


small-scale farmers in Mexico and Central America use herbicides on maize. Maize with
tolerance to certain herbicides has the potential to benefit both small-scale farmers in some
areas (e.g., by encouraging the use of less toxic herbicides) and the environment (e.g., by
encouraging the adoption of conservation tillage).

Although we do not see products of research on the new biotechnologies becoming widely
available to small-scale farmers in developing countries until the next decade, conventional

breeding approaches have made significant
progress in developing germplasm tolerant
to various biotic and abiotic stresses. For
example, recently Nicaraguan farmers
adopted new stunt-resistant varieties of
maize which increase yields by 30%.
Likewise, EMBRAPA in Brazil has released
BR-201, a double-cross hybrid that tolerates
acid soil conditions and covers about one
million hectares. In the future, varieties with
enhanced drought tolerance will improve
yield stability in many areas of the
developing world suffering frequent
drought stress (Edmeades, Bolafios, and
Lafitte 1990).

It is not clear to what extent the investment
in biotechnology will substitute increased
expenditures on seed for reduced
expenditures on chemicals, offsetting some
of the potential cost savings for farmers
(although reducing environmental costs).
The price of hybrid seed in the USA has
grown in real terms over the past 50 years
by 3% per annum. The largest increase has
occurred since 1970 (an annual increase of
6% in real terms). The price of hybrid seed
has risen even faster relative to the price of
commercial maize, from less than 10 times
the commercial grain price before the 1950s
to over 30 times since then (Figures 11 and
12). The rising R&D costs described above
explain only a small share of this increase,
although R&D costs now account for nearly

Research and development cost 110
(million US$ 1990)

1955 1960 1970 1975

Research and development cost 8.2
as percent of total seed sales

Seed costs as percent of the 7.9
total value of production

1990

1975

1955 1960 1970 1980

Figure 11. Trends in private sector investment

in maize breeding research and in the cost of

hybrid maize seed, USA, 1955-90.

Sources: Seed costs from USDA Agricultural Statistics
(various years). R&D costs constructed from
Perrin, Kunnings and Thnen (1983); Kalton,
Richardson, and Frey (1989); and authors'’
estimates.

20



10% of the value of seed sales, compared with 1.6% in 1955 (Figure 11).4 It should also be
noted that, despite increasing seed costs, farmers (and consumers) are the largest
beneficiaries of maize improvement research, capturing through increased productivity
about 75% of the total benefits from adoption of higher yielding hybrids. The remaining
benefits are internalized in higher seed costs (McMullen 1987, Sehgal 1992).

Given the relatively low R&D expenditures by the private sector and low seed prices, we
expect that developing country farmers will pay higher prices for improved seed in the
future, as R&D investment in the private sector increases and the market for hybrid seed
develops. At present, seed to grain price ratios are very low in many developing countries
where hybrids are widely used. The seed to grain price ratio for hybrids in India, China,
Kenya, Zambia, Zimbabwe, Venezuela, and El Salvador is about 5 (Table 8), compared to
30:1 for single-cross hybrids in the USA and even higher ratios in Europe. Thus, even when
hybrid seed is used, seed costs are still quite low as a percentage of the total variable costs
of maize production in developing countries (Table 15).

Low seed prices appear to have been important in encouraging initial adoption of hybrid
seed by small-scale farmers (Byerlee, Morris, and Lépez-Pereira 1993). However, once the
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Figure 12. Ratio of the price of hybrid maize seed to the price of commercial grain, USA, 1940-90.
Source: USDA, Agriculturali Statistics (various years).

