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F() re'o rd 

Over the paist two decades a wealth of 
improved maize germplasrn has been 
developed for the most important
maiie.growinp environments in the 
Third World. but even though seed 
derived from that germplasm has the 
potential for sizeably increa:;ing
productlvity in maize, most maize 
farmers in developing countries are not 
growing it. In niany countries adoption 
of improved seed has been limited by a 
lack of inputs and incentives or 
ineffective research and extension, 
while in other countries, or regions
within the-1, uptake of improved maize 
has been siowed by economic aspects
of seed ;se, particularly in the poorer
and iovver yieldijng environments. 
Ineffective seed production arid 
marketing have also proved to be major
bottlenecks to improved productivity ill 
maize. 

Development of seed indutries is an 
important issue for many governments 
and agricultural research programs in 
ie Third World. It is also of major

concern to CIMMYT, since we are 
engaged in the development of 
improved maize germplasm and have 
an obvious interest in improving its 
ultimate dissemination among farmers. 
The study reported in this publication 
was conducted to pinpoint problems 
and analyze some economic issues in 
seed industry development, 

Numerous types of commercial seed 
are available, ranging in productivity
and cost from farmers' own seed to 
hybrids. Use of improved varieties and 
especially hybrids will expand in 
developing cointries with growth in 
seed industries. Those changes are an 
inevitable consequence of overall 
economic and agricultural development
inlhird World countries and of 
corresponding changes in agricultural 
praciices. The process of change in 
seed production will require well-
iniormed decision making aimed at 
targeting seed types for particular
regions and groups of farmers. In some 
cases introduction of hybrids will be 
advisable, whereas in others it will be 
more appropriate for farmers and seed 
producers to concentrate on improved
open-pollinated varieties. A valuable 
contribution of this study is to provide 
information on the circumstances under
which particular types of maize seed 
are likely to be economically attractive 
to farniers. 

CIMAMYT staff at headquarters and in 
our regional programs will become 
more deeply involved in seed issues 
during the coming years. Already we 
have one full-time seed specialist based 
in Guatemala and are currently seeking 
donors to fund regional posilions
elsewhere. Countries in regions where 
we cannot place a seed specialist will 
receive assistance from a maize staff 

member based at headquarters who 
will devote part of his time to this task. 
Obviously, the consultation and training 
we offer will have to cover the 
complex economic and financial 
aspects of seed production as well as 
all of the main technical matters. 
Toward that end we will seek to 
cooperate with groups that are 
experienced in commercial seed 
production. 

Another one of our ainis is to 
encourage persons interested in seed 
industry development in the Third 
World to share ideas and plan jointly
for training arid other cooperative 
efforts. Our hope is that countries with 
fledgling seed industries will profit from 
the experiences of countries with well
functioning seed industries and from 
organizations such as the International 
Center of Tropical Agriculture in 
Colombia (CIAT, which has a special
seed unit and offers training in seed 
production). 

This issue of Maize Facts and Trends 
provides valuable information on the 
economic aspects of commercial maize 
seed. We hope it will be widely read 
by individuals whose task is to provide
maize seed to farmers in developing 
countries. 

Donald L.Winkelmann 
Director General 

CIMMYT 
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Preface 

The two previous issues of CIMMYT 
World Maize Factm and Trends have 
analyzed changes in the production and 
utilization of maize in developing 
countries. A task that impinges greatly 
on both those activities is the subject of 
this third report, which focuses on the 

.oductien of commercial maize seed. 

The report consists of three main 
sections. The first examines treds in 
the utilization of maize seed, in the 
costs of producing it, and in the prices 
paid for it. This section also addresses 
issues that are of much concern to 
maize researchers and others who wish 
to encourage the growth of seed 
industries in the Third World. 

Part 2 provides an overview of current 
trends in global maize production, 
trade, and prices. This discussion may 
be of particular interest at a time when, 
as a result of growing protectionism 
and falling export prices, policy make.-s 
are paying especially close attention to 
developments in the international grain 
markets. 

Part 3 gives data (in tabular form) on 
the use of maize seed and the area 
planted to improved germplasm, along 
with statistics on maize production, 
utilization, trade, and prices. Data are 
given for all developing countries 
whose annual maize production, 

utilization, or both have exceeded 
100,000 t in recent years. Regional and 
world totals are provided as well for 
the 30 statistics included in this section. 

The information on which Part 1 is 
based and some of the data included in 
Part 3 were provided by a number of 
persons around the world, who were 
sent one of two types of questionnaires. 
Outreach staff of the CIMMYT Maizc 
Program and their colleagues in 
national maize research programs were 
asked to supply figures on the amount 
of maize seed planted, area sown *o 
improved maize, and so on for each of 
the major maize-producing countries of 
the world. Maize seed enterprises 
received a different questionnaire 
soliciting data on costs, prices, yields, 
and other variables in the production of 
maize seed. The methods and 
assumptions of this study and more 
detailed analysis will be reported in a 
working paper being prepared by the 
CIMMYT Economics Program (Longmire
and Stewart). 

One fundamental question addressed in 
this report is the degree to which maize 
research programs and the seed 
ndustry should be geared to hybrid 

development. The answer will vary 
from one region to another, depending 
on the circumstances of farmers, riaize 
research programs, arid seed industries. 
Though most often grown on a large 
scale in commercial operations, hybrids 
can be compatible with small-scale 
maize production if they are suited to 
the biological, economic, and social 

conditions of farmers. To help 
determine when that is the case, we 
describe the conditions under whici 
different types of maize seed are likely 
to be appropriate. 

We also provide information on the 
important question of public and 
private sector involvement in maize 
seed producti':n and marketing and the 
related issue of maize seed pricing. 
Seed industries are likely to founder 
unless prices remain flexible enough to 
provide proper incentives for all parties 
concerned arid accurately reflect the 
economics of the seed situation. 

In exploring those and other issues, we 
did not have the oppotunity to cover 
all countries as thoroughly as we would 
have liked. We therefore encourage 
readers to provide further information, 
especially from countries for which data 
on maize seed are not reported in 
t;ection 3 of this publication. Although 
tne data and -iralysis presented here 
relate specifically to maize, many of the 
points made are relevant to other crops 
as well, especially the cross-pollinated 
ones for which hybrid seed can be 
produced economically. We hope this 
information proves to be a valuable 
resource for all persons who share our 
conviction that seed industries have a 
vital role to play in the agricultural
development of Third World countries. 

V 
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Ka.rl 1: The I:_coiorniics of Coniri orca 
Maize Seed Production in Developing CIntries 

he Varied Patterrn 
of Maize Seed Use 
A close examination of maizesed use 
around the world reveals several 
diverse patterns. Two prominent 
features are the marked contrasts 
between regions arid the relatiely 
limited spread of inproved maize seed 
in the Third World. Examinatin ofthose patterns helps put in pvrspective 
the challenge that lies ahead of national 
maize researchmaizereseach seedlittlseedprograms,prgrams 
enterprises, and other groups interested 
in the development and disseminationof improved maize seed. 

A disparity between volume ,.d 
value-One very conspicuous pattern in 
seed use is t'ie low value of the 
relatively large quantity of seed planted 
in developing countries, 

According to the best available 
estimates, almost 140 million hectares 
of maize were planted worldwide in 
1985-86 (Figure 1). Of this total area, 
about 60% was planted in developing 
countries, with those in Asia (including 
China) containing just over 27%10, Latin 
America slightly more than 20%, and 
Africa around 12%. Four countries 
(China,Brazil, ,ndia, and Mexico)
accounted for more than 5Q0% of the 
total area pla ited to maize in the Third 
World. 

During 1985-86 farmers planted some 
3.2 million tons of naize seed 
worldwide, about 1 million in 
developed cind the remainder in 
develoing countries. At prevailing 
prices and exchange rates, the gloual
value of that seed (including the value 

we assigned to farmeis' own eed) was 
about US$3.2 billion. The seed panted 
in developedin deelopecountries hadad aa totalcounries otal 
value of over US$2.4 billion (because 
of the predominance of high-value

pedoinane hriauemof~ she North
hybrd seed in North America, western 
and eastern Europe, the USSR, and 
South Africa), whereas that sown in the 
•hird World was worth just under 
US$800 million. Thus, farmers in 
developing countries planted almost 
70% of the world's maize seed on a 
toni;ape basis, bit its US dollar value 
wes less than a quarter cf the world 
total. 

Essentially the same pattern emerged 
when we converted the US dollar value 
of maize seed planted in 1985-86 to its
equivalent in tois of maize grain, using 
the farm prices of maize seed and grain 
in each country. The total value of the 
world's swed supply was equivalent to 
around 23 million tons of maize grain 
or, on the average, 7.5 times the price 
of grain. Of that total, three-fourths
beone to developed countries and a 
beloriger todevelo d or d 

.e more than 12 11to Third Worldnations, excluding Argentina, Brazil, 

and China. The USA alone, even 
toi hinad of the globalnly 2Aaofe teglbthough it hladonly 23% 
area planted to maize, had 46% of the 

value of all rriaize seed in the world on 
a niiize-equivalent basis. The value of 
maize seed in Africa, on the other 
hand, which has 12% of the world's 
maize area, amounted to only 4% of 
the global value. 

Area planted to improved maize-The 
sizeable gap between the volume of 
maize seed planted and its value in 
developing countries is accounted for 
it) large part by a general scarcity of 
improved seed. In some of those 
countries, effective maize research and 
sced distribution have led to extensive 
adoption of improved maize-open-


pollinated varieties (OPVs) and
hybrids-but in general the spread ofthis material has been limited, in some 

cases extremely so. 

Our estimates were provided by maize 
specialists in many countries, who tried 
to gauge the area planted to hybrids or 
to open-pollinated maize derived from 
commercial varieties released during 
the past 10 years, including farmers' 
own seedt from such varieties. The 
ownpse o tm h ariit Tie 
purpose of the 10-year limit (a figure 
suggestedexcludebyvarietiesthe niaizereleasedspecialists)longwasto so 

am thatmaize d: 
they have undergone


considerable intermixing in farmers'
fields. Second- and later generation 
hybrid seed was not counted as 
inproved matei a,either, but as 
farmers' own seed. 

Global maize area: 
138 million hectares 

Volume of 
maize seed used: 

3.2 million tons 

mae seedV 

seha 

JS 2 billion
 

Developed countries 

Developing countries 

Figure 1. Third World countries' estimated 
share of the area ilanted to maize, tons of 
seed used, and value of seed %sorldwide. 



According to the estimates, about half 
of the maize planted in the Third 
World during 1985-86 was improved.
There is, of course, much regional
variation in the proportion planted to 
improved maize, as indicated in Figure
2. In A,:rica, for example, only one-third 
of the maize sown "vas improved, 
comp2red with almost 60% in Asia and 
Latin -Nmerica. The overall percentage
is mUch reduced, however, if we 
exclude large countries with sizeable 
areas planted to improved maize, 
particularly Argentina, Brazil, and 
China. In the remaining countries, only
about one-third of the total maize area 
is planted to improved materials. The 
relatively low presence of improved 
maize contrasts sharply with that of
wheat in developing countries, where 
nearly 60% of the total wheat area (not
counting that in Argentina, Brazil, and 
China) is planted to high-yielding
varieties. The proportion is even higher 
for rice. 

The area planted to improved maize 
also varies considerably by country. In 
Kenya, for example, over two-thirds of 
the maize planted is improved, 
compared to less than 15% in 
neighboriing Tanzania. In many West 
Afr'can countries, the area planted to
impioved maize is well under one-third 
of the total, and it is generally low as 
well in Latin America (with the
 
exception of Argentina, Brazil, and
 
several Central American countries).

Use of improved maize is limited in 

Pakistan but more widespread in India. 

In China and Thailand, even higher 

proportions of the maize area are 

planted to improved material.
 

These variations can be accounted for 
in part by differing levels of economic 
development. As shown in Figure 3,
there is a positive relationship between 
the percentage of total maize area 
planted to improved maize and average
income per capita (ageneral indicator
of economic development). Even so, 
one observes wide deviations from the 
line of bestfactors:fit, w hich can be attributedto several 

* 	 Physical differences between 
countries that affect adoption of 
improved maize 

a 	 Historical factors influencing the Percent
 
pace of adoption 
 50 100 

* 	 Differences in maize research and Africa 
in performance of the maize seed 
industry .
 

Asia,
* 	 Differences in incentives for excluding


adopting impioved maize China
 

Homegrown and commercial seed-In China
 
addition to considering overall patterns

in the use of maize seed, we examined Latin America,

trends in the use of particular seed excluding

types. Estimates of area planted, Argentina and

planting rates, quantity of seed planted, Brazil
 
seed prices, and seed value were 
 Argentina

compiled for three categories of seed: and
 
1) that grown by farmers for their own
 
use, including the seed they traded Developing
 
among themselves, 2) commercial seed countries
 
of open- pollinated varieties, and 3)

hybrid seed. The first category includes

all 	noncommercial maize seed that Excluding Argentina,
farmers planted and the last two all the Brazil, and China
 
commercial seed they bought. 
 Including Argentina,

Brazil, and :hina 
Figure 2. Proportion of total maize area 
planted toPioroved maize, 1985-86. 

Percent 
100
 
100 	 . .-

.. ..
 Argentina , 

ba-w. '" .
 
Ch: 
 ;-	 ., .. . .
* 	 Thailand 

Brazil 
~Z 

50.	 OTiH:e Meico,
 
. -;,.*- .x, 
 Venezuea o. 

-

, 
 ,
 

. .
 . .
 

Tanzania, ' *Colombla 

', 	 4,, "' . ... 2.. 000
 -


1000 2000 
Gross nationa! product per capita (US$)

Figure 3. Relationship between percentage of total maize area planted to improved maizein 1985-86 and average income (gross national product) per capita in 1984 for some 
major maize-producing countries in the Third World. 

3000 
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2% 

Developed countries 

Argentina, Brazil, and China 

.... 

All other developing Coun~ries 

ii e-r, o n seed, 

Commercial seed 
of improved varieties 
H\vrids 

Figure 4. Proportion of total maize area 
planted to hybrids, commercial seed of
improved varieties, and farmers' own 
seed, 1985-86. 

In developing countries overall, hybrids
occupied about 38% of the total maize 
area, commercial seed of open-
pollinated varieties another 7%, and 
farmers' own seed the remainder, 
Eliminating Argentina, Brazil, and 
China, however, elters the picture
considerably, reducing the area planted 
to hybrids to only 16% and raising that 
occupied by farmers' own seed to 
almost three-fourths in the other 
countries of the Third World (Figure 4). 
Generally speaking, hybrid maize is 
concentrated in the more favorable (and 
therefore less risky) growing areas of 
developing countries, 

In African countries use of hybrid seed 
ic very low, with a few notable 
exceptions. Hybrids are grown on 
about 15% of the continent's total 
maize area and farmers' own seed on 
about 75% (Figure 5). Over threc 
fourths of Africa's hybrid maize seed 
production, however, is found in Kenya
and Zimbabwe. In other regions as 
well, hybrids are not spread evenly but 
tend to be heavily concentrate(] in a 
few countries, 

In Thailand, Egypt, Guatemala, and 
Ecuador, a large share of the maize 
area is planted to commercial seed of 
open-pollinated varieties. The common 
denominator in those countries that 
accounts for the widespread adoption 
of commercial seed is the successfuldevelopment of new open-pollinated 
varieties by national maize research 
programs and simultaneous growth of 
viable seed industries. But that 
combination of events is not common, 
with the result that in many regions of 
the world (as indicated in Figure 5) 
commercial seed of open-pollinated
varieties is planted to less than one-
third of the total maize area. 

A - 1 .special 
', 

In studying the variable patterns of seed 
use and the conditions that shape them, 
we found it helpful to describe the 
different seed types in terms of a 
continuum or progression from local 
varieties to improved ones, followed by 

nonconventional and then conventional 
hybrids. This continuum is evidenced in 
the yield capability of the seed types
and in the technology employed to 
produce them, both of which topics are 
covered in this section. 

Production of any type of commercial 
maize seed is a complex process, both 
in seed-growing fields and seed 
enterprises, and requires considerable 
understanding, skill, and experience. 
Even so, there are definite gradations in 
difficulty, the production of hybrids 
being more technically sophisticated 
than that of open-pollinated varieties. 

It is not within the scope of this 
publication to describe all the tasks 
involved in commercial seed 
production. Our aim, rather, is to 
provide enough description to give 
readers a sense ot the diifeiences in 
complexity between various seed 
technologies. Some additional 
information is given in the boxes on 
pages 6 and 11 primarily to account for 
differences in the cost of various seed 
types. For more details, we refer 
readers to the following publications on 
maize seed production: Jugenheimer 
(1976), Sprague (1977), Fehr and 
Hadley (1980), Doug!as (1980),
Wedderburn and Chatha (1982), FAO 
(1982, Gregg (1982), and CIMMYT 
(1984). 

Beyond tradition: Improving OPVs-
Maize seed has traditionally been 
grown in farme rs' fields as open
pollinated local varieties, which are still 
extensively cultivated in the Third 
World. The breeding and maintenance 
of local varieties is managed by the 
farmers themselves. At harvest (either in 
the field or in seed storage), they select 
ears from the plants that have 
performed best according to their own 

criteria, ircluding grain yield,
freedom from disease, plant height,kernel color, forage yield, and size ofear. The selected ears are dried and 
stored on the farm for planting in the 
next crop cycle. Sometimes, growers 
exchange seed from the best crops in a 
district. 

3 



Under farmers' care and management, 
the maize plant has undergone much 
improvement in its capacity to satisfy
human needs. With the advent of 
modern plant breeding, though, the 
selection process has been made more 
systematic and efficient and led to the 
development of improved open-
pollinated varieties. The various plant
breeding procedues for developing and 
releasing those materials are described 
by Sprague (1977), Paliwal and Sprague 
(1981), Vasal et al. (1982), and 
CIMMYT (1984). The products of this 
type of breeding continue to be 
released and have been adopted by 
many farmers in some countries 
(Thailand, for example, where the 
Suwan varieties have come to be 
widely cuLtivated). 

