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EXECUTIVE SUMMARY
BACKGROUND

Seed can play acritical rolein increasing agricultural productivity: seed, together with
environment, determines the upper limit of crop yields and the productivity of all other
agricultural inputs to the farming system. In the mid-1970s, governments and donors recognized
the critical role of seed in agricultural transformation and began to provide substantial support
for seed system development. Most of these resources were used to establish large-scale
parastatal seed corporations, technical |aboratories, processing plants and certification
departments. In Africathese efforts achieved only limited successin afew crops such as hybrid
maize and sorghum, leaving the majority of smallholders unserved. Parastatal seed systems
supplied only about 10% of total seed planted each year. About 60-70% of seed used by
African smallholdersis saved on-farm, and the remaining 20-30% is borrowed or purchased
locally.

The key problems faced by the large-scale parastatal seed organizations were (1) high costs of
production and distribution related to consistently low levels of effective demand, and to the
high cost of transport from centralized seed production facilitiesto rural areas; (2) arelatively
narrow range of crops/varietiesthat did not meet smallholder needs; (3) inconsistent seed
quality; and (4) escalating financial problems in countries where government programs
provided subsidized seed to farmers, but budgetary transfers to compensate parastatals for the
subsidies were delayed or not made. Asaresult of these problems, seed parastatals grew
increasingly dependent on state or donor subsidies during the 1980s. Many of them were
subsequently dissolved and support to other components of the seed system was dramatically
reduced as part of structural adjustment programs implemented across Africa.

Although seed parastatals were not effective in meeting the needs of smallholders, for-profit seed
firms have not yet filled the gap and smallholder access to improved varieties has worsened in a
number of countries following economic reforms. Since the mid-1990s, non-governmental
organizations (NGOs) have become increasingly active in varietal testing and promoting the
development of smallholder seed firms. Given the critical role that improved varieties play in
increasing agricultural production, akey question is how to facilitate the devel opment of a seed
system that is capable of generating, producing and distributing new seed varieties that meet the
needs of all farmersin a cost-effective way.

OBJECTIVESAND METHODS
The purpose of this paper is to provide a conceptual framework that can be used by agricultural
leaders, administrators, policy makers, and seed program managers to (1) understand key factors

affecting seed system devel opment; and (2) compare organizational and institutional strategies
for increasing seed system effectiveness. A literature review of recent studies on seed system



development in Sub-Saharan Africa (SSA) was undertaken to achieve these objectives. The
studies reviewed included published and unpublished reports, monographs, and case studies.

WHAT ISTHE SEED SYSTEM?

The seed system is composed of organizations, individuals and institutions involved in different
seed system functions, i.e., the development, multiplication, processing, storage, distribution and
marketing of seeds. The seed system includes both informal (or traditional) and formal sectors.
The informal sector is composed of individual farm households, each carrying out most seed
system functions on its own with little or no specialization. The formal sector is made up of
public and private organizations with specialized roles in supplying new varieties. Different
types of seeds flow from organizations and individuals in one stage of the seed chain to the next
through separate informal and formal seed supply channels. Rules and regulations such as
variety release procedures, intellectual property rights, certification programs, seed standards,
and contract laws influence the structure, coordination and performance of the seed system.

A well-functioning seed system is defined as one that usesthe appropriate combination of
formal, informal, market and non-market channelsto stimulate and efficiently meet
farmers evolving demand for quality seeds.

HOW SEED SYSTEMSEVOLVE

The seed system passes through several phases asit evolves from atraditional to an advanced
system.

e Inphasel, theinformal seed system predominates; most farmers save their own seed or
obtain seed from nearby farmers or villages, and the rate of new varietal development and
adoption of new seedsis|ow.

» During phase 2, seeds of improved varieties developed by publicly-funded research begin to
replace local varieties, use of complementary inputs (e.g., fertilizer) islimited but increasing,
and an emerging private sector isinvolved in multiplication and distribution of public
varieties.

» During phase 3, the private sector begins to play an active role in research and development,
particularly in developing hybrids and seeds for specialized cash crops. Seed distribution
systems become more organizationally varied and decentralized.

* Inphase4, the agricultural sector as awhole and the seed system in particular are well
developed. Commercial seed production and marketing are common, effective seed laws
and regulations are in place, linkages with actors outside the seed sector are well established,
and the use of improved seed is widespread.
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Correspondingly, the rules, regulations, and infrastructure coordinating the components of the
seed system evolve to allow organizations to specialize in different functions of the seed system.
The public sector may specialize in basic research and research on subsistence crops, and in
regulating the seed system. The national and international private sectorsincreasingly focus on
research, production and marketing of seed for hybrids, specialty crops, vegetable crops, and
commercia food and fiber crops. NGOstry to fill the gap by concentrating on multiplication
and distribution of seed for crops and farmers not targeted by the private sector.

The transformation process described above should not be interpreted as the ssmple linear
progression of anational seed system from an informal to aformal system. Seed systemsfor
different commodities follow distinct development paths as they move from one phase to the
next. The path for ahybrid maize seed system will be different from that for millet or cowpea,
and those systems may never reach the technical, organizational and institutional complexity of a
hybrid maize seed system. The seed system for maize in the advanced phase (such asin the
U.S.) may be composed only of formal seed channels, with the private sector meeting the market
demand for hybrid seed each season. On the other hand, seed systems for beans, wheat,
cowpesas, and groundnuts, even in a mature phase, may have all the components of the seed
system, with both formal and informal sectors playing important roles in meeting the demand for
seed.

STRATEGIESTO PROMOTE SEED SYSTEM DEVELOPMENT

Past donor and government efforts to improve African seed systems were based on a narrow
view of the transformation process, focusing on the development of the formal sector. These
organizations promoted the use of certified seeds and hybrids but were unsuccessful in building
demand from the smallholder sector.

The studies reviewed here by contrast stress the complexity of each phase of seed sector
development and the dynamic roles of arange of public, private, formal and informal seed
organizations in meeting smallholder seed needs and facilitating the transformation process.
There are three key points. First, during transfor mation, the importance of the informal
seed sector will declinerelatively (but not necessarily absolutely) asthe seed system evolves.
Second, building horizontal linkages between theinformal and formal sectors at each
functional level (e.g., research and development, seed production) isa critical step in
facilitating transformation. Third, the public sector hasa vital roleto play in the
transformation processin: (a) providing public goods that are essential to the functioning of
both formal and informal sectors, including basic research and adaptive and applied research
targeted to crops and farmers that are of less interest to the private sector; (b) developing and
enforcing regulations for a heterogeneous seed system; (c) facilitating formal-informal sector
linkages at different functional levels, including the promotion of new, more specialized private
firms; and (d) distributing seed or seed vouchers following disasters.



Increasing effective demand for improved varietiesamong smallholders. The nature of
seed demanded by farmers differs. Large- and medium-scale farmers use markets to purchase
uniform genetic materials that are highly responsive to chemical inputs and embody specific
characteristics (e.g., color, uniformity of grain size) rewarded by the market. By contrast, more
subsistence-oriented smallholders may value characteristics such as drought tolerance, early
maturity or good storage more than fertilizer responsiveness. Because of the small size of their
land holdings, mixed cropping practices, and strategy of minimizing production risks by
diversifying the variety base, smallholders also demand relatively small quantities of seed, but
for anumber of varieties of the same crop, and recycle seed over more seasons than larger
commercia farmers.

New varieties must have significant yield/quality advantages over traditional varieties to offset
the increased costs incurred by seed usersin purchasing the seed. Successful past examples
include the semi-dwarf wheat and rice varieties that triggered the Asian Green Revolution, flint
hybrid maize in Malawi, CSH-1 hybrid sorghum, and MBH pearl millet in India.

Strategies to improve seed quality must begin with strengthening the public agricultural research
and development sector on along-term, sustainable basis. 1t will be especially important to
build the capacity to move from homogeneous seed recommendations to the devel opment and
dissemination of varieties targeted to specific agroecol ogical zones and the needs of different
groups of farmers. To facilitate this process, target groups of farmers need to be defined more
precisely, zoning of breeding plots improved and management incentive systems should be
developed to reward researchers and extension agents when new technology is adopted by target
groups.

Strengthening extension programs to increase farmer knowledge about the benefits of using new
seed and transmit information about farmer preferences to researchers will aso help increase the
demand for new seed. Initiatives that improve post-harvest product utilization, expand output
markets, and lower production risks are al'so important. Farmerswill pay more for new seed if
their expected returns are greater because of reduced storage losses or lower risks. Thus,
measures to improve the downstream sectors of the economy are as important as strengthening
the seed system itself.

Decreasing the cost of seed production and distribution. Animportant way to reduce the cost
of seed production and distribution isto promote the production of different seed
commodities by seed supplierslikely to have a compar ative advantage in producing them.
The relative importance of formal and informal seed suppliersis determined in part by biological
and technical factors associated with seed production, multiplication, processing and
distribution. In general, seed of self-pollinated crops (e.g., many grain legumes) can be easily
multiplied by farmers and are more suited to dissemination through the informal seed system,
regardless of the economic status of seed users. For cross-pollinated crops (e.g., maize,
sorghum and millet) both formal and informal seed systems are important.
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In addition, crops that have a high multiplication factor and relatively low seeding rate, such as
hybrid maize, sorghum and millet, are more attractive to the formal seed sector because fewer
multiplications are required and, at each stage, there are smaller quantities to process, store and
distribute. By contrast, grain legumes are characterized by low multiplication factors and high
seeding rates, and these are consequently the least attractive crops for large centralized seed
companies to handle.

The relative importance of formal and informal systems of seed supply will also depend on the
availability of new varieties with significant yield and/or quality advantages. Recurrent sales of
improved seed depend partly on the ability of the formal research and development system to
provide a steady flow of new varieties to maintain farmer interest. In addition, the rate at which
new varieties succumb to biotic stresses both in the field and during on-farm storage will
determine the level and frequency of purchases from the formal seed system by farmers. For
example, wheat and rice are particularly susceptible to insect and disease pests, creating a
demand for pest-resistant varieties as they are released from research systems.

Improving infrastructure, rulesand regulations. Key to reducing the cost of producing and
distributing seed is the improvement of transport and information infrastructure, and the
revision/enforcement of laws and regulations to lower the risks and transactions costs of doing
businessin the seed sector, especially for smaller firms and farmer groups. For example,
extension programs and labeling and quality regulations reduce the cost of getting reliable
information about new varieties. Market information systems can aso reduce seed suppliers
costsin discovering farmers preferences, and the costs of inventory, storage, and waste are
reduced if suppliers can anticipate farmer demands on time. Inappropriate laws and regulations
may inhibit the emergence of private initiatives in seed production and marketing, e.g.,
agreements that award monopoly rights for all varieties developed by the public sector to one
parastatal or private firm.

One challenge ahead will be to revise seed regulations in away that facilitates the development
of a heterogeneous, competitive group of seed producers while protecting the rights of all
producers and consumers. Many regulations on the books today were fashioned for formal
sector seed enterprises and discourage farmer-based seed production, e.g., stringent variety
release procedures, plant breeder’ s rights and plant variety protection laws. For example,
compulsory certification constrains the multiplication and distribution of seed of commodities
(e.g., open-pollinated maize and sorghum) whose low seed yields and profit margins cannot
absorb the costs of stringent and frequent inspections needed to comply with certification
standards. Removing compulsory seed certification and restrictive trade licensing requirements
would permit the production of quality seed by smallholders and sale among neighboring
farmers. In addition, seed companies would be able to involve smallholders in contract seed
production more easily.

Reduce the learning and transactions costs for new seed enterprises. Training new seed

producers and reducing the cost of doing business for formal and informal seed sector
participants are other important ways to cut the cost of seed production and distribution.
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For example, several NGOs in Zimbabwe and Zambiain partnership with the public extension
service:

e providelinksfrom small seed-producing firms to national and international research centers
to get information and seed of appropriate varieties,

e train and supervise farmersin seed production, selection, storage and marketing;

® provide basic training on seed and bookkeeping to rural shopkeepers who are potential
agents for formal sector seed suppliers; and

e provide working capital for input stocks and aggregate orders to be filled by large input
supply companies.

