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THE ROLES OF THE PRIVATE
AND PUBLIC SECTORS IN
ENHANCING THE PERFORMANCE
OF SEED SYSTEMS

Steven Jaffee
Jitendra Srivastava Fit lor

Seeds are crop-based agriculture's most important input, yet few developing
countries have succeeded in establishing efficient seed production and supply sys-
tems. In many developing countries the large-scale, centralized state farms and
public seed corporations established to multiply and disseminate improved seeds
of selected crops have proved ineffectual, failing to meet the diverse crop and va-
rietal requirements of farmers. Governments and assisting agencies are currently
reassessing their strategies, paying greater attention to the potential contribu-
tions of private firms, cooperatives, other nongovernmental organizations
(NGOs), and farmers themselves.

This article contributes to that reassessment. It defines the scope for involving
the private sector in an array of seed-related activities, identifies critical and com-
plementary roles for the public sector, and reviews seed system development in
industrial and developing countries, with a primary focus on institutional dimen-
sions. The article advocates a phased withdrawal of the public sector from the
commercial side of seed production and marketing, while recognizing a contin-
ued important role for the public sector in plant breeding research, germplasm
and varietal maintenance, training, quality control, and consumer protection.

N othing is more fundamental to agriculture than the seed. Seeds, which
em body the genetic potential of plants, determine the upper limits on
plant yield and therefore the productivity of other agricultural inputs

as well. Seeds whose genetic makeup or physical and physiological properties
have been improved can substantially boost agricultural productivity and sus-
tainability at relatively little cost (Cromwell, Esbern, and Turner 1992).
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The development and distribution of improved seed entails a series of dis-
tinct, yet highly interdependent, activities. This chain begins with the develop-
ment and release of new varieties (or hybrids) through applied scientific
research and testing, continues through the several stages of seed multiplica-
tion, involves the processing (drving, shelling, cleaning) and storage of seed,
and ends with various seed marketing functions.

In theory farmers could test, select, multiply, process, and supply all the seed
themselves, without relying on formal research institutions and specialized seed
producers and suppliers. That is possible because seeds, unlike other farm in-
puts, grow into plants, which in turn produce new seeds.

Historically, farmers have collected and stored their own seed, selecting
among local planting materials, taking advantage of natural outcrosses and
mutations in plants, and exchanging seed with one another. Only with the ad-
vent of the science of genetics and modern advances in seed technology were
more formal institutions established to supply farmers with seed with genetic
or physiological properties superior to that produced and disseminated through
traditional systems. Even today a large proportion of the seed planted is either
saved by farmers or exchanged on a farmer-to-farmer basis. In the mid-1980s
farmer-saved seed accounted for an estimated 35 percent (or $18 billion) of the
total estimated value of $50 billion for all agricultural seed used worldwide
(Groosman, Linnemann, and Wierena 1988). In developing countries an esti-
mated 80 percent of the seed used in the early 1980s was farmer-saved seed
(Delouche 1982).

At the other theoretical extreme, all seed could be developed and supplied
by some combination of public and private organizations not directly involved
in crop production. Such entities might include public research institutes, pub-
lic or private universities, farmer cooperatives, state-owned seed enterprises,
nonprofit NGOs, extension service agencies, seed trade associations, and an ar-
ray of small, medium, and large private enterprises.

Past efforts to create such formal seed supply systems have had mixed suc-
cess. Most often governments in Africa, Asia, the Near East, and Eastern Eu-
rope (and international development agencies) tried to establish national and
provincial seed corporations and public seed farms to multiply and distribute
improved seeds of selected crops. Public corporations attempted to meet nation-
al seed production targets, frequently with inadequate regard to product quali-
ty, little coordination between research institutions and seed multiplication
organizations, and without realistic assessment of current or future demand. In
most cases little attention was paid to the potentially important roles that pri-
vate firms, cooperatives, other NGOs, and farmers themselves might play.

Although some of these public seed corporations have expanded seed output
and contributed to the initial spread of high-yielding varieties (or hybrids) of
rice, wheat, and maize, most such enterprises have operated well below capac-
ity, have been a major financial liability for their governments, and have di-
rectly or indirectly crowded out seed ventures in the private sector. Influenced
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more by political than by economic pressures or consumer preferences and
having limited technical, financial, and other resources, the public seed enter-
prises have not been able to meet the diverse crop and varietal needs of differ-
ent categories of farmers and other seed users in their countries.

The uneven pattern of seed system development worldwide is illustrated in
table 1. The data, based on a survey conducted in 1985 by the UN Food and
Agriculture Organization (FAO), indicate the proportions of those countries
within each region that have created advanced systems of varietal development
and of seed production and distribution, those with partially developed sys-
tems, and those without any system at all.

Three main conclusions can be drawn from the table. First, outside of South
America, only a relatively few developing countries have created advanced sys-
tems of seed improvement and distribution for any set of crops. Although agro-
ecological and other technical factors have been important in this pattern, in-
stitutional and policy factors have also been critical. In most of the developing
countries with advanced seed supply systems-such as Argentina, Brazil, Chile,
and Thailand-the private sector plays a major, if not dominant, role in im-
proving and marketing seed.

