
lies in helping stakeholders to understanding clients’
demands and helping upstream businesses and farmers
build their strategy and capacity to respond. By better
responding to clients’ demand, retailers and processors
should generate higher profits, with benefits for small-
holders and laborers in terms of higher prices and improved
working conditions. When applied to seed, a value chain
lens has the potential to inform strategies to better link
customers’ demand (e.g. farmers, end-consumers, and
agro-industry) for new varieties with the capacities, incen-
tives and needs of upstream chain actors (e.g. seed busi-
nesses, traders/retailers, as well as input and service
providers) to supply the products.

The development of value chains in the agri-food sector
hinges on the willingness and capacity of independent agri-
food businesses and their suppliers to invest in the higher
levels of coordination, collaboration, and communication
needed to respond to clients’ demand. Among the most
cited examples are value chains for high value, perishable
products, for example fish, fruits, vegetables, and flowers,
between developing regions and European and U.S.
buyers. Along the same lines, however, seed can be

considered a high value product, exhibiting unique combi-
nations of traits, requiring considerable skills and infrastruc-
ture for production and marketing, where quality can
diminish rapidly with time and neglect. However, within
the seed systems literature, limited attention has been
given to the various actual and potential demands for
improved seed, and the coordination, collaboration, and
communication needed to ensure the product travels from
seed companies to end-users. Research on formal seed
systems development has also been mainly limited to the
production of the seed in response to market liberalization
(e.g. Langyintuo et al., 2010; Van Mele et al., 2011).
Recent thinking on the structure of formal seed systems
acknowledge the need of distribution and marketing
(Louwaars and de Boef, 2012; Morris et al., 1998) but do
not touch on the operational challenges.

The application of value chain thinking to a seed context
presents several important challenges, to include the large
variation in value chain structures and incentives between
different crops and the overall difficulty of understanding
consumers’ demand for products such as seed with strong
credence attributes. A key difference between seed and
grain is that a buyer of seed can only determine the
quality and utility after the seed is purchased and used in
the field. To further complicate matters, the performance
of the seed will depend on several factors which are unre-
lated to the seed itself (e.g. rainfall patterns, soil nutrients,
plant diseases), but which farmers may not be able to
clearly distinguish. The performance attributes inherent in
new drought tolerant maize seeds, for example, will only
be noticeable to farmers during years of low or sporadic
rain fall. The same holds for disease resistance of new
maize varieties: performance will only stand out when
other varieties in the proximity of a farmer are visibly
affected. The marketing and delivery of quality seed is
also challenged by gaps in quality control and assurance
(Barriga and Fiala, 2020; Bentley et al., 2018) as well as
the persistence of counterfeit seed in some areas (Joughin,
2014).

A clear understanding of consumer demand is consid-
ered the starting point for the design of strategies for
value chain development and this premise applies similarly
for seed value chains. However, a growing body of litera-
ture has questioned if current priorities in trait development
are in line with farmer (or other stakeholder) preferences
and needs (McEwan et al., 2021; Iragaba et al., 2021;
Thiele et al., 2020) and if new varieties are adequately
adjusted to the heterogenous environments and farm condi-
tions (van Etten et al., 2019; de Sousa et al., 2021). A major
barrier to better understanding demand for new material is
asymmetric information between seed companies and retai-
lers and farmers, i.e. farmers exhibit limited demand for
products for which they cannot assess the genetic quality
aspects and attributes (Heiman and Hildebrandt, 2018),
despite the potential for new products to deliver improved
performance. Recent evidence from Kenya has highlighted
the overall lack of information available to farmers on the
attributes of seed at the point of sale (Rutsaert, Donovan
and Kimenju, 2021). Economists have employed choice
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experiments to understand farmers’ willingness to pay for
seed, but hypothetical bias is likely to strongly influence
results given the strong credence attributes of seeds.
While professional assessments of seed demand are avail-
able (Azoth Analytics, 2020), these tend to focus on
major commercial crops of North America and Europe.
Reliable data on seed sales and uptake by cultivar type in
developing regions remain very scarce.

