
New technologies embodied in improved seed
Recent developments in maize research in industrialized countries have centered on
biotechnology and resource-conserving strategies. Maize will be one of the first major crops
to benefit from the new biotechnologies. Although the rate of progress has been much
slower than originally anticipated, it is highly probable that by the year 2000 maize seed
sales will reflect increased use of the new biotechnologies, especially in the form of hybrids
resistant to herbicides and pests (Sundquist 1989, Duvick 1992b). Much of the progress
sought through biotechnology will be aimed at increasing input efficiency. This increased
input efficiency will be embodied in the maize seed itself - for example, germplasm
possessing genetic resistance to certain insect pests will substitute for insecticide use.

Research to utilize molecular techniques to develop improved seed for small-scale farmers is
being initiated by the private sector and by public sector programs, including CIMMYT,
only now. As in industrialized countries, the initial success in maize will consist of genes
conferring herbicide tolerance and insect resistance. A great deal of controversy surrounds
the issue of genetically transforming maize for herbicide tolerance. Many argue that
genetically induced herbicide tolerance will be disastrous to small-scale farmers and
laborers (by favoring commercial farmers over smallholders who control weeds by hand)
and that it will harm the environment (by encouraging the use of toxic chemicals) (see
Hobbelink, 1991, and Neubert and Knirsch 1992). However, as mentioned earlier, many

Table 14. Investment in maize improvement research, developing countries and the USA, 1990

Latin All developing
Africa Asia America countries USA

Number of public sector researchers
Breeders 86 175 218 479 72
Others 188 240 106 534 na

Number of private sector breeders 38 169 146 353 641

Total number of breeders 124 344 364 832 713

Percent maize breeders
in the private sector 31 49 40 42 90

Average cost per scientist
'~.

(1990 PPP$, 000s) 71 73 132 8S 157

Total expenditures in maize
improvement research
(1990 PPP$, millions) 22 43 63 115 112

Number of breeders per million tons
of maize produced 5.4 12.9 8.2 8.8 4.0

Source: CIMMYT survey; Pardey, Roseboom, and Anderson (1991) for costs per scientist; KaHan, Richardson, and
Frey (1989) for data for USA.

PPP =purchasing power parity.
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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).
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Figure 11. Trends in private sedor 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 Ihnen (1983); KaHon,
Richardson, and Frey (1989); and authors'
estimates.

Research and development cost
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Research and development cost
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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, Bolanos, 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 19505
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
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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 EI 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 Lopez-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, Agricultural Statistics (various years).

4 Other factors that are probably responsible for the increase in seed costs in the USA are the switch to singl~ross

hybrids beginning in the 196Os, the decline in the real price of maize grain, and the switch to manual/mechanical
detasseling in seed production after the outbreak of Southern Com 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 ineffec~ve (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 cos~ 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
13.2 Mink, Dorosh, and Perry (1987),Indonesia 1982

Mink (1987)
Mexico 1991 6.7 Sagarnaga (1991)
Zimbabwe 1986 6.0 Morris (1988)
Brazil 1988 5.1 Resende et aI. (1990)

India (Punjab) 1992 5.1 Singh (1992)

Kenya 1992 5.0 Ministry of Planning (1993)

a Except land costs.
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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 environmentalJ.y 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,
investmen ~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 dflveloping countries could speed technological change in agriculture in many countries,
particularly those with relatively small maize areas. Technological change could occur more
rapirlly 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 farmer~ in developing countries.

25



References

ARC/CIMMYT. 1992. Summary of results of evaluation of the maize extension campaign, Minia
Governorate, Egypt, 1990. Draft paper. Mexico, D.E: CIMMYT.

Bellon, M.R., and S.B. Brush. 1993. Keepers of maize in Mexico. Draft paper. Mexico: Centro de
Ecologia, Universidad Nacional Autonoma de Mexico.

Bravo Espinosa, M., M. van Nieuwkoop, J,R. Contreras, J.L. Jimenez, and M. Morales G. 1993. El
potencial de La labranza de conservaci6n en La Mixteca Oaxaqueiia. Mexico, D.F.: CIMMYT.

Brown, L.R. 1966. C6mo aumentar La producci6n mundial de alimentos: Problemas y perspectivas. Manuales
UTEHA, Numero 344/344a. Mexico, D.E: Union TIpografica Editorial Hispano-Americana.