An important difference between the 
handling of open-pollinated local 
varieties and that of modern improved 
maize lies in the regulation of cross 
pollination in the crop. Normally, the 
pollen shed from a maize plant's tassel 
(the male structure) fertilizes the ear or 
ears (female structure) of some other 
plant. The pollen is most likely to travel 
no more than a few meters to its 
recipient plant but can be carried much 
greater distances by strong winds. In 
traditional cultivation of local varieties,
little effort is made to control cross 
pollination. As a consequence, much 
intermixing of varieties (contamination)
takes place in a particular district. 

II the production of improved maize 
seed, on the other hand, measures are 
taken to prevent contamination and 
ensure that seed of a variety rerrains 
true to type (that is, its genetic makeup
does not vary significantly). To maintain 
varietal purity, producers iiust grow
seed in fields that are either isolated 
from other maize fields or planted at a 
different time. They also have to 
remove (rogue) off-type plants and" 
avoid mixing seed. 

Farmers who acquire seed of imn"oved 
varieties can maintain its purity from 
one crop cycle to the next if they allow 
the crop to intermate naturally and 
protect it from contamination by foreign
pollen. In many maize-growing areas of 
the Third WorId, however, farmers 
pernlit considerahle intermixing, often 
causing rapid degradation in the geneti(
quality of second and later generations
O01purchased seed. The seed retained 
hy farmers may also show lower 
germination and poorer performance 
tIan commercial seed on less measures 
are take' to maintain -eed quality, such 
as proper storage an(d protection against 
(liseases and inse( is. 

Hybrid maize: More complex seed 
technology-Maize hybrids, like 
improved open-pollinateJ varieties, are 
products of modern plant bree(ding and 
the science of genetics, but their 

Percent 

Eastern and 
southern Africa 

Africa 

Middle Last 

South Asia 
Southeast
 

Asia and Pacific
 

Fast Asia 

Mexico, Central
 
America, and Carilhean
 

An(ea region
 

Southern Cone f 
South Anerica 

Latin America 

Hybrid,, 

Figure 5. Estimated percentage of !oial maize 
open-pollinated varieties (OPVs), and farmers' 
World, 1985-86. 

production involves a more 
sophisticated form of controlling cross 
pollination. Rather than leave maize 
plants to spread their pollen
indiscriminately, hybrid seed producers
make selective crosses between 
genetically diverse families, varieties, or 
lines. The result, under certain 
conditions, is a quantum leap in 
productivity over the yield levels of 
open-pollinated varieties, that derives 
from a phenomenon referred to as 
hybrid vigor. 

Selective crossing is performed in 
isolated plots, often by means of 
detasseling. Plants from which the 
tassel has been removed for 
hvbrdization are designated as females 
and produce only hybrid seed. The 
female parents in a hybrid combination 
receive pollen from male parents, or 
pollinators, which retain their tassels 
and do not produce hybrid seed. 

50 
50_100 

- -

Coniniercial A-71 Farniers'seed of OPVs 1lo, vrn seed 

area planterd to hybrids, commercial seed of 
own seed in various regions of the Third 
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In the production of commercial nonconventional. These offer plant 
hybrids, seed of the male and feniale breeders and seed enterprises a wide 
parents is planted in adjacent rows in a range of choices in the development
seed production block. The ratio of and production of hybrid seed. 
male to female rows may vary, 
depending on the moale parent's likely Conventional hybrids result from the 
level of pollen production. Before union of inbred lines, which are 
flowering all the plants in female rows created through self-pollination, usually 
are detasseled andlpollinated from the for three or four successive generations., 
adjacent male rows. The seed produced These genetically pure lines are usually 
in the female rows ik thus a cross uniform, short, weak plants 
between the two parents and characterized by much-reduced yields 
constitutes the FI (first filial generation) and greater susceptibility to adverse 
hybrid. (See the box on page 6 for environmenl conditions. Their poo 
additional details on hybrid seed performance has important irnplications 
production.) for the yields and risks involved in 

hybrid seed production anrd, 
Hybrids can be divided into two broad consequently, for the costs of seed 
categories, conventional and growing. 

Detasseled Detesseled \and 

0 ?0, 


Female Male Female Male 
inbred inbred inbred inbred 

(A) /X (B) (C) IX (D) 

F1 F1 
seed grow: seed grown 

Detasseled 

11oliet -

Female Male 
single cross single cross 

(A x B) x (C x D) 

Double-cross hx,rd seed
(A xB)x(C x D) 

Figure 6. Production of a double-cross hybrid. 

Generally, the more inbreeding a line 
has undergone, the lower its seed yield. 
Since hybrid seed is harvested from the 
line designated as female, the one 
chosen for that purpose is often the 
better seed yielder of the two parents 
that form single-cross hybrids. Seed 
yield is boosted considerably in three
way crosses, in which a pure inbred 
serves as the male and a single cross as 
the female, and can be even higher in 
double crosses, which are developed 
irom two ,ingle crosses. The heavier 
pollen shedding of the male parent in a 
double cross accounts for the better 
seed production of this hybrid type, the 
formation of which is illustrated in 
Figure 6. 

Use of conventional hybrids varies 
greatly around the world. In the USA 
single crosses are the most common 
type by far, having displaced double 

three-way crosses during the 
1960s. Both single and three-way 
crosses are now widely grown in most 
other developed countries that produce 
significant quantities of maize. 

Single crosses are much less commonly 
grown in the Third World, though a 
very famous one, SR52, was released in 
Zimbabwe during 196G (Seed Co
operative Company of Zimbabwe) and 
became one of the first single crosses 
to be made commercially available. 
SR52 was widely adopted in Zimbabwe 
and exported to other countries of 
eastern and southern Africa as well. 
More recently, three-way crosses have 
gained importance in Zimbabwe and 
permitted an expansion of hybrid 
production into some of the more 
difficult maize-growing areas of the 
country. 

In most othe developing cou ntries 
where sizeable areas are planted to 
hybrid seed, dou'fle crosses are the 
type most widely ,rown. Over iialf of 
Brazil's maize area is planted to double 
crosses, and they are also the most 
common convntional hybrid in 
Mexico and Central America. In India 
all of the main types are produced and 
marketed, tiJugh double crosses 
predominate. Both double-cross and 
three-way hybrids are commonly grown
in Southeast Asia and China. 
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Production of 
Hybrid Maize Seed 
Although the cultivation practices 
employed in growing commerical seed 
are more or less the same as those inmaize grain production, the former 
involves a number of steps that 

complicate crop management and raise 
the cost of the final product. Hybrid
seed production in particular demands 
much greater levels of supervision, crop 
management, and technical support. 
One of the complicating factors in 
hybrid seed production is that plants of 
the inbred lines are weaker than the 
offspring derived from a cross between 
them and thus require very careful 
management. For that and other reasonshybrid seed productior, is usually
undeen oselected fars suay 
growershtave shon fabve egrowers that have shown above-average 

One of seed growers' primary concerns 
is to minimize contamination by pollen 
from other maize fields. To do so, they 
must isolate the seed plot o ,each 
hybid, typically by a distance of 
a200 m, from any other maize field. Asfurther precaution, they sometimes 

encircle the seed field with a specified
minimum number of male rows thatminmu numabarrier ofainstmllen. 

Usually, the gioater the distance 
between the seed field and other maize 
fields, the lower the number of barrier 
rowstime 
isolating seed fields, particularly in 
regions where land settlement has 
diminished field size, is for the seed 
enterprise to contract with groups of 
neighboring farmers for growing seed of 
a paiticular hybrid. 

In the need for isolation and in other 
respects, production of seed of open
pollinated varieties is similar to that of 
hybrid seed. A critical difference 
between the two, however, is that 
hybrid seed production requires special 
crop management to achieve optimal 
synchronization of pollen shedding by
the male parent and siiking by the 
female. 

Ensuring that maximum pollen 
shedding coincides with silking isa key 
requirement for good seed yields, 
which are the chief aim of growers'
decisions about the time of planting. Ifthe male and female parents flower at
different times, growe,'s have to delay
planting of the male, in some cases by 
as much as 10 days. Hybrids in which 
the male parent would have to be 
planted before the female are not 
recommended because untimely 
planting of the latter would increase the 
risks of lower seed yield. Normally,
delays in planting are decided 
according to accumulated growing
degree-days and are based upon careful 
testing of the parents to establish their 
time to flowering. Other crop 
management practices are used to 
achieve optimal synchronization aswell, such as differential fertilizing andwatering, 

Another important difference between 
production of open-pollinated variety 
seed and hybrid seed is that the latter 
can involve detasseling of the female 
rows, which makes this enterpriseconsiderably more demanding. The 

operation starts at tassel emergence and 
continues until all female tassels havebeen removed, often as long as two 

weeks later. Normally, passes are made 
along each row ever,, day, although the 
frequ'ncy of passes will vary according
to the rate of tassel emergence, thefrom tassel emergence to pollen
shedding, and the method used 

J_ 

'~'4
 

(manual methods requiring more 
frequent passes than mechanical 
detasseling). In developing countries 
virtually all detasseling is done 
manually because labor costs are low;
while in developed countries, usually
one or two passes are made with 
mechanical detasselers, and the early,
late, and ,missed tassels are removed by
hand. Some seed companies induce 
male sterility in the female rows 
through well-established breeding 
procedures. In any case seed growers 
must inspect fields daiiy, and external 
quality control agencies normally
inspect them at least twice to ensure 
that the percentage of pollen-shedding 
females is below the required limit. 

After the inspections have been made,
the only other major operationperformed before harvest in hybrid seedfields is removal of the male rows after 

pollen shedding. The purpose of this 
step is to reduce the chances that seed 
from male plants will be mixed with 
that from females at harvest, an 
occurrence that would sizeably reduce
the performance of crops raised fromthat seed. Generally, the male rows are 

cut while the maize is still green and 
used as forage or left to rot in thefields, although in some developing 

countries they are allowed to mature 
and the ears picked for grain. If picking 
is done by hand, it is less likely than 
with mechanical harvesting that maleears will be mixed with females,
though there is still some risk of 
inadvere seed miure 
inadvertent seed mixture. 

A detasseled femnale row (center) in hybridk'
 
maize seed production. The tassel on the 
 4Aplant at far right has been retained 
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Conventional hybrids account for only 
part of the hybrid production in Third 
World countries. Various types of 
nonconventional hybrids are produced 
as well. These are formcd through 
crosses in which at least one parent is 
not an inbred line, as in a cross 
between an inbred and a variety or 
between two varieties that are 
sufficiently different genetically to show 
hybrid vigor. When a variety (generally 
used as a female) is crossed withIan 
inbred line serving as the male parent, 
the resulting hybrid is referred to as a 
topcross (Figure 7). A cross betwecn 
two varieties, one designated male arid 
the other fenale, i, a varietal hybrid. 
Typically, the noncorventional types 
show less hybrid vigor than the 
conventional ones, but they can be 
developed and released in a shorter 
period, since less or no time is spent in 
the development of inbred lines 
(Sprague and Eberhart 1977). It also 
takes less time to identify a superior 
nonconventional hybrid once crosses 
have been made, and seed production 
is simpler to nanage and less risky, 
with lower costs per unit, than in the 
production of conventional hybrid seed. 

Those advantages help account for the 
popularity of nonconventional hybrid, 
in numerous developing countries (most 
notably Brazil, Colombia, India, and 
Kenya), which seem to favor the 
topcrosses. Though less commonly 
employed, varietal arid family hybrids 
have acquired special importance in 
Egypt, Guatemala, arid several other 
countries. 

With any type of hybrid, farmers are 
not likely to realize the full benefit 
unless they purchase new seed for each 
crop cycle. The yield of secod- and 
later generation seed riay drop sizeably 
below that of the F1 , somet s by as 
much as 15-25/%(Jugenheimer 1976). 
The decline is noias pronounced with 
nonconventional hybrids as it is with 
conventional types. In spite of the yield 

difference, though, many farmers in 
developing countries do plant seed of 
the F2 and subsequent generations, 
especally in low-yielding environments 
and where yields fluctuate greauly from 
year to year. Under those 
'ircumstances, it may not x. readily 
apparent to farmiers that the yield of F-) 
seed is any lower than that of the F1,  
especially if they are growing 
nonconventional hybrids, 

Fron this review of eed technologies, 
it should be clear that seed production 
ranges widely in complexity from local 
varieties to conventional hybrids. 
Another trait in whit h one can discern 
a continuum of seed types is in the 
degree of heterogeneity of the 
genotypes, a trait that has an important 
effect on the crop's susceptibility to 
various stresses. The seed of single-
(ros,, hybrids i, homogeneous; all 
h)llits grown frori that seed will have 
the sarime maturity and possess the same 
:esistiances and other useful traits with 
vhiclh the hybrid hi s been endowed by 
plant breedeis. Tnree-way and douille 
crosses and the various tvpes of 
noncoinventional hybrids are somewhat 
more leterogeneous and iniproved 
olen-I)ollinated varieties even more so. 
The highest degree of heterogeneity is 
observed in lwal varieties that are 
subject to considerable intermixing. 

Detasseled 

,1 

Female Male 
variety inbred 

(V) (I) 

Topcross hybrid seed 
(V x 1) 

Figure 7. Production of a topcross hybrid. 

Because of their genetic diversity, those 
varieties may possess a kind of 
buffering capacity that helps them 
withstand various stresses. Whatever 
resistance they have is not uniform 
throughout the crop, however, so that 
some pLants may escape damage while 
others do not. In a single-cross, on the 
other hand, the genotype's resistance 
(to a fungal disease, for example) will 
exist in every plant, protecting the 
entire crop from damage. But if a new 
strain of the disease develops against 
which the resistance is not effective, 
the extreme homogeneity of the hybrid 
may make the entire crop vulnerable to 
danage, putting the farmer's yield at 
considerable risk. That is why single 
crosses tend to be most widely used in 
regions where stresses are not 
extremely severe and where various 
means are available for combatting 
them. 

Determinants of seed yield-It was 
obvious from our discussions with 
numerous seed growers and seed 
enterprise staff that there is a high risk 
of seed vield loss, the hazard being 
much greater in production of 
conventional hybrids than in open
poll :nated varieties. Among the 
c(iventional types, the greatest risk is 
ir,curred with single crosses and the 
least with double crosses. The risk 
entailed in production of' 
nonconventional hybrid ,eed also varies 
according to type but is generally less 
than that of conventional hybrids. 
U yei 
Uhimately, seed yield has an important 
effect on the cost per kilogram of maize 
seed produced. Four main factors 
determine seed yield: 1) management 
and growing conditions, 2) yield 
potential of the seed parent, 3) planting 
patterns, and 4) cleaning and discard 
percentages. 
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Subtle changes in growing conditions 
can have i sizeable impact on maize 
seed yields, especially of inbred 
parents. To reduce the chances that 
seed parents will be Subjected to yield-
damaging stress, seed enterprise,.
typically set up thcir operations in the 
most favorable maize-growing regions
of a country (though maize seed is 
grown in widely varying environmerts) 
and within those areas attempt toI 
contract with farmers of above-average
skill. 

Planting pattern is alo clearly an 
important determinant of the total 
amount of maize seed that can ne 
harvested from a given area. In 
producing open-pollinated seed, 
growers most often plant the whole 
field (within isolation limits) and 
normaliy harvest the entire crop. Wth 
hybrids, hough, only a reduced 
proportion of the field produces seed, 
since the parents are grown in rovs of
females, from which seed is harvested, 
and males, from which it i, not. The 
harvested area is further diminished if 
pollen barrier rows ire used. 

Parents of most single- and three-way 
cross hybrids are planr;ed in a female to 
male ratio of 3:1 or lower. With most 
double-cross and nonconventional 
hybrids, in contrast, the ratio is .3:i or 
higher. Four fema!, rows per ma;e row 
is an arrangement widely used in 
Brazil, Egypt, El Salvador, India, and
Portugal, whereas the 3:1 ratio is more 
commonly employed in Colombia, 
Kenya, Mexico the Philippines, annd
Zimbabwe. In the USA seed growers 
often employ a 4:2 ratio, with narrower 
male rows. That increases the density of 
female plants, while ensuring that they 
are no more than two rows from a 
pollinating male. 

With any of those planting, patterns, a 
certain arnount of land iSOccupied by
male rows and therefore is not yielding
seed. Suppose, for example, that seed is 
being produced on a 40-ha rectangular
field and that the feniale-to-male ratio is 
i:1, with six encircling pollinator rows. 
Given that the pollinator rows alone 
Iccupy 7. of the land, only 72% of 
the total are.i is planted to female rows 
and produces seed. Widh a 2:1 ratio, 
that figure would be 65, and with a 
4:1 ratio 77W%. 

Seed yield is also reduced (Iby an 
average of about 107, for all the 
enterprises that provided us With 
infornation) through roguing, 
discarding, of poor, di,,eased, and off-
type ears, as well as cleaning and 
grading to remove small and broken 
seed. Cleaning and grading percentages 
are about the sam,, for hybrids as for 
open-pollinated varieties but may vary 
greatly --cording to the growng area, 
season, and crop management 
practices. In commercial seed 
production, seed lots are discarded if 
they fall below the minimum 
germination, purity, and other standards 
maintained by the seed enterprise or 
government. Those standards and the 
way they are implemented vary
considerably between countries and 
even between seed enterprises within a 
given country. 

To get some indication of the 
cumulative effect of the various factors 
discussed here, we estimated seed 
yields per total (gross) hectare as a 
percentage of the grain yield of an 
improved variety (Table 1). Although
they are only approximations, the 
percentages do give an idea of how the 
various se-d types compare on the 
basis of seed yield. Generally, yields 
re much lower in the production of 

single-cross hybrids than of other 
hybrids because both par( nts of the 
former are inbreds. Among the other 
types, seed yields of double and three
way crosses, whose female parent is a 
single cross, normally exceed those of 
most ironconventional hybrids, 
especially the ones in which the female 
parent is not a single cross. Relative 
seed yields do vary considerably, 
however, and one can expect to 
observe sizeable deviations from the 
general patterns appearing in Table 1. 