Second, although many countries now have relatively advanced systems of
varietal research and development, systems for seed production and distribution

Table 1. Level of Development of Seed Industries, by Type of Crop
(percentage of countries within the region)

Undeveloped Partially developed Advanced

Region/crops Seed Seed Seed
(number of Varietal production, Varietal production, Varietal production,
countries surveyed) development distribution development distribution development distribution

Africa (37)
Food crops 6 0 72 72 22 28
Industrial crops 36 64 56 25 8 11
Vegetables 61 64 39 36 0 0

Asia (30)
Food crops 10 11 31 48 59 21
Industrial crops 55 61 10 11 35 28
Vegetables 41 58 35 21 24 21

Central America (14)
Food crops 28 36 14 43 58 21
Industrial crops 43 65 21 21 36 14
Vegetables 50 50 43 50 7 0

South America (11)
Food crops 0 0 0 0 100 100
Industrial crops 18 18 9 0 72 82
Vegetables 55 64 18 36 27 0

Source: FAO (1987).
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have lagged behind. This pattern is particularly noticeable for food crops
among Asian and Central American countries and presumably has delayed or
prevented small-scale farmers from gaining access to improved varieties that
have already been tested and released (CIMMYT 1987; Lipton and Longhurst
1988; Timothy, Harvey, and Doswell 1988; Cromwell 1990). Without improve-
ments in seed supply systems, many of the benefits from plant breeding
achievements will not be realized in farmers' fields.

Third, across all regions, systems to develop and distribute seed are typically
far more advanced for staple food crops than for industrial crops (such as cot-
ton, tobacco, and oilseeds) and vegetable crops. This is understandable, given
national concerns about food security and the goals of the international agri-
cultural research centers. However, limited or nonexistent systems for indus-
trial and vegetable crops have weakened the competitiveness of many
developing countries in the international markets for many high-value agricul-
tural commodities. Even among food crops, varietal development and seed dis-
tribution have been more successful for rice and wheat and for irrigated areas
than for sorghum, millet, cassava, and food legumes and for rain-fed and up-
land areas (Dalrymple 1986a, 1986b; McMullen 1987; Kloppenberg 1988).

The large variation in sources of seed is illustrated in table 2, which shows
the estimated values and percentages of maize seed supplied by public and pri-
vate commercial organizations and saved by farmers in twenty-one developing
countries in the mid-1980s. In Chile, for example, 98 percent of the (value of)
maize seed planted by farmers came from private commercial firms and only
2 percent from farmers themselves. In Indonesia, by contrast, 95 percent of all
maize seed was farmer-saved, and only 4 percent was obtained from commer-
cial sources. In China, matters were quite different, with 92 percent of all maize
seed being provided by the government, 8 percent by farmers themselves, and
none at all from private commercial sources.

Budgetary pressures, concern about the inefficiency and ineffectiveness of
public seed enterprises, an increasing demand for high-quality seed, and a grow-
ing awareness of the opportunities and challenges associated with biotechnology
are leading many international development agencies and developing country
governments to reconsider their approach to seed system development and the
appropriate roles of the public and private sectors, including farmers them-
selves. By defining the scope of private sector involvement in seed supply activ-
ities, identifying the critical complementary roles of the private and public
sectors, and reviewing past experiences in developing seed systems, this article
seeks to help improve strategies for establishing viable seed systems in develop-
ing countries and among formerly centrally planned countries.

Seed System Functions

As noted above, the use of improved seed begins with the manipulation of
germplasm and identification of a suitable variety or hybrid, continues through
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Table 2. Maize Seed Values and Private Sector, Public Sector, and Farmer-Saved Shares
in Twenty-One Developing Countries, 1985-86

Value
(millions of US$) Private sector Total seed value

Farmer- Commercial Commercial (percent) (percent)
saved oPv bybrid orv Hybrid Farmer- Private Public

Country seed seed seed sales sales saved sector sector

Africa
Ethiopia 3.6 1.3 0 0 0 67 0 33
Ghana 4.7 1.2 0 0 0 80 0 20
Nigeria 32.3 7.5 3.0 74 100 75 19 6
Tanzania 15.3 1.8 2.7 - - 78 -

Zimbabwe 1.1 0.1 12.6 100 100 8 92 0
Total 88 22 35 57 95 61 33 6

Asia
China 13.3 0 145.9 0 0 8 0 92
India 21.2 2.4 7.3 67 63 69 20 11
Indonesia 50.5 1.8 0.8 81 100 95 4 1
Philippines 11.6 6.6 1.8 25 100 58 13 29
Thailand 2.2 10.8 4.7 89 98 12 79 9
Total 113 26 176 60 10 36 11 53

Asia non-
communist 96 24 28 62 62 65 22 13

Latin America
Argentina 0 0 82.3 n.a. 100 0 100 0
Bolivia 14.1 1.2 0 - n.a. - - -
Brazil 10.0 7.3 115.6 80 97 8 89 3
Chile 0.1 0.4 4.5 100 100 2 98 0
Colombia 4.0 0.4 2.5 15 50 58 18 24
Ecuador 0.9 0.5 0.1 75 t00 60 31 9
Mexico 20.5 5.9 13.0 62 47 52 27 21
Total 61.0 19.0 236.0 70 96 19 74 7

Middle East
Afghanistan 1.8 0.9 0 0 n.a. 67 0 33
Egypt 3.3 1.6 0.5 73 100 61 30 9
Syrian Arab Rep. 0 0.2 2.2 0 0 0 0 100
Turkey 1.7 0.7 7.4 0 55 17 38 45
Total 6 4 11 29 42 29 27 44

n.a. Not applicable.
- Not available.
Note: oPv, improved open pollinated variety.
Source: CIMMYT Maize Survey Data Base (1987).

a series of production and distribution activities, and ends when farmers buy
and plant this seed. The principal steps in the process include:

* Varietal development and release, whereby new varieties are developed
through selection, mutation, hybridization, or genetic engineering processes;
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are evaluated for yield and other performance characteristics; and are ap-
proved for use in specific agro-ecological areas.