The ultimate impact of breeding programs depends on
farmers seeking out new cultivars when they are informed
about the superiority of the new material. Yet, various
factors shape farmer seed choices and purchase decisions
to include those related to socio-demographics (e.g. age,
gender, education, experience), commodity use (e.g. sales,
own consumption) and commodity utilization (e.g. proces-
sing, type of dish). Moreover, exogenous factors shape
farmer seed choices such as seed availability, seed quality
and price as well as information on available options and
past experiences. While traits associated with production
constraints and conditions in targeted agro-ecologies
remain essential for varietal performance, there is a
growing awareness of the need to encompass consumer-
preferred traits along the value chain into breeding. The
inclusion of more consumer-preferred traits could help
further increase the adoption of new varieties and speed
up varietal replacement (Custodio et al., 2016; Thiele
et al., 2020).

Value chain researchers have also called attention to how
the overall regulatory and policy environment shapes the
opportunities for businesses along the chain. Throughout
much of the Global South, seed value chains continue to
be closely managed by governments. Strict policies, regula-
tions, and procedures often shape a range of business activ-
ities (Spielman and Kennedy, 2016); Spielman and Smale,
2017). This includes, for example, rules on who is permitted
to invest in seed production and distribution; how early gen-
eration seed is accessed from public breeding programs;
how seed quality is evaluated and monitored; and even
what prices seed businesses can charge their end-users.
While such policy environments are often designed to
protect farmers from predatory behavior, they may also
pose significant barriers to entry that may favor incumbent
state-owned seed enterprises or large multinational firms
with the resources and expertise required to navigate the
ins and outs of policy. Understanding the role of policy in
either encouraging or constraining seed business growth
is critical to understanding how CGIAR and NARS breed-
ing programs will succeed not only in leveraging the private
sector to produce, distribute, and market new cultivars, but
also in shaping breeding programs’ understanding of the
demand for specific traits.

Case-studies
In this section we present three diverse case studies that
describe opportunities for seed value chain development:
maize in Kenya, fisheries in Bangladesh, and rice in
Vietnam and Bangladesh. The cases focus on the strategies
and capacities of seed companies and retailers, as well as

grain traders and millers, to get quality new material into
the hands of farmers and the role of public breeding pro-
grams in the process. An assessment of the ultimate
impact of these value chains on smallholder production
and livelihoods falls outside the scope of the cases:
however, getting quality seed produced and delivered is a
fundamental requirement for seed value chains to achieve
such impact, for which more attention is merited.

Maize in Kenya
One important example of engagement between public
breeding programs and private seed companies is found in
the case of hybrid maize in Kenya and elsewhere in
Eastern Africa. Private seed companies—generally small
in scale and focused on hybrid maize production and distri-
bution—collaborate closely with donor and public sector
breeding programs to secure parent lines and multiply
seed of F1 hybrids, often, though not always, on a non-
exclusive basis (Prasanna et al., 2021; Worku et al.,
2020). These same companies leverage support from
donors, seed sector associations, and national agricultural
research systems in terms of funding, technical backstop-
ping, and quality assurance (AGRA, 2017; Access to
Seeds Foundation, 2019). They operate alongside—and
sometimes in collaboration with—regional and multina-
tional seed companies that produce and distribute their
own proprietary hybrids. Taken together, these investments
have contributed to a doubling of local seed production
volumes over the last decade in Eastern Africa (Rutsaert
et al., 2021), and the rapid proliferation of improved
maize varieties across the same region (Abate et al.
(2017). However, adoption of new and more stress-resilient
maize varieties is still lagging (Walker and Alwang, 2015;
Spielman and Smale, 2017; Rutsaert and Donovan, 2020).
By all accounts, significant challenges remain to introduce
a continuous flow of new varieties and accelerating varietal
turnover in these markets. A key, yet rarely discussed, lim-
itation of the supply-oriented strategy appears to be the
lower-than-expected capacity and willingness of the
private sector to continuously invest in the production,
testing and marketing of new germplasm. As a result,
farmers do not gain access to genetic improvements on
the same cycle—every four years or so—that their counter-
parts in industrialized countries enjoy and expect (Atlin
et al., 2017; Spielman and Smale, 2017). This warrants a
closer look at how the seed value chain is organized in
Kenya, the capacities of different actors to drive the innova-
tion and identification of areas for stronger sector support.