A -onewhat surprising trend emerged
in seed yield data from selected 
developing country enterprises that 
grow seed both of open-pollinated
varieties and hybrids. Those data 
indicate that the averag,'e seed yields of 
ccrtain types of hybrids are higher than 
those of improved varieties (Table 2).
One possible explanation is that many 

Table 1. Hypothetical seed yields of various maize seed types in relation to grain yields of 
an improved open-pollinated variety 

Grain yield of improved variety 
Seed types: 
Improved variety 
Nonconventional hybrid
Double-cross hybrid 
Three-way cross hybrid 
Single-cross hybrid 

Seed yield as a percentage of 
grain yield of improved variety 

Per hectare 
of femalesa 

Per total 
(gross) hectareb 

100 -

85 82 
81 63 
89 68 
89 64 
34 24 

a A, ;uming a 15% loss for roguing, discarding, and cleaning. For single crosses the seed yield 
per hectare of females isassumed to be 40% of improved variety seed yield, for
nanconventional hybrids 95%, and for double and three-way crosses 105%.b Assumes a 3.5% loss in land area for pollen barriers inhybrid producLion (and equivalentperimeter unharvested for improved variety), 4:1 planting patterns for nonconventional anddouble-cross hybrids, and 3:1 for three-way and single-cross hybrids. 
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seed enterprises concentrate more ot This ia!te n is nanilfested most 
their efforts on pr:.duction of hybrid dtinc flland ybrids are likely to 
seed and that, as a result, improved (dip'lday their SLt,)riority most clearly) 
w.:ieties fall below their potenli,.l it \vhen he seed ik grown Under 
seed yield. Another is that seed ot cxtr,'mely good groving (onitions. 
some of those varieties is being, growi That Con lsion is evident in ihese dalta 
in environment., to wh I they are n t iron US trial, in which average yields 
well adapted. In Kenya, I it 10) t/1ha:br exaniple, were around 
has proved tihe more effik nt to 
produce seed for lowland environmeils Percentage of 
in the country's highlands, ( los'- to OPv yield 
maize seed Pro(lu lion fa(ilities,. 

)lisn-po)lliaihed vn it'ti(', 10 
The performance of seed types-- Itp-( ro,, hybri(, 115 
Farmers, like seed j)todlu(er,, assrs tb-' Doti ble (rd,,hI nid,, 126 
yields of (ifferent \,,irieties anId hybrids 1hr,-v,,,iy (r,, h.hi(. 128 
antd are attuf(d to dlifferences in their :,ing,-(ro,, hybrid, 133 
peiforman(c mdoin the risk,, ili( rr1 1 1 9 

by growing thewm. ()1 otir(rse, the yiO'lds ', ,\l],tldu j1g',trr t1)7d
of hybrids and ohefr maize 'pe, vary [roo thi)s' tiguires and other 
considerally 1((irding tof illbrnation w.e o ainel informally, it 
enviroomenaai condition, nanamgeennt ,lippers that single cros'we show tI yield 
practices, and the eneti( olakeuip of advantage of ahut M0), over improve(I 
the (ornmer(ial seed. Ltven so, Ite vSrieties having the same g,.eneti( I se 
evidence available sug.ests that, a r0,s under very tavoralde e\l)erimental 
the whle specrum of growing (onditi(ils. 
cO:nditicin ,the vai.outs sd l t'sshow 
a geneal progression in prod(uctivity, I,, T-he yield tap bev(een those two types 
follows: local varieties, improved of maize may be narreA'edl substantially 
varieies, ..on(onventional hybrids, olsicke the lemlperate zone. Based ol 
double (rosses, three-way (ro);, and yield da ta from.,, experiments con(lucted 
single crosses. at 12 locations (representing a numbler 

of different environments) in Mexico 

Table 2. Average seed yields in relation to the seed yields of improved varieties, as 

reported by seed enterprises in developing countries 


Avg. seed yield per total 

Average seed hectare a5 percentage of seed 


Seed type yield (kg/ha) yields of improved variety 


tImproved variety a 2160 100
 
Nonconventional hybrid 2090 97
 
Double-cross hybrid 2660 123
 
Three-way cross hybrid 2340 108
 
Single-cross hybrid 1064 49
 

1 The average grain yield of the improved variety was 2860 kg/ha, 

and Central America, we ranked the 
various iaize types considered in this 
study as follows: 

Avg. Percent
yield age of 
(kg/ha) OPV yield 

( ) l[) varieties 4894 100 
Varietal or family hybrids 5Q4 109 
Voble- ros hybrids 5151 10)9 
Three- ,a (ross hybrids 55 1 113 
Single- ro,, lihinds 5594 114 

summ. kh [Jdu tra (>rd(jv,1 (l i0. lied 


In th .eexperiments the dilference in 
yield between single-cro,, hybrids an 
open-tiollinated \,arieties was less than 
hal ,1what it was in the US trials. 
[ ia frorm the ,ites in .atin America 

,', tinderrel)resent the yield potential 
o hybrids, th(ough, consi(lering that less 
wo, has been done to develop hybrids 
for those particular tropica and 
-ubtrotical locations than has been 
(olIdluicted in the temperate zone. Even 
,o,iii 11(hthe ,anle patterti was 
oh,,eived by IBoonsue (1985) in the 
lertor 1anie of hybrids tested in 
Thailand. The average yield of the best 
hybrid was 1 , higher than. that of the 
improved variety in a trial with average 
yields ranging from 4 to 5 t/ha for 
various hybrids and varieties. 

Those trials were carried out at 
e\periment stations Under favorable 
growing conditions. Under poorer crop 
management and harsher environmental 

tonditions, the yield advantage of 
hybrids is diminished even further. In 
the trl)ics an(i subtropics, where 
farmers' average yields often do not 
exceed 1.5 tA-ia and laize prodLuction 
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is still in its infancy, differences 
between the yields of hybrids and 
improved varieties are likely to be 
small. Even if hybrids do show a 
sizeable percentage increase in yield 
over improved varieties, the actual 
difference in tons may be so small in 
areas where yields are generally low 
arid variable that farmers cannot readily
perceive it. In on-farm trials conducted 
in several developing countries, it has 
been observed that under difficult 
growing conditions there is little 
perceptible difference between the
yields of hybrids and improved
varieties. This evidence is not 
necessarily conclusive, however, since 
hybrids are not generally targetted for 
such harsh environments, 

Nevertheless, it does seem clcar from 
the evidence we have that the overall 
yield advantages of hybrids and 
improved open-pollinated varieties vary
according to growing conditions, 
farmers' circumstances, arid the level of 
maize research that has been conducLted 
locally. In many parts of the Third 
World, farmers are not likely to adopt 
hybrids, or even improved varieties,
untii further improvements have been 
made in them, particularly in their 
resistance to diseases, insect pests, and 
environmental stresses. Those 
improvements should give commercial 
seed of various types a more readily 
apparent advantage over farmers' local 
varieties under the harsh growing
conditions that prevail in developing 
countries. 

i[-. CO-;; (()nt,1111.11,1111 
Some of the patterns we have described 
in preceding sections are reflected in 
the costs of maize seed production and 
in the prices paid for maize seed. For 
example, costs and prices vary widely
from one region to another, as do the 
adoption and productivity of various 
maize seed types. In spite of that 
variation, though, we can discern a 
continuum of costs and prices from 
improved varieties to conventional 
hybrids. The purpose of this section is 
to describe the basis of and patterns in 
costs and prices and to examine some 
of the factors that account for the 
variation observed. 

Costs of seed production-Variation in 
the costs of growing different seed 
types depends to some degree, as 
mentioned previously, on their relative 
seed yields. But that is not the only, 
nor even the most important, factor in 
the extrerflely complicated exercise of 
costing maize seed. One must also take 
into account the many activities that 
occur during the production of 
commercial seed from the farm and 
seed enterprise to the seed marketing 
and distribution channels. Some of the 
activities are described in the boxes on 
pages 6 and 11, and costs are given in 
Table 3 for selected aspects of growing
and harvesting seed in developing
countries and the USA. 

The activities desc ibed in the box on 
page 11 make the growing of 
commercial maize seed a much more 
costly proposition than the production
of maize grain at any given location. 
Likewise, it costs more per hectare to 
grow hybrids than commercial seed of 
improved varieties, since the former 
require more complicated field layout,
plarting, and harvesting, a higher 
degree of management and supervision,
additional training of growers, extra 
labor for detasseling and roguing, and 
greater quality control. In developing 
countries the parent seed of hybrids
generaiiv costs 3-5 times more than the 
resulting hybrid seed planted for grain
production. 

The costs of parent seed and of some 
production activities are met by most 
commercial maize seed enterprises.
Although the exact terms vary
according to the seed enterprise, the 
contract agreed upon with a particular
farmer, and the type of maize seed 
grown, the enterprise commonly pays
for c'etasseling, harvesting, and 
transport, and almost always provides
free supervision and technical 
assistance to seed growers. 

Growing hybrid seed is much more
expensive in the USA than in 
developing countries. The generally
higher costs of crop management and 
parent seed in the former account for 
part of the difference, as do the lower 
labor costs in developing countries 
(which reduce considerably the expense
of detasseling and harvesting) and the 
lower prices for agrochemicals. To get 
a more complete assessment of seed 
production costs, though, one would 
have to include with the items 
considered here the amounts paid to 
cover land preparation, land rent, 
financing, and other farm costs. 

Table 3. Selected costs per hectare of growing maize seed 

Developing countriesa USA,
Selected items in growing Improved Double-cross single-crpss
and harvesting seed variety hybrid hybrido 

$US/ha
Parent seed 17.1 26.9 100
Fertilizer 100.0 101.4 100 
Pesticides 37.0 41.5 70
Herbicides 20.0 22.5 60
Roguing 7.7 9.0 15
Detasseling - 44.1 115
Supervision/inspection 19.5 23.6 15
Harvesting 35.9 49.2 75
Total 237.2 318.2 550 
a These figures ae averages for all seed enterprises Indeveloping countries that provided us 

with data. 
b These figurej are estimates. 
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Harvesting, Conditioning, and After drying and temporary storage
Marketing Commercial Seed (until-the busy.harvest season has 
As in the giowing of commercial maize 	 passed), the ears are shelled, the seed 
seIdhig degrwin 	 is cleaned and sized, and samples areofcomcialaieseed, a hgh degree of specialization taken for germination and other qualipy

in the various operations that take place tests. Any lot of seed that does not 

from the time seed is harvested until it 	 meet specified minimum standards ofisoldto fmeseed sarthe 	 seedenterprise or seed certifyingis sold to farmers. 	 authority is rejected. Small seed lots of 
comparable quality are then blended,Commercial maize seed is normally chemically treated, and packaged. Seed 

harvested as soon as possible after it is packaged either by number of
reaches physiological maturity to kernels per bag, a common practice in 
reduce the risk of damage to the crop the USA, or on a unit-of-Weight basis,
from weather, diseases, and pests. At as isdone in many developing
the start of harvest, the moisture countries. If seed isdistributed in 
content of the seed ranges from 30 to sealed packages, such as plastic bags,
35%. in its moisture content must be very lowcountries where labor costs are 
high, harvesting is done mechanically; (less shan 9%) to prevent deterioration,
it is performed by hand in almost all Providing small packages of 2, 5, or 10 
developing countries. kg has proved very effective as a means 

of extending seed to small-scale farmers
seed plant, where, in separate lots for in many countries, including India,
each seed field, they are dehusked and Kenya, Thailand, and Zimbabwe. 
sorted to remove off-type and diseased 
ears, and a sample of each incoming
lot is tested for moisture and viability. I 
The ears are then dried until the grain
moisture content is 12% or below. If 
the moisture content were any higher,
there would be considerabl. risk of i 
seed quality deterioration during 
storage, especially in warm, humid 

climates. In some developing countries,
the ears are dried by the very labor 
intensive procedure of laying them in 
the sun and covering them at night and 
during rain. The more common
aproahrin deelmopin commn seedapproach indeveloping country seedconducting
plants is to dry the ears using either 
industrial fuels or the dried maize husks 

and obs Wih tat poceurethefinanciald cbusines!:
drying temperature must be carefully

controlled to avoid damaging seed. The %.'' 

dried seed is then tested for moisture . 

, 


and viability. .
 

When conditioning and packaging are 
complete, the seedis stored in a . 
warehouse under cool, dry conditions 
until it is transported to distributing andretailing agents. Marketing of seed is 
comparable in many respects to the 
marketing of other farm inputs. It is
essential, for example, that seed beavailable to farmeis both in sufficient 
quantities and at the proper time. To besure of meeting farmers' requirements,
seed enterprises carry over a certain 
amount of seed, usually 20-30% of the 
amount they expect to sell per crop
cycle. This percentage may vary widely
from year to year, however, especially
for individual varieties and hybrids.
Maize seed can be stored, with little 
loss in quality, for seve'al years under 
cool, dry conditions, athough the risk 
of diminished quality increases rapidly 
over time. For that reason companies
 
normally strive to minimize carryover

beyond one year.
 
Significant costs are incurred in
 
marketing commercial seed. One of
 
those is financing seed from the time
 
growers are paid until money is
 
received from retailers. Those costs
 
ecever railyrs.thse ts
 
escalate very rapidly with seed that is
 
carried over for more than one cyle.

Other activities that ultimately add to 

cost of theare. 
farmers about the performance of 
varieties or hybrids and their use under 

ethe informin 

different conditions (tasks that can be
 
differentaco ditios (task tan
 
accomplished through on-farm trials
 
and demonstrations), arranging finances,research, enforcing quality 
cistandards, writing off physical and
 

losses, meeting normal

requirements (such asaccounting, reporting, and paying
 

ts and making profits to invest in
.taxes), 
future production. 

Packaging of maize seed at aprivate seed 
plant in Indonesia. 
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There is a less pronounced difference 
between the USA and developing
countries in the expenses that seed 
enterprises incur in taking seed from 
growers' fields to processing plants, 
storage, and distribution centers,
Transportation, drying, conditioning, 
and packaging of seed cost, on the 
average, only about 20% less in 
developing countries than in the USA 
(Table 4). Among developing countries,
though, the costs of those operations 
vary widely, depending on the types of 
seed technologies employed, the local 
prices of seed production inputs, and
the currency exchange rate. But within 
any given enterprise, some of the costs 
incurred after seed production are 
about the same for the various types ot 
maize seed. Others, such as financing, 
storage, and marketing, are determined 
more by the value of the seed and are 
thus higher for single-cross than for 
double-cross hybrids, for example. 

Value added to seed--The activities of 
seed growers, retailers, and others add 
incrementally to the value of maize 
seed as it passes through the different 
stages of the production and marketing 
process. The degree of value added at 
each stage is established by seed 
enterprises as they try to set prices that 
accurately reflect the Worth of services 
offered by various groups and that 
provide them with a sufficient incentive 
tor participating in the seed operation. 

At the farm level, for example, seed 
prices are usually set in relation to 
returns frern commerciai maize 
production, so that returr,s from maize 
seed per hectare often exceed those 
from maize grain by 15-200/,,. This
margin compensates farmers for the 
extra risk involved in seed production 
and reflects the relation between seed
and grain yields, the price of maize 
grain, and the cost of production 
inputs. At the levels of Seed distribution 
and retailing, prices are set to cover the 
costs both of producing arid marketing
seed, with a sufficient margir for future 
investment and research. 

Competition imposes a discipline on 
seed enterprises in the way they
establish prices. Where a number of 
firms are competing with one another,
prices will reflect the relative values of 
different seed types. Any enterprise that 
sets its prices freely may lose part of its 
market share (if prices are over the 
seed's value as perceived by farmers) or 
gain some (if prices are below the 
value of the seed). 

A different sort of discipline is applied 
to public seed enterprises or private 
ones that are given exclusive rights to
seed markets by the government. In 
those cases governments usually 
[)econe involved in the price setting 
process and require that seed 
enterprises justify [rice increases by
demonstrated increases in costs. This 
restriction on seed prices may cause 
them to move out of line with 
c(miercial reality, often resulting in 
financial losses for public seed 
enterprises (which are commonly short 
of funds in any case) or a lack of 
investment by private seed enterprises, 

To gauge seed values as established by
seed enterprises at key points in 
production and marketing, we obtained 
from them the prices paid to 
contracting farmers for the seed they
produce and also estimated the value of 
the seed in contracting farmers' fields 
before harvest. lo determine the farm-

level value of seed prior to harvest, we 
added to the price seed growers receive 
the various production costs incurred 
on the farm which, as mentioned 
previously, are covered by most seed 
enterprises. We also obtained prices of 
seed being marketed, those paid by
seed distributors to seed enterprises,
(wholesale prices), and those paid by
farmers for purchased seed (retail
prices). All costs, prices, and values 
were reported on a dry seed equivalent 
basis. 

Relative seed prices-In calling
attention to important patterns in the 
prices of different seed types, we are 
presenting all maize seed prices as 
ratios of the seed price to that of grain.
This conversion allows for differences 
in the price of maize across countries 
and eliminates having to convert local 
prices to a standard currency. Retail 
prices relative to the grain price were 
obtained for seed of improved varieties,
varietal, and topcross hybrids among
the nonconventional types, and among
conventional forms double-cross, thiee
way, and single-cross hybrids. When 
more than one enterprise in a particular 
country quoted a price for a certain 
type of maize seed, we took the 
average of the prices for that country.
As seed and grain prices fluctuate over 
time, obviously so will the ratio 
between them; the ratios we report are 
for 1985-86. 

Table 4. Selecled seed enterprise costs per ton of maize seed produced (averages for all 
enterprises indeveloping coun~r.!os reporting data and estimates for USA) 

Developing countries, USA,
Selected processing activities all types of maize seed hybrid seed 

$US per tona 
Transport 12 4
Diying maize seed 17 19
Certification 5 1 
Conditioning, chemical treating,

and packaging of seed 63 96Total 97 120 
a All costs were converted from local currencies to US dollars at the currency exchange rates 

that prevailed during the period for which data were reported. 
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Ratio of seed price to price of maize grain As in other aspects of seed production 

30 USA and economics, we observed wide
fvariation between countries in the 

prices of different seed types (Figure 8).
In Colombia, for example, the average 

price of single crosses was less than 5 
times the price of grain, whereas in the 
USA the figure was 30 times. Such

20Avrage large discrepancies in price are 
explained to some extent by large 

MeXiCo >differences in seed enterprise input 
Phli~tppies costs, such as wages, interest rates, and 

retailers' margins. Another consider
ji is that in some countries seed'ation 

10i prices are kept artificially low. In 
! :, *: BraziliBrazil ~ .Pakistan,Brazi Brazl for example, the prices of 

I ::NI! erl Tseed ::i i':ii, :;. * the grainof improvedprice by varietiesonly aboutexceeded30T,, 

..... . providing little financial incentive for 
Guatemala India Pakistan Pa seed distribution and retailing. Very 

Pa istan low prices for some seed types in a 
, ----- particular country sometimes

Improved Varietal Io p-cross Double- Three.-_% Singl-- correspond to very widespread use of 
variety hybrid byb)rid . r(011 ro,, ( ,0S,1 those types. In Zimbabwe, for example 

hybrid hiyliriid hlrid (where, as mentioned previously, 
Figure 8. Ratio of maize seed price to price of maize grain, by seed type. Note the wide hyurids are extensively cultivated), the 
variation between countries in the prices of different seed types. price of single-cross hybrid seed was 

about 7 times the price of grain, 
compared to an average of 19 times the 

Ratio of seed price to price of maize grain grain price for Brazil and Mexico. 