*Seed multiplication, whereby small quantities of genetically pure "breeder
seed" (or inbred lines for hybrids) provided by the plant breeder are mul-
tiplied through several generations to obtain enough seed for general dis-
tribution. The technical terms for generations and the actual number of
multiplications vary among countries. It is not uncommon to find a three-
stage process whereby breeder seed is multiplied once to become "founda-
tion seed," which in turn is multiplied one or two generations to get "cer-
tified seed." Where seed is not officially certified, this last generation is
commonly called "commercial seed."

* Seed processing, involving drying, shelling, and sizing; the removal of inert
material and alien seed; and various chemical treatments to protect the
health of the seed and to combat insects, fungi, and bacteria.

* Seed marketing and distribution, involving handling, transport, storage,
market research, field demonstrations and advertising, wholesale and retail
buying and selling operations, and the related functions of risk-bearing and
financing.

Activities to control quality are an integral part of seed multiplication, pro-
cessing, and marketing. Quality controls, such as seed crop inspection, seed
testing, and seed certification, make it possible to identify breakdowns in pro-
duction and distribution and to reduce the flow of low-quality and alien seed
(such as weed seed) to farmers.

Some of the steps mentioned above can be bypassed by importing seed. Im-
ported seed may be a finished product, suitably conditioned and packaged for
direct distribution to farmers, or it may be foundation seed, requiring further
multiplication and subsequent treatment before distribution. Local field evalu-
ation of imported new varieties or hybrids is necessary before seed can be dis-
tributed to farmers. Imported seeds may also be subjected to quarantine
regulations to prevent the simultaneous importation of pests and plant diseases.

The steps listed above are highly interdependent, both technically and eco-
nomically. The outputs from each step serve as primary inputs into the subse-
quent activities, and the economic returns to each activity depend on effective
performance of the others. The interdependent set of seed-related activities, the
firms and individuals who perform them, and the network of trading and other
institutional arrangements that coordinate them are the constituent elements
of national seed systems.

Improved seeds can be an effective lever for raising productivity while mak-
ing agricultural production systems more flexible and environmentally sustain-
able. To be that lever, seeds must be available and affordable to farmers and
must overcome the problems encountered by farmers, such as poor yield, lim-
ited labor resources, pests, and diseases. The seed must also yield a crop that
has the quality and storage attributes preferred by farmers, other consumers,
and agricultural processors. To meet these objectives, national seed systems

102 The World Bank Research Observer, vol. 9, no. I (January 1994)



need to be effective not only in inducing varietal replacement (the development
and dissemination of new, genetically improved varieties and hybrids), but also
in the efficient resupply of high-quality seeds (of well-known and used variet-
ies) on a periodic and seasonal basis.

National seed systems do not operate independently. Their parameters are
set by such elements as international plant breeding activities and seed markets;
the structure of domestic agricultural research, production, and marketing sys-
tems; agroclimatic conditions; governmental trade, macroeconomic, and agri-
cultural policies; and parallel systems of agricultural extension, credit, and
other agricultural inputs. Developments in the markets for food, industrial,
and other crops will strongly influence the need for seed and the profitability
of its production and distribution.

The Roles of the Public and Private Sectors

The major components of seed supply systems have different economic and
technical characteristics. In gauging the incentives for private sector involve-
ment and the justification, if any, for public sector intervention, we examine
each activity separately. We focus here on the following primary characteristics
of the activities:

*Economies of scale. Are there large initial fixed costs for those who decide
to engage in the activity, meaning that substantial advantages accrue to
those who operate on a relatively large scale? If so, private entry may be
constrained, at least in the early stages of developing a seed system. This
may result in a lack of private investment altogether or in a noncompeti-
tive market. Economies of scale in certain activities may also result in cer-
tain areas or segments of the market being poorly served. Hence, for
reasons of either efficiency or equity, some form of public action may be
warranted.

* Externalities. Does the activity produce either positive or negative spillover
effects that the supplier may not take into account when considering the
level of investment and effort? If so, the private delivery of the service may
be at levels less than or greater than the social optimum. Again, some form
of public action may be warranted.

* Excludability. Can those who perform a function exclude nonpaying par-
ties from using the good or service? If not, the return on investment in that
activity may be quite low, deterring at least certain types of private entities
from undertaking the activity. If investment falls below the social opti-
mum, the government may need to intervene, either to induce greater pri-
vate investment or to undertake the activity itself.

* Problems of information or quality. Are farmers and other seed users uncer-
tain about the quality of the product or service, and will that uncertainty
undermine the market? If so, effective quality management and consumer
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protection measures will be needed. The issue of quality is especially sensi-
tive because some seeds have unwanted characteristics that are unobservable
and therefore not detectable until after the seed is used.

In discussing the major seed system functions below, we examine not only
the presumed incentives for private sector participation and the possible ratio-
nale for public sector intervention but also the actual patterns of public and
private sector involvement in these activities in selected industrial and devel-
oping countries. Our information comes from a review of the literature on the
seed industry and a survey we conducted of seed and agricultural specialists at
the World Bank and within the CGIAR (Consultative Group on International
Agricultural Research) network, the academic community, and the private sec-
tor. Readers interested in the breakdown of private and public sector roles for
specific seed crops and specific countries should consult Jaffee and Srivastava
(1992).