Buckles, D., 1. Ponce, G. Sain, and G. Medina. 1992. Tierra cobarde se vuelve valiente: Uso y difusi6n de
jrijol de abono (Mucuna deeringiana) en las laderas del Litoral AtLantico de Honduras. Mexico,
D.E: CIMMYT.

Byerlee, D. 1993. Technology transfer systems for improved crop management: Lessons for the
future. In J.R. Anderson (ed.), Agricultural Technology: Policy Issues for the International
Community. Wallingford, U.K.: CAB International.

Byerlee, D. 1994. Maize Research in Sub-Saharan Africa: An Overview ofPast Impacts and Future
Prospects. CIMMYT Economics Working Paper 94-03. Mexico, D.F.: CIMMYT.

Byerlee, D., and P. Heisey. 1993. Performance of hybrids under low-input conditions in Eastern and
Southern Africa. Draft paper. Mexico, D.F.: CIMMYT. .

Byerlee, D., M.L. Morris, and M.A. Lopez-Pereira. 1993. Hybrid maize and the small-scale farmer:
Economic and policy issues. Paper presented at the Fifth Asian Regional Maize Workshop,
15-20 November, Hanoi and Ho Chi Minh City, Socialist Republic of Vietnam.

Byerlee, D., and L. Saad. 1993. CIMMYT's economic environment to 2000 and beyond: A revised
forecast. Draft paper. Mexico, D.F.: CIMMYT.

Calderon, E, H. Sosa, V. Mendoza, G. Sain, and H. Barreto. 1991. Adopcion y difusion de labranza de
conservacion en Metalio-Guaymango, El Salvador: Aspectos institucionales y reflexiones
tecnicas. In Agricultura sostenible en las laderas Centroamericanas: Oportunidad de colaboraci6n
institucional. San Jose, Costa Rica: Instituto Interamericano de Ciencias Agricolas.

Cardwell, V.B. 1982. Fifty years of Minnesota corn production: Sources of yield increase. Agronomy
Journal74:9~990. ~

CIMMYT. 1989. Maize Research and Development in Pakistan. Mexico, D.F.: CIMMYT.

Cutie, J. 1976. Diffusion ofHybrid Corn Technology: The Case ofEl Salvador. [Abridged.] Mexico, D.E:
CIMMYT.

Duvick, D.N. 1985. State of temperate maize breeding programs. In A. Brandolini and E Salamini
(eds.), Breeding Strategies for Maize Production and Improvement in the Tropics. Rome, Italy: Food
and Agricultural Organization.

Duvick, D.N. 1992a. Genetic contributions to advances in yield of US maize. Maydica
37: 69-79.

26



Duvick, D.N. 1992b. Plant breeding in the 21st century. Choices 7(4): 26-29.

Edr!'_~ci.des, G., J. Bolanos, and H.R. Lafitte. 1990. Selection for drought tolerance in maize adapted to
the lowland tropics. In C. De Leon, G. Granados, and M.D. Read (eds.), Proceedings oj the
Fourth Asian Regional Maize Workshop, Islamabad, Pakistan, September 21-28,1990. Mexico, D.F.:
CIMMYT. Pp. 230-268.

Evenson, R.E. 1977. Comparative evidence on returns to investment in national and international
research institutions. In T.M. Ardnt, D.G. Dalrymple, and V.W. Ruttan (eds.), Resource
Allocation and Productivity in National and International Agricultural Research. Minneapolis,
Minnesota: University of Minnesota.

Friis-Hansen, E. 1989. Seeds ofWealth, Seeds ofRisk? The Vulnerability ofHybrid Maize Production in the
Southern Highlands of Tanzania. CDR Project Paper 88.2. Copenhagen, Denmark: Center for
Development Research.

Gerhart, J. 1975. The Diffusion ofHybrid Maize in Western Kenya. [Abridged.] Mexico, D.F.: CIM:MYT.

GGDP. 1991. A Study ofMaize Technology Adoption in Ghana. Mexico, D.Fi: Ghana Grains Development
Project.

Goldsmith, AA 1990. Building Agricultural Institutions: Transferring the Land-Grant Model to India and
Nigeria. Boulder, Colorado: Westview Press.

