
CIMMYT Economics Working Paper 90/03

Public and Private Investments in
Maize Research in Mexico an Guatemala

Ruben G. Echeverria*

CE RO I E CIO EJO E AIZ I 0
INTERNATIONAL MAIZE AND WHE TIP OVEME T CENTER
Llsbo8 27 Apart8do Po 8' ·841 08600 M'xico D.F M'xico



*

CIMMYT Economics Working Paper 90/03

Public and Private Investments in
Maize Research in Mexico and Guatemala

Ruben G. Echeverria*

Research Officer, International Service for National Agricultural Research (lSNAR),
The Hague. This paper is based on research conducted in Mexico and Guatemala
while the author was a PhD thesis fellow with CIMMYT. The author thanks Derek
Byerlee, Carl Pray, Willis Peterson, and two anonymous referees from CIMMYT for
their comments. Views expressed in this paper are those of the author and do not
necessarily reflect CIMMYT or ISNAR policy.



Abstract

This paper describes the relationship between public and private sector
research and seed production in Mexico and Guatemala. The focus is on
public agricultural research institutes and local and multinational seed
companies, with special emphasis on institutional rules affecting the publici
private interaction. Market size and public research and regulatory policies
were identified as key elements in determining the involvement of private
seed compa .es in research. These companies are substantially increasing
research in Mexico and Guatemala. In Mexico, multinationals are very active
while local companies re not; the opposite is true in Guatemala. Comple
mentarity between public and private research and seed production is
stronger in Guatemala than in Mexico. Preliminary evidence presented in
this study shows that during 1987 commercial farmers in Mexico and Guate
mala captured most of the benefits generated from research on improved
maize varieties and hybrids, provided that these materials yielded at least
20% more than farmers' existing varieties.

Correct citation: R.G. Echeverria. 1990. Public and Private Investments in Maize
Research in Mexico and Guatemala. CIMMYT Economics Working Paper 90/03.
Mexico, D.F.: CIMMYT.
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Public and Private I vestments in Maize Research
in Mexico and Guatemala

Ruben G. Echeverria

Introduction

Investments by multinational and national companies in the Third World.in
agricultural research and in seed multiplication and marketing, especially of
maize hybrids, have risen rapidly during the 1980s. In developing countries,
where the public sector has played the major role in agricultural research
and seed production, the private sector's increased participation in these
areas raises complex questions. To wha extent should private enterprises be
allowed to conduct research and rna ket seed in developing COUll ies? What
factors determine whether or not a private organization decides t invest in
research in a particular country? What are the distributional impacts of such
an investment? What points of interaction exist between the public and
private sectors, and what kind of relationship between these sectors will be
most beneficial to producers and consumers?

Gi en the diverse institutional arrangements under whic pub ic and private
research and seed production enterprises function in individual countries,
there can be no simple, general answer to these questions. This paper
touches upon some of the issues identified above by exa . ing public/private
sector links in two countries with experience in private maize research:
Mexico and Guatemala, a large and a small country. The general objective 0

this comparison is to determine what can be learned that may be of wid r
interest to other countries which are 0 ening up to private sector investment
in maize research and seed production.

A first step in understanding the roles of the public and private sectors in
maize research and seed production is to identify the types of activities in
which each sector engages. In the case of maize in developed countries, the
public sector does most of the basic research in areas such as iology and
genetics and a so does plant breeding research to create inbred lines. The
private sector, which in the US has specialized in producing and marketing
hybrid seed (Sprague 1980), conducts research on hybrids. A few large pri
vate firms develop their own inbred lines. Because hybrids have the charac
teristics of a trade secret, private companies have a clear incentive to invest
in research on hybrid maize. The provision of improved germpla m and/or
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inbred lines by the public sector maintains industry competition since most.
small seed companies rely on publicly developed lines. Public research, in
this sense, complements and stimulates more private research.

To some extent, the roles of the private and public sectors in developing
countries resemble those in developed countries. 1 Much of the concern about
the activities of the public and private sectors in developing countries stems
from questions about the kinds of technology upon which each sector chooses
to focus its resources and, consequently, about who benefits from the efforts
of each sector. For example, if commercial seed companies concentrate their
efforts on favored regions and commercial farmers who can afford to buy
their products, private sector research may widen the gap between farmers
who are already better off and those who are poorer. This issue has implica
tions for the choice of research strategy in national public programs, which
may wish to direct their efforts to areas and types of farmers that are less
attractive to the p 'va e sector.

Principal Aspects of
ublic and Private Sector Interaction

The principal interactions between public and private sector maize research
and seed production are indicated in Figure 1. The chief participants in this
relationship are research centers (international and nationa!), public seed
companies, public regulatory agencies, private companies (national and
international), and farmers.

Maize research conducted by the international agricultural research centers
(lARCs) does not aim to develop finished varieties suited to particular local
conditions. For example, the International Maize and Wheat Improvement
Center (CIMMYT) develops experimental germplasm adapted to different
mega-environments, which are distinguished by major ecology, length of
growing season, incidence of diseases and insect pests, and other factors
(Cantre1119 6). Public sector programs in developing countries have first
priority in requesting germplasm from ClMMYT. Other agencies, whether
public or private, receive seed according to availability on a first-come, first
served basis (private companies pay shipping costs as well). ClMMYT abides
by national policies limiting or directing seed distribution to organizations
within a country, assuming that a written statement of these policies is
received from the appropriate authorities.

1 See Ruttan and Pray (1987) for a description of private sector research in Asia, and
de Obschatko, Pineiro, and Jacobs (1986) for an analysis of similar activities in Latin
America.

2



FIgure 1. Public and private sector interactions in maize research and seed productio .
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One often neglected aspect of the relationship between international and
national research institutes and seed companies is the type of farmer served
by private and public institutions. Profit is the main goal of a private com
pany. Seed firms therefore specialize in crops that justify reseal"Ch and devel
opment programs, that is, crops for which at least part of the benefits gener
ated from research are "appropriable." A good example is hybrids: private
firms may maintain trade secrets and receive appropriate benefits without
legal protection. This preference for certain crops means that public research
is needed for crops that the private sector is not developing. Even when a pri
vate seed industry operates for specific crops, public research may still be
needed to produce varieties for particular regions and/or groups of farmers.

3



Most countries have public sector maize research programs. The output of
their research (a new variety, inbred line, or hybrid) is usually multiplied
and marketed by a parastatalseed company, as in Mexico, or by a local seed
company, as in Guatemala. Some local seed companies conduct their own
maize research, which usually makes use of research results from the public
sector or multinational companies. Many local companies operate as licensees
for multinational companies, or have joint ventures with multinationals.
Joint ventures are one example of complementarity within the private sector:
the multinational company provides most of the research capacity and the
local company tests varieties and arkets seed. Table 1 lists some of the
factors that influence private sector investment in research in developing
countries.