Varietal Development

The development of new varieties and hybrids-the starting point in the
process-can be a profitable activity for specialized research and development
firms or firms that also produce and distribute seed. For several reasons, how-
ever, the amount and direction of private sector investment in these activities
may be insufficient or inappropriate to meet society's objectives.

First of all, the high fixed costs of entry may constrain private investment
in plant breeding. A critical mass of scientists, physical facilities, and germ-
plasm is needed to undertake an effective development program. There are
thus certain economies of scale, which in very small markets might deter pri-
vate investment in plant breeding or allow one firm to monopolize this activity.

Second, the externalities associated with plant breeding work are potentially
significant, because benefits may accrue to researchers or producers of other
crops or in different regions. The breeder may develop a new plant type with
improved characteristics that other breeders may further improve for their own
specific purposes. The breeder may not consider these broader benefits and,
from a social point of view, may therefore underinvest in varietal development.

Third, excluding nonpaying farmers or firms from benefiting from new va-
rieties of seed is often difficult. Competing firms can utilize the information
within the seed to develop their own varieties. Farmers can multiply and re-
multiply the seeds themselves, perhaps paying only for the initial supply. The
plant breeder may thus not be able to reap the full financial benefits from its
products and therefore may not earn a sufficient return on its investment.

The significance of these factors varies among crops, depending in large
measure on whether the seed is hybrid or self-pollinating. Because the desirable
properties of hybrids are attenuated in each successive generation, farmers
must buy new hybrid seed if they want to achieve undiminished yields. The
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originator of a new hybrid seed can thus easily exclude competing seed firms
and farmers from the benefits of the new varieties if they have not paid for
access. In addition the hybridization process is complex, and competitors can-
not easily replicate it. This natural protection to the breeder can be supple-
mented by government assignment of proprietary rights to the originating firm.

In contrast, breeders of new self-pollinated varieties may capture little of the
benefit because others (including farmers) can easily duplicate the variety with-
out paying for it. Hence, private investment in developing improved self-polli-
nated crops is likely to occur only when varietal proprietary rights can be
enforced, when a particular market niche can be targeted, or when such re-
search is at least partially funded by the public sector. Where these conditions
are not met and there is thus no incentive for innovative breeders to develop
new varieties of self-pollinating crops, public sector involvement is strongly
justified, both directly, through government research stations and public uni-
versities, and indirectly, through financing and training to stimulate private
sector investment.

For hybrids (and also for specialty crops, such as vegetables and industrial
crops), direct public sector involvement in varietal development can be justified
in two situations: first, in the early stages of development, when trained local
scientists are scarce, resources are limited, and demand for the new seeds is
uncertain; and, second, in very small markets where private investment is
unlikely (Pray and Ramaswami 1991). In either case, the public sector can re-
duce the risks to private investors by conducting basic research and germplasm
enhancement, sharing inbred lines with private researchers, providing support
in obtaining germplasm from international sources, training plant breeders,
and allowing needed research equipment to be imported.

The literature review and the survey found that the public sector (sometimes
including international agricultural research centers) plays a dominant or ex-
clusive role in plant breeding research for wheat, rice, and other self-pollinated
crops in most countries. The major exceptions to this pattern are in Argentina,
Chile, and several industrial countries, where the private sector has undertaken
plant breeding geared toward hybridizing wheat or rice and creating crop va-
rieties suitable for specific agro-ecological areas (James 1990; Pray 1991). These
countries also recognize and enforce plant breeders' rights, thus protecting
breeders against unauthorized use of their varieties by competing firms. In ad-
dition the public sector is also widely involved in basic research and germplasm
collection, evaluation, and enhancement-the building blocks for commercial
varietal and hybrid development. Even in the United States, where private in-
vestment in crop research is substantial, more than 50 percent of the wheat and
soybean seed, 90 percent of the barley and dry bean seed, and 95 percent of
the rice seed planted consist of publicly bred varieties (Knudson 1990).

In both industrial and developing countries, private research has been heavi-
ly concentrated on hybrids of major food, industrial, and horticultural crops.
By far the greatest attention and resources have been devoted to maize hybrids.
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In the United States, for example, more than 250 full-time plant breeders or
geneticists were working on maize breeding within the private sector in 1989,
compared with between 15 and 40 scientists working on alfalfa, wheat, cotton,
sorghum, and sugar beets (James 1990). In India the bulk of expenditure for
private plant breeding has gone toward developing hybrids for maize, sor-
ghum, pearl millet, and sunflower (Pray and others 1989).

In many industrial and developing countries, private sector research on hy-
brid crops has depended on support from the public sector, particularly to sup-
ply germplasm and inbred lines, to train scientists, and sometimes to provide
financial support or tax incentives. In India in the 1960s, for example, public
sector breakthroughs in developing high-yielding varieties of wheat and rice
and hybrids for maize, sorghum, pearl millet, and cotton created the demand
as well as the products that led to the subsequent development of private seed
companies. Private Indian companies continue to rely on public institutions for
much of the genetic material and inbred lines for major food crops (Pray and
others 1989). The Brazilian public research institute known as EMPRABA sells
parent lines to private national companies, which then produce double hybrids
for sale to farmers. This process has benefited small- to medium-size firms that
have only limited resources for applied research work (Sorj and Wilkinson
1990). Even in the United States, some 72 percent of the maize hybrids in 1979
had at least one inbred line of public sector origin (Butler and Marion 1985).