EMERGING ISSUES AND RESEARCH NEEDS

Developing a seed system based on greater integration, broader participation, and
decentralization is an attractive concept but raises several issues. Thefirst concernisthe
potential risk posed to small-scale seed entrepreneurs if seed stocks go unsold. Mechanisms for
assessing the potential demand for seed and protecting the seed seller against the liability for
unsold stocks need to be explored. A second issue involves the regulatory role of the
government in an increasingly decentralized seed system. Key questionsinclude: How will
farmers be assured of the seed quality? How can seed enterprises and farmers be assured that
their contracts will be honored?

Country-level case studies could provide useful information concerning (1) the economics of
smallholder seed organizations; and (2) the costs and benefits of alternative interventionsto
strengthen effective demand for improved varieties and improve formal-informal seed sector
linkages, including measures to facilitate the establishment of private seed firms.
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1. INTRODUCTION

Without seed there would be no agriculture. The genetic and physical characteristics of seed
determine the productivity of other agricultural inputs and cultural practices within the farming
system. Improving the genetic and physical properties of seed can trigger yield increases and
lead to improvements in agricultural production and food security. In order for seed to act asa
catalyst in agricultural transformation, however, improved seed has be made available to a broad
base of farmers on a continuing basis.

Donors and governments have invested considerable sumsin seed program devel opment over
the last severa decades. FAO spent $80 million on 120 seed projectsin 60 countriesin the
1980s and early 1990s; the World Bank supported over 100 seed projects in developing countries
from 1975 to 1985, including 40 in SSA; and USAID provided long-term support to public seed
agenciesin 57 countries from 1958 to 1987 (Wiggins and Cromwell 1995; Cromwell 1996;
Venkatesan 1994).

Most of thisfunding was used to establish formal seed systems — large-scale parastatal seed
agencies, technical laboratories, processing plants, and certification departments. The aim of
developing such formal seed systems was to promote the use of high-yielding certified seeds, but
these generally reached only asmall proportion of farmersliving in the highest potential aress.
The public sector monopolies were often overly bureaucratic and inefficient (Srivastava and
Jaffee 1993).°

In the face of Africa’s mounting food crisis, the need to improve national seed programsis more
critical than ever before. The failure of seed parastatals, the reduction in public research
services, and the public sector withdrawal from input supply functions following the
implementation of structural adjustment programs of the 1980s accentuate the need for
alternative approaches to seed system development.?

Creating more effective seed systemsin African countries will require a broader-based approach
than the formal sector interventions of the past. It will be necessary to build on existing informal
farm-level seed systems, strengthening and integrating them with the desirable formal systems of

"Inefficiently-run seed parastatals produced less seed than needed at a high cost. The Tanzania Seed Company
provided less than 14% of Tanzania s certified seed needs in the mid-1980s, while recording operating losses on
seed sold at roughly twice the price charged by competitors (Budden 1986, cited by Cromwell 19924). In The
Gambia, the Seed Multiplication Unit of the Department of Agriculture reported aturnover of less than 10% of its
US$89,600 expenditure in 1984-85, and at the same time had ‘a limited impact on the national seed supply position’
according to a 1987 evaluation (Cromwell 1992a).

2Asaresult of structural adjustment programs seed parastatals were privatized and/or other private seed
companies allowed to operate in many countries. For example, in Malawi, Cargill bought a controlling portion of
the National Seed Company, Pioneer Seed Company was allowed to operate for the first time in Zimbabwe and
Zambia, the assets of the bankrupt Ghana Seed Company were taken over by alocal business, and public sector
seed activities were privatized in Nigeria (Wiggins and Cromwell 1995).

1



the future. We know of no simple blueprint for doing this. The purpose of this paper isto
provide a conceptual framework that can be used by agricultural leaders, administrators, policy
makers, and seed program managers to (1) understand key factors affecting seed system
development; and (2) compare organizational and institutional strategiesfor increasing seed
system effectiveness. A literature review of recent studies on seed system development in SSA
was undertaken to achieve these objectives. The studies reviewed included published and
unpublished reports, monographs, and case studies.

We begin by defining the seed system in Section 2, then describe the characteristics and
performance of seed systemsin SSA in Section 3. Section 4 presents a conceptual analysis of
seed system development, Section 5 discusses strategies to promote seed demand and supply
linkages, and Section 6 discusses the role of government, farmers and the private sector in
implementing these strategies.



2. WHAT ISA SEED SYSTEM?

What do we mean by “seed” and “seed system”? Box 1 contains definitions for a number of the
terms that will be used in this paper. Seed refersto the parts of agricultural plants that are used
for sowing or planting purposes.® Several distinctive features of seed are worth noting. First,
seed possesses a dual character that links both ends of the crop production process:. it isboth a
means of production and (as grain) the product (Kloppenburg 1988). Second, seed hasa
synergistic relationship with other inputs such asfertilizer. The availability of quality seed can
influence the adoption of other commercial agricultural inputs, and seed may require other inputs
to realizeits full genetic potential.* Third, seed varieties and complementary technologies need
to be tailored specifically to agroecological zones, especially under rainfed conditions, requiring
extensive plant breeding and agronomic research. Finaly, since the yield advantage from
improved seeds usually declines dramatically with late planting, timely access to seedsis crucial.

The term “seed system,” as used in this paper and depicted in Figure 1, represents the entire
complex of organizations, individuals and institutions associated with the development,
multiplication, processing, storage, distribution and marketing of seedsin any given country.
The seed system includes the traditional (or informal) system in which individual farm
households carry out all seed functions for land races, including seed devel opment,
multiplication, processing and marketing,®> and the non-traditional (or formal or commercial)
systems comprised of specialized organizations with distinct roles in supplying seeds of new
varieties. Seeds of new and landrace varieties flow from organizations and individuals in one
stage of the “seed chain” to the next through channels depicted by arrowsin Figure 1.

3Although vegetatively-propagated crops such as potatoes, cassava, and yams are important cropsin SSA, most
discussion in this paper focuses on cereal and legume crops propagated by true seed, which account for virtually all
the activities of seed programsin developing countries (Cromwell, Friis-Hansen, and Turner 1992).

“For example, the yield potential of the improved wheat and rice seeds that triggered the Green Revolution in the
1960s and 1970s was realized only when seed was used in combination with other inputs such as chemical
fertilizers, irrigation, pesticides, and improved crop management. Allan’s 1968 study on the hybrid maize
technology package in Western Kenya showed that yield and net returns per unit area were maximized only if all
package el ements were adopted simultaneously. However, with good husbandry, it was also profitable to use
improved seed without fertilizer. Cromwell (1990) suggests that for cash-constrained smallholders it makes
financial sense to adopt new seed with improved management alone. Fertilizer is usually the single most expensive
component of the technology package, while seed costs represents only 5% of total variable costs per hectare for
most smallholder food cropsin Kenya (Ruigu 1988).

°According to Cromwell, Friis-Hansen, and Turner (1992), five key features distinguish informal from formal
seed systems. Informal systems are traditional, semi-structured, operate at the individual community level, use a
wide range of exchange mechanisms, and are able to deal with the small quantities of seed often demanded by
farmers.



Box 1: Definition of Terms

Breeder seed. A class of seed in aseed certification program that (1) is produced under the supervision of the
plant breeder, originator, or owner of the variety; (2) is controlled by that person or institution; and (3) isthe
source of initial and recurring increases of Foundation Seed.

Certified seed. A class of seed that has been certified to conform to the standards for genetic purity established
and enforced by a seed certifying authority.

Foundation seed. A class of seed in a seed certification program that is the last step in the initial seed
multiplications and isintended for the production of certified seed. Also known as basic seed.

Grain. Seed consumed directly or in processed form by humans or animals.

Hybrids. The first-generation seed of a single, double, or three-way cross of selected inbred lines produced
under controlled pollination. The second generation or subsequent generations from such crosses are not
regarded as hybrids. “Single”, “double’ and “three-way” cross refer to the number of parents a hybrid has. two
parental lines for a single cross; two single crosses for a double cross; and a pure inbred male parent and single
cross female parent for athree-way cross. Seed yield is highest from double crosses, intermediate for three-way
crosses, and lowest for single crosses.

Improved or new variety. Varietiesthat are an outcome of crop improvement research.

Inbred lines. Usually uniform and true breeding germplasm created through repeated self-pollination which can
be used (1) as parents of inbred seed products; or (2) as parents of hybrids.

Landraces. Varietiesinherited by seed users with no known pedigree or linkages with formal breeding research
and development efforts.  Also known as local varieties.

Open-poallinated variety (OPV). Variety of apopulation that is heterogenous (i.e., not uniform) and not true
breeding (i.e., progeny of asingle plant have variable characteristics).

Plant variety protection. The legal protection provided to a breeder, originator, or owner of avariety to control
its production and marketing. Used synonymously with “breeders’ rights.”

Purity - varietal or genetic. The purity with respect to variety as determined by afield inspection or laboratory
tests.

Seed. Parts of agricultural, silvicultural, and horticultural plants used for sowing or planting purposes.

Seed chain. A sequence of linked seed supply functions and operations beginning with seed research and
development and continuing through the several stages of seed multiplication, processing (drying, shelling,
cleaning) storage, and marketing.

Seed enterprise. Any organization involved in seed growing, processing, storing, and marketing either directly
or through contracts with others as afor-profit business activity.

Seed program. Activities being planned or implemented in a country to achieve the timely production and
supply of seed of prescribed quality in the quantities needed.

Seed quality. Seed quality is determined by the seed genotype (genetic potential) and physical characteristics
(e.0., size, shape, appearance, and moisture content), which are affected by harvesting, conditioning, treatment,
storage, packaging and marketing practices.

Seed system. The entire complex of organizations, institutions, and individuals associated with the seed
program of a country comprised of the traditional or informal system of farmer-selected, -multiplied, -
processed, exchanged and retained seeds, and anon-traditional or formal system of individuals, organizations
and institutions involved in specialized tasks related to producing and marketing seed for sale to seed users.
Seed users. Farm households or consumers who use seed for planting purposes.

Source: The definitions for many of these terms are adapted from Douglas 1980.




Legal institutions such as variety release procedures, intellectual property rights, certification
programs, seed standards, contract laws, and law enforcement are also an important component
of the seed system of any country (Figure 1). They help determine the quantity, quality, and cost
of seeds passing through the seed system.

Seed products pass through the chain of activitiesto one of three outlets. They are either sold in
the market, used in development programs, or retained by households for the next planting
season (Figure 1). Seeds of landrace varieties and of new varieties that have entered the farmer-
based informal system are generally retained by farm households for their own use or exchanged
with other farm households. Seeds of new varieties entering the formal system of seed organiza-
tions are usually marketed, but some are also used in development programs, such as drought
and disaster relief and the free distribution of seeds to promote new varieties.

Asdepicted in Figure 1, the three “supply targets’ of the seed system — markets, non-market
distribution and retained seeds — form the three sources of seed for seed users (i.e., farm
households). The relative importance of each seed source will depend on the effective demand
for seeds of new varieties compared to landrace varieties. Farmer retention is the most common
source of landrace varieties for most grain crops. For new varieties, markets and farmer-
retention are both important sources depending on whether the demand for seeds is continuous or
periodic. Non-market sources of seed are important in cases where demand for seed is affected
by chronic poverty or by external conditions (such as drought, war, disasters) affecting aregion
(discussed in greater detail in Section 4.2).

Theillustration in Figure 1 provides a basic framework for understanding the concept of the seed
system and how it is affected by the dynamics of seed demand. The illustration is generalized
over crops and the economic status of countries. It isalso simplistic, since it does not account
for all the existing and possible linkages between different organizations that carry out supply
functionsin traditional and non-traditional systems. It nevertheless provides a basic framework
for identifying gaps, opportunities and strategies for organizing and effective seed system. A
well-functioning seed system is defined as one that uses the appropriate combination of
formal, informal, market and non-market channelsto stimulate and efficiently meet
farmers evolving demand for quality seeds. In the following section we review the current
state of seed systems in Africa and the challenges facing policymakers and program administra-
tors charged with devel oping and implementing strategies to improve the seed system.
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3. SEED SYSTEMSIN AFRICA
3.1. Overview

African seed system development varies by country. At one end of the spectrum are countries
that have only rudimentary breeding and testing programs for afew food crops and lack seed
development strategies, seed policies, and quality control and certification procedures. At the
other extreme are afew countries (e.g., Kenya, Zimbabwe) which have breeding programs for a
wide range of crops and a comprehensive body of seed legidlation (Venkatesan 1994).