The model for hybrid maize seed production and distri-
bution in Kenya rests primarily on the business strategies
and decisions of dozens of small-scale, privately owned
seed companies that multiply and distribute seed to thou-
sands of independent agro-dealers (alongside government
input distribution programs) that bundle improved varieties
with fertilizer and other inputs for smallholders. This is an
important distinction with the Global North where seed
companies have sought to build direct, long-term rela-
tionships with large-scale farmers who purchase large

Donovan et al. 369



volumes of seed (Fitzgerald, 1993). Yet seed companies in
Kenya tend to mimic this business model with marketing
approaches that seek to “pull” demand from farmers: dem-
onstration plots that provide side-by-side comparisons of
competitive varieties; support to ‘lead farmers’, e.g. provi-
sion of seed and services at no cost in exchange for promo-
tional efforts; and hiring of locally embedded sales agents to
build demand and brand recognition. In highly fragmented
smallholder production systems, however, this is a costly
approach, and tends to divert seed companies away from
other investments such as launching and marketing new
hybrids. Necessarily, there are significant risks to compan-
ies that update their product offerings and portfolio. Recent
work by Rutsaert et al. (2021) demonstrates that these
factors may contribute to risk-averse innovation strategies
among private seed companies in Kenya instead of the per-
sistent drive to update their germplasm which donors and
public breeding programs have come to expect. Indeed,
when seed companies have invested in promoting existing
varieties and secured significant market shares, they may
be reluctant to remove these successful products from the
market while simultaneously bearing the risks of a new,
and potentially unsuccessful, product launch in a highly
competitive environment (Spielman et al., 2010). Many
seed companies also tend to operate on an uneven playing
field where state-owned enterprises, well-connected busi-
nesses with preferential access to government contracts,
seed subsidy programs, and emergency seed relief efforts
tend to disrupt the market.

The key to changing these dynamics and accelerating
genetic gain in farmers’ fields is to (1) improve our under-
standing of how seed retail networks function and how
farmers make seed choices, and (2) promote interventions
that shape the trajectories of retail network growth and
farmer decision-making. Our analysis indicates that the
root cause of the problem is that while independent agro-
dealers form the last step in the distribution pathway, seed
companies tend to bypass them—and the retail networks
that form around them—to assume responsibility for the
marketing and promotion of their hybrids (Rutsaert and
Donovan, 2020). As a result, seed companies invest
heavily in maintaining direct influence over their pro-
ducts and customers, rather than innovating through
potentially lower-cost and higher-reach networks that
are closer to their customers and possibly better posi-
tioned to realize efficiencies of scale and scope in seed
distribution.

While variation exists between countries in terms of the
quality and reach of agro-dealer networks, multiple donors,
non-governmental organizations, business incubators,
and social enterprises have supported the growth and pro-
fessionalization of these networks (Adesina et al., 2014;
Makinde and Muhhuku, 2017; Odame and Muange,
2011). However, little is known about their active role in
informing and guiding farmer practices, despite high
expectations (Allgood, 2011). A recent study in Uganda
looking at pesticide sales found that technical knowledge,
understanding of labels and proper handling of pesticides
by agro-dealers was often inadequate (Staudacher et al.,

2021). Another study in Kenya suggested that maize
seed-stocking decisions by agro-dealers were mainly
guided by farmer demand, with little interest in, or active
promotion of, new hybrids (Rutsaert et al., 2021).
Liquidity constraints, combined with low margins from
seed sales and strong competition among retailers,
implied that few agro-dealers were able or willing to
invest in in-store marketing.

Indeed, agro-dealers’ lack of interest in marketing is
reflected in farmers’ own decision-making. Maize farmers in
Kenya showed weak appetite for purchasing new varieties,
preferring instead to purchase varieties with which they had
direct experience (Rutsaert et al., 2021). Additionally,
farmers were reluctant to question their own seed choice or
pay attention to different options in store (Rutsaert et al.,
2021), highlighting the very intuitive nature of the seed pur-
chasing decision. This suggests that rather than a mismatch
between farmer trait preferences and breeding priorities, it is
the much more complex dynamics of seed purchasing behav-
ior that shapes varietal turnover.

Public policy also plays a role in shaping agro-dealer net-
works and farmers’ seed purchasing decisions. In many coun-
tries, small-scale seed companies are essentially providing the
same offerings in different packaging because they have
limited access to the early generation seed from public breed-
ing programs that is necessary to develop new and competitive
hybrids. In other cases—and as noted before—market distor-
tions created by state-owned enterprises, well-connected busi-
nesses with preferential access to government contracts, seed
subsidy programs, and emergency seed relief efforts tend to
coalesce around the distribution of known varieties at below-
market prices. The absence of anti-trust action by regulators
and judicial systems combined with persistent rent-seeking
behavior and political economy factors tends to maintain the
status quo, leading to less-than-competitive seed markets
and insufficient product innovation, which also contributes
to limited genetic gains in farmers’ fields.