Table 1. Determinants of private sector investments in
maize research in developing countries

Market size
Area

Total and potential maize area
Improved OPVs and hybrid area

Yield
National, regional, and local
Differences between hybrid and OPV yields

Seed rates and costs of seed production
Type of farmer involved in maize production
Market structure (share of seed market)

Public seed company
International companies
Local companies

Public sector policie
Research and seed production

Public research effort
Varietal -release procedures
Permission to conduct research
Plant variety rights
Tax incentives for research and development
Seed quality controls
Seed certification

Trade regulations
(restrictions and/or incentives)

Commercial seed and/or basic seed
Research equipment
Imports of maize and related inputs

General
Repatriation of profits
Foreign ownership
Price control on seed and/or other inputs
Price control on maize and/or other commodities
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Multinationals conduct their own rese rch and market seed directly, through
joint ventures, or by licensing. Over the past two decades, a few large inter
national private seed companies have been active in directly exporti g maize
seed. European and US maize seed exports to e rest of the world have
steadily increased since 1960, and by the mid-1980s, 15,000 t of maize seed
were exported annually from the European Economic Community an 35,000
t from the US. At an average planting rate of 20 kg/ha, 2.5 million ha of
maize could be planted with that exported seed. According to recent esti
mates, t e impact of this direct transfer of technology on maize productivity
1 as been substantial in temperate countries (note that about half--37 million
ha--of developing country maize area is classified as temperate).2

Hybrid maize is probably the best exa pIe, at least for biological technology,
of private sector involve ent in agricultural research. It is also a good ex
ample of how .ffere t types of see are used in different regions. Table 2
shows world maize area planted to different seed types.3 0ne- lird of the
world maize area is sown to farmers' own seed, 63% to hybrids, and only 4%
to improved OPVs. Developing countries, which have 59% ofth total world
maize area, have planted only 51% of that area to im roved types. This
figul'e drops to 37% when three important producers (China, Brazil, and
Argentina) are excluded. uch of the maize area in developing countries is
therefore not planted with improved seed. Despite the presence of strong
hybrid seed industries in many developing countries, most developing coun
try farmers do ot plant hybrids. However, in areas where improved seed is
planted, hybrids are more common than improved OPVs.

At the national level many institutional rules define the public/private sector
interaction. In Borne cases this interaction can be restricted, as in Mexico
where all public varieties/hybrids prod ced by the National Institute of
Forestry, Agriculture, a d Livestock Research (INIFAP) must be passed on to
the National Seed Production Company (PRONASE) for seed multiplication
and marketing. In other cases, as in Guatemala, parastatals do not exist and
local companies distribute publicly developed lines. In Argentina and Chile
al ost all maize research and eed marketing is done by multinational and
local companies.

2 See Echeverria (1988) for a more general discussion ofthe relationship betw en public
and private research and also for an analysis of their impacts on maize producti .ty in
50 countries from 1961 to 1985.

3 A worldwide review of the economics of maize seed production in developing countries
can be found in CIMMYT (1987).
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Table 2. World maize area under different seed types, 1985-86

Purchased seed

Total
under

Total Own improved
Region area seed Variety Hybrid types·

(million ha) ------% of total maize area------

World 138.4 33 4 63 71

Developed countries 57.3 2 0 98 98
Market economies 45.1 1 0 99 99
East Europe and USSR 12.1 5 0 95 95

Developing countries 81.1 55 7 38 51
Less Argentina,

Brazil, and China 48.7 73 11 16 37

Africa 16.5 76 9 15 32
EAst and South 9.4 68 7 25 36
West 5.9 89 10 1 22
North 1.2 68 25 7 49

Asia 36.5 53 7 40 54
Asia less China 18.5 77 14 9 37
Middle East 1.2 66 11 23 44
South 7.7 83 6 11 34
Southeast and Pacific 9.0 76 21 3 37
East JesB China 0.6 40 8 52 68
China 18.0 28 0 72 72

Labn America 28.1 44 7 49 59
Less Argentina and Brazil 13.8 64 10 26 41
Mexico, Central America,

and Caribbean 10.9 63 11 26 42
Andean Region 2.2 74 5 20 29
Southern Cone 15.0 26 4 70 76

Source: Constructed from CIMMYT Economics Program database.

a In most cases, the percentage of total improved area is more than the sum of the Areas
under hybrids and OPVs. "Area improved" accounts for varieties released during the past
10 years, so it includes farmers' own seed that is derived from varieties released during
that time.
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National research institutes and rivate seed companies may interact in at
least four ways:

1) Public organizations may evaluate materials developed by the seed
companIes.

2) These companies might obtain or pa royalties for asic seed of
public origin.

3) Private companies may fund some public research.

4) Scientists ofte rno e across the sect 1'S.

The public and the private sectors are also linked throug interactions at the
policy level, including seed laws, trade regulations, and input and out ut
pricing. These government policies affect the relative importance attached to
different public or private seed sources, the availability of seed, and its cost.
Tariffs a d other types of restrictions may affect the movement of germplasm
from one country to another. However, a far more significant barrier to the
successful transfer of technology i often insufficient or inefficient public
sector investment in the agricultural research capacity needed to adapt
gerrnplasrn to local agroclimatic conditions.

Clearly, in the case of public sector research, the major beneficiary is in
tended to be the producer (or consumer, in the case of an inelastic demand for
a commodity). In the case of private sector research, some claim that the seed
companies expropriate the major share of the benefits (see Barkin and
Suarez 1983). Figure 2 depicts the distribution of benefits between the pri
vate seed company and far ers. It a sumes that the demand for maize is
perfectly elastic, that is, that increased production substitutes for imports
and does not affect maize prices. Seed company benefits are determined by
value added in seed pr duction and distribution, less the cost ofresearch. 4

Benefits to farmers depend on the value of the additional yield from hybrid
seed less the additional cost of the seed. The key variable determining the
di tribution of benefits between the seed comp ny and the farmer is the price
of hybrid seed in relation to the yield gain. In a competitive industry, ompe
tition by the public sector should control the level of profits of the seed
companies.

4 Because benefits and costs occur at different periods, these value should be discounted
to net present value.
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Figure 2. Distribution of benefits from private sector research.
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Maize in Mexico and G uaLemala: An Overview

Mexico is the center of origin of maize, which is the country's most important
crop, utilizing 40% (about 8 million ha) of the country's cropped area. In 1986
Mexico was the world's fourth largest maize producer after the US, China,
and Brazil (FAO 1987). Mexico has a long record of public sector participa
tion in the seed industry at the research and production levels, and has
served as the headquarters of CIMMYT since the Center was founded
in 1966.

Although it has been active for more than 20 years, the Mexican private
maize seed industry has substantially increased its research and marketing
only during the past 10 years. Given Mexico's proximity to the US, seed trade
has been substantial. Because US seed companies have been involved in
trade and research, the local private sector is not as developed as in other im
portant maize producing countries in Latin America such as Argentina and
Brazil. These factors make Mexico an interesting case for studying the insti
tutional interactions in maize research as well as the determinants of private
investments.

Guatemala, where maize is grown on only 650,000 ha, presents a different
case. Foreign companies are not directly involved in research but produce
seed through joint ventures with local firms. The complementarity developed
between local companies and the public research institute, the Institute of
Agricultural Science and Technology (lCTA), is worthy of analysis.

Data in Table 3 are selected indicators of the Mexican and Guatemalan
maize industries. According to the author's estimates, the harvested maize
area in Mexico was 7.8 million ha in 1987, of which 1,150,000 ha were
planted to hybrid seed and 850,000 ha to certified seed ofOPVs. The total
volume of certified seed planted in Mexico was 40,000 t; of this, 37,000 t were
produced in the country and 3,000 t were imported from the US (USDA n.d.).

