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Foreword

Over the years, the CIMMYT World Faets and Trends series has highlighted developments in the global

maize and wheat economies that have implications for agricultural research. This repon reviews achievements

in maize research in the developing world and presents infonnation on the human and financial rcsources

which have gone into producing those achievements. This study is part of a larger, forward-looking etlon by

CIMMYT to gain greater insight into the level of resources devoted to maile and wheat research in the

developing world. identify the products of research, determine the magnitude of their impacts. and assess

future directions for maize and wheat research in light of what we learn.

In examining the collaborative effort to generate and disseminate improved technologies for maize production

in the developing world, we have chosen to focus primarily on the public sector. However, we also present

some complementary information on the level of private sector involvement in developing world maiz.e

research. Our objective is to answer several fundamental questions posed by research administrators, policy

makers, and institutions that fund research: What level of resources goes into maize research') What products

come out of thilt research? What is the impact in the field? Are the benefits of maize research worth the costs?

Answering these questions is important for several reasons. First, the research community must be

accountable to the people it serves. Studies of returns to research such as those described in this report are

complicated to conduct. but they provide much-needed infOllllation about the effectiveness of particular

research endeavors. Second, the increasing scarcity of resources for agricultural research has heightened the

sensitivity of policy makers and funding agencies to the economic dimensions of research resource allocation

decisions. And third. the ability to choose appropriate research strategies depends to some extent on the

capacity to make informed decisions about whether and how different types of research might affect different

social groups.

The following pages lend support to a conclusion expressed in the most recent World Dn'e!opmfn! Report

(World Bank 1992), which is that "experience over the past decades has demonstrated that the generation of

new knowledge is the most potent and least costly avenue to improving productivity."1l1c evidence presented

in this report indicates that many developing countries invest significant resources in public sector maize

research. with impressive results.

However, in seeking empirical data for our study, we had to overcome more than a few difficulties.

Throughout the world research expenditures are accounted for with varying degrees of precision; ill some

cases. the objecti ves of researchers remain undocumented; and the results of research are not consistently

monitored in the field. It is true that many programs are hard pressed merely to conduct research from one day

to the next. But clearly the research community must presem stronger arguments for its support. To do so, it

must offer accurate information about its accomplishments, and that will require greater thoroughness in

documenting its activities. This study is one step in that direction. We think that our readers will find it useful.

Donald L. Winkelmann

Director General
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Part 1: Maize Research Investment and Impacts
in Developing Countries

Michael L. Morris, Colleen Clancy, and Miguel A. Lopez-Pereira
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Of the developing world's major cereals.
maize is the third most important after
rice and wheat. Currently planted on
over 80 million hectares in developing

countries, maize is a dual-purpose crop
that is consumed directly as food and
also used extensively as feed. Driven by
population growth and rising incomes,
demand for maize keeps growing: maize
utilization rose at an average annual rate

of nearly 4% from 1961 to 1990.

This strong growth in demand for maize

has not been matched by corresponding
increases in maize supply. Although
maize production in developing coun

tries continues to rise, the rate of
production growth has slackened in
recent decades (Figure 1). Improved
varieties 1 adapted to a wide range of

agroclimatic conditions have made it

possible for farmers to produce maize in
many areas where they could not grow
the crop before. But the dwindling
availability of arable land has meant that
the area planted to maize has grown
more and more slowly over the years.

Although area growth rates recovered

slightly during the 1980s after dropping
below I % per year in the 1970s. increas
ing population pressure on the land
makes it unlikely that past growth rates
of 2-3% per year will ever be achieved

again.

Assuming that more maize cannot be
produced by expanding the area planted,

the increased future demand for maize
will have to be met largely through yield

gains - that is. by producing more
maize on the same amount of land. The
primary source of these yield gains will

be improved production technologies

generated by a global maize research
system made up of national agricultural
research syslems (NARSs). intemational
agricultural research centers (IARCs).

and private companies.

Although this global maize research
system is crucial to securing future gains
in maize production, these production
gains will have to be achieved in a world
where resources for research are increas
ingly scarce and challenges to research

are gaining in complexity. For that
reason. it is more important than ever to

be certain that the benefits of agricul

tural research are worth the considerable
costs. This report contributes to the

general understanding of returns to
research by examining some of the costs
and benefits of the global maize research

system dedicated to improving maize
production in the developing world. The
focus is primarily on public sector

research carried out by NARSs and

JARCs. although the role of private
companies is also discussed. Germplasm
improvement research (that is, maize
breeding) is emphasized, because the

product - improved varieties and
hybrids - is relatively easy to identify

and track.

The report begins by reviewing the level
of human and financial resources

invested in maize research in the
developing world. It then summarizes

the products of maize re~earch. espe
cially improved varieties and hybrids
generated by public sector crop breeding
programs during the past 25 years. and it
reviews the impacts of these products in

farmers' fields. Next, it addresses the
question of whether resources invested
in maize research have generated

I Throughout tIllS repor!. the IeI'm "improved
varieties" is used 10 refer 10 improved varieties
and hybrids.

Figure 1. Changes in sources of maize production growth in developing countries,
1950-90.
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attractive rates of return. The report

concludes by summarizing the difficul

ties involved in quantifying returns to

maize research and discusses implica

tions for future maize research planning

and evaluation.

Investment in Maize Research
in Developing Countries

Relatively lillie formal analysis has been

done on investment in and returns to

global maize research. One reason is that

it is difficult to obtain accurate data on

the cost of maize research, particularly

research done in the developing world.

Aggregate data on research expenditures

are available for a number of countries,

but such data often cannot easily be

amibuted to specific commodities

(Pardey and Roseboom 1989, Evenson

and Kislev 1971). Some analysts have

tried to estimate the proportion of

overall research resources targeted at

specific commodities, but usually they

have had to resort to indirect methods,

such as indices of scientific publications

(Judd. Boyce. and Evenson 1983).

To obtain a clearer sense of the strength

of the global maize research effoft.

CIMMYT recently conducted a survey

of public institutes and selected private

companies active in maize research in

developing countries (see box, "The

CIMMYT Global Maize Research

Impacts Survey," p. 3). Much of the

infonnation contained in this report was

collected through this survey. In addition

10 the material presented in Part I.

selected statistics generated by the

survey appear in Part 3 for individual

countries and regions.

Size of national maize research

programs-Table 1 presents data on the

size of national maize research pro

grams. as measured by the number of

maize scientists employed in the public

sector. Two categories of researchers are

distinguished: plant breeders (including

those who directly support breeding

activities) and other researchers. Among

the 47 countries that responded to the

CIMMYT survey. the average number of

maize scientists per national program

varies considerably, ranging from 13 in

the Latin American countries to 114 in

the Asian countries'" This variability is

largely a function of differences in the

average size of the countries in each

region, especially in Asia, where the two

largest countries surveyed (China and

India) are located. Interestingly, breeders

outnumber non-breeders in Asia and

Latin America but not in Africa.

One way to derive a better idea of the

intensity of the maize research effort in

individual countries is to relate the

number of scientists working in the

national maize program to the size of

each country's maize sector. Table 1

includes data on two measures of

research intensity: the number of public

sector researchers per million hectares

planted to maize, and the number of

public sector researchers per million tons

of maize produced. These measures of

intensity vary by region. often reflecting

the influence of one or two large

In interpreting Ihe regional figures. il ;,hould be
kept in mind Ihat a number of imponanl
countnes were not included In the survey.
nOlably Argentina, Chile, and Turkey.

Table 1. Numbers of public sector maize scientists by region, 1990

Number Public sector Maize Maize
of maize scientists scientists scientists

countries per miUion ha per million t
surveyed Breeders Others maize area maize production

Sub-Saharan Africa 21 86 188 19 15
West Asia and North Africa 3 32 59 55 16
South, East. and SoutheaSI Asia" to 588 460 28 9
LatHI America 13 218 106 14 7

Latin Americab 12 180 85 22 12

Source: CIMMYT survey.
" Based on data for all of China (temperate and non-temperate zones).
b Excluding Brazil.
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The CIMMYT Global
Maize Research Impacts Survey

on the germplasm sources privaH'

companies used to develop v "eties

and hybrids.

Many of the data presented in this

report were collected in 1990-91
thmugh a global survey designed to

establish a baseline set of maize

research indicators. Two questionnaires

were used ill the survey. One went.to

coordinators of the national maize

programs in 47 developing countries,

most of which plant at least wa,aoo ha

or more of maize, as well as a few
countries with ess maiZJe area (see

table). The quest,ionnaire focused on

two dimensions of maize research:

research inputs (e.g., numbers of

scientists. level of research expenditllres)

and research impacts (e.g., varieties and

hybrids released, area planted to im

proved materials).

The second questionnaire was sent 10 45

privale maize seed companies act!ve in

developing countries. Tllis question

naire, intended to complement the

questionnaire distributed to public sector

research instill!ltions, focused primarily

The survey's coveragy was e t nsive.

Of the developing world's important

mai<ze pl'OduGers, only Argentina,

Chile, and Turkey were excluded from

the sl1fvey, since in Ihese CQuntries

virtually all mai'ze is prQduced in

temperate environments using

germplasm quite different from that

used in tropical and subtwpical

environments. The 47 parricipating

countries comprise appro, imately 93%

of the non-temperate area planted to

maize in the devol oping world.

Countries participating in the CIMMYT Global Maize Research Impacts Survey

Sub-Saharan
Africa

Benin
Burkina Faso
Burundi
Cameroon
COIC D'lvoire
Ethiopia
Ghana
Kenya
Madagascar
Malawi
Mali
!Vlozumoique
Nigeria
Senegal
Swuz·lund"
Tanzania
Togo
Uganda
Zaire
Zambia
Zimbabwe

West Asia and
North Africa

Afghanistan
Egypt
Morocco

South. East, and
Southeast Asia

China
India
Indonesia
MymJmar
l cplli
Pakistan
Philippines
Taiwap-ROC"
Thailand
Vielnam

Latin
America

Bolivia
Brazil
Colombia
Cosla Rica'
Ecuador
EI Salvador
Guatcmala
Honduras
Mexico
Nicaragua
Paraguay
Peru
Venezuela

Overall, the response was excellem,

both from national programs as well as

from private companies. In.addition to

generating information on El1e level of

human and financial resources investcd

in maize research, the questionnaires

generated detailed information 011 more

than 1,000 varie,ties and hybrids

released during 1966-90. This includes

virtually all varieties and hybrids

officially released by public breeding

institutions during that period in the

participating countries (with the

exception of ChiLul. where the Stir,ley

inventoried only matedals released for

the non-temperate zones in Yunnan.

Guizhou, and Guangxi Provinces of

southern China).

a Less than 100,000 ha planted to maize.



Table 2. Level of training of public sector maize scientists in selected countries

Doctoral Master's Bachelor's
degree (%) degree (%) degree"(%)

Egypt 52 23 25
Brazil 36 49 15
Thailand 18 55 27
Mexico 7 64 29
Kenya 3 60 37
China 3 22 75

Group of 47
developing countries 16 30 54

Canada 69 22 9
New Zealand 55 23 22
Australia 41 17 42

Source: CIMMYT survey, Pardey and Roseboom (1989).
a Includes other degrees.
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countries. For example, the number of

maize scientists per million hectares in

West Asia and North Africa is relatively

high primarily because of Egypt. where

many public sector maize researchers
work on developing technologies for a

small but highly productive irrigated
area. In contrast, the number of maize

scientists per million hectares is rela

tively low in Latin America because of

Brazil, where a large amount of maize

research is carried out by the private

sector.

Maize researchers' level of training~

The number of scientists working in a

national program provides some indica

tion of the program's overall strength.

but it is an incomplete measure in that it

does not indicate their skill levels.

Scientists' skills may be assessed by

examining their level of academic

training. Table 2 presents data on

academic degrees held by public sector

maize researchers in selected developing

countries. Among the 47 countries

responding to the CIMMYT survey,

scientists holding bachelor's degrees or

lesser degrees constitute the largest

group (54%), followed by those with

master's degrees (30%) and doctorates

(16%). These aggregate figures conceal

considerable variability among indi

vidual countries. It is also important to

note that. although many powerful maize

research programs include a high
proportion of scientists with doctoral

degrees, some very strong national
programs~ China's, for example

include relatively few scientists with

doctoral degrees.

To provide some context for interpreting

these data, Table 2 also presents the

degree status of agricultural researchers

in Australia. New Zealand. and Canada

in 1981 (note that these figures refer to

all agricultural researchers. not only

maize researchers). When compared to

the figures generated by the CIMMYT

survey, a large disparity is evident at the

Ph.D. level; in general, the developing

countries responding to the CIMMYT

survey employ less than one-third the

proportion of doctoral-level scientists as

do these three industrialized countries.

Expenditure on public sector maize

research-Although skilled human

capital is obviously a prerequisite for

successful research, even the most

accomplished maize scientist is unlikely

to be effective without access to suffi

cient resources for conducting field

trials. performing experiments, and/or

carrying out surveys. To develop a more

complete picture of the strength of the

global maize research system. it is

necessary to round out the information

on numbers of scientists with informa

tion on the financial resources support

ing their activities.

How much are developing countries

spending on maize research. and to what

extent does this figure vary between

countries? The CIMMYT survey asked

for information on the size of national

maize research program operating

budgets in 1990, requesting specific

estimates for five categories of research

expenditure: I) plant breeding. 2) crop

management research, 3) staff salaries.

4) administrative costs, and 5) general

overhead.' In most cases respondents

provided data for some. but not all, of

the five categories of expenditure; when

data were incomplete, they were

adjusted upward (using an index

calculated from the data reported by

other countries in the region, supple

mented by data from Pardey, Roseboom,

and Anderson 1991) to arrive at an

estimated total research expenditure

Capital investment expenditure; were e"cluded.
since the;e lend 10 vary greatly from year lO year.
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figure corresponding to all five catego
ries. In a few cases, respondents pro
vided an estimate of the overall level of

research expenditure but were unable to

disaggregate the figure by category of
expenditure; in these cases, the expendi
ture data were disaggregated using an
allocation index based on the Pardey.
Roseboom, and Anderson data.

Table 3 presents data on the operating
budgets of national maize research
programs in the 44 countries which
provided usable data. (Unless otherwise
noted, all research cost figures appearing
in this report are expressed in 1990 US

dollars.) In 1989-90, the average maize
program was funded at a level of
US$ 197,000 in Sub-Saharan Africa,

US$ 99,000 in West Asia and North
Africa, US$ 435.000 in Asia, and
US$ 439,000 in Latin America" Not

surprisingly, these regional figures
conceal considerable variability, ranging
from less than US$ 15,000 in several

4 The figure for Asia excludes China, for which
budget data were incomplete.

relatively small countries or countries in
which maize is of modest importance, to
over US$ 1.750,000 in large maize
producers such as Brazil, China. and

Mexico.

While these budget data provide an idea
of the average total size of national
maize programs, a rather more detailed

picture of the intensity of publicly

funded maize research emerges when
budget data are related to the size of

each country's maize sector. Table 3
lists data on public sector research
expenditures per million hectares
planted to maize and per million tons of

maize produced. As can be seen,
countries in Sub-Saharan Africa spend
relatively more on maize research per
million hectares planted to maize than
countries in other regions. Although this
result may simply indicate that maize

research is inherently more costly in
Africa than elsewhere, it probably also
reflects the relative lack of private sector
research activity in many African
countries. Compared to other regions of

the developing world, Africa's relatively

high level of public sector research
expenditure per million hectares of
maize area appears even higher when

expressed in terms of expenditure per
million tons of maize produced, because
of the much lower average yields in
Africa compared to other regions of the

developing world.

In interpreting these figures. it is
important to keep in mind that differ

ences between regions or countries in the
level of research expenditures may

reflect not only differences in the actual
level of research activity. but also

variability in the structure of research
costs. For example, the relative abun
dance of low-priced labor in Asia
probably contributes to the region's low

level of expenditure per researcher,

whereas Africa's relatively under
developed transportation and communi

cation systems undoubtedly raise
research costs. Differences in research
expenditure between regions also may

result from technical factors involved in
compiling the data: for example,
uncertainty about the appropriate
exchange rate for converting budget data
from local currency to US dollars may

have introduced distortions.

When the budget data are expressed in
tenns of expendi ture per researcher,

average expenditures appear to be much

Table 3. Public sector investment in maize research, 1989-90

Averagc maize
program budget'

(US$ 0008)

Expenditure
per million ha

(US$ 0008.)

Expenditure
per million t
(US$ OOOs)

Expenditure
per researcher

(USS 0008)

Sub-Saharan Africa
West Asia and North Africa
South, East, and Southeast Asia
Latin America

Group of 44 developing countries'

197
99

435
439

305

289
178
115
213

176

228
53
38

114

74

15
3
4

16

8

Source: CIMMYT survey.
a Budge! dala unavailable for Costa Rica, Paraguay. and Zambia.



World MaIze Fad:> and Trends

higher in Latin America and Sub

Saharan Africa than in West Asia and

North Africa or Asia. Interestingly, a

similar regional pattern was found by

Pardey. Roseboom, and Anderson (1991)

in their definitive study of aggregate

national research investmem.

Level of private sector research
activity-This information on public

sector expenditures on maize research

provides an incomplete view of the

overall level of investment in maize

research, because the private sector also

conducts maize research. Unlike

publicly funded national maize pro

grams, whose mandates typically oblige

them to address the needs of all of a

nation's maize farmers, private compa

nies base their research investment

decisions largely on perceived profit

opportunities. Thus, the level of private

sector research activity tends to vary

considerably, being generally higher in

larger countries with well-developed

commercial maize sectors, and lower in

smaller countries where subsistence

farming is the norm.

It is difficult to judge the level of private

sector investment in maize research in

the developing world, because most

private companies regard this infonna

tion as confidential. While avoiding the

sensitive issue of private sector research

expenditures, the CIMMYT survey did

generate data on how many maize

scientists work in the private sector, as

well as information on the types of

activities in which they are involved.

Most private sestor scientists in the 47
countries responding to the survey

concentrated on seed production and

varietal testing, activities which can only

loosely be described as research (Figure

2). Relatively few private sector re

searchers engaged in crop improvement

activities (in other words, basic breed

ing). This pattern is consistent with the

perception that private companies focus

on applied research (that is. the develop

ment of finished products), white leaving

more basic breeding activities to the

public sector.

The concentration of private sector

researchers on varietal testing and seed

production is reflected by the growing

presence of private companies in the

maize seed industry. Figure 3 presents

data on the number of public and private

seed companies operating in the 47
developing countries that responded to

the CIMMYT survey. Asian countries

reported the greatest number of seed

companies. with private companies

comprising 62% of the tOtal. Countries

in Latin America reported the second

highest number of seed companies. with

private companies comprising approxi

mately 88% of the total. Only in Sub

Saharan Africa did the number of

government seed companies exceed the

number of private companies, which

represent only 27% of the total. s On the

whole. these data confirm the growing

importance of private seed companies in

the developing world. Two-thirds (67%)

of the 405 seed companies operating in

these 47 countries are private. It is

Latin
America

South, East,
and Southeast

Asia

-I

West Asia and
NOI1h Africa

Seed production

_--l Varietal testing

Crop improvement

o.------..L __E~L
Sub-Saharan

Africa

100---------------------- -_.-
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The relationship between public and

private sector maize research is complex

and highly variable, in some case~

assuming characteristics of competition

and in others characteristics of

complementarity. In industrialized

countries, public sector researchers tend

to focus on more basic research, leaving

the development and sale of finished

varieties and hybrids to the profit

motivated private sector. In developing

countries, that separation of activities is

often less clear. as publicly funded

researchers frequently assume responsi

bility not only for the development and

testing of improved materials, but also

for their delivery to farmers.

Figure 2. Activities of private sector maize scientists by developing country region, 1990.
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overall level of investment) was strongly

and significantly correlated with the

importance of the national maize crop

(as measured by area planted to maize

and value of maize production). But no

significant relationships were discerned

between the intensity of the public sector

maize research effort (measured by

expenditure per unit area planted to

maize, expenditure per million tons of

maize produced. number of researchers

per unit area planted to maize, or

number of researchers per million tons

of maize produced) and any of the

hypothesized explanatory variables,

including value of the maize crop as a

percentage of agricultural GDP, percent

age of the maize crop consumed as food.

percentage of calories in the average diet

derived from maize. and number of

private sector maize researchers. The

absence of discernible quantitative

relationships between these variables

suggests that even though public sector

investment in maize research in many

countries is roughly congruent with the

size of the crop. resource allocation

apparently is not related in any system

atic way to other major economic and

political factors.

But even if economic and political

factors do not appear to influence the

allocation of resources to maize re

search, other, technical factors do playa

role. The complexity of the area targeted

for maize research in individual coun

tries can be measured as the number of

"mega-environments" per million

hectares of maize area. Mega

environments are production zones. not

necessarily contiguous, delineated by

ecological conditions (temperature.

rainfall, soils), crop characteristics

(maturity cycle, grain color, grainLatin
America

South. East.
and Southeast

Asia

Analysis of the data collected through

the CIMMYT survey did not generate

clear evidence of most of these expected

relationships. Not surprisingly. the size

of national maize programs (as measured

by numbers of maize researchers and

planted LO maize and/or the value of

maize production. One might also expect

that the level of public sector investmenr

is influenced by the relative economic

importance of maize, measured for

example by the value of the national

maize crop expressed as a proportion of

agricultural gross domestic product

(GDP). Political considerations might

also be expected to influence the level of

investment in maize research, which

would mean that investment is higher in

countries where maize is an important

staple food. Finally, public sector

investment in maize research might be

expected to be influenced by the level of

private sector research activity. if public

and private research are regarded as

subst itutes.

West Asia and
North Africa

Private - National

Sub-Saharan
Africa

o

30

20

70

40

60

Government
80 --_._- .__._- _._-

_ Private _Multinational (may have branche,
in several countries)

interesting to note that domestically

owned private companies (nationals) are

either equal (or approximately equal) to

internationally owned private companies

(multi-nationals) in two of the regions.

and more numerous in the other two

regions.

90

\0

Determinants of research invest

ment-What factors determine how

much a given country invests in maize

research? Imuitively, one would expect

the level of a country's public sector

investment in maize research to depend

on the absolute importance of the

national maize crop. which would

suggest that the level of investment

increases in proportion with the area

5 The high proponion of private companie, m
Latin Amenca IS heavily mtluenced by data from
Brazil. where many pnvale companies have
regional cenlers for research and seed prodllclion
targeted al th.:: Brazilian market and the markets
of smaller surroundJlJg countrie,.

Figure 3. Number and type of maize seed companies, by region, 1990.

-~------------------------------
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texture), biotic and abiotic constraints
(pests and diseases), and socioeconomic
factors (production systems, cropping
patterns. consumer preferences). The
measures of research intensity - both
those based on numbers of researchers as
well as those based on research expendi
tures - were positively correlated with
the number of mega-environments. This
suggests that technical considerations do
indeed playa role in the research
resource allocation process, since policy
makers evidently allocate more re
sources to maize when the number of
target environments adds to the com
plexity of research.

Are there economies of scale in maize
research?-When the countries that
responded to the CIMMYT survey were
divided into five categories based on the
size of the national area planted to
maize, the measures of research intensity
were found to be significantly (and

negatively) associated with national
maize area. In other words, the number
of researchers per unit area planted to
maize and research expenditures per unit
area planted to maize both declined as
the area planted to maize increased,
indicating that the intensity of maize
research is higher in countries with
smaller maize areas (Figure 4). Expendi
tures per researcher were found to
remain constant over the entire range of
national maize areas, with the exception
of the smallest maize area category, in
which expenditures per researcher were
found to be significantly higher (Table
4). This last pattern suggests that there is
a minimum size below which a maize
research program cannot be productive.
for below this "threshold" level the
program will lack a critical mass of
scientists and facilities. If this is true,
countries with limited maize areas may
be overinvesting in maize research
because they are not able to reduce the

size of their national program below this
threshold level.6

In contrast to the inverse correlation
found between national maize area and
both measures of public sector research
intensity, no consistent relationship was
found between the size of the national
maize area and the number of private
sector researchers. This suggests private
companies' decisions to invest in maize
research are directed not only by the size

6 Brennan (1992) has addressed lhe ill1eres(ing
issue of whether (here is a minimum Ihreshold
size for an efficient planl breedIng program.
Brennan concludes lhat some son of
cullaboralive regionat research e'"(on would
appear 10 make sense from an economic poi III of
view whenever several small counlnes share a
similar production environment. Brennan's
conclUSIon appears to be supponed by lhese
empirical data showing significantly higher
levels of inveslmem intensily in countries Wilh
small maize area.

China---..•'.-
_._.....__ ...._----_ .. --.-- .._-

_..__..._-----

~-",,--'---'------_._---_.....
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240
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Figure 4. Relationship between maize researchers per unit area planted to maize and national maize area,
44 developing countries.
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of the potential commercial market in a

given country, but also by factors

influencing the companies' ability to do

business there (e.g., the legal climate.

marketing infrastructure).

Research investment in maize com

pared to other crops-How does the

overall level of investment in maize

research compare to the level of invest

ment in other important food crops?

Data on the level of investment in

research on rice, wheat, and maize

(disaggregated by NARSs and lARes)

were assembled for 25 developing

countries by Judd, Boyce, and Evenson

(1983) (Table 5). As a proportion of the

value of production, NARSs' investment

in maize research was roughly equal to

investment in rice research, although

both were considerably lower than

investment by NARSs in wheat research.

Investment by IARCs in research on all

three crops was found to be considerably

lower than that of NARSs, averaging a

miniscule 0.02-0.03% of the value of

production. Interestingly. IARCs were

found to support a larger proportion of

public sector research for maize than for

the other crops.