As these complex issues come to light, the academic
discourse around hybrid maize in Eastern Africa is shifting
from an adoption challenge (getting farmers to pay for
hybrid seed instead of recycling seed) to a marketing
challenge (influencing the ways in which farmers obtain
information and make choices). This opens the door to
new work in value-chain analysis and experimentation
with new forms of inter-business relations, innovations
in marketing, and market information management
systems, recognizing that high levels of marketing capacity
are essential to accelerate farmer uptake of new varieties
(Heiman and Hildebrandt, 2018). Yet, regional and local
discussions on these topics remain infrequent, despite a
growing recognition that private sector partners on their
own are potentially ill-equipped to drive the change that
the development community seeks.

Fisheries in Bangladesh
Our second seed value chain case looks at genetically
improved farmed tilapia (GIFT) in Bangladesh. Private
hatcheries constitute farmers’ main source of GIFT fry in
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the country. In the nomenclature of fish seed, the larvae
emerging from the fertilized eggs after hatching is called
hatchling. As soon as the yolk sac of the hatchling is
absorbed it is known as spawn and as soon as the spawn
assume the shape of the fish and grow to about 1–2 cm
it is known as fry. When a fry reaches 10–15 cm size it
is known as a fingerling. The private hatcheries are of
two categories (Figure 1). The first category comprises
broodstock multiplication hatcheries that collaborate
with WorldFish (CGIAR) and the public sector breeding
program at the Bangladesh Fisheries Research Institute
(BFRI) to maintain parent lines and produce quality brood-
stock. Broodstock are a group of mature individual fish
used in aquaculture for breeding purposes. The second cat-
egory comprises private multiplication hatcheries that
manage production of quality fry and fingerlings from
the broodstock. Together, the introduction of GIFT
strain, establishment of hatcheries in private sector, tech-
nological innovation in the production of mono-sex (all
male) fry, and adoption of best management practices
are largely seen as the major contributing factors to the
18-fold increase in tilapia production in Bangladesh
between 2005 and 2015 (FAO, 2018).2 Despite the
remarkable growth in the number of GIFT hatcheries
and the substantial increase in the supply of quality fry
and fingerlings, there remains challenges related to low
quality broodstock and use of poor management practices
which generate disappointing outcomes in eggs and fry
production (Shikuku et al., 2021). This in turn causes

low demand for fry by farmers and diminishes hatcheries’
interest in fry production business.

There are two main models of GIFT seed dissemination
in Bangladesh. The first model starts with the government-
operated BFRI as the producer of GIFT mixed sex fry for
selling to privately owned hatcheries that grow the fry to brood-
stock and produce GIFT mono-sex fry for selling to farmers
(Kohinoor et al., 2016). The second model was established in
2011 with support of WorldFish. The model starts with
CGIAR developing improved germplasm which is then disse-
minated to a select few privately owned broodstock
multiplication hatcheries, selected based on their infrastructure
base and technical capacity to produce high quality broodstock
using rotational cohort mating scheme tominimize inbreeding.
The rotational cohort mating scheme involves dividing the
selected population into groups (cohorts). In each generation,
males from one cohort are systematically mated with females
from another cohort (Lind et al., 2012). The rotational pattern
changes in each generation. Broodstockmultiplication hatcher-
ies in the secondmodel produce broodstock for their own com-
mercial seed production units or sell mixed-sex fry to private
sector hatcheries that grow the fry to broodstock and produce
GIFT mono-sex fry for selling to farmers (Shikuku et al.,
2021). Broodstock multiplication hatcheries in this second
model also sell mono-sex fry directly to farmers.