Griliches, Z. 1957. Hybrid corn: An exploration in the economics of technological change.
Econometrica 25: 501-522.

Hallberg, G.R, c.K. Contant, C.A Chase, G.A Miller, M.D. Duffy, RJ. Killom, RD. Voss, A.M.
Blackmer, S.c. Padgitt, J.R DeWitt, J.B. Gulliford, D.A Lindquist, 1.W. Asell, D.R Keeney,
RD. Libra, and K.D. Rex. 1991. A Progress Review of Iowa's Agricultural-Energy-Environmental
Initiatives: Nitrogen Management in Iowa. Technical Information Series 22.' Ames, Iowa: Iowa
Department of Natural Resources.

Harrington, 1., S. Whangthongtham, P. Witowat, R Meesawat, and S. Suriyo. 1991. Beyond on1arm
trials: The role of policy in explaining non-adoption offertilizer on maize in Thailand. Paper
presented at the Eleventh Annual AFSRE SympOSium, 5-10 October, Michigan State
University, East Lansing, Michigan.

Hibon, A, with B. Triomphe, M.A Lopez-Pereira, and 1. Saad. 1992. Rainfed Maize Production in
Mexico: Trends, Constraints, and Technological and Institutional Challenges for Researchers.
CIMMYf Economics Working Paper 92-03. Mexico, D.F.: CIMMYT.

Hobbelink, H. 1991. Biotechnology and the Future ofWorld Agriculture. London, u.K.:
Zed Books. .,.

ISU. 1980. Estimated Costs ofCrop Production in Central Iowa: 1980. Extension Bulletin FM-1712,
January 1980. Ames, Iowa: Iowa State University.

ISU. 1989. Estimated Costs ofCrop Production in Iowa: 1990. Extension Bulletin FM-1712, December
1989. Ames, Iowa: Iowa State University.

Jha, D., and B. Hojjati. 1993. Fertilizer Use on Smallholder Farms in Eastern Province, Zambia. IFPRI
Research Report 94. Washington, D.C.: International Food Policy Research Institute.

27



Kalton, RR, P.A Richardson, and N.M. Frey. 1989. Inputs in private sector plant breeding and
oiotechnology research programs in the United States. Diversity 5(4): 22-25.

Karanja, D.o., and AG.O. Okech. 1990. The impact of research on maize yields in Kenya (1955-88).
Paper presented to the Kenya Agricultural Research Institute Maize Review Workshop, 19-23
November, Kakamega, Kenya.

Krisdiana, R., M. Dahlan, Herianto, C. van Santen, and L.W. Harrington. 1991. From diagnosis to
farmer adoption: MARIF's maize on-farm research programme in East Java, Indonesia. In
R. Tripp (ed.), Planned Change in Farming Systems: Progress in On-Farm Research. Chichester,
u.K.: John Wiley.

Lopez-Pereira, M.A, and M.L. Morris. 1994. Impacts of International Maize Breeding Research in the
Developing World, 1966-90. Mexico, D.F.: CIMMYT.

Lough, R 1985. Maize grain production: Costs and returns. In H.A Eagles and G.S. Wratt (eds.),
Maize: Management to Market. Special Publication No.4. Agronomy Society of New Zealand.

Martinez, J.c. 1973. On the Economics of Technological Change: Induced Innovation in Argentine
Agriculture. Ph.D. thesis. Ames, Iowa: Iowa State University.

Martinez, J.c., and J.R Arauz. 1983. Institutional Innovations in National Agricultural Research: On
Farm Research within IDIAp, Panama. CIMMYT Economics Working Paper 02/83. Mexico,
D.F.: CIMMYT.

Mashingaidze, K. 1991. Maize research and development. Paper presented at the Conference on
Zimbabwe's Agricultural Revolution: Implications for Southern Africa, 7-11]uly, Victoria
Falls, Zimbabwe.

McMullen, N. 1987. Seeds and World Agricultural Progress. Washington, D.C.: National Plaruting
Association.

Menz, K.M., and P. Pardey. 1983. Technology and US corn yields: Plateaus and price responsiveness.
American Journal ofAgricultural Economics 65: 558-562.

Ministry of Planning. 1993. Review ofAgricultural Producer Prices. Nairobi, Kenya: Ministry of
Planning.