In SSA overall, formal channels supply only 10% of total demand for seed, cover alimited range
of crops (e.g., hybrid maize and sorghum) and serve a small group of elite farmers (Cromwell
1996, p. 20; Wright et al. 1994). Most smallholder crops (e.g., open-pollinated sorghum and
millets, legumes) remain unserved by the formal system.® Farmer-based informal systems
supply the majority of seed. Some 60-70% of seed used by smallholdersis saved on-farm, and
the other 20-30% is borrowed or purchased from neighbors, relatives, friends and other local
sources’ (Cromwell 1996).

Only about one-third of SSA countries have formal seed production and distribution facilities for
major food crops (FAO 1994). Table 1 summarizes the results of an FAO survey that rated food
seed systemsin Africa, Asia, Central America/Canada and South America on the basis of
varietal improvement, seed quality control, and seed production and distribution activities. Most
African countries had pilot activities, but only one-fourth had advanced programs. The level of
development was higher for food crops than other commodities. Many countries reported no
efforts to control seed quality, production or distribution for industrial crops, for example, and
vegetable and pasture crop seed development was weak across al regions.

The adoption of new seed varietiesis also a crude measure of seed system status. Asthe seed
system evolves, an increasing proportion of cultivated areais planted to new seed varieties
which can better withstand biotic and abiotic stresses and respond to the use of other commercial
inputs. Table 2 presents estimates of improved variety adoption for major food cropsin SSA.
The adoption rate for maize (43% of area) is comparable to levelsin other developing regions.
Since many improved maize varieties are hybrids sold by private seed companies, this suggests
that formal seed systems are functioning relatively well for maize. Adoption of improved
varieties of other food crops, e.g., sorghum and millets, still lags behind in Africa.

®For example, a recent survey of the bean seed sector in the Great L akes region found that only one in 600
farmers procured seed through the formal system (Sperling, Scheidegger, and Buruchara 1996).

"Informal farmer-to-farmer seed exchange is extremely important in some countries. In Ethiopia, an estimated
25 to 50% of farm households borrow or buy seeds every year from neighbors and relatives (Henderson and Singh
1990). In Malawi, two-thirds of all bean seed is obtained from neighbors, relatives and other local sources
(Cromwell and Zambezi 1993).



Tablel. Food Seed System L evel of Development, by Region and Activity, 1989-90

Region/Function Advanced Pilot Scale No Activity
(number of countries) Level Operations Reported
(%) (%) (%)
Variety |mprovement
Africa(27) 24 68 8
Asia(20) 50 35 15
Central America and Canada (12) 64 18 18
South America (10) 90 10 -
Seed Quality Control
Africa(27) 25 63 12
Asia(20) 45 30 25
Central America and Canada (12) 48 35 17
South America’ (10) 70 10 10
Seed Production and Distribution
Africa(27) 34 60 6
Asia(20) 40 60 -
Central America and Canada (12) 49 43 8
South America (10) 90 10 -

Source: FAO 1994
®Figures reported in the source document do not add to 100%.



Table 2. Improved Variety Adoption in Sub-Saharan Africa

Crop Region/ Area planted Comments Yield Key factorsin
country to improved advantage yield
varieties advantage,
adoption
Maize Africa 43% 25% hybrids 30-40% for Resistanceto
17% OPV's hybrids; streak virus
Adoption comparable 14-25% for
to other regions OPVs
Wheat Africa 52% Mainly semi-dwarfs; 10-25% Short stature;
compare to 75%+ disease
adoption in other resistance
regions
Rice West Africa 55% Overall adoption less 35% Improved post-
than other regions, but harvest features
ratesin some
agroecological regions
higher than Asia
Sorghum E. & S. Africa 3.5% Reflects only varieties 50% for Improved
based on ICRISAT hybrids resistance to
germplasm disease, insects
West Africa
Chad, Senegal, 25,000 to Breeders' estimates 30 to 40% for
& Nigeria 50,000 ha OPVswith
normal rainfall
Mali 20-30% Breeders' estimates
Millet E. & S. Africa 6% Reflects only varieties 20% Improved
based on ICRISAT resistance to
germplasm disease, insects
West Africa
Chad & Senegal 40,000 to
60,000 ha Breeders' estimates
Cowpeas West Africa NA 40% I nsect
resistance
Potatoes E. & C. African  50% - 40% Disease
highlands resistance

Source: Maredia, Byerlee, and Pee 1999



Non-market channels (such as seed aid distributed through drought relief programs) have been
the most important source of improved sorghum and millet varieties (Rohrbach and Mutiro
1996). Yield increases from the adoption of new seed varieties are potentially great (Table 2).
Hybrid seeds typically have a 30 to 50% yield advantage over local open-pollinated varieties
when complementary inputs such as fertilizer, irrigation and pesticides are used. Even without
complementary inputs, new seeds of open- and self-pollinated crops have a 10 to 25% yield
advantage over replanted traditional seeds on average. Productivity increases from the adoption
of new seeds derive from on-going genetic improvements in disease and insect resistance,
drought tolerance and post-harvest features. These increases can be substantial, especialy if
farmers continue to renew seed stocks and adopt new varieties. For example, gains from the
periodic resupply of genetically improved wheat seed (among farmers who have already adopted
improved varieties) are estimated to range from 0.5% per year in low rainfall conditions to 1.0%
per year in irrigated regions (Byerlee and Moya 1993).

The challenge for administrators, seed program managers and policymakers is to ensure that the
adoption of new seeds — through market or non-market sources — does not become a one-time
event. Information such as the varietal age of seeds planted by farmers (an indicator of the
frequency at which farmers replace new seeds) and methods used for harvesting, drying, treating
and storing farmer-retained seeds of new varieties are critical indicators of the seed system’s
ability to resupply and maintain the quality of new seeds. In our view these indicators are as
important as tracking the initial adoption of new varieties, but varietal age and seed conservation
techniques are rarely monitored or analyzed in developing countries.®

In the next section we turn to amore in-depth analysis of different seed chain functions and how
they are carried out in SSA. We examine seed research and development, multiplication,
processing and distribution components.

3.2. Seed Chain Componentsin SSA: Description and Analysis
3.2.1. Seed Research and Devel opment

In Africa, asin other developing regions, varietal development is dominated by public sector
national agricultural research institutes (NARIS). International agricultural research centers
(IARCs) play an important role in providing improved germplasm to NARIs, and breeders also
collect and utilize locally adapted landraces.

Many research and development systems are biased towards crops and varieties demanded by the
more commercial or elite farmers. Breeding and varietal release procedures followed by those
NARIs may not lead to the development and availability of a broad enough range of varietiesto
meet the needs of all seed users, especially smallholder subsistence farmers (Tripp 1995g;

& Exceptions are studies by Brennan and Byerlee (1991), and Heisey (1990) on wheat varietal age and
replacement.
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Sperling, Scheidegger, and Buruchara 1996). For example, farmersin Zambiaindicated that
“wrong variety” was an important problem for all major crops, including maize, groundnuts,
beans, sorghum, pearl millet, and bambara nuts (Ministry of Agriculture 1991).

There are severa important issues. First, NARI plant breeding strategies often do not address
the needs and demands of smaller, more subsistence-oriented farmers. For example, wide
adaptability and high yield potential are frequently emphasized rather than the zone-specific
adaptation that provides yield stability (Cromwell 1990). NARIstend to select as"improved"
the limited number of varieties that show a good yield response (with input use and good
husbandry practices) across arange of different environments. One of the mgjor findings of a
case study in Kenya, however, was that adoption decisions of small farmers were more strongly
influenced by factors other than yield, such as riskiness (drought resistance and time to
maturity), taste, marketability, and susceptibility to field and storage pests (Johnson 1989).°

Second, there are often inconsi stencies between the seed varieties preferred by smallholders and
those actually supplied by seed production agencies. In Kenya, the potato varietiesincluded in
the official seed program were frequently not popular with farmers, and varieties which were
popular among farmers were not in the seed production program (Crissman, Crissman, and Carli
1993). Similarly, Rwandan farmers gave a high rating to the bean cultivar RWR221, but it was
not offered by the seed agency because of its susceptibility to rust in their low-lying, centralized
multiplication plots — a problem that was rarely encountered in farmers fields which tended to be
on hill slopes (Sperling, Scheidegger, and Buruchara 1996).

Third, budgets for African research agencies have fallen dramatically in recent years following
structural reforms and declining donor interest (Pardey, Roseboom, and Anderson 1991). This
has affected the continuity and productivity of breeding programs and consequently the
development and maintenance of improved varieties. The research and development sector has
also been severely affected by political upheavals. Uganda released several regionally
successful bean varieties in the 1960s, but commodity research programs collapsed during the
1979-86 political unrest and have regained momentum only recently (David 1994).

Private sector involvement in SSA seed systems has been limited by unfavorable policies and the
uncertain political environment. In the early 1990s, Pioneer Hi-Bred International withdrew
investments worth US$54 million in seed research, distribution and oilseed processing activities
in Nigeria, Morocco, Ethiopia, Sudan, Egypt, Cote d'lvoire, Zambia and Cameroon because of
these problems (Theobald 1992; Pioneer Hi-Bred International 1993).

°Cromwell (1990) pointsto aclear distinction in the criteria used by subsistence-compared to more market-
oriented farmers. In the Kenya case, the subsistence farmers wanted the new varieties to provide a wide range of
attributes, including reduced yield variability between seasons, pest and disease resistance, taste, storage qualities,
etc.— not just higher yield. In the post-Green Revolution areas of Pakistan, however, farmers changed varieties
primarily to obtain higher yields (Heisey 1990).
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3.2.2. Seed Multiplication, Processing, and Distribution

Once the formal research and development system develops a genetically improved variety, the
task of the seed system is to multiply and produce quality seeds in bulk for users. Seed
multiplication is primarily a management- rather than a capital-intensive activity. Within the
formal system, multiplication of seedsis commonly a multi-generation process (from breeder to
foundation to certified seed) undertaken over three to five years.

Seed multiplication activities can be organized in a number of ways. The optionsinclude
vertically integrated seed company farms (private or public sector); contract growers, and
smallholder seed bulking farms (Figure 1). There is no single correct and efficient way of
organizing seed multiplication. The choice of organization will depend on local management
capacity, the characteristics of the seed market, and the resulting cost implications. Seed
company farmsthat carry out all stages of seed multiplication at a central large-scale facility can
achieve significant scale and size economies. However, the feasibility of centralized seed
multiplication depends on the cost of serving the market from one location. Public sector farms
have often had problems maintaining control of quality and costs. Using contract growersto
produce bulk amounts of foundation seed from certified seed is less management-intensive than
running a centralized seed farm. It also permits better tailoring of the quantities produced to
meet seed demand, and allows firms to shift some of the production and marketing risk to
contract growers. These types of contract seed multiplication schemes are widely used in many
African countries, often under NGO management. Contract seed multiplication doesinvolve
additional costs, e.g., regular supervision and seed inspection visits must be made over amuch
wider area, and growers must be paid premiums for seed production. However, we know of no
studies comparing the rel ative cost-effectiveness of alternative seed multiplication strategies.

After seed is multiplied it goes through several processing steps. Contaminants and poor quality
seed are discarded, and seed is sized, treated and packaged. These steps maintain the physical
gualities of seed to enhance seed appearance and germination rate, deter seed-borne diseases,
prevent insect infestation, and facilitate planting. In the informal seed system these steps are
carried out by farm households using traditional techniques. Within the formal seed system,
seed processing is a mechanized activity using specialized equipment, facilities, and products.
Seed processing can be an in-house activity for many seed companies, or it can be carried out as
aspecialized activity by processors (Figure 1). The seed processing plant is usually one of the
largest capital investmentsin aformal seed system.

In the formal seed system, seed distribution and marketing involves a number of linked
functions, including logistical operations such as handling and transport, market research,
promotional activities (such as field demonstrations), advertising, buying and selling functions
associated with wholesaling and retailing, and the related facilitating functions of risk-bearing
and financing (Jaffe and Srivastava 1992). Seed distribution and marketing can be carried out by
any or all of the following: government agencies, private seed dealers, or local community-based
organizations, including NGOs (Figure 1).