Because high costs and technical demands are involved, most of the private
firms active in plant breeding are large companies that are also active in seed
production and sales. Private sector breeding in many developing countries is
undertaken primarily by multinational corporations, joint venture companies,
or large local firms with diverse agricultural and industrial interests. Except for
China, each of the Asian and Latin American countries that has developed ad-
vanced seed systems for food or other crops has attracted considerable private
foreign investment during the past decade. That investment has been stimulat-
ed by the potentially large commercial seed market in these countries and by
policy changes pertaining to imports and exports of seed and germplasm, pri-
vate sector access to publicly bred varieties, domestic seed marketing and pric-
ing, and the repatriation of investor profits.

Seed Production and Processing

The skill requirements and technical and commercial risks associated with
seed multiplication are considerably lower than those associated with varietal
research. Hence the economic and technical barriers to entry by the private sec-
tor are lower. Although individual farmers may find it cost-effective to save
their own seed for certain crops, private companies have ample opportunity to
find profitable niches in the production of hybrids, specialty crop seed, and re-
placement seed for self-pollinated crops.
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A common problem in seed multiplication is quality assurance. Care must
be taken to maintain both genetic and physical purity. This can be done
through a combination of internal measures, such as supervision and incentives
for laborers and contract farmers, and external measures, such as field inspec-
tion of seeds and seed certification.

A breakdown in the quality of seed for self-pollinated crops can generate
negative externalities, because the seed may be subsequently multiplied, used,
and remultiplied. If seed for a staple food crop is involved, food security may
be adversely affected. Such negative multiplier effects generally do not occur
in hybrids and can be avoided in specialty crops, other than those from which
clonal materials are used for planting, such as sugarcane.

Because harvested grain of self-pollinated crops is so close in character to
that of commercial seed, farmers or competing firms can, with relative ease,
reproduce the seeds without significant loss of quality. Exclusion is thus a se-
rious problem, and the price that one can charge for a well-established variety
can only be modestly above that of commercial grain.

Multiplication of hybrids and specialty crop seeds is far more costly and
technically demanding, and the seeds produced by hybrid plants generally re-
sult in significant declines in productivity in subsequent plantings. Hence seeds
will be replaced annually, which substantially lessens the scope for unautho-
rized or unlicensed seed multiplication. Profit margins can also be significantly
higher than the profits on the seeds of self-pollinated crops.

Thus the private sector can have strong incentives to engage in seed multi-
plication, although the players differ across different types of crops. For self-
pollinated crops, under suitable agro-ecological conditions, farmers themselves
are likely to be major seed producers. The only other parties who might profit
from this activity are small seed companies that carry low overheads, yet can
produce high-quality replacement seed or the seed of new improved varieties.
Where demand has been established, a potentially strong incentive exists for
larger or more specialized private seed companies to organize the production
of hybrids and specialty crop seeds.

Public sector involvement in seed multiplication is economically justified un-
der several circumstances and in several capacities. Direct production of foun-
dation seed for self-pollinated crops may be warranted either in the early stages
of developing a country's seed system or when a new variety is being intro-
duced and the amount of available breeder seed is limited. Equity reasons may
justify public sector intervention in the multiplication of seeds for minor crops
or for narrow agro-ecological areas for which demand is insufficient to attract
private investment. This intervention need not be done directly on a public
seed farm. The government can support production by private firms, coopera-
tives, or other nongovernmental agencies. The public sector, through the ex-
tension service, also plays a potentially important role in teaching farmers how
to improve their techniques of seed selection.

Steven Jaffee and jitendra Srivastava 107



Direct public sector production of hybrid and specialty crop seeds can be
justified only in the early stages of developing a seed system or agroindustry,
when the private sector is still very weak and demand not yet established. Once
private production has taken off, the public sector should support and promote
it, rather than compete with it.

Because seed drying, cleaning, chemical treatment, and packaging activities
may either require or be more efficiently performed with mechanized equip-
ment, the processing of new varieties of seeds frequently needs a larger capital
investment than any other function in the seed system. Processing the seeds of
vegetable, oilseed, and forage crops is technically demanding; seed for field
crops is less problematic. Generally, seed processing can be a value-adding ac-
tivity for private seed producers and traders or a profitable activity for private
enterprises providing custom processing services. Public sector involvement in
processing may be economically justified only where the technical skills and
investment required to process a particular seed crop are not readily available
in the private sector or where transport costs can be saved by integrating pro-
cessing activities with existing public sector seed multiplication operations. In
more advanced seed systems neither of these conditions would be applicable.

The literature review and the survey indicated that the private sector is far
more extensively involved in seed production and processing than it is in vari-
etal development. In the advanced seed systems of North America, Western Eu-
rope, and Japan, the private sector (comprising large companies, cooperatives,
and small localized companies) dominates the production of foundation and
commercial or certified seed and seed processing for the full range of crops. In
the United States there are specialized foundation seed producers; in Japan co-
operatives are given exclusive rights to multiply the breeder seed provided by
public research institutions. For commercial seeds in these countries, medium-
to large-scale companies have focused their production on the more profitable
hybrids and specialty crops. A combination of cooperatives, small companies,
and specialized seedsmen have undertaken multiplication of (publicly bred)
self-pollinated varieties targeted to particular locations and agro-ecological
zones. It should be noted, however, that some 75 percent of the seed of small
grains (wheat, barley, oats) planted annually in the United States is farmer-
saved.