Mink, S.D. 1987. The economics of input use. In c.P. Tlffimer (00.), The Corn Economy ofIndonesia.
Ithaca, New York: Cornell University.

Mink, S.D., P.A Derosh, and D.H. Perry. 1987. Corn production systems. In c.P. Tlffimer (ed.), The
Corn Economy of Indonesia. Ithaca, New York: Cornell University.

",.

Morris, M.L. 1988. Comparative Advantage and Policy Incentives for Wheat Production in Zimbabwe.
CIMMYT Economics Working Paper 88-02. Mexico, D.F.: CIMMYT.

Munson, RD., and c.F. Runge. 1989. Agricultural Competitiveness, Farm Fertilizer and Chemical Use, and
Environmental Quality: A Descriptive Analysis. Report. St. Paul, Minnesota: Center for
International Food and Agricultural Policy, University of Minnesota.

Munson, RD., and C.F. Runge. 1990. Improving Fertilizer and Chemical Efficiency through "High
Precision Farming." St. Paul, Minnesota: Center for International Food and Agricultural
Policy, University of Minnesota.

28

Kalton, RR, P.A Richardson, and N.M. Frey. 1989. Inputs in private sector plant breeding and
oiotechnology research programs in the United States. Diversity 5(4): 22-25.

Karanja, D.o., and AG.O. Okech. 1990. The impact of research on maize yields in Kenya (1955-88).
Paper presented to the Kenya Agricultural Research Institute Maize Review Workshop, 19-23
November, Kakamega, Kenya.

Krisdiana, R., M. Dahlan, Herianto, C. van Santen, and L.W. Harrington. 1991. From diagnosis to
farmer adoption: MARIF's maize on-farm research programme in East Java, Indonesia. In
R. Tripp (ed.), Planned Change in Farming Systems: Progress in On-Farm Research. Chichester,
U.K: John Wiley.

Lopez-Pereira, M.A, and M.L. Morris. 1994. Impacts of International Maize Breeding Research in the
Developing World, 1966-90. Mexico, D.F.: CIMMYT.

Lough, R 1985. Maize grain production: Costs and returns. In H.A Eagles and G.S. Wratt (eds.),
Maize: Management to Market. Special Publication No.4. Agronomy Society of New Zealand.

Martinez, J.c. 1973. On the Economics of Technological Change: Induced Innovation in Argentine
Agriculture. Ph.D. thesis. Ames, Iowa: Iowa State University.

Martinez, J.c., and J.R. Arauz. 1983. Institutional Innovations in National Agricultural Research: On
Farm Research within IDIAp, Panama. CIMMYT Economics Working Paper 02/83. Mexico,
D.F.: CIMMYT.

Mashingaidze, K 1991. Maize research and development. Paper presented at the Conference on
Zimbabwe's Agricultural Revolution: Implications for Southern Africa, 7-11]uly, Victoria
Falls, Zimbabwe.

McMullen, N. 1987. Seeds and World Agricultural Progress. Washington, D.C.: National Plarming
Association.

Menz, KM., and P. Pardey. 1983. Technology and US corn yields: Plateaus and price responsiveness.
American Journal ofAgricultural Economics 65: 558-562.

Ministry of Planning. 1993. Review ofAgricultural Producer Prices. Nairobi, Kenya: Ministry of
Planning.

Mink, S.D. 1987. The economics of input use. In c.P. Tlffimer (00.), The Corn Economy ofIndonesia.
Ithaca, New York: Cornell UniverSity.

Mink, S.D., P.A Derosh, and D.H. Perry. 1987. Corn production systems. In c.P. llffimer (ed.), The
Corn Economy of Indonesia. Ithaca, New York: Cornell University.

",.

Morris, M.L. 1988. Comparative Advantage and Policy Incentives for Wheat Production in Zimbabwe.
CIMMYT Economics Working Paper 88-02. Mexico, D.F.: CIMMYT.

Munson, RD., and c.F. Runge. 1989. Agricultural Competitiveness, Farm Fertilizer and Chemical Use, and
Environmental Quality: A Descriptive Analysis. Report. St. Paul, Minnesota: Center for
International Food and Agricultural Policy, University of Minnesota.

Munson, RD., and c.F. Runge. 1990. Improving Fertilizer and Chemical Efficiency through "High
Precision Farming." St. Paul, Minnesota: Center for International Food and Agricultural
Policy, University of Minnesota.