In Guatemala 650,000 ha of maize were harvested in 1987 at an average
yield of 1.71 tlha. Total area under hybrids and certified OPVs was 106,000
ha, or 16% of the total maize area. An estimated 71,000 ha was planted to
hybrid seed, most of it in the southern tropical lowlands. Certified OPVs were
planted on 35,000 ha. The amount of commercial seed planted during 1987
was 1,800 t, consisting of1,200 t of hybrid seed and 600 t ofOPVs.
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Table 3. Maize in Mexico and Guatemala, selected indicators, 1987

Maize indicators

Area harvested (000 ha)
Yield (t/ha)
Production (000 t)
Maize imports (000 t)
Area planted with improved seed (%)
Area planted with certified OPVs (%)
Area planted with hybrid seed (%)
Commercial seed planted (000 t)
Certified OPV seed planted (000 t)
Hybrid seed planted (000 t)
Seed imports from US (000 t)

Mexico

7,800
1.67

13,026
2,500

26
11
15

40.0
17.0
20.0

3.0

Guatemala

650
1.71

1,111
7

16
5

11
1.8
0.6
1.2

.014

Source: Interviews with Mexican and Guatemalan public and private sector officials, 1987.

Maize Research and Seed Production in Mexico

Maize in Mexico is a staple food crop grown mainly under rainfed conditions,
and it is well adapted to the different ecological conditions of the country.6
About 75% of the annual production is used as food, 20% as feed and seed,
and only 5% as an industrial input. Maize and beans are the principal
sources of food for the low income sector of the Mexican population.

About 75% of the 8 million ha planted to maize is fertilized (Hibon 1990). The
crop is planted from sea level, in the humid and dry tropics, to areas 3,000 m
above sea level. Since most of the maize area is unirrigated, weather has an
important effect on production. Half of the unirrigated maize area is mar
ginal, characterized by low rainfall and/or severe risk of frost. Traditionally
maize is interplanted with other crops, under which conditions it yields less
than 1 t/ha. In other areas where input use is high, such as the northeast,
average maize yields may reach more than 4 tlha.

Maize area, yield, and production trends in Mexico are shown in Figure 3.
Area increased from less than 4 million ha in 1945 to more than 8 million ha
by the mid-1960s. Maize area has stagnated and/or decreased since then. Av
erage yields have risen from 0.6 tlha in 1945 to 1.7 tlha in 1987, a little over
1 tlha in more than 40 years. The average annual compound growth rates in
Mexico from 1945-47 to 1985-87 were 2.1% for area, 2.4% for yield, and 4.5%
for maize production.

5 For a review of the history of maize in Mexico, see the Secretaria de Agricultura y
RecW"sos Hidraulicos (1982).
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Figure 3. Maize area, yield, and production trendS' In Mexico, 1945-87.
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Organization
The principal participants in Mexico's maize research and seed industry
(Table 4) include:

1) the public sector, three of whose eight agencies are involved in ad
ministration and quality control, including the national seed-quality
control agency (SNICS); the plant variety certification committee
(CCVP); and the national registry of plant varieties (RNVP);

2) the universities;

3) the private companies; and

4) CIMMYT.

The national public research and seed production system in Mexico is consti
tuted by INIFAP and PRONASE.6 On an annual budget of approximately
US$ 70 million, INIFAP employs close to 2,000 researchers. One ofINIFAP's
functions is to provide basic seed to PRONASE and to local producer associa
tions. PRONASE produces and distributes certified seed of almost all crops
throughout Mexico. INIFAP does not share germplasm with private seed
companies.

The next four public sector domestic organizations listed in Table 4 are in
volved in plant breeding research that is related to their academic activities.
One of those organizations, the Technological Institute of Monterrey, sells
small amounts of maize seed as a by-product of its research. The Bank of
Mexico's trust fund for agriculture, livestock, and poultry production (FIRA)
has a lending program for supplying certified seed that is produced in its own
facilities. There is relatively weak integration among public sector research
institutes and between public research agencies and seed producers. For
example, INIFAP materials are passed only to PRONASE for seed
multiplication.

6 INIFAP was created in 1985 by merging three public research institutions: the
National Institute for Agricultural Research (lNIA), the National Institute for
Livestock Research (INIP), and the NationRl Institute for Forestry Research (INIF).
See INIA (1985) for a review ofthe principal agricultural research activities in
Mexico.
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Table 4. Maize research and seed production organlzatioll8 in Mexico, 1987

Seed
sea ch production

Public sector

International
CIMMYT X

Domestic
INIFAP X
Co]egio de.!,oagraduadoB X
.!Jn~~sidad Autonoma de Chapi~go_ X
Y,!!Y~!-8!.dad Aut6noma Agraria Antonio Narro X
lnstitulo Tecno16gico y de Estudios

Superiores de Monterrey X X
FlRA X
PRONASE X

-

Private sector

International I

Pioneer X X
. Asgrow X X

DeKalb X X
NorthD!J)-Kin£ X X
Ciba-Gei(!"V Mexicana X

. ACCO-Car~U X
Semillas Aericolas Mexicanas X
Semillas WAC de Mexico X
Cannex X

Domestic
Growers X
Asoc. Productores de Celaya X
Ceres Int. de Semillas X X
Pr~. Agroind. de Matamoros X
Semillas del Golfo X
Semillas Master X
Semillas Supremas X
Semi11as Tacsa X X-- .
Semillas Warner de Mexico X
Semillas Oro de Mexico X

Source: Badillo et a1. (1980); Serrano (1987); and interviews by author.

Note: Research means basic and applied breeding and crop improvement research; it does
not include testing cultivars for adaptability. Seed production means multiplication
and distribution of certified maize seed of any kind--hybrids or OPVs.
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A Mexican law passed in 1961 created the legal framework for the develop
ment of the private seed industry (Diario Oficia11961), and seed co panies
started maize research and seed production in Mexico in the mid-1960s.
Before that law came into effect, private companies mainly imported seed
from the US, but from the mid-1960s to the mid-1980s two types of private
companies--multinational and local companies--began to produce seed locally
and to service markets previously supplied by the public sector. They also
became important distributors of imported seed.

Private companies have expanded southward during the past decade. Almost
all of the multinationals are present in Tamaulipas on the US border (Figure
4), where hybrid seed developed in Texas is suitable for Mexican agroclimatic
conditions. This region is irrigated and 70% of the area is planted to single
cross hybrids. The second important area where the principal multinational
companies are located is Jalisco, a midaltitude, semitropical maize producing
area and the largest maize producing state in Mexico. Some multinationals
are now expanding their operations farther south into the lowland tropical
environment of the statB of Chiapas.

Gulf of Mexico

Jalisco -=-~...>o.o::,.-

Pacific Ocean

Figure 4. Regions o'f Mexico and areas In which private muhin8tionelcompanl operate.
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Although the private seed sector is part of the National System for Produc
tion and Seed Certification formed by lNIFAP, CCVP, RNVP, PRONASE,
SNICS, and private seed associationH, the int,(jraction between private and
public research and seed production is'not close. 7 Interaction occurs mainly
among scientists and through the movement of scientists acros.s the sectors.
The plant breeders working for multinationals are mostly US-trained
Mexicans, who in almost all cases have worked previously in INIFAP or
PRONASE.

Figure 5 summarizes aspects of the organization of the maize seed industry
in Mexico discussed earlier. The principal point of the figure is that local
private companies (a key element of a seed industry) do little research and
are trying to compete with multinational companies without access to public
sector research materials, such as inbreds.