Seed system performance is often measured by the efficiency of seed distribution and marketing.
Thisis because distribution connects all the previous stages of seed supply with seed demand,
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reflecting both the strengths and weaknesses of linkages between various components of the seed
chain. Seed distribution is also an activity that potential seed users can directly observe and
compare with alternative formal and informal distribution systems. Over-centralization, poor
management and high production costs are common problems in public seed distribution systems
which often lead to losses, late delivery, deterioration in seed quality, and unmet seed demand in
remote areas. Private sector seed distribution is often more efficient, but private firms usually
confine their operations to commodities and areas where there is a strong and assured demand
for seed and profits are likely to be greater.

Seed production costs are afunction of crop biology, the size of the market and the organization
of seed multiplication. Key considerations include:

« Crop biology. The low multiplication rate'® for some crops (e.g., groundnuts) makes seed
multiplication and distribution very expensive, particularly at centralized facilities. For
example, 1 kg of groundnut breeder seed will yield less than 10 kg of seed after one
generation, compared to a 1:100 kg multiplication ratio for maize breeder seed.

» Size of themarket. Smallholders usually demand small quantities of a variety of seeds.
This makes it more difficult for private companies to achieve economies of size and scalein
seed production and distribution.

« Organization of seed multiplication. The technical demands of some types of seed
multiplication and the certification process have encouraged centralization of multiplication
activities. Firmsfocus on afew varietiesto achieve economies of scale and size, but asa
result the diverse needs of the wider group of seed users have not been met. In addition,
certification requirements have effectively discouraged competition in the multiplication of
improved varieties.

These factors will be discussed in greater depth in Section 4.

In summary, amajor challenge facing SSA seed multiplication systemsisto establish
multiplication units that (1) are closer to the market; (2) can produce small quantities of seed for
anumber of different varieties and commodities; (3) have lower seed production costs; and (4)
can produce good quality seed. The primary challenge for the distribution and marketing system
isto make seed available to arange of seed userson time and at alow cost. Meeting these
challenges will require integrating the commercial and development forces that drive formal seed
systems with the versatility, elasticity and sustainability of traditional seed systems. Before we
can derive strategies to address specific constraints, it isimportant to understand how seed
systems develop. In the following section we describe the evolutionary stages of seed system
development and begin to identify potential points for intervention.

The net increase in the quantity of seed produced in one generation.
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4. SEED SYSTEM TRANSFORMATION: A CONCEPTUAL FRAMEWORK
4.1. Stagesin Seed System Transformation

The seed system passes through several phases asit evolves from atraditional system, where all
production and supply functions are carried out by the farm household, to a more complex
system in which many different organizations (e.g., seed companies, seed growers, farmer-based
seed enterprises, seed processors) and legal institutions (e.g., seed standards, regulations,
certification programs) play specialized rolesin the seed supply chain (Douglas 1980; Pray and
Ramaswami 1991; Jaffe and Srivastava 1992; Rusike and Eicher 1997). Table 3 presentsa
stylized representation of the seed system transformation process. The key features of each stage
are summarized below.

« Instagel, theinformal seed system predominates; most farmers save their own seed or
obtain seed from nearby farmers or villages, and the rate of new varietal development and
adoption of new seedsis|ow.

» During stage 2, seeds of improved varieties developed by publicly-financed research
begin to replace local varieties, use of complementary inputs (e.g., fertilizer) islimited but
increasing, and an emerging private sector isinvolved in the multiplication and distribution
of public varieties.

» During stage 3, the private sector beginsto play an active role in research and devel opment,
particularly in developing hybrids and seeds for specialized cash crops. Seed distribution
systems become more organizationally varied and decentralized, and many components of
the mature seed system exist but the supply of seed from the formal sector still ranges from
fair to poor.

* Instage 4, the seed system and the agricultural sector as awhole are well devel oped.
Commercial seed production and marketing are common, effective seed laws and regulations
arein place, linkages with actors outside the seed sector are well established, and the use of
improved seed iswidespread. Box 2 provides a brief overview of the U.S. seed system asan
example of a stage 4 seed system.

As the seed system evolves, advancements in plant breeding and seed processing methods make
it possible to expand seed research, production, multiplication, processing and marketing
functions beyond individual farmers and communities. The rules, regulations, and infrastructure
coordinating the components of the seed system aso evolve to allow organizations to specialize
in different functions of the seed system. The public sector may specialize in basic research and
research on subsistence crops, and in regulating the seed system, for example. The national and
international private sectors increasingly focus on research, production and marketing of seed for
hybrids, speciaty crops, vegetable crops, and commercial food and fiber crops.
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Table3. Stagesin Seed System Transformation

Sage1 Stage 2 Stage 3 Stage 4
Farmer Selection and Supply Introduction of Improved Varieties Widespread Use of Improved Public Advanced Seed System
Varieties and Early Spread of Private
Varieties
TECHNIQUES
Seed Research and devel opment:
a. Varietal Development Farmers experiment; Mass selection Public crop breeding research; Testing of Generic seeds; Both public and private a. Proprietary seeds; Private sector produces
foreign varieties firms produce new varieties and hybrids most new varieties; Public sector does basic
research and development, self-pollinated
and minor crops
b. Seed Technology On-farm seed processing and storage using Seeds of new varieties processed and stored Seed processing and storage are
traditional methods using special techniques at public facilities increasingly sophisticated; These activities, b. Seed processing, storage, packaging and
and seed packaging and marketing, are marketing technologies are asimportant as
increasingly dominated by the private varietal improvement; All seeds used
sector. (purchased and retained) undergo rigorous
and careful treatment, conditioning, and
packaging
Seed Production By farmers; Little or no distinction between Breeders' seed is produced by public Shared roles for public and private research Breeders' seed, basic seed and commercial
seed and crop production research and development organizations; and development organizationsin seed produced by private firms and farmer
Basic seed produced by government farms production of breeders' seed; Private firms cooperatives
or farmers; Commercial seed produced by increasingly involved in basic and certified
government farms, contract growers or seed production
. . __farmers . .
ENVIRONMENT
Marketing and Distribution Farmers' seed islocally traded; Seed quality ~ Distribution by farmers and public and Public and private firms distribute, with the Distribution by private companies and
isuncertain private firms; Pervasive uncertainty about share of private firmsincreasing; Demand farmer cooperatives
seed supply and demand uncertain; Finance difficult to obtain and
risky
Governing Institutions Informal habits, custom Political system capable of enforcing Political system capable of enforcing plant Political system capable of enforcing
property ownership rights breeders rights; Contract law; Trade secrets  intellectual property rights; Plant patent law
laws; Quality control regulations; and trademarks
Quarantine laws
Seed Prices Giftsor in-kind trades Closeto grain prices Private varieties have higher prices Private varieties have higher prices
Signaling Farmer-to-farmer reputation Government seed certification label Certification label and private brand names; Strong proprietary product differentiation
e . . __ Seed company_reputation __with strong reputation effects
COORDINATION
Information about new varieties Other farmers Extension service Other farmers; Extension service; Private Extension service; Private advertising
advertising
Availability of complementary Very limited amounts of fertilizer, some Someirrigation; Fertilizers, some pesticides ~ Fertilizers and other agricultural chemicals Fertilizers and other agricultural chemicals
inputs irrigation available through government channels but available available

__ distribution extremely limited

PERFORMANCE

INDICATORS

Seed productivity Low Moderate High Continually increasing
New variety development Low Moderate, erratic High, more stable High, predictable
Adoption/Diffusion rate Low Moderate, erratic Moderate, rapid High, rapid

Source: Adapted from Rusike 1995; Pray and Ramaswami 1991
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Box 2. TheU.S. Seed System: An Example of the Advanced Phase of Seed System
Development

The structure of the formal seed system in the United Statesis unique. While thereisamix of public and private
sector activitiesin varietal development, most of the seed production and virtually all of the quality control and
distribution activities are undertaken by private companies.

The United States is the world' s largest producer and consumer of commercial seeds, an industry valued at $4.4
billion. Agriculture is advanced, large-scale, commercially oriented and diverse. The most advanced segments
of the U.S. seed industry are hybrid field crops, vegetables, forage, ornamental and forest crops — 100% of
which are supplied by the formal supply system. Y et wheat and soybean, also major crops, have seed
replacement rates of 1ess than 30% and 50%, respectively. Seed replacement for cotton varies from nearly 100%
inirrigated regions of the West and upland cotton areas in South to less than 50% in the high plains of Texas,
where yields are low and farmers minimize costs by cleaning and treating saved seed for planting.

Within the public sector, the U.S. Department of Agriculture, the State Agricultural Experiment Stations, and the
land-grant universities play amajor rolein collecting germplasm and carrying out basic research and varietal
development. Public varieties are still dominant for several self-pollinated crops where most farmers plant
retained seed. Even with the enactment of stronger legal protection for plant breeders’ products, the private
sector has directed little investment toward these crops.

Private sector firms active in commercial seed production and trade are extremely diverse. A few firmsare large
in size and engage in arange of research and development, seed production and marketing activities. Many
firms have multinational and multi-sectoral interests. Another group of firmsis engaged in seed multiplication,
processing, and distribution, but not research and development. A few companies also develop new varieties
and supply parent materials to other seed companies. Many firms are crop-specific and cater to a specific
agroecological region. Some of them acquire licenses to produce specific varieties and also offer public
varieties. Individual certified seed growers multiply and distribute public varieties, and alarge number of
farmers (called brown-baggers) multiply and sell truthfully labeled seed of self-pollinated crops.

Source: Srivastava and Jaffee 1993

Community-based organizations and NGOstry to fill the gap by concentrating on multiplication
and distribution of seed for crops and farmers not targeted by the private sector.

The transformation process described above should not be interpreted as the ssimple linear
progression of anational seed system from an informal to aformal system (Tripp 1995b). Seed
systems for different commodities follow distinct development paths as they move from one
phase to the next. For example, the path for a hybrid maize seed system will be different from
that for millet or cowpea, and those systems may never reach the technical, organizational and
ingtitutional complexity of ahybrid maize seed system in phase 4. The seed system for maizein
the advanced phase (such asin the U.S.) may be composed only of formal seed channels, with
the private sector meeting the market demand for hybrid seed each season. On the other hand,
seed systems for beans, wheat, cowpeas, and groundnuts, even in amature phase, may have all
the components of the seed system depicted in Figure 1, with both formal and informal sectors
playing important roles in meeting the demand for seed.
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We join other authors in stressing the complexity and diversity of the seed sector in each phase
and the dynamic roles of arange of formal and informal seed organizations in promoting the
transformation process (Tripp 1995b; Louwaars 1994). Two points are particularly important:
() the changing (but not necessarily declining) public sector role as private sector involvement
increases in different stages of the seed chain; and (2) the declining (but not necessarily
absolute) importance of the informal seed system as the seed system develops. Past donor and
government strategies were based on a much narrower interpretation of the transformation
process, focusing only on the development of large-scale public and private commercial seed
enterprises and regulatory agencies that promoted the use of certified seeds and hybrids.

Taking the broader perspective of the seed system transformation process (illustrated in Table 3),
we argue that promoting seed system transformation in economies that are at the initial phases
will require increased emphasis on strengthening farmer/community-based and other small
private seed organizations. The government must play a continuing role in supporting seed
system devel opment to assure that the demand for improved seeds from diverse clientsis met.

4.2. Seed Demand and Supply Dynamics

Seed system devel opment can be viewed as a dynamic process of matching the supply to the
changing demand for seeds. On the supply side, this involves strengthening and promoting the
seed supply organizations depicted in Figure 1 and described in the preceding section. It also
involves designing institutions (e.g., seed regulations governing varietal development, release,
and certification) appropriate to existing technical (e.g., type of crop, cropping system) and
environmental (e.g., transportation, market infrastructure) conditions to promote the
development of appropriate seed supply chains.

On the demand side, institutions and programs will influence farmer decisions regarding the use
of saved versus commercial seed. Several factors affect this decision, including: (1) the farmer’s
ability to produce and save seed; (2) the type of crop (self-pollinated, open-pollinated, roots and
tubers); (3) the yield or quality advantage of purchased seed; (4) the cost of seed (purchase price
plus the cost of procuring seeds from distribution outlets); (5) the price and availability of
complementary inputs; (6) the relative price of crops; and (7) the farmer’ s forecast of weather
conditions and output prices (Pray and Ramaswami 1991).