Products of the Global
Maize Research Network

What products are generated by the

global maize research network? Two

basic products can be distinguished:

improved germp/asm (maize character

ized by high yield potential and resis

tance to a wide range of biotic and

abiotic stresses) and improved crop

management practices (which enable

farmers to increase yields, reduce

production costs. and/or increase

cropping intensity) Of the two, im

proved germplasm is easier to identify

and measure, since it is a tangible

product whose origin can usually be

determined unequivocally. Improved

crop management practices are more

difficult to identify and measure, since

they are based on information whose

origin frequently cannot be established

with certainty. (Many "improved" crop

management practices cannot be

attributed to the efforts of researchers,

but rather to farmers, who developed

them through trial-and-error experimen

tation)7 Because more data are available

on improved germplasm, the remainder

7 Traxler and Byerlee (1992) discus; Ihe [!.sues
involved in measuring the Impacts of crop
management research.

Table 4, Relationship between maize research indicators and size of national maize area, 1989-90

Public Expenditure Expenditure Private
researchers per per researchers

per million hab rescarcherb per
National maize area" million ha (US$ OOQs) (US$ OOOs) million ha

< 175 thousand ha 89 1.662 24 26
175 - 435 thousand ha 52 571 ]2 II
436 - 650 thousand ha 39 324 13 17
65 I - 1,500 thousand ha 27 203 12 10
> 1.500 thousand ha 16 110 12 II

Source: CIMMYT survey.
a Size ranking based on five-year average using [985-89 data.
b Expenditure data unavailable for Costa Rica. Paraguay, and Zambia.

Table 5. Public sector research as a proportion of Yalue of production, ayerage 1972-79 (25 countries)

Latin Total lARes Ratio
Conllnodit~· Africa Asia America NARSs spending IARCs:Total

Maize 0.44 0.21 0.18 0.23 0.03 0.13
Rice 1.05 0.21 OAI 0.25 0.02 0.08
Wheat 1.30 0.32 1.04 0.51 0.02 0.04

Source: Judd. Boyce. and Evenson (1983).
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of this report focuses primarily on this

product of research. Since relatively

little information is available about

improved maize materials developed by

private companies, the emphasis is on

germplasm produced by public sector

institutions.

Number of varietal releases in

developing countries--Data on the

number of maize varieties and hybrids

released by public sector breeding

institutes in individual countries from

1966 to 1990 appear in Part 3 of this

report. The data are presented in two

forms: 1) total number of releases and

2) number of releases per million

hectares of national maize area (this

standardized measure of the rate of

varietal releases facilitates comparisons

between countries with small and large

maize areas).

Three interesting patterns appear in the

varietal release data. First. the rate of

releases per million hectares decreases

as national maize area increases (Figure

5). However, since some of the countries

that have released the fewest maize

varieties per million hectares maintain

quite accomplished national breeding

programs (Brazil, China. and India, for

example). success in maize breeding

probably should not be measured simply

by the number of varieties released.

Second. the rate of varietal releases

increases when the target environment is

more complex (as measured by the

number of mega-environments per unit

area). This finding indicates that national

breeding programs are sensitive to the

need to develop materials adapted to

distinct production conditions. Third, the

rate at which varieties are released

appears to be inversely related to their

adoption by farmers, since the percent

age of commercially successful varieties

declines as the rate of releases increases.

(Varieties were classified as commer

cially successful if they were adopted on

5% of the national maize area, or at least

25,000 ha.)

This inverse relationship between the

rate of varietal releases and commercial

success lends itsel f to various interpreta

tions. One interpretation is that in

countries where certification procedures

are more stringent (resulting in a lower

rate of varietal releases), released

varieties are likely to exhibit clear

superiority over currently available

materials and therefore stand a higher

chance of being adopted by farmers.

Another possibility is that when few

varieties are released farmers' choice of

varieties is limited. Therefore. more

farmers are likely to adopt a given

variety regardless of its performance.

making relatively more varieties appear

successful. A third interpretation is

related to the size of the mega-environ

ments in individual countries. There is

some evidence that when more mega

environments are found in a given

country each mega-environment is

smaller. In this case the target area for

each variety is limited, and so is the

likelihood that a given variety will meet

the criterion for commercial success.

Table 7 presents data on the ecological

adaptation of maize materials released

by public sector breeding institutes from

1966 to 1990. Materials adapted to

lowland tropical environments have

predominated, comprising just over one-

Types of maize varieties released by
the public sector-Among the different

types of maize varieties released by

public sector breeding institutes between

1966 and 1990. open-pollinated materi

als have predominated. comprising

nearly two-thirds of all materials

released (Table 6). However, public

sector institutes have also been active in

releasing conventional and non-conven

tional hybrids, which together comprise

approximately one-third of all releases.

(35%)
120 -,,---_...--

Figures in parentheses denote percentage of
commercially successful releases

100 r-"-'".c
c:
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= 80
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Figure S. Rate of maize varietal releases as a function of maize area in 4S developing
countries, 1966-90.
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half (52%) of all releases. Materials

adapted to subtropical/midaltitude

environments make up the next most

important group (35%), followed by

materials adapted to highland (11%)

environments. Broadly adapted materials

developed for transition zones comprise

the remaining 2%. The final line in

Table 7, which provides data on the area

planted to maize in each ecological

niche in the developing world. indicates

that the distribution of public sector

releases is highly congruent with the

relative area planted to maize within

each niche.

Historical trends in the rate and mix

of varietal releases-Figure 6 depicts

the pattern of maize varietal releases

over time. Despite showing some

variability. the rate of varietal releases

generally accelerated during the 1960s

and 1970s before leveling off in the

1980s. suggesting that the rate of

releases has stabilized now that many

national maize breeding programs have

reached maturity.

Closer examination of the varietal

release data indicates that the mix of

materials produced by national programs

has varied through time (Figure 7).

Throughout the 1960s. public sector

maize breeders in developing countries

placed greater emphasis on hybrids than

on OPYs. The emphasis on hybrids

presumably reflected the fact that maize

breeding programs in many developing

countries were modeled on breeding

programs in industrial ized countries,

which at that time were generally

oriented toward hybrid development.

During the 1970s. however. the mix of

materials released by national prog.rams

changed, with the proportion of OPYs

Table 6. Public sector maize releases in developing countries, by type of material, 1966-90 (% Jot

Open-pollinated Convention~1 Non-conventional
Region vljrieties hyb.rids hybrids Othel's" Total

Sub-Saharan Africa 59 25 15 1 100 (295)
West Asia and North Africa 14 68 18 0 100 (28)
South, East, and Southeast Asia 62 16 8 14 100 (180)
Latin America 61 32 6 I 100 (349)

All developing countries S9 27 10 4 100 (852)
(503) (230) (85) (34)

Source: CIMMYT varietal database.
a Values in parentheses arc total number of releases in each category.
b Includes synthetic varieties and other materials not classified under the previous three categories.

Table 7. Public sector maize releases in developing countries, by ecological adaptation (%)'

Tropical Subtropical/
Region lowland midaltitudc Highland Other" Total

Sub-Saharan Africa 48 36 9 7 100
West Asia and North Africa 0 100 0 0 100
Soulh. East, and Southeast Asia 43 55 2 0 100
Latin America 64 16 18 2 100

All developing countries 52 3S 10 3 100

Maize area located in this environment 60 28 II 100

Source: CIMMYT varietal database.
• Based on 852 varieties and hybrids released from 1966 to 1990.
b Includes materials classified in more than one of the previous three categories.
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rising and the proportion of hybrids

declining. This development was

attributable in large part to a scarcity

during this period of improved

germplasm needed for the production of

tropical hybrids. Since many of the

hybrids released during the 1970s did
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not significantly outperform the best

OPVs, national programs often chose to

concentrate their breeding efforts on

OPVs. which were less expensive to

develop, and seed of which was easier to

produce.

Latin America

- - outll, East, and Southeast Asia -- _ ...
_ West Asia and North Africa

Iub-Saharan Africa
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In the 1980s, breeders in many develop

ing countries began to shift back toward

an increased emphasis on hybrids. In one

sense, the shift was a natural develop

ment which occurred as more and more

national programs had the resources to

support more sophisticated hybrid
development schemes. But the shift also

reflected the increased availability of

improved germptasm suitable for the

development of tropical hybrids. As the

result of years of sustained breeding

efforts. improved materials had become

available from which superior inbred

lines could be extracted for use in hybrid

crossing programs. As hybrids developed

from these materials began to signifi

cantly outperform OPVs, breeders in

national programs naturally shi fted their

breeding strategy. The international

centers supported the change and

stepped up their own efforts to support

the production of materials suitable for

use in hybrid breeding programs,

including inbred lines.

Figure 6. Rate of maize varietal releases, by developing country region, 1966-90.

Interestingly, even though large (and

therefore generally more sophisticated)

national programs have consistently

released a greater proportion of hybrids

than small national programs. programs

of all sizes seem to have experienced

similar changes in breeding strategies

through time (Figure 7).

Figure 8 shows the proportion of hybrids

released by national breeding programs

during the 1960s, 1970s, and 1980s in

each region of the developing world.

Quite clearly, the mix of materials has

varied significantly between regions.

National programs in Sub-Saharan

Africa have consistently released more

OPVs than hybrids. reflecting the fact

that relatively few national programs in

Africa are actively involved in hybrid86-90

1986-90

81-85

1981-85

76-80

1976-80

All national programs
Large national programs

......... Small national programs

71-75
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Figure 7. Proportion of hybrids in national program releases. 1961-90 (five-year moving
average).



Pari l. N[alze Research Investment and Impacts in Developing Countnes 13

._-----_.__ ..-- -------

The effectiveness of CIMMYTs
germplasm distribution network (see the

box, "A Global Maize Germplasm
Distribution Network," p. 19) is re

flected in the increasing incidence with
which materials distributed through the
network appear in varieties and hybrids
released in developing countries. Figure

9 illustrates historical trends in the
proportion of public sector releases
containing CIMMYT germplasrn. 8

During the years immediately following

CIMMYT's founding in 1966, relatively
few of the Center's materials appeared

in national program releases. However,

active in the development and release of
hybrids in Latin America, some national

programs have deliberately chosen to de
emphasize hybrids in favor of OPVs.

Global movement of maize
germplasm-Maize breeding has
become a truly global effort involving
national breeding programs, intema
tional research centers, and private

companies. Formal and informal
networks effectively disseminate a wide
range of improved germplasm
materials developed by national program
breeders and/or emerging from intema
tional breeding programs - as well as

seed of unimproved maize landraces and
other exotic materials maintained in
germplasm banks. (For a discussion of
how the changing economic and legal
environment of research might affect
Lhis global germplasm network. see the

box. "Intellectual Property Rights and
the CGIAR," p. 16).

19805

1960s

1970s

Suwan-1. a high-yielding OPV released
in Thailand in 1974 (see the box,

"NARSs Helping NARSs: The Story of
Suwan-l," p. 14). Suwan-l proved to be

almost unbeatable, even by hybrids, and
throughout Asia the eventual appearance
of numerous materials with Suwan
parentage sharply increased the propor
tion of OPYs among national program

releases during the 1970s. More re
cently, breeding efforts in Asia have
shifted back toward increasing emphasis

on hybrids.

National programs in Latin America
have released progressi vely fewer

hybrids during each of the past three
decades. This trend can be attributed to
several factors. First, declining levels of

support to some national programs in
Latin America from private philan
thropic organizations such as the

Rockefeller and Ford Foundations
curtailed expensive hybrid breeding
activities. Second, as private seed
companies have become increasingly

80

60 -------

100

development. The proportion of hybrids
released has remained relatively stable

across the past three decades. indicating
little or no change in public sector

breeding strategies and capacities.

National programs in West Asia and
North Africa have released the highest
percentage of hybrids of all four regions.

This is hardly surprising, considering the
large influence of Egypt in the regional

data. Egypt has an extremely strong
national maize program, which for many
years has emphasized the development
of hybrids.

Several countries of South. East. and
Southeast Asia support large national
maize programs, and one would expect
data for the region to reflect a high
percentage of hybrids among national
program releases. Thus. the sharp

decline in the proportion of hybrids
released during the 1970s runs contrary
to expectations. However, this pattern
resulted from the phenomenal success of

Figure 8. Proportion of hybrids released by national programs in developing
countries, by decade.

Sub

Saharan

Africa

West Asia
and North

Africa

South, East,

and Southeast

Asia

Latin
America

B It is imporlant to recognize that materials coming
out of the CIMMYT breeding program are a Joinl
product of the close collabomt ion belween
CIMMYT scientists and national program
researchers. For brevity. this report refers to such
materials as "CIMMYT gennplasm.'·
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NARSs Helping NARSs: The Story of Suwan-l

The spread of improved maize
germplasm from CIMMYT's breeding
program in Mexico to national breed
ing programs throughoHt the develop
ing world is a familiar story. Much less

widely known is the fact that improved
materials developed within some

national pwgrarns also have been
(jdoptcd extensively in several parts of
the developing world. A good example
of such a material is Suwan·\, a late

maturing yellow Oint variety developed
in TJlaiiand.

In the late I950s, the government of
Thailand began to promote maize
production as p,lrl of a national policy

designed to diversify agriculture away

from rice. As Thai farmers began to
l'cspond to inCreased maize production
incentives, they were forced to rely
heavily Or) varieties and hybrids

introduced from the. America:-; (locally
adapted improved varieties were
largely unavailabl~). Dissatisfaction
with thl; performance of these exotic

materials SOOI1 led to a push for the
development of new gennplasm

showing better adaptation to local

production condilions.

GermpJasm iUlprovement efforts began
in earnest in the mid-1960s. spurred by
two k~y institutional developments.

First, in 1966 the Rockefeller Founda
tion moved ils Inler-Asian Corn

Program headquarters from India to

Thailand, resulting in an immediate

injection of financial resources and
experienced numan capital. At the

Same time. Thailand's previously
fragmented national maizc: hreeding

efforts were consolidated into a single
program run by Kasetsart University and
the Ministry of Agriculture. The
Rockefeller Foundation and Thai

researchers establ ished a collaborative
breeding program at Farm Suwan, a
state-of-the-art research station in central

Thailand where irrigation permitted
planting up to three crops each year.

Close coll.aboratiorJ. with CIMMYT
began after the Center's establishment in

1966. Besides sending gemqplasm to
Thailand for evaluation and use in their

breeding program. CIMMYT provided
trainillg to many Thai maize researchers.

In a departure from previous breeding

strategies, which had stressed screening
of imported varieties and hybrids, the
coJlaborative reseaJ"Ch team al Farm
Suwan decided to concentrate on
developing a genetically heterogeneous

composite material that would incor
porate germplasm ~rom a wide range of
sources. Eventually, 36 germplasm
sources from many parts of the world 
which were mostly received through
Mexico and India - were selected to

form Thai Composite #1. Work on this
population continued throughout the lale

1960s and early 1970s, leading to steady
improvements in grain yield and other
agronomic characteristics. Beginning in
1971, after il had became apparent Vllat

downy mildew caused by Sclero,lpora
sorghi posed an important new con

straint to mar'lC productiol1 in Southeast
Asia, downy mildew resistant sources
from the Philippi.nes were crossed ,in.
Following several additional cycles of

full-sib recurrent selection, Suwan-I was
released in Thailand in '1974.

III the years immediately following its
release, Suwan-l was rapidly adopted

throughout the main maize production

zones in central Thailand. The variety's
success cou"d be attributed in large part
to its superior performance comp<\red to
previously available materials., espe
cially its resistance to downy mildew.

Favorable institutional conditions also
facilitated the spread of Suwan-l, in
particular the existence of a well
organized private sector input supply
industry, which was able to deliver seed
and fertilizer efficiently to most farmers.

The obvious success of Suwan-I soon
generated interest outside Thailand.
Requests for seed came first from

neighboring countries in Southeast Asia,
many of which soon released the variety.
Eventually, these initial requests for seed

were followed by requests emanating
from further away. As more mai7.e
breeders gor a chance to evaluate
Suwan-I, the variety's superior combin
ing ability became apparent, leading to

its increasing use as a breeding material.
Gradually, Suwan-I established itselfas
one of the most widely used breeding
materials in the tropical world. By 1990,
Suwan-I was present in 22 varieties and
hybrids mleased by national breeding

programs in 13 countries; these varieties
and hybrids were being grown on
approximat·ely 1.4 million hectares (see
figure). To a considerable extent, this

wide-scale use of Suwan-I by national
programs was made possible through

OMMYTs glob,l) geHnlasm exchange
syslem.

But the story of Suwan-I does not end
here; like many good stories, it has a few
sequels. Suwan-2, an earlier matlJlring
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Origins of germplasm used in developing Suwan-l.
A>'l')(;L1A, BARBADOS, BRAZIL, COLOMBIA. CUBA, EL SALVADOR, G~·ATEMAl.A, GUAYANA, I';DI"', \IEXIC:l,

p~Rll. PHllJl>PI lOS, puERTO RICO, USA.

version of Suwan-I, was developed by
the national program for farmers who
could not quite fit Suwan-I into their

cropping systems. And Suwan-3, which

yields 10-15% more than Suwan-l and
contains additionally improved
gerrnplasm from C~MMYT, is now

rapidly replacing Suwan-l in Thailand.

as progress was made in improving
CIMMYT's pools and populations,
NARS breeders began to adopt them
with increasing regularity, and by the

late 1980s over 75% of all NARS
releases contained at least some
CIMMYT germplasm, Many of the
releases containing slich germplasm are
lowland tropical materials, since that is

where CIMMYT has historically placed

greatest emphasis.

While the lARes have served as an
important source of improved
germplasm for national breeding
programs, NARS breeders also take

advantage of materials developed by
other national programs (these materials
may be distributed directly from one
national program to another, or through
the IARCs). Several germplasm com
plexes developed by NARS breeders

have been used widely throughout the
developing world as parents for locally
developed materials; Suwan-l is an

outstanding example.

Countries in which Suwan-] bas been released or used as a breeding material.
BRAZiL, CAMEROON, CHI.NA, COLOMBIA, ,INDIA, INDONESIA, NEPAL, PHJLlPPINEs. SENEGAL, THAIL.·IND,

VENEZUELA, I'IETNAM, ZAIRE.

j

Impact of Improved
Maize Germplasm

The global maize research system of
NARSs and IARCs has clearly been

sliccessful in developing and releasing
improved maize varieties and hybrids.

However, as indicated above, the

number of varietal releases is an imper

fect measure of research impacts,
because many varieties released for
commercial distribution are never
adopted widely by farmers. A better

measure of the impact of breeding
research is the area planted to improved
materials, since this provides an indica

tor that can be used in directly estimat

ing the additional maize production
attributable to improved germplasm.
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Intellectual Prop'erty Rights and the CGIAR

Over the past decade, a large amount
of agricullural research activity has
shifted from the pUblic to the private
sector, particularly in the industrialized
countries. As privately funded agricul
tural research organizations have
a'ssumed an increasingly important role
in the development of new technolo
gies, their willingness to afford free
access to the fruits of their research has
frequently conflicted with the need to
generate financial returrts. At the same
time, public sec~or research budgets in
many coumries have been declining in
real terms, causing some research
administrators to view research
products as a possible source of new
funding which will ennbte them to
continue to operate for the benefit of
the public. These two trends - the rise
of private sector research and the
decline of publ ic sector research 
have led to increased calls in certain
sectors for stronger laws governing tile
protection of i.ntellectual property
rights OPR), so that those who deve·lop
new technologies can generate fi.nan
cial returns from their sale, or merely
prevent the expropriation of these
technologies by olheFs.

The Consultative Group Oil Interna
tional Agrinll~ural Research (CGIAR)
now finds itseU caught up in a far
ranging, emotional debate about
whether and how IPR legislation
should be applied in the developing
world to the products and processes of
agricullural research. At one extreme

of this debate lie biotechnology firms,
private seed companies, and some publ'ic
resea,rch institutes, all pushing for IPR
legislation to strengthen the ability of
reseamh organizations to exercise
col'ltrol over the technologies they
develop. Aside trom seeking to make
eXisting IPR legistalioll s'tronger. these
institutions favor exte.nding coverage
inlo new areas. At tbe opposite extreme
lie advocacy groups wbich argue that
improved agricultural production
technologies Should be made freely
available to all, particu~arly improved
plant varieties developed at least in part
'\Using germplasm originally collected
from the fields of Third World farmers.
Auumber of intermediate points of view
are put forward by groups who recognize
the desirabili~y of strengthening incen
tives for investment in research, but who
also recognize the need to ,rnajnta,in

access to the fruits of research by tllOse
who may be unable to exercise effective
demand ifi the market.

How do these developments affect the
international agricultural research
cemers of the CGIAR? The basic goal of
the CGlAR is to increase the productiv
ity of resources devoted to agriculture,
with special emphasis on resout'Cc-poor
farmers in developing countries.
Achievement of this goal is generally
assisted by free and open ex·change of
technology, including products (e.g.,
improved germplasm, l!iboratory
enzymes, machinery), processes (e.g.,
laboratory techniques) and i"nformation
(e.g., breeding strategies, information on

genetic sequences and gene functions).

The CGIAR centers facilitate flows of
technology and scienlific information
through a spcc'tmm of research organiza
tions ranging from national agricultural
research systems, universiti.es, and
private companies. However. the
CGIAR recognizes that policies de
signed to facilitate free and open
exchange of technology are ofteil
dii;advantageous for !p0vme companies,
wh.ich by their very nature depend on the
abi¥ity to capture economic benefits
from the technologies tbey generate. To
the extent ·that private companies are
discouraged from investing in research,
farmers and consumers everywhere
lose out.

The financial incentives provided by IPR
legislation can work to the benefit of
farmers in developing countries, as

evidenced by the success of private
maize seed companies in countries such
as Guatemala, ]ndia, Kenya, Mexico,
Thailandl, and Zimbabwe. But while IPR
legislation has clear advantages in that it

can st1mulate increased investment in
private sector research, at the same time
it could potentially create .hazards for
publicly funded research organizations
by compromising their ability to work
for the benefit of their target clientele.
For example, with the strengthening of
IPR legi.slation, CGlAR centers might be
required to restrict the \!ISe of products
and processes developed using inputs or
pmcedures available only under com
merciallicensing agreements.

Recognizing the importance of WR
issues, the CGIAR is currently involved
ill a process of infonnatioll gathering,
reflection, and debate designed to lead to

a CGIAR policy- or at least a set of
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guiddines - on IPR. This process has

explicitly sought to incorporate the

widest range of views, not only from

within the CGIAR system but aLso

from NARSs, fanner groups, the donor

community, and representatives from

the private sector. While details have

yet to be worked out, a broad consen

sus is emerging that the CGIAR policy

should carry the strongest possible

commitment to maintain free access to

products and process of research, both

for the CGIAR centers and for their

clients in the developing countries.

Table 8 presents data for 1990 on the

area planted to improved maize varieties

and hybrids in 45 important maize

producing countries. Since the genetic

composition of open-pollinated maize

varieties can change rapidly in farmers'

fields through natural crossing with other

maize cultivars, these estimates refer

only to area planted to seed of improved

240--

varieties and hybrids purchased within

the previous three years. Overall, 50% of

the total maize area in these countries

was planted to improved materials_ Use

of improved germplasm is proportionally

highest in South, East. and Southeast

Asia (57%) and West Asia and North

Africa (57%), followed by Sub-Saharan

Africa (47%) and Latin America (46%).

---~._-~._-
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Figure 9. Incidence of CIMMYT germplasm in maize varieties and hybrids released by
public sector institutions in developing countries, by five-year period, 1966-90,

200---------------1

National Area under Area under
maize area improved improved varieties

in 1990 varieties (% of national
Region (million hal (million hal maize area)

South, East, and Southeast Asia 19.0 10.8 57
We~t Asia and North Africa 1.2 0.7 57
Sub-Saharan Africa 14.4 6.8 47
Latin America 23.8 10.9 46

All developing countries 585 29.2 50

Table 8. Area planted to improved maize varieties and hybrids in the tropics and
subtropics, by region (1990)

The CGIAR cannot simp'!y ignore these

issues, because to serve its dients

effectively it must maintain access to

products and processes developed by

private companies. At the same time,

the CGIAR clearly has a responsibility

to protect the interests of its clients,

particularly NARSs and farmers in

developing countries. Thus, CGIAR

centers have an important role to play

in supporting development of "rules of

the game" which will allow both public

and private sector research organiza

tions to operate efficiently and equita

bly, both in countries which choose to

implement IPR legislation as well as .in

those which do not. The challenge will

be to create sufficient economic

incentives to ensure socially optima}

levels of private sector investment, yet

at the same time to protect the interests

of those who may lack the economic or

political power to compete effectively

in the marketplace.

Source: CIMMYT survey.
Note: Argentina, Chile, Turkey, and temperate maize area of China excluded.



Disllggregated by Region:

Pigure 10. Distribution of area pl(l,nte(\ to improved maize germplasm .in developing
countries- (non-temperate production.environments), 1990.

While the figure of 29.2 million hectares

planted to improved varieties and

hybrids represents a significant achieve

ment for the global maize research

network, the proportion of the develop

ing world's maize area planted to

improved materials is nevertheless lower

than the equivalent figures for rice and

wheal. The discrepancy can be attributed

to two principal factors. First, many of

the developing world's maize fanners

plant local varieties selected over

hundreds of years to satisfy complex sets

of production and consumption require

ments; until considerable location

specific adaptive breeding is done,

improved varieties and hybrids rarely

meet these requirements. In contrast.

wheat and rice tend to be grown over

large. relatively homogeneous produc

tion environments (including irrigated

zones) which can be more easily

targeted by breeders. Second, fanners'

adoption of improved maize generally

depends on a well-functioning seed

industry, which is still lacking in many

developing countries. Once again, maize

differs in this respect from self-pollinat

ing species such as rice and wheat, seed

of which can be passed directly from

farmer to farmer without much loss of

genetic purity.

o
Subtroptcal no

midaltitude
(10U%)

Distribution of area planted to improved
maize germplasm, We~t Asia and North
Africa.

Subtropical
and

midllititude
(26.3%)

Subtropical and
midaltitude

(36.8<;;)

Distribution of area planted to improved
maize germplasll1, ~l1-b.-Sal:laran Africa.

r-----------~.---.-.---------

Figure J0 shows how the area planted to

improved maize varieties and hybrids is

distributed across ecological niches.

Improved germplasm has had its greatest

impact in lowland tropical zones, since
fully two-thirds of the area planted to

improved materials is located in this

environment. This result is to be

expected, given that 60% of the develop

ing world's non-temperate maize area

lies in lowland tropical environments

Distribution of area planted to improved
maize germplasm, Sotitl1l East, and

1S()~theast__ ~i_~ _

Distributi'on of area planted to improved
maize'germp'lasm, Latin America.