30- Notwithstanding the price variation 
among countries, one observes a 

*nle-cross hybrid distinct progression in the price of 
Afhreeway cross hybrid various seed types, that of improved
isbouble-crosshybrid varieties being lower than the price of 
Vmproved varlety hybrids. Among hybrids the seed of 

single crosses was the most expensive,2 0, , :. ; . : 7 .:: . . . : : ,: . fo llo we d by th re e-w ay c ros se s, d ou b le 

F. crosses, and nonconventional hybrids
(Figure 9). Surprisingly, though, the 
average price of the nonconventional 
forms was only around 20% hivher 
than that of seed of improved varieties, 
and in general price margins between 
various types of maize seed w2re 

10- narrower than we had originally 
anticip ted. 

These fairly small margins derive in 

large pan from the circlmstances of 

I ...... shape their perceptions of the value of 

Figure 9. Ratio of seed price to price of maize grain, by country. There is a distinct 
progression in the price of various seed types, that of improved varieties being lower than 
the price of hybrids. 
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maize seed. Many of those farmers are Another reason for the relatively small

faced with difficult growing conditiom, difterence in price between open
arid severe input constraints. As a pollinated varieties and hybrids in
 
result, when they switch from 
 local developing contries is the fairly high In preceding sections we have studiedvarieties to iniproved ones or to share of value added after Seed various pieces of the maize seedhybrids, the innovation does not have growing. Activities taking place at the puzzle, examining palterns in the yieidas much of a di scernible iripact oil farmn level contribute only l)out 40/,, capability of different seed types, in theyield as it might under more favorable on the average, to the totil vae costs of produci g then, and in theconditions. In the absence of a strong added, amd the remaining 600'% comes prices pai for them. With thisincentiye to change seed types, farmers trrnreed entcrprises and from groups ntorvat ion we hope that agriculturalwill tend to he very price consciou, if) r(e,ponsble tor distrihution aid retailing de(isio,-I makers viii have a better ideatheir decisions about seed purchases (i gore .t), i valiue idded for S'eed h.eN they might assemble the pieces ofand will not pay much of a prem ium growirig (overs the o((st of all the puzzle into a coherent picture, one
for hybrids ifthey have doubts ,oLJt poI)duCtiori a(iviti',S Up to, but riot that ic(urately depicts the seed
the quality of tie seed or the in( idirig, tarsportation of li(, seed to requirements of their counctries and
advantages it offers them. Their a plo(cessing fa(ility. As ex lamied in , realistic options ror meeting then. 
reluctanice is reinforced by the shortage preceding section, those costs vCry

of cash ard di ffitulIty (lt obtainiiing tredit in,.ord ing to ,eed type. The val.e 
 Choosing the appropria, :eed

in deveioping countries. ,tded for procesing repre-ernts ,i11 types--One of the first steps
 

(ots the ,eed enterprie it( Lirs until it toward satisfying a nation's seed

US tirniers, on the other hand, trre delivers the seed to distrithutors, and requirements is to identify the
 
prepared to iay high prices for mraize tht iolded for retiiling reflects aIl appropriate olption, for farmers. Shouldseed ben._use they are veIy conscious, ex)rIditures during the final stages of seed enterprises produce only hybrids,

that good hybrids c,ir enable theri to se(,dimarketing. Though sne of those only in-proved varieties, (ir sone

realize additional profits it the rmiargin. (osts 
 vary by seed typie, ,is explained tonilbiration of various seed types,

Overall, their seed costs imount to previously, iiianriy do rnot. It costs a!bout including local varieties? All of those

only around 6-7';, of the total vui,ible the 
Srnie, or exariple, to trlrisport, possibilities are rep-'sented in 
costs of inputs for growig ina/e. In dry, c dndition,I and package seed of developing countris, and no single one
developing couintries the per( ent,age is r en-ipollinated varieties is it does universally appl Theis p icable. even lower at 3-5". Consequently, hyhrids appropriate seed types will be those
 
relatively Small yield increment,, are
 
needed tI (-over the outlays for seed In
 
those (ountries, and farmers will be
 
prepared to pay nrtch more if the seed
 
offers grearter return tlhrough higier

productivity. 
 Ratio of seed price to price of maize grain 

Inviewv of their difficult circuriist.nces,
 
however, it is understandable that rmrany 
 " " 
farmer in the Third World opt for the " 
Iow-cost alternative of planting seed of Processing'
 
local varieties. The average price 
or 

".. - " local varieties, traded am ong fariers 
exceeded the price of grain hy just Mover 

30%, a (1ifference that reflects storage 
costs, physical arid financial lisses, and 
additional costs associated with carrying
and selling small lots of seed. ' 
Generally, the volurre of se'd traded ii o 
this manner is niCh lower than the ,. 
amount developing country farmers ., 
grow therrselves and retain for plain1rg 
their next crop. The value of that seed 
would be slightly lower than the prike 
of seed exchanged anrong farmers,
since no trading cosrs are involved. Improved t)on)Ul- t Iiret- Single

)P(' -i)(-)fllinah'(t ro,,, way ( roS ross
vJrit'tV hybrid hylrid hyhrid 

Figure 10. Value added in seed production at the growing, processing, and retailing stages
(average for all devel(oing countries studied). 
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that, under prevailing naize prodnuCtion (Other assurnptions will Ii,explained in ShoulId it prove necessary to replace
cornditions, offer fariers a clearcut ."f:tcorfiing CIMMYT Ecororli(s seed of the improved variety every two 
advanutage over alternativet Progra i working palper by .ongniire years (rather than fur, aS we assuniedother s and 
thus a strong inie:tli\(, to (hange seed aid St\wart. if) our analysis), its yield advantage will 
types. have to he greater (by alouit half). Ihat
 

Tile maigrihl i of the yield in(reas(, would also he, the case in developing

Whether farller, <lopt oellseed type required to mtlivate farrners to choose countries where farmers' planting rates
 
or aiotlher isaI (,(onorli( choice liurcliased eed of improved varietie, are well ahiove the average, especially
 
conditioined hy variusi,fat(or-: over their own of local varieties I maize isgrown both for grain and
Oeed 	 it 

depends VsrV ilRuh on the average fodder. Iri some regions, such as tile
 
" ,vailah6 ,tp1rtinn!ar typs ' yield of the lotil varjety (Figure 11). If northern pais of Pakistan and of
ilit\' 


' e 
iemrtroved vaily would have to they would inhibit the purchase of 

" (iar e $ tio 3',,more than the local vlriety to certified seed hy firmiiers even if it were 

Ixli/t,' ( l 	 that averIg( is,only alhout 1 /ha, then Turkey, seeding rates are so)high that 

yields likely to eit hieved 

Irythe differenit heed types (coipensate thetarnier for the e\tra widely availale.
 

((1t OtfIe Ye4,(h purchased, lu)IL
the
 
" Price, of diflenit ,eed tyt), i
rd iargin for (apital (costs rind risk. The \Ve observed much the sme pattern in 

their Ielturr whI n lihd tor gii yield differen(e drops tor,", hot%,ever, yield incierienits in consirhering the 
)roLduct i(in it lie average veld of the local variety (hliie hetween various types of hybrid

is 3 t/ i. Tlh differeice is s ralh-i sniP t)i chas&ed every year and that of 
( In init i l mtdton growing 0catLe at this higher average Vield, improved varieties purrchased every four 
difltont t\i) the e\tra cost of tur( hased seed vi,s (Figure 12). Where the average 

repreents rmaller Proportion (fthe 	 yield of the latter is only 1 t/ha, farmers 
* 	 Risk )Ihi, img hi replanti e\tra in(coi per hectare that is gained might purchase single-cross hybrid seed 

Irni tIhe yield inirement. if itshows a 3.) yield advantage over 
• Nturn/rer I bemtr ,simliltwed the inlpiwoveI varieties, a very Unlikely

hi re (-'la outcome, ac(irding to the maize.
 

t (i In* (( f lla lltmai/e '(ed
p~urr h,t, 

Pten ent vichtIIn(lellt'i 
I)t'r( rldletlu it yield lilt

akinig rho itenis into at 	 -i Improved variety Mnit, ln 

tarnr'rs -. ill choose( the type orIminaze 
 .Sn;ecoshbi 

proit n.Ici. D iossh 
aI they do irn nnakin decisions Alioit .wThreeway cros 
other shlli(ot t thir firriig " 

seed tha t seii ,,i et tble, 	 .. . uble brid 

hybrid 

It, lit 
<illolt . 1d((, -stiriit the ste lirice 2. 
rnge" i t whichIf inirs, ire likely to 

"wvit( Ir frilni n tio 1"p.'tio another. 

We ti Flht for k ()Iinl or',ialio".. 

Sinlle hl)(lg( ts, t' ilinn that,lie ,ase,, , 
should give lariers (a100", eturn u(l. 
the extra cost of tileseed p(urhased, -
whiin is prol)<I)ly thl(' nllninm inl return.. 
that will provide farriieu , with sufficient 
el(o tragenileIt to ( halnge seed types, 
(Perrin el al. 1979t. To the extra seed 
cost, we ,(8(ie( riargr for risk's a 100tt1 1 
and the (ost Ot (rit il. Intreterminiing 
the vielltIwereases, iused the 
averalge sl t i's gi 'enIll Figure 8 
arid as,,tilwd iserage ,eeding rates iii 2 
revelop)hig (oitrieS Ot 27 kg/ha for i m 1i,1l iht it i 4 
local varieties , 2.? kg/ha for iybrids. Figure 11. Increment by which yield of 'it-l orfipr ivent varity (i1a)
varieties, ad 2.2_kglla for hyb~rids. 	 improved variety must that of localexceed Figure 12. Increment by which yields of

variety to pay seed costs of purchased seed hybrids must exceed that of an improved
and provide a 100% margin for capital and variety to pay extra seed costs and provide
risk. a 100% mirgin for capital and risk. 
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specialists we consulted, with such a First, we examine the choice Lbotween Pakistan is representative of countries in
low average yield. If, on the other various types ot improved maize and which the prices of public sector maize 
hand, the improved vrieties' average local varieties in Mexico, Pakistan, and ,c-,diare kept relatively low. Under 
yield is as high as 6 t/ha, farmers might [ laiti, whji(h represent threc distinct sets those circumstances improved varieties 
he induced to purchase ;irngle- tos of circumstances in Third World seed and hyhrids are likely to be an 
hyrid seed by a readily achievable production (Figure 1.3). Mexico is attractive Option for farmers even at 
yield increment of only 2",. The typical of many developing countries quite low yields. The difficulty is that,
iequijed y,eld dif.erence is also quile where both public and private seed are sohecause prices of maize seed 
,.mall, even at low Iaverage yields, to industries produce hyhrids and the low, there is little incentive for anyone
make noinconventional hvb ids a more lrices of seed from the private sector to prodlce and market thern. An 
attrtciive optiorr to farmers than are generally well above those of seed increse in price Woul(i probab;y
improved varietie,,. from the public sector. Under those stiimulate tprodtct ion and make 

cirt umstances farmers will not purchase improved seed more widely available 
The yield diflerence-, we calculated are private industry's hybrids unless they to farmers. InHaiti, ,hee the seed ,
hIsed, &i mentioned previously, on show a much nore dramatic increase industry i,still in its infancy, relative 
average s"ed price,, i(\presed in in y eld over local varieties than those ,eed prices ,are already high enough
relaition to the pri(e ot graif and oti of th.? plihic sector. For that reason the that seed pr(×iuction shouId increase as 
,iverage pl anting rates. lo aialyze the failers beginprivate sector has generally concen- idopting iniproved maize 
(liice ani ng ,eed type, rire tr.atid its seed marketing inthe at a quicker pace.
',e iti Illy, considered the c'1"e, country's better riiai7e-growing regions,,(, oi 
'i Iouitrie', each having different ,,ied and has penetrated the poorer areas to hi the other three cases, we coipare 
priiet, and other condition, tht a much smaller degrec. For those lower purchases of vrious types it. 

ni1u rice deciiori about seed. The vielding and more risky areas in commercial maize seed, the choices 
Minii asurinptions of these caSV, are Mexico, it appears that improved considered being improved varieties or 
,citlli'.d inLongniire and Stewart. varieties and iower cost hybrids are hybrids in Thailand and hybrids only in 

more appropriate. Kenya and the USA (Figure 14). In 

Mexico Haiti 
Ptrunt vield imi ortneni Percent yield increlmient 

I:''), Pakistan ,
 

jVivale) Percent yield increment 3)'
 

''• "'1, .., .i .JL$ M:. '-Ai 


30b .
 

'giA' ?!- .. , . , •, 'sJ , 

I I '1 .I 

20- 201 

Yield ii Io(al varIily t/ha) Y id fIn al v rinty i01.i , YiIld f1lit alvriel i/ha) 

Figure 13. Increment by which yields of improved varieties and hybrids must exceed that Gf local variety to offset cost of purchased seed,
plus a 100% margin, in selected countries. 
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t, w% itl)rv((I \arietie, 
give an avera.ge ,,,ield of 1 I/hI, lhi historyit hybi ftmer,, 
erIviruo i I here In Kenya, whi(i hhas i f,,irly lengthy That )h,,;tioni has been answered in 

ihid development, different ways a:ros the Third World, 
faf ,'n r, t , lot likely to gisk Ul, it \','ili h,ve III ii( eitiv, to , it( h In1 resultin4 in various arrangement-,
varieties for h\,tbri(d til,, Ilc ialtr single-t ross hybrid, if they 5)ild 5. whereby llubli- and [)riVati seed 
show I yield a1,il4it,e Wt verI ()'.. It more !hai, Joull crosse,, ,suming enterprises coexist. In iost developing
k highlyi improlbli tha i es ,\ ill o lhit 1li,ve'if,w t i (tf the latter is (ountries, the pu)liC sector is quile
SO , long as the avert'age siI'll a 4--lt/hi. I l the LS,, wlre, eed tries deeply involved in seed production, as 
,ariuih remain extremely i\. Ili iM,1uti h higher L infi Kenyi, ftrnie.s indiucated hy sonle r Of our survey 
ei'lImnnfi'nts sMt vie is <I. hih'. epe 'ow( adotiiine cropss"eis(.l. It Tlble 5). That involvement takes 
I tIhIou, a MiW hi flicfr ielt{ l,1v,iiitiae' flit , . ai1 , ' yield imt rsii t ovel r ,everal form,. Generally, public
s)u l ti\ idtliileli wilh ii)ii( hI , r *$, ehi fly i l' i av rigi 'iild research igencies provide the basic 

Io, h, ()lh t 1 . ilmte v ild, nts, sed from which ( omnm eruial seed isjot( nluiV ior h s hil ,. )) ht i k,1ho 1i 
iouidtr,ittioile is elllel ih lllhr- itfriUI Iih le lN prodi0. i11) I1, inrl, ed and appim'e the vaieties and 
deciko n , , i, x, I I ni I t I h\, hi,11,1\t.,\ 1 , ' flill:( wil i oll( i1 t i h ris to he releaseld ,s certified seed. 

,
(i( tnitil i', mn Ii ntIl . ;I IppiIf, ,ldt p ni . I > . int ,\Ii hen lnviriou couti es a certain portion of 
hrei.,it n.II (x\'nysil -( I i 

,itlt)tsd inllilt' Mtlniry, a),l It(it 
that Iu't I/ im. otltin ) it . to 0 limii.'e seed supply ik produced on 

l 1 W>ttlle-oxvnled harms,, and it rot
 
r >~l,i( t, miiv lildth\N I,, hit h A pul)lic Or private seed 8'tiltrie(, some ish , se(tor? ,, of them) seed 
rit he,, itidei lm(iti t lioi)tto I , lilt- tii)illit ptu)()(i( )y luhlii( seli " idefniit t i' 'wed I'd enteiprises. 

,', tpIerit i(i c i.s hI[) rltI \('I Itt'll \l d Itt ( IM iiWem, aigfo I!Itil Ne,irly all develon!ing iriutrie,, also 
,in(,nti t h , 1 ' h e e, r,ttirn it<t! tnlfi(I tin , ,sihtrri- t I ,siin itlkii will tiso to ( itir lt , I ht ,int' sed reg1itory tgen( ies, the( r ,, , i f ) l l l ' w w , e pl n <,, H fo,. l hlit/ mI wl i tl w l l i " l l1 I ( nImef ; i l l g ).! ( , 't ( ( ol b e in g4 / vt(i t h f l e d g l i n g 

is;ii.(ot o on M ilt ( (f itf- kr I eentrisioluiit . to the heavythe inipmiv fdlt,-.\;ittu wayll in shii h1 antift- ,(' 
th titi iit i i i t tllitig iiiathe ;,,till1,ir kt isailil itt h; i,t ,. ( )u puldi( involvemiont in ihird W orld 
hybrid,I h re !iidls i, thiit iiii ran i ea tra lioini is thn I on ,, i( t(ed production, otvI t none the (otintries
hiih r . (4 ha in i t ill,ta I'f; liIii; gm,iliz',tit siiihpub flicr ii. sith developed mikel e(onomies 

t of Itoth i, ptirnmittelit l I tn i,,tite. iuitirtrises, ho hoiulld 

and ieen in( O h g( I,I I( th rite in 

Fhailand de\,eltpim"i iiti"s USA 
I' IfhWiti t l iitll Petrcent yield in iteniw 

Kenva 
.... ,Tlhee-way crqssjhybrid P i I i l"i1 ,,t imit .0 

GiTp:ro5-,pbrild 0,a -

- v , ,' :ss - , . t,,,,,,,o\,bri,, S ingle-cr s, hybr 
it .. 1..,Three-way croshybrid'~ 

20-' 20- 20. -. 