These factors help determine the quantities demanded by farmers from market versus retained
sources. The comparative advantage that different types of seed supply organizations will have
in meeting these demands depends on three factors: the economic status of seed users; crop
biology (e.g., breeding system, multiplication factor, seeding rate); and the market outlook for
the commaodity. In the next section we analyze the economics of seed supply organizationsin
relation to these demand factors.
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4.2.1. Categories of Seed Users and Seed Demand
Three main categories of seed users can be identified in Sub-Saharan Africa:

. Thefirst category of farmers are those who rely heavily on the formal seed system for
their seed consumption. These are large- and medium-scale commercial farmers, usually
located in high potential areas with good market infrastructure, whose main operational
objective is to maximize marketable surpluses.

. The second category is made up of farmerswho rely heavily on retained seeds and
informal farmer-to-farmer seed exchanges. These are small-scale farmers whose primary
goal is satisfying domestic consumption needs but who may also produce for the market.

. The third category is composed of seed-insecure farmers who are forced to consume all
or amajor portion of their harvests because of severe household economic conditions or
external factors (e.g., drought, flooding, disease/insect infestation, war). This group may
sometimes include category 2 farmers, since many subsistence farmers (especially those
in marginal and high risk areas) transit between seed-secure and seed-insecure states
depending on external factors.

Formal seed systems have largely served the needs of commercial seed usersin category one.
Thisis numerically the smallest group, but because of their buying power and political ties they
have historically exerted a strong influence on plant breeding priorities and commercial seed
development in Africa.**

The second and third categories constitute the majority of seed usersin developing countries. In
Africathe second category includes more than 60 million farmers, at least half of the total
farming population (Cromwell, Friis-Hansen, and Turner 1992). Theinformal seed system isthe
major source of seed supply for these groups. Because many seed users have limited cash
resources, are located in areas of limited agricultural potential remote from market infrastructure,
and grow mainly subsistence crops, they are not very attractive to the private sector and public
sector seed organizations have not been effective in supplying seeds to these groups.

Farmersin the third category can be divided into two groups: (a) farmers who are unable to use
seeds saved from their own production or through exchange because of chronic household
economic problems; and (b) farmers who are temporarily seed-insecure because of severe
external conditions such as drought, flood, war. The needs of the temporarily seed-insecure are
frequently met through free seed distributions by government- or donor-sponsored drought relief
programs.

"The most well-known products of this influence are the hybrid maize varieties which emerged from breeding
work undertaken in Kenya and Zimbabwe in the 1950s and 1960s (Gerhart 1974; Rusike and Donovan 1995;
Rusike and Eicher 1997).
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However, there are no special programs to serve those who are chronically short of seed. These
farmers are forced to supplement their seed stocks by purchasing seed from the market. This
category of seed users "turn(s) upside down the stereotype about market-orientation: the poorer
the farmer, the larger is the proportion of his/her seed bought" (Sperling, Scheidegger, and
Buruchara 1996, p. ). The nature of the demand for seed by this group of farmers, however, is
guantitatively and qualitatively different than the demand by farmersin category one
(commercial farmers). While commercial farmers use markets to purchase select genetic
materials, the chronically seed-insecure farmers are forced to accept any genetic material they
can afford (Sperling, Scheidegger, and Buruchara 1996).

Two points about the differences in seed demand among these groups are worth emphasizing
because they have implications for the relative importance of different seed supply
organizations. Thefirst isthe diversity in seed characteristics valued by different groups of seed
users. Large- and medium-scale commercial farmers (category 1) use markets to purchase
genetic materials that are highly responsive to chemical inputs and embody specific
characteristics rewarded by the market. Subsistence-oriented smallholder farmers (category 2)
are more interested in characteristics such as storage quality, taste, and resistance to pests (CIAT
1982; Johnson 1989; and Dougnac and Kokwe 1988 as cited in Cromwell, Friis-Hansen, and
Turner 1992). Tripp notes that “...this argues for more local involvement of (smallholder)
farmersin the varietal selection and seed production process, and less emphasis on the usual
release criteria of distinctness, uniformity and stability..." (1994, p. 17). The stringent release
criteria become important only in the latter phases of the transformation process as more farmers
become commercial producers.

The second point is the diversity in the quantity, variety and frequency of seed demanded by
different groups of seed users. Because of their small landholdings, practice of mixed cropping,
and strategy of minimizing production risks by diversifying the variety base, smallholders
require relatively small quantities of seed, for different varieties of the same crop. They also
recycle seed over more seasons than larger commercial farmers. Smallholders rarely plant all of
their crop area with purchased new seeds. Instead they may purchase small quantities and
multiply enough seeds to meet their requirements for the following season. Surveysin Zambia,
Burundi and Malawi indicate that farmers typically want 5 to 16 kg of maize, bean and
groundnut seed per household (Sperling 1993; Friis-Hansen 1992; Cromwell and Zambezi
1993). Thisisfar below the standard pack sizes available through conventional seed marketing
schemes.™®

2This observation by Sperling, Scheidegger, and Buruchara (1996) was based on bean seed systemsin the Great
Lakes. However, thisrelationship between farmers economic status and dependence on seed purchases may not
hold truein al regions and for all crops. For example, David (1994) found that only few bean farmersin her
sample of two regions in Uganda were chronically seed deficient.

3Some analysts argue that although improved seed itself is arelatively scale-neutral innovation (i.e., not biased
to any particular group of seed users), because of the way they are marketed (e.g., large packet size and limited
availability) and because of the factor bias of some improved varieties (i.e., some need more external inputsto
realize their full potential), smallholders may be relatively disadvantaged in making use of the compl ete seed
technology package (Cromwell, Friis-Hansen, and Turner 1992).
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4.2.2. Seed Biology and the Profitability of Seed Production

Biological and technical characteristics of crops affect the potential profitability of seed
production and marketing for formal sector firms and the importance of formal vs. informal
organizationsin the seed supply chain for a particular commodity. A description of the most
important characteristics is presented in Table 4. They include the seed production method,
sowing rate, multiplication factor, rate of deterioration, and the frequency of purchase
(Cromwell, Friis-Hansen, and Turner 1992). Table 5 summarizes how these biological
characteristics affect the potential profitability of seed production and marketing for commercial
firms.

In general, commercial interest in seed production varies with the technical possibility of
excluding non-buyers from using the products of the firm’sresearch (Table 5). Production costs
follow asimilar continuum, increasing with the complexity of the seed production technol ogy.
Since thereis very little erosion in the yield potential with successive planting of self-pollinated
crops such as wheat, rice, and groundnuts, farmers can reproduce the purchased seed themselves
for future planting. Thus thereis little commercial incentive to produce and market improved
seed of self-pollinated crops beyond supplying the initial demand for new varieties. Informal
seed systems predominate for self-pollinated crops worldwide among subsistence and highly
commercialized farmers.*

For cross-pollinated crops such as maize, sorghum and millet, both formal and informal seed
systems are important. Formal systems of seed supply are important because varieties become
contaminated: the yield potential of successive generationsis reduced unless the seeds are
renewed occasionally. Cross-pollinated crops thus have greater recurrent sales potential than
self-pollinated species. Commercial production of improved OPV s requires controlled
pollination and special care to avoid contamination. Investmentsin labor and management
increase the production cost of OPV seed relative to grain. The higher price of OPV seed
motivates farmers to recycle their purchased OPV seed for more seasons, which reduces profits
and discourages formal sector involvement. Commercial seed companies, instead, tend to
promote the devel opment and use of hybrid seeds of cross-pollinated crops. Hybrid seed
technology offers the perfect technical means for preventing non-buyers from using seed
technology since hybrid yields deteriorate sharply when they are replanted. Commercial interest
in producing and marketing hybrid seed is very high. Hybrids usually have a higher yield
potential but are more costly to produce than OPV's and may be priced beyond the reach of cash-
constrained small farmers.

Another characteristic that affects the relative importance of formal and informal systemsisthe
multiplication rate. Crops with ahigh multiplication factor (such as maize, sorghum and millet)
are easier for the formal seed sector to handle. Fewer multiplications are required to obtain a
targeted amount of seed and, at each stage, there are smaller quantities to process, store and

1 For example, in the U.S., where most seed users are commercial farmers, more than 75% of seed planted for
wheat, oats and rye, and one-half of the volume of seed used for soybean, groundnut and barley production is
farmer-retained (Venkatesan 1994).
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distribute. Farmersalso require arelatively small amount of seed per hectare and subsequently
seed cost usually represents a small proportion of total production costs per hectare. Formal
sector firms can get away with increasing the unit price of seeds with high multiplication factors,
asisevident from the grain to seed price ratios reviewed in Table 4.

On the other hand, grain legumes are characterized by low multiplication factors and high
seeding rates, and these are consequently the least attractive crops for commercial seed
companies. The extreme example is groundnut, a self-pollinated crop with a multiplication
factor less than 10 and a sowing rate of 125 kg per hectare (Table 4). The most economical way
of producing groundnut seed would be to multiply and sell it locally to neighboring farmers
without bagging or certification.

The relative importance of formal and informal systems of seed supply will aso depend on the
availability of new varieties with significant yield and/or quality advantages. Recurrent sales of
improved seed depend partly on the ability of the formal research and development system to
provide a steady flow of new varieties to maintain farmer interest. In addition, the rate at which
new varieties succumb to biotic stresses both in the field and during on-farm storage helps
determine the level and frequency of purchases from the formal seed system by farmers. For
example, wheat and rice are particularly susceptible to insect and disease pests, creating a
demand for pest-resistant varieties as they are released from research systems.

The dominance of various seed supply organizations is also determined by the product market
situation, i.e., whether the crop is for the commercial market or subsistence consumption. The
degree of commercialization determines the nature of demand for seed (e.g., the quantity,
characteristics and frequency of seed demand) and also influences the relative attractiveness of
seed production to different types of organizations. In general, private seed organizations will be
more interested in supplying seeds for crops that can provide arelatively secure and predictable
market than for subsistence crops whose seed demands are unpredictable.

There are other means — legal and policy —which can increase commercial interest in research
and marketing of seeds (Table 5). For example, plant variety protection laws that prevent other
commercial seed producers from marketing seed without a license can provide an incentive for
private sector research. Similarly, improving access to local and imported germplasm can
encourage commercial enterprises to produce and market improved seeds of self- and open-
pollinated crops.
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Table4. Biological Characteristics of Seed Productsof Major Crop Species

Open Pollinated Open Pollinated
Hybrid Maize Maize Sorghum/Millet Wheat Rice Beans Groundnuts
Seed Production Type Controlled No pollination No pollination (control No pollination (control Self Pallination Self Pollination Self Pollination
hybridization (control with with isolation) with isolation)
isolation)
Sowing Rate (Kg/ha) Medium Medium Low High High High High
20 kg 20kg 10kg 100 kg 125kg 100 kg 125kg
Multiplication Factor?® High High High Low Medium Medium Very low
Grain/Seed 1:5 (single cross) NA NA 1:2 1:2 NA 1.2
Price Ratio® 1:3 (three way cross)
1:2 (double cross)
Frequency of Purchase Annual 2 years 3years 4 years 4years Variable Variable
Sectoral & Economic | -Formal system most -Both formal and -High multiplication -Low incentive to -Low incentive to purchase  -Currently low -Currently very low
Implications suitable informal systemsare  rate implies good purchase unless new unless new seed quality incentive to incentive to purchase
-Private firms may important potential for seed quality distinctly distinctly purchase unless -High seeding rate may
focus on serving -Commercialization commercialization, superior to retained superior to retained seeds improved seed attract small-scale private
commercia small-scale, may be slow dueto limited somewhat by seeds -Seed demand now met quality higher than enterprise in the future
medium and large-scale  infrequent seed infrequent seed -Seed demand now met through own production or  retained seed -Demand now met
users purchases purchases through own production  informal sector -Demand now met through own production

or informal sector
-Rolefor public sector
to provide improved
varieties

-Roalefor public sector to
provide improved varieties

through own
production or
informal sector

or informal sector

Source: Adapted from Cromwell 1996
2 The multiplication factor is the net increase in seed quantity produced in one generation. Commodities with high multiplication factors require fewer generations to
produce seed in usable quantities and are more attractive to formal sector seed organizations.
® | ower ratiosimply higher seed production costs.
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Table5. Continuum of Seed Products and Commercial Interest in Seed Supply