Eighty percent of the mono-sex GIFT fry is distributed
by hatcheries directly to farmers and 20% indirectly
through fingerling traders (Shikuku et al., 2021). Dey
et al. (2005) reported that traders represented 35% of the

Figure 1. Actors in the value chain for the genetically improved farmed tilapia (GIFT).
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source of fingerlings for farmers in Bangladesh. Overall,
demand for GIFT commercial seed can be high. For
example, a recent survey of privately owned GIFT hatcher-
ies found that most experienced a situation where fingerling
supply could not meet the known demand (Shikuku et al.,
2021). However, there are some important challenges in
GIFT value chains, which taken together, reduce the
return on breeding efforts by WorldFish and BFRI. As
earlier mentioned, a critical and persistent problem in the
dissemination of GIFT fingerlings is the poor quality of
broodstock and high degree of inbreeding. Recommended
good practice requires that multiplication hatcheries renew
their broodstock at least every two years. However, most
multiplication hatcheries rely on their own seed to
produce broodstock. Furthermore, failure by multiplication
hatcheries to replace their broodstock using quality GIFT
broodstock from breeding hatcheries has implications on
the business model for the latter. Specifically, this tendency
introduces a source of demand risk for the breeding hatch-
eries forcing them to modify their business model and
compete with the multiplication hatcheries in the production
of GIFT mono-sex seed. Limited market access and high
transportation cost affect distribution of GIFT fry and fin-
gerlings by privately owned GIFT hatcheries. Perceived
lower market prices for fry and fingerlings relative to the
high production cost is a disincentive to the dissemination
of quality fry and fingerlings. Evidence from multistake-
holder workshops showed that private sector hatcheries
in Bangladesh perceived unfair competition from unregis-
tered hatcheries and brokers as a barrier to successful
market penetration (Shikuku et al., 2021). Complete
enforcement, by the public sector, of regulatory frame-
works, particularly the Fisheries Hatchery Act 2010 and
Rule 2011 (Shamsuzzaman et al., 2016) and establishment
of a certification scheme for hatchery and fish seed quality
are perceived as promising solutions to these problems.
Most GIFT hatcheries have a wide clientele coverage.
For example, hatcheries located in the north have clients
in the south and vice versa (Rashid and Zhang, 2019).
However, poor roads infrastructure increase transportation
and transaction costs associated with delivery of fry and fin-
gerlings to clients. Delayed delivery of fry and fingerlings
because of poor roads network reduces survival and
growth rates for fish consequently depressing yield and
profitability and reducing effective demand for quality fry
and fingerlings by farmers.

There have been efforts to assess on-farm performance
of GIFT. These efforts document that GIFT grows 27–
36% faster than non-GIFT strains in Bangladesh (Tran
et al., 2021). However, empirical evidence on consumer
preferences and the factors influencing farmers’ demand
for GIFT seed is scant. The lack of insights on consumer
preferences may explain why fish breeding programmes
by WorldFish and NARS have not included user prefer-
ences in their product profile design (Mehar et al., 2020).
Efforts to understand end-user preferences will need to
address the heterogeneity in preferences for fish traits
along the value chain. For example, hatcheries might be
more interested in growth, survival, and resilience (Mehar

et al., 2020) while the mode of transportation and distance
travelled influence seed traders’ demand for traits asso-
ciated with survivability of fingerlings (Islam and
Hossain, 2013). Studies have also assessed preferences for
traits by different categories of farmers and across diverse
environments (e.g. Sae-Lim et al., 2016; Omasaki et al.,
2016). However, less attention has been given to gender-
disaggregated preferences (Mehar et al., 2020).

Rice in Vietnam and Bangladesh
Our third value chain case describes the potential for private
sector leadership in varietal rice seed production and distri-
bution in Vietnam and Bangladesh, driven by growing end-
consumers’ demands for higher quality rice grains and the
response of the grain sector to meet those needs. As dis-
cussed by Tripp and Pal (2001), cases of private sector
involvement in seed production of self-pollinating varieties
such as rice, wheat, and grain legumes, and open-pollinated
varieties as maize, pearl millet and sorghum, developed by
the public sector, are few due to low sustained demand (as
farmers can easily safe seed once a new variety was
acquired) and lower commercial value compared to
hybrids. Like other non-hybrid crops, new varieties tend
to be delivered to farmers through government seed provi-
sion and extension. Reduced government investments in
agriculture and shifting priorities in the 1980s weakened
the scaling mechanism, with major negative consequences
for varietal turnover and impact of public and donor sup-
ported breeding programs (Atlin et al., 2017).

