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PART 1

The Importance of
Maize Seed Industries






1

Maize in the Developing
World: Waiting for a
Green Revolution

MICHAEL L. MORRIS

Of all the inputs used in agriculture, none has the ability to
affect productivity as much as seed. A seed is a living organ-
ism that carries the genetic properties of plants. These ge-
netic properties place an upper limit on yield potential and
influence the productivity of other inputs by determining the ability of
plants to convert sunlight, water, air, soil, and other nutrients into biomass.
Because plants vary in terms of their ability to perform this conversion,
seed choice is critically important in agriculture. If farmers can obtain seed
of cultivars that perform well under local conditions, the efficiency with
which other inputs are converted into economically valuable outputs in-
creases, and productivity rises. At the same time, improved seed can make
a contribution to productivity independent of other inputs. Thus, it is not
surprising that technical change in agriculture frequently is driven by
changes in crop varieties, which in turn depend on farmers having reliable
access to improved seed.

Looking back over the global history of crop varietal changes, it is ap-
parent that maize has followed a very different path from that followed by
other leading cereals. The so-called green revolutions in rice and wheat are
by now well-known. During the late 1960s and early 1970s, improved
semidwarf varieties of rice and wheat were introduced into some of the de-
veloping world’s most populated countries. When grown with increased
levels of fertilizer and an assured water supply, these modern varieties
(MVs) performed significantly better than the traditional varieties (TVs)
they replaced, leading to substantial production increases and higher in-
comes for millions of farmers who adopted the technology.! Following
their introduction, rice and wheat MVs spread rapidly throughout many of
the irrigated zones where rice and wheat cultivation was concentrated,
leading to dramatic increases in food production in a number of countries
that a short time earlier had been haunted by prospects of widespread
famine. In subsequent years, rice and wheat MVs spread gradually into
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less favorable environments, including many nonirrigated areas with rela-
tively modest production potential. Meanwhile, in the irrigated zones that
had first been affected, the original MVs were replaced by second- and
third-generation MVs, helping to fuel slow but steady yield increases on
the order of 1% per year that have continued to this day.

In the case of maize, a phenomenon equivalent to the green revolu-
tions in rice and wheat has not yet occurred, at least not in most of the de-
veloping countries. Despite extensive efforts to promote improved pro-
duction technologies for maize, about half of the developing world’s maize
area continues to be planted to TVs that have never received the attention
of a formal plant breeding program. The proportion of maize area that is
irrigated lags behind that of rice and wheat, and use of fertilizer and other
purchased inputs on maize remains relatively modest. The stark contrast
between the experiences of rice and wheat on the one hand and the expe-
rience of maize on the other is particularly puzzling in view of what has
happened in the industrialized world, where improved maize hybrids have
been extensively adopted and use of purchased inputs on maize is high.

If much of the developing world has thus far failed to experience a
green revolution in maize, it is not because improved production tech-
nologies have been lacking. Investment in maize research has been exten-
sive, and this investment has produced results. Plant breeders have devel-
oped many improved varieties and hybrids that clearly outperform the
materials grown by farmers. Similarly, crop management specialists have
identified improved management practices capable of significantly boost-
ing productivity. Yet even though these technologies have shown marked
superiority under experimental conditions, many have failed to spread be-
yond demonstration plots. Thus, the problem is not that improved maize
varieties and hybrids are lacking, as well as the improved management
practices that allow them to express their full genetic potential, but rather
that the improved technologies that are available have not reached the
farm level. Why this is so, and what can be done to improve the situation,
is the subject of this book.

Key Role of Maize Seed Industries

Maize (Zea mays L.) differs from rice and wheat in several respects that
have important implications for the development and spread of improved
germplasm. Because they are self-pollinating crops, when rice and wheat
reproduce, each generation of plants retains the essential genetic and phys-
iological identity of the preceding generation. This means farmers can
safely replant rice and wheat seed harvested from their own fields, giving
them effective control over the technology embodied in improved
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germplasm. Farmers can set aside a portion of their harvest for use as seed
in future cropping seasons, as long as they are careful to avoid mixing
seed of different varieties. Furthermore, if they so choose they can easily
distribute seed to other farmers. This is precisely what happened during
the green revolutions in rice and wheat: After relatively small quantities of
seed were released by public breeding programs, rice and wheat MVs
quickly spread through farmer-to-farmer seed exchanges, with relatively
little involvement by any sort of formal seed industry.

Maize presents a different story, however. Because it is a naturally
cross-pollinating crop, when maize reproduces, much depends on whether
the pollen used to fertilize a given kernel comes from the same plant or
from a different plant. Unlike rice and wheat plants, when maize plants
self-fertilize, the resulting progeny are often characterized by undesirable
traits, such as reduced plant size and low yields.2 But when maize plants
cross-fertilize, some of the resulting progeny tend to demonstrate desirable
traits, such as increased plant size or high yields. Commonly referred to as
“hybrid vigor,” this phenomenon is attributable to the complementary ac-
tion of favorable genes and is frequently exploited by plant breeders in
their efforts to develop commercial materials. Unfortunately, the benefits
of hybrid vigor do not persevere across generations. When seed harvested
from cross-pollinated maize plants (known as F; hybrids) is replanted, per-
formance in the resulting progeny (known as F, hybrids) decreases be-
cause of the inbreeding phenomenon referred to earlier. The size of the de-
crease in performance depends on the nature of the original F; hybrids. If
the F, plants were single-cross hybrids formed from highly homozygous
inbred lines, the yield loss in the F, generation may be as great as 35-40%.
If the F, plants were double-cross hybrids formed from less highly inbred par-
ents, the yield loss will be more modest, usually on the order of 10-15%.3

These two characteristics of maize—its tendency to deteriorate
through inbreeding and its ability to demonstrate hybrid vigor—affect the
degree of control exercised by farmers over the technology embodied in
seed. Because of the decrease in performance between F, plants and sub-
sequent generations, farmers who choose to grow hybrids in effect forfeit
the option of saving a portion of their harvest to use as seed in the follow-
ing cropping cycle.# Farmers who choose to grow open-pollinated varieties
retain the option of saving a portion of their harvest to use as seed in the
following cropping cycle, but they must be careful to maintain the genetic
purity of successive crops grown from replanted seed (e.g., by physically
isolating plots and by staggering planting dates to prevent cross-pollination
between varieties).