7 In fact, there is no seed industry policy defining the relationship between the activi
ties involved in public and private sector research and seed production (McMullen
1987).

Figure 5. Organization of the Mexican maize seed Industry.
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Seed Production
Data in Figure 6 show the estimated amount of certified maize seed produced
in Mexico from 1970 to 1988 by the public and private sectors. 8 The total
volume of seed production increased more than five times from the early
1970s to the late 1980s, from less than 10,000 tin 1970 to 50,000 tin 1988.
Trends in seed production are somewhat puzzling, probably because of the
combined effects of variation in weather and inconsistency in statistics.

Maize is grown mainly by small-scale farmers whose use their own seed, not
commercial seed. Almost all other crops (except for beans and sesame) are
grown from improved seed, and the private sector share in the market for
improved seed is higher for other crops than it is for maize (Table 5). Of a
total of 40,000 t of maize seed estimated to have been produced in 1987, the
public sector share was 60%. In contrast, private companies produce most of
the certified sorghum, cotton, and soybean seed and about half of the certi
fied wheat and rice seed (all of these crops are generally produced under high
levels of inputs).

8 Mexico's seed supply statistics are inconsistent. The numbers presented in Figure 6
are the best estimates available based on data from PRONASE, SNICS, and the
Mexican Seed Growers' Association (AMSAC).

Figure 6, Public and private certified maize seed production in Mexico,1~7o-88
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Table ts. Public sector share of certified
eeed production in Mexico, 1984-88

Average, 1984-88
(%)

Beane 80
Maize 61
Rice 56
Wheat 42
Safflower 42
Soybeans 31
Cotton 13
Barley 10
Sorghum 3

Source: Constructed from data from
SNICS (1987) and Serrano (1987).

Maize seed prices in Mexico vary with the type of seed, the region, and the
source (Table 6). On average, PRONASE and local companies sell double
cross hybrid seed for twice as much as OPV seed. In 1987 local company
prices were about 40% higher than PRONASE's prices. The price of double
cross hybrid seed produced by multinationals was twice as high as local com
pany prices. According to these prices and using US$ 100 as the price of
one ton of grain, double-cross hybrid seed-to-grain price ratios were 6 for
PRONASE seed, 9 for seed from local companies, and 18 for seed from
multinationals.

Table 6. Maize seed prices (US$lkg in Mexico, 1987

Company

PRONASE
Local
nternational

OPVs

0.25-0.40
0.40-0.5

Double-cross
hybrids

0.50-0.75
0.85-0.95
1.60-2.00

Single-cross
hybrids

2.20-2.40

Source: Interviews with staff of seed companies and PRONASE, 1987.
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Quality and cost of production explain part of these differences. Farmers
generally consider seed of public origin to be of lower quality than seed from
private companies. Also, most local companies and PRONASE do not have re
search expenses, and hence their costs of production are lower than those of
multinational companies. 9

Public and Private Investments in Research
The annual maize research budget for 1987 of 25 private seed companies
whose staff were interviewed for this study was US$ 1,700,000 (Table 7).
This means US$ 113,000 per station and US$ 61,000 per scientist.

The estimated maize research budget of IN~FAP was less than half of the
total private sector budget, for the same number of research stations and
more than three times the number of scientists. The private sector spends
US$ 52,000 more per scientist-year than the public sector. 10 As indicated
before, this comparison does not reflect the fact that INIFAP and the private
companies al'e not strictly doing the same type of research. The public sector
is involved in areas such as crop improvement and basic maize research in
addition to breeding, whereas the private sector focuses its activities on
applied plant breeding research. Also, the figures for the public sector do not
include overhead.

These private investments in maize research can be analyzed in the context
of the determinants for investment discussed in the fust section of this paper.
The market for improved maize seed (40,000 tin 1987) represents only 26%
of the total maize area. Seed company officials estimate a potential area for
improved maize of about 50% of the total maize area using varieties pres
ently in existence, or approximately 80,000 t of certified seed, roughly the
same market size for maize seed as the rest of Latin America, excluding
Brazil. The size of the Mexican market, therefore, is an important element in
a seed company's decision to invest in maize research. By virtue of having
60% of the market for improved maize seed, PRONASE is an important
factor in determining market size for private seed companies.

9 To analyze real differences among seed prices, data are needed on the potential yield
of varieties from PRONASE, local companies, and multinationals, but this information
is not readily available.

10 In this in tance "public sector" means INIFAP, since information on maize research
expenditures by universities is unavailable. In any case, these expenditures are sma]]
co pared with t ose ofINIFAP. As explained in Table 7, note f, the research budget
fig e for INIFAP iB a lower bound.
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Table 7. ublic and private investments in maize research in Mexico, 198'7

Budget Number of Number of
Organization (US$ 000)- stationsb 8cientistso

Four principal companiesd 1,350 7 21
Other private companies· 350 -B ----1
Total private 1,700 15 28

FAP B01 f 15 89'

Source: rote 'ewe with staff of seed companies and INIFAP, 1987.

a Research budget during 1987, including salaries of scientists.
b Number of stations where plant breeding research is done.
c Includes BS, MS, and PhD holders.
d Most private companies consider their research budgets a commercial secret; therefore,

company names are not shown in the table.
e Includes small regional seed companies.
f Calculated using a figure provided by INIFAP ofUS$ 9,000 for annual expenses per

sclentist. This estimate is low since it includes mainly salaries and not operating costs
and overheads.

g Thirty-five of the 89 total maize scientists are plant breeders.

In the past policy did not favor private sector research, but most restrictions
on private sector activities seem to be lifting in the late 19808. Rese reb
permits have been given to all interested companies, seed imports are au
thorized rapidly, the companies can be totally foreign-owned (instead of the
maximum of 49% foreign ownership required in the past), and general
awareness of the potential role of the private sector also seems to be increas
ing. (However, the procedure for varietal approval remains a problem,
according to private sector Bources.)l1

11 The yjeld and disease resistance of varieties proposed for elease is evaluated by
CCVP for three years and their release is approved or rejected. INIFAP screens poten
tial varieties for CCVP. Private seed companies pay US$ 40 per site per year for this
evaluation. The companies' concern is that the data from the evaluation are not
valuable because varieties are not ranked, the check m terial is not specified, and no
information is provided on disease resistance at the screening sites.
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Because recent changes have had a positive influence on the private sector,
maize research conducted by multinational companies is expanding substan
tially with resources derived from local sales and in some cases from sales
outside Mexico to Central America. Some of the large companies have annual
research budgets larger than revenues from seed sales, implying that re
search is considered an investment with a high expected pay-off. As a conse
quence, in the next 5-10 years the Mexican maize seed industry will be sub
stantially different than it is today.

Distribution of Benefits from Research
Since private companies have a 40% market share for purchased seed, seed
from these companies is planted on less than 10% of the total maize area.
Areas where seed from private companies is sold are generally characterized
by larger farms and higher input use than the rest of the maize areas. Pri
vate companies therefore serve the best endowed areas where the large-scale
farmers tend 0 be located. In Mexico this means the irrigated and/or
midaltitude northern and western maize regions of the country.