During the green revolution in the 1970s, the
Vietnamese government has made large investments to
transform rice production in the Mekong Delta by investing
in irrigation, promotion of improved varieties and
fertilizer and switching to double and triple cropping
systems. Through large public investments in the rice
sector, combined with relatively low production costs, the
country transformed itself from a net importer of rice to a
net exporter of low-medium quality rice (Demont and
Rutsaert, 2017). However, in the last decade it became
clear that rising costs for fertilizer, fuel, and labor had
reduced the country’s competitiveness in the export of low-
medium quality rice. On top of that, the intensive use of fer-
tilizer and pesticides in the Mekong Delta has also led to
detrimental effects on water quality, biodiversity, and
human health (Flor et al., 2021). At the same time, consu-
mers in South and Southeast Asia have become more
demanding in terms of grain quality attributes of rice,
such as fragrance and uniform grain texture (Custodio
et al., 2016; Mottaleb and Mishra, 2016). To tap into
higher quality grain markets as well as shift towards more
sustainable production practices, a large-scale program of
Sustainable Agricultural Transformation (VnSAT) was
implemented with the support of the World Bank (The
World Bank, 2016).

Strategies for the development of the export-oriented
rice value chain began to refocus on reaching higher
quality market segments, implying higher levels of unifor-
mity in grain, reduced pesticide use and focus on fragrant
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rice. To support product upgrading, the government intro-
duced policies to encourage (i) stronger vertical coordin-
ation between exporters and farmers through contract
farming, and (ii) horizontal coordination among farmers
through the “small farm, large field” (SFLF) program (Ba
et al., 2019). Under the SFLF program, the government sup-
ports farmers in pooling their land, adopting uniform vari-
eties and production practices, and synchronizing their
planting and harvesting dates. Farmer groups under the
SFLF program were also encouraged to shift towards sus-
tainable farming practices (Stuart et al., 2018). Besides
reducing inputs such as pesticides, fertilizer and water, a
key requirement for rice farmers was the use of certified
seeds. Like the case of other non-hybrid cereals,
Vietnamese farmers obtained rice seed via informal seed
systems (Tin et al., 2011), and, when feasible, tended to
rely on seed that was saved from the previous grain
harvest. However, under the SFLF program, registered
farmer groups produce the certified seed, with the
Ministry of Agriculture and Rural Development (MARD)
providing technical support and Department of
Agriculture and Rural Development (DARD) providing
foundation seed and certification services (Flor et al., 2021).

In practice, it was the grain export companies that took
the lead in the shift from farmer saved seed to certified
seeds. They provided certified seed, sourced from registered
farmer groups that specialize in seed production, to their
contract farmers, together with chemicals and in some
cases credit. This contractual arrangement helped rice
farmers access quality seed and other inputs, while also
helping exporters to control for product quality and reach
higher-value markets. By introducing an enabling environ-
ment for rice production and export, the government
encouraged private sector investment in a formal seed
sector with coordination from seed to end-product. Other
rice sectors (e.g. Cambodia, Thailand, India and even
some countries in Africa) are currently following similar
pathways, triggered by competitive forces and demand for
quality in end-markets (e.g. Soullier et al., 2020).

The demand focus puts new actors such as export com-
panies as enablers for increased seed demand and production,
but also gives them the key to determine varietal selection of
farmers. While the attention for end-user traits such as fra-
grance or slenderness are obvious in prioritization of vari-
eties, it remains to be seen how much attention will be
given to production-oriented traits such as stress tolerance.
On top of the damaging effects of intensive production, sea-
level rise and salinity stress driven by climate change has
become a major threat for rice production in the Mekong
Delta (Nguyen andWoodroffe, 2016). Public sector breeding
programs are focusing on abiotic stresses and salt tolerance
of new varieties (Tin et al., 2021b) that are suitable for the
Mekong Delta and are actively including farmer feedback
through participatory varietal selection (Tin et al., 2021a).
However, with decision making power beyond the farmer,
these breeding programs could increase their chances on
impact by collaborating with a broader range of stakeholders.

An interesting case of this is ACI (Advanced Chemical
Industries) in Bangladesh that started as chemical

company supplying crop protection solutions and fertilizers
to farmers. Triggered by increasing demand for sustainable
agro-chemical solutions, the company started progressively
integrating downstream by buying grain from farmers,
incorporating seed business, then mechanization, milling,
branding and retailing of rice. The company then started
coordinating vertically with farmers by providing seed
and contracting rice growing to govern quality of their
premium rice brands. In a final step towards full vertical
integration, ACI integrated rice breeding into their business
model, supported by USAID funds and support from the
International Rice Research Institute (IRRI) (https://www.
irri.org/news-and-events/news/irri-and-aci-partner-develop
-improved-rice-varieties-rice-growers-bangladesh). This
latter step gives them full control over the quality of their
rice brands, i.e. from breeding to retail. This example illus-
trates how competitive forces in the market—in this case the
need to govern quality and sustainability of products—can
attract private sector investment in seed systems and even
plant breeding.