Local Improved self- Improved OPVs Hybrids
varietiedland | pollinated varieties
races
Seed Selected and Similar to normal grain | Controlled pollination; | Selective crossing of
production maintained by | production, with seed produced in inbred lines; controlled
technology farmers improved agronomic isolation to prevent pollination between
practices to control contamination selected male and
quality female parents; isolated
seed field
Seed Marginaly Relatively more than Moderately more than Substantially more than
production more than grain production cost grain production cost grain production cost
cost grain
production
cost
Sour ce of Selecting, Seed quality control Labor and management | Time cost in
seed drying, storing cost of controlled identifying and
production pollination developing inbred
cost lines; labor and
management cost of
controlled pollination
and seed quality
control; low net seed
yields
Sour ce of None New varieties with New varieties with Decrease in hybrid
commercial attractive attractive vigor with each
demand for characteristics; characteristics; gradual | successive generation
seed breakdown of pest yield reduction due to
resistance over time contaminationin field
I ncentive for None Very little Moderate High
commercial
seed supply
M easur es Legal protection to Legal protection to Reduction of
that may prevent other prevent other competition from the
increase commercial seed commercial seed public sector
commercial producers from producers from
interest in: marketing without a marketing without a
—Research license (e.g., plant license (e.g., plant
and variety protection laws) | variety protection laws)
development
— Seed Easier accessto Easier accessto Deregulated seed
production improved varieties improved varieties markets
and (e.g., fromloca public | (e.g., fromloca public
marketing sources or imported sources or imported

public/private)

public/private)
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4.2.3. Seed Demand Factors and Supply Responses from Different Organizations

The diversity among seed users, in seed biological characteristics, and in the potential for
commercialization implies the need for adiverse set of seed supply organizations. The seed
supply system can be conceptualized as a continuum of seed organizations ranging from formal
large-scale, multinational seed corporations to parastatal seed companies, NGO-supported seed
networks, informal farmer seed exchanges and farmer-retained seed. Any one organization will
not meet all seed demand, but together they can meet the needs of various users for different
types of seeds. Public, private and non-governmental organizations have distinct comparative
advantages in performing various activities within the seed chain and in supplying seeds of
different types and commercial potential to various categories of seed users. The supply
responses from different organizations to the demand factors and characteristics discussed in the
previous section are summarized in Table 6.

The commercial sector isinterested in profits. Itsfocuswill be on those types of seed for which
there is effective demand, a predictable market in terms of volume and frequency, and which are
profitable, such as hybrids and other commodities requiring regular purchase of seed (Table 6).
Public sector seed organizations usually have a mandate to serve a broad range of seed users,
particularly those less able to buy seeds from commercial dealers. They may offer a wide range
of seed types, including those that are relatively costly to produce (e.g., seeds with low
multiplication rates such as groundnuts) and/or which have arelatively low value (e.g., self-
pollinated crops such as beans, rice, etc.). They may also need to deliver emergency suppliesto
seed-insecure farmers in remote and marginal areas.

Farmer cooperatives, NGO seed networks and individual producers supply seeds of cross- and
self-pollinated crops to subsistence and seed-insecure farmers. However, the most important
source of seed for subsistence smallholdersis farmer-to-farmer seed exchange and farmer-
retained seed.

African seed supply organizations have not been able to effectively meet the needsin all the
niche markets identified in Table 6. Unfortunately, substantial effort and resources have been
spent in the past trying to replace the informal with a public sector-dominated formal system,
rather than recognizing the strengths and defining the roles of arange of formal and informal
seed organizations within the seed system.
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Table 6. Supply Responsesto Types and Sour ces of Seed Demand

Demand Characteristics of Demand Supply Response
Demand by Seed Use Types Effective Frequency of purchase
Demand
Poverty alleviation No Seasonal/periodic Non-market solutions,
possibly markets (e.g.,
seed vouchers)
Emergency program No Periodic Non-market solutions
(e.g., government, NGOs)
Renewal of variety Yes Periodic Market (small-scale
enterprises), non-market
(free distribution of
samples), farmer
retention
Commercialization Yes Seasonal Commercia large-scale
enterprises
Demand by Seed Technology Types Volume Frequency of purchase
Hybrids High/ Seasonal Commercia large-scae
low? enterprises
OPVS
— High sowing rate (e.g., maize) High Periodic Small-scale commercial
enterprises
— Low sowing rate (e.g., sorghum, Low Periodic Government, NGOs,
millet) markets
Self-pollinated (Inbred lines)
— High sowing rate (e.g., groundnut) High Rare Small-scale commercial
enterprises
— Low sowing rate (e.g., rice, wheat) Low Rare Government, NGOs,
markets
Special seed characteristics (e.g., difficult High/ Seasonal Commercia enterprises
to store, disease risks, forage crops) low

Source: Adapted from Tripp 1997

*The hybrid seed market is attractive to private enterprise because farmers must purchase seed annually; whether
high or low volumes are purchased is less important.
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5. STRATEGIESTO PROMOTE SEED DEMAND AND SUPPLY LINKAGES

The challenge facing policymakers and administrators is to efficiently link the formal and
informal organizations that make up the seed supply system to supply both market and non-
market demand for seed. To derive strategies that promote linkages between seed demand and
supply, we first conceptualize the demand and supply of new seed as a function of the quality
(both genetic and physical) of new seed and the cost of supplying it through formal channels
(Figure 2).®

New seed supplied by the formal system costs more to produce than farmer-retained seed.
Formal sector costs include charges for research and development, seed multiplication, quality
control, transportation, and establishing coordination mechanisms to vertically link the supply
functions of the seed chain. The cost of new seeds supplied by the seed system is depicted in
Figure 2 by theline SS’, and is higher than the cost of retained seeds, C'. We assume that the
new seed is of better quality (reflected in higher yields, pest resistance, and/or other desirable
characteristics) than the retained seed. SS’ declines because we assume that the cost of
supplying new seeds decreases with improvements in seed quality, i.e., higher yields will
generally mean lower costs of seed multiplication.

BThe analytical framework of supply and demand conceptualized here is different from the standard
representation of demand and supply as functions of price and quantity. The standard representation conceptualizes
the response of quantity demanded and supplied of a product to changes in its own price, holding constant the
money income and price of other goods in the case of the demand curve, and the input costs in the case of the
supply curve. Thus, in the standard analysis, the quantity demanded decreases with the price, and quantity supplied
increases with the price of agiven product. In this analysis, the demand for seed is conceptualized as asimple “yes”
or “no” decision problem faced by seed users: whether to purchase quantity x of improved seed or use x quantity of
retained seeds from the previous harvest. The user response is depicted in Figure 2. The seed user iswilling to pay
more for improved seed when the marginal cost is compensated by an increase in seed quality, such that the net
return from using x quantity of improved seedsis at least equal to the net return from using x quantity of retained
seeds. Thiswillingnessto pay price is compared with the cost charged by the formal seed system for improved
varieties. In reality, decisions faced by seed users are multi-dimensional and include the quantity of seeds (ranging
from 0...x) and the frequency of purchase, both of which affect the cost and ability of the seed system to supply
seeds of improved varieties. Theoretical and empirical analyses of the demand and supply of improved seeds,
incorporating the various complexities of seed and the seed system, are generally lacking in the literature. A few
studies have analyzed the demand for improved seed as a single-period portfolio allocation problem between
traditional and improved varieties (Herath, Hardakar, and Anderson 1986); as affected by the adoption of
complementary inputs (Feder 1982); and as along-term decision making problem, involving the demand for
replacement seed and the optimal frequency of seed purchase (Heisey and Brennan 1991). The latter study provides
an analytical model of the demand for replacement seed and an excellent discussion on the factors determining
farmers' demand for replacement seed.
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Figure 2. Seed Users Willingnessto Pay (Seed Demand) and the Seed System’s
Supply Cost in Relation to Seed Quality

Seed users’
p’,Willingness to
pay price

Seed cost/price

Ch-- -
cl P T . g’ Seed system’s
: : supply cost of
improved seed
C*n ___________________
Costof (|- _
re('::inoed C D:
seed :
¢ < Q Seed quality
Quality of

retained seed

The effective demand for new seed from market sources will depend on seed users’ willingness
to pay for the higher cost of the new seed, which is sensitive to both seed quality and price. As
illustrated in Figure 2, seed users’ willingness to pay a higher price (cost) for anew seed, DD’,
increases with the quality of seed supplied by the seed system, since better quality seed trandates
into greater production or a higher price premium for the output. Since seed users have the
option of using retained seeds of quality Q' at acost of C', the seed system must supply new seed
which is clearly superior in quality to retained seed to induce seed users to purchase seed at a
higher price not exceeding C'. Given the cost structure shown in Figure 2, the new seed supplied
by the seed system must be of quality Q" or higher to motivate farmers to incur costs higher than
C" but not exceeding C". There will be no market demand for new seed of lower quality (Q")
since seed users would rather use retained seeds than pay the price at which the seed systemis
able to supply the seed (C"), sinceit is higher than their willingness to pay (C™) (Figure 2).

Different strategic responses are possible to promote linkages between the supply and demand
for new seed. These can be divided into three broad groups:
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. Supplying better quality seeds. Asshown in Figure 3A, seed userswill be willing to
purchase new seed if the quality of new seed Q" is at least of level Q*;

. L owering the cost of supplying new seeds. Figure 3B shows that given the quality of
new seeds Q" seed users will be willing to purchase new seeds if the cost/price declines
from C" to C™. Thisinvolves shifting the supply curve SS’ to SS’’; and

. Increasing seed users' willingnessto pay for new seeds. One strategy to link the
demand and supply scenarios (shown in Figure 3C) isto shift the seed users’ willingness
to pay upward from DD’ to DD'’. Potential policy and program actions corresponding to
each of these strategies will be discussed in the next section.

5.1. Strategiesto Enhancethe Quality of Seeds Supplied

Strategies to improve seed quality must begin with strengthening the public agricultural research
and development sector on along-term, sustainable basis. Developing new varieties that have
significant yield/quality advantages over traditional varietiesisimportant to offset the increased
costsincurred by farmersin purchasing seed and/or other inputs. Successful examples of such
varieties include the semi-dwarf wheat and rice varieties that triggered the Asian Green
Revolution, flint hybrid maize in Malawi, CSH-1 hybrid sorghum, and the MBH variety of pearl
millet in India. These new varieties yielded significantly more than traditional varieties, making
it profitable for farmers to purchase and use the new seed.

The challenge for the agricultural research and devel opment sector is not only to develop new
varietiesto replace traditional varieties, but to continue to supply improved and better quality
varieties over time to offset the genetic decline caused by the evolution of biotic stresses. Some
authors suggest that society may place a higher value on avoiding a disease outbreak than
individual users. If so, it may bein society’ s interest to promote rapid varietal replacement by
subsidizing the costs of developing better quality varieties to avoid mass infestations and food
shortages (Heisey and Brennan 1991).

Developing linkages with international and other national research and devel opment centers,
identifying promising germplasm, and conducting multi-location trials to generate information
on the performance of germplasm in different environments are critical activities to strengthen
the national research and development sector’s ability to develop improved varieties. 1t will be
especially important to build the capacity to move from homogeneous seed recommendations to
the development and dissemination of varieties targeted to specific agroecological zones and
groups of farmers. To facilitate this process, target groups should be defined more precisely,
zoning of breeding plots and field trials should be improved, and management incentive systems
should be devel oped to reward researchers and extension agents when new technology is
adopted by target groups.
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Figure 3. Strategic Alternativesfor Linking the Demand and Supply of Improved Varieties
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Even with the measures described above, there will be cases where new seed quality is better
than farmer-retained seeds of specific crops, but is still lower than the quality for which farmers
arewilling to pay (i.e., seeds whose quality level falls between Q" and Q" in Figure 3A).
Disseminating seed directly to farmers so that they are absorbed in the traditional system of seed
supply may be amore effective strategy than trying to supply it through the higher-cost market
channels (if it will not be purchased by any seed users). A number of studies suggest giving
farmers earlier access to breeding material, encouraging them to visit research stations and make
their own selections (Galt 1989; Sperling, Loevinsohn, and Ntambovura 1993). Others propose
expanding farmers’ role in plant breeding by allowing them to do mass selections on local
landraces (Berg et al. 1991; Worede 1992).