A Global Maize Germplasm Distribution Network

Tbe world's largest formal maize
germplasm distribution network is
administered by the International
Testing Unit of the CIMMYT Maize
Program i'fl collaborat,iol1 with scien

tists in over 80 countries. The main
objectives of this network are to

facilitate th~ evaluation of families of a
given maize population through
standard trials in a range of environ
ments and to distribute experimental

materials for use in local breeding

programs.

The standard trials distributed by

CIMMYT consist of maize germplasm
at an advanced stage of improvement.
These trials are organized accord.ing 10

ecological adaptation (lowland tropi
cal. subtrqpical/n1idaltitude, highland).
maturity (early. intermediate, late), and
grain color (white, yellow). Special

purpose trials aimed at evaluating
specific characteristics are offered on
an irregular basis. EaGh year a letter
listing the various trials available is
sent to approximately 300 maize
researchers in both developing and

industrialized countries. Although the
majority of these cooperators work in
national breeding programs, CIMMYT

trials are also groW,11 by researchers at
universities. non-profit organizations,
and private companies. I

I In processing requcstS for trials. thc
h)lcmalional Testing (Jnjt gives prefcrcnce
10 requesls from national programs.

In response to a request for a trial.

CIMMYT provides the cooperator with
seed, instructions for planting and
managing the trial, forms for recording
data. and documentation for moving the

seed through local phytosanitary and
customs channels. In return, the coopera

tor agrees to grew the trial acc0rding to
the instructions, to collep data on the

performance of trial materials. and to
report the data back to CIMMYT in a

timely manner. At a minimum, research

ers must report data on the number of
days to flowering, grain yield, ancl grain
moisture content. Other information
typically reported includes plant and ear
height, degree of lodging, and resistance

to major maize pathogens.

Once the data are received at ClMMYT

headquart~rs, they are analyze.d and
returned to the cooperator. Results are

published twice yearly in the /mema
tional Maize Testing Reports, which
include summaries of trial result:; for
individual locations, as well as com
bined analysis across all sites in which a
particular trial was grown. The com

bined analysis is a useful indic.ator of the
stability of a material's perfonnance
under a variety of environmental
conditions.

After examining results of a trial for
individual locations and across loca
tio.ns, a. cooperator may decide that one

or more materials merit further
investigation and request seed from
CIMMYT.. Following additional
testing, national programs sometimes
decide to recommend a CIMMYT line

for immediate release and use by
farmers, without additional selection.
More commonly, however, additional

selection is done prior to release in
order to improve local adaptation.

Other uses of CIMMYT experimental
materi,uls include theil incorporation

into population improvement pro

grams, employment as a parent in a
non-conventiona.1 hybrid. and use as a

source material for a specific trait or
for the extraction of inbred lines. The
demand for CIMMYT inbred lines has

become particularly strong as public
sector interest in hybrid develcipmcnt
has increased (see p. 12); these
materials are expected to make an
important contribution to hybrids in

developing countries in the near future.
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The Tuxpefio Germplasm Complex

Tuxpeno, one of approximately 250
maize bncjraces found in the New
World, was developed along the

lowland tropical coast of eastern
Mexico over many hundreds of years

of selection in farmers' fields. Al
though its origins cannot be known
with certainty, it is believed that
Tuxpefio was formed by hybridization
between two otb.er landraces, OlotilJo
and TepecinLle, which in turn may have

resulted from hybridization between
floury materials from South America
and teosinte, a wild relative of maize
(CIMMYT 1986). Tuxpefio, a white
dent material. is distinguished by its
tallness (averaging 3-4 mjn its native

habitat), good resistance to ear rots and

foliar diseases. and an inherent
disposition to respond to conditions of

high fertility. Although most heavily
concentrated around the port city of
Tuxpall in the state of Veracruz, the

landrace is widely distributed from the
northeast of Mexico to the Yucatan and
beyond.

During the 1940s. while coUectirig and

classifying germplasm for use in the
world's first global maize improvement

program, Rockefeller Foundation
scientists and their colleagues in the
Mexican Ministry of Agriculture were
quick to recognize the superior

performance of Tuxpefio matelials.

However. they realized that the
original landrace collection had
considerable drawbacks and would

have to undergo extensive refinement
before it could serve as a successful

breeding material. Major problems

included the excessive plant height, the

relatively high ear placement, and the
low harvest index (the plant's ratio of
grain to dry matter). The Rockefeller
F0undation and Mexican Ministry of

Agriculture scientists, and later their
successors in the CIMMYT Maize
Program, therefore started an intensive
selection program to ove~come these
undesirable characteristics.

Early attempts to reduce the 'height of
Tuxpefio materials [occused on the
introduction of dwarfing genes. How
ever, this stl"ategy - which in rice and
wheat led to the well-known "Green
Revolutions" - proved unsuccessful in

the case of mai7,e, Plants carrying
dwalfing genes suffered from greatly
shorfened lower internodes and conse

quently proved highly susceptible to

lodging. CIMMYT breeders therefore

opted for the slower bot eventually more

successful strategy of bringing down
plant height through recurrent seleotion
methods. Over a lO-year period, a
dramatic 37% reduction in plant height
was achieved in 15 cycles of recurrent

selection. Meanwhile, by selecting for
such traits as reduced tassel and leaf

size, CIMMYT breeders raised the
harvest index from 0.30 to 0.45. whjch

had the effect of increasing yield
potential at a rate of 4.4% per cycle. The

time needed for the plant to reach
maturity was reduced by nearly 0.5'k per

cycle, significantly shortening the
plant's growth cycle and thereby
improving its ability to escape drought

late in the growing season.

As the superior performance of Tuxpeno

germplasm became apparent. a Humber
of distinct breeding populations were

developed by breaking off fractions of
the original population and applying

increased selection pressure for different
traits (see figure). Five current
CIMMYT breeding populations claim
direct Tuxpeno ancestry: Population 21
(Tl.lxpefio I), Population 43 (La Posta),
Population 49 (Blanco Dentado-2).

Population 63 (Tuxpefio 02)' and
Tuxpeii.o Sequfa. Many other' CIMMYT
breeding popul'ations contain lesser
amounts of Tuxpefio germplasm.
inclUding Population 22 (Me:zcla
Tropical Blanco), Population 24
(Antigua-VeracflJz 181), Population 26
(Mezcla Amarilla), Populati,on 27
(Amarillo Cristalino I), Population 28
(Amarillo Dentado), Population 29

(Tuxp~ii.o Caribe), Population 44
(Tuxpefio AED). Population 45 (Ama
rillo Bajfo), and Population 46
(Templado Amarillo Cristalino),
T\.lxpefio germplasm has also been used

extensively by the liTA Maize Program,
whose popular TZPB and TZPB-SR
breeding populations were directly
derived from Tuxpefio sources.

During the past 25 years, Tuxpefio

geFmplasm has been widely distributed
in the developing world, primarily
through CIMMYT's international trials
(which have included numerous experi
mental varieties qeveloped using
Tuxpefio materials), as well as through

the Center's Maize Germplasm Bank
(which contains over 850 separate
Tuxpefio landrace accessions). In
acldi1ticm, significant amounts of

Tuxpcfio seed have been distributed
through the Mexican national maize

----_•..._ _ ------------



program. TuxpeTio's superl or perfor

mance, as well as its excellent combin

ing ability, have m£\de it a favorite

source material for many national

breedi ng programs. Between 1966 and

1990, NARSs released 147 varieties and

hybrids developed hom CfMMYT's and

liTA's "mainly" Tuxpeoo populations;

in 1990, these varieties and hybrids were

planted on approximately 3.8 million

hectares. Private companies have also

made extensive use of Tuxpei'io

gennp asm, although few data are

available on the number of private sector

releases claiming Tuxpei'io parentage,

nor on the area planted to these releases.

Tuxpeiio gennplasm has even made its

way into temperate production zones; for

example, Tuxpefio materials are widely

recognized for their strong influence on

the dent maizes of the southern USA, as

well as on mateaab of the North

American Com Belt.

The extraordinary popularity of

Tuxpefio germplasm testiEes to the

ability of the global maize research

system to identify, improve, and

distribute superior germplasm. Al

though the extensive use of Tnxpefio

materials IUi.ght raise questions aboUTt a
narrowing in genetic diversity at the

global level, maize breeders point out

that the original Tuxpeiio landrace

collections contained a wide'range of

genetically distinct materials. Conse

quently, varieties and hybrids devel

oped from Tuxpefio se>Urces retain

tremendoos genetic diversity despite

their common heritage. This diversity

is further extended by the tendency of

open-pollinating varieties to outcross in

fanners' fields, wh'ch ensures that their

genetic composition is cominually

changing.

(CIMMYT 1990). Many of the improved

varieties and hybrids developed for these

production environments were derived

from a single source material, the

Tuxpefio complex originating in Mexico

(see box, "The Tuxpeiio Germplasm

Complex," opposite),

Benefits of improved germplasm
What benefits do farmers expect to

receive when they adopt an improved

maize variety or hybrid? Farmers are

usually interested first and foremost in

increased grain yield, which may be

associated with many different charac

teristics depending on local production

constraints, Specific yield-enhancing

traits typically include reduced plant

height, increased rooting depth, in

creased stalk strength. improved husk

cover, insect resistance, disease resis

tance, tolerance of too little or too much

moisture, tolerance of temperature

extremes, tolerance of unbalanced soil

conditions (e.g., acid soils), and/or

responsiveness to ferti lizer. In addition

to traits associated with increased grain

yield, other characteristics may also be

intluential in determining adoption, such

as grain quality (appearance, taste.

smell, cooking characteristics,

storability) or fodder quantity and

quality.

Formal efforts to compare the perfor

mance of older and newer materials have

tended to concentrate on grain yield.

Most standard varietal trials rank

materials according to grain yield.

although other characteristics are also

recorded (e,g., days to 50% silking, plant

height, ear height, leaf area, ears per

plant). Although varietal trials usually

focus on yield factors, it is important to

Tuxpeno race
reservoir

Family tree of the l'uxpeilo germpla,'im complex.

----_ ...._- ._._-----
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remember that yield increases do not

necessarily constitute the only advantage

offered by a new variety or hybrid. If
farmers require an early maturing

material to enable more timely planting

of the crop following maize in the

rotation, they may readily adopt an

improved variety or hybrid which yields

the same as their current material but

which can be harvested two weeks

earlier. Conversely, if farmers growing

maize for home consumption have

strong preferences for a certain grain

type, they may fail to adopt an improved

variety or hybrid that yields significantly

more than their current material but

whose grain quality is considered

unacceptable. Thus, even though yield

gains provide a convenient measure for

quantifying the economic benefits

associated with the adoption of an

improved variety or hybrid, they remain

an incomplete measure.

There are compelling reasons for

breeders to evaluate germ plasm under

tightly controlled experimental condi

tions, but varietal trials done on experi

ment stations can be misleading because

they are typically conducted using much

higher levels of inputs and management

than farmers use. Since there may be

strong effects resulting from the interac

tion between a variety and the level of

management, trials on the experiment

station often are complemented by on

farm trials designed to estimate the yield

gains farmers themselves are likely to

realize. For this reason. maize varieties

and hybrids submitted for certification

and eventual commercial release

undergo a series of evaluations which

include at least one cycle of on-farm

testing. On-fann varietal trials come in

two forms: researcher-managed trials

and farmer-managed trials,

Table 9. Performance of improved maize materials \'s. local checks in selected countries, researcher-managed trials

Country

Indonesia"
Morocco~

Cote d'ivoire<
Thailandd

Mexico<
HaitiI'
Malawig

Paraguayh
Philippinesd

Benin'
Cameroon!
Zaire'
Nepali
Burkina Fasoln

Guatemala"
Ghana"
BurundiP

Togo4

Improved
material

Arjuna
Guich 29
Ferke 7928
Suwan-I
Across 8243
La Maquina
MH 16
Guarani V-312
IPB Val' 2
Sekou 81
CMS 8501
Babungo
Rampur Composite
SR 22
HB-B3
Dobidi
Mugamba I
Pirsabak 7930

Mean y,ield
of improved Mean yield Yield

material of local check advantage
Local cheek (kg/hal (kg/ha) (%1

Harapan 4,450 4,322 3
Bercheed 2,190 1,990 10
CJB 2,130 1.920 11
Local 2,870 2,550 13
Criollo 3,990 3,480 15
Chicken com 1,300 1,110 18
NCSM 41 1,758 1,456 21
Avati moroti 3,350 2,720 23
Tiniguib 1,565 1,255 25
Local 2,742 2,142 28
Local 2,611 1,994 31
Shaba-I 2,330 1,780 31
Local 3.261 2,422 35
Local 3.400 2,500 36
Local 4,227 3,075 37
Local 4.045 2,543 59
Local 2,973 1,721 72
Local 1.918 1,080 78

Sources: a Dahlan et ai. (.1987).
b B. Sali. personal communication.
l I. Ndabalishye. personal communication.
d Satorre et ai. (1991).
< R.H. Lafitte. personal communication,
I' Yates and Martinez (1985).

Smale. Heisey. and Leathers (1991).
h Pham. Waddington. and Crossa (1989).
, Dossou (1989).

Woldetatios et ai. (1991).
Berhe (1989).

I Lal (. I99 I).
m Sanou (1991).
n Cordova (1984).
o Edmeades, Dankyi. and Marfo (1991).
P E. Rufyikiri, personal communication.
q Togo Ministry of Agriculture (.1988).
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Table 10. Performance of improved maize materials vs. local checks in selected
countries, farmer-managed trials

Mean yield Mean yield
of improved of local Yield

Improved Local material check gain
Countr)' material check (kg/ha) (kg/ha) (%)

Nepal' Ganesh-2 Madi 1.349 2.722 - 50
Malawib CCA Local 1,300 1,400 - 8
Mexico" H-430 H-422 8.400 8,000 .5
Nigeriad TZSR Local 1.720 1,590 8
Pakistane Azam Local 5.580 5.050 10
Ghana' Aburotia Local 2,460 2,180 13
Cameroong Kasai I Local 2,980 2.620 14
Beninh TZSR Local 1,880 1.620 16
Zaire i Babungo Shaba-I 1,710 1,360 26
NigeriaJ TZSR-W Local 1,990 1,560 28

Sources: a Chand et al. (1991). f Tripp et a!. (1987).
" Hildebrand (1984). f McHugh (1991).
" COla et al. (1991). h Versteeg and HUljsman (1991).
,I MUlsaers (1991). I Vogel, Berhe. and Hennesey (1991).
e Byerlee, Khan, and Saleem (991). J MUlsaers and Walker (1991).

Evidence from on-farm trials man

aged by researchers--In researcher

managed on-fann trials, researchers

control the non-experimental variables

(e.g.. land preparation method, planting

date. planting method, fertilization.

weed control, insect control, harvesting).

The main advantage of researcher

management is a much higher degree of

unifonnity in the trials, resulting in

lower variability due to non-experimen

tal factors and facilitating analysis of

results. The disadvantage of researcher

management is that non-experimental

variables may not reflect farmers' actual

practices, which means yield gains may

be exaggerated if there are significant

germplasm x environment interactions.

Data from on-fann trials appear mostly

in the "infonnal" literature (e.g., annual

reports of national programs, results of

verification trials published by varietal

certification authorities, seed company

bulletins). It is difficult to generalize

about the performance of improved

materials compared to farmers' materials

because so much depends on the

materials and the level of management.

Table 9 summarizes results of several

sets of researcher-managed on-farm

varietal trials. Many of these trials

evaluate levels of fertilizer; the data in

Table 9 correspond to the treatment most

representative of farmers' practice

(usually no fertilizer or very little

fertilizer).

Evidence from trials managed by

farmers--In farmer-managed trials, all

variables other than variety are con

trolled by the farmer (e.g .. land prepara

tion. planting date, planting method,

fertilization. weed contro!' insect

control. harvesting). The main advantage

of farmer management is that the trials

reflect the level of management actually

provided by farmers. This can be

extremely important in evaluating the

performance of improved maize

gennplasm. because farmers often

manage their maize in ways that may be

suboptimal for the maize enterprise

considered in isolation but which

maximize returns from the overall

fanning system. On the other hand, in

evaluating the performance of improved

materials under farmer management,

researchers must remain aware that the

evaluation may be biased if the im

proved materials being tested require

changes in management practices with

which farmers are still unfamiliar. For

example. in many cases farmers initially

plant improved materials at very low

densities because they do not realize that

the materials have improved resistance

to lodging and reduced height: at low

densities, the materials may yield far

less than they would at higher densities.

Farmer-managed trials thus require

careful monitoring by researchers.

Table 10 summarizes results of a

sampling of farmer-managed on-farm

varietal trials.

Adoption case studies-Previous

sections of this report have shown that

even though the global maize research

network has been successful in develop

ing improved varieties and hybrids, only

about 50% of the developing world's

maize area is planted to these materials.

Evidence from on-farm varietal trials

suggests one reason for the relatively

slow rate of adoption: when grown under

low levels of management (such as those

typically provided by resource-poor

fanners in developing countries),

improved materials often fail 10 yield
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better than traditional varieties by a
significant margin. Once again, this
serves 10 emphasize the critical impor

tance of proper management in allowing

the superior yield potential of improved
gennplasm to be expressed.

While evidence from varietal yield trials
is important for understanding farmers'
adoption behavior, yield differentials

alone rarely explain adoption patterns.

Recent empirical work suggests that a
farmer's decision whether or not to

adopt an improved variety or hybrid is
tempered by a complex set of technical.
economic, and institutional factors. The

studies described below illustrate how
some of these factors work, both when
improved maize varieties are widely

adopted and when adoption is less
widespread.

Kenya-Gerhan (1975) has described
the remarkable success of hybrid maize
in Kenya. During a la-year period
beginning in the early 1960s, hybrids
developed by the national maize

breeding program spread rapidly
throughout the country, adopted by the
overwhelming majority of both large
scale commercial fanners and small

scale subsistence farmers, and approach
ing 100% coverage in high-potential

production environments.

Hybrids were clearly a superior technol

ogy with the capacity to boost maize
yields significantly, particularly in
favorable production zones. Gerhart

recognized the fundamental importance
of that fact in analyzing the reasons for

the successful adoption of hybrids.
However, according 10 Gerhart. at least
four other factors were critically

important in ensuring the success of
hybrid maize in Kenya. First, the
commercial seed production and
distribution system (originally developed

to serve the needs of large-scale com
mercial farmers) effectively delivered

the technology initially to large-scale
farmers and, eventually, 10 small-scale

farmers. Second, farmers could obtain
subsidized fertilizer along with the
improved seed. Third, a well-developed

system of rural infrastructure provided
both large-scale and small-scale farmers
with ready access to markets, thus
ensuring the profitability of adopting the
new technology. Fourth, extension and

training services provided by the Kenyan
Ministry of Agriculture were instrumen
tal in familiarizing farmers with the
technology and ensuring its correct
application.

Ghana-The Ghana Grains Develop
ment Project, a collaborative effort
involving Ghana's Crops Research
Institute, the Grains Development Board,
CIMMYT, IlTA, and the Canadian

Intemational Development Agency, was
established in 1979 with the goal of
improving grain and legume production
in Ghana through the development and
use of appropriate grower recommenda
tions. One major achievement of the

project was the development and
promotion of improved maize varieties,
along with improved management

practices.

An extensive survey conducted 11 years

after the inception of the project indi
cated that considerable success had been
achieved in promoting the use of
improved maize varieties (Ghana Grains

Development Project t991). By early

1990, nearly half of Ghana's maize area
was planted to improved varieties, and
approximately 58% of all maize farmers
were planting an improved variety in at

least one of their fields. Three factors
contributed to the adoption of improved
varieties. First, extensive on-farm
varietal trials had led to the selection of
improved varieties that yielded signifi
cantly more than farmers' traditional

varieties, even under traditional manage

ment strategies. Second, an ex tensi ve
on-farm agronomic testing program
identified changes in crop management
practices that allowed the improved
materials to express their higher yield

potential (e.g., increased fertilizer doses,

increased plant density). Third, close
links between researchers and extension
agents ensured the widespread dissemi
nation of accurate information about the
improved seed-fertilizer technology.

Interestingly, the survey also identified
several factors which have worked
against adoption of improved maize in
Ghana. Two in particular were singled

out. First. many survey respondents
reported that the grain of improved
varieties is inferior for processing into
local foods. and that the inferior grain
quality of improved varieties is some
times reflected in a price differential in

local markets averaging 1O-15%; thus,
even when improved varieties yield
more than local varieties, the additional

yield is not always sufficient 10 compen
sate farmers for the lower price they
receive. Second, even when a farmer

decides to grow an improved variety,

seed is not always readily available
through official distribution channels
(only 20% of the survey respondents had
purchased seed from official sources).
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Paraguay-In view of the relatively

limited commercial importance of maize

in Paraguay, resources devoted to maize
research by the national program have

been modest, and gennplasm improve

ment has centered on screening and
evaluating imported materials rather

than developing varieties and hybrids

locally. Since the gernlplasm require

ments of Paraguay's large-scale com

mercial farmers are largely met by

private seed companies based in neigh

boring Argentina and Brazil, the

Paraguayan national maize program has

concentrated on developing materials

suitable for use by the small-scale, semi

subsistence farmers who produce most

of the country's maize.

In February 1990, researchers from

CIMMYT and the Paraguayan national

maize program can-ied out an extensive

survey of maize producers in the

country's major maize-producing region.

The survey revealed that use of im

proved maize gennplasm varies consid

erably in Paraguay depending on the

category of farmer and the eventual use

of the maize. Large-scale commercial

farmers who grow maize to feed

livestock rely heavily on improved

materials; virtually 100% of these

farmers reported planting improved

open-pollinated varieties or hybrids. The
main reasons these farmers gave for

using improved materials include their

high yield potential and responsiveness

to fertilizer, as well as their suitability

for livestock feed. In contrast, small

scale farmers who grow maize mainly

for home consumption and to feed

livestock on the farm reported planting

mostly local materials. A modest 20% of

small-scale farmers did acknowledge

planting limited areas to improved

varieties to produce feed for their own

chickens and pigs, but most said they

were uninterested in more extensive

1,000800

type materials subject to high processing

and storage losses). Smale et al. demon
strated how this preference has led to

incomplete adoption of hybrid maize in

many regions in Malawi. When local

maize is assigned a value premium to

reflect its better processing and storage

characteristics, the expected net returns

to fertilized local maize are higher than

the expected net returns to hybrids. For

example, Figure 11 shows that only 35%

of the fertilized local maize plots give

net returns of less than MK 200/ha,

whereas 45% of the fertilized hybrid

plots and 55% of the unfertilized hybrid

plots give net returns lower than

MK 200/ha. As long as hybrid maize

fails to meet consumers' quality require

ments. it will not be grown in preference

to local maize.
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Malawi-Despite extensive efforts to

develop maize hybrids for Malawi,

hybrids have not been as widely adopted

there as in some other African countries.

However, recent work by Smale (1992)

and Smale et al. (1991) suggests that

hybrids are beginning to make modest
inroads: 28% of the farmers surveyed in

three districts during the 1989-90

growing season reported using hybrid

materials. Nevertheless, one noteworthy

feature of the Malawian experience is

the limited extent of adoption; even

farmers who grow hybrids continue to

devote over 60% of their total maize

area to local varieties.

Smale et al. examined the factors

motivating individual farmers' decisions

to grow hybrids. Their analysis corrobo

rated evidence that Malawians strongly

prefer flint-type maizes, thus making

many of the first hybrids released in

Malawi unacceptable for reasons of
quality (many early releases were dent-

Figure 11. Cumulative net returns distributions for three maize technologies in Malawi,
1989-90.
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adoption, stating that the grain of the
improved materials is unsuitable for
preparing traditional dishes. In a few

cases. however. farmers stated that they

would be interested in planting improved
materials. but that seed was not available

through formal procurement channels.

Nicaragua and El Salvador-Since the
mid-1970s. elM MYT breeders and

pathologists have worked closely with
colleagues from Nicaragua and El
Salvador in developing resistance to
corn stunt virus, a potentially devastat
ing disease of maize in Central America
and the Caribbean.

As a result of that work. two stunt
resistant varieties were released in
Nicaragua as NB-6 (released in 1985)
and NB-12 (released in 1986). In 1991.
researchers from the Nicaraguan national

program and CIMMYT conducted a
survey in Nicaragua's Region IV to
assess the adoption of NB-6 and NB-12
(Borbon and Sain 1992) At the time the
survey was conducted, maize production

was well on the way to recovery from

the disruptive effects of the recent civil
disturbances, although area planted had
still not returned to the all-time high
levels achieved in the late 1970s. Borbon
and Sain concluded that 75% of all

farmers had planted NB-6 or NB-12 in
1991, and that nearly 90% of the
Region's total maize area had been

planted to these two varieties. Farmers
growing the varieties attributed their
preference for NB-6 and NB-12 to four

main factors: high yield potential,

resistance to stunt, resistance to abiotic
stresses (principally drought), and good
eating quality. Among those who had
not planted NB-6 or NB-12, many cited
the lack of seed as the main impediment

to adoption.

In EI Salvador, two stunt-resistant maize
hybrids have been released: H-53 in
1988 and H-57 in 1991. These hybrids
yield 20-25% higher than the popular but

susceptible hybrids H-5 and H-3
(Aguiluz et al. 1991 and Cordova 1991),

which are grown extensively in El
Salvador (covering 50% and 12% of the
1990 national maize area, respectively).

The new stunt-resistant hybrids are
expected to make a similar strong impact
in farmers' fields in the near future.

All four of these hybrids are examples of

the positive results of collaboration
between the Salvadoran national

program and CIMMYT. Throughout El
Salvador the current rate of adoption of
improved maize varieties and hybrids is
estimated to be 70%, one of the highest
in Latin America. EI Salvador has also
registered one of the highest national

average maize yields in the region:

2.2 tlha in 1990. These are quite signiti
cant achievements, considering that most
adopters are small-scale farmers growing
maize in challenging climatic and

topographic conditions. often in crop

ping systems with sorghum andlor dry
beans. The sources of this success are a
well-defined research program with

realistic, clear objectives; exacting
attention to good basic seed production

and seed quality control measures
oriented toward farmers; a well
organized and aggressive extension
program; and an effective private

industry that combines the use of its own
materials with those of the public sector

to develop outstanding hybrids
(Manzano and Cordova 1986).