Key issues and new directions
These three cases explored the structures and incentives
along seed value chains and the implications for how
improved cultivars are designed, produced, and marketed
to smallholders. An important proposition in the value
chain framework is that intensive coordination and commu-
nication are required to deliver higher-value products to
consumers. Where the private sector had clear incentives
for investment in seed production and delivery, this can
happen, as illustrated in the rice case. However, this was
also the case where seed production and distribution were
relatively low-risk activities and where farmers had a
clear incentive to experiment with the new varieties
because they provided access to higher-value export
markets. However, in the two other cases, maize and
GIFT, relatively complex value-chain structures (e.g.
large number of small-scale businesses at multiple nodes
of the chain), combined with more complex production
processes, and information asymmetries facing farmers
regarding seed options or quality, resulted in low levels
of coordination and communication, with significant
consequences for all actors involved. However, for maize
seed businesses and retailers, arms’ length coordination
and communication may not be a problem per se—rather,
the approach offers a relatively low-cost, low-risk way
of quickly getting seed out to farmers. The turnover
problem, therefore, exists for governments and develop-
ment agencies looking to advance goals related to poverty
reduction and food security, among others, by getting the
‘right’ seed to farmers. The willingness of producers and
retailers to increase investments is likely to remain low
without changes in the overall context in which the value
chain operates.

The rice sector cases raise important questions about
how CGIAR breeding programs design their products and
engage with actors in seed value chains. Traditionally,
CGIAR designs an improved cultivar based on agronomic
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factors and conditions, and then engages with government
agencies (public research organizations and extension ser-
vices) in target countries for seed registration, multiplica-
tion, and delivery. The number of released varieties
remains a key indicator of success for CGIAR and public
sector breeding programs. Therefore, the findings from
the rice case suggests that private actors are willing to
engage in non-hybrid production when there is a clear
objective—in this case, to improve the quality of rice for
sale in higher-value rice markets. Indeed, the argument
for closer engagement by breeding programs with seed
value chains has been made earlier by, e.g., Tripp et al.
(2010), who admonished public breeders for expecting
new releases to automatically move into public delivery
and encouraged them to work more closely with private
seed enterprises to accelerate delivery. These cases extend
this point, suggesting the need for CGIAR and its partners
to look not only to private seed enterprises, but also to
other actors in the value chain who are incentivized and
have the capacity to move new products into farmers’ fields.

The findings for the maize and GIFT cases suggest that
CGIAR and its donors need to focus more attention on
seed value chain development. The capacity of the seed
value chain to get more improved cultivars to smallholders
hinged primarily on the strategies, capacities, and incentives
of a single group of businesses: seed-producing businesses
in maize and multiplication broodfish hatcheries in GIFT. In
particular, the maize case highlighted the tendency of seed
businesses to maintain an arm’s distance from retailers and
reduce their risks by focusing production on the older vari-
eties with proven demand, while the GIFT case highlighted
how basic conditions for the growth of seed value chains, to
include quality assurance and control, have yet to be met.
The capacity of seed businesses to drive increased sales
and turnover of improved cultivars implies not only that
they respond to farmer demand, but also requires engage-
ment with retailers and farmers in nudging farmers’ seed
related decisions (e.g. annual purchase of hybrids, prefer-
ences towards new varieties). This will require innovation
in how local seed businesses market seed, and donor
support can help to identify potential costs and benefits of
seed marketing tools. Besides direct support to companies,
the potential role of the public sector in supporting social
marketing, building on the approaches and associated learn-
ings from the public health literature, to promote the bene-
fits of planting new cultivars needs attention. Overall, the
evidence base to inform government agencies, NGOs and
others on how to design, implement and monitor their
support for seed businesses to scale out new technologies
remains surprisingly weak, especially in contrast to the
large, long-term investments in the development of new
cultivars. Previous reflections on the design of approaches
for value chain development in the agricultural sector high-
lighted the need for context-relevant guidance to facilitate
engagement with practitioners (Donovan et al., 2015).