5.2. Strategiesto Lower Seed Costs

An important way to reduce the cost of seed production and distribution (Figure 3B) isto
promote the production of different seed commodities by seed supplierslikely to have a
compar ative advantage in producing them. Asdiscussed in the previous section, seed users
are not a homogenous group. Willingnessto pay for new seeds will vary with the economic
status of seed users. Similarly, the cost of seed supply varies with the type of seed organization.
Seed demand from different users can be met by promoting a range of seed organizations with
comparative cost advantages in supplying seeds of distinct commodities to different groups. For
example, multinational seed companies can meet the seed needs of large-scale commercial
farmers whose quality requirements and willingness to pay are higher than smallholder farmers.
The seed needs of the latter group can be met more effectively by small-scale firms or
community-based seed multiplication and distribution schemes such as farmer seed groups and
cooperatives.

Strategies for promoting the local private sector in the seed system include: (1) decentralizing
seed multiplication and distribution by providing financial and technical assistance for
community-based seed production and sale; and (2) broadening the network of sales agents by
making market vendors, stockists, individual farmers, and farmer associations delivery points for
public and private seed enterprises.

5.2.1. Decentralization of Seed Production and Marketing

Decentralized farmer-based seed enterprises have several major advantages over more formal
centralized operations. Seed production costs are low, seed is available to farmers at the right
time, users can purchase the quantity of seed desired, and seed producers are well-informed
about the seed and varietal characteristics valued by farmers. However, there are severdl
technical limitations which hinder the performance of the informal seed system. These include:

. The erosion of seed quality dueto poor seed selection and storage facilities.
Although farmers are clearly aware of the relationship between the physical properties of
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seed and germination, they are less knowledgeable about the relationship between seed
and plant health and of disease transmission through seed (David 1994);

. Difficulty in maintaining sufficiently clean seeds, i.e., recognizing and eliminating
weed species; and

. Reliance by farmer-based seed enterprises on retained seed from previous harvests
and lack of accessto higher-yielding improved varieties from the formal sector.

NGOs working in collaboration with public and for-profit organizations can improve the
technical quality of decentralized seed production and marketing. We found several examples of
new farmer-based seed enterprises facilitated by NGOs where farmers were trained in seed
multiplication, provided with foundation seed and technical advice, and were responsible for
marketing their seed. Ghana has mounted a network of such small-scale seed enterprises for the
multiplication and marketing of improved maize seed with assistance from the government,
CIMMYT and Sasakawa Global 2000. The network meets about 10% of maize seed needs
(Wiggins and Cromwell 1995).

Farmer-based seed enterprises are increasingly involved in producing and distributing improved
bean seed in many countries. Since 1994 CIAT’ sregional program has supported efforts by
farmer groups in Ugandato produce bean seed on a commercial basis (Box 3). These enterprises
produced more than 3 tons of bean seeds from 1993-96, with all seed sold locally at two to three
times the price of grain (David 1997). The success of these farmer-based seed enterprises will
depend on building strong local demand for quality seeds to make entrepreneurs’ investmentsin
establishing the seed enterprise worthwhile.

Recent technology devel opments have al'so made it cheaper and easier for farmer groups to
propagate improved tuber crops. Mini-sett technology developed by the International Institute of
Tropical Agriculture (IITA) has facilitated the emergence of small seed yam producersin
Nigeria. Farmers can grow seed yam from mini-setts (thin slices of yam) in one season and sell
the planting material the following season. Improved varieties of cassava can be disseminated in
asimilar way. Each farmer can be given afew parental stalks of cassavato plant on a portion of
thefield. Inthe next season he can harvest enough improved cassava planting material to cover
alarger area (Venkatesan 1994).

5.2.2. Improving Infrastructure
Key to reducing seed production and distribution costs is the improvement of transport and

information infrastructure to lower the risks and transactions costs of doing business in the seed
sector. In addition to renewing road and rail networks, improved extension programs and market
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Box 3. Developing Farmer-based Bean Seed Enterprisesin Uganda

Initiated in 1993 with the support of CIAT'sregional bean program in Eastern Africa, this
pilot project was designed to explore alternative systems for the organization, production and
distribution of bean seedsin Uganda's Iganga District (David 1994). The promotion of
farmer seed enterprises was used as a strategy for: (1) distributing improved varieties; (2)
increasing the long-term adoption of improved varieties; (3) involving farmersin the selection
of improved varieties; and (4) ensuring a supply of better quality seed of local varieties which
could contribute to the preservation of genetic diversity.

A group of 15 farm households has been involved with seed production since 1993. A major
problem faced by these seed enterprises is seed marketing. Seed issold at 3-6 times the price
of local grain to recover costs. The seed farmers association promotes the seed through word
of mouth and has explored sales through markets, house-to-house visits and clinics.

However, sales have been slow. Seed growers attribute this to the perceived high price of
seed and buyer concerns about the marketability of one of the new varieties, which isan
unfamiliar seed type. David (1994) lists severa lessons from this project, including: (1) avoid
grants and require farmers to make some level of financial commitment to ensure maximum
commitment to the undertaking; (2) consider the first few seasons as a market trial,
multiplying small quantities of seed (e.g., 10-20 kg per variety) and limiting investmentsin
equipment, etc.; (3) avoid high risk production environments at the research stage; and (4)
train before seed production begins, especially when indigenous knowledge about seed health
Islimited.

information systems that include seed can reduce the cost of getting reliable information about
new varieties to farmers. The same channels can be used to provide information about farmer
demand to seed suppliers.

5.2.3. Revision of Seed Regulations

One of the major challenges ahead will be to revise seed regulations in away that facilitates the
development of a heterogeneous, competitive group of seed producers while protecting the rights
of all seed producers and consumers (Tripp 1995a, 1995¢c; Gisselquist 1996). Agreements that
grant monopoly rights for all varieties devel oped through publicly-funded research to a seed
parastatal dampen the incentive for private sector involvement in seed production and marketing.
Other regulations that discourage farmer-based seed production include stringent variety release
procedures, plant breeder’ s rights and plant variety protection laws. For example, compul sory
certification constrains the multiplication and distribution of some seed types, e.g., open-
pollinated maize and sorghum, whose low seed yields and profit margins cannot absorb the costs
of stringent and frequent inspections needed to comply with certification standards. Removing
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compulsory seed certification and restrictive trade licensing requirements would permit the
production of quality seed by smallholders and sale among neighboring farmers. Seed
companies could more easily involve smallholders in contract seed production.

Most analysts concur that current seed regulations often use inappropriate standards, do not offer
opportunities for farmer and seed producer participation, and are not sufficiently transparent
(Tripp et a. 1997). For example, numerous unofficial changes in the statutory instruments
affecting the seed system, compulsory seed certification for all crops, and deep budget cuts that
have made it difficult for public seed agencies to carry out regulatory functionsin atimely way
have discouraged the development of seed systems for open-pollinated maize, groundnut and
sorghum in Zimbabwe (Rusike, Howard, and Maredia 1998).

Thereis growing consensus that seed regulatory reform is a fundamental requirement for the
establishment and growth of alternative seed organizations. The particulars of the reforms (e.g.,
whether variety registration and seed certification should be mandatory/voluntary, whether plant
varieties should be protected or not) are highly debated in the literature, however. Several
general principles of seed regulatory reform emerge from our review:

. The formulation, management and implementation of regulatory framewor ks must
be based on the broader participation of state, commercial and local entitiesin the
process,

. Seed regulatory reforms must recognize and respond to the heter ogeneity of the

farming population. Regulations established for commercial agriculture may be
detrimental to subsistence farmers or inadequate for community level seed activities; and

. Regulatory reforms must provide sufficient flexibility to encour age the expansion
and diversification of national seed systems (Tripp et a. 1997).

5.2.4. Targeted Assistance to Seed-insecure Groups

Carefully targeted public assistance may be the only solution to reach seed users whose
willingness to pay for any seed isvery low or even zero (Figure 3B), asin the case of chronically
seed-insecure farmers or farmers affected by disasters. The provision of free or nominally-
priced seed is one strategy to reach these groups of seed users. For many self-pollinated and
subsistence crops, the key challenge is providing farmers with seeds of new varieties that they
can then maintain themselves. Subsidies can be used to initially disseminate new varieties which
can then be distributed through traditional channels. In cases where thereis unlikely to be strong
and consistent demand for seed in the foreseeable future, the free distribution of small quantities
of seed to select farmers may be more cost-effective than attempting to set up aformal and
permanent seed infrastructure (Grisley and Shamambo 1993) (Box 4).
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5.3. Strategiesto Increasethe Demand for New Seeds

Strengthening public and private extension programs to increase farmer knowledge about new
seed and transmit information about farmer preferencesto researcherswill help increase the
demand for new varieties. Developing other technologies to improve on-farm seed production
(such as the yam mini-sett technology described above), and initiatives that improve post-harvest
product utilization, expand output markets, and lower production risks are also important. Seed
users will pay more for new seed if their expected returns from planting the seed are higher
because of lower risks and/or increased revenues (Figure 3C). Thus, measures to strengthen the
downstream sectors of the economy are as important as improving the seed system itself.

Farmer demand for seed is aso affected by the policy environment. For example, in 1993 the
demand for hybrid maize seed in central and northern Nigeriawas lower than expected. Farmers
said they were influenced by rumors that the government would import large quantities of maize,
depressing local maize prices. Asaresult they curtailed their purchases of hybrid maize seed
(Venkatesan 1994).

Box 4. Non-market I ntervention in the Bean Seed Market in Zambia

Theinefficiency of public seed firms and the reluctance of large-scale private seed firmsto
enter the market for a self-pollinated crop that is dominated by small scale farmers
necessitates alternative solutions to the dissemination problem if small-scale farmers are to
benefit from new, higher-yielding varieties. The non-market approach adopted by the
agricultural research stations in the Central and Northwestern Provincesin Zambiaillustrates
a successful approach for disseminating a newly released variety of Carioca bean to
smallholder farmers. Under this project, in 1987 four hundred farmers over awide areawere
each allocated two kilos of Carioca seed free of charge. The objective of the project was to
introduce the cultivar in the hope that farmers would retain and multiply the seed for future
use if they found it to have acceptable characteristics. Once the seed had successfully entered
farmers normal seed dissemination channels, there would be no need for subsequent
introductions.

A follow-up survey of 64 of the 200 participating farmersin 1989 indicated that 35 of the 55
farmers who produced beans in 1989 were planting Carioca; 36% of the surveyed farmers
total bean land area was cultivated with Carioca; and Carioca was given away 79 times and
sold in markets 48 times. These results suggest that the non-market approach for introducing
new seed variety may have been successful, and the cost — US$792 — was not prohibitive.

Source: Grisley and Shamambo 1993




6. IMPLICATIONSFOR FARMERS, GOVERNMENT, AND THE PRIVATE SECTOR

Increasing SSA farmer access to improved varieties is critical in the face of evolving biotic
stresses and the urgent need to increase food production. Recent advancesin breeding and
genetic engineering are accelerating the pace of varietal improvement worldwide and offer
tremendous opportunities for increasing yields and food security. One challenge will beto
increase investments in research and extension organizations to ensure that African farmers and
consumers reap the benefits of these innovations. A second major challenge will be delivering
the fruits of current and future genetic and seed technological improvementsto all groups of seed
usersin SSA.

Past donor and government efforts to improve African seed systems were based on a narrow
view of the transformation process, focusing on the development of the formal sector. These
organi zations promoted the use of certified seeds and hybrids but were unsuccessful in building
demand from the smallholder sector. By contrast, most of the studies we reviewed in this paper
stress the complexity of each phase of seed sector devel opment and the dynamic roles of arange
of public, private, formal and informal seed organizations in meeting smallholder needs and
facilitating the transformation process. There are three key points.

1 During transformation, the importance of the informal seed sector will decline
relatively (but not necessarily absolutely) as the seed system evolves.

2. Building horizontal linkages between the informal and formal sectors at each
functional level (e.g., research and development, seed production in Figure 1) isa
critical step in facilitating transformation.

3. The public sector hasa vital roleto play in the transformation process.
Several conditions are necessary to facilitate the supply of improved seed to smallholders.

. The seed system should supply reasonably good quality seed (but not necessarily
certified seed) of both improved and landrace varieties.

. Seeds must be produced at alow cost and sold at a price that competes favorably with
grain. Thiswill mean encouraging a plurality of organizations of different scales, sizes
and scope to serve multiple types of seed users and crops.