Pakistan--In the 1970s, the Pakistan
Agricultural Research Council (PARe)

and CIMMYT conducted a research and

extension program in the Swat Valley of

Northwest Pakistan, with the objective
of developing and promoting a package
of improved maize production practices
(Byerlee, Khan. and Saleem 1991).

Following 10 years of work. results were

disappointing; only fertilizer and, to
some extent, an improved maize variety
had been widely adopted in the project

area. An extensive diagnostic survey was
therefore done to analyze the reasons
behind this relative lack of success. The
survey findings helped re-orient the

research design, resulting in much higher
rates of adoption of a revised package of
improved technologies.

One crucial finding of the diagnostic
survey was the economic importance of
green maize fodder, which accounts for
approximately 50% of the total value of
production from maize fields. Farmers in
Swat have developed management
practices which allow them to maximize

the revenue from combined fodder and
grain production; these practices include
seeding maize at extremely high
densities and then systematically

removing plants throughout the growing
season for use as fodder. An important
shortcoming of the original research
program was the failure to recognize the
economic value of fodder in Swat, which
led to the promotion of an inappropriate

variety. Once the value of maize as

fodder and grain was recognized,
researchers were able to convey this
information to maize breeders, who
could then identify a high-yielding
variety that tolerates high planting

densities, The improved variety eventu

ally adopted by the majority of maize
farmers, Azam, differed from earlier
recommended varieties in this critical
aspect.
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Summary: the prerequisites for
adoption-This brief review of findings
from selected case studies cannot
provide a complete picture of the

complex forces driving the varietal
adoption process. However, a common
theme emerging from these examples is
that adoption is not inevitable simply
because an improved variety or hybrid
yields more than a farmer's current

material. Superior yield performance is
frequently a necessary condition for
success (although not always). but it is
rarely a sufficient one. As these case
studies indicate. regardless of the
potential yield gain offered by an
improved variety or hybrid, widespread

farmer adoption is unlikely unless one or
more additional conditions are met.
Typically these include a well-function
ing seed industry. ready availability of
complementary inputs such as fertilizer.

farmers' knowledge of how to use the
technology, and compatibility with the
farming system. If farmers produce
maize for sale, successful adoption may
also depend on economic incentives in

the fonn of favorable producer prices. as
well as ready access to output markets
(which in tum requires rural infrastruc
ture. especially roads). If farmers

produce maize for home consumption.
successful adoption frequently will

depend also on the new variety's
suitability for local processing, storage,
and consumption.

Returns to Investment in
Maize Research

Previous sections of this report have
presented evidence on the human and

financial resources devoted to maize
research at the global level; reviewed the
products of the global research effort

(especially breeding); described the

impacts of these products at the farm
level: and discussed some of the techni
cal. economic. and institutional factors

influencing the impact of research. This
final section addresses the question, Are
the benefits of maize research worth the
considerable costs? The question is
important, because as increasing
demands are made on the resources

available for agricultural research,
policy makers (and funding agencies)
have become extremely sensitive to the
economic dimensions of research
resource allocation decisions.

How are research investments evalu
ated?-Investments in agricultural
research are usually evaluated in terms
of the economic rate of return. which
can be thought of as the rate of interest a
bank would have to pay to generate the

same return as the research project. In
most studies. this rate of return is
calculated using the economic surplus
approachY The economic surplus
approach views research expenditures as

[he source of technological change that
shifts the supply function for a commod
ity down (in the case of a cost-saving
technology, which makes it possible to

produce the same amount of a commod
ity with fewer inputs) or to the right

(in the case of an output-increasing
technology. which makes it possible to
produce more of the commodity with the
same amount of inputs). Gains in
economic surplus attributable to the
research are calculated by estimating

changes in the quantity of the commod

ity that is produced and consumed. as
well as any changes in the prices
received by producers and paid by

consumers.

Although early work using the economic
surplus approach was based on simplistic
assumptions about the nature of the

supply and demand curves, over time the

procedures used in research evaluation
have been refined substantially. 10 It is

now clear that the distribution of
research benefits among producers and

consumers depends upon the shapes of
the supply and demand curves. as well as

the nature of the supply curve shift
resulting from technological change.
Government price policies are also
important in determining how the
benefits of research are distributed
among groups of producers and

consumers.

To determine rates ofretum using the
economic surplus approach, it is neces
sary to calculate streams of costs and
benefits generated by the research

investment. Figure 12 illustrates the
stream of costs and benefits typically
associated with a plant breeding pro
gram. During an initial period. net
benefits remain negative because

research costs are being incurred (for
example, in the crossing, selection, and
evaluation of experimental materials)
without any benefits being realized.
Eventually the research produces an
improved variety. which is approved for

release after undergoing a certification
process. Following a lag necessary for
the production and distribution of seed,

9 For useful reviews of the lileraturc on evaluating
return, to investment in agricultural research, see
Schuh and Tollinl (1978). Scobie (J 979), and
NOrlon and Davis (1981).

10 ProgressIve refinements of the basic method
appear in Griliches (1958), Peterson (1967),
Schmitz and Seckler (1970). Fishel (1971).
Akino and Hayami (1975). Hayami and Herdl
(1977). Lindner and Jarrell ('978), NOrlon and
DaVIS (1981). and Rose (1980)
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the variety is taken up by fanners. with
the rate of adoption typically following
an S-shaped (or logistic) curve_ Assum

ing the variety leads to improved yields

in fanners' fields, the original research
investment (made years earlier in most

cases) now begins to generate benefits in
the form of increased production. The

stream of net benefits consequently turns
positive. increasing as the area planted
to the new variety expands, reaching a
maximum at peak adoption, and then
declining as the variety is gradually
replaced by another. newer variety.

Figure 13. Effects of discounting the stream of costs and benefits associated with
a maize breeding program.

Figure 12. Undiscounted stream of costs and benefits associated with a maize
breeding program.
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While the relative sizes of costs and

benefits are obviously important in
evaluating a research investment, their
distribution through time is also impor

tant, because benefits realized far off in
the future are considered less valuable

than benefits realized in the short lenn.
This phenomenon is referred to by

economists as the time value ofmoney.
To accommodate the time value of
money. research costs and benefits are
discounted. Figure 13 illustrates how

discounting depresses the value of net
benefits realized near the end of the
period of analysis relative 10 those
realized near the beginning. Discounting
is an important concept used in analyz
ing returns to investments, because the

productivity effects of research can

persist for up to 30 years or more
(Pardey and Craig 1989).

Once the stream of net benefits gener
ated by a plant breeding program has

been estimated, it is possible to deter

mine a unique discount rate that equates
the discounted streams of costs and
benefits, thus driving total net benefits to
zero_ This discount rate is known as the
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internal rale of return (IRR). The TRR

tends to be extremely sensitive to the
temporal distribution of costs and

benefits. As a practical matter, calculat

ing the IRR for a plant breeding program
therefore requires knowledge not only of
levels of costs and benefits, but also of:
the lag involved in the development of a
new variety: the lag involved in its
certification and release; the lag in

volved in the production and distribution
of seed; and the lags involved in
adoption (and eventual disadoption) of
the variety by farmers.

An idea of how several researchers have

detennined rates of return to maize
research is given by the studies
described below.

Selected studies of returns to maize
research-Beginning in the mid-19S0s,

numerous studies have examined the

impacts of research on agricultural
productivity and output growth. A

number of these studies have estimated
rates of return to maize research. It is
wOl1hwhile reviewing some results of

this work to gain insight into the raLes of
return associated with several well
known maize research programs.

Pioneering work on the returns to

investment in maize research was done
in the USA by Griliches (1957).

Griliches focused on the development of
hybrid maize. an achievement he

referred to as "one of the outstanding
technological successes of the century."

Griliches estimated private and public
expenditures on hybrid maize in the
USA between 1910 and 1955. He then

estimated annual gross social returns as
the value of the increase in maize
production attributable to the use of

hybrids, netting out the additional costs
involved in producing hybrid seed and
making an adjustment for the price
change associated wi th the production

increase. On the basis of the resulting
flow of net benefits. Griliches estimated
that the investment made from 1910 to

1955 in hybrid maize research in the
USA had an IRR of 35-40%.

Ardito-Barletta (1971) followed the
approach proposed by Griliches to
estimate returns to the Rockefeller
Foundation's investment in agricultural
research in Mexico from 1942 to 1960.
Maize was one of four commodities

included in the analysis. along with
wheat, sorghum, and potatoes. Ardito
Barletta estimated the stream of net
benefits attributable to the Rockefeller
Foundation'S maize research program as
the difference between the program's

annual costs and benefits (the latter

calculated based on the area planted to

improved maize varieties. average yield
gains attributable to use of improved
varieties and associated inputs, and the

price of maize). Using a range of likely

values for key parameters to reflect
uncertainty in some of his empirical
estimations, Ardito-Barletta concluded
that the IRR to the Rockefeller
Foundation's investment in maize

research in Mexico during 1942-60
ranged from 26% to 59%.

Yrarrazaval, Navarrete, and Valdivia

(1979) examined the returns to maize
varietal inlprovement research and

extension in Chile during 1949-77.

Using the conservative assumption to
value research benefits as a proportion of
actual historical production (which the
authors argue was severely depressed by

artificially low domestic producer

prices), rather than as a proportion of

potential production (which would have
been higher had high international parity

prices been allowed to prevail in Chile),

Yrarrazaval et al. calculated an IRR of
21-27%.

Nagy (1985) examined the returns to
maize varietal improvement research in
Pakistan from 1964-65 to 1980-R I.

Using an economic surplus framework
amended to explicitly incorporate the
fact that most of the maize produced in
Pakistan is retained for home consump
tion, he estimated internal rates of return
of 15-23%. Nagy conceded that these

figures probably overstated the returns to
total investment in maize research. since
no cost was assigned to the contribution
of TARCs (which have been significant.
considering CIMMYT has supported
maize research in Pakistan from the

early 1970s to the late 1980s)

Librero and Perez (1987) used a produc
tion function approach to estimate the
returns to maize research and extension

in the Philippines during 1956-83." A
major problem encountered by Librero
and Perez was how to distinguish
between the benefits attributable to

research and those attributable to
extension, since in the Philippines these

activities must be considered comple

mentary in some respects and substitutes
in others. Experimentation with a variety
of functional forms and lag structures

generated internal rates of return ranging
from 27% to 48%.

II The production function approach differs
somewhat frOm the economic surplus approach.
but it can also bc used to calculate the internal
rate of relUrn to investment in research. For a
description of the basic methodology. see Schuh
and Tollini (1978). Scobie (1978), NOrIon and
DaVIS (l98 I).
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Norton, Ganoza. and Pomareda (1987)
estimated the returns to publicly funded
research and extension activities for

maize in Peru during 1981-86. Their

approach was innovative in several
respects. In addition to considering
extension activities as complementary to
(and hence analytically inseparable
from) research, these researchers
extended the basic economic surplus

framework to consider the effects of
possible shifts in demand over time,
pivotal vs. parallel supply shifts. and
alternative government pricing policies.
Based on conservative assumptions
about the productivity increases attribut

able to maize research and extension,
they estimated returns to maize research
and extension in Peru ranging from 10%
to 23%.

Karanja (1990) used a production

function approach to examine the returns
to investment in maize research,
extension. and seed development in
Kenya. Regression analysis revealed that
between 1955 and 1988 an increase in

maize research expenditure by 1%

increased maize production by 0.4% a
decade later, representing a marginal
rate of return of around 40% and an
average rate of return of 68%. Like
Gerhart 15 years earlier. Karanja

stressed the crucial complementary roles
of the private maize seed industry. the
public sector extension service, and
favorable government policies in
increasing maize production and leading
to the overall success of the maize

research program.

Summary: the evidence on returns to
research-What general conclusions
can be drawn from these case studies?
Perhaps the most striking result from the

country studies is that rates of return to

investment in maize research have
consistently been positive and. in most
cases, substantial. Studies done in a wide
range of geographical and historical
settings - from large industrialized

countries such as the USA to much
smaller developing countries such as
Pakistan and Peru - have frequently
estimated rates of return averaging 10
40%. It is interesting to note that results
on this order of magnitude continue to

be reported in spite of increasing
methodological refinements introduced
since Griliches' pioneering study. In
interpreting these results, it must of
course be recognized that there is almost
undoubtedly some degree of bias in the

way cases are selected for study; returns
to research are more likely to be calcu
lated in instances in which research is
thought to have been successful.

But if the studies provide evidence that
investment in maize research has often
generated attractive rates of return. they
also demonstrate the tremendous
practical problems involved in attempt
ing to calculate returns to research

empirically. One recurring problem

arises in attempting to distinguish
between benefits attributable to research
and to extension. Because of the
difficulty in distingl}ishing between the
two. many analysts have chosen to

include extension expenditures as a

research cost, arguing that extension
activities are instrumental in the dis
semination of improved technologies
and consequently must be viewed as a

sort of complementary input which

cannot be omitted from the cost side of
the analysis.

Another recurring problem involves the

attribution of benefits to different types
of research, an issue of considerable
interest to efficiency-minded research

managers charged with allocating scarce
research resources among competing
uses (e.g., plant breeding vs. crop
management research). Although a few
analysts have attempted to measure
returns to plant breeding and crop

management research separately, in
doing so they have had to confront the
thorny problem of partitioning yield
gains achieved in farmers' fields imo the
ponion attributable to adoption of
improved germplasm and the portion

attributable to use of improved manage

ment practices. But these two are
complementary inputs, because the size
of the yield gain attributable to adoption
of an improved variety depends on the
extent to which the farmer also adopts

improved management practices, and
vice versa. Under these circumstances,
estimating separate returns to plall!
breeding and crop management research
becomes somewhat arbitrary (which is

why many analysts choose not to

distinguish between them).

Finally, the case studies also support the
view that research impacts depend to a
great extent on factors unrelated to the

improved technology itself. For this
reason, many analysts report rates of

return calculated under a range of
assumptions about govenunent policies,
recognizing that the impact of improved
technologies (and hence the size of

research benefits) depends partly on

economic and institutional factors which
essentially have little to do with the

technology.
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Summary and Conclusion

Based on the evidence presented in this

report, what conclusions can be drawl)

about the level of investment in maize

research in developing countries. as well

as the impacts of this research?

First. it is c lear that reliable data on the

level of maize research investment and

research impacts are not readily avail

able. Many of the national maize

program administrators surveyed for this

report were unable to estimate with

precision the total amount spent on

public sector maize research. and they

frequently were unable to identify and

quantify the products of their own

research programs. Data on private

sector research costs and returns also
proved difficult to obtain, for they were

considered confidential. Without reliable

data on research costs and returns, the

payoffs to research are difficult to

determine, and an assessment of the

cost-effectiveness of research resource

allocation becomes impossible. This

points to the need for more careful

monitoring and recording of research

expenditures within national programs.

as well as more systematic documenta

tion of research impacts.

Yet despite some questions about the

quality of the available data. the evi

dence presented in this report makes

clear that many developing countries

invest significant resources in public

sector maize research. A large propor

tion of these resources has been concen

trated in traditional breeding programs,

whose output can be measured in terms

of improved varieties and hybrids. With

strong support from the lARes. which
themselves improve germplasm and

facilitate its distribution throughout the

developing world. many national

breeding programs have released
varieties and hybrids at an impressive

rate during the past three decades. The

rate of varietal releases has if anything

accelerated in recent years. suggesting

that traditional breeding methods will

continue to deliver substantial benefits

during the foreseeable future as many

national programs continue to mature.

At the same time, the obvious benefits

generated by traditional breeding

methods may explain the reluctance of

some NARSs to cut back their existing

breeding programs in order to move

more rapidly into biotechnology re

search, whose costs tend to be high and

whose benefits remain somewhat

speculative.

The widespread dissemination of

improved materials and their regular use

by many national breeding programs

attests 10 the effectiveness of the

collaborative global maize research

system. Yet one must be careful not to
equate a high rate of varietal releases

with success in maize breeding; after all,

a high rate of releases means little if

relatively few of the releases are adopted

by farmers and planted on a large scale.

The obvious question arises: just how

well have improved maize materials

been accepted by farmers')

At present, approximately 50% of the

developing world's maize area is planted

to improved materials, compared 10 over
80% each for wheat and rice. While

some would say that global breeding

efforts therefore have been relatively

less effective for maize than for other

crops. others would contend that maize

breeding is arguably more difficult,

given the tremendous diversity of the

mostly rainfed production environments

in which maize is grown, the unusual

complexity of many maize-based

farming systems. the relatively greater

importance of grain quality factors

(including processing, storage, and

consumption characteristics). and the

open-pollinating nature of the crop itself.

No attempt will be made here to resolve

the longstanding debate over whether

maize breeding is inherently more

difficult than breeding for other crops.

However, judging from numerous case

studies, it is clear that successful

adoption of improved maize germplasm

depends not only on the performance of

the germplasm per se but also on

additional factors, many of them beyond

the control of breeders. For example,

adoption of improved maize materials

often requires a well-functioning seed
industry, which is not nearly as impor

tant in the case of self-pollinating crops
such as wheat and rice.

Despite the fact that success depends on

a multitude of often unpredictable
factors, maize research merits continued

government support. Numerous empiri

cal studies have revealed that returns to

public sector investment in maize

research, while variable, tend to be

attractive by conventional investment

criteria. At the same time. the variability

in empirical results under! ines the need

for more and better analysis of research

resource allocation issues. This will

require not only refinements to existing

analytical methods, but also improve

ments in the data relating to research

costs and returns. In an era when

resources for agricultural research are

increasingly scarce, and in which

research funding decisions are made

with close attemion to the bottom line,

maize researchers will have to take

greater care in monitoring the cost of

their activities and documenting the

impacts of their work.
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Industrialized counrries

(where production has been devastated

by drought) and the countries of Eastern

Europe and the former Soviet Union

(where political and economic turmoil

have severely disrupted production).

Eastern and Southern Africa

Favorable harvests in Eastern and

Southern Africa in 1989 and 1990 were

followed in 1991 by the worst drought of

the 20th century, afflicting even food

exporting countries which have usually

escaped severe droughts in the past. The

drought is thought to be an effect of EI

Nino, a meteorological phenomenon

which influences global atmospheric

circulation.

The effects of the drought have been

particularly severe in Southern Africa.

South Africa and Zimbabwe, which

normally export maize to neighboring

countries, suffered 75-80% declines in
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developing countries reflects a reversal

of the pattern observed in previous

decades, when production growth

resulted primarily from yield increases.

Much of the recent area growth can be

attributed to the expansion of maize into

non-traditional areas or crop rotations.

For example, maize is replacing sor

ghum and millet in certain dryland areas

in Suh-Saharan Africa; in parts of India,

maize is now grown as a winter crop. In

contrast to the experience of developing

countries, during the 1980s production

growth in industrialized countries

followed the pattern established in

previous decades: maize area declined

slightly, and production growth resulted

entirely from yield increases.

In coming years. world maize stocks and

production will be taxed to meet

dramatically increased demand from two

regions - Eastern and Southern Africa

World maize production and consump

tion continue to increase at a steady

pace. Production remains higher in

industrialized countries, but the gap has

narrowed during the past decade due to

faster production growth in developing

countries. In addition to expanding their

levels of maize production, developing

countries have also boosted maize

imports in the face of population growth

and increases in livestock production.

Production

During the past four decades, world

maize production increased steadily,

experiencing only minor fluctuations

while rising to nearly 500 million metric

tons (MT). However, while production

in developing countries showed steady

growth, the 1980s were a volatile decade

for maize production in industrialized

countries (Figure 14). In 1983, severe

drought sharply reduced the industrial

ized nations' maize output. The return of

more normal weather patterns in 1984

and 1985 helped production recover, but

poor wea ther in 1986, 1987, and 1988

again reduced production. By the end of

the decade. output was once more on the

rise, reaching almost 475 MT in 1990.

Developing countries now contribute

over 40% of world maize production.

Production gains achieved in developing

countries during the past decade are

attributable to increases in yields and in

area planted, both of which grew at

approximately 1.5% per year (Figure

IS). The growth in maize area in

19901985198019751970196519601955
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Figure 14. World maize production, 1951-90.
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maize production in 1992. As a result,'
the region may have to import more than
7 MT of food in 1992, three times the
normal amount. With maize accounting

for 80% of the region's total grain
output, outright famine threatens some
areas. Maize shortages, accompanied by
soaring prices, will have the greatest
effect on the poorest segments of
society, which rely on maize as a daily

staple.

Although Southern Africa was hardest
hit by the drought, Eastern Africa was
also affected, with Kenya, Ethiopia,
Somalia, and Tanzania all suffering

production declines. Poor rains in

Ethiopia and Sudan also have implica
tions for irrigated production in Egypt,

because the major source of the Nile
River is in western Ethiopia and eastern
Sudan.

Eastern Europe and the former Soviet
Union-Many of the new republics
formed in Eastern Europe and the former
Soviet Union have suffered severe grain

shortages as a result of recent political
and economic upheavals. Implications
for these nations' cereal economies vary,
depending on the time frame being
considered. In the near term, increased
grain imports will be needed. Many of

these imports will have to come in the

form of food aid. since most of the new
republics lack foreign reserves with
which to purchase grain. Western
countries have begun to send humanitar
ian aid, and some have begun to arrange

credit to assist the new republics in
purchasing grain. Over the longer term,
assuming the republics can make a

successful transition to market econo
mies, they should be able to reduce
cereal imports by increasing the effi

ciency of production and distribution.

Trade

During the 1950s. 1960s, and 1970s,
while world maize production was
increasing by 250%, maize trade rose by

an astonishing 400%. World trade in
maize peaked in 1980, when over 80 MT
were exported worldwide.

After three decades of steady growth,
during the 1980s global trade patterns

were determined by production fluctua
tions. The relationship between produc
tion and trade was generally inverse:
favorable production years usually
resulted in decreased trade due to
increased domestic supplies in importing

countries, while unfavorable production
years generally resulted in increased
trade to meet production shortfalls in
importing countries. Thus from 1981 to

1986 maize was traded in world markets

in decreasing quantities. The following
three years saw moderate growth in
trade, although in 1990 world trade
experienced another moderate decline.

6---- --

Exporters-The USA remains by far

the world's largest exporter of maize,
contributing almost three-quarters of the
71 MT of maize exported worldwide in

1990. United States exports nearly
doubled between 1986 and 1990 as
producers responded to strong world

prices. Aggressive export-promotion
policies also helped US producers regain
a large part of the world market share it

had lost in previous years.

Throughout the 1980s, France, Argen

tina, China, and South Africa shifted
positions behind the USA in maize
exports. Aided by high domestic

I Yield
_ Area

Industrial ized countries

_._---, ,
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Developing countries
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Figure 15. Sources of growth in maize production in developing and industrialized
countries, 1950-90.
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producer prices coupled with an aggres

sive export-promotion program, France

supplanted Argentina as the second

largest exporter, accounting for 10% of

world exports in 1990. After dramati
cally entering the world market in 1985,

China is now the third largest exporter of
maize, accounting for 5% of the world

exports. China sells most of its maize in

East Asian markets, where it can

compete successfully with North

American and European producers due

to substantially reduced transpol1 costs.

Argentina, the founh largest exporter,

regained some of the market share it
recently lost and now supplies 4% of the

world total. South Africa, plagued by

bad weather, saw its world market share

fall from 7% in 1989 to only 2% in

1990. The continuing drought will

curtail South Africa's capacity to export
maize.

Importers-The major importers of
maize continue to be Japan, the former

Soviet Union, South Korea, Taiwan, and

Mexico, which together purchased

nearly two-thirds of the 74 MT of maize

imported in 1990. Japanese demand for

maize remained steady, accounting for
more than one-fifth of the total wodd

maize imports in 1990. The former
Soviet Union has been the second largest

importer of maize, occasionally surpass

ing Japan when domestic production has

run low. In 1990. the former Soviet

Union accounted for 20% of total wodd

maize imports, a figure which is ex

pected to rise. South Korea was the third

largest importer of maize in 1990.

accounting for 8% of total maize

imports. Taiwan. the fourth largest

maize importer in 1990, accounted for

6% of total maize imports, purchasing

94% of its maize from the USA and the

remainder from South Africa. Mexico is

currently the fifth largest maize im

porter. Unlike the other large importing

countries, which use maize as a feed

grain, the Mexican government restricts

the domestic consumption of maize to

food. Record maize crops in 1990 and

1991 prompted the Mexican government

to allow food maize carried over from

the previous year to be reclassified as

feed. thus decreasing the demand for

feed imports. Given current high Slack

levels, maize imports to Mexico next
year are expected to be at their lowest

level in 10 years.

Prices

After strengthening sharply in 1988 in

the wake of global production shortfalls.

world maize prices (adjusted for infla

tion) fell slightly in 1989 and again in
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1990 as production rebounded with the

help of favorable weather. By early

1992, the main international reference

price (US Yellow No.2. FOB Gulf

Ports) stood slightly below the long term
trend (Figure 16). However. world maize

prices are expected to risc from current

levels in the face of increased demand

for imports from Eastern Eurvpe and the

former Soviet Union. The USA, Canada,

and the European Community (EC) have

made available millions of dollars in

credit for these countries, much of it

specifically designated for wheat and

coarse grain imports. In addition, severe

production sh0l1falls in Southern and

Eastern Africa are likely to be translated

in increased demand for imports, which
could exert additional upward pressure

on global prices.

m lt~ '!fIC!:
I {I:l Iklw Gulf

ports, defla~ lI\>ing fi 'll
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Figure 16. Evolution of the real price of maize in international markets, 1961-90.
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Policy Developments
Potentially Affecting Maize
Production and Trade

The proposed EC policy reform
Increased EC expenditures on agricul

ture and large accumulations of grain

stocks, beef, and dairy products have
spurred proposals that would radically
reform the Common Agricultural Policy
(CAP). While these proposals are under
debate, the EC has adopted a one-year
set-aside program to supplement the

current five-year program designed to

reduce area planted to surplus grains.
The EC Commission would like to
reduce cereal production by 5%, but
most analysts believe that output will
fall by only I or 2% because of low

participation in the program. Since the
five-year set-aside program began in
1988. 1.9 million hectares of land have
been removed from production. This

area represents less than 3% of the
arable land in the EC.