The dominant pattern among the developing countries is use of farmer-
saved seed, especially for staple food crops, as table 3 illustrates. Even in India
and Thailand, where the national seed systems have advanced considerably,
almost all of the seed planted for major food crops is farmer-saved or derived
from local, informal sources. Farmers apparently purchase replacement seeds
from commercial sources only once every eight years or so in India and once
every three or four years in Thailand. Farmer-saved seed accounts for some 95
percent of seeds planted in Ethiopia, Nigeria, and many other countries of Sub-
Saharan Africa. Farmer-saved seed is somewhat less common in Egypt, Mexi-
co, and Zimbabwe, where hybrids are more widely used. Still, most of the seed
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Table 3. Proportion of Seed Used That Is Farmer-Saved
(or Otherwise Supplied Informally)
(percentage of planted seed)

Crop Egypt Ethiopia India Mexico Nigeria Tbailand Zimbabwe

Maize 73 88 91 76 93 70 2
Wheat 21 90 92 0 99 n.a. 42
Rice 41 n.a. 87 0 99 75 n.a.
Sorghum n.a. 83 97 0 99 70 65
Bean, cowpea 99 99 97 73 99 75 99

n.a. Not applicable.
Source: Agrisystems (1990); Pray (1990); Friis-Hansen (1991); Seed Technology Laboratory (1991);

Cultivar (1991); Venkatesan and Jaffee (1992); and private commercial seed sources.

used to produce Mexico's two leading crops-maize and beans-is farmer-
saved.

Examining formal systems of seed production and processing in developing
countries shows the typical institutional pattern to be a mixture of public and
private sector activities. Only in Argentina and Chile are seed multiplication
and processing entirely handled by the private sector. Public sector involvement
is most widespread in the production and processing of seed for high-volume
self-pollinated crops, such as rice, wheat, barley, and various legumes, and for
cross-pollinated varieties of maize. Because such seed accounts for most of the
formal seed production in most developing countries, public seed enterprises
continue to account for a majority of total formal seed production among de-
veloping countries.

In the past, public seed enterprises or research institutes in many developing
countries directly produced foundation seeds on their own farms. This pattern
is now changing, with foundation seed production being increasingly contract-
ed out to medium- to large-scale farmers. Contracted production is now also
the norm for certified seed production for self- and cross-pollinated crops. Al-
though public agencies continue to bear the market risk for such seed, super-
vise its production, and frequently provide financial or technical backing, the
actual seed multiplication is done by farmers. In Nigeria and some other coun-
tries, production is contracted to a few large-scale farmers who are expected
to develop their own small seed enterprises in the future. In India, Pakistan,
and Sri Lanka, government agencies supervise the contracted seed production
of several thousand small- to medium-scale growers. Only in a handful of
countries (including Bangladesh, China, Egypt, Ethiopia, and Indonesia) do
state farms continue to account for a large proportion of certified seed
multiplication.

In several developing countries (including India and Mexico), public seed en-
terprises have also produced selected hybrid and specialty crop seeds, some-
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times in competition with the private sector. Various factors have driven the
public sector into such activities, including government concern about the
development of "strategic" export or agroindustrial sectors, government inter-
est in using income from the sale of hybrid and specialty seeds to cross-subsi-
dize losses from the production of low-value seeds of self-pollinated varieties,
and a perception that the private sector is developing too slowly to spread hy-
brids and improved varieties effectively. But where commercial markets for
such seeds have developed and where public sector monopolies have not been
imposed (or maintained), private sector or joint venture enterprises account for
dominant shares of local production. For example, the private sector's share
of commercial sales of hybrid and improved open-pollinated varieties of maize
in 1985-86 was 94 percent in Latin America, 80 percent in Africa, 62 percent
in noncommunist Asia, and 39 percent in the Middle East (CIMMYT 1987).

Private sector shares are probably even higher for vegetable seed, thanks in
part to the establishment of export-oriented horticultural seed ventures by do-
mestic or joint venture private companies. These ventures have involved either
contract farming or the vertical integration of production and marketing. Such
ventures have been successful in several developing countries, including Chile,
India, Kenya, Thailand, and Turkey.

Seed Marketing, Distribution, and Quality Control

We now examine the economic characteristics of the seed marketing and
distribution functions to discover whether public sector participation can be
justified on economic grounds. In this line of activity, where quick responsive-
ness to farmer demand is an important criterion for success, the private sector
has its greatest potential advantage over the public sector. Nevertheless, seed
marketing functions have certain properties that may make private sector per-
formance inadequate from society's viewpoint.

Economies of scale can be realized in seed distribution-for example, in
market research and in seed storage and distribution networks-which can re-
sult in competitive disadvantages for small enterprises and the neglect of small
markets or isolated areas. In extreme cases competition may be lacking in the
sector as a whole. Although seed imports may alleviate some of these prob-
lems, importation raises other difficulties, as discussed below. Especially in re-
mote areas, where farmers may face localized supply monopolies that charge
above-market prices, governments and NGOs should support farmer-based seed
multiplication and dissemination schemes.

Seed promotion is associated with information (moral hazard) problems and
with possible externalities. Because some quality characteristics are unobserv-
able, the seed promoter (and the seed distributor) may make false claims about
quality that result in unnecessary costs or low productivity for farmers and per-
haps reduce farmer confidence in the value of commercially supplied seed. Al-
though competitive pressures will improve seed quality, the establishment and
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enforcement of quality standards and rules regarding seed labeling and the
development of systems for seed evaluation and certification can strengthen the
development of the private market.