28



Neubert, S., and J. Knirsch. 1992. Summary of the Report on "Herbicide Resistant Plants and Food
Supply in the Third World." Hamburg, Germany: Pestizid-Aktions-Netzwerk.

Nieuwkoop, M. van, W. Lopez, A. Zamarripa, P. Cadena, B. Villar, and R de la Piedra. 1992. EI uso y
conservaci6n de los recursos naturales en La Fraylesca, Chiapas: Un diagn6stico. Mexico, D.E:
CIMMYT.

Pardey, P.G., J. Roseboom, and J.R Anderson. 1991. Regional perspectives in national agricultural
research. In P.G. Pardey, J. Roseboom, and J.R Anderson (eds.), Agricultural Research Policy:
International Quantitative Perspectives. Cambridge, UK: Cambridge University Press.

Perrin, R, K. Kunnings, and L. Ihnen. 1983. Some Effects of the u.s. Plant Variety Protection Act of1970.
Economics Research Report No. 46. Raleigh, North Carolina: North Carolina State
University.

Pray, C.E., and RG. Echeverria. 1991. Private sector agricultural research in less-developed
countries. In P.G. Pardey, J. Roseboom, and T.R Anderson (eds.), Agricultural Research Policy:
International Quantitative Perspectives. Cambridge, UK: Cambridge University Press.

Resende, M., V.M. Carvalho Alves, G. E. Evangelista de Franca, and J.A. Monteiro. 1990. Manejo de
irriga~aoe fertilizantes na cultura do millio. Informe Agropecuario 14(164): 26-34.

Rohrbach, D. 1989. The Economics of Smallholder Maize Production in Zimbabwe: Implications for Food
Security. MSU International Development Paper No. 11. East Lansing, Michigan: Michigan
State University.

Sagarnaga, M. 1991. Ventajas comparativas y politica agricola en la producci6n de Il1aiz en tres zonas
representativas de Mexico. Ph.D. thesis. Montecillos, Estado de Mexico: Colegio de
Postgraduados.

Seeley, J. 1988. Household Maize Variety Selection in Lumle Agricultural Centre Extension Command Area.
Technical Paper 88/24. Pokhara-Kaski, Nepal: Lumle Agricultural Centre.

Sehgal, S.M. 1977. Private sector international agricultural research. In R Celis, J.T. Milimo, and S.
Wanmali (eds.), Resource Allocation and Productivity in National and International Agricultural
Research. Minneapolis, Minnesota: University of Minnesota Press.

Sehgal, S.M. 1992. Opportunities in hybrid rice development. Seed World 130(13): 20-26.

Shumba, E.M., S.R Waddington, and M. Rukuni. 1992. Use of tine-tillage with atrazine weed control
to permit earlier planting of maize by smallholder farmers in Zimbabwe. Experimental
Agriculture 28: 443-452.

Singh, J. 1992. An Economic Profile ofMaize croP in Punjab. Ludhiana, India: Department of Economics
and Sociology, Punjab Agricultural University, Ludhiana.

Smale, M., and P.W. Heisey. 1993. Simultaneous estimation of seed-fertilizer adoption decisions: An
application to hybrid maize in Malawi. Technological Forecasting and Social Change 43: 353-368.

Smale, M., Z.H.W. Kaunda, H.L. Makina, and M.M.M.K. Mkandawire.1993. Farmers' Evaluation of
Newly Released Maize Varieties in Malawi: A Comparison of Local Maize, Semi-Flint, and Dent
Hybrids. Lilongwe, Malawi: CIMMYT.

29

Neubert,S., and J. Knirsch. 1992. Summary of the Report on "Herbicide Resistant Plants and Food
Supply in the Third World." Hamburg, Germany: Pestizid-Aktions-Netzwerk.

Nieuwkoop, M. van, W. Lopez, A. Zamarripa, P. Cadena, B. Villar, and R de la Piedra. 1992. EI usa y
canservaci6n de los recursos naturales en La Fraylesca, Chiapas: Un diagnostico. Mexico, D.E:
CIMMYT.