On average, maize production in Mexico depends heavily on the area har
vested and not much on yield. However, there are significant regional yield
differences. In 1986, 15% of the total area was irrigated (Table 8). Most of the
irrigated area is in the northern states, primarily Tamaulipas, and in the use
of high levels of inputs and irrigation differs little from the maize areas of
Texas in the US. The seed is the same, marketed by the same companies on
both sides of the border, and is primarily the product of public and private
research conducted in the US. At least 25 seed companies market maize seed
in the irrigated areas.

Apart from the northern states, three other maize regions are important in
Mexico: the Central Plateau, the Bajio, and the Pacific South (Table 8). Most
of the multinational companies conduct research in the Bajio and some are
exp nding into the Pacific South. The Central Plateau, a region between
1,800 and 2,500 m above sea level, probably has one of the lowest percent
ages of area planted with improved seed--3% during 1983/84, according to
Aguine (1985). Although local companies are present in all regions, they
tend to be located in the same areas as the multinational companies. Local
companies may have an advantage over multinationals in specific microenvi
ronments where a particular variety or a hybrid could be well adapted.
Multinational companies, on the other hand, have greater interest in the
more uniform areas where a variety (developed locally or elsewhere) can be
marketed widely.
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Table 8. istribution of the maize area harvested and irrigated, and maize yields,
Mexico, 1986

Yield.
Total maize Yield, irrigated

area Percent total area area
Region (000 a) irrigated (tlha) (tlha)

Central Plateau 1.516 17 2.1 3.4
Bajio 1,489 9 2.2 3.0
P cific So lh 965 5 1.7 2.5
Central North 715 14 1.0 2.8
Pacific North and Center 556 10 1.4 3.0
Central Gulf 453 2 1.3 3.0
North 287 18 1.2 2.6
Northeast 279 80 2.9 3.3
Yuca 'n 223 2 0.8 1.8
Northwest 81 100 3.5 3.7

Total or average 6,564 15 1.8 3.2

Source: CIMMYT Economics Program database.
Note: The regions listed in this table comprise the following states (see Figure 4): the

Central Plateau includes Hidalgo, Puebla, Tlaxcala, Estado de Mexico, Distnto
Federal, and Morelos; he Bajio includes Jalisco, Guanajuato, Queretaro, and
Michoacan; the Pacific South includes Oaxaca and Chiapas; the Central North
includes Durango, Zacatecas, San Luis Potosi, and Aguascalientes; the Pacific North
And Center includes Baja California Sur, Sinaloa, Nayarit, Guerrero, and Colima;
the Central Gulf includes Veracruz and Tabasco; the North includes Chihuahu and
Coah 'la; the Northeast includes Nuevo Leon and Tamaulipas; the Yucatan includes
Yucatan, Quintana Roo, and Campeche; and the Northwest includes Baja California
Norte and Sonora.

To complement the private effort from a social perspective, public research
could e directed towards the unirrigated and/or higWand areas where most
small-scale farmers are located. There is no current information on the out
put shares of pub ic research and seed production differentiate by maize l'e
gions. During the 1970s, however, 54% of the maize varieties released by
PRONASE were intended for irrigated areas and 42% for areas below
1,200 m above sea level (Table 9).
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Table 9. Number of public maize varieties produced for irrigated and r~infed

areas and for different altitudes, Mexico, 1968-78

Moisture regime Altitude (masl)

1,200·
Year Irrigated Rainfed Total <1,200 2,000 >2,000 Total

1968 7 4 11 3 4 4 11
1969 8 6 14 4 6 4 14
1970 8 7 15 5 7 3 15
1971 7 7 14 4 7 3 14
1972 8 11 19 10 5 4 19
1973 9 11 20 7 7 6 20
1974 14 8 22 10 7 5 22
1975 12 14 26 12 8 6 26
1976 16 13 29 11 10 8 29
1977 11 9 20 7 9 4 20
1978 15 8 23 16 3 4 23

Total 115 98 213 89 73 51 213
Percent 54 46 100 42 34 24 100

Source: Badillo et al. (1980).

Ta e 10. Benefits to farmers and seed companies from improved maize varieties
from the pri ate sector, Mexico, 1987

Assumed yield increase over
farmer's existing variety

1. Area planted with private seed (000 ha)
2. .vate seed sales (US$ millions)
3. Seed company profits (US$ millions)
4. Yield of existing varieties (tJha)
5. Yield of improved varieties (tJha)
6. Value of increased yield (US$lha)
7. Costs of improved seed (US$lha)
8. Net benefit to farmers (US$lha)
9. Total benefits to farmers (US$ millions)

20%

750.0
20.0

3.2
2.0
2.4

40.0
30.0
10.0

7.5

30%

750.0
20.0

3.2
2.0
2.6

60.0
30.0
30.0
22.5

40%

750.0
20.0

3.2
2.0
2.8

80.0
30.0
50.0
37.5

1. 15,000 t of seed s ld by private companies (from Figure 6) at a planting rate of 20 kglha.
2. 15,000 t of seed sold by private companies (from Figure 6) at an average price of

US 0.45/kg for OPVs, US$ 1.45/kg for double-cross hybrids, and US$ 2.30/kg for single
cross hybrids (from Table 6).

3. (2) - (company production costs). From seed company staffinterview8 by author, 1987.
4. From interv'ews by the author, 1987, of staff of the Ministry of Agriculture and Water

Resources (SARH) and seed companies.
5. (4) + (percent yield increase from improved seed). From interviews by author, 1987, of

staffofINIFAP and seed companies.
6. [(5)-(4)] x (grain price @ US$ 100/t).
7. 20 kg/ha @ US$ 1.5/kg.
8. (6) - (7). without considering costs of other inputs, such as fertilizer.
9. (8) x (1).
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As noted earlier, there is a tendency to think that seed companies are the
main beneficiaries of private research (Barkin and Suarez 1982 and 1986).
Data in Table 10 partition the benefits generated from private research
between farmers and seed companies in 1987. These are preliminary indica
tors for one year rather than a traditional study of returns to research, since
not all costs and benefits were calculated or discounted over a series of years.
Seed company profits were estimated at US$ 3.2 million (interviews by au
thor, 1987), representing, on average, a 16% margin on the US$ 20 million
obtained from sales in 1987.

The benefits obtained by farmers fI'om planting private sector varieties vary
depending on the figure used for the yield difference between these varieties
and previously availab e varieties. Public and privat.e industry sources indi
cate that a realistic estimate of yield improvement is 30%. Table 10 shows
the distribution of benefits for a 20%, 30%, and 40% yield increase over
farmers' existing varieties, respectively. With a 20% increase in Yield, farm
ers' benefits are estimated at US$ 10lha; for a 30% increase, US$ 30lha,
a total ofUS$ 22.5 million; and for a 40% yield increase, benefits are
US$ 50lha and total benefits to faI'mers US$ 37.5 million. The benefits
shown in Table 10 are underestimated by using US$ 100ft as the grain price
and by not discounting the cost of seed of farmers' current varieties. 12 For
yield increases of 30% and 40%, farmers obtained a substantial share of the
benefits generated by private sector research.

The figures presented above, although crude, suggest that the farmers who
buy certified seed benefit more than the seed companies even when the yield
increase is 20%.13 Common economic sense indicates that farmers would not
buy seed if they would not benefit from doing so.

12 Seed costs in Table 10 are those of improved seed. Incremental costs (the cost to the
farmer of improved seed, including cost of capital less the cost of using old seed) were
not calculated.