Promotion also may have positive spillover effects on seed companies, who
benefit as farmers become more aware of the advantages of purchasing im-
proved seed; local agroprocessors, who benefit if the improved seed results in
larger supplies of raw materials; and distributors of other farm inputs, whose
sales may increase as seed purchases rise. Such externalities can be at least part-
ly internalized through promotion activities by seed associations and through
the integration of seed supply with the marketing of other agricultural inputs
or commodities.

Distribution of seed for self-pollinated varieties raises the problem of exclu-
sion, because competing distributors and farmers can also multiply the seed.
Hence a firm's marketing success in one season may not be repeated the next
season. Private sector solutions to these problems include brand name promo-
tion and the supply of additional inputs or services.

Seed imports raise the problems of uncertain quality and potential negative
externalities if the bulk seed also contains pests, diseases, or weed seeds.
Prudent-yet not unduly obstructive-rules for importing, testing, and tempo-
rary quarantine of seeds (by public or private institutions) can minimize these
hazards.

In short the private sector can profitably perform most seed distribution
functions. Direct distribution of seed by public sector agencies can be justified
only in the early stages of seed system development, when private distribution
channels are weak. As the private sector gets stronger, the public sector should
supplement and support private activity, encourage competition, provide addi-
tional information and consumer protection, and protect against negative ex-
ternalities. Potentially important support and regulatory roles might include
supporting the distribution of seed of minor crops and seed distribution in re-
mote areas, testing seed and disseminating test results, promoting new variet-
ies, and enforcing quality standards and truth in advertising.

In advanced market economies the private sector plays a dominant role in
seed marketing, and government intervention is confined to enforcing quality
and truth-in-labeling standards. In the United States even seed certification is
handled by nongovernmental associations at the state level. The forms of pri-
vate marketing institutions vary among countries. Cooperatives play a central
role in seed distribution in Japan and parts of Western Europe, but not in the
United States. There, seed is distributed primarily through farmers (who serve
as commissioned dealers for maize, soybean, and alfalfa seed), agricultural pro-
cessors (for industrial crop seed), and supermarkets and garden centers (for
vegetable and turf seed).

In most developing countries the public sector continues to play some role
(sometimes even a dominant role) in seed marketing and distribution. Public
corporations are particularly active in seed storage, wholesaling, and promo-
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tion of self-pollinated staple food crops. In some countries (including China,
Egypt, Ethiopia, Mexico, Nigeria, and Syrian Arab Republic), public institu-
tions also supply this seed directly to farmers, either through credit agencies or
special agricultural projects. The government usually subsidizes the cost of the
seed, and in some cases credit is contingent upon the farmer purchasing seeds
of high-yielding varieties ("no seed, no credit").

Nevertheless small private firms and cooperatives in most developing coun-
tries have been able to compete with public seed distribution. These small or-
ganizations have been aided by their willingness to earn low margins, their
right to purchase both public and private seed varieties, their provision of ad-
ditional services, and the uneven or low quality of the seed supplied to farmers
by public agencies. Once farmers acquire the improved seed of self-pollinating
varieties, it is commonly reproduced and distributed widely throughout rural
communities through informal supply arrangements among farmers (Garay
and others n.d.; Tetley and others 1988; Pray and others 1989; Crissman 1989).
These informal seed supply channels are especially important in meeting the
needs of farmers in remote regions and narrow agro-ecological zones, such as
the mountainous areas of Nepal and Peru. NGOs have promoted localized seed
multiplication and dissemination programs in remote areas, but with varied
success (Cromwell, Wiggins, and Wentzel 1993).

The distribution of hybrid, horticultural, and other specialty seeds involves
both public and private sector entities in most developing countries, although
the private sector frequently dominates these markets. The seed (or other plant-
ing materials) for important industrial and export crops is often distributed by
the major processing or commodity trading firms, whose ownership structure
varies among countries. Continued public sector involvement in seed distribu-
tion has frequently been part of a strategy of cross-subsidizing losses from the
distribution of self-pollinated seeds. Several public seed corporations in India,
for example, have continued to produce types of seed in which the private sector
has demonstrated a strong interest. Such public sector involvement in high-value
seed markets reduces the pace of private sector development.

The competitive structure of private and semiprivate seed distribution sys-
tems in developing countries varies significantly. The markets for hybrid maize
seed illustrate some of these variations. In Zimbabwe, for example, a seed co-
operative, protected by the government, had until recently monopolized the
production, processing, and wholesaling of hybrid maize seeds. In Kenya a
joint venture company has held a virtual monopoly over the hybrid maize seed
market, with protection against competing (foreign) firms justified on the basis
of food security. Ethiopia and Malawi have also protected joint venture mo-
nopolies that controlled the market for hybrid maize seeds. In contrast a dozen
or more foreign and local companies in India and Thailand compete in the hy-
brid maize seed market, utilizing hundreds of distribution outlets. This com-
petition has stimulated private sector investment in new product development
and improved distribution services.
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Policy Environment for Private Sector Development

For many years the governments of developing countries did not support
most private sector participation in seed production and trade and often erect-
ed barriers to private activity. During the past decade, though, several devel-
oping countries have implemented reforms that have increased private
investment in the seed industry. Effective policy changes have included:

* Liberalizing restrictions on the entry and use of breeding lines and im-
proved seed of foreign origin

* Removing restrictions on private access to breeding lines and improved
seed from public research institutions

* Liberalizing varietal registration procedures and requirements
* Removing government subsidies for public sector seed activities
* Phasing out of direct public sector seed multiplication and distribution ac-

tivities in favor of contract growers and private distributors
* Adopting investment codes that encourage foreign and joint venture invest-

ments
* Removing restrictions on the export of seeds.