4 Other factors that are probably responsible for the increase in seed costs in the USA are the switch to single-cross
hybrids beginning in the 1960s, the decline in the real price of maize grain, and the switch to manual /mechanical
detasseling in seed production after the outbreak of Southern Corn Blight, which was associated with the
widespread use of cytoplasmic male sterility in hybrid seed production.
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market for hybrid seed matures (that is, once small-scale farmers are accustomed to
purchasing seed annually and the research system can provide a continuing stream of ever-
higher-yielding hybrids), there is substantial scope for absorbing higher seed prices as long
as this seed provides sufficient productivity gains in the form of higher yields or reduced
levels of inputs, especially pesticides. Nonetheless, if prices rise from their present 4-7:1 to
more than 30:1, as in the USA, many small-scale farmers may face significant hardships in
using hybrid maize, even in a mature market. For this reason the public sector has a
continuing role in R&D for hybrids, both in reducing the costs of developing inbred lines
and in promoting a competitive local seed industry by providing inbred lines to local seed
companies.

The other component of a knowledge-based agriculture is the development of improved
information and knowledge in crop and resource management — for example, local
research and extension efforts to provide site- and season-specific recommendations that
enhance input efficiency in the short run and promote resource conservation over the long
run. Research and extension systems must move away from the traditional "top-down"
package approach that emphasizes increasing use of external inputs and move instead
toward improving farmers’ knowledge (building on traditional knowledge) to increase the
efficiency and sustainability with which inputs are applied. The diversity of small-farm
circumstances under which maize is grown, even within an individual country, often
renders widespread dissemination of a standard production package ineffective (Byerlee
1993). Experience from implementing adaptive research approaches in many countries
suggests that the payoffs from this kind of research can be high (Tripp 1991), but for a
strategy of "high precision farming" (Munson and Runge 1990) to be successful, investments

Table 15. Hybrid maize seed cost as share of total production costs in selected countries

Hybrid seed cost as
percent of total
Country Year production cost? Source
Industrialized countries
USA (Iowa) 1980 10.9 ISU (1980)
USA (Iowa) 1990 11.7 ISU (1989)
New Zealand 1984 12.9 . Lough (1985)
Developing countries
Indonesia 1982 13.2 Mink, Dorosh, and Perry (1987),
Mink (1987)
Mexico 1991 6.7 Sagarnaga (1991)
Zimbabwe 1986 6.0 Morris (1988)
Brazil 1988 51 Resende et al. (1990)
India (Punjab) 1992 5.1 Singh (1992)
Kenya 1992 5.0 Ministry of Planning (1993)

4 Except land costs.



in research and extension that are at least equivalent to the investment in the new
biotechnologies will be needed over a long period. For example, the Iowa program
discussed above to increase the efficiency of fertilizer use involved expenditures of US$ 11
million over three years in a public education and extension program (Hallberg et al. 1991).
(It should be noted that this decrease in fertilizer use occurred despite the fact that fertilizer
prices continued to decline in real terms in the 1980s — see Figure 13). In the future, if
governments decide to tax the use of chemicals (as some European countries have done),
information might be substituted for inputs more rapidly.

Strategic issues for public sector research
Finally, in defining research priorities for increasing maize productivity, three strategic
issues are important to public-sector decision making:

® First, the public sector must define its role relative to the private sector, especially in
maize breeding. Recent changes in many countries provide a more favorable
environment for private sector investment in R&D. In such an environment, we would
expect that hybrid seed sales, which have already jumped sharply in many countries in
the last five years, will continue to increase. If, as expected, private seed companies
emphasize relatively favorable growing environments and large-scale farmers at first,
the public sector must decide whether to compete in these regions for these clients or to
focus on more marginal regions and farmers. However, in some cases incentive
structures that parallel those of the private sector are offered to the public sector in the
form of royalties for germplasm use. Many farmers could be ignored by an expanded
private sector and a "profit-driven” public sector, each focusing on commercial farmers
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Figure 13. Real price of nitrogenous fertilizer, USA, 1961-92.
Sources: Vroomen (1989) and CIMMYT Economics Program database.
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and/or areas of high production potential that offer most of the profitable seed
marketing opportunities. A profit-driven public sector may be a socially acceptable
model in industrialized countries and in commercial maize production areas of
developing countries, but in most developing countries, the circumstances of maize
farmers vary widely, and different research and seed production/delivery institutions
are needed to cover all of these farmers effectively.