13 Pray et al. (1989), in a recent study of sorghum and pearl millet in India, report that
seed companies captured 8-18% of the economic gains derived from new hybrids from
the private sector, while farmers and consumers captured 73-89%.
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Maize Research and Seed Production in Guatemala

In Guatemala, approximately 525,000 ha are sown to maize grown as a
single crop and 12,000 ha are sown to maize mixed with beans and/or other
crops. Maize is primarily produced in t e West Central, East, and the South
ern Coastal Regions of the country (Figure 7). There are three distinct maize
growing areas in Guatemala (CIMMYT 1981):

1) Lowland tropics eSB tha 1,300 m above sea level, where hybrids and
varieties are planted in a 120-day growing season;

2) Midaltitude areas between 1,300 and 2,000 m above sea level; and

3) HigWands above 2,000 m, where the growing season is longer than
190 days.

Figure 8 shows trends in maize area, yield, and production in Guatemala
during 1949-86. Maize production gI'ew at an average annual rate of2.7%
during that period, mostly because average yield rose from 0.68 tJha in 1949
to 1.74 tlha in 1986, a 2.5% growth rate. A!'ea has remained under 700,000
ha throughout the period, growing at only 0.4% annually.

Figure 7. Primary maize producing regions of Guatemala.
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Figure 8. Maize area, yield, nd production trend ir~Guatem I.. 1949-86.
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Figure 9. Organization of the Guatemalan maize seed Industry.
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The principal maize research and seed production organizations in Guate
mala are listed in Figure 9. The national agricultural research institute of
Guatemala, ICTA, is a public, semiautonomous agency that was created in
1973. 14 Maize research in Guatem la has been influenced by the US and
Mexican national research programs, by CIMMY ' regional program, and by
the maize seed industry ofEl Salvador, one of the most developed seed indus
tries in the region. The office for CIMMYT's regional maize program for
Central America and the Caribbean is located in Guatemala. Besides offering
direct technical support to national programs in the region and to lCTA in
particular, CIMMYT has orga ized nual seed industry workshops at which
representatives from both the public and private s etors have discussed seed
technology i sues and the relationship between their research and seed
production policies.

14 FOT an analysis of the impact of leTA on agricultural productivity in Guatemala, see
McDennott and Bathrick 1982).
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The research of ICTA is organized around specific agroecological areas and
focuses on generating, testing, and transferring technologies for small farm~
ers. Two features of this system are important for this analysis. The first one
is the socioeconomic and technology validation units. The socioeconomic unit
conducts agroeconomic surveys before ICTA begins research in a new area;
the technology validation unit tests, at the farm level, technologies generated
on the experiment stations. This system clearly increases the chances of
producing appropriate technologies for specific groups of farmers. The high
yielding maize OPVs and hybrids produced by ICTA are an example of such
technology.

The second important feature of ICTA's research system is that the private
sector participates in the production of certified seed developed by the
Institute. Maize is the best example of complementarity between both sec
tors. ICTA sells foundation seed and releases basic seed to local companies
under a royalty system. It also provides a seed processing service to seed
growers and tests private sector varieties with its own lines at different
locations.

Most of the maize seed produced by local companies is the result of their own
research or that of ICTA. The commercial seed market is composed of three
main companies: Cristiani-Burkard, with a 70% share of the maize seed
market, and Superb and Seminal, with 10% each. The remaining 10% is
distributed among ICTA (8%) and other small seed firms. Cristiani-Burkard,
which was based in El Salvador between 1955 and 1981, operates throughout
Central America from its present headquarters in Guatemala. The company
has its own maize research program and is also licensed to sell Pioneer seed;
approximately 30% of its maize germplasm comes from ICTA.

The principal activity of Superb, which has distributed maize seed from EI
Salvador for 15 years, is seed marketing, wher as Seminal specializes in
research. ICTA materials produced by Superb and by Seminal beg n to be
marketed by Superb in 1985. Superb buys foundation seed from ICTA and
has a joint research program with TACSA, a local company from southern
Mexico.
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Seed Production
The amount of certified maize seed produced in Guatemala from 1977 to 1987
is shown in Figure 10. There is no distinction between public and private
Beed production aB in Mexico, since in Guatema a seed production is a om
bined effort of public and private organizations. Out of a total of 1,800 t of

aize seed produced during 1987, ICTA produced only 100 t.

Certified maize seed production has increased fourfold during the past dec-
de. ICTA started its joint production strategy with private seed growers in

the mid-1970s. In 1978, 1,350 t of hybrid seed were imported from El Salva
dor, but, by the late 1980s, almost all maize seed was produced in Guate ala
itself. About 70% of this seed is hybrid. Company sources indicate that
precommercial hybrids tested at present yield 20% more than the top com
merciaI lines now on the mal'ket. According to the same sources, these
commercial hybrids, in turn, yield 30% more than existing varieties. These
figure indicate that maize yields in the areas planted with commercial seed
will probably show substantial growth during the next decade.

Figure 10. Production of cenllied maize seed in Guatemala, 1977-87.
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Table lJ shows maize seed prices in Guatemala during 1987. The difference
between OPV and hybrid seed prices is, on average, only US$ 0.15/kg. More
over, for a grain price ofUS$ 100/t, the hybrid seed-to-grain price ratio is 7.5.

Table 11. Maize seed prices (US$/kg) in Guatemala, 1987

Seed companies

ICTA
Foundation seed
Certified seed to distributors
Certified seed to farmers

Open-pollinated
varieties

0.55-0.65

0.90
0.35
0.40

Hybrids

0.65-0.85

1.80
0.44
0.53

Source: Interviews with staff of Beed companies, 1987.

Public and Private Investments in Research
In 1987 the combined budget of the two private companies conducting re
search was half of leTA's (Table 12). These companies spent US$ 90,000 for
two stations and four scientists. leTA had nine scientists involved in maize
breeding research at six experiment stations during 1987.

Table 12. Public and private investments in maize research in Guatemala, 1987

Organization

Seed companiesd

ICTA

Budget
(US$ OOOs)-

90
175

Stations
(no.)b

2
6

Scientists
(no.)a

4
9

Source: Interviews with staff of seed companies and ICTA, 1987.

a Research budget includes salari~s of scientlsts.
b Number of research stations where plant breeding work is done.
c Includes BS, MS, and PhD holders.
d All companies are included. Since research budgets are considered a commercial secret,

company names are not presented in the table.
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The Institute's annual maize research budget is probably a low estimate. It
represents 7% oflCTA's research budget and 3.6% of its total budget (which
includes research and othe expenses). Stewart (1985) reports maize as 11%
of the research budget for 1980-82. 15 The income that ICTA receives from the
release of maize varieties and related services (sale of foundation seed, royal
ties 0 basic seed, and seed processing) represents one-fourth of the annual
rna' ze research budget.

The public/private interaction in maize research in Guatemala is very pro
ductive. Fi een years ago the public research system recommended that
farmers plant hybrid maize seed developed by companies in EI Salvador.
Today ICTA offers a selection of high yielding OPVs and hybrids created by
its rese rch program. Farmers recognize all seed sold with the ICTA logo as a
quality product, inespective of seed type. The'r appreciation is partly the
result of ICTA s on-farm research approach and the Institute's interaction
with local companies.