North American Free Trade Agree
ment (NAFTA)-The NAFfA would
reduce trade tariffs and quotas between
the US, Canada, and Mexico over 10

years. Because of already relati vely low

bilateral tari Ffs and non-tariff barriers
between USA and Mexico, and the fact

that the Mexican economy is only 3.6%
of the size of the US economy, overall

net benefits to US industries would
initially be relatively small. However.

agricultural trade opportunities between
the two countries are enormous. Since
the trade liberalizations of 1986, the
value for all US agricultural products

exported to Mexico has more than
doubled. With growth in Mexico's

population (expected to reach 100
million by 2000), maize imports will
increase significantly. Under NAFfA.
trade barriers would be lifted further and

agricultural trade should have even
greater potential for increased growth.

Conclusion

Throughout the 1980s, world maize

production experienced severe tluclUa
tions, mostly as a result of poor weather
in many important producing countries,
but also because of policy changes in
North America and Europe. Despite
production instability, maize consump

tion continued to rise steadily. With
demand outstripping supply in many
countries, the volume of world trade

rose. Export patterns meanwhile under
went notable changes, with traditionally
prominent exporters such as South
Africa and Argentina losing market

share to France and China. the new
player in the export market.

Future prospects for global maize
markets are clouded by uncertainty.
Demand for maize will almost undoubt

edly increase during the next few years
as the countries of Eastern Europe and
the former Soviet Union struggle to
become democracies with market
economies. Increased demand will also
corne from Southern and Eastern Africa,
which are experiencing their worst

drought of the century. But even if
global demand for maize is likely to

increase for structural reasons, supply is
more difficult to predict. Depending on
whether and how the Uruguay Round of

the General Agreement on Tariffs and
Trade and the NAFTA are negotiated
and implemented. significant changes
could occur in world maize production
patterns.
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Part 3: Selected Maize Statistics

The tables that follow present 34
statistics related to maize production,
trade, consumption, research, and prices.
as well as some basic economic indica
tors. The statistics were selected to
provide the latest available information.

Countries listed in the tables are classi
fied either as maize consumers or
producers. Maize consumers include
developing countries consuming over
100,000 t of maize per year, and

developed countries consuming more
than I million tons of maize per year.
Maize producers include developing
countries in which maize production

exceeded 100,000 t/yr or accounted for
at least 50% of total maize consumption,

and developed countries in which maize
production exceeded I million tons per

year or accounted for 50% of total maize
consumption. Average 1988-90 data

were used in the classification.

Unless otherwise indicated, the regional
aggregates include all of the countries of
a particular region, even countries for
which data have not been reported indi
vidually (for a Jist of countries belonging

to each region see Annex I, p. 57).

All prices reported in the tables were

converted to US dollars at official
exchange rates.

Notes on the Variables

Variable 1: The source of this informa
tion was the FAG diskette of population
statistics (1991).

Variables 2-3: These data were obtained

from the World Bank World Develop

ment Repon (1992).

Variables 4, 5,10-14,17-18: The source
of these variables was the FAG diskettes
of production st,1tistics (1991). Growth

rates were calculated using the semilog
model:

ln Y = a + bX + u,

where:

In Y the natural logarithm of

variable Y.
X time period (year), and
b growth rate of Y.

The function describes a variable. Y,

which displays a constant proportional
rate of growth (b > 0) or decay (b < 0).

Variables 6-8,15, 16: These variables

were obtained from the FAG Agrostar/
PC diskettes (1992)

Variables 19-23: These data were
obtained from the FAG diskettes of trade
statistics (1991). Net imports were

calculated as imports minus exports.
Negative numbers indicate that a country

is a net exporter. Consumption was

calculated as production plus net
imports. Growth rates were calculated
using the formula given above.

Variables 24-29: These data (which are
for 1966-90) were collected through a
general country survey of knowledge

able maize scientists. Data on the
number of researchers refer to 1990,

although in some cases 1989 is the
reference year. Some data were esti
mated by CIMMYT staff.

Variables 30-31: The source of this
information was the FAG Fertilizer

Yearbook (various issues). Growth rates

were calculated using the formula given
above.

Variables 32-34: These data were
collected through a general country
survey of maize scientists and econo
mists. Data for the majority of the

countries refer to the maize crop
harvested in 1990-91, although in some
cases 1991-92 is the reference year. The
maize price is the average post-harvest
price received by fanners. The nitrogen
price is usually the price paid by farmers

for the most common nitrogenous fer
tilizer (usually urea). In some countries,

only the price of compound fertilizer
was available; in these cases the variable
refers to the price of active nutrients
only, whether N, P

2
0

5
, and/or K

1
0.
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I

Producers

Angola Burundi Ethiopia Kenya Lesotho Madagascar Malawi Mozambique

~ l. Estimated population. 1991 (million) 10.3 5.6 51.2 24.8 1.8 12.3 9.0 16.2
0

'" 2. Estimated growth rate of population.
()

:e 1989-2000 (%/yr) 3.0 3.1 3.4 3.5 2.6 2.8 3.4 3.0
.5. 3. Per capita income 1990 (US$) 210 120 370 530 .230 200 80..
0; 4. Per capita cereal production. 1988-90 (kg/yr) 31 56 127 143 103 213 [77 42..
<>c 5. Growth rate of per capita cel'eal production.
"" 1981-90 (%/yr) -3.9 -8.0 -1.2 0.7 -0.7 -1.1 -4.0 -2.1

1--- ---- --_.----- ------.._._- -_."'-- ----- --_._-- -----•....
I

Maize area harvested. J989-9 J (000 hal 793 124 1.070

I
6. 1.535 127 152 1.332 1.008
7. Maize yield. 19-89-91 (t/ha) 0.3 1.33 1.7 1.7 0.8 1.0 1.1 0.4
8. Maize production,. 198.9-91 (000 t) 228 165 1.791 2.572 101 ISS l.481 370

'":; 9. Growth rate of maize area, 1971-80 (%) 1.4 1.4 -0.6 0.0 ·2.1 1.2 0.3 4.3
I ~ 10. Growth rate of maize area. 1981-90 (%) 5.2 -0.6 4.5 3.6 2.2 2.8 1.7 1.2"0

II. Growth rate of maize yield, 1971-80 (%) -3.7 0.2 4.2 -1.8 7.1 0.2 0.1 -4.0-
"!i! 12. Growth rate of maize yield, 1981-90 (%) -7.5 2.9 0.2 0.9 1.0 1.3 .1.2 -0.8
;; 13. Growth rale of maize producti.on,
~ 1971-80 (%) ·2.3 1.6 3.6 -1.9 5.0 1.4 0.4 0.3·s 14. Growth rate of maize productiOl~,c

'"; 1981-90(%) -2.4 2.3 4.7 4.6 3.2 4.1 O.S 0.4

.§ 15. Maize area as percent of total cereal area,
t; 1989-91 (%) 86 57 2\ 79 61 12 94 65
.§ 16. Average yield of all cerea'ls, 1989-91 ((/ha) 0.3 1.4 1.2 1.6 0.7 1.9 1.I 0.4
0

t:I: 17. Growth rate of yield of all cereals.
1971-80 (%/yr) -3.8 l.l 4.6 ·1.6 8.4 -1.0 0.4 -3.9

18. Growth rate of yield of all cereals.
1981-90 (%/yr) -6.2 2.0 0.6 0.4 -0.2 2.2 -1.4 -2.9

f---- ._---- ----_. -

19. Net imports of maize. 1989-90 (000 r) 71 0 8 -122 66 -23 8!i 248

.;:: 20. Net imports of maize per capi,[a.
"l 1988·90 (kg/yr) 7 0 0 -5 38 -2 10 16

..:. 21. Per capila total maize consumption.•
,~ 1988-90 (kg/yr) 30 32 38 115 107 12 179 40

5 22. Growth rate of per capila maize consumption.
~

,
1971-80 (%/yr) 2.2 -0.1 1.3 ·4.6 5.4 .1.2 -2.3 2.0

E 23. Growth rate of per capita maize consumption.f-
1981-90 (%/yr) -5.8 -0.7 2.1 -0.5 0.7 -1.0 -2.3 0.9

--- ---_.------... ----_.. ""--_."--- -_.-- --_.'--_.. --_.---"" ----
24. Public sector maize variefal releases,

r.r. 1966-90 J I 16 20 6 17 14t:: I ..

j
.E: 25. PubHc sector maize varietal releases..

per million lia maize area. 1966-90 89 14 13 40 13 19
]

.. ..

3
26. Number of public seCIOf maize

researchers. 1990 .. 2 12 58 .. 2 8 10
~ n. Number of public seclor maize researchers
'5
"

! per mil'lion ha maize area, 1990 .. 16 10 39 .. J3 6 13

!~
28. Number of private sector maize

researchers. 1990 .. 0 0 2 .. 5 2 II
29. Number of private sector maize resea~chers

per million ha maize area. 1990 .. 0 0 I 33 I 15
------ -_._---- ._-- -- ""--.. --..--_...--""---- ._-..._---..,.

30. Fertilizer applied per hectare of arable land.=
1987-88 (kg nutrielilts!ha) 3 2 5 51 14 4 22 I

31. Growth rate of NPK consumption per ha of

~ arable land. 1970-71 to 1988-89 (%/yr) -4.6 .. 12.7 4.3 14-.0 -1.0 7.8 -2.6

I
----_.~

32. Fann price of maize, 1990-91 (US$/I) .. 152 188 167 .. .. 86 395 ,
'" 33. Ratio of farm-levelnitmgen pr,ice".~

to mai;-;e price. 1990-91 4.7 4.0 3.7 6.9 1.9et .. .. ..

'[
34. Fann wage in kg of Illaize per day, 1990-91 .. 6 5 8 .. .. 4 3

i



38 Eastern and Southern Africa (continued)

Producers I
I Regional

total or
Rwanda Somalia Swaziland Tanzania Uganda Zambia Zimbabwe average

~ I. ESlimated population. t991 (million) 7.5 7.7 0.8 28.0 19.3 8.7 9.9 I 244.4....
B 2. ESlima!ed grawrh rare of population.os
" I989-2()()() (%/yr) 3.9 3.1 '. 'I 3.3 3. ! 2.4 3.1' io ..

I.~ 3. Per capila income 1990 (US$) 310 120 8EO II(} 220 4Z0 640 248
lei 4. Per capila ce~eal produclion, 1988-90 (kg/yr) 38 84 192 156 82 214 285 ! 12T
~! 5. Growth rate of per capita cereal production.

(.:; 1981-90 (%/yr) -4.8 3.1 6.7 1.1 -1.0 3.3 -1.3 -1.1
" .~ ...

6. Maize area harvesled, 1989-91 (000 hal 85 2,)3 83 1.820 406 788 1,148 10.851

I
7. Maize yield. 1989-91 (l/ha) 1.2 1.1 1.4 1.4 1.5 1.9 1.6 1.3

'"
8. Maize produclion. 1989-91 (000 l) 103 238 j J5 2.634' 603 1,462 1.836 13.953

;; I 9. Growlh rale of maize area, 1971 -80 ('Ii) 4.2 0.3 -1.2 4.2 -0.9 -6.8 0.1 0.4
~ 10. Growlh rale of maize area, 1981-90 (%) 1.I 5.0 4.2 4.2 3.2 70 -1.9 2.84)

I~

";!
11. Grow,h rate of nmize yield, 1971·80 (%) \.6 1.0 -'2.5 5.4 0.0 7.8 -3.1 0.4
12. Growth rale of maize yield, 1981-90 (%) -0.5 5.2 6.0 3.1 0.8 -0.1 2.9 1.0

~ 13. Growlh rale of maize production,

.~ 1971-80 ('Ic) 5.8 0.4 -3.7 9.6 -0.9 1.0 -3.0 0.8
::J 14. Gro""th rale of maize production.£:... 1981-90 (Ok) 0.5 10.2 10.3 7.2 4.0 6.9 0.9 3.80
c 15. Maize area as perccnl of lotal cereal area..g
u 1989-91 (%) 34 32 96 61 38 86 71 42
::I

16. Average yield of aU cereals, 1989-91 (t/ha) 1.2 0.7 1.4 1.4 \.5 1.7 1.5 1.1£ 17. GroWlh rale of yield of all cereals.
1971-80 (%/yr) 1.2 0.3 -2.3 3.9 2.9 7.5 -1.4 1.0

Ill. Growth rale of yield of all cereals.

I
19111-90 (%/yr) -0.2 3.0 6.1 3.7 0.1 -0.3 3.4 0.6

.... ..--

I
19. Net impons of maize. 1989-90 (000 t) 0 10 10 -34 2 93 -402 80

c 20. Net ~mports of Inaizc per capita.0

Ii 1988-90 (kg/yr) 0 1 '13 -I 0 II -43 0.35

~
21. Per capita total maize consumption.

":J
1988-90 (kg/yr) 14 46 194 99 28 211 176 64

c: 22. .Growth ralc of per capita maize consumption.

I

..... 1971-80 (%/yr) 2.5 -l.l -6.7 5.7 -3.3 -1.4 -4.8 -1.0
~
f- 23. Growlh rate of per capila maize consumptiol'l.

1981-90 (9,./yr) -2.8 -0.4 4.2 2.0 0.1 2.3 -2.7 0.0
..- .. .,

i 24. Public seClOr maize varietal releases.

; 1966-90 .. .. .. 13 4 16 27 ..
:: i 25. PuMic sector maize varietal releases

Q per million ha maize area. 1966-90 8 II 21 23

11
.. .. .. ..

26. Number of public seClOr maize
researchers. 1990 .. .. 5 14 7 14 6 ..

'- 27. Number of public sector maize researchers
~ per million ha Inaize area, 1990 67 8 18 18 5. .. .. ..

::l 28. Number of private sector maize
re!;earchers. 1990 4 2 0 0 19 I

~
.. ..

:::E 29. Number of private seCLOr maize researchers
per million ha maize area, 1990 ,. ., 53 I 0 '0 17 ..

...~._. _. __ .. .~.__ . .. ··_r

~ 30. Ferti]izer .applied per hectare of arable lamd-.

'~
1987-88 (kg nUlrients!lla) I 2 46 8 .. 16 54 II

31. Growth rate of NPK consumption per ha of

J arable land. 1970-71 to 1988-89 (%/yr) .. -0.1 2.5 6.4 .. 3.9 0.6 3.8

I
..'--

32. Fann pril'e of maize. 1990-91 (USS/l) .. .. .. 51 108 68 72 ..

il
:'1. Ratio of farm-level nitrogen price

LO maize prinl, 1990-91 .. .. .. 8.2 3.7 6.4 6.4 ..
34. Fa'rm w.age in kg of tJlai~e per day. 1990-91 .. .. o. 3 4 7 17 ..
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Producers

Benin Burkina "'aso Cameroon Cote d'ivoire Ghana Guinea

~ I. Estimaled population, 1991 (millio.n) 4.8 9.3 12.1 12.4 15.4 5.9
~ 2. Estima!ed growth..rale of population.

~ 1989-2000 (%/yr) 2.9 2.9 2.9 3.5 3.0 2.8,
3. Per capila income 1990 (US$) 360 330 960 750 390 440,-

~
,

~
4. Per capita cereal production, 1988-90 (kg/yr) 127 222 80 t03 n 141

I~ 5. Growth rale of per capita cereal production.
0 1981-90 (%/yr) 2.8 4.1 -3.9 0.8 4.5 5.0
'-_. .. ..._-_.'-- . ' .. ----_.. ._------_ .

I 6. Maize area harve~ted, 1989-91 (000 hal 460 207 217 689 547 91
7. Maize yield, 1989-91 (t(ha) 0.9 1.3 1.8 0.7 1.4 1.0

... 8. Maize production. 1989-91 (000 t) 411 270 400 491 745 96
;a 9. Growth rate of maize area. 1971-80 (%) 1.5 3.0 0.5 6.3 ·3.3 -3.7

<>.. 10. Growth rale of maize area, 1981-90 (%) 0.7 7.5 -8.4 4.1 3.3 11.2
"' II. Growth rale of maize yield. 1971-80 (%) 3.5 3.3 ·1.0 -3.8 -1.1 0.0:;;

-.::l 12. Growth rate of maize yield, 1981·90 (Ok) 4.0 3.9 6.0 -2.3 6.0 -0.3
c 13. Growth rale of maize production.«l
<> I97 1-80 (o/c) 5.0 6.4 -1.4 2.5 -4.5 -3.8N

.~

!
14. Growth ratc of maize production,

~ 1981-90 (cite) 4.6 11.4 ·2.5 1.8 9.3 10.9

.S 15 . Maize area as percent of total <;ereal area.

<J 1989-91 (%) 71 8 27 49 5l 11

11 16. Average yield of all cereals, 1989-91 (l/hal 0.8 0.7 1.1 0.9 1.1 0.9
17. Growth rate of yield 'of all cereals.

1971-80 (%/yr) 3.0 3.2 0.4 -1.8 -1.5 0.0
18. GrowGh rale of yield of all cereals.

1981-90 ('ho/yr) 3.7 2.8 4.2 -0.6 6.1 2.7
~ . --_. .. --_. ---

19. Net impons of maize. 1989-90 (000 t) 2 2 7 12 9 0
S 20. Net impons of maize per capita. I
~ 1988-90 (kg/yr) 0 0 1 1 I 0

I'!
21. Per capita total maize consUlnption.

1988-90 (kg/yr) 96 27 35 41 47 17
22. Growth rale of per capita maize consumption.

1971-80 (C~Jyr) 2.6 3.1 -3.9 -1.1 -4.4 -5.0
'".. ?' Growth rate of per capita Jnaize coqsu!nption.~ --'.

1981-90 (%/yr) 1.7 7.6 ·5.5 -1.5 3.6 11.3
_. ---_. ---'--- .'--_.- _..-----'--.- _._---_ . ...._-- .. , .._---------- --

24. Public sector maize varietal releases.

!'
1966-90 9 IX 12 12 11 ..

25. Public sector maize varietal releases
(I

permilJion ha maize area. 1966-90 20 83 92 17 26J:: ..
~ 26. Number of public sel~tor maize

researche rs. 1990 6 5 35 8 [6 ..

~
27. Number of IJublic sector maize rese(lrchers

r per million ha maize area, 1990 14 22 146 12 34 ..
~ 28. Number of private sector maize
'"~ researQllers. 1990 0 0 0 5 0 ..
to

~"" 29. Number of private sector maize researchers
per million lIa maize area, 1990 0 0 0 7 0 ..

-----_.. ------. ..~ ..__._-----..._---._-- ._-_.. .._- ,

! 30. Fenilizer applied per hectare of arable land.
1987-88 (kg nlHrients/ha) 3 4 5 II 4 I

31. Growth rate of NPK consumption per ha of,....
I
~

arable land, 1970-71 to 1988·89 (%/yr) 4.3 19.7 7.4 3.1 55 ·4.9
------_. .. --_.. ---

32. Farm price of maize, 1990-91 (US$/tl .. ., 120 143 92 ..
t 33. Ratio of fann-Ievel nitrogen price I

:f to maize price. 1990-91 .. .. 7.2 7.6 5.9 .. I34. Farm wage in kg of maize per day, 1990-91 .. .. 33 17 15 ..



Western and Central Africa (continued)

I'Foducers
Regional
total or

Mali "\igeria Senegal TOIlO Zaire an~rage

." 1. ESlimmcd population. 1991 (m~lIionl 9 ..5 II LO 7.6 3.() 3tJ.5 260.8::;
"OJ 2. Est~malcd growth rate of pop~lalion.
CJ

:;::; 19l1'}-2000 (%/yr) 3.0 2.g :'.1 3.2 .Hl 2.9I:: J. Pcr capita income 1990 (US$l 270 290 710 4.10 220 '31111
'" 4. Per capita cereal Iyrodoction. 19l\l\-90 (kg/yr) ?-39 123 135 144 1,'7 115...
<J
c: 5. Growth rale of ptlr capit'a cereal production.".., 19X 1-90 (%/yr) 4.2 2.9 0 2.3 0.7 2.0

.. _-- -------- ._-

6. Maize area harvested. 19XCJ-91 (000 hal 172 1.550 99 261 1.211 5.723 I
7. Mail.!: yield, I989-9'l (1/11,,) U U 1.3 1.0 0,7 1.1

'"
lI. Maize production. 1989-91 (OOU t) 216 1.955 123 269 874 6.083

:;; 9. Gmwlh rale of maize, area, 1971-80 (%) -7.1 -12.0 6.9 1.9 n - (.0
2 10. Growlh rale of rnaize area. 1981-90 (%) 10.4 15.1 4.6 4.3 6.1 5.5~
:.;

Growth rale of maize yield!. '1971-80 (%):;; II. 8.3 4.8 0.7 -1.7 1.0 0.0
"0 12. Growth rale of maiz yield. 19M-90 (%) 2.9 -0.5 1.8 2.0 -2.6 1.7

13. Growl11 rale of maize. prodm:l;jon.
~ 1971-80(%} 1.1 -7.1 7.6 0.2 3.2 -1.0....;;

14. GrQwth r<tte of milize prodU()!,joll.E
'- 1981-90 (%) 13.2 14.6 6.4 6,3 3.5 7.20
c: 15. Ma.ize area as percenl of lotal cereal area.,S:
tj 19H9-91 (%) 7 13 8 43 70 17
:::l

16. Average yield of all cereals. 1989-91 (1Ilia) 0.9 1.2 0,8 O,lI <l.lI 0.9-0e 17. Gr()wth rate of yield of all cCflJals.0..

I
1971-XO ("!(}Iyr) 0.6 5.9 2.0 -3.3 0.7 2.1

IX. Growtrr rale of yield of all cereals.
1981-90 (%/yr) 2.6 '.9 2.5 1. -IJ1

!
1.0

.- --- -, ~ .
-~--

-_..

19. Net imports or maize. 19H9-90 (000 I) 2 () 9 2 )8 227
c:

20. Net imports of maize per capilla. I.2
1

.. 19H8-90 (kg/yr) 0 () 1 1 2 I.!::!
1'= 21. Per capita total maize consumption,

:::l 198H·90 (kglyr) 25 19 19 79 26 25-g
'" 22. Growth-rate 01 per capim maize eonsumpli0J1.
~ 1971·80 (%/yr) -2.4 --8. ( -1.2 -2,1 0.4 -3.1-0
f:! 23. Growth rate of pcr capita Inai7.c consumption.!-

1981-90 (%/yr) 5.0 7.8 3.7 2.9 -I.H 2.5
f- --

I
24. Public seClor m;lizc varietal releases.

5 1966-90 10 37 12 4 15 ..
.,;;; 25 . PubliG sector maize varietal rdeases...
u per million ba m.,ize area. 1966·90 71 23 103 18 13 ..
~

I
26. NU\llbcr of public sector maize.

'"'~ researchers, 1990 4 2H 12 19 4'" .,
~ 27. Numher of public sector maize researchers

'"5 per miJlion ha maize area. 1990 30 17 98 86 3 ..
:::l

28_ Numher of privale seclor maize

'" researchers. 1990 () 11 0 3 0'" ..
0

:E 29. Number of pTivate sector maize researche.rs
per miN.ion ha maize area. 1990 0 7 0 14 0 ..

.._.

... ,." 30. Fertilizer applicd per hectare of arable land.:::l...
1987-88 (kg Ilutrients/hal 6 10 5 7 0 6

I
~ 31. Growlh rale of NPK consumption per ha of
t:

arable !and. 1970-71 to 1988-89 (%/yr) 12.4 21.0 -0.8 18.8 -0.7 9.7If
f--

32. Farm pr,ice of maize. 1990-91 (US$/tl ., 201 .. .. ..

u 33. Ratio of farm-level nilroge'1 priGc,- to maize price. 1990-91 l.\ ..0.. .. .. .. ..

34. Fann wage in kg of maize per day, 1990-91 .. II .. .. ..



North Africa 41

ProdUl'ers ConsuJUCl"S

I Regional
total or

Egypt Murocco Algeria Lih)'a Tunisia average

l- I. Estimated populal(otl, 1991 (million) 53,1 25.6 25.7 4.7 ~.3 117.4
C";; 2. Estimated growth rate of population,

:S 1989-2000 (%/yr) 1.8 2.4 2.8 3.6 1.9 2.2.- .•. PCI' capila income 199n (US$) 600 950 2.060 .. \.440 1.071e 4. Per capita cereal producliOll. 1988-90 (kg/yr) 21) 297 57 81 107 186

t! 5. Growth rate of reI' capita cereal prqclu()(ion.
WR 1-90 (%/yr) 1.6 8. j -4.8 -I.D -7.3 2.2

I- -- ~.-

6. Maiz.e area harvesled. 1989~'H (000 hal 861 31$9 1 1 .. 1.252
7. Maize yield. 1989-91 (t/Ila) 5.7 1.0 .. .. .. 4.2
8. Maize production. 1989·91 (000 t) 4.866 :'191 .. .. .. 5.260- 9. Growth rate of maize area. 1971-80 (clr.·) 2.5 -1.7 0.9

~
.. .. .... 10. Growth rate of maize area. 1l)81-90 ('ii:) 0.0 -0.1 .. .. .. -0.1r,o.

= 11. Growth rate of maize yield. 1971-80 (c/,.) 0.8 D.7 .. .. .. 2.0

~
12. Growth rate of maize yield. 1981-90 «(!I-,) 3.3 11.6 .. .. .. H
13. Growth rate of mllize prodlKlion.

:.I 1971 1Hl (%) 3.3 -1.0 2.8.~ .. ..
c 14. Growlh rate of maize produclion.... 1l)81-90 (%) 3.2 11.5 3.7Q .. .. ..
! 15. Maiz.e area as percent of (O(al cereal arc:!.'- 1989-91 (%) 38 7 0 0 10'-' ..
~

16. Average yield of "II cereals. 1989-91 (l!ha) 5.5 1.3 0.8 n.7 1.2 2.0)!

~ 17. Growth rate 01: yidd of all cereals.

I

1971-1l0 (%/yr) O.~ -1.2 0.7 -4.1 -1.9 -0.3
18. Grm';th Fat~ of yitld of all cereals.