I 0_ 

i 1 2 i it 7 2 t 0I 

Figure 14. Incrcment by which yields of hybrids must exceed that of an improved variety or double-cross hybrid to offset extra seed costs,
plus a 1005! margin, in selected countries. 
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Table 5. Public sector involvement in maize seed industries reported having public seed enterprises, 
although some (such as Greece) operate

Number of countries with: 	 semiFublic seed cooperatives. 
No. of 	 Seed

countries Seed 	 Publicquality 	 Private In deciding on the extent ot public andreporting regulating testing seed seed private participation in a givendata agency agency enterprises enterprises country's s'ed operatons, one should 
Africa 	 12 9Asia 	 9 1(-) 9 consider the overall performance of the12 11 ]1 11Latin America 13 9 11 	 8 two sectors. Data we received from 3511 12 developing Countries on the volume of/Nl dev lohiag sales of hybrds and improved varieties 

Counlrie,, 37 29 31 32 29 indicate that, in spite of the public
Eastern Europe and sector's close involvement in seed 
the USSRa ,4 4 4 4 0 production, thC hulk of the commercial 

Developed niarki maize seed is lMroducerd by private seed 
eco nonies 7 6 6 O 7 enterprises (Table 6). (We have 

(untriesAl u 	 48 39 41 36 36 excluded countries with centrally3planned economies from this analysis,aIncludes 	 . , . - .- '.since 	 all seed enterprises in thoseYugoslaia. .nations are pulIlic.) It is not surprising 

that the production of hybrid seed is 
heavily concentrated in the privateTable 6. The private sector's share of maize seed sales in non-centrally planned countries, sector. The more striking circumstance19115-86 is the private sector's large share 
(almost two-thirds) of commercial seed 

Private enterprises' of iml)roved varieties. Only 1 i out of 
share of total sales: 34 (ountrles reported that public seed 

Number of Seed of 	 All corn- enterprises provide at east tvo-th'rds of 
countries improved Hybrid mercial the (mniercial seed of improvedRegion 	 reporting varieties seed maize seed varieties sold. 

Eastern and southern From those resulks what do we
Atriiu.i 45 96 92 (olu(!lde about the functions of theWest Africa 6 9 77 61 public and private sectors in supplying

Total,No rtth AfricaAfrica 	 111 73 100 78 tarmers with improved seed? Based on57 95 83 their record Of success, private seed 

enterprises clearly have an important 
Middle East 2 0 .15 38 role to play in the production and
South Asia 3 38 63 54 marketing of all types of maize seed.Southeast Asia, and Pacific 4 69 99 73 They may tend to direct their
East Asia. eXcludinp, China 2 69 38 39 investmnent-, and operations into 

iin-cerI)taI, nt rally pannedAsia 	 hybrids, being encouraged by Ill(,11 62 62 62 proprietary nature of hybrid seed, lutthere are a number of cases (Thailand's 
Mexico, Central America, and seed industry, for example) in which
Caihbtean 	 6 66 71 68 l)rivate seed enterprises are also

Andean region 4 65 91 86 producing and marketing seed of open-
Southern Cone oIf South pollinated varieties;.America 3 81 98 97Total, Latin America 13 70 96latinAmerica, ecluding 92 	 The performance o1f the plublic sector,

in contrast, has keen disappointing,
Argentina and Brazil 11 66 80 73 paitly because of a lack of trained seed 

production and markt ting personnel but
Non-centrally planned also because of the structure of 
developing countries 35 65 92 85 
Developed market economies 7 100 100 100 
Total, allnon-(entrally 
planned countries 42 65 98 94 

Note, Total sales of commercial seed are the sum 'of sales by private and public enterprises. 
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incentives for puLbIic seed growers and 
enterprises. Insome countries pLbIic 
seeti enterprises have been so tightly 
restricted in setting retail price.; that 
tlhey ha,.e not been able to meet 
processing and distribution (osts. Other 
problems have ari,en from distrihotior 
of seed through tJUhli( J'eflcies whose 
retailing pert.orniarce is very por. 
There are even cases inwhich seed 
growers are paid the fullprice on a per 
hectire basis regard less tfthe ,iioiilint 
()I ,eed delivered. As long as goodiii 
pertormance receives so little 
eICOni ageIlnt, the t1)blic sector will 
probably cortintue to fall short of 
e\pectatoh, inmaking improved seed 
more widely av,iilahlo to larnler,. 

Pricing and incentives in maize seed 
production--The Curre(it ,veakn(,; ()1 
in(eitiV\es il IVri1ari pulIc seed 
enterprises (oe,, not necessarily dictat 
against lublic ivolveriient it 
pro(ILICtiol arid distribution of ,ee(. 
Rather, it calls for a re,,tructuring (If 
incentives, so(that the various groups 
involved in seetl operation, will be 
more strongly m(otivatol to lertf<rii 
their tasks effectively. 

Well-strutetu red incentives are not tle 
only factor that affects the ;eed 
industry's perforiliance, hove.challenge 
Success also depends on the availability 
of good basic seed ftor hr(IJLicig 
cominiercial seed and on the tpreser(ie 
of well-trained personriel and aclecliiat, 
seed prod uctiofn anid marketing 
infrastructures. Though it iSwithin he 
power of thle public sector to met all 
of those re(iuir(nntIlls, no one Call do) 
much ahout anotlher set of importanrt 
factorB, niaiiely the natu ral (hit (liris 
that are -irO(IhLive to maize produetioi.l 

Even the most favorable conditions, 
however, along with go(x basic see'l, 
excellent programs for training in see( 
produ iCtioli, and allthe ne(ess,)ry 
irnfrastructure will not lead to viatle 

-ed enterprises unless those- tirmi also 
have a sufficient incentive to gain a 
reasonable return on their investment. 
They are most likely to receive th.,t 
incentive if they are permitted to set 
seed prices, at different stapes in the 
tJlroduction process, that provide ior-al 
commercial profits,. 

The price required to engage good 
maize seed growers will vary according 
to the proportioni of growing costs met 
by the seed enterprise, the degree of 
a(Iditiornal risk involved in growing
seed, and the retUrns from alternative 
(e)tos.A premium of 10-20%, over the 
ret,n oinother crops has been 
'uggested tlyWedderburn and Chatha 
(i982). That is the percentage offered 
in Many countries, and it is considered 
t I be the mirimtunr aMouiit required to 
draw above-average .ai/e fIiarlers into 
s cd production. The vallue ldded by 
seed enterprises in the course of 
lIrotilion arid marketiiig will also vary 
mtlrsidherahlh, according to a numbe o 

factor,, incliding seed quality, typo 01 
seed pro(Luced, the length offtime 
hetween harvest and the Ieak selling 
leriod before pilanting, and the location 
of the sales out let. In takirg 
responsibility for establishing prices 
seed eriterlprises are also accepting the 

to provide seed of high 
erouglh quality that farmers (who are 
(tulite as qualitydiscrimiiratig to seed 
..id perforrilance) will becorie regular 
custolilerS of the firmn. 

The rreedom of seed enterprises to set 
prices will seldom he complete, arid 
governments will tend to exert some 
control over pricing. Their participation 
is especially important where a 
miinolioly on the seed market has ieen 
g,inted to a harticidar eterprise, sirice 
itwill nlot thor, be subiect to the 
discipline oIf cowrpetition inlpricing. Of 
the 34 nioncentrally planned developing, 
countries that provided LS with dlailta, 22 
reported that the governmenit exercises 
colntrol over ,ed prices. In lost Cases 
seed prices are (leeided UlIr)tnthrough 
negoltiatiorns between the see(d industry 
anid goverinment. Some Counrtries, 
h(wever (Mexico, for example), (ontrol 

only the pri~es of seed produced by
pullic enterprises, leaving private firms 
to set p.rices as they see fit. 

Whenever governments do take par, iii 
es'tablishi ig seed prices, the criteria 
thi,v apply should have a sound 
cornmercial basis. If they set prices 
below the costs of growing, processing, 
anid distrihuting seed, private seed 

ronilianies will lose money and shy 
away from further investment irlseed 
productiol, while public enterprises 
will become a drain On the puhlic 
pulse. On he other hand, if 
governments were to place prices well 
above costs (a very rare event), farmers 
would be discouraged from purchasing 
improved maize. One antidote inithat 
situation wouldl be stiffco ipetitior 
l)etween eritrprisos, which would 
eventually Iring costs and prices down. 

Gov rmrient involvement in1pricing 
ietd not extend t(o the Iprovision of 
direct Subsidies on maize seed. 
,-Although the practice is fairly common 
(it was relported Iby 11 out oIf the 34 
(onitries tiat supplied us with data), 
' have no evidence that subsidies are 
ilecessaiy for creating anf effective 
miaize seed industry. On the contrary, 
sonie inchustry leaders tell ts that 
subsidies May constitute an additioral 
source Of uncertainty for the seed 
enterprise, particularly irr countries 
whose governmelts are under tight 
budgetary constraints. The most 
comlelling evidence against subsidies, 
though, is the existence indeveloping
countries (If soothly functioning seed 
industries that are commercially sound 
and entirely self-financed. Their 
experience seems to conifirrii that if the 
seed industry Call supply a p~roduct that 
shows marked imtprovement over 
materials alrecdy available, then farmers 
will buy that produCt. 
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Early parts of this discussion 
underscored the tremendous scope for 
further spread of improved maize in 
developing countries; later sections 
called attention to some of the 
circumstances that have inipele(l its 
spread. Most of the responsihility for 
eliminating barriers to the dissemirition 
of improved maize will have to be 
borne by tv, o groups, the internati 0a 
community (t maize reseatchers aid 
decision maker,, in -developing 
countries who) ",hape'their nati rrrs' seeI 
policy. 


the tashk of maize research 
organization,, in( luding CIMtAY'T, i, to 
(ontinue striving irir improvements in 
maize gemi)lasii, (particullarlv in 
resistance to disease, ir,,ects, and 
various environriefital 'tresse,) that will 
greatly increase It, utility ai 11 appeal to 
tarmers in the I hid W ibd. I hi,, w k 
is particularly urgent iil the li it i'r 
maize-gitowing enviironi u'sts, ,how I 
signtificaiit aMounIl Otf iraize i,, 1)eM 
grown but to a large extent with 10(,1 
varieties. Fdrmerr,-, in those region, hivi 
apparently concluded that th(' 
perceptible yield advantage of 
improved maize is simply riot great 
enough to comperisate theni for its 
extra cost. They are not likely to 
change that judgment until Imuch more 
research has heen done on thc 
performance of improved varieties and 
hybrids in dilfi( ilt erivi rorInents unher 
farmers' cirrumantier,,i 

The Challenge Of agricultural decision 
makers is to help create the condition, 
whereby secd enterprises can deliver 
new product,; of riaize research to 
farners quickly and efficiently. We 
have keried that task to assembling a 
puzzle, whose components include' 
appropriate incentives, adequate 
infrastructure, and well-trained seed 
production anc marketing personnel.
Such a complex endeavor ne(essaril 
involves seie difficult decisions, One 
of which has to dc with the place 
occupied by the private and public 
sectors in seed production. 

Although we have noted tie excellent 
1ierforman(e of private seedl enterprises 
i conparison with their pul)li c 

counterparts, v( do not mean to 
suggest that privitization is a 
pierequisite for suc(ss. No su(h 
,imple tormula can be appl)led 
indiscriminately across the whole range 
of diverse conditions in the Third 
World. Besides, other alternatives are 
open to decision makers that fall short 
Of privatization, such as restructuring 
incentives and adjusting procedures in 
national seed organizations and giving 
play to competition that would 
encourage seed industrie, to seek 
excelleicn in productiO l and value for 
moriey ii pricin,. 

I thi, put)li(atiOri .ve have stressed the 
importan(e o, incentives primarily 
Within the seed industry, but they have 
niuh broader implications throughout 
agriculture. Farmers car be eri(ouraged 
to adopt improved seed if it is 
reasonably priced and otfers targ ille 
benefits. Whether they actually adlo)t it, 
however, depends in part on othe 
eon( rn i circuriista uh Is the',i ( 
pri(es tamers e,ei,e lor their ( fops 
,i the i rir thle pmy fimr inptlts. 
Govmernments (a influence those 
tictors (iiectly or inrd idrelv. Il Some 
( ou rtrles otfi( ial 1)0 i(ies oin pricing, 
exchange rates, ann(] other natters 
impinging on agricultUee have the net 
effect of providing disincentives to 
farniers. But just as those situations 
were brought about through certain 
poliny d-cisions, so could they be 
,,;tered by alternative policies that 
would boost agricultural pCiodLi(tivily in 
general and adoption of imiproved 
maize seed in particu!,ir. 

Whatever arr,rgmerrrrs ire worked out 
tr providing appropriate incentives in 

seed p roduction, their chiel ai i should 
)e maiz see] of high quility. That 

a(hievenent is essential to the lnmg-
lerrin (ormercial success of seeI 
enterprises, sirce farrmers are quite 
quality conscious and iaturally 
reluctant to Iurchase new seed unless it 
offers tangible improvement. But even 
though farmers are the final judges of 

quality, seed enterprises can take 
various intermediate steps to ensure 
that quality is maintained at various 
stages ill their operations. Many seed 
enterprises devote considerable 
resources to maintaining seed quality, 
and most countries have established 
seed quality testing authorities whose 
pliIrpose is to help ensure that seed sold 
to tarners meets minimun 
r ui remenIts iii germ ination, )Liity, 
and other standar(ls. Tests referred to as 
grow-outs (in which see(d lots are 

grown out" if) special plots for 
evaluation) are one important way of 
maintaining quality standards. They are 
regularl, conducteCd in the USA and 
other developed countries but are still a 
rare feature Of seed quality control in 
the Third World. Although these tests 
and other measures may add 
considlerably to seed costs and are 
ultiiiately reflected in prices, they are a 
necessary )tel) for maintaining the 
productive po)tential and value of the 
seedl and for keeping a healthy margin 
between the returns from marketing 
maie sed arid those from selling 
grwil. 

Creating eflective seed industrie. and 
maintaining high-quality seed 
pIroduclionI woolId be more daunting 
tasks than they are, were it riot for two 
i lportant considerations. The first is 
that very successful seed enterprises 
have already been established on evCry 
continent in the Third World and can 
serve as niodels for other developing 
courntries. We ire hopeful that the 
principles upon which those enterprises 
are based will be instituted elsewlhere. 
Countries such I Argentina, Brazil, El 
.;alvador. GoittCirmaa, Kenya, Thailand, 
,id Zil bwbe havIe r0Iuch to offer by
slraring their knovledge and experience 
Iri seed itnIdLustry development with 
other developirig countries. One 
important Means by which they carl dio 
so is to assist with tiaining of personnel 
in the techinical, financial, and 
('otno ic aspects oif seed production 
arid marketing. 
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The second consideration sterns from 
our observations about the existence of 
a continuumn of maize seed types. 
Because of the general progression in 
yield, prices, and other factor., from 
local varieties to conventional hybrids,
developing countries can choose from a 
range of seed options, each having 
different benefits and costs. Thus, in 
attempting to provide farmers with 
improved seed, one of the most 
important components of agricultural 
progress, decision makers need not feel 
compelled to take a "great leap 
forward" from local varieties to hybrids 
but can plan for stepwise progress at a 
pace that is consistent with changes in 
farmers' circumstances, 

During the early phases of seed 
industry development, the most )rudent 
Course will generally be to concentrate 
on improved varieties especiall'' in low-
yielding environments. Later, as maize-
growing conditions improve, farmers 
should he able to perceive greater yield 
differences heiween seed types and will 
be encourage(] to move Up the seed 
continuum, gradually increasing their 
use oi' ,ybrid maize. Naturally, there 
wi:l be much variation by region and 
type of farmer in the adoption pattern 
over time. A,suggested by the results 
of this swtdy, ld ii,,i high-yielding 
environments will find it economical to 
adopt hybrids, whereas those in low
yielding environments will not. Maize 
research programs must take into 
account those differences in farmers' 
circumstances as they decide which 
seed types warrant the greatest 
investment of resources. 

As Third World countries develop and 
alter their maize seed strategies 
accordingly, we expect that some will 
opt for nonconventional hybrids as a 
useful intermediate step in the 
development of their seed industries. 
Generally more productive than 
improved varieties, the nonconventional 
types are simpler and cheaper to 
produce than conventional hybrids and 
can be identified more rapidly, among 
other advantages. 

Gearing the pace of seed industry 
development to ovc rall improvement in 
maize cultivation will not be an easy 
task but will requir( -onsiderable 
insight, judgment, and patience on the 
part of the various groups involved in 
seed production and distribution. We 
hope that the results of this study will 
give them new insights and a broader 
basis on which to form judgments. We 
are also hopeful that international 
cooperation, which has contributed 
greatly to recent advances in maize 
improvement (mainly through 
germplasm anid information exchange), 
will also become an instrument for 
change in seed industries, riaking them 
a more potent force for agricultural 
advancement in the Third World. 
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Global maize production in 1986 is 
estimated by the Food and Agriculture 
Organization (FAO) and US Department 
of Agriculture (USDA) to have been 
around 480 million metric tons (Mt),
sli';htly smaller than the record crop 

harvested in 1985 (Figure 15). The 

large 1986 harvest followed sizeable 

maize crops in the two previous years 
and came at a time when worldwide 
production of other grains was also at 
near-record levels. Of the 1690 Mt Of 
grain produced during 1986 (including 
530 Mt of wheat and 320 Mt ofimilled 
rice), coarse grains made up abouL half. 
Maize was the most important of those, 
constituting 57%, of thre world total 
output of coarse grains (and more than 
a quarter of the world total grain 
production). The next most important
coarse grain was barley (22"s,), followed 
by sorghum (8'i'. 

Developed countries-Farmers in 

developed countries, including eastern 

Europe and the USSR, normally grow 

just over 60% of the world's maize.
 