Recent events in India illustrate the potential impact of policy reforms (Pray
and Ribeiro 1990). Before the 1980s restrictions on landholdings, germplasm
and technology imports, and foreign ownership, and limits on the size of do-
mestic companies permitted to participate in the seed industry hampered pri-
vate sector activities. Most private companies lacked the financial resources to
undertake their own research and concentrated on multiplying and distributing
public varieties and hybrid seeds for staple food crops and vegetables.

In the early 1980s private firms were permitted to obtain breeder seed di-
rectly from the International Crop Research Institute for the Semi-Arid Tropics
(ICRISAT) and from Indian public research institutes. This change, and subse-
quent changes in industrial licensing policies, foreign investment rules, and
seed import policies have contributed to a boom in private seed company ac-
tivity. By 1990 the private sector accounted for 70 percent of the country's com-
mercial seed sales. Private growth was especially notable in the markets for
sorghum, pearl millet, cotton, and vegetable seed. Although foreign investment
has increased substantially, the larger Indian seed companies have shown that
they can compete with multinational firms. Many new companies have
emerged as spin-offs from other companies. One firm alone, Maharashstra Hy-
brids, has given birth to at least eight additional private companies since the
mid-1970s.

Conclusions

No ideal structure exists for a national seed system. The most efficient mix
of public and private activities varies among countries, types of crops, and the
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stage of development of the seed system. Both the public and private sectors
have important roles, yet each is substantially limited in what it can do on its
own. The critical challenge for policymakers is to devise policies and invest-
ments that lead the two sectors to complement one another in the performance
of seed-related activities.

In designing new strategies for seed system development, policymakers must
consider not only the needs of farmers, but also their capacity to produce, save,
and disseminate seed. Farmers should not be viewed simply as the consumers
of the output of commercial seed supply systems. Farmers can produce and
store the seeds of major self-pollinated crops, test different varieties in their
fields, exchange information with other farmers about new varieties and im-
proved methods of seed production and storage, and trade seed with each oth-
er. Significant benefits can therefore be gained from measures to improve
informal seed systems through training and technical assistance. In most coun-
tries, once a seed system is in place, formal seed or trading enterprises will have
to supply only a small proportion (5 to 25 percent) of the seed required for
self-pollinated crops. These enterprises will need to provide both the initial
seed of new improved varieties and high-quality replacement seeds.

Just as farmers depend on formal seed systems for replacement seed and
seed of new improved varieties, the success of profit-oriented seed enterprises
depends on farmers' awareness of the benefits of improved seeds and of the
cultural practices necessary to achieve these benefits. Programs to help farmers
test, multiply, or store new seed can be an effective way to increase this
awareness.

Experience shows that no single enterprise or type of enterprise-public or
private can cater to the diverse seed needs of different categories of farmers.
Most public seed corporations have had their activities confined to a limited
range of crops and have had their priorities determined more by political than
by economic considerations. Commercial private companies have focused their
attention on hybrid seeds or the seeds of specialty, high-value crops. Other ac-
tors, including cooperatives, NGOs, and small local companies, should be sup-
ported in their efforts to multiply, save, and distribute the seeds of self-
pollinated food crops. Such institutions would benefit from policies and pro-
grams that improve access to imported or publicly bred germplasm and seed,
eliminate subsidies for public sector seed distribution, and provide reliable, yet
not overly restrictive, quality control systems.

Experience also suggests that the public sector should withdraw from the
importation, production, processing, and marketing of seeds. Where not al-
ready in private hands, seed trading activities should be the first area where
the participation of public institutions should be phased out. Certified seed
production would be the next candidate for privatization, beginning with hy-
brid and specialty crop seeds, and followed by self- and open-pollinated crop
seeds. Temporary arrangements, some falling short of the ideal of free and
competitive markets, may be required. These might include the exclusive re-
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lease of publicly developed seed varieties to particular private or cooperative
firms and guaranteed government purchases of seed.

* The privatization process might then shift to the production of foundation
seed for self- and open-pollinated crops and move toward the withdrawal of
the public sector from the market for hybrid seeds. This can be accomplished
within the next few years in countries with relatively advanced seed systems;
elsewhere the process will be slower. For some minor crops or for seeds suit-
able for narrow agro-ecological zones, the public sector may need to remain
involved in producing and distributing seed for a longer period, although this
involvement need not be direct and could entail sponsoring (subsidizing) other
parties. The relatively high investment requirements could mean that privati-
zation of processing facilities might take many years, although interim steps
(custom seed-processing services, facility leasing, and management contracts)
are possible.

Even as the public sector withdraws from seed production and distribution,
it will retain its other roles: basic scientific research, support for or actual per-
formance of plant breeding work for self-pollinated and minor crops, support
for private research and development, training of seed technicians, variety test-
ing and registration, plant material inspection and quarantine, germplasm and
varietal maintenance, implementation and enforcement of seed standards, en-
forcement of fair business practices and truth in advertising, enforcement of
phytosanitary regulations, support for seed associations, and support for farm-
er- or community-based seed programs.

Note

Steven Jaffee is a consultant working in the Agriculture and Environment Division of the
Southern African Department, and Jitendra Srivastava is with the Agriculture and Natural Re-
sources Department, of the World Bank. This article is based in part on Jaffee and Srivastava
(1992).
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