Local companies benefit from ICTA's research by using basic seed from ICTA
to create their own lines or by multiplying foundation seed from ICTA and
mark ting it under their own labels, competing for quality. The local compa
nies negotiate their research and seed production strategies with lCTA, with
a clear understandi g that complementarity has a high payoff. There is no
seed law in Guatemala. Because the seed industry is small, both sectors
agree that they do not need one. 16

Despite the small maize see market, these public research policies and
regulations pI' vide sufficient incentive for private companies to invest in
researc and seed production in Guatemala. An important part of this incen
tive is the possibility ofus'ng public research resu ts at low cost. lCTA does
not include research expenditures, only production costs, when calculating
the price of materials it releases to private companies. Moreover, ICTA does
not charge seed ompanies for the evaluation of their varieties. Loca compa
nies, in this sense, are being subsidized.

15 Thirty-six percent ofIeTA's total budget comes from the Guatemalan pu lie ea ury
and 64% from loans and donations. Public investment in agricultural research in
Guatemala was 0.22% of agricultural GDP in 1987,

16 The size ofthe maize seed market in Gt temala 1S small relative to that of other
countries--a total of 650,000 ha of maize, 100,000 ha of which is sown to im lroved
seed. This is probably too low for multinational companies to become involved directly
in the Guatemalan market. No multinationals are actually located in the country, but
Cristiani-Burkard sells Pioneer maize seed and Superb sells Northrup-King sorghum
seed under license.
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Distrihution of Benefits from Research
Data in Table 13 show the regional distribut'on of maize area, yield, and
production within the country from 1950 to 1986. Historically, yields have
been higher in the southern coastal area where most commercial farmers are
located. Yields are lowest in the central highlands, where the area planted to
maize has decreased.

Table 13. Regional maize area, yield, and production in Guatemala, 1950-86

Region

Year Central W. Central S. Coast N.Eal'lt S. East

--Area (000 ha)--

1950 44.7 208.0 32.5 85.0 126.9
1964 38.3 180.6 66.6 104.3 79.8
1979 39.2 227.6 91.9 194.7 141.2
1986 31.1 196.3 105.4 190.0 153.4

--Yield (tlha)--

1950 0.55 0.74 1.72 0.78 0.60
1964 0.55 0.73 1.17 0.77 0.69
1979 0.81 1.08 1.58 1.00 1.00
1986 1.54 1.67 2.20 1.60 1.72

--Production (000 t)--

1950 24.4 155.5 55.9 66.4 75.9
1964 21.4 133.6 78.8 81.5 55.7
1979 32.0 249.1 146.4 197.2 142.7
1986 47.8 328.0 232.1 303.9 263.9

Source: Constructed from data from Censos Agropecuarios, 1949/50, 1963/64, and 1978179,
Direccion General de Estadistica, Guatemala. Data for 1986 are fro lnstituto
Nacional de Comercializaci6n Agricola, Guatemala.

Note: The regions listed above comprise the following departments (see Figure 7): C n
tral includes Guatemala, EI Progreso, Sacaltepequez, and Altiplano; West Central
includes Chimaltenango, S 1 la, Totonicapan, Quetzaltenango, San Marcos,
Huehuetenango, and Quiche; Southern Coast includes Esc 'nUa, Suchitepeque2:,
and Retalhulen; North East includes Baja yAlta Verapaz, P ten, and Izabal; and
South East includes Sta. Rosa, Zacapa, Chiquimula, Jalapa, an Jutiapa.
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In 1979, 80% of the farms producing maize, representing 41% of total maize
area, were under 3.75 ha and accounted for 37% of total production (Table
14). Farms larger than 45 ha (representing only 2% of the farms producing
maize) accounted for almost 25% oftatal maize production. Yields on these
farms were, on average, higher than yields obtained on smaller farms.
Although leTA has pr duced varieties for the medium and high altitude
regions where most small-scale farmers are located, most of the OPVs and all
the hybrids that have been released are for the lowlands (Table 15).

Table 14. Maize area, yie d, aDd production by farm size in Guatemala,
selected years

Farm size (ha)

Year <0.75 0.75-3.75 3.75·7.5 7.5-45 45-900 >900

No. offarms (%)

1950 20.9 56.3 11.8 9.2 1.7 0.1
1964 17.9 56.1 13.3 11.0 1.7 0.0
1 79 27.6 49.9 10.6 9.8 2.0 0.0

Area (%)

1950 5.4 43.6 16.8 19.2 10.6 4.4
1964 5.0 43.2 16.2 24.1 9.3 2.3
1979 6.1 35.2 1.1 24.0 18.3 2.2

Yield (tlha)

950 0.85 0.64 0.66 0.65 0.59 1.07
1 0.87 0.70 0.70 0.70 0.87 1.18
1979 1.24 0.98 0.98 1.20 1.32 1.37

Production (%)

1950 7.3 43.8 14.9 16.6 9.9 7.5
1964 5.9 41.0 15.5 23.0 11.0 3.7
1979 6.7 30.7 12.6 25.7 21.5 2.7

Source: Constructed from data from Censos Agropecuarios, Direcci6n General de
Estadistica (Guatemala), various issues.
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Table 15. Maize varieties and hybrids released by leTA, 1972-87

Region

Seed type

OPVs

Hybrids

Lowlands
0-1,300 masl

A-4,A-6
B-l,B-3,B-5,B-7
La Maquina 7422
La Maquina 7843
Nutricta
RM-1

HA-28 (FC)
BA-44 (VC)
HB-10 (FC)
HB-ll (FC)
HB-19 (FC)
HB-33 (FC)
HB-67 (FC)
HB-69 (FC)
HB-83 (DC)
T-IOI (VC)

Intermediate
1,300-2,000 masl

B-71
V-301
V-302
V-304
V-305
Don Marshall
Chanin

Highlands
2,000·3,000 8s1

San Marcefio
Guatemalan Xela
CompuEC'sto Blanco
Toto Amarillo
602
606

Source: Cordova (1984); Alejandro Fuentes, personal communication, November 1987; and
Timothy et a!. (1988).

Note: Classification of regions based on meters above sea level (masl). OPV = open polli
nated variety, FC = family crOBS, DC = double cross, and VC =variety cross.

Table 16 shows how benefits generated by research are distributed
between farmers and seed companies in Guatemala. Earnings from seed
sales during 1987 are estimated at US$ 1.2 million for an average seed pri e
of US$ 0.68/kg. Local company profits were US$ 300,000, approximately 25%
of the value of seed sales.

Cordova (1984) in maize experiments throughout Guatemala fou d that
yields increased by close to 90% when improved maize technology was used.
Yields were 1.6 Uha under traditional technology and 3 t/ha under improved
technology. Better seed explained two-thirds of the 1.5 t/ha increase; other
inputs explained the remaining third. Cordova (1984) also estimates that, on
farmers' fields, hybrids and improved OPVs yield an average of 35% more
than farmers' varieties.
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Table 16. Benefits to farmers and seed companies from improved maize varieties,
Guatemala, 1987

Assumed yield increase over
farmer's existing variety

1. Area planted with private seed (000 ha)
2. Private seed sales (US$ millions)
3. Seed company profits (US$ millions)
4. Yield of existing varieties (tlha)
5. Yield of improved varieties (tlha)
6. Value of increased yield (US$lha)
7. Improved seed costs (US$lha)
8. Net benefit to farmers (US$lha)
9. Total benefits to farmers (US$ millions)

20%

100.0
1.2
0.3
1.6
1.9

32.0
12.0
20.0

2.0

30%

100.0
1.2
0.3
1.6
2.1

48.0
12.0
36.0

3.6

40%

100.0
1.2
0.3
1.6
2.2

64.0
12.0
52.0

5.2

1. 1,700 t of seed sold by private companies (interview by author, 1987) at a planting rate
of 17 kglha.