The USA is by far the most important
 
maize producer, having contributed
 
43-47% of the world total during the 
past three years. Another bumper crop 
was grown in the USA during 1986, 
although reduced plantings, early
drought in the southeastern states, and 
a wet harvest kept production some 16 
Mt lower than the US record of 226 Mt 
grown in 1985. Despite attempts by US 
policy makers to restrict maize 
production in recent years, it has 
increased by about 70 Mt since the 
mid-1970s, primarily as a result of 
higher yields. In 1986 the average 
maize yield for the nation was a record 
high of around 7.3 t/ha, compared to 
about 5 t/ha during the mid-1970s. 

* Based on information available up to 
December 1, 1986. 

Ta..ken togcther, the eastern European 
countries constitute the second most 
imI)irtant maize-producing region in 
the developed world, the major 
contributors aniong that group being 
Hungary (also an important grower and 
exporter of riai;e seed), Romania, and 
YugOslvia. It is estimated that the 
region produeCed 37 MIt in 1986, 
compared to 28 Mit during the 
mid-197(s. Soviet maize production in 
1986 is estimated to have been 12-1.3 
Mt, an increae of only 3 Mt over the 
figure for the mid-1970s. 

Productic6n in the European Economic 
CoMMunity (EEC), whose major 
growers are France, Italy, and Spain, is 
e\)ainding in response to contir.'jed 
strong p;ice support. In 1986 the EEC's 
maize crop reached 25 Mt, compaied
to 16 Mt during the ni;J-1970s. These 
figures considerably iclderstate the 
overall contribution ,f maize to 
European agriculturo though, since a 
sizeable portion of ,ne crop is grown 
tor preen forage. 

Million foils 

.)0 

, '.,, 

... , Gl 

400 

300 

South Africa is estimated to have 
produced over 9 Mt in 1986-87. The 
crop was no largei" than harvests of a 
decade ago and much smaller than the 
record crop of 15 Mt grown in 
1981-82. But since it is almost double 
the size of the drought-year harvests of 
1982-83 and 1983-84, South Africa has 
been actively seeking to export maize 
again. 

In Canada maize production has 
increased markedly, the 7 Mt grown in 
1986 being roughly double the size of 
tile maize crop 10 years ago. The area 
planted to maize has also doublcd over 
the past decade partly because plant 
breeders have developed germplasm 
that enables farmers to extend the 
northern limits of production. 

Developing countries-Since the early 
1960s maize )roduction has been 
growing at a more rapid percentage rate 
in the Third World (4% per annum)
than in the developed CoLntries (3%).
In the course of that 25-year period, the 

-roduction-. 

200 
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Figure 15. Developing country and global maize production, 1970 to 1986. 
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annual increases in average maize yield 
for ill developing countries (2.8%) have 
also exceeded those of countries with 
developed market economies, 
accounting for much of the difference 
in production gains between the two 
groups. (The average maize yield for all 
developing countries is around 2 t/ha, 
compared to around 5.5 t/ha for 
developed countries.) Among 
developing countries, though, there has 
been considerable variation in rates of 
yield improvement, with China leading 
the way and many countries of sub-
Saharan Africa tending to fall behind. 
Moreover, in spite of the Third World's 
higher percentage growth in 
production, the annual increases in tons 
of maize pro(lucecl have been 
approximately half those of the 
developed countries because of the 
higher share of global prodnction in the 
latter, 

In South America maize (crops hive 
been large during recen: years. The 
1986 hmvest was only slightly smaller 
than the record crop of 39 Mt produced 
in 1985. Nevertheless, the continent's 
maize output has grown at a modest 
rate since the min-1970s, when 
production averaged 28 Mt. Maize 
output has increased more rapidly in 
the Southern Cone lhan in the Andean 
region. 

Argentina's 1986 crop was another 
large one, exceeding that of the 
previous year but falling below the 
record harvest of 12.9 Mt in 1981. 
Since the mid-1970s the country's 
output of maize has increased by 
approximately 50%, largely because 
average yields have risen from 2.5 I/ha 
to iround 3.5 t/ha. Since Argentine 
maize growers are unprotecited from the 
influence of international prices, 
ho,ever, they have suffered from 
serious declines in profitability during 
recent years. Thus, even though prices 
of alternative crops have also dropped, 
farmers will be seeking to diversify 
their operations, shifting from maize to 
other enterprises, including livestock, 

Brazil's 1986 maize crop was smaller 
by almost 2 Mt than the record 1985 
harvest of 22 Mt. Since the mid-1970s, 
the country's output h.- expanded by 
aroun(d 50%0, with incr..,(, in yield 
and area each contributing about half 
of the total gain. Good harvests were 
reported tor )ther countries of the 
Southern Crine as well in 1086. 

Trends in the Ande-1n region s maize 
output have also been favorable in te 
past two years, and there are signs that 
the long-term decline in production has 
been reversed. This change can be 
attributed in part to a greater emphasis 
oin maize, coupled with txlicy and 
economic adjustment!, that Ire 
faivorable to agri..uture. Nevertheless, 
there is wide scope for further 
improvement of maize production in 
the region, where average yields ar' 
less than 2 t/ha. 

In Mexico maize production has been 
favored by good rains during recent 
years, although the 1986 crop was 
600,000 t less than the record harvest 
of almost 14 Mt in 1985. The country 
has increased its maize output by just 
under 70"/ since the mid-1970s, with 
average yields rising from around 1.2 to 
1.6 t/ha. There and inCentral America 
and the Caribbean (where maize crops 
have also benefitted from good growing 
conditions recently), the principal 
Source of expansion in output over the 
past 25 years has been increased yields, 
which have contributed about three-
fourths of the total growth in output. 

Conditions in Africa were much morn 
favorable for niaize production in 1985 
and 1986 than in the preceding several 
years. Thus, even though the 1986 
maize crops in southern Africa fell short 
of the good 1935 harvests, they still 
exceeded by a sizeable margin the 
drought-affecled crops of the early 
1980s. Since the mid-1 970s, maize 
output has increased by just over 40%' 
in eastern and southern Africa, but 
population has risen by about the same 
amount. There is much need and scope 
for further Improvement of maize 

production in that region, parts of 
which are referred to as the Maize Belt 
of Africa. Patterns in West Africa's 
maize output were much the same as 
those in the east and south. The past 
two years have been favorable for 
production, and yields have been 
above average in many countries of the 
region. The African nadon with the 
greatest average maize yield by far is 
Egypt, which produced a record high of 
5 t/ha in 1985. The country's 1986 
croe is estimated to have been slightly 
snailer than the record harvest of the 
preceding year. 

Longer term trc.ids in sub-Saharan 
Africa give cause for serious concern 
about the continent's grain production. 
Between 1961-65 and 1983-35, output 
of cereals per capita declined at an 
average rate of almost I)/, per annum 
in eastern and southern Africa and 
1.7% in West Africa. Per capita maize 
production has also declined, though in 
West Africa (where maize is less 
important as a staple food '-inin the 
east and south) it did not fall is 
markedly as overall cereals output. 
These downward trends seem less 
noticeable wher. we adjust for the 
recent recovery from drought, but they 
still underscore the challenges of 
improving agriculture in sub-Saharan 
Africa. 

China is estimated to have produced 
almost 70 Mt of maize in 1986 (close 
to the record crop of 73 Mt grown in 
1984) and achieved a record average 
yield of nearly 4 t/ha. Elsewhere in Asia 
main-season maize crops were also 
good and overall are estimated to have 
exceeded the reduced production levels 
of 1985. An exception to this trend is 
that Thailand's output was about 1 Mt 
below the record amount of 5.2 Mt, 
produced in 1985-86. On the Indian 
subcontinent and in the Middle East, 
crop conditions were generally 
favorable during 1986. 
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The long-term ',,rds in Asia's food KY. , . ,, .,,
production co: i;astsharply with the , ,. " , .. 
situation of sub-Saharan Africa. Food 
production per capita has increased As a consequence of policy The US Food Security Act of 1985 
over the past 25 years by an average of readjustments and changes in livestock brought about dramatic changes in the 
0.7% per annum in South Asia, 1.3% production during the past 12-18 country's agricuhlural policy late during
in Southeast Asia, and 2.5% in East months, there were major declines in that year. The ino,t important change

Asia. During that period China has global utilzation and trade of maize. \\as the decision to lower price

achieved a rema kable annual increase Important pricing adjustments were suppo ts ot major cereals by 
some 
of 2.7% in per capita output of cereals, made in US farm policy, for example, 25",, a w..'asure that took effect in the 
compared with a global average of 1 . thit discouraged exports in the short crop marketing years beginning in 
The country's rate of growth in maize term. Since potential buyers knew that 1986. 
production has also been very high, as support prices would be lowered in 
indicated by the tables in part 3 of this mid-1986, they held off until then, During recent years the US government
report. causin, US maize exports to fail has given farmers considerable price

dramatically. This development had support through loan rates as well as
Prospects for global maize major consequence; for giobal maize income support by rneans of deficiency
production-The weatter has favored trade, which from October -985 to p,yrments and target prices (Table 7).
production worldwide during the past Septernber 1986 amounted to only 55 Under a series of very complicated
two years, and conditions for the Mt, compared to 67 Mt : year earlier, arrangements, farmers became eligible
coming crops generally appear to lie Global utilization of maize dropped for that supporl by complying with 
satisfactory. Despite rapidly falling trom 437 Mt in 1984-85 to 419 Mt in certain provisions of the program, such
international maize prices, farmers have 1985-86, with virtually all of the as taking land out of production. In a 
not by and large reduced the area decline occurring in China, the USSR. major alteration of the program, the 
planted to maize, partly because in ard western Europe. Food Security Act ol 1985 allows for 
many ccuntries donestic prices are the loan rates to be adjusted more 
fixed internally, providing farmers with A sharp recovery in volume of maize flexibly, with the aim of making the 
a buffer against the effects of short-term trade is expected to occur in 1986-87 USA a more competitive seller in 
movements in internaiional prices. In a as buyers step in to take advantage of export markets. 
number of countries, however, the cheap maize availale from a!! major
decline in world grain prices will be exporting countries. Currently. the USA The loan rates for wheat, maize, and 
reflected in 1987 crop price,;, and is offering a number of bonuses in an other grains have tended to underpin 
pressure will increase to reduce attempt to boost grain exports and in iriiprnational prices for those crops,
plantings of maize over the next one or doi rg so is forcing other exporters to particularly in years when grain
two years. The US farm program in lower their prices or rapidly lose their SUpplies were large relative to
particular (which is discussed below) export market share. Another factor that utilization. US grain policies have thus
will require that the country's farmers is likely to increase US maize exports served as a kind of shock absorber for 
make large reductions in the area soon is the much reduced real value of grain world markets. In the past loan 
planied to maize. the US dollar in relation to most other rates were generally kept in line with

major currencies. US farmers' (asts and displayed little 
movement (particularly downward) from 

Global maize utilization is a!so year to year. From now on, however,
expected to increase as livestock loan rates will be set according to new 
producers and industrial users of maize provisions, including a moving average 
lake advantage of low prices. of market prices. During 1986 
lmprove'c,,is in many economies will international grain prices moved 
give an added boost to utilization of downward by about the same amount 
maize and other grains in the as the US loan rates. 
production of income-responsive 
livestock products. However, countries Target prices, on the other hand, which 
that are heavily dependent on oil and are used to provide US farmers with
other primary commodities and thv income support, have not been 
most heavily indebted nations are adjusted downward. As a result, the 
unlikely to share in that economic deficiency payments that make up the 
growth. difference bctween target and market 
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prices have increased, leading to a 
sharp rise in 1986 in government 
outlays to farmers. The costs of 
commodity support payments to US 
farmers were over US$25 billion in 
fiscal year 1986. 


Since there has been little change in 
their income support, US farmers have 
received almnot no incentive to make 
adjustment,, if! their production, and as 
a consequence the country has 
accunLulated massive surpluses of 
commodities. Adjustments will he 
further discouraged during the ne't few 
yea, s by another provision of the Food 
Security Act of 1985, namely that target 
prices will be held constant over the 
five-year period during which the act is 
in effect. 

An additional policy adjustment is to 

use of various incentivereinstitute the 
schemes to subsidize the export of US 
!arm commodities. Direct subsidies for 
grain were a feature of US grain policy 
in the early 1970s but were abandoned 
after the Soviet grain purchases of 
1973. Some offers made in 1986 were 
reported to have included a direct 
subsidy equivalent to at least US$1 5/t. 
Such subsidies drive a wedge between 
US support prices and world prices. 
tending to force down the grain prices 
that other exporters can obtain and 
generally depressing international 
prices. 

Despite US policy changes and a sharp 
increase in utilization of maize, there is 
expected to be a dramatic increase in 
ending or carryover stocks from 1986 
to 1987. From 40 Mt at the end of the 
1983-84 marketing year, global maize 
stocks will have climbed to uver 160 
Mt by the end of the 1986-87 year.

.ILuch higherStocks will then be at 
levels than when US policy makers 
initiated an emergeicy crop reduction 
program in 1983. Maize stocks will be 
at their highest level (as a share of 
global utilization) in the last 25 years or 
more (Figure 16). 

Table 7. Recent maize support prices in the USA, 1980-81 to 1986-87 

1980/81a 1981/82 1982!83 1983/84 1984/85 1985186 1986/87 

US$/t 

Loan rate 88.60 94.50 100.40 104..,0 10.40 100.39 71.65 
Target price
Farm price
Export pricet 

92.50 
122.40 
142.00 

94.50 
98.40

118.00 

106.30 
105.50
115.00 

112.60 
127.95
146.00 

119.30 
104.30 
123.00 

119.39 
90.91

105.00 

119.30 
72,63 b) 
73 .8 3 d 

a JIuly-June year. 
) Average forJuly-August 1986. 

US gul turrs,, Yellow No. 2. 
d Average lorJuly-September 1916. 

Sources: USDA. 1985. North America and Oceania Outlook and Situation Report. Washington,
D.C.: Economic Research Service; FAG. Various issues. Food Outlook. Rome; and International
Wheat Council. Various issues. Market Report. 

Percent 

-10
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43' 

.:Nze 
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2(1 
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tO 

",A 
l0/I 81182 (183 83/84 84/85 85i86 86/87 (e. 

Crop Year 
Figure 16. End-of-year stocks as a percentage of world utilization, 198G-81 to 1986-67. 
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The large increase in maize ,tock, will 
come at a time when other grain
stocks, especially of wheat, are also 
predicted to rise drastically. Most of the
irwcrease in global grain stocks is 
o(-c
urring in the USA, placing extra 
ordrns on taxpavers arid perhaps

encouraging additional policy 
adjustments in the near future. During
1987 te country will be holding more 
than 220 Mit of grain. The cos: of 
financing this carryover, whi(:h 
probably has an asset value of over
US$2(0 billion, wiIl approach US$2 
billion per arinun, apart from the cost 
and difficulty of obtaining storage space 
and the additional costs incurred 
throLgh phvsical loss of prain in 
storage. 

Two prin,:ipal options are open to US 
policy makers. One is to further reduce 
loan rates, increase subsidies on export
sales, or both. The other is to Cut back 
grain production by requiring 
redu(tions inthe area tllrted to riaie.. 
In addition, policy makers will probably 
exert strong leverage on other 
countries, especially the EEC, to 
encourage then to make adjustments in 
their grain lxni( ies and production. 

The large tbuildu t of maize stock, aswell as the policy changes discussed il 
a preceding section of this report 
caused prices to fall sharply in 1986. 
During the latter half of the year, 
monthly export prices for no. 2 yellow 
maize at US gulf ports varied from 67 
to US$78/t, compared to US$100/t a 
year earlier and an average of around 
US$160/t in 1980 (Table 81).Similar 
patterns prevailed inprices for othergradvt of maize, for other coarse grains, 
and for wheat. 

Adjusted for inflation, prices have been 

at record low levels recently in the 

international grains market, and in 

some major currencies the drop in 
prices has been particularly sharp. The 
French franc, for example, rose by 38)% 
relative to the US dollar between 
mid-1985 and mid-1986. Falling prices
of grain in US dollar terms, combined 
with the currency effect, caused the 
price of maize in francs to have 
roughly halved from mid-1985 to 
mid-1986, 

Grains are not the only internationally 
traded comnodities for which prices 
have dropped substantially since 1980. 
()tiiers are petroleum, many minerals, 
tibers, and various foodst ufis. The 
de(line in prices of those iteis hasseverely limited the ability of 
developing countries to purchase 
imports. 

In virtually every country of the world, 
the government intervenes significantly
in agriculture. Its policies tend to favor 
and provide protection for sonie 
groups, sectors, industries, and regionsinI the econoniy or penalize them in the 
case of negative protection. Inevitably, 

manyfavors that dr given to one group
must be paid for by another, either 
through higher costs or taxes, lower 
inconie, or somne other less obvious 
means. 

Table 8.Recent export prices of grains 

June June June 

In developed couIntries protection i sin 
generally favors agriculture and is paid
for by taxpayers, consumers, and 
)roducers of other tradeable products in

the economy. In contrast, the 
I)protectionism practiced by developing 
countries and those with centrally 
planned economies penalizes 
agriculture, making ;t support other 
sectors of the economy (World Bank 
1986). There are, of course, exceptions 
to these general patterns. Some 
developing countries have adjusted
their policies in such a way as to 
encourage agricultural development (or 
at least not penalize the farri sector 
heavily), while some developed 
econoies lve penalizel farmers by
protecting manufacturers. 

The Worlcl Development Report 1986 
of the World Bank and supporting 
analysis by Tyers and Anderson (1986)
highlight the enormous costs associated 
with price disiortions in agriculture. 
According to the latter study, the
 
worldwide costs ofagricultural
 
wotecost fricuturad 
protectionism fron i980 to 1982 added 
average,ailamount almost equal to the 
entire national income of Thailand.
Nearly half of that cost is borne bydeveloping countries, largely because 
their policies penalize farmers 
economically. 