With on-farm seed production either technically difficult (in the case
of hybrids) or inconvenient and costly (in the case of varieties), maize
farmers must acquire fresh seed for each planting if they want to be certain
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of maintaining a high level of genetic purity in their crops. In and of itself,
the fact that maize farmers depend on external sources of seed does not
necessarily affect the development and diffusion of improved germplasm.
On the face of it, there seems to be no good reason maize varietal devel-
opment, seed production, and seed distribution activities cannot be per-
formed by specialized organizations. Nevertheless, the empirical record is
not encouraging, at least not in most developing countries, where decades
of sustained investment in maize research and development activities have
resulted in relatively modest impacts. The implication is that past ap-
proaches have not worked very well and may have to be modified.

For better or for worse, in many countries the need to rethink maize
research and development strategies comes at a time when public support
for agriculture is stagnating or even declining. Forced to re-evaluate the
desirability of continuing long-standing government spending programs,
policymakers frequently have chosen to relieve pressure on overburdened
public-sector budgets by encouraging the privatization of selected activi-
ties traditionally carried out by public agencies. Plant breeding research,
which offers obvious opportunities for commercial gain, has often been
among the first activities targeted for privatization.

Judging from the experience of many industrialized countries, the
maize seed industry indeed appears to be a suitable candidate for privati-
zation. In the United States, Canada, and most of the member states of the
European Community in which maize is an important crop, maize varietal
development, seed production, and seed distribution are now performed
largely by private firms. The industry is populated by large transnational
corporations whose names are familiar: Pioneer, Sandoz, DeKalb, Lima-
grain, Novartis, ICI-Zeneca, Cargill. The seed divisions of these corpora-
tions have grown and prospered because they have been able to identify
the germplasm needs of commercial farmers, develop hybrids that suc-
cessfully meet those needs, produce high-quality seed, and distribute that
seed at attractive prices. The undeniable success of many seed companies
has heightened the widespread perception that private companies are well
equipped to handle maize varietal development and seed production. In
many developing countries, the result has been a groundswell of support
for privatizing the maize seed industry.

Not everybody is comfortable with the idea of a global maize seed in-
dustry consisting exclusively of private companies, however. Some ob-
servers argue that privatization poses a risk because the quest for profits
could lead private seed companies to act in ways that are not necessarily in
the best interest of all producers and consumers. Private companies clearly
have economic incentives to serve the needs of large-scale commercial
producers who represent a potentially lucrative market for seed, but they
probably have much less reason to address the needs of small-scale subsis-
tence farmers who may be unable or unwilling to purchase seed regularly.
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The lack of success achieved by public-sector organizations in bring-
ing about a green revolution in maize suggests that it may be desirable to
encourage private companies or nongovernmental organizations to play a
greater role in disseminating improved maize varieties and hybrids, par-
ticularly in the developing world. Complete withdrawal of public organi-
zations from the maize seed industry, however, would probably be unde-
sirable for several reasons. First, private firms are unlikely to engage in
activities that offer no prospects for short- or medium-term profits, in-
cluding germplasm collection and conservation, as well as many types of
basic research. Furthermore, private seed companies will tend to neglect
small-scale farmers in marginal production environments who, because of
their dispersed distribution, special germplasm requirements, and modest
purchasing power, do not represent an attractive market. Thus, increased
privatization will have to be encouraged in ways that ensure that the needs
of the widest possible range of producers and consumers are effectively
addressed. Privatization of the maize seed industry will fail if the old state
monopolies are simply replaced by new private ones.

Objectives

Following a long period of relative stability, the world food economy has
begun to change in ways that are likely to have important consequences
for millions of producers and consumers of maize. In many developing
countries, private seed companies are beginning to assume a leading role
in generating improved maize varieties and hybrids, producing commercial
seed, and distributing that seed to large numbers of farmers. Meanwhile,
the government research institutes and state seed agencies that have tradi-
tionally performed those functions are often being forced to scale back
their level of activity. As a result, responsibility for the development and
dissemination of improved production technologies for maize—which in
earlier times would have been considered too important to entrust to the
private sector—has begun to shift away from the public domain.

Thus far, moves to privatize national maize seed industries seem to
have had largely positive results, as evidenced in many countries by recent
dramatic growth in the adoption of hybrids, expansion in the area planted
to improved germplasm, and a surge in national average maize yields. Yet
despite these encouraging signs, it is legitimate to ask where the changes
will ultimately lead. If current trends continue, will maize farmers in de-
veloping countries always be able to obtain a wide range of improved
germplasm and related production technologies at affordable prices? Will
consumers always have access to adequate supplies of maize at affordable
prices? Will efficient forms of industrial organization automatically emerge
for carrying out seed research, seed market development, seed production,