1981 :90 (%/yr) 3.2 7.6 0.0 2.2 -1.1 3.9

19. Net imports of milize. 19K9-90 (000 II 1.585 1.J2 1.116 25H 257 3.327

.! 20. Nel irnport~ of maize per capita,
19RX-90 (kg/yr) 31 5 46 59 32 JO

:i
21. Per'capita total maize consumption.

!: 198R·90 (kg/yJ') 116 21 46 59 32 72
22. Growth ralc of per capila maize consumption... 1911·80 (%/yr)' :to -n.4 22.2 29.6 26.3 3.2~..

~ 23. Growth rate of per capita !1lai;,:e consumplion.
198 \-90 (%/yr) 1.1 3.1 14.1 14.8 -3.6 2.3

I- --- ~ _.

24. Punlic sector maize varielal releases.

~ 1966-90 13 15 .. .. .. ...... 25 . Punlic seclor maize varietal releases
"i:;

per mill'ion ha m,iize area. 1966-90 16 40~ .. .. .. ..
26. Nuniher of public sector maiLe

1 rcsean;hcrs. 1990 69 18 .. .. .. ..
I 27. Number 91' public sector maize researchers

~I
per million ha m,iize area. 1990 In 48 .. .. .. ..

28. NUlllbcr of private seclOr maize

II researchers. (l)90 23 0 .. .. .. ..
29. Number of private sector maize researchers

per million ha maize area. 1990 28 0 .. .. .. ..

f-! 10- -

30. Fertili7,er applied per hectare of arable land.
o..

1987-88 (kg nUlrients!ha) 400 37 23 41 21 66

i 3l. Growth rale of NPK consumption per ha of
I

an,blc land. 1970-71 10 \988-89 ("!e/yr) 6.7 5.6 1.9 10.4 6.2 5.8tL.
-

32. Faoll price of maize. 1990-91 (USS/t) 127 .. .. .. ..
33. Ralio of farrn-1e\lel nitrogen price

;EI
to maize price. 1990c91 2.JR .. .. .. .. ..

34. Fann wage ,in k~ of maize per day. 19·90-91 11.9 .. .. .. ..



42 West Asia

Producers Consumers

~

AfghanistaIJ Turke~' Iran Iraq Jordan

'" I. Estimated population. I991 (million) 56.9 57.0 19.5 3.4
~

..
;: 2. Estimated gtowth rate of population.
t.

'6 1981.)·2000 ('IC/yr) .. 1.9 3.4 3.4 U
.: 3. Per capiM income 1990 (US$) 1.630 2.490 1.240
d

.. .... 4. Per capita cereal production. 1988-90 (kg/yr) 218 514 209 113 35
. 5. Growtl. fate of per capita cer.eal ~fodtlction.
C 1981-90 (o/r/yr) -4.5 -.1.0 - 1.7 -2.9 -i.5

I

",

j6. Maize atea hanle.sted. 1989-91 (000 hal 264 513 3 42 <I
7. Maize yield. 1981.)-1.)1 (t·/ha) 1.6 4.0 .. 2.9 ..
K. Maize production, 1989-9 I (000 t) 436 2.067 .. 121 ......

-:; 9. Growth rale of maize area. 1971-80 (c1r:) 0.0 ·1.0 .. 14.7 ..
~ 10. Growth rate of maize area. 1981-9.0 (%) -0.9 -1.6 10.1u .. ..

:; II. Growlh rate of maize yield. 1971-80 (%) 1.3 3.3 .. 5,4 ..
~ 12. Growth rate of maize yield, 1981-90 (%) 0.3 7.9 .. -0.5 ..
1:! 13. Growth rale of maize produclion,
I~i 1971-80 (%) 1.2 2.3 .. 20.l ..

" 14. Growth rate of maize production,E
'E- 1981-90 (%) -0.6 6.3 15.6 ..
c. IS. Maize area as percent of total cereal area.

I~ 1989·91 ('Y<:) II 4 0- 1 0

I~", 16. Average yield of all cereals. 19'89-9! (t/ha) 1.2 2.1 1.3 0.6 0.8
;£ 17. Growth rate of yield of all cereals.

1971-80 (9(-./yr) 2.9 4.0 3.9 -4.5 -7.9
18. Growth rate of yield of all cereals,

1981-90 (%/yr) -0.1 1.1 0.5 1.1 3.8
.. ... .. . .. --

I 19. Net impons of maize, 1989~90 (000 t) 0 404 648 545 323
l: I
e 20. Net imp0rl~ of luaize per capita,

1988·90 (kg/yr) 0 7 12 30 102

I 21. Per capila IOlal maille consumption.
'S 1988-90 (kg/yr) 50 44 12 35 102:a
;- 22. Growth rale of per capita maize cOllsumption.

~i 1971 -80 (o/elyr) -0.3 0.0 20.8 25.7 13.6

- 23. Growth rate of per capita maize consumption,
1981-90 (%/yr) ··1.0 6.3 -6.2 14.4 9.2

f-- --_. ... .. ~.... _.-.- ..... ' ___'0'-'-

! 24. PubJic sector maize varietal releases.
J: 1966-90
~ .. .. .. .. ..

..::: 25 . Public secto .maize varietal releases I.... ,..
I

per miliioIl ha maize area. 1966-90.I: .. .. .. .. ..
~ 26. Number of public sector luaize1:

I researchers. ~990 4 19 .. ..
~ 27. Number of public sector maize researchers...
~ per million ha maize area. 1990 9 38i' .. - .. ..
E 28. Number of private sector maize::t

researchers. 1990 0 24 .. .. ..
~ 29. Number of private sector maize researchers

per million ha maize area, 1990 0 48 .. .. ..
- .. _...._-_. . ' .. _._. ..---

:::l 30. Fertilizer applied per hectare of arable land.

It 1987-88 (!}--g nmrienls/ha) 6 58 70 45 73
31. Growth rate of NPK consumption per ha of

arabic land . 1970-71 \(l 1988-89 (%/yr) 6.7 7.3 12.2 13.7 17.6
---_. .. .- . .. " --

32. Farm price of maize. 1990-91 (US$/t) .. 196 86 .. ..

~
33. Ratio of fann-Ievel nitrogen price

;t 10 maize price, 1990-91 .. 2.0 0.2 .. ..

34. Farm wage in kg of maize per day. 1990-91 .. 36 21 .. ..
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Consumers

Lebanon
Saudi

Arabia Syria

Regional
total or
ayerage

\ .7

3
1.6

2.7

3.9

5.3

3.2

-1.0

200.9

2.7
2.762

277

886
3.2

2.802
0.2

-IA
2.5

4.8

0.8

2
0.8

-3.6

13.0

59
2.7
15H
12.6
13.6
6.6

-0.9

19.3

12.6

3.6
1.000

261

2

0.0

()

4.7

14.6

23.7

13.0

3.7
7.050

264

2

28

5
\.9

1.8

6.2

14.0

i:: 1 I. EStimated population. 1991 (million)
.~ I 2. brimaled growth rale of population.
] In')-2000 (o/</yr)

I 3. Per capila income 1990 (US$)
t 4. Per capilla cereal production, 1988-90 (kg/yr)
;:;, 5. Growth rale of per capita cereal production.
v 1981.90 ('le!)'r) .

...._f-....- ..-----.------- ----------t----------------.---------------1
I

6. Maize area harvested. 1989-91 (000 hal
7. Maize yield. 19H9-91 (t!ha)
8. Maize production. 1989-91 (000 t)
9. Growth ralc of Jllaize area. 1971-80 (%)

10. Growlh rate of maize area, 198]-90, %)

II. Growth rale of maize yield. 1971-80 (%)
"" 12. Grow!h rale of maize yield. 1981-90 (%)
§ I 13. Growth nile of maize production,

.~ I' 1971-80(Ckj
E. 14. Growth rate of maize production.
''0 I ')RI-90 W~)

15. Maize area as percent of total cereal area.
1989-91 (';")

16. Average yield of all cereals. 1989-91 (I!hal
17. Growth ralC of yield of all cereals.

i 1971-80 (Cfu!yn
18. Growth rate of yield of all cereals.

198[-90 (Cfc/yr)I
I----;------------------~.~.-.------+-------.---..,..-----------------4I---~-----_j

16

32

60

5.0

9.5

2.904

13

22

52

1.3
7

152

29.0

11.6

30

30

463

402

24.1

30.0

41

42

75

4.8

2,9

III

Farm price of maize. 1990·91 (US$/tJ
Ratio of faml-Ievel nitrogen price
10 maize price. 1990-91
Farm wage in kg of mai;;o:e per day. 1990-9134.

19. Net imports of maize. J989-90 (000 t)
.§ 20. Net impons of Tuaize per capita.
.~ Ir988-90 (kg!)'r)

21. Per capita rotal maize co"sumption,
::l
" 1988-90 (kg/yrJ
;; 22. Growth rate of per capita maize consumption,
~ 1971 ~80 (Cfc!yr)
f- I 23. Growlh rale of per capita m'lize consUlnplio.fi.

! 1981~90 (%!)'r) -4.0 -13.2 -2.7 \.0
---f------- --------~-----------t------- .....- ---.---------------,-.~-------.. ---

! 24. Public sector maize varietal releases.
~ 1966-90
::: i. 25. Public see-lOr maize varietal releases
~ per n1iHioil ha Jllaizc area! 1966~90

;:: 26. Number of public sector maize
~ researchers. 1990:=
'- 27. Number of public sector maize researchers
;. per million ha maize area, 1990
g I 28. Number of private sector maize
'Z , researchers. 1990

~ I: 29. Number of privale seclormaize researchers
per mi.llion ha maize area, 1990

... -:j!--1,I------ -- -------1------------._--------------...., .. --------
:::l ! 30. Fertilizer appli-ed per hectare of arable ulI'ld.
5 I 1987-811 (kg Ilutrients!ha)
.; 13'I. Growth rate of NPK consllmplion per ha of
;.l: arable land. 1970-7 J to 1988-89 (o/c!yr)
1----+--------------------._--------1-----------------~------------ ----------

, 32.

~ I 33.
.~

ct



44 South Asia

Producer,~

[------+--_._.._-------------------+------- ----------------------- ---------1

1. Estilualed popul;ttion, 1991 (miIrion)
2. Estimated growth rate of population.

1989-2000 ('le/yr)
3. Per capita income 1990 (US.$)
4. Per (:apita cereal production, 1988-90 (kg/yr)
5. Growlh rate of per capila cereal production.

1981-90 (%/yr)

6. Maize area harvested. 1989-91 (000 hal
7. Maize yield, 1989-9J (tlha)
8. M'lize production. 1989-91 (000 I)

9. Growth rale of maize area. 1971-80 (%)

10. Growth rale of maize area. 1981·90 (%)
II. Growth rale of maize yield, 1971-80 (%)

12. Growth rale of maize yield, 1981-90 ('Yo)

13. Growtp. rate of maize production,
1971-80 (%)

14. Growth raIC of maize production,
1981-90 (tic)

15. Maize area as percelll of total cereal area.
1989-91 (%)

16. Average yield of aIr cereals. 1989-91 (t/ha)
! 7. Growth rale of yield of all cereals,

1971-80 (cit-!yr)

18. Grovnh rate of yield of all cereals.
1981-90 (9Uyr)

India

864.4

1.7
350
232

I.2

5.856
1.5

8.975
0.0
0.0
1.3
2.7

1.4

2.8

6
1.9

2.2

3.5

Myanmar

42.5

2.0

346

-2.7

124
1.5

[90
4.5

-3.0
5.7

-0.5

10.2

-3.5

2
2.7

4.7

-0.5

Nepal

19.6

2.5
170
292

2.3

760
1.6

1.222
0.0

4·9
-2.1
-0.3

-2.1

4.7

25
1.9

-1,0

1.7

Pakislan

125.2

2.7
380
172

-2.1

856
1.4

1.185
1.6
1.5
1.3
1.6

2.9

3.2

7
1.8

2.9

0.8

Regional
tolalor
a\'erage

U87.5

1.8
338
230

0.6

7.674
1.5

1.1.645
n.3
0.5
1.0
2.3

1.3

2.8

6
2.0

2.4

2.9

[------+---------------------_.._-----1-----------------------------+---

-+---------_._----------------,,--------

29.

28.

19. Net imports of maize. 1989--90 (000 I)

20. Net imports of maize per capil".
1988·90 (kg!yr)

21. Per capita IOlal maize consumption.
1988-90 (kg/yr)

22. Growth rate of per capitamalze consumption.
197 [-80 (%!yr)

23. Growth rate of per capilca maize consumption.
1981-90 (Ok/yr)

I
24. Public sector maize varietal releases,

~ II 1966-90g 25. Public secwr maize varietal releases
~ I per million ha maize area. 1966"90* 26. Number of public sector maize
5! researchers. 1990

I ~ 27. Number of public sector maize re,~earchers
per million ha maize area. 1990
Number of private sector maize
researchers. 1990
Number of luivale sector maize researchers
per million ha maize area, 1990

94

<I

II

-0.7

0.7

43

7

168

28

50

8

-5

<-I

5

9.2

-4.6

15

122

II

89

o

o

o

58

-4.7

2.4

9

13

26

39

o

o

o

o

10

0.3

-0.6

21

25

26

30

13

15

119

<I

10

-0.9

0.6

---

30. Fertilizer applied per hectare of 'lIable land.
1987 ·88 (kg nutrients/hal

31. GrowI.h rale of NPK consumption per ha of
arable hlIld. 1970-71 to 1988-8.9 (%!yr)

65

9.2

II

IDA

24

11.0

83

9.6

65

9.2

33.

~4.

Farm price of maize. 1990"91 (USS!tl
Ratio 01" farm-level nitrogen price
to maize price. 1990-91
Farm wage in kg of maize per'day. 1990-91

113

2.6
9

146

2.5
7



Southeast Asia and Pacific 45

Producers Consumers
Regional
total 01'

Indonesia Kampuchea Philippines Thailand Vietnam Malaysia Singapnrc average

~ I. ESliinatcd population. 1991 \mil.lion) IRo.7 11.3 63.1 565 Mel,) 18.2 2.7 421.5
~
':; 2. Estimated g,fowth nue of population.
.~ 19&<J-2000 (o/rlyn 1.6 I.V 1.& 1.4 2.1 2.3 1.2 1.7-::l
;:;

3. Per capita incllme 1990 tUS)) 570 no 1.420 2.320 11.160 1.146
"=

.. ..

4. Per c;lplta cereal ,production, 1988-901!\g/yr) ,,77 309 227 449 291 101 .. 27&
I 5. Growth rate of per <;apitil cereal product'ioll.I

I.. I 1911 I-90 (9Uyn 1.7 4.1 0.5 -0.4 1.7 -3.& 1.0..
--- -

6. Mah.e· area harvelited. 19B9-91 (000 hal 3.0:17 40 3.699 1.644 484 :W .. :-;.961
7. Maiz~ yield. 19&9-91 (t!ha) 1.8

I
2.1 1.3 I.J 2.5 1.5 .. .. I

8. Maize production. 1989-91 ((JOn t) 6.445 52 4,677 4.0J5 720 .. .. 16.026- 9. Growth rate of maize area, 1<J71-RO (1Ji') 0.5 1.7 3.5 4.1 7.2 2.5.. .. ..

I

10. Growth rate of mai,ze area. 19& 1-90 rr:> ) 2.1 -10.3 2.0 1-.9 3.9 .. .. 2.ll
II. Growth rate of maize yield. 1971-80 (%) 4.1 -2.7 2.3 0.4 0.5 .. .. 2.4

'" 12. -Growth rate of maiz.e yield, 1981-90 (%l :\.0
I'"2 :U 4.. 0.0 4.6 .. .. 2.6

;; 13. Growth rate of maize production.

.~ 1<J7I-lS0 ('1() 4.6 -1 ..0 5.7 4.5 7.7 .. .. 4.9. I

- 14. (/mwtb rate of maize produtt ion.

Z 19&1-90 (;{,) 5.<) -6.0 5.1 2.0 R.5 .. .. 4.6

~
15. Maize area as percent of total t"crea~ ama.

~

19~1)'\11 (C/o) 23 2. 52 14 7 -~ .. 21
- 16. Avcragc yield of all vereals. 1911'.l-91 (t/ha) :tR 1.4 2.0 2.0 3.0 2.6 2.7..
.&: 17. Growth rate Of yield of all cereals.

197 HW (%/yrJ 3.3 -3.5 3.5 -0.3 -1.5 2..) .. 1..'
18. Growlh rate of Yield of all,'ereals

198.1 -90 (%/yr) 2.1 5,4 I.R 0.5 3.3 -0.8 2.0
:

19. Net imports of Inaize. 1.989-90 (000 t) -100 II 174 -Uo!! -41 1.339 143 400:
20. Net imports of maize. per capita.:i• 1988·90 (kg/yr) -I () J -22 -I 77 :)1 Il! I

i 21. Per capilla totulmaize cOllsumption. I

I~
19&~-90 (kg/yr) 36 6.3 78 55 12 6 53 41

22. (ImwthTate 01' per capita maize conslllnplion.
1971-80 (C/ Iyr) 3.4 1.0 3.2 n.2 2.6 11.2 14.9 4.6

I':: 23. Growth rate of per (}apita maize consumption.
19R I-')() (%!yr) 3.7 -8.7 1.6 18.4 6.5 4.0 -14.3 4.0

f- -- --
24. Public scctor rn I zc varietal. releases.

~
1966-90 18 .. 14 7 22 .. ..

~ 25. Public sector rna-iilc- varietal releases.
~

per million ha maize area. )<)66-90 6 -4 4 43¥ .. .. .. ..
26. Numht:r of public seetm maize

~
researchers. 1990 37 .. 43 22 60 .. .. ..

27. Nllmbl~r of public 'celor maizo research'rs- per million ha maizc area. !9')() 12 II D llX
~

.. .. .. ..
2X. Nu,nhcr of privaK: sector malZl':

:i
reSefl'fi:hers, 1')90 7 117 65 0

~
.. .. ..

~ 29. Numher of private sector In<\i.le researchers
per mill·ion ha maize area. 1990 2 .. 31 JX 0 .. .. ..

-'0. Fertilizcr applied per hectare of arabic I(lnd,
1987·88 (kg nutrients/ha) 113 .. 63 39 81 )51 ., 80

:: ='1. Growlh nile of NPK con~llmplion per ha of
arabic land. 1970- 71 to 1988-S9 ('1(!yrl 12.1 ., 4.4 7.n 0.7 3.D 7.6

-. .. .~.~

31. Farm price of maizc, 1990-91 (USS/tl Ill) 49 177 Y6 )2() 167 .. ..

" -'3. Ralio of farm-!evclnilrogen price

E 10 maizc price. 1l)9()-91 1.1 2.6 4.4 4.0 .. .. ..
3-4. Farm wage in kg of maize .pcr day. 1990- l 1 14 9 .. 24 4 31 .. ..



46
East Asia

Producc~ 1 Consumers

:11

Regional
Korea Korea total or

China D.P.R Republic Taiwan average

I i"- I. Estimated population. 1991 (miIJion) 1.131.0 22.0 43.2 20.3 1.2'18.5
I S I

.~ I 2 . Estimated growth rate of population,

] I 1989·2000 (%/yr) 1.3 1.4 0.9 0.8**
I

1.3

3. Per capita income 1990 (US$) 370 .. 5.400 555
-;;

4. Per capila cereal production. 1988-90 (kg/yn 333 487 205 140 I 32~t
<: 5. Growth rate of per capita cereal production,"-.:: 1981-90 (el, Iyr) 1.0 -0.2 -0.8 -3.6

I
0.9

-. --.~---- - ----_ ..

6. Maize area harvested. 1989-91 (000 hal 20.804 710 24 84* 21.53S

7. Maize yie'ld. 1989-91 (t!-ha) 4.3 6.3 4.3 4* 4.4

X. Maiz,e productjon. 1989-91 (000 t) 89.922 4,450 105 332* 94.47R
'"
~

9. Growth rale of maize area, 1971-80 (%) 2.7 2.7 -1.8 4.7 2.7

... \10. Growth rate of maize area. 1981-90 (o/c) 1.2 8.6 -2.9 10.9 1.4
u

-;; i
11. Growth rale of maize yield. 1971-80 (%) 4.4 U 12.7 1.0 4.3

~ ! 12. Growth ralc of maize yield. 1981-90 (%) 2.6 0.9 2.0 3.9 2.7
<= ,

13. Growlh rate of maize production.'"
',",

[971-80 (CIl') 7.1 3.8 10.9 5.7 7.0'"0;
14. Growth rate of maize production.E

"0 1981-90 (%) 3.8 9.5 -0.9 14.7 4.,1

.~ 15 . Maize area as percent of total cereal area.

g 1989·91 (Ok) 23 45 2 14* 22
-,;:

I
16. Average yield of all ccreals, 1989-91 (l!ha) 4.2 6.4 5.S 4.7* 4.2

1£ 17. Growth rate of yield of aU cereals,
1971-80 (%/)'r) 3.9 2.4 3.9 1.4 3.X i

I

i 18. Growth rate of yield of all cereals.

_I. 1981-90 ('!o/yr) 2.5 7.0 1.7 0.1 2.5
... ~ - - -

,19 . Net impons of maize, 1989-90 (000 t) -3.424 195 6,103 4.627 7.501

.2 20. Net imports of maize per capita.
... 1988~90 (kg/yr) -3 9 144 231 6
~ 21. Per eapita IOtal maize consumption.
'5 1988-90 (kg/yr) 70 217 147 248

I

79
-0
<: 22. Growth rare of per capita maize consumplion.'"<> 1971-80 We/yr) 5.6 -0.2 22.2 11.8 5.9-0

'" 23. Growth rate of per capita maizc consumption.~
1981-90 (%/yr) 1.7 8.4 7.7 6.2 2.5

_.

24. Publjc sector maize varictal releases.
.,.

1966~90 IIE
,. .. ..

.::: :25. Public sector rnaize varietal releases I,-
OJ per million ha JDaize area. 1966-90 131..c:: .. .. .. ..
j:? I

26. Number of public sector maize
I

'" I" researchers. 1990 633 22'" .. , . ..
~

I 27. Number of puhlic seClOr maize researchers

Ib
~

per million ha maize area. 1990 30 .. .. 263 ..

28. Number of privale sector maize
"- researchers. '1990 0 (J... .. .. ..
u
~ 29. NUlllber of privale sector maize researchers

per milhon ha maize area. 1990 a .. .. 0 ..
... -

<>
"- 30. Fertilizer applled pc.r hectare of amble l:lnd.~

"- 1987-88 (kg lIutrients!ha) 262 338 400 263<.>
.~

31. Growth rate of NPK consumption per ha of.-
t:

arable land. 1970-71 to 1988-89 (%Iyr) 10.8 4.7 2.0 9.9" ..
u.

--

32. Fi\rm price ofmai:z;e. 1990-91 (USS/t) 115 ., ,. 566 ..
"- 3.3 . Rat,io of farm-level nitrogen price...
v

10 maize price. 1990-91 2.3 1.5
~

.. .. ..
34. Fann wage iii kg of maize per day. 1990-9 'I 6 .. .. .30 ..

~ Data for )988-90.
*~ World Bank (1991).



Mexico, Central America, and the Caribbean .17

Producers

EI Sal"ador (;ualclnala Haili Honduras 'lexico 'iicaragua ]>an;lffi:l

" L ESlimated population. I(91 (million) 5.3 ').4 6.6 5,3 X'J.9 -1.0 ~.4..,
EsLimatcd grnwlh ratt: of population.

~ 1<)89· 2000 ('if /yr) l.X 2.8 l.LJ 2.9 I.X .'.ll 1.6
:1 Per ~.. pi'la inclJlllc 1990 CUSS) 1,110 900 370 590 2,490 .. 1.,.0

r: 4. PCI' capila c"rcal WWChlcl.ion, 1988-90 rkglyf) 157 170 63 125 262 12\.} JJ3
OJ

~ 5. Growth rate of reI' carita n;.rt:al production.
r.::: 1981-90 \ I,'r 1.5 0.3 -2.5 -1.4 -:U -:,,' 0.1

-
6. Maiz~ 'l!C<\ ha,r\'cst I989-LJ, (OOOha) 288 hl1 lOX 3X4 6,953 1<)9 72
I. Maiz~ yield. 19~9-':i I It/ba) 1.. 0 2.0 1.4 1.9 l..' U
S. MaiLC production. 1989-91 (000 t) 565 1',.30 168 551 LHl36 251 93

.!

~
(). Growth rate of maiz.Cl area, 1971-80 ( ) 4.1 -0.1 -0.5 4.3 -LX -3.7 -0,.1

... 10. Gnm Ih ratc of maiz.L' area. 1981-90 <:,,1 1.4 U 3.0 1.2 -0_5 2.3 1.7
,~

11. Growth ralt: of maiz' yield, 1971-RO ('1-1 1.8 2.2 -3.9 -2.0 3.9 -l.O 2.9
:-=

12. Growth ran:: of maiLc ·iel'd. 1981-90 (,{,) 1.1 1.8 -2.6 0.0 0.0 .n 3.8

" U. Growth rale or" maiz~ rroduclion.
,~

1971-RO (~i-) 5.9 2.1 -4.3 1.2 2.1 (U 2.7.§
= 14. Gro" 1/1 ralt' of maiz.e prodUt·I,ion.
'E 198!-QO(7e) 3.5 3.1 0.3 2.1 ·(Ui 5.6 6.

15. Mail<' arca ,I;' perce.nr of total cereal area.
:; 191;t)-'I1 l 67 87 55 80 69 69 41
:::l

16. Average yield of all t·~re.als. )989-91 ((/ha) 1.8 2.0x 1.0 1..4 2.3 1.5 1.8.- 17. Growth rate of yield of all ceeaJs,:l.

1971-XO ('::i:-/~'rl 1.3 2.2 -2.5
., ,

4.1 4.5 .'.0-_._'
:1' IX. Growt:h ratc nf yield of all cercab,

I 1981-90 (,:,r./)'(I 1.7 L5 -u 0.3 0.0 -0.9 2.5
~

19. Nd imports "I' maizc. 1':i89-l)O (000 I) 56 61 4 41 3,6X4 ."\2 32
20. Net imports nf maize per capita.

~
198X·90 (kgJyr) J I 7 ) 8 42 ~ 14

2"- Pel' capit.a tol,,1 maize consu.IHJ:ltiou.
:::l

I98X-9() ,kgjyr) 127 150 111 lX2 X:' 55_,.J
= 22- Growth ralC of per capita maize eonsumpliwl."j! 1971 ::!O (Cc./)·r) 4.8 -0.2 -5.2 0.3 1.2 -2.5 -0.3
~ J' C,nl\\th ralC qf per capila 111aize consumption..... _.1 .