June June June June December 
1980 1981 1982 1983 1984 1985 1986 1986 

US$/t 

Maize, US gulf ports,
yellow, no. 2 

Wheat, US Atlantic,
soft red winter, no.2 

Rice, Bangkok, white 
milled, 5% broken 

Sorghum, US gulf
ports, yellow 

114 

149 

435 

119 

136 

136 

530 

127 

117 

128 

271 

111 

135 

136 

269 

127 

149 

135 

256 

138 

123 

133 

222 

105 

103 

100 

204 

86 

70 

116 

195 

69 
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In addition to incurring heavy c(&.st,, policies had on agri(ulture. Generally policy makers will find it diffticult to 
agricultural policies that divorce declining commodity prices, however, justify higher domestic prices when the 
domestic prices from fluctuations in the have worsened the economic situation product can ie hought cheaply on the 
international market threaten the of agriculture in those developing internatioial market. Countries that 
stability of world grain prices. Tyers countries (notably exporting countries, mai. tain poli (i,s of'(heap food for 
a; d Anderson report that the conihined incl uding Argentina and Thailand) urban consunmers will be able to do so 
impact of such policies worldwide is to where international prices have a direct with reduc,d buidgetary support. 
make the international prices of coarse effect ol tare,. 
grains more than twice a, volatile as A nurnber of countries or regions will 
they would he 'herwise and rice and Given re ent policy (hanges, have to cope with sizeable local 
wheat price,,otr lin', mi re variable. particularly in the USA, and the carryovers of maize. One alternative is 

resilIting depression of grain prices, 	 to maintain larger food reserves, but 
The costs of agricultural pri te( tionisin pri( ino policies in developing countries that measure involves high finance 
indeveloped count ries have increased will (one under strain. Nations that costs and may incir ,ignificant grain 
considerably since 1980. Poli(y import food wil! benefit, but those losses, es)ecially in warmer, more 
changes in the USA have raised b\ a e\porting it will lose. Any country humid en\'ironments. Another option
sizeable margin the cots iO direct and pursuing policies that en(ourage that many (ountries ,'ill choose iz to 
indirect support of the farni se( tOr, andl agrichItural development viii find that feed more maize to livestock and 
in denressing internotional food pricE,, there has been a sharp increase in the I)oultry aid thus opgradte human diets. 
the USA has increaseh the direct and costs of maintaininrig what were th)ughlt 
indirect costs of European farm price to be c(nservative prices even one or 
support programs. Recent policy tsvo years ago. Farmers in developing I he easing oi maize prices that 
ctlanges in developing countLies, on the countries could begin applying pres.,ure oc(urred from 1981 to 1985 developed 
other hand, have probably reducecd the for their p~rices to be raised or held well into a sharp decline in1986. With 
overall negative effects that earlier above the prevaiIirig equivalent vorld record high (:arryover stocks and 

prices. Inview (.: severe budgetary 	 another large crop in thie northern 
problems and indebtedness, however, 	 hemisphere, it is highly probable that 

world maize prices 'ill remain 
depressed until more is known about 

US$/t (1980 prices) 	 the northern henisphere's 1987 crop. A 
).-... .larpe increase in utilization of maize is 

likely to take place over the next 12 
US expot price of months as greater aniounts of grain are 
"pat, adjustd forInlfitn fed to livestock. Trade in maize is also 

/. expected to increase steadily because of 
2U - , - - low prices. 

Many producers and exlx)rters of laize 
viii he asking when prices might show 

signs of iniprovement. The answer 
depends greatly on policy changes, 
general economnic conditions, and crop 

Pproduction 	 in the coming years. 

100

717 

1960 (:5 1970 719)1) 	 85 

Figure 17. Long-term movements in US export prices of maize and wheat, adjusted for 
inflation, 1960 to 1986. 
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The signs- how suggest that the world is 
in for a long period of adjustnent to 
new policies inagriclture. During that 
period otfadjustnent, there wdil he 
downvard pressure on prices as the 
huge grain -ttncks are redu(ed. SO far, 
little ftndamental change hia, taken 
place inUS ain EEC farners incentives 
tor altering l)rotd(lCtiOln. Until stronger 
l1easuLr(,,, are taken to enlure that
 
imncen!ives indh'vehlped cointr, 

e mnories refle(t the realities of th.e 

World market, there is a high 
probahility that world prices will 
,(Otile ItoIn01unstahl and that 
.mnller grain-eyporting r(ountries ,,,ill 
Ia(P difficltie., ,elling their grain in 
(inipetition with suidi/ed aidIS 

EEC grain 


Agri(ulture w.ill he ainimportant suije(t 
Of the multilateral trh,negotiations 
that are ti (omnmence in1987. The 
negotiations are unlikelyito have rmuJch 
inmmediate impact, though, Sin e they 
will prollv he long and drawn tit, 

Moreover, ,ignfiatil (hanges in 

dOomesti( t)oli( to
i0s would have 

coincide witi idjstmnents in trade 

)cli(ie',
eor, prgress coUlId be made 

in bringing farm potli(ie,out of their 

current disarrav. 


Many devehlo)ing (ountries are iaced 

with nore stringent eonomic
 
con(litions in the 1980)S than inthe
 
1970s. A number of them ate servicing
 
massive debts andI suffering major 
losses inecono)tic g.rowth as a result 
of the general decline in(ommodity 
price .Tho,,e circumta es greatly 
diminish the prospe(ts for growth in 
maize demand. Over the past three to 
four years, the major economies of the 
world have been emerging trom the 
largest etlomii( rcession since the 
1930s. 1ight monetary poli( ies hiave 
h,wered inflation dramati(ally but at the 
i.rice of reducing the forturies of many
Third World economies. Some
 
developing cOuntries might achieve 
strong grovth (as Brazil did until 
mid-1986 un(ler the Cru)zado Plan), but 
most are expected to cotntinue having
 
difficulhies.
 

Sizeable gains have been made ill 
developing country maize yields, 
although the increases have not been as 
sipectacular as those a(hieved in wheat 
and rice. ()f the three crops, hwever, 
maize probahly has the greatest 
potential for turther advances in 
producltivity, espe( ially tropical and 
subtropical erivironlents. 

Iithe meantime many eiolile living in 
those ei'viromi rents
are not in I
 
position to take advantage lOt the
 
bountiful harvests and huge grain
 
reserves inother i)arts ot the world.
 
They live and farm in relative isolation 
and depend primarily on locally grown 
crop-, )ecalse they are too p)oor to tbuy
imported fox ee'rl at it,(ullently low 
l)ri(es. The region , inhabited by those 
resorce-poor fnners most urgently 
need investment i) (rop rosearcI and 
inagricultural development generally te 
help avert the interelatel (atastrophes 
of hunger, malnutrilion, anid poverty 
and to promote overall e(onnic 
advancement. licooperation with 
national maize research) programs and 
other organ itatins, CIMMYT will be 
making a stx'cial effort inthe coming 
years to improve the productivity of 
resources cortimitted to maize 
cultivation inregions where resoirce
poor farmers predominate.
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art 	:: SelIcted M ,Ii.e Sa 

The tables in this section each give 30 
different stati,,tics. Some of them relate 
to maize production, trade, utilization, 
and prices, while other, are basic 
econoi';, indicat,. Amn. tli(oIe 
,,tatitic-s, swe have also( ill.luded I 
Speci~d et O(Ietdata on fli./ ,(d *nd 
on the area planted to improved i'laize. 

1-1e 	 informin AIn (i , aria(1 
improved niiz' (,ariales 19) to i() in 
the thh,) were )lmined ti ioe 
'-,stialiSt I, the (unI(rIs tor whith 
Lata are retortd. i Or lt, otuntrie,, that 

did riot provide data, w'e v,501ld be very 
grateful if interested mi/e slw(-ialist., 
(ould -(ul i-, iformation I)t make olirnlata 	 sel more ( (opi(-, ()t theIple. 

daLta (whi(h are storedc in ( i(imtefr Oil 
lotu, 1-2-1 spiread ,heet iiha ae 
aiv,fill e On rerue -. , 

The dev,hdopg 0ountrie. listled il thie 
tables are either maize iruduer , or 
inlt irters. -lh IrodlRe, I ilIde 
(ountrie,, that have grown 
appr)ximately 100,0((1 o r more 
annually in recent years, .Id the 
irmpo)rters are those that have brought 
More than 10,0001 into the (oUntry11 
while i)rodrucing less than that an tlrl. 
Those distinctions were made on the 
basis Of prodction (Ind trade data for 
tile years 198 3-85. 

,The (leveloped (oulitrie for vhich data 
are reported here are thoe producing 
more than 1 million tons ot maize or 
importing at least that alolunt while 
priIdh, ing les, than 1 million fon,, l e 
regional aggregates gven in the last 
table include all countries of the 
i)artic:ular region. 

Variables 1-5: The source of this 
information was the I/orld Bank' 
Work Devel/opMent Report 1986. The 
e ,tiMted population at mid-1985 was 
(al ullited by projecting the World 
Bank's mi-1984 estimates acc(orling to 
r)r(ie ted growth rates from 1980 to 
, 

Variables 6-13: 'The source of lese 
dala vv,, Ie fA()%, Tapes of 
Prodl(tion Staliti( , I\'evilsI oJ85. 
v(,re fiade in the dala vvhin additional 
inturmation from irldliVirual courntries 
nmade it seem apli)olriate to do o. 
Growth rate,, were (alc ulate d using thestandard formula tor anUdi percentage 

ilnil)t)undI growth: 

XI 	 Xo [I +- (),i()01]t 

where xt -: average of data for 
ending period 

\o average of data for 
base Ier;od 

t 	 number of years from 
the midpoint o' otne 
period to that of the 
othir 

g = averag , annual 
pet(,nt growth rate 

Growth rates were not ca lc-u itd for 

Countries with maize areas of less than 
2(,00() ha. 

Variables 14-18: -he sources, of these 
tlata were FAt)', -Tapes of Trade 
Statitic s, 198-1, and the USDA's Supply 
anli tltiliaitlon Tihh, as of luly 1986. 
Net im i(krt' ari im rt,, lmimus ext)orts. 

,Negative nurl,e indiecaie that the 
country is a net exporter. Utilization 
was calcl:latd ,i, troductiI )plUS 
olening t(IkS, I)ti imtoxirt minis 
(-lsing ,tock,, Hlin11 el),11,.Data on 
opening and clising siock, are trom the 
ULSDA's Supp!y nd ULtilization Tables. 
Growth rate-, wer alculated Using the 
standard formula given al ,ve. 

Variables 19-26: These data were 
collected through a general country 
survey that was conducted to supply 
background information for part 1 of 
this report. The area planted to 
improved maize is the area planted to 
FI Ibylrids and seed of improved 
varieties that were released during the 

-' ...-,m-"rcial maize seed 
indctule; all setd sold by seed 
enterprises to farmers. All maize seed 
inud(h,, (onmercial seed arid farmers' 
own weon(which includes that traded 
between farmers). For more details on 
those (ateg rizaliotis, see Longmire and 
Stewart. 

Variables 27-30: These data (which are 

for 198586) were collected through a 
general CoU()lty Survey that was 
conducted to supply background 
informatioln for part 1 of this report. 
The maize price is the postharvest price 
received hy farmers. The price of 
nitrogen is that paid by farm ei, for the 
most common nitrogen fertilizer 
converted to nit igen equivalents. The 
farm wage rate is the amount paid to 
unskilled laborers for one day of work. 
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[dsterfl and S."), I b'1-rn /'k 

_ 

L 

.2 

1. Estimated pc;pulation, 1985 (million) 
2. Estimated growth rate of population, 1980-2000 

(% per year) 
3. Urban population as a percentage of total, 1985 
4. Per capita income, 1984 (US$) 
5. Growth rate of real per capita income, 1965 to 1984 

(% per year)
6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production,

1961-65 to 1983-85 (% pjer year) 

Angola 

10.2 

2.7 
24 
. . 

40 

-4.6 

Burundi Ethiopia Kenya 

4.7 43.3 20.4 

3.0 2.7 3.9 
7 15 16 

220 110 310 

1.9 0.4 2.1 
95 123 126 

1.2 -1.2 -2.4 

Madagascar 

10.2 

3.1 
22 

260 

-1.6 
235 

-1.0 

Malawi Mozambique 

,.0 13.8 

3.2 3.0 
12 13 

180 

1.7 
240 43 

0 -3.7 

c 
0 

8. Area harvested, 1983-85 (000 ha) 
9. Yield, 1983-85 (t/ha) 

10. Production, 1983-85 (000 t)
11. Growth rate of area, 1961-65 to '1983-85 

(% per yearj 

600 
0.4 
262 

0.7 

134 
1.1 

146 

1.4 

850 
1.4 

1183 

0.4 

1547 
1.5 

2353 

1.6 

140 
1.0 
138 

1.5 

1162 
1.2 

1397 

1.5 

600 
0.6 

333 

1.8 
" 12. Growth rate of yield, 1961-65 to 1983-85

(% per year) 
13. Growth rate of production, 1961-65 to 1983-85

(% per year) 

-3.1 

-2.4 

0.5 

1.8 

1.8 

2.2 

1.2 

2.9 

-0.7 

0.8 

0.9 

2.5 

-2.2 

-0.4 

t 

,, 

14. Net irnport, of maize, 1982-84 (000 t 
15. Net imports per capita, 1961-65 (kg per year)
16. Net imports per capita, 1982-84 (kg per year) 
17. Per capita tot.il maize utilization, 1982-84(kg per year) 
18. Growth rate of per capita maize utilization,

1961-65 to 1982-84 (,,per yearl 

104 
-23 
13 

44 

-1.b 

0 
0 
0 

32 

0 

15 
0 
0 

36 

0.4 

119 
2 
6 

'110 

-0.9 

-1 
0 
0 

14 

-2.0 

-108 
-2 

-17 

194 

-0.6 

100 
4 
8 

33 

-2.6 

( 

-
NC 

_ 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of
total maize area, 1985-86 

21. Total amount of commercial maize seed 
planted, 1985-86 (t) 

22. Total amount of all maize seed planted, 1985-86 It) 
23. Total value of maize seed purchased, 1985-86fIC million)

(US milion 
24. Total value of all maize seed planted, 1985-86 

(US$ million) 
25. Ratio of price of typical hybrid maize seed 

to grain price, 1985.86 
26. Ratio of price of commercial seed of improved

varieties to grain price, 1985-86 

.. 

.. 

.. 

.. 

.. 

.. 

66 

61 

1800 
31,000 

9.0 

11.1 

4.5 

4.0 

4 

0 

100 
3800 

0 

0.9 

. . 

2.0 

26 

9 

5000 
30,000 

3.3 

7.5 

6.0 

4.0 

. 
. 

" 

27. Farm price of maize, 1985-86 (US$/t) 
28. Exchange rate, 1985-86 (local currency/US$) 
29. Ratio of farm-level nitrogen price to 

maize price, 1985-86 
30. Farm wage in kg of maize per day, 1985-86 

.. 

.3... 

.. .. 

. 

120 
16.6 

8.7 
8.5 

210 
728 

2.6 
5.0 

nc Not calculated. 
. Missing data. 
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* u- I- - Africar 

Somalia Tanzania Uganda Zambia Zimbabwe 

Regional 
total or 
average 

_ 
2 
s 

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000 

(% per year) 
3. Urban population as a percentage of total, 1985 
4. Per capita income, 1984 (US$) 
5. Growth rate of real per capita income, '1965 to '.984 

(%per year) 
6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production, 

196;-65 to 1983-85 (% per year) 

5.4 

3.0 
34 
260 

. . 

86 

-0.3 

22.3 

3.5 
14 
210 

0.6 
150 

1.8 

15.5 

3.3 
14 

230 

2.9 
77 

-2.3 

6.6 

3.4 
43 

470 

-1.3 
142 

-2.6 

8.4 

3.4 
24 
760 

1.5 
243 

-0.6 

202 

3.0 
18 
272 

1.1 
129 

-0.9 

. 
t 

8. Area harvested, 19d3-85 (000 ha) 
9. Yield, "1983-85 (tlha) 

10. Production, 1983-85 (000 t) 
11. Growth rate of area, 1961-65 to 1983-85 

138 
0.9 
130 

1483 
1.1 

1593 

358 
1.0 
365 

512 
1.7 
863 

1450 
1.2 

1693 

9252 
1.2 

10,782 

" 

(% per year)
12. Growth rate of yield, 1961-65 to 1983.85 

(% per year) 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 

0.8 

0.3 

1.1 

2.4 

2.2 

4.6 

2.9 

-0.3 

2.5 

-2.5 

3.4 

0.8 

3.0 

0.4 

3.4 

1.5 

1.1 

2.6 

.'; O. 

14. Net ;mports of maize, 1982-84 (000 t) 
15. Net imports per capita, 1961-65 (kg per year) 
16. Net imports per capita, 1982-84 (kg per year)17. Per capita total maize utilization, 1982-84 

98 
2 

22 

157 
2 
8 

7 
-1 
-1 

109 
-1 
18 

-192 
-36 
-23 

512 
-1 
2 

. (kg per year) 
18. Growth rate of per capita maize utilization, 

1961-65 to 1982-84 (% per year) 

52 

0.6 

85 

1.2 

26 

-0.5 

149 

-1.8 

138 

-1.0 

58 

-0.4 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 

21. Total amount of commercial maize seed 
W planted, 1985-86 (t) 

22. Total amount of all maize seed planted, 1985-86 (t) 
• 23. Total value of maize seed purchased, 1985-86 

. C (US$ million) 
24. Total value of all maize seed planted, 1985-86 

(US$ million) 
25. Ratio of price of typical hybrid maize seed 

to grain price, 1985-86 
26. Ratio of price of commercial seed of improved 

varieties to grain price, 1985-86 

.. 

.. 

. . 

12 

5 

3400 
43,000 

4.5 

19.7 

4.6 

3.5 

36 

1 

600 
10,000 

0.2 

2.3 

2.3 

1.3 

64 

53 

7600 
13,500 

5.9 

6.7 

9.0 

7.3 

77 

60 

23,000 
31,000 

12.7 

13.7 

5.0 

1.9 

36 

25 

64,000 
235,000 

40 

77 

nc 

nc 

27. Farm price of maize, 1985-86 (US$it) 
28. Exchange rate, 1985-86 (local currencyUS$) 

320 
18.0 

.. .. 110 
1.6 

nc 
nc 

"I. 
C. 

" 

29. Ratio of farm-level nitrogen price to 
maize price, 1985-86 

30. Farm wage in kg of maize per day, 1985-86 
.. 

. . 

2.6 
5.4 

.. 

.. 

.. 