Pardey, P.G., J. Roseboom, and J.R Anderson. 1991. Regional perspectives in national agricultural
research. In P.G. Pardey, J. Roseboom, and J.R Anderson (eds.), Agricultural Research Policy:
International Quantitative Perspectives. Cambridge, UK: Cambridge University Press.

Perrin, R, K. Kunnings, and L. Ihnen. 1983. Some Effects of the u.s. Plant Variety Protection Act of1970.
Economics Research Report No. 46. Raleigh, North Carolina: North Carolina State
University.

Pray, C.E., and RG. Echeverria. 1991. Private sector agricultural research in less-developed
countries. In P.G. Pardey, J. Roseboom, and J.R Anderson (eds.), Agricultural Research Policy:
International Quantitative Perspectives. Cambridge, UK: Cambridge University Press.

Resende, M., V.M. Carvalho Alves, G. E. Evangelista de Franca, and J.A. Monteiro. 1990. Manejo de
irriga~aoe fertilizantes na cultura do millio. Informe Agropecuario 14(164): 26-34.

Rohrbach, D. 1989. The Economics of Smallholder Maize Production in Zimbabwe: Implications for Food
Security. MSU Intemational Development Paper No. 11. East Lansing, Michigan: Michigan
State University.

Sagamaga, M. 1991. Ventajas comparativas y politica agricola en la produccion de Il1aiz en tres zonas
representativas de Mexico. Ph.D. thesis. Montecillos, Estado de Mexico: Colegio de
Postgraduados.

Seeley, J. 1988. Household Maize Variety Selection in Lumle Agricultural Centre Extension Command Area.
Technical Paper 88/24. Pokhara-Kaski, Nepal: Lumle Agricultural Centre.

Sehgal, S.M. 1977. Private sector intemational agricultural research. In R Celis, J.T. Milimo, and S.
Wanmali (eds.), Resource Allocation and Productivity in National and International Agricultural
Research. Minneapolis, Minnesota: University of Minnesota Press.

Sehgal, S.M. 1992. Opportunities in hybrid rice development. Seed World 130(13): 20-26.

Shumba, E.M., S.R Waddington, and M. Rukuni. 1992. Use of tine-tillage with atrazine weed control
to permit earlier planting of maize by smallholder farmers in Zimbabwe. Experimental
Agriculture 28: 443-452.

Singh, J. 1992. An Economic Profile ofMaize croP in Punjab. Ludhiana, India: Department of Economics
and Sociology, Punjab Agricultural University, Ludhiana.

Smale, M., and P.W. Heisey. 1993. Simultaneous estimation of seed-fertilizer adoption decisions: An
application to hybrid maize in Malawi. Technological Forecasting and Social Change 43: 353-368.

Smale, M., Z.H.W. Kaunda, H.L. Makina, and M.M.M.K. Mkandawire. 1993. Farmers' Evaluation of
Newly Released Maize Varieties in Malawi: A Comparison of Local Maize, Semi-Flint, and Dent
Hybrids. Lilongwe, Malawi: CIMMYT.

29



Smith, T., AD. Barau, A Goldman, and J.H. Mareck. 1993. The role of technology in agricultural
intensification: The evolution of maize production in the Northern Guinea Savanna of
Nigeria. Economic Development and Cultural Change (forthcoming).

Stone, B. 1990. Evolution and diffusion of agricultural technology in China. In N.G. Kotler (ed.),
Sharing Innovation: Global Perspectives on Food, Agriculture, and Rural Development.
Washington, D.C.: International Food Policy Research Institute.

Sundquist, WB. 1989. Emerging Maize Biotechnologies and their Potential Impact. Technical Paper No.8.
Paris, France: DECO.

Sundquist, W.B., K.M. Menz, and c.F. Neumeyer. 1982. A Technology Assessment ofCommercial Corn
Production in the United States. Experiment Station Bulletin 546-1982. St. Paul, Minnesota:
Experiment Station, University of Minnesota.

Timmer, c.P. (ed.). 1987. The Corn Economy ofIndonesia. Ithaca, New York: Cornell University.

Tweeten, L. 1987. Productivity, competitiveness, and the future of US agriculture. Draft paper.
Stillwater, Oklahoma: Oklahoma State University.

Tripp R. (ed.). 1991. Planned Change in Farming Systems: Progress in On-Farm Research. Chichester,
UK: John Wiley.