It cannot be expected that the private sector alone will be
the driver of innovation that leads to varietal turnover (e.g.
hybrid maize in Kenya) or integration of stress-resilience
(e.g. salinity tolerance in rice). Tripp and Pal (2001)

described this in their discussion of private sector involve-
ment in rice production in the Indian state of Andhra
Pradesh. While private seed companies were actively
engaged in production of a non-hybrid crop, they were
not driving adoption and, in fact, invested little in seed pro-
motion. The increasing competition in seed markets war-
rants the need to develop new mechanisms under which
private sector partners can spearhead innovations without
taking a leap of faith. One option could be to link seed com-
panies to third party service providers that provide expertise
and support in market intelligence, sales, and business man-
agement among others, along the lines of early generation
seed support (USAID, 2016). Policy interventions such as
targeted subsidy programs linked to new seed varieties
could also provide a safety cushion (de-risking mechan-
isms) for seed companies and help with establishing
market share (Spielman and Smale, 2017). A more
extreme scenario is the forced retirement or deregistration
of older varieties to make space for new materials embody-
ing new traits. However, this could have serious negative
implications for (i) the numerous small-scale seed compan-
ies with limited financial reserves and marketing capacity
that compete directly with multinationals and parastatal
seed companies, as well as for (ii) farmers who lose
access to their preferred seed and who are ill informed
about alternative options, some of whom may return to
saving seed.

Another set of policy interventions relate to the regula-
tory side of seed markets. Small-scale seed companies are
often unable to compete due to regulations that require sig-
nificant expenditures on meeting outdated quality control
requirements, such as field-to-bag seed inspection regimes
that may have little bearing on the ultimate quality of
seed sold to farmers. Instead, policymakers and regulators
may consider moving slowly but steadily towards profes-
sionalization of seed sector actors, internal quality assur-
ance systems, and truthful labeling as a means of
lowering barriers to entry for small-scale seed companies
and encouraging seed sector growth. These findings raise
important questions about the role of CGIAR and national
breeding programs in relation to the private sector.
Looking to the future there are significant opportunities
for CGIAR and national breeding programs to shift their
operational model to one that deepens and broadens collab-
oration with the private sector to deliver impact at greater
scale. This means understanding how seed companies—
especially that class of domestic, small-scale companies
that have relatively limited resources and capacity in
marketing and outreach—operate, and how they can be
further supported and strengthened. It also means under-
standing that trait prioritizations that reflect consumer pre-
ferences may not be conveyed by seed companies at all,
and that collaborations with other value chain actors will
also be important in in the design of breeding programs
and prioritization of traits.

What remains to be seen is whether different types
of incentive mechanisms can be introduced within breeding
programs to advance a genuine shift towards ‘demand-
oriented’ plant breeding. The current changes being
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introduced into CGIAR strongly suggest that this shift is
already underway, although the extent to which it affects
operational modalities in national breeding programs is
unknown. Irrespective of changes in CGIAR and their
immediate national partners, private sector engagement
in formal seed systems is likely to expand and diversify
in response to opportunities in end-consumer markets,
changes in the policy and regulatory environment, and
engagement with governments and donors. New actors
are shaping the seed value chain in ways that many breeding
program have yet to fully understand, especially those
programs wedded to outdated impact pathways. Only by
paying greater attention to demand orientation, market
intelligence, product profiling, and seed systems develop-
ment will CGIAR and national breeding programs be able
to deliver the productivity and welfare gains they have
promised.
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Notes
1. Established in 1971 as the Consultative Group on International

Agricultural Research, CGIAR is a global research partnership
for a food secure future dedicated to reducing poverty, enhan-
cing food and nutrition security, and improving natural
resources. See https://www.cgiar.org/ for additional details on
its mandate, mission, and history.

2. Tilapia fish are very prolific species and this prevents optimum
growth of the fish or low conversion of feed to flesh (Fregene
et al., 2021). In the female fish especially, metabolic energy
is directed toward reproduction. Therefore, male tilapia fish
are economically attractive because they have faster growth
rate in which metabolic energy is channelled towards growth.
It is, therefore, advisable to adopt mono-sex culture (Ponzoni

et al., 2005; Nguyen et al., 2007). Mono-sex tilapia (all-male
production) can be obtained by manual sexing, use of hor-
mones, genetically improved farmed tilapia, YY male technol-
ogy, or hybrids (Fregene, et al., 2021).
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