. The seed system should be capable of supplying small quantities of diverse varieties of
seed to match local demand. Thiswill entail aiding the development of farmer-based
seed enterprises, promoting farmer-to-farmer seed trading, and creating programs that
help new and existing farmer-based enterprises gain access to improved germplasm.
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In the following sections we turn to a discussion of the roles and alternative policy, program and
investment actions that can be taken by farmers, government and the private sector to improve
seed system effectiveness.

6.1. Role of Government

The government has a critical role to play in four areas.

1. Providing public goods that are essential to the functioning of both formal and informal
sectors, including research targeted to crops and farmers that are of less interest to the
private sector;

2. Developing and enforcing regulations for a heterogeneous seed system,;

3. Facilitating formal-informal sector linkages at different functional levels, including the

promotion of new, more specialized private firms; and
4. Distributing seed or seed vouchers following disasters.

Publicly-funded research and extension activities that test the performance of available seed
products (both public and private) in multi-location trials and widely disseminate the results are
an important way to help farmers make informed decisions about improved varieties. One way
that information can be transmitted to seed usersis for formal sector seed packagesto carry
labelsin local languages indicating the name of the variety, number of daysto maturity,
resistance to disease, yield, cooking time, and other important characteristics. Extension agents
can also play an important role in compiling information on seed user preferences and the
local/traditional seed channels used by them for public and private sector researchers.

Public research and extension agencies aso need to consider how to (1) assist seed-insecure
subsistence farmers who may be unable to purchase seed through the market but could benefit
significantly from access to varieties with improved drought and disease resistance; and (2)
better identify and distribute improved varieties of smallholder crops for which thereislittle
commercial interest. For crops/regions where there is currently no commercial seed market,
disseminating seed directly to farmers so that they are absorbed into the traditional system of
seed supply may be a more effective strategy than trying to supply it through the higher-cost
market channels, if potential users are unlikely to be able to afford them. Free distribution of
seeds to introduce new varieties, plants and agricultural inventions wasin fact an
institutionalized program in the U.S. in the early nineteenth century and continued for almost a
century until 1923 (McDonald and Copeland 1997).

Government also has an important role in overseeing the distribution of seeds for disaster relief.
Poorly targeted seed relief programs can hamper seed markets by competing with commercial
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Box 5. Thelmpact of Free Input Distribution on Malawi’s Commer cial Sector

Malawi has an active private sector that is marketing both fertilizer and seeds. However, to alleviate the effects
of drought during the 1995-96 agricultural season, the Government of Malawi instituted a Supplementary Inputs
Program (SIP) to distribute free fertilizer and seeds to smallholders in selected regions through the Agricultural
Development and Marketing Corporation (ADMARC), aparastatal. SIP was designed to reach about 40% of
smallholdersin the country. Animpact assessment by Abt Associates (Chakravarti 1996) indicates that the free
distribution of inputs during the 1995-96 season displaced commercial sales, affected prices, and discouraged
some entrepreneurs from entering trading activities.

Free fertilizer distributed under SIP represented 14% of total fertilizer use during the 1995-96 season. In
contrast, the hybrid maize seed distributed free constituted 51% of total consumption. The combined sales of
two commercial companies that produce and distribute hybrid maize seed declined from 5,308 MT in 1994-95 to
3,770 MT in 1995-96, suggesting that free distribution through SIP absorbed some of the potential retail
demand. In SIP areas where free fertilizer and maize seeds were distributed, about half of the traders (who were
mostly grocery store owners who had diversified into input trading) reported that SIP had a significantly
negative impact on prices and sales. Many had unsold seed stocks at the end of the season. On the other hand, a
small proportion of traders reported that the SIP seed distribution had a positive impact on their 1995-96 seed
sales because of the small quantities distributed and the new interest generated in hybrid seed. Similarly, some
traders felt optimistic that the free distribution of fertilizer to first-time users would generate future demand. A
large number of traders stated that SIP had deterred them from starting fertilizer and seed marketing activitiesin
1995-96 season, however.

Source: Newsbriefs 1996

channels, however. For example, in Zambia during 1995-96 three programs operated at cross-
purposes in the same areas. Zambia Seed Company tried to sell maize seed for cash through
district-level distributors, the Program Against Malnutrition distributed maize seed to be paid in
kind at the end of the season, and other NGOs and the Ministry of Agriculture, Food and
Fisheries gave maize seed away for free, sending mixed signalsto farmers. Similar problemsin
Malawi are described in Box 5. Where seed markets exist, seed aid should be monetized by
distributing seed vouchers rather than providing seed directly to users (Gisselquist 1996;
Rohrbach and Mutiro 1996). The government can also facilitate the devel opment of small,
private and farmer-based seed enterprises by providing low-interest finance, technical assistance
and access to publicly bred parent materials and other varieties.

6.2. Roleof Farmers

Farmers need to be better integrated in every aspect of the seed system: as active participantsin
seed research and release processes, vital links in seed production and distribution through
farmer-to-farmer seed exchange networks, independent seed entrepreneurs producing seed for
the local market, and as contract seed producers and informed agents/seed traders linked with
other private and public seed companies. Case examples from Senegal, The Gambia and
Rwanda summarized in Box 6 demonstrate how increased farmer participation can improve seed
selection and production methods.

37



6.3. Roleof NGOsand Private Sector Firms

NGOs have traditionally distributed relief seed after emergencies and functioned as a seed sup-
ply of last resort for farmers unserved by the public and for-profit private sectors. More recently,
NGOs have a so begun strengthening the informal seed system, providing atechnical liaison
with national and international research systems, educating farmers on better seed selection,
storage and processing, and providing technical and financial assistance to rural seed enterprises.
This support has increased farmer access to improved varieties following the contraction of
government-sponsored research and seed supply services. Two cautions arein order. First,
because many NGO programs are temporary, providing incentives and funding for permanent
research and extension systemsto link with smallholder organizations directly would be better
than relying on NGOs to provide the connection. Second, a more careful analysis of the
economics and sustainability of the smallholder seed firms being promoted by NGOs is needed.

Training new seed producers and reducing the cost of doing business for formal and informal
seed sector participants can significantly reduce the costs of seed production and distribution.
For example, several NGOs in Zimbabwe and Zambia (CARE, ENDA, COMMUTECH), in
partnership with the public extension service, are helping small and large scal e seed

organi zations reduce the transactions costs of dealing with smallholder seed producers, rural
shopkeepers and rural clients by (1) providing links to national and international research centers
for information and seed of appropriate varieties; (2) training and supervising farmersin seed
production, selection, storage and marketing; (3) providing basic training in seed business skills
and bookkeeping to rural shopkeepers who are potential agents for formal sector seed suppliers,
and (4) providing working capital for input stocks and aggregating ordersto befilled by large
input supply companies (Rusike, Howard, and Maredia 1998). The government and donor
community should support these activities but also ensure that new seed firms do not grow
dependent on subsidies. The CARE AGENT program in Zimbabwe, for example, identifies and
trainsrural traders and initially guarantees credit for input stocks, but “graduates’ tradersto
regular supplier credit as quickly as possible.

A review of NGO experiences in seed activities by Wiggins and Cromwell (1995) suggests that
NGOs have played an important role in providing seed aid following disasters and in filling the
market gap by supplying seeds of food staples in remote and neglected areas of developing
countries. However, in doing so, they have mainly copied the formal sector organizational
structure and methods which do not necessarily make economic sense (Tripp 1994). A key issue
for NGOs is the sustainability of these efforts given their high cost and heavy reliance on
government and donor funding. A number of the studies we reviewed concluded that NGOs can
make a greater contribution by supporting the development of small-scale local seed production
and distribution enterprisesin rural areas, instead of becoming the core of the seed system
themselves (Wiggins and Cromwell 1995; Tripp 1994; Gisselquist 1996; Cromwell 1992b).
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Box 6. Using Farmer Participation to | mprove Seed Selection and Production
1. The On-Farm Seed Project in Senegal and The Gambia

The On-Farm Seed Project (OFSP) in Senegal and The Gambia uses afarmer participatory approach to improve
smallholder production of rice seed and food grain. The project began in 1987 as a collaborative effort of
USAID, Winrock International, U.S. NGOs, the Peace Corps, and Mississippi State University. The innovation
in the OFSP approach istwo-fold. First, specific interventionsin the local seed systems are based on
information gathered in the field. Second, the program focuses on improving farmer systems of seed selection,
production, storage and distribution. Through training and demonstrations, OFSP helps farmers learn how to
improve the techniques they have been using for centuries. In the process, they learn about new varieties and
technologies, share indigenous knowledge and skills, and are challenged and encouraged to review and revise, if
necessary, their assumptions about and criteria for selecting, producing, and storing seed (V enkatesan 1994,
Osborn 1991).

The focus of the project isrice. New varieties of rice from the research system were given to farmers for on-
farm trials (without subsidized fertilizers or other inputs). Extension agents provided advice on seed selection
and storage. Sincerice isa self-pollinated crop, maintaining varietal purity is not a problem. The project has
resulted in the increased availability of good quality, low-cost seed across awide area. However, amajor
concern is the sustainability of NGO efforts due to the expense and skilled resource-intensive nature of farmer
participatory research.

2. Farmer Participatory Research in Rwanda

The story of women farmers' participation in the bean breeding and selection process adopted by CIAT and
ISAR in Rwandaillustrates a successful application of the participatory selection approach. Instead of aformal
selection process in which farmers test a set of 2-5 varieties chosen by breeders on their farms, this participatory
approach was based on: (1) expert farmers’ evaluation of researcher-managed multi-locational trials of about 30
varieties and; (2) farmer selection of varieties for testing on their own fields. Groups of 10-20 expert farmers
(identified by their communities) were invited to research stationsin their region to evaluate on-station plots at
the flowering or pod formation stage and again at maturity. At each stage they were asked to rate the varieties
on ascale of oneto five. At the end they could select two to three varieties to take home for testing. These
selected varieties were tested according to their usual local methods, including manure, soil type, and planting
density treatments. The only requirement was to use alocal “check” to be placed in an adjacent plot under the
same conditions.

The results of this breeder-expert farmer partnership in selecting bean varieties were quite promising:

(1) 75% of the varieties selected by farmer experts were grown again the next season; (2) Bush varieties selected
by farmers over four seasons of trials performed better than their own local mixtures 64-89% of the time. The
farmer-selected varieties also produced substantially more beans, with average production increases as high as
38%. In comparison, breeder-selected varieties outperformed local mixturesin 34-53% of the trials, but
production increases were not significant; and (3) The 21 cultivars selected by expert farmers had on average a
71% chance of being grown six seasons later. This compared with a 61% chance for the single most popular
variety ISAR had previoudly released. Asaresult of the success of the farmer participatory approach, bean
breeders released 10 new varieties in three years compared to one variety every two years before the approach
was adopted by ISAR.

Source: CGIAR 1994
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6.4. Emerging I ssues

Developing a seed system based on greater integration, broader participation, and decentraliza-
tion is an attractive concept but raises several issues (Tripp 1995a). Thefirst concernisthe
potential risk posed to small-scale seed entrepreneurs if seed stocks go unsold. Mechanisms for
assessing the potential demand for seed and protecting the seed seller against the liability for
unsold stocks need to be explored.

A second issue involves the regulatory role of the government in an increasingly decentralized
seed system. Key questions include: how will farmers be assured of the seed quality? How can
seed enterprises and farmers be assured that their contracts will be honored? Strategies
emphasi zing decentralization must be followed by strong and clear-cut liability proceduresto
prevent deceptive and fraudulent practices that may otherwise prevail with local and
decentralized management of seed activities.

Third, the participatory approach will require an increased investment of farmer time and skills.
The degree to which farmers are willing to invest thistime is unclear. In addition, the success of
astrategy allowing farmers more access to breeding materials will depend to alarge extent on
the cooperation of public sector plant breeding institutions. Greater farmer access must be
balanced by a system in which plant breeders are given due credit for their contributions.

No clear-cut methods for institutionalizing an integrated, decentralized, collaborative and
participatory system for continuous seed improvement and distribution have yet been devel oped.
Thereis an acute need for further research and country-specific case studies on the cost
effectiveness of different organizational structures and roles of different actorsin the seed
system. Country-level case studies are needed to examine (1) the economics of smallholder
seed organizations; and (2) the costs and benefits of alternative interventions to strengthen
effective demand for improved varieties and improve formal-informal seed sector linkages,
including measures to facilitate the establishment of private seed firms.
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