Vroomen, H. 1989. Fertilizer Use and Price Statistics, 1960-88. Statistical Bulletin No. 780. Washington,
D.C.: Economic Research Service, United States Department of Agriculture.

Walker, T.S. 1981. Risk and adoption of hybrid maize in EI Salvador. Food Research Il1stitute Studies 18:
59-88.

Wellhausen, E.J. 1978. Recent developments in maize breeding in the tropics. In D.B. Walden (ed.),
Maize Breeding and Genetics. Chichester, UK: John Wiley.

Recent Publications from CIMMYT Economics

Working Papers

91/01 Land Prices, Land Rents, and Technological Change: Evidence from Pakistan (M. Renkow)

91/02 Wheat and Barley Production in Rainfed Marginal Environments of West Asia and North
Africa: Problems and Prospects (A Belaid and M.L. Morris)

91/03 Extension of On-Farm Research Findings: Issues from ~xperience in Southern Africa
(A Low, C. Seubert, and J. Waterworth)

91/04 Chimanga Cha Makolo, Hybrids, and Composites: An Analysis of Farmers' Adoption of Maize
Technology in Malawi, 1989-91 (M. Smale, with Z.H.W. Kaunda, H.L. Makina, M.M.M.K.
Mkandawire, M.N.S. Msowoya, D.J.E.K. Mwale, and P.W. Heisey)

92/01 Economic Criteria for Establishing Plant Breeding Programs G.P. Brennan)

92/02 Technical Change and Wheat Productivity in the Indian Punjab in the Post-Green Revolution
Period (0.5. Sidhu and D. Byerlee)

30



92/03 Rainfed Maize Production in Mexico: Trends, Constraints, and Technological and
Institutional Challenges for Researchers (A. Hibon, with B. Triomphe, M.A. L6pez-Pereira,
and L. Saad) (Also available in Spanish)

92/04 Returns to Wheat Research in Nepal (M.L. Morris, H.J. Dubin, and 1. Pokhrel)

92/05 Dryland Wheat in India: The Impact of Technical Change and Future Research Challenges
(D. Byerlee, in collaboration with the Indian Council of Agricultural Research)

92/06 The Economics of Quality Protein Maize as an Animal Feed: Case Studies of Brazil and EI
Salvador. (M.A. L6pez-Pereira) (Also available in Spanish)

93/01 Institutionalizing the Role of the Economist in National Agricultural Research Institutes
(D. Byerlee and S. Franzel)

93/02 Wheat Supply in Kenya: Production Technologies, Sources of Inefficiency, and Potential for
Productivity Growth (RM. Hassan, W. Mwangi, and D. Karanja)

94/01 Nutritive and Economic Value of Triticale as a Feed Grain for Poultry (A. Belaid) (Executive
Summary in French)

94/02 Technical Change in Maize Production: A Global Perspective (D. Byerlee and M.A. L6pez
Pereira)

94/03 Maize Research in Sub-Saharan Africa: An Overview of Past Impacts and Future Prospects
(D. Byerlee, with A. Diallo, Bantayu Gelaw, P.W. Heisey, M. L6pez-Pereira, W. Mwangi,
M. Smale, R Tripp, and S. Waddington)

Economics Papers

1 Determining Comparative Advantage Through DRC Analysis: Guidelines Emerging from
CIMMYT's Experience (M.L. Morris) (Also available in Spanish)

2 Triticale Production in the Central Mexican Highlands: Smallholders' Experiences and
Lessons for Research (J. Carney) (Also available in Spanish)

3 Continuous Economic Analysis of Crop Response to Fertilizer in On-Farm Research (M.A.
Jauregui and G.E. Sain)

4 Modeling the Aggregate Effects of Technological Change on Income Distribution in
Pakistan's Favored and Marginal P~oduction Environments (M. Renkow)

5 Crop Management Research and Extension: The Products and Their Impact on Productivity
(G. Traxler and D. Byerlee)

6 Economic Policy and Technology Determinants of the Comparative Advantage of Wheat
Production in Sudan (RM. Hassan and H. Faki)

31



ISBN· 258-8587

International Maize and Wheat Improvement Center
Centro Internacional de Mejoramiento de Mafz y Trigo
Lisboa 27. Apartado Postal 6-641, 06600 Mexico. D.F.. Mexico