19~1 JO(Wyr) 2.2 0.9 -2.:0 ·0.3 -IA 0.8 .'.1

I- _.-
24. Publk secwr maize "arie,lal releases.

" W66- lm 12 45 D 83 15....
.0

25. Public seCl0r maizc val'ictal releasesl;
~

per million ha maize area. 1966-90 43 (,2 64 II 72 ..

!J
26. Numhcr of public set'lor maize

.", re,ean:-bers. 1990 10 16 17 :-15 y ..
2 27. Numoer of public senor maize resean:lilers'-0 per miHion ha maizc area. 19lJO 35 11 47 II ·n.", .. ..
<J

2li. :'-lumber of priv'ille seCIor maiZe:;
'" r~s~~arL'hers. 1990 II 21 6 55 12" .. ..
<J

~ 2'). "iumoer of rrivatc scctor maize researcher,
per million ha mail1:c an:a. 1990 39 30 .. J7 7 5l-\ ..

-
f 30. Fertilizer applied per hcctarc <"11' ar"hk laod.
t 19R7-xx (kg nutrients/hal III ~9 2 21 7.1 57 67
" .\ I. Growth rale of NPK con;;mnplio!l per ha of

~l
arabi' land. IY7()-71 to 1988,89 ( !'ft) -1.6 5.1 8.9 D.! (1.3 ·H, 1.9

-- _.._"
.12- !'ann rric.e uf maiz.e. 1990-91 WS$/Il 181 176 .. 115 2t2 17(1 120

" .'.'. RUllO of fann-1I:\'el nitrogen price<J
.~

.>; to l)laiLe price. 1990-91 3.1 3,8 .. 4.4 1.7 4.1 5.9
:l.

! -'4. Farm wag,<' in kg of maize pc-r day, 1490-91 12 17 .. 12 27 Ih 27



48 Mexico, Central America, and the Caribbean (cont'd)

Consumers
" ~egional

Dominican tOlalor
Costa Rica Cuba Republic Jamaica ayerage

~ il I. Est,imated population. 1991 (milli'on) 3.1 10.8 7.2 2.5 1'10.'1
::: 2. Estimated growth rate of population,'"'.~ 1989-2000 (o/rJyr) 1.9 1.2 1.6 0.7 Lx I

E 3. Per capila income 1990 (US$) 1.900 830 1.500 2.144

~ 4. Per capila cereal p·todllction, 1988-90 (kg/yr) 105 58 75 I 196
c: 5. Growth rale of per Gapita cercal production.0>
0 1981-90 (%/yr) - .6 -0.9 -2.1 -10.5 -1.9

1-- --._. ----

I
6. Maize area harvesled,1989-91 (ODD hal 42 77 32 2 8,886

i 7. Maize yield. 1989-91 (t/ba) 1.7 1.2 1.7 .. I 1.8

or. 8. Maize production. 1989-9 i (000 I) 72 95 55 .. 16.144
-;; 9. Gro'wlh rate of maize area. 1971-80 (%) -3.7 -5.1 5.0 .. -1.3
0>

t 10. Growth rate of maize area. 1981-90 (o/e) -0.7 .. 2.4 -0.1
'J

-;: II. Growth ratc of maize yield. 197'1-80 (%) 4.6 6.1 -6.2 .. 3.4

"" 12. Growth rale of mai7.e yield, 1981-90 (%) 0.5 .. 1.2 .. 0.2
c:

13. Growth rale of maize pmduction.'"0>
1971-80 (%) 0.9 1.0 -1.2 2.1N

":;
14. Growth rate 91' maize production,E

'- 1981-90 (SO -0.2 3.6 0.\c

.§ 15. Maize a[ea ,as percent of total cereal area.

~ I 1989-91 ('7c) 43 34 23 86 6X
I

1
I 16. A"erage yield of all cereals. 1989-91 (t/ha) 2.7 2.5 3.5 1.1 2.2

17. GrowthTate of yield of all cereals,
1971-80 (%/yr) '1.3 6.5 -0.5 5.0 3.6

18. Gmwth rafe of yield of all cereals.
1981-90 ('/r/yr) 2.9 -0.9 -0.4 -4.4 0.1

f-1-- -- - .

19. Net impons of maize, 1989-90 (000 l) 168 687 397 155 5481

.g 20. Net imports of nl,aize per capita,

'" !988-90 (kg/yr) 57 65 .'>7 64 3X
.:::=

21. Per capita total maize consumption,
::: 1988-90 (kg/yr) X6 75 65 65 144
'0
;; 22. Growlh ratc of per capita maize consumpli.oll.
0> 1971-80 ('lr./yr) -3.3 9.4 10.9 2.4 1.6""~ 23. Growth rate of per capita ma.ize consumpt,ion,f-

1981-90 (%/yr) 6.2 4.3 8.6 -4.4 -0.6
.. . -

24. Public sector maiz.e varietal. releases.

'" 1966-90 131: .. .. ..
. 0 25. Public seclOr maize varietal releases':::
0> per million ha maizc area. 1966-90 317.c: .. .. .. .-

(:: 26. Number of public seClor maize
'"<.I re.searcbers. 1990 9or. .. .. .. ..
i: 27- Number of public sector maize. researchers'-c per million ha maiz..e area, 1990 220 I
'/C .. .. ..
~ 28. :'\lumber of privale sector maize
~

researchers. 1990 7'" .. .. .. ..
0>

:::i!: 29. Number of private sector maize researchers

I ! per million ha maiz.e area, 1990 171 .. .. ..
11-·-1 ._-'..'--- .'._' --

<.II
~I 30. Fertilizer applied per hectare of arable land....

1987-88 (kg nutrienls/ha) 1'91 180 52 109 79<J
.~

31. Growth rate .of NPK consumption pel' Ita of

~ arable land. 1970-71 to 19X1I-89 (%/yr) 2.2 4.8 -2.2 -1.3 4.3 I

f-- . ... ~._. - _...-
'"1 Farm price of maize. 1990-91 (US$/I) 178 196_"I..:... .. ..

'" 33. Ratio of farm-level nitrogen priceOJ
<.>

to maize price. 1990-91 1.9 3..6.;: .. .. "Q..
34. Fann wage in kg of mai7.e per day, /990-91 26 36 .. ..



Andean Region, South America 49

Producers I
Regional

I
lotalllr

Bolh'ia Colombia Ecmldor Peru YcncJ.uela ~n·cra~e

,. I. E,timah:d po[lulalion. 1991 (million) 7.) 3:'.3 lO.7 ~~.O ~O.I 94.')
£e 2. blimatcd growlh ral~ of population.

'0 1989-2000 (Lk/yr) 2.5 1.5 2.0 2.0 2.1 1.9
.: 3. Pcer c<.pila inGome 1990 (USS) 6:10 l,2nO ')XO 1.160 2.5(,0 I.·t'.'
E 4. Per capita cereal prodUClion. 19$8-90 (kglyrl \06 122 1.14 104 lOX 11')
":: 5. Growlh rale of per capila cereal produttion..~ I'-' 1981-90 (~(/yn -1.6 -0.5 6 ..1 1.4 2.7 1.0
~ - -

6. ivlaize area hanicstcd. 19X9-91 ((l00 hal 2(,9 806 4:iX lS(, 47(, 2.39X
7. . -laiLe yield. I"JS'J.91 (r!lta) 1.6 1.5 1.2 ~.O ~.I 1.6
X. Maize production. 1989-91 (000 I) 439 1.177 531 770 1.00X I 3.92X

;;;.
9. Growth rale of Dlajzt· area. 197)-80 (~:} .1.2 0.0 -5.7 -1.8 -.1.0 -1.4

~... 10. (Jrow Ih rate of maize an~a. 1981-90 (S;'j -1.0 1.9 9.~ .'.2 7.9 -u
:J

II. (Jrowth rale of maize yidd. 1971-80 ('k ) 0.5 1.0 3.5 0.4 3.X 1.9

" 11. Growth rate of maize yie Id, I'll' 1-90 {r -1.4 -0.3 -3.4 1.0 4.4 0,(,
.:-

IJ. Growth rate of maize prodllcticUl.,.
'" 1971-XO (':I:) 3.7 1.0 -2.2 -u 0.8 0.5'"" 14. Growth rale of maize produelicfF'l.::
'- 1981-90 19<) -2.4 1.5 .s.S 4.1 12 .., .~.O:l
c: 15. Maize area ~s percent of IOtal cereal area.
.:::
':J 191;<)-91 ('i(;) 44 50 50 4X 57 50
::s

I 16. A"erage yield of all cereals, 19R9-91 ltlha) 1.4 2.5 l.R 2.5 1 • 2.2"=i _..'

- 17. Growth raIl' of ~'ield of all cere-al~,

~971-l<0 (';/')n 0.2 _.5 5.4 1.0 5.:i ' 1,"1._

lX. Growlh rate of yield of all cereals.
19R I-';l(J r<:c/} r) -0.2 0.1 -0.7 1.9 2.0 0 ..'

19. Net imports of maize. 19X9-90 (000 r) -9 25 -2 '377 1'18 616
20. Nel imports of maize per capila.

~
1988 -90 (kg/yr) -I I <-I \X III 7

21. Per capila Wla) maize cOl1sumpliol1.
1988 -90 (kg/yrl 5'3 .'3 42 :il' oX 41)

;:
22. Growth rale of rer capita maize consumplion.'"] 197HiO (Cic/yn 1.1 0.0 -4.8 0.1 5.4 1.7
)' Grow Ih rate of per capilli maize consumption.- __'I.

1981-90 (CJc/yr) -5.5 -0.9 .'.1 0.6 S'J
I

-1.2

24. public seclOr maize varietal rclc'lses.
"- 1966-90 16 50 10 17 24

I~
..

25. Public seClor maize varielal releases
~

per million ha maize area. 1966-90 61 60 29 5.' 49
~

~ 26. Numher of pt\lJlic SeCIOI' maize
tj

researchers. 1990 22 10 2'3 '34 24[
\- 17. Number of puhlic seclor maize researchers-;
; per milHon ha maize area. 1990 84 12 66 106 49 ..
c: 2l'i. Number of private se.;ror maize::s
"- researchers. 1990 6 19 0 I X 25~

'-'
~ 29. 1\umher of private sel'lOr maize researl'hers

per m ill ion ha maize area, 1990 23 23 '!7 56 5 I

I. 30. Fertilizer ap!llicd per heclare (If arahlc land.:::l
~

1987-88 (kg nUlrienls/ha) 2 9X 27 5X l7X ]X

t: 31. Growlli rate of NPK consumplion per ha of

I~
arab! land. 1970-71.10 1988-89 (~(fY'n 3.1'< 1 6.7 0.4 lU 6.0

'1 Fann price of maize. 1990-91 (lJSSit) 244 1:'19 162 iOO 216_"l ..... ..,.
33. Ralio of farm-level nitrogen price

.~ I to maize price. 1990-91 5.0 2.6 3.2 8.7 1.5 ..- -'4. Farm wage in kg of maize per day. 19l)(1-91 14 17 14.. .. ..



50 Southern Cone, South America

Producers I

Regional
total or

Argentina Brazil Chile Paraguay ljrugua~' a,'erage

I
or. 1. Estimated population. 1991 (million) 32.6 152.5 D. 4.4 3.1 205.9 ICi
;; 2. Estimated growth rate of population.
u
'5 1989-2000 (7c1yr) 1.0 1.7 U 2.8 0.6

I

l.6
.5 3. Per capita income 1'990 (US$) 2.370 2,680 1.940 1.110 2.560 2.548
e 4. Per capita cereal production, 1988-90 (kg/yr) 6~9 270 230 390 446 328
OJ
<:: 5. Growlh rate of per capita cereal production,OJv L981-90 (%/yr) -8.2 0.8 7.9 7.8 1.7 -2.5

6. Maize area harvested, 1989-91 (000 hal 1,717 12,071 109 516 60 14.472

! 7. Maize yield. 1989-91 Mha) 3.3 1.9 8.0 2.0 1.7 2.2

'"
! 8. Maize production. 1989-91 (000 t) 5,692 23,505 866 1.040 99 31.202

0; i 9. Growi(h rate ofnlaize area, 1'971-80 (o;() -4.7 1.3 4.5 8.4 -6.0 . 0.0
I<J... 10. Growth [ate of maize area. 1981-90 (C!t:,) -7.8 0.9 -2.6 3.6 -8.3 -0.5...

u

0;
11. Growth rate of maize yield. 1971-80 (%) 3.5 U -0.4 2.7 -0.2 1.4

-0 j 12. Growth rate ofrnaize yield, 198.1-90 (%) -0.7 1.2 9.0 5.3 3.3 0.2
<::

13. Growth rate of {llaize production,.,
Iu

I971-80 «1 I ·,.2 2.6 4.1 IU) -6.3 1.5N
';; i 14. Growth rate of maize production.E
C 1981-90 (C;.') -8.5 2.1 6.3 8.9 -5.0 -0.2
<:: 15 . Ma'ize area as peJ'cent of total cereal area..Q
'G 1989-91 (%) 21 61 14 64 II 48
:::l

16. Average yield of all ccreals, 19R9-91 (l/ha) 2.3"=' \.9 3.9 1.9 2.5 2.1cc: 17. Growth rate of yield of all cereals,
1971-80 (o/r.Jyr) 2.2 0.7 1. I. 2.3 .15 1.2

18. Growth rat~ of yield of all cereals,
I 1981·-90 ('k/yr) -1.1 2.1 , 7.1 4.7 3.5 n.7

.... - -_ .. _- --".-,
19. Net imports of maize. 1989-90 (000 tl -3,038 296 119 -2 43 -2582

c
20 . Net imports of maize per capila..9

-;; 1988-90 (kg/yr) -95 2 9 <·1 14 - 13
.~

2\. Per capita lotal maize consumption.
:::l 1988-90 (kg/yr) 98 1,66 71 248 44 149i] i 22. Growth rate of per capita maize consumption.

-0 I I' 97 t -80 (c,i'/yfl -5.4 1.9 5.6 8.3 -4.6 OJ~

e 23. Growth rate of per capita maize consumption,
1981-90 (%/yr) -4.6 0.3 0.9 6.0 -0.1 0.0

f--. - ._- _... . ..._-

24. Public seelor maize varietal releases.
or.

I 1966-90 26 151:: .. .. .. ..
c I 25. Puhlic seClOr maize. varietal releases--'- iu per million ha maize area. 1966-90 2 29.s: .. .. ..
~ 26. Number of public seClUr maize

,

'" I... researchers. 1990 59 6'" .. .. ..
, 2 27. Number of public sector maize r'searchers1,-

0 per miJllion ha maize area. 1990 5 12
'"

.. .. ..
2 28. Numher of private sector maize
~

'" researchers. 1990 .. 252 .. 6 .. ..
<>
~ 29. Number of private s'ector maize researchers

pcr miUion ha maize area, 1990 .. 22 .. 12 .. ..
f---.. ..

u

I

" 30. Fertilizer applied per hectare of arable land,:::l I...
'1987-88 (kg nut.r:i'ents!ha) 5 48 74 4 51 35'".!:::.- 3\. Growlh rate of NPK consuJuptioFl per ha of

~ arable land. 1970-71 to 1988-89 (%/y'1') 4.4 2.6 2.6 2.5 0.5 3.3

I

.. -_..

32. Farm price of maize, 1990-91 (U$3/t) 58 123 137 183 .. ..
'r. n Ratio of farm-level nitrogen priceu

~ to maize pl:i.ce. ,1990-91 9.5 7.5 4.3 5.4 .. ..

34. Farm wag.G in kg of maize per day, 1990-91 .. 44 15 2:6 .. ..
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._-

Producers Consumers
German Regional

Czecho· Former I Democratic total or
Bulgaria slovakia Hungar)' Romania lJSSR* Yugoslavia Republic average

! I- Estimated population. 1991 (minion) 9.0 15.7 10.5 23.3 291.0 24.0 Note" 414,9

'I:n I 2. Estimated growth rate of population,

1 1989·2000 (o/c/yr) ·0.2 0.3 -0.4 0.4 0.6 0,6 /\Jote" 0.5
3. Per capita inco,TIe 1990 (U5$) 2,250 3,140 2.780 1.640 3.060 .. ..

II!
4. Per capita cereal production, 1988-90 (kg/yr) 935 777 1275 792 715 630 665 729
5. Growth rate of per capita cereal production,

1981-90 (%/yr) -0.9 2.1 -0.5 -2.6 2.3 -2.2 2.2 1.5
I--- -- -_.._-- _.-

6. Maize area harvested. 1989-91 (000 hal 516 164 1,104 2,588 4.168 2,269 7 10.929
7. Maize yield. 1989-91 (t!ha) 4.0 4.7 5.7 3.1 2.7 3.7 .. 3.4
8. Maize production. 1989-91 (000 l) 2.068 777 6.335 8.022 11.235 8,313 .. :17.310

I 9. Growth rate of maize area. 1971-80 (%) -0.3 2,2 -1.1 0.9 -3.9 -1.0 .. -1.2
10. Growth rate of maize area, 1981-90 (%) -2.5 -0.4 -0.5 -2.2 1.8 0.0 .. -0.1

111 II. Growth rate of maize yield, 1971-80 (%) 0.4 1·6 4.2 3.7 2.6 3.4 .. 3.2

11 12. Growth rate of maize yield, 1981-90 (%) -:S.3 -0.3 -4.2 -5.9 1.9 -4.4 -2.5
13. Growth rate of maize production.

j
1971-80 (%) 0.2 3.9 3.1 4.6 -1.3 2.3 .. 2.0

14. Growth rate of maize production,

I~ 198[-90 (%) -7.9 -0.7 -4.7 -8.0 3.7 -4.5 .. -2.5
15. Maize area as percent of total cereill area.

I:l 1989-91 (o/c) 24 7 40 44 4 54 0 8
16. Average yield of all cereals, 1989-91 (t!ha) 4.1 5.0 5.2 3.1 1.9 3.7 4.8 2.3
17. Growth rate of yield of all cereals.

1971-80 (o/,.jyr) 1.1 2.3 4.0 3.4 0.3 3.0 0.5 0.7
18. Growlh rale of yield of all cereals,

1981-90 (%/yr) -0.7 2.9' -0.5 -1.4 4.5 -1.2 2.4
I

3.3
_. -

j
19. Net imporls of maize. 1989-90 (000 t) 655 160 -79 103 14.269 265 1,159 16,897
20. Net imports of maize per capita,

1988-90 (kg/yr) 73 10 -7 4 50 11 70 40

~ 21. Per capita tOlal maize consumplion,
s: 1988-90 (kg/yr) 260 63 475 305 105 340 70 130
i 22. Growth rate of per capita maize consumption.

~ 1971-80 (%/yr) 2.4 7.4 3.0 4.1 6.1 1.3 9.2 4.6

Eo- 23. Growth rate of per capita maize consumption.
1981-90 ('i!:/yrJ -6.4 -7.4 -4.2 -8.0 2.0 -4.1 -1.6 -2.2
----- ._----- _.'

24. Public sector maize varietal releqses,
1966-90 .. .. .. .. .. .. ..- 25. Public seclOr maize varielal releases-

~
per mlllion ha maize area. 1966-90 .. .. .. .. .. .. .. ..

i 26. Number of pub'lic sector maize
rescarchers. 1990 .. .. .. .. .. .. ..

27. Number of public sector maize researchers

i per million ha maize area. 1990 .. .. .. ., .. .. .. ..
I

::I 28. Number qf private sector maize I
~

researchers. 1990i .. .. .. .. .. .. .. ..

29. Number of private sector maize researchers

, per million ha maize area. 1990 .. .. .. .. .. .. .. ..
-~'-_. .. ..~-

=1 30. Ferti Iizer applied per hectare of arable land.
t! 1987-88 (kg nUlriems/ha) 218 311 277 127 117 131 367 137, ;::! 31. Growth rate of NPK consumption per ha of.- !
~

arable land. 1970-71 to 1988-89 (%/yr) 3.1 1.4 0.7 4.9 5.2 3.2 -0.3 3.8
-' -------

32. Farm price of maize. 1990-91 (U S$/!) .. 148 124 .. .. 177 .. ..
B 33. Ratio of farm-level nitrogen price

Ii 1 34.
to maize price. 1990-91 .. 2.1 2.9 .. 3.3 2.4 .. ..
Fann wage in kg of maize per day, t990-91 .. 38 31 .. 39 42 .. ..

* Data cover the same area previously designated as the USSR.
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Producers
Federal
Republic SOllth

Austria Canada France of Germ'ln)' (;reel'e Italy Africa Spain
I

'" i I. Estimated population, 1991 (million) 7.6 26.7 56,6 n.x" 10.1 57.7 36.0 I:...

I

39.2 IE 2. Estimated growth rate of population,01
<-

191N-2000 (o/<Iy'rJ 0.2 O.X 0.4 0.1 * 0.2 0.1 2.2 0.2 I"6.: 3. Per capila income 1990 (US$) 19.060 20,47() 19,490 22.320 5.990 16.1130 2.530 11.020
0;

4. PCI' capita cereal production. 1988-99 (kg/yr) 672 IRQ5 999 425 468 301 370 531...
I"c 5. (irowth rate of per caplla cereal production.

C 19X 1-90 (%/yr) (),6 -1.0 i.6 1.1 -2.4 -1.1 -0.5 5.5
,I-- - -

6. Maize \lrea harvested. 19119-91 (000 hal 195 L041 1.756 228 213 810 3,426 493
7. Maize yield, 1989-91 (t/ha) 7.9 6.7 6.7 7,2 9.4 7.(, 2.1I 6.5

"-
ll. Maize production. 1989-91 «}()() t) 1..545 '6.952 11.804 1.642 2.00(, 6.144 9.720 3.IRR ~

0; 9. Growth rate of maize area; 1971-80 (%) 4.7 7.5 -0.1 0.2 -2.3 0.5 -0.3 -2.4
~ 10. Growth rate of maize area. 1981-90 (%) -0.2 -1.6 1.1 4.1) 2.ll -3,2 -2.7 3.34J
<.l

Ci
II. Growth rate of maize yield. 1971-80 (%) 2,2 1.6 0.7 2.0 7.2 3.5 .>.0 3,4

-e 12. Growth rate' of maize yield. 1981-90 (Ok) 0,7 1.5 0.9 2.1 -0.2 1.4 4.6 2.X
c

13. Growth rate of maize producriOl'l,::
OJ 1971-80 (%) 6.9 9.1 0.6 2.2 5.0 4.1 2.7 I.DN.;;

14. Growth rate of maize production.E
C 1981.90 (%) 0.6 -0.1 2.0 6,9 LX -u 1.9 6.1

.S: 15. Mail.e area as perccnl of tolal cereal area.
e:; 19!N-91 ('7.,) 21 5 19 5 14 III 56 6
.g 16. Average yield of all cereals. 1989-91 (t!ha) 5.4 2.5 6.2 5.9 3,5 4.0 2.0 2.5
~ 17. Growth m(c of yield of all cereals.

1971-liO (%/yr) 2.0 1.I 1.6 1.3 ~.O 2.1 1.11 3.4
18. GJ'owth Eate of yield of all cer.:als.

I

19111-90 (%/yr) 2.2 -0.2 2.11 2.7 -0.3 O.lI 2.7 5.2

19. Net iAlports of m:\ize. 1989-90 (000 l) -11l5 5JI -6.833 1,033 -Ill 1.012 -1.571< 1.362- 20. Ncr imports of maize per capita,

.~ I 19RR-90 (kg/yr) -24 20 -122 17 -2 18 -46 35

I~
21. PCI' capita total maize consumption.

~
1911g-90 (kg!}'r) 177 259 92 42 1117 125 2J2 120

c:; 22. Growth rate of per capila maize consumption,::
4J 1971-80 (%/yr) 5.9 (,.5 3.7 -2.2 9.3 0,0 O.D 4..1'0
f: 23 . Growth rate of per capita mai;o;c consumption..-

19111-90 (o/'l/~'r) -1.4 0.1 -8.9 -O.ll -2.1 -1.2 0.4 -6.4
-_ .._---- ~--_. . _---

24. PlIhlie sector maizc varietal releases,.. 1906-90

!
.. .. .. .. .. " .. ..

25. Pl.Ihlic sector rn"ize varie!al releases..
per million ha maize area. 1966-90- .. .. .. .. .. .. ..

l:! 26. Numher of plihlic sector maize
'"!l researchers. 1990 .. .. .. .. .. .. .. ..e 27, Number of puhlil' sector maize researchers-., per million ha maizc area. 19'9fl .. .. .. .. " .. .. ..

., 28, Number of private secror Itlaize

'" rqearchers, 1290'" .. .. .. .. .. .. .. ....
~ 29. Number of private sector mai;o;e researchers

per minion ha maize arca, 1990 .. .. .. .. .. .. .. ..

~' 30. Fertilizer applied per hectare of arable land, J...
19117-88 (kg nutrients/ha) 212 47 312 411 165 172 63 911

31. Growth rate of NPK consumption per ha of
t:

arable land. 1970-71 [0 1988·89 (%/yrJ -0,4 5, I 1.1 0.0 3.X 3.4 2.3 1.8J:
!

32. Farm price of maize. 1990-91 (US$/t) 294 85 204 194 250 222 81 ..
~. .n Ratio o~ farm-level nilrogen price

I

~
() maize price. 1<.).90·91 5.3 7.1 .. 2.9 1.4 1.9 .. ..