* Second, in countries that have diverse production environments and are undergoing
structural adjustment, research institutions must take into account likely shifts in land
use and maize production patterns. For example, in Central America two-thirds of the
maize is grown on hillsides, some of it in areas with high erosion hazards. These farmers
have difficulty competing with imported maize, as can be seen from recent attempts by
Central American governments to reimpose import restrictions or tariffs. At the same
time, a considerable share of the region's maize research resources is directed to these
hillside systems. The question then is to what extent these farmers can produce maize
efficiently and whether they will in fact shift to alternative crop or livestock activities.

¢ Third, for production systems that have yet to undergo significant input intensification,
a strategy must be developed which carefully balances input intensification and
enhanced input efficiency and sustainability. This is particularly important in sub-
Saharan Africa, where some advocate the development of environmentally benign
technologies, such as internally generated sources of nutrients, to bypass input
intensification through use of external inputs. Although there is an urgent need to
increase research on low-input systems that may enhance sustainability over the long
run, it seems unlikely that productivity can be increased sufficiently rapidly without a
strong effort to encourage the adoption of external inputs, especially chemical fertilizers.
Whichever approach is used, one of the easiest, most obvious sources of productivity
increases is the genetic gains in yield associated with the continuous release and
widespread adoption of new generations of input-responsive MVs, which enhance the
efficiency of nutrient use regardless of whether nutrients are generated internally or
purchased externally. Enhanced productivity in the short term through adoption of
seed-fertilizer technology also contributes to long-term sustainability, by reducing the
pressure to move to fragile areas such as forest margins.
In any event, the environment for maize production in developing countries is changing
rapidly, and maize research programs must anticipate those changes. In some cases,
investmer::s in maize research may be able to offset changes in the policy environment, such
as competition resulting from import liberalization. However, in this new environment,
each country must develop well-defined strategies with respect to 1) the types of
technology and farmer to emphasize and 2) the complementarities between a revitalized
private sector and a dwindling public sector that should be developed to meet these
research needs.
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Finally, the increasing liberalization of agricultural sectors and especially international trade
in developing countries could speed technological change in agriculture in many countries,
particularly those with relatively small maize areas. Technological change could occur more
rapidly if: 1) bans on imports of improved seed for research and for sale are eliminated,
permitting agricultural technology to be imported more efficiently; 2) more liberal
phytosanitary requirements are established; and 3) more efficient testing procedures for
yield and other characteristics are developed. Local research programs would become more
efficient at developing improved agricultural technologies if they allowed technologies
developed elsewhere to be tested and disseminated in their own mandate areas.

Conclusion

Difficult challenges lie ahead for national agricultural research systems in developing
countries. Not the least of these challenges is to determine the future direction of maize
breeding research and seed production and distribution. In most of the developing world
the scope for progress in technological change in maize production is substantial. Strategic
decisions will have to be made regarding the optimal roles of public and private sector
organizations in the process of technological change, the mix of agricultural policy
measures needed to foster development of the maize sector, the relative emphasis on
breeding versus crop management research and other research priorities, and which clients
each sector will serve. But as practical applications of new technologies appear, many
opportunities will appear as well. Success depends on finding the right balance between all
players in the sector so that scarce research resources can be used most efficiently, without
ignoring important issues such as natural resource conservation, the needs of small-scale
farmers, and legal requirements for diffusing proprietary technology in developing
countries.

Finally, there is little doubt that public research organizations will need substantially more
financial support than they have received in the recent past in order to face these challenges
and take advantage of the opportunities. The private sector is expected to assume a wider
role in some aspects of maize research, especially seed production and distribution. But
many areas of research, including the development of hybrids, must continue to be the
domain of public sector organizations, if the benefits of research are to be distributed more
evenly among all types of maize farmers in developing countries.
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