2. 1,700 t of seed sold by private companies (from Table 2) at an average price ofUS$ 0.601
kg of OPVs and US$ 0.75/kg for hybrids (Table 11).

3. (2) - (company production costs). From seed company staff interviews by author, 1987.
4. From interviews by author, 1987, of staff of ICTA and seed companies.
5. (4) + (percent yield increase from improved seed). From interviews by author, 1987, of

staff of ICTA and seed companies.
6. [(5)-(4)] x (grain price @ US$ 100/t).
7. 17 kglha @ US$ 0.70/kg.
8. (6) - (7), without considering costs of other inputs, such as fertilizer.
9. (8)x(1).

Data in Table 16 assume that the yield increment obtained by the use of im
proved seed is in the range of 20-40%. Farmers' benefits are estimated to be
between US$ 20/ha and US$ 52/ha. This means a distribution of total bene
fits between farmers and companies of approximately 90% and 10%,
respectively. 17

AB in Mexico, in Guatemala commercial farmers buying improved seed re
ceived a large share of the benefits generated from research in 1987 (more
than private companies and noncommercial farmers), Most of the research is
conducted by the Guatemalan public sector, and the bulk of the marketing is
done by local companies. The absence of seed parastatals and of multina
tional companies plus the availability of public varieties have influenced the
development of the local companies. Moreover, since one company has a large
share of the maize seed market, it can capture most of the benefits derived
from research. Market structure therefore is an additional important deter
minant of investments in maize research in Guatemala.

17 As explain d for Mexico in Table 10, these figures underestimate the benefits by not
considering the costs of seed of farmers' current varieties and a grain price higher
than US$ 1001t.
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Summary and Conclusions

Privaie investment in research and seed production is induced by market
forces and is therefore rofit oriented. Two basic factors influence seed com
panies' expected profits: market size and public sector policies. Some of the
variables affecting the size of the aize seed market are maize area, yield,
seed rates, and costs of production, as well as the type of farmer and market
structure. Examples of public sector policies affecting private investments in
research include the scope of public research and seed production activities
.and trade regulations. In Mexico, private investment in maize research is
determined by the size of the maize see market and by policies toward the
private sector. In the case of Guatemala, the structure of the maize seed
market and public research policies seem to be the main factors influencing
private investment in maize research.

The size of Mexico's market offers the opportunity for private research and
seed production to exp nd in the near future. Only 15% of the total maize
area is planted to hybrids and 1 % to improved varieties. The quantity of
commercial maize seed planted represents approximately 20% of the total
amount of all maize seed pia ted. Mexican regulations on research and trade
have substantially diminished in the past decade. A large market and declin
ing regulation have induced more private research, and multinational com
panies are expanding their research activities rapidly. Private companies had
a 40% share of total commercial maize seed produced in Mexico. and private
investments in maize research in 1987 were above US$ 1.5 million. Only two
local companies conduct research; they have low share in the seed market
and their activities seem to be constrained by competition from multinational
companies and PRONASE.

Only 11% of the maize area harvested in Guatemala in 1987 was planted
with hybrid seed and 5% with improved varietie . The estimated market for
certified varieties and hybrid is less than 2.000 t. Although the absolute
maize area is small compared with Mexico's, the market structure in
G atemala attracts private investments in maize research. The complemen
tarity developed between the local seed 'ompanies and leTA's a key element
in the rapid growth of the Guatemalan maize seed industry. An :roportznt
question related to this publidprivat interaction is how far this venture
should go, given the small num er of firms competing in the Guatemalan
maize seed market and given that large commercial farmers benefit most
from improved seed.
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Evidence from Guatemala suggests that, when the maize seed market is
relatively small, the combined effed of strong public research and the release
of its results to industry induces private reseurch. A larger market. as in
Mexico, provides enough incentive for private seed companies to conduct
research without relying on local public research organizations. The compa
nies that can afford such research are the multinationals that already have
their own research programs or have access to such programs in other
countries.

The public/private association in plant breeding research and in the produc
tion and distribution of improved seed is a key element in the development of
a seed industry. The impact of this association, however, is probably greater
in the most favored areas. Preliminary evidence presented in this study
shows that during 1987 it was the commercial farmers in Mexico and Guat.e
mala who captured most of the benefits generated from research on improved
maize varieties and hybrids. By definition, commercial farmers represent the
market for private companies. As the private sector develops and serves the
most favored areas, public research can concentrate on OPVs and noncon
ventional hybrids l8 for less favored areas. Making these materials available
to seed companies for multiplication and distribution will increase the diffu
sion of higher quality seed among smaller, less commercial, farmers.

One way to strengthen interaction between public and private research and
seed production organizations in Mexico is to remove institutional con
straints that impede local companies and producer associations from gaining
access to publicly developed germplasm. A stronger link between INIFAP,
PRONASE, local companies, and producer associations would enable the
Mexican local private sector to compete more effectively with foreign compa
nies. The Mexican maize seed industry could be further improved if the
research-seed production link between INIFAP and PRONASE were en
hanced. These large, separate agencies sometimes experience problems in co
ordination, which may hinder the rapid transfer of research results to farm
ers. The broad mandate and large size of PRONASE also limit, in some in
stances, the possibility of producing and delivering a high quality product.

18 Nonconventional hybrids are the product of crORses in which at least one parent is not
an inbred line (one example would be a cross between an inbred and a variety).
Nonconventional hybrids generally show less hybrid vigor than conventional ones, but
their development and release is faster than for conventional hybrids because less or
no bme is spent developing inbred lines (Sprague and Eberhart 1977). These advan
tages are one reason for the poptum;[.y of non conventional hybrids in numerous
developing countries, including Brazil, Colombia, India, and Kenya (CIMMYT 1987).
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The principal objective of providing public support to private seed companies
by releasing germplasm and testing val;etie is to develop an efficient seed
industry. 'I'o develop uch an industry, the prices of foundation and basic
seed and the charge for testing services must reflect the entire costs of pro
viding them. On the other hand, a public company's seed prices also nst be
undistorted. Subsidized seed from public companies means unfair competi
tion with private seed companies, a decrease in their sales, and hence of their
research e fort.

The rati of the price of commercial seed of improved varieties to grain price
(conside 'ing one ton of grain to cost US$ 100) was 4 in Mexico and 6 in
Guatemala d ring 1987.' The ratio of the pric of seed of a typical hy rid to
grain price w s 13 in Mexico but only 7.5 in G atema a. Moreover, double
cross hybrid seed from a Mexican 1 cal company was 50% more expensive
than seed from PRONASE w ile double-cross hybrid seed from a mult'na
tional com ny was 200% more xpensive than seed from PRONASE. Differ
ent levels of quality and production costs are i portant factors affecting
these relative differences in seed costs. Given the crucial role of these differ
ences in farDIers' decisio s to switch seed types, further research is needed to
better understand the determinants of prices of commercial seed.
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