34. Farm wage in kg of maize per day, 1990-91 nn " 170 2()6 1()4 200 .. ..

8 Includes data from the fonner Gennan Dernocralic RepUblic.
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f·rodlIcer.~

United
Swit7:crland States

Belgium.
Luxumbourg

Consumers

.Japan :-.'etherlands Purtugal
United

KiJlgduID

I

Regiunal i
total or
llHrage

1.3

1.0

1.3

3.6

24
4.0

0.1

-41 I

223

-1.2

~41.5

0.6
19.382

670

-34.427

-0.9
.. -

35.574
6.7

238.519
1.7

-1.1
1.9
l.2

25

25

2.0

II
6.2

0.1

-4.6

57.7

0,2

'6.100
385

0.3
------ _.-'

o

70

28
1.6

3.0

9.3

5.4

134

725

-1.4

264
2.6

674
-1.7
-1.7
0.3
7.1

-2.0

10,4

-I 1,4

0,4
4,900

149

o

3.4

o
6.9

0.3

127

128

-0.11

-2.5

15.0

1,8'B

0.5
J7.320

X'1

o

1.6

7.9

o
5.7

0.2

131

131

-0.4

123.9

16.125

0.3
25,430

115

I.R

1.0

1.1

2
6.4

100

105

-2.8

10.3

1.021

0.1
1554()

225

-0.2

-0.9

488

-2.2

·209

252.1

0.8
1),790

1.081

-51.680

19

1,4

1.3 1.3

1.5 :U

6.7

4.0

6.4 -0.2

13 42
6.3 4.6

129

27 27.046
8.7 7.2

238 194.177
-1.5 2.3
4,7 -1.1
3, I [.4

1.7 0.9

-2.3

0,4
32.6l\0

197

"--I~-'

I. Estimated population. L.991 (million)
2. Estimated growth rate of population.

1989-2000 (%/yr)
3. Percupita income 1990 (USS)
4. PCI' capita cereal produ<!tion. 19X9·90 (kg/yr)
5'. Growth rate of per capita cereal production.

1981-l)O (o/r./yr)

19. Net imporls of maize. 1989-90 (000 I)

20. Net imports of maize per capita.
1988-90 (kg/sr)

21. Per capita total maize consumption.
1988-'10 (kg/yrl

22. Grov.·th rate of per capita maize consumption.
1971-XO (%/yO

23. Grov. Ih rate of per capila maize consulllption.
1981-90 (%/yr)

6. Maize area harvested. 1989·91 {OOO hal
7. Maize yield. 1989-91 «(!ha)
8. Maize production. 1989-91 (000 I)

9. Growth rate ofmaizc area. 1971-80 (lk)

10. Growth rate of maize area. 19H 1-90 (C".)

II. Growth rate ofm,lize yield. 1971-80 (%)

12. Growth rate of maize yield. 19X 1-90 «k)
13. Growth rate 01' maize production.

1971·80 (lk)

14. Growth rate of maize production.
1981-90 (c!c)

15. Maize aT<~a as percen! of total ccreal area.
1989-91 (%)

16. Average yield of all cereals. 1989-91 (t/ha)
17. Growth rate of yidd of all cereals.

1971-flO (Clc/yr)
1R. Growth rate of yield of all cereals.

1981-90 «"/yr) 2.3 1.0 2.3 0.9 0.7 5.6 I.; I
1- c------------------------...----+.--..---------....--..----------------+----~

1,457

r-~~~~~~~~~~~~~~~~----1L..-~~~~""""'!'_------------------+-----1!

I ~...<.i

11
B

2.5 0.7-

346 11678

3.3

650

-0.10.8

415507

·0,7

94

0.80.9

431

___--li-- ... -~ _

24. PubliL: ,COlor maize varielal rele'lses.
I966-t)()

25. Public ,eClOr maize varietal releases
per million ha maize a~ca. 1966-90

26. Number of public sector maize
researchers. 19t)()

27. Number of public sector mai7.e researchers
~

per million ha'Olaize lirea. 1990

I ~ I 28. Number of prtvalc ,ector maize
'I :: researchers. 199()
II ~ , 29. Number of private seclor maize researchersL -!'ermllhon ha maIze area. 1990 -----,-1--.--"-----..--- __" " " .. .. _I~ ..

u
; 30. Fertilizer applied per hectare of arable land.
EI 1987-88 (kg nutrients/h~I)

-, 31. Growth mle of NP)( consumption per ha of
~ ; arable land. 1970-71 to 198.8-89 ('k/yo- ,

I~

oJ .

~,

32.
33.

34.

Farm pril.-'e of maize. 1990-91 (US$/t)
Ratio of falTl1·lcvel nitrogen pricoe
to maize price. 1990·91
Fann wage in kg of maize per day. 1990-91

91

4
478



54 Regional Aggregates

Less Developed Eastern
developed rnBrket Europe and
countries economies former USSR* World

-

t: I. E.~limated population. 1991 (million) 4, HH.O 841.5 414.9 5.360.9
~

2. Estimated growth rate of population.

] 1989-2000 (%/yr) 1.9 0.6 0.5 1.6

- 3. Per capita income 1990 (USS) 801 19.382 .. 4.075

~
4. Per capLta cereal production, 1988-90 (kg/yr) 253 670 729 358
5. Growth rate of per capita cereal production,

0 1981-90 (%/yr) 0.3 -0.9 1:5 -0.2
-_. _. ._.

6. Maize area harvested, 1989-91 (000 hal 82,643 35.574 10,929 129.146
7. Maize yield, 1989-91 (I/ha) 2.4 6.7 3.4 3.7

-"
8. Maize production. 1989-91 (000 t) 201,520 238,519 37,310 477.349

[

~ 9. Growth rale of maize area. 1971-80 (%) 0.8 1.7 -1.2 0.9
~ 10. Growth rale of maize area, 1981-90 (%) 1.3 -1.1 -0.1 0.5l:l
~ II. GrowdJ rale of maize yield, 1971-80 (%) 3.0 1.9 3.2 2.6

~ 12. Growth rate of maize yield, 1981-90 (%) 1.7 1.2 -2.5 0.4
c:

13. Growth rate of maize produGtion.'"
1971-80 (Ck) 3.8 3.6 2.0 3.5

.~

14. Growth rate of maize production,E

I
~ 1981-90 (%) 3.0 0.1 -2.5 0.9
::: 15. Maize area as percent of toCal cereal area.

~ 1989-91 (%) 19 24 8 18

] 16. Average yield of all cereals, 1989-9\ (I!ha) 2.4 4.0 2.3 2.7
C;: 17. Growth rate of yield of all ccreals.

I I
1971-80 (%/yr) 2.7 1.3 0.7 1.9

18. Growth rate of yield of all cereals,
1981-90 (%/yr) 2.0 1.3 3.3 \.9

.- -

19. Net impons of maize, 1989-90 (000 l) 18.073 -34,427 16.897 ..
5 20. Net imports of maize per capita.
~

'" 1988-90 (kg/yr) 5 -42 40 ..

-; 21. Per capita total maize consumption,
I 1988-90 (kg/yr) 54 223 130 86

~ !§ 22. Growth rate of per capita maize consumption.
~ 1971-80 «k/yr) 3.1 1.0 4.6 1.7~e 23. Growth rate of per capita maize consumption.-

! 1981-90 (%/yr) 1.3 -\.2 -2.2 -0.8

I
;

24. Public sector maize varietal releases.

] 1966-90 .. .. .. ..
25. Public sector maize varietal releases

~ per million ha maize area, 1966-90
~

.. .. .. ..

::: 26. Number of public sector maize
researchers. 1990 .. .. .. ..

Ui

'Si 27. Number of publ ic seClor maize researchers
per million ha maize area, 1990 .. .. .. ..

J 28. Number of private seClor maize
researcHers. 1990 .. .. .. ..

29. Number of privatc sector maize researchers
per million ha maize area. 1990 .. .. .. ..

I

~ 30. Fenilizer applied per hectare of arable land.

~ 1987-88 (kg nutrienls!ha) 78 116 137 100
31. Growth rate of NPK consumptibn per h" of

& arabic land. 1970-71 to 1988-89 (%/yr) 8.0 0.7 3.8 3.6
- .-

32. Farm price of maize. 1990-91 (US$/t) .. .. ..

~
33. Ratio of farm-level nitrogen price

~
to maize price. 1990-91 .. .. .. ..

34. Farm wage in kg of maize per day. 1990·91 .. .. ..

" Data for [omler USSR cover the same area previously designated as the USSR.



Aguiluz. A., R. Urbina. R. Celado. and H.
Cordova. 1991. Efecto del mejoramienro para
re~istencia al achaparramienlo sobre
rendimiemos de culrivares de maiz evaluados
en siele arnbientes de Centro Americ'l y el
Caribe. In Desarrollo." mejoramiento de
liermoplasnw para resistencia afacrores
adverso.l· bl6ticos y abi6ncos 1990.
Guatemala. Guatemala: CIMMYT Regional
Maize Program for Central America and tbe
Canbbean. Pp. 67-72.

Akino. M. and Y. Hayami. 1975. Efficiency and
equity in public research: Rice breeding in
Japan's economic development. American
Journal ofAgi iCllll11ml Economics 57( I): 1
10.

Ardito-Barlella. N. 197 J. Costs and Benefits of
Agricultural Research in Mexico. Ph.D.
thesis. Chicago. IlIinoi:,: University of
Chicago.

Berhe. T. )989. 1987-88 Annual Report:
Agronomy/FSR. Report prepared for USAID/
International Institute of Tropical
AgriculturelZaire R.A.V. Project. Mimeo.

Borbon. C.. and G. Sain. 1992. Eluso de
variedades resistentes al achaparramJento en
la regIOn IV de Nicaragua. Managua: Centro
de InvestigaclOn en Granos Basicos.
Ministerio de Agricultura y de Ganaderia.
Mimeo.

Brennan. J.P. 1992. Economic Criteria for
Establislllng Plam Breeding Pro/vams.
CIMMYT Economic:, Working Paper 92-01.
Mexico. DF: CIMMYT.

Byerlee. D.. K. Khan. and M. Saleem. 1991.
Revealing fanner rationality: On-farm maize
research in Swat Valley. Northern Paki:,tan.
In R. Tripp (ed.). Planned Change in Farming
Sy.Hems: PrOf?ress in On-Farm Research.
Chichester. UK: John Wiley and Sons. Pp.
169-190

Chand. S.P.. D.P. Sherchan. T.P. Tiwari. O.K.
Rijal. G.B. Gurung. B.D. Gurung. M.B.
Guring. Y.B. Thapa. R.K. Neupane. and B.
Bajracharya. 1991. Maize Research RepoT/
1989. PAC Working Paper No. 17.
Kathmandu, Nepal: Pakhribas Agricultural
Centre.

CIMMYT. 1990. C/MMYT's Five-year Budgel:
1990-1994. Mexico. D.F.: CIMMYT.

CIMMYT Maize Staff. ImplOvjnf? on
E.\cellence: Achiel'emems in Breeding wilh
the Maize Race Tuxpei'io. CIMMYT: Mexico.
DF 1986.

Cordova. H. 1984. Formulaci6n de hfbridos dc
maiz en base a familias de hermanos
completos y sus implicaciones en la
produccion de semilla comercial. In Anais XV
Congresso Nacional de Milflo e SorgllO, 2-6
July. 1984. Maceio. Brazil. Bra:,ilia: Empresa
Brasileira de Pesquisa Agropecuaria. Pp. 377
404.

Cordova. H. 1991. Desarrollo y mejoramiento
de gennoplasma para resistencia a factore:,
adver:,os bJ(\ticos y abioticos y producclon de
semilJa: estrategias y logro'> 1986-91. In
Desarrollo y mejoramienro de germoplasma
pora resi.Hencia afacrores adl'enos bl61ico~

.1' abi61icos /990. Guatemala. Guatemala:
ClMMYT Regional Maize Program for
Central America and the Caribbean. Pp. 1-l4.

Cota. 0 .. J.M. Valenzuela. A. Ortega. and A.A.
Soqui. 1991. CIANO fl-430: Nuevo hfbrido
de mar: blonco. Folleto Tecnico No. 17.
Sonora. Mexico: Secreturia de Agricultura y
Recursos Hidnlulicos.

Dahlan, M.. Heriyanro, Sunarsedyono. Sri
Wahyuni. C.E. Van Santen. J.P. V<U1
Sraveren. and L. W. Harrington. 1987. Maize
On-Farm Res('(lrrh 111 rhe DiSlrier of Malcll1g.
MARIF Monograph NO.3. Malang. Indonesia:
Malang Research Institute for Food Crops.

Dassou. R.A. 1989. Amelioration du rnai"s au
Bel1ln: Points sailJants des resultats de 1988.
Paper preseored at the IITA/SAFGRAD
Maize Network Workshop. 20-24 March.
1989. Lome. Togo.

Edmeades. G.O.. A.A. Dankyi. and K. Marfo.
1991. On-farm research in the transition zone
of Ghana. In R. Tripp (ed.). Planned Change
in FarminR Sysrems: Progress III On-Farm
Research. Chichester. UK: John Wiley and
Sons. Pp. 63-84.

Evenson. R.E.. and Y. Kislev. 1971. Im'cstmelll
III Agricullllral Research and E.\tens/oll: A
SUrl'ey of International Dara. Center
Discussion Paper No. 124. New Haven.
Connecticut: Yale University. Economic
Growth Center.

FAO. (variou:, years.) Fertilizer Yearbook
Rome. Italy: Food and Agricultural
Organization of the United Nations.

_. .1991. Diskelleofpopulalion
statistics. Rome. !laly: Food and Agricultural
Organization of the United Nations.

_____.1991. Diskeltes of production
statistics. Rome, !laly: Food and Agricultural
Organization of the United Nations.

55

References

___..__. 199 I. DiskeHes of trade statistics.
Rome. ltaly: Food and Agricultural
Organization of the United NattOns.

____. 1992. Agrostat/PC (disketles).
Rome, Italy: Food and Agricultural
Organization of the United Nations.

Gerhart. J. 1975. The diffusion of hybrid maize
in Westem Kenya. Mex.lco. DF: CIMMYT.
Mimeo (abridged by CIMMYT).

Ghana Grains Development Project. 1991. A
Sllldy of Maize Technology Adoplioll 11/

Chul/a. Mexico. D.F.: GGDP.

Griliches. Z. 1957. Hybrid com: An exploration
in the economics of technical change.
Econometrica 25( 4): 501-522.

Griliches. Z. 1958. Research costs and social
return:,: Hybrid com and related Innovations.
Journal of Political Economy 66: 419-431.

Harrington. L.W .. R. Krisdiana. and HerianlO.
199 I. On-fann research and farmer adoption
of ne"" maize technology in Malang District.
Indonesia: A logit analysis. Mimeo.

Hayami. Y.. and R.W. Herdt. 1977. The impact
of technological change in subsistence
agriculture on income distribution. Aml'rican
Journal of Agricultural Economics 59( I):
245-256.

Hildebrand. P. 1984. Modified stability analysis
of farmer managed. on-fann trials. Agronomy
Journal 76: 27}-274.

Judd. M.A .. J.K. Boyce. and R.E. Evenson.
1983. In\'esling in Ar;riculmral Supply.
Discussion Paper No. 442. New Haven: Yale
University, Ecooomic Growth Center.

Karanja. D. 1990. The Rate of Return to Maize
Research in Kenya: 1955-88. M.S. thesis.
Easl Lansing, Michigan: Michigan State
University.

Lal. K.K. 1991. Status of maize crop in Nepal.
In Proceedings of the FOUT/h Regiollal Asiall
Maize Workshop. Islamabad. Pakistan.
Septemher 21-28, /990. Mexico. D.F.:
CIMMYT and the Pakistan Agricultural
Research Council. Pp. 117-128.

Librero. A.R .. and M.L. Perez. 1987. ESlimatillg
Returns IV Research Im'estmellt in Corn in
the PluJippines. Los Barios. Phillippines:
Laguna Philippine Council for Agricultural
Resources. Research, and Development.



56 World M.;ze Facts and T'ends
.---~

Lindner. R.K .. and F.G. Jarrett. 1978. Supply
shifts and the siz.e of research benefits.
American Journal of Agncullural Economics
60(4): 976-980

Manzano. M.. and H. Cordova. 1986. Quince
alios de investigacioIl en mafz en EI Salvador.
Unpublished repoll. Mexico. D.F.: CIMMYT.

McHugh. D. 1991. A maiz.e and groundnut
stepwise Irial in the Ndop Plain, Cameroon
(1987). In HJ.W. Mutsaers and P. Walker
(eds.), On·Farm Research in Theory and
Praclice. [badan, Nigeria: International
lnstitUle of Trupical Agriculture. Pp. 122·
127.

Mutsaers. H.J. W. 1991. Technology evaluation
and diagnosis: The potential for improvement
of maize-cassava cropping systems in South
Western Nigeria. Paper presented at the
RCMP Review Meeting. 28 August 1991.
International Institute of Tropical
Agriculture. Ibadan. Nigeria.

Mutsaers. HJ.W.. and P. Walker. 1990.
Farmers' maize yields in S. W. Nigeria and
the effecl of variety and fertilizer: An
analysis of variability in on-fann trials. Field
Crops Research 23: 265·278.

Nagy.1.G. 1985. The overall rate ofretum to
agricultural research and extension
investments in Pakistan. Pakislan Journal of
Applied Economics 4( 1): 17-28.

Norton. G.W.. V.G. Ganuza. and C. Pomareda.
1987. Potential benefits to agricultural
research and extension in Peru. American
Journal ofAgricullUral Economics 69(2):
247-257.

Norton. G.W., and J.S. Davis. 1981. Evaluating
returns to agricultural research: A review.
American Journal ofAgricultural Economics
63(4): 685-699.

Pardey. P., and BJ. Craig. 1989. Causal
relationships between public sector
agricultural research expenditures and output.
American Journal ofAgricullUral Economics
71( I): 9-19.

Pardey. P.. and J. Roseboom. 1989. A Global
Dala Base on Nalional Agrieullural Research
Sysrems. International Service for National
Agricultural Research (ISNAR) Agricultural
Research Indicator Series. Cambridge. UK:
Cambridge University Press.

Pardey. P.. J. Roseboom. and J.R. Anderson
(cds.). J991. AgncllllUral Research Policy:
Inlel"J1(uio/1al QuanlilGlive Perspeetives.
Cambridge. UK: Cambridge University Press.

Peterson. W. 1967. Returns to poultry research
in the United Slates. Journal oj Farm
Economics 49: 656-659.

Pham. H.. S.R. Waddington, and J. Crossa.
1989. Yield stability of CIMMYT maize
gerrnplasm in international and on-farm trials.
In P.B.R. Hazell and J.R. Anderson (eds.),
Variabilily in Grain Yields: Implications for
AgnCIIllUral Research Gnd Policy in
Developing COUnTries. Baltimore. Maryland:
Johns Hopkin,. Pp. 185-205.

Rose. F. 1980. Supply shifts and the size of
research benefits: Comment. American
Journal ofAgricllllUral Economics 62(4):

834-837.

Sanou, J. 1991. RapPorileehniqru.' sur la
recherche adaplive du mais en milieu reel.
Projet CEE/IITAIMAIS. Ougadougou.
Burkina Faso: INERA. Mimeo.

Satorre. C.E.. A. Mulato, B. Pantinuple, and L.
Hanington. 1991. On-farm variety trial of
maize under coconut in Davao del Sur.
Philippines. Paper presented at the 11th
Annual AFSRE Symposium. October 1991.
East Lansing. Michigan State University.

Schmitz. A.. and G. Seckler. 1970. Mechanical
agriculture and social welfare: The case of
the tomato harvester. American Journal of
Agncultural Economics 52(3): 569-578.

Schull. G.E .. and H. Tollini. 1978. COSIS and
Benefils ofARricullural Research: S/ale of
Ihe An and Implicalionsfor CCIAR.
WaShington. D.C.: Consultative Group for
International Agricultural Research.

Scobie, G. 1978. The impact of technical change
on income distribution: The case of rice in
Columbia. American Journal ofAgricul/liral
Economics 60( I): 85-91.

Smale. M .. with Z.H.W. Kaunda. H.L. Makina.
M.M.M.K. Mkandawire. M.N.S. Msowoya.
DJ.E.K. Mwale, and P.W. Heisey. 1991.
Chimanga Cha Makolo, Hybrids. and
Composites: Farmer Adoplion
CharaClerislics in Kasungu. Blamyre. and
M:lIzu Agncullllral Developmenl Divlsioll,~,

1989-90. CIMMYT Economics Program
Working Paper 91-04. Mexico, D.F.:
CIMMYT.

Smale. M. 1992. Risk. Disaster Avoidance. and
Farmer Experimentation: The
Microeconomics of HYV Adoption in
Malawi. Ph.D. dissellation. College Park,
Maryland: University of Maryland.

Smale. M.. P.W. Heisey, and H.D. Learhers.
1991. Maize of the ancestors and modem
varieties: The microeconomic, of HYV
adoption in Malawi. Mimeo.

Togo Ministry of Agriculture. 1989. 1988
annual report. Mimeo.

Traxler. G.. and D. Byerlee. 1992. Crop
Managemem Research and Ex/ension' The
Producls and Their InrpaCl on ProduCliviI),.
CIMMYT Economics Paper No.5. Mexico,
D.F.: CIMMYT (forthcoming).

Tripp. R., K. Marfo. AA Dankyi. and M. Read.
1987. Changing Maize ProdUCliol/ Prauires
ofSmall-Scale Farmers in Ihe Brong-Ahafo
Region. Ghana. Mexico, D.F.: Ghana Grains
Development Project.

Versteeg, M.N.. and A. Huijsman 1991. Trial
design and analysis for on-farm adaptive
research: A 1988 maize trial in the Mono
Province of Benin. In H.J.W. Mutsaers and P.
Walker (eds.), On·Farm Research In Theory
and Pracliee. Ibadan, Nigeria: International
Institute of Tropical Agriculture. Pp. I II
121.

Vogel. W.O.. Berhe, T, and R.D. Hennessey.
1991. On-farm trials comparing the local
streak-disease susceptible maize with a
streak-disease resistant val'1ety in southern
Zaire. In HJ.W. Mutsaers and P. Walker
(eds.). On·Farm Research in Theory and
Practice. Ibadan, Nigeria: International
Insti[llte of Tropical Agriculture. Pp. 176
187.

World Bank. 1991. World Bank Developnrell!
Repol'/ 1991. New York. Oxford University
Press.

_____. 1992. World Developmenl Reporl.
New York: Oxford University Press

Woldetatios. T .. C.N. Pouboum, M.A. Messia.
MT. Beson, SA Almy, and C.M. Ateh.
1991. Adaptive research on improved maize
varieties tu the diversified agro-ecological
zones of South West Province, Cameroon.
AgricullUral Systems in Africa 2( I): 53-63.

Yates, M., and J.C. Martfnez. 1985. On·farm
research merhodologies at work: Progress
report from Les Cayes. Haiti. Mexico, D.F.:
ClMMYT. Mimeo.

Yrarrazaval. R., R. Navarrete. and V. Valdivia.
1982. COSIOS e beneficios sociales de los
programas de mejoramiento varietal de trigo
y mafz en Chile. In M. Elguet3 and E.
Venezian (eds.), Economfa y argallizoeion de
la investigacion G[;ropectlaria. Santiago.
Chile: INIA.



57

Annex 1: Regions of the World

Eastern and Southern Africa
Angola
Botswana
Burundi
Comoros
Djibouti
Ethiopia
Kenya
Lesotho
Madagascar
Malawi
Maurillus
Mozambique
NamIbia
Rwanda
Seychelles
Somalia
Sudan
Swaziland
Tanzaniit
Uganda
Zambia
Zimbabwe

Western and Central
Africa
Benin
Burkina Faso
Cameroon
Cape Verde
Central Africa.n Republic
Chad
Congo
Cote d'Ivoire
EqualOrial Guinea
Gabon
Gambia
Ghana
Guinea
Guinea Bissau
Liberia
Mali
Mauritania
Niger
Nigeria
Reunion
Sao Tome
Senegal
Sierra Leone
SI. Helena
Togo
Zaire

North Africa
Algeria
Egypt
Libya
Morocco
Tunisia

West Asia
Afghanistan
Bahrain
Cyprus
Iran
Iraq
Jordan
Kuwait
Lebanon
Oman
Qatar
Saudi Arabia
Syria
Turkey
United Arab Emirates
Yemen Arab Republic
Yemen Democratic Republic

South Asia
Bangladesh
Bhutan
India
Maldives
Myanmar
Nepal
Pakistan
Sri Lanka

Southeast Asia and the Pacific
American Samoa
Bnmei
Cook Islands
East Timor
Fiji
French Polynesia
Guam
Hong Kong
Indonesia
Kampuchea Republic
Kiribati
Laos
Macau
Malaysia
Nauru
New Caledonia
Niue
Norfolk Islands
Pacific Islands
Papua New Guinea
Philippines

Samoa
Singapore
Solomon Islands
Thailand
Tokelau
Tonga
Tuvalu
Vanuatu
Vietnam
Wallis and Futuna Island

East Asia
China
Korea, D.P.R.
Korea, Republic
Mongolia
Taiwan

Mexico, Central America, and
the Caribbean
Antigua
Bahamas
Barbados
Belize
Bermuda
Cayman Islands
Costa Rica
Cuba
Dominica
Dominican Republic
EI Salvador
Grenada
Guadeloupe
Guatemala
Haiti
Honduras
Jamaica
Martinique
Mexico
Montserrat
Netherlands Antilles
Nicaragua
Panama
SI. Christopher and Nevis
SI. Lucia
SI. Pierre and Miquelon
SI. Vincent Granadines
Trinidad and Tobago
UK Virgin Islands
US Virgin Islands

Andean Region
Bolivia
Colombia
Ecuitdor
French Guyana

Guyana
Peru
Surinam
Venezuela

Southern Cone, Soulh America
Argentina
Brazil
Chile
Paraguay
Uruguay
Falkland Islands

Easlern Europe and
Former USSR
Albania
Bulgaria
Czechoslovakia
Germany. East
Hungary
Poland
Rumania
Fonner USSR
Yugoslavia

Developed Market Economies
Australia
Austria
Belgium-Lu'\embourg
Canada
Denmark
Faeroe Islands
Finland
France
Gemlany. West
Greece
Greenland
Iceland
Ireland
Israel
Italy
Japan
Malta
Netherlands
New Zealand
Norway
Portugal
Soulh Africa
Spain
Sweden
Switzerland
United Kingdom
United States




	World Maize Facts and Trends 1991-92 CIMMYT
	2