.. 

6.6 
17.8 

nc 
nc 

nc Not calculated. 
. Missing data. 
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- . 

. 

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-200

(% per year) 
3. Urban population as a percentage of total, 1985 
4. Per capita income, 1984 (US$)
5. Growth rate of real per capita income, 1965 to 1984

(% per year) 
6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production,

1961-65 to 1983-85 (% per year) 

Benin 

4.0 

3.2 
39 

270 

1.0 
119 

-0.1 

Cameroon 

10.2 

3.3 
42 

800 

2.9 
104 

-0.6 

Ghana 

12.7 

3.5 
40 

350 

-1.9 
46 

-1.0 

Ivory 
Coast 

10.3 

3.7 
42 

610 

0.2 
107 

0.2 

Nigeria 

99.8 

3.4 
26 

730 

2.8 
102 

-2.5 

, 
• 

8. Area hrvested, 1983-85 (000 ha)
9. Yield, 1983-85 (t/ha) 

10. Production, 1983-85 (000 t)
11. Growth rate of area, 1961-65 to 1983-85(% per year) 

12. Growth rate of yield, 1961-65 to 1983-85
(% per year) 

13. Growth rate of production, 1961-65 to 1983-85
(% per year) 

485 
0.8 

370 

0.9 

1.6 

2.5 

443 
1.2 

510 

1.5 

0.4 

1.9 

418 
1.0 

402 

3.3 

0 

3.3 

575 
0.8 

478 

4.4 

1.0 

5.4 

2022 
1.0 

2066 

2.8 

0.7 

3.5 

t 
0. 
g 

14. Net imports of maize, 1982-84 (000 t)
15. Net imports per capita, 1961-65 (kg per year)
16. Net imports per capita, 1982-84 (kg per year)
17. Per capita total maize utilization, 1982-84 

(kg per year) 
18. Growth rate of per capita maize utilization,

1961-65 to 1982-84 (%per year) 

4 
0 
1 

83 

-0.6 

1 
0 
0 

54 

-0.4 

94 
0 
7 

35 

1.2 

0 
0 
0 

48 

1.2 

206 
0 
2 

22 

-0.4 

W 

-

> 
. 

19. Area planted to improved maize as a percentage oftotal maize area, 1985-86 
20. Area planted to hybrids as a percentage of

total maize area, 1985-86 
21. Total amount of commercial maize seed

planted, 1985-86 (t)
22. Total amount of all maize seed planted, 1985-86 (t)
23. Total value of maize seed purchased, 1985-86 

(US$ million) 
24. Total value of all maize seed planted, 1985-86

(US$ million) 
25. Ratio of price of typical hybrid maize seed

to grain price, 1985-86 
26. Ratio of price of commercial seed of improved

varieties to grain price, 1985-86 

.. 

• . 

. 

30 

0 

100 
13,000 

0.1 

2.5 

25.0 

3.3 

30 

0 

1800 
9000 

1.2 

5.9 

. 

2.7 

• 

10 

0 

1000 
1800 

0.7 

3.0 

13.0 

6.0 

40 

2 

4400 
59,000 

10.5 

42.8 

10.0 

4.0 
27. Farm price of maize, 1985-86 (US$/t)
28. Exchange rate, 1985-86 (local currency/US$) 
29. Ratio of farm-level nitrogen price to

maize price, 1985-86 
30. Farm wage in kg of maize per day, 1985-86 

. . 

.. 

. 

150 
370 

10.0 
12.0 

240 
90.0 

1.3 
4.5 

110 
350 

6.3 
17.5 

500 
1.0 

0.9 
10.0 

nc 
.. 

Not calculated. 
Missing data. 
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Vest Africt, c(ntinued 

Regional 
Burkina total or 

Senegal Togo Faso Zaire average 

1. Estimated population, 1985 (million) 6.6 3.0 6.7 30.7 227 
2. Estimated growth 

(0 per year) 
rate of population, 1980-2000 

2.9 3.3 2.0 3.2 3.2 
_ 3. Urban population as a percentage of total, 1985 42 20 8 34 30 

4. Per capita income, 1984 (US$) 380 250 160 140 509 
C 5. Growth rate of real per capita income, 1965 to 1984 

(% per year) -0.5 0.5 1.2 -1.6 -1.9 
6. Per capita cereal production, 1983-85 (kg per year) 132 132 166 37 96 
7. Growth rate of per capita cereal production, 

1961-65 to 1983-85 (% per year) -1.7 0 -0.4 1.6 -1.7 

0. Area harvested, 1983-85 (000 ha) 84 179 128 822 5630 
9. Yield,,1983-85 (t/ha) 1.2 1.1 0.7 0.9 0.9 

c 10. Production, 1983-85 (000 t) 101 191 90 709 5255 
11. Growth rate of area, 1961-65 to 1983-85 

(% per year) 3.7 0.6 -1.0 2.4 2.0 
' 12. Growth rate of yield, 1961-65 to 1983-85 

(% per year) 1.9 3.9 0.6 1.2 0.6 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 5.7 4.6 -0.5 3.6 2.6 

14. Net imports of maize, 1982-84 (000 t) 16 7 6 73 544 

t. 
15. Net imports per capita, 1961-65 (kg per year) 
16. Net imports per capita, 1982-84 (kg per year) 

4 
3 

0 
3 

0 
1 

2 
3 

0 
3 

"OL 17. Per capita total maize utilization, 1982-84 
.E (kg per year) 15 64 14 27 26 

18. 'Growth rate of per capita maize utilization, 
1961-65 to 1982-84 (% per year) 0.5 1.5 -2.5 1.0 0 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 30 33 .... 22 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 0 3 .... 1 

21. Total amount of commercial maize seed 
C 
-2 
> 

planted, 1985-86 (t) 
22. Total amount of all maize seed planted, 1985-86 (t) 
23. Total value of maize seed purchased, 1985-86 

400 
2000 

500 
4000 

.... 16,000 
176,000 

(US$ million) 
24. Total value of all maize seed planted, 1985-86 

0.1 0.1 16 

(US$million) 
25. Ratio of prirp of typical hybrid maize seed 

0.5 0.2 66 

to grain price, 1985-86 .. 1.5 nc 
26. Ratio of price of commercial seed of improved 

varieties to grain price, 1985-86 1.8 1.3 nc 

27. Farm price of maize, 1985-86 (US$/t) 190 230 nc 
Cu 28. Exchange rate, 1985-86 (local currency/US$) 360 350 nc 
. 29. Ratio of farm-level nitrogen price to 
C. maize price, 1985 86 2.5 5.0 .... nc 

" 30. Farm wage in kg of maize per day, 1985-86 3.2 5.6 .... nc 

nc Not calculated. 
Missing data. 
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North Africk 

Regional 

c 
. 

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000 

(% per year) 
3. Urban population as a percentage of total, 1985 

4. Per capita income, 1984 (US$)
5. Growth rate of real per capita income, 1965 to 1984 

(% per year)
6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of 1:.,rci-ita c al production,

1961-65 to 1983-85 (% per year) 

Egypt 

46.9 

2.2 
44 

720 

4.3 
186 

-0.7 

Morocco 

21.9 

2.4 
42 

670 

2.8 
190 

-1.3 

Algeria 

21.9 

3.3 
52 

2410 

3.6 
99 

-2.2 

Tunisia 

7.2 

2.3 
52 

1270 

4.4 
199 

-0.2 

total or 
average 

102 

2.6 
47 

1385 

2.9 
166 

-1.1 

c 

o 

0. 
" 

8. Area harvested, 1983-85 (000 ha) 
9. Yield, 1983-8s (t/ha) 

10. Production, 1983-85 (000 t) 
11. Growth rate of area, 1961.05 to 1983-85 

(% per year) 
12. Growth rate of yield, 1961-65 to 1983-85 

(% per year) 
13. Growth rate of production, 1961-65 to 1983-85 

(%per year) 

805 
4.4 

3554 

0.8 

2.2 

3.0 

405 
0.7 
267 

-0.4 

-0.9 

-1.3 

2 
1.0 

2 

.... 

.... 

.... 

. . 

.. 

.. 

1213 
3.2 

3824 

0.4 

2.1 

2.5 

t 
05. 

14. Net imports of maize, 1982-84 (000 t) 
15. Net imports per capita, 1961-65 (kg per year) 
16. Net imports per capita, 1982-84 (kg per year)
17. Per capita total maize utilization. 1982-84 

1425 
8 

32 

152 
-4 
7 

399 
0 

20 

280 
1 

41 

2340 
3 

24 

.E (kg per year) 

18. Growth rate of per capita maize utilization, 
1961-65 to 1982-84 (% per year) 

113 

2.0 

20 

-1.0 

20 

19.8 

46 

18.8 

65 

2.2 

Cu 

C 
(u '23. 
N . 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 

21. Total amount of commercial maize setd 
planted, 1985.-86 (t) 

22. Total amount of all maize seed planted, 1985-86 (t) 
Total value of maize seed purchased, 1985-86 

(US$ million) 

24. Total value of all maize seed planted, 1985.86 
(US$ million) 

25. Ratio of price of typical hybrid maize seed 
to grain price, 1985-86 

26. Ratio of price of commercial seed of improved
varieties to grain price, 1985-86 

64 

10 

9300 
25,000 

2.1 

5.3 

1.4 

...... 

...... 

...... 

49 

7 

11,000 
36,000 

2 

7 

nc 

nc 
27. Farm price of maize, 1985-8( (US$/t)
28. Exchange rate, 1985-86 (local currency/US$) 

o 29. Ratio of farm-level nitrogen price to 
maize price, 1985-86 

30. Farm wage in kg of maize per day, 1985-86 

190 
1.4 

1.4 
16.0 

. 

...... 

.. 

. ... 

.... 

nc 
nc 

nc 
nc 

nc Not calculated. 
• • Missing data. 
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Afgani- Leba- Saudi 
Regional 
total or 

stan Turkey Iran Iraq Jordan non Arabia Syria average 

1. Estimated population, 1985 (million) 14.2 49.4 45.2 15.6 3.5 2.7 11.5 10.5 169 
2. Estimated growth rate of population, 1980-2000 

(% per year) 1.0 2.0 3.1 3.5 4.0 0.5 3.7 3.5 2.9 
3. Urban population as a percentage of total, 1985 16 45 50 68 60 76 70 47 49 

W 
.-

4. Per capita income, 1984 (US$) 
5. Growth rate of real per capita income, 1965 to 1984

So per year). 

. . 

. 

1160 

2.9 

550 

5.9 

. 

. . 

1570 

4.8 

. . 

.. 

10,530 

5.9 

. . 

.. 

3129 

5.6 
6. Per capita cereal production, 1983-85 (kg per year) 276 534 207 96 34 9 130 229 275 
7. Growth rate of per capita cereal production, 

1961-65 to 1983-85 (% per year) -0.7 0.3 0.1 -4.4 -6.5 -7.4 2.0 -2.1 -0.6 

8. Area harvested, 1983-85 (000 ha) 471 560 45 17 0 0 2 29 1159 
9. Yield, 1983-85 t/ha) 1.7 2.9 1.4 1.8 0 0 2.0 1.7 2.3 

r 10. Production, 1983-85 (000 t) 802 1627 63 30 0 0 4 50 2632 
11. G~owth rate of area, 1961-65 to 1983-85 

(% per year) -0.3 -0.9 3.2 10.4 .. .. .. 7.0 -0.2 
12. Growth rate of yield, 1961-65 to 1983-85 

(%per year) 0.9 3.5 0.7 2.1 .. .. .. 2.4 2.3 
13. Growth rate of production, 1961-65 to 1983-85 

(% per vea ) 0.6 2.6 3.9 12.7 .. .. .. 9.7 2.0 

14. Net imports of maize, 1982-84 (000 t) 0 52 757 202 137 131 812 235 2516 
15. Net imports per capita, 1961-65 (kg per year) 0 0 0 0 3 13 6 1 1 

•t 16. Net imports per capita, 1982-84 (kg per year) 0 1 18 '14 42 50 76 24 16 
';. 17. Per capita total maize utilization, 1982-84 

. (kg per year) 
18. Growth rate of per capita maize utilization, 

1961-65 to 1982-84 (% per year) 

49 

-1.2 

31 

-0.3 

19 

13.6 

16 

21.3 

43 

14.0 

52 

5.3 

76 

13.4 

2) 

9.7 

31 

2.3 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 . . 46 .. .. .. .. .. 100 44 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 . . 33 .. .. .. .. .. 88 23 

21. Total amount of commercial maize seed 

-a . 
planted, 1985-86 (t) 

22. Total amount of all maize seed planted, 1985-86 (t) 
23. Total value of maize seed purchased, 1985-86 

7200 
18,300 

.. 

.... 

.. .. .. .. 1500 
2000 

11,000 
35,000 

(US million) 8.1 2.4 12 
" 24. Total value of all maize seed planted, 1985-86 

(US$million) 9.8 .. .. 2.4 16 
25. Ratio of price of typical hybrid maize seed 

to grain price, 1985-86 11.4 .. .. 3.6 nc 
26. Ratio of price of commercial seed of improved 

varieties to graim price, 1985-86 5.7 .... 1.8 nc 

27. Farm price of maize, 1985-86 (US$/t) 110 .. . 470 nc 
28. Exchange rate, 1985-86 (local currency/US$) 650 3.9 nc 

. 29. Ratio of farm-level nitrogen price to 
maize price, 1985-86 .. .. . .. . . . .. 1.2 nc 

30. Farm wage in kg of maize per day, 1985-86 .. ... .. . .... 13.7 nc 

nc Not calculated. 
Missing data. 
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South Asia
 

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000 

(% per year) 
_ u 3. Urban population as a percentage of total, 1985 

.2 4. Per capita income, 1984 (US$)
C 5. Growth rate of real per capita income, 1965 to 19844J*- (% per year) 

6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production,

1961-65 to 1983-85 (% per year) 

Burma 

36.8 

2.1 
24 

180 

2.3 

422 

1.0 

India 

763 

1.9 
23 

260 

1.6 

222 

0.9 

Nepal 

16.5 

2.6 
6 

160 

0.2 

226 

-0.9 

Pakistan 

94.8 

2.6 
29 

380 

2.5 

186 

1.6 

Regional 
total or 
average 

1030 

2.0 
23 

256 

1.7 

227 

0.7 

c 
c 

8. Area harvested, 1983-85 (000 ha)
9. Yield, 1983-85 (t/ha) 

10. Production, 1 83-85 (000 t) 
11. Growth rate of area, 1961-65 to 1983-85 

185 
1.7 
317 

5896 
1.3 

7759 

520 
1.5 
784 

801 
1.3 

1024 

7493 
1.3 

10,005 

(% per year)
12. Gro-,,th rate of yield, 1961-65 to 1983-85 

(% per year) 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 

3.7 

4.6 

8.5 

1.2 

1.4 

2.5 

0.8 

-1.2 

-0.4 

2.3 

1.0 

3.3 

1.3 

1.1 

2.4 

t 
0o. 

: .E 

14. Net imports of maize, 1982-84 (000 t)
15. Net imports per capita, 1961-65 (kg per year) 
16. Net imports per capita, 1982-84 (kg per year)
17. Per capita total maize utilization, 1982-84 

(kg per year) 

18. Growth rate of per capita maize utilization,
1961-65 to 1982-84 (% per year) 

-26 
-1 
-1 

6 

6.7 

0 
0 
0 

10 

0.3 

0 
0 
0 

49 

-2.8 

0 
0 
0 

11 

0.6 

-24 
0 
0 

10 

0. 

W 
" C 

IO 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 

21. Total amount of commercial maize seed 
planted, 1985-86 (t) 

22. Total amount of all maize seed planted, 1985-86 (t) 
23. Total vaiue of maize seed purchased, 1985-86 

1t=(US$ millio't 
24. Total value of all maize seed planted, 1985-86 

(US$ million) 
25. Ratio of price of typical hybrid maize seed 

to grain price, 1985-86 
26. Ratio of price of commercial seed of improved

varieties to grain price, 1985-86 

34 

0 

2100 

7000 

0.3 

1.0 

6.0 

>0 

36 

13 

22,000 
110,200 

9.7 

30.9 

3.8 

3.4 

.. 

. . 

.. 

.. 

.. 

. . 

.. 

. . 

28 

2 

2800 

32,000 

0.7 

4.8 

3.3 

1.3 

34 

11 

29,000 
166,000 

12 

40 

nc 

nc 

. .u
20. 
"L 

27. Farm price of maize, 1985-86 (US$/t) 
28. Exchange rate, 1985-86 (local currency/US$) 
29. Ratio of farm-level nitrogen price to 

maize price, 1985-86 
30. Farm wage in kg of mdize per day, 1985-86 

.. 

.. 

. . 
.. 

120 

12.5 

3.2 
6.3 

• • 

• . 

. . 

•• 

150 

16.2 

2.8 
10.0 

nc 

nc 

nc 
nc 

nc Not -alculated. 
.. Missing data. 
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SouIheasi Asia and 1,ePacifiIC
 

Indonesia Philippines Thailand Vietnam 

_ 

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000 

(% per year) 
3. Urban population as a percentage of total, 1985 
4. Per capita income, 1984 (US$) 

161.9 

1.9 
22 

540 

54.6 

2.2 
37 

660 

51.7 

1.7 
17 

61.6 

2.5 
19 

u.~ 

C 
5. Growth rate of real per capita income, 1965 to 1984 

(% per year) 
6. Pet capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production, 

1961-65 to 1983-85 (9%per year) 

4.9 
261 

2.7 

2.6 
216 

1.1 

480 

0.7 

270 

0 

-
0o 

C" 

8. Area harvested, 1983-85 (000 ha) 
9. Yield,.1983-85 (t/ha) 

10. Production, 1983-85 (000 t) 
11. Growth rate of area, 1961-65 to 1983-85 

(% per year) 
12. Growth rate of yield, 1961-65 to 1983-85 

(% per year) 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 

2615 
2.0 

5225 

-0.4 

3.5 

3.0 

3361 
1.0 

3361 

2.6 

2.0 

4.6 

1709 
2.4 

4154 

6.9 

1.1 

8.1 

387 
1.3 
499 

1.9 

0.5 

2.4 

c
" O 

14. Net imports of maize, 1982-84 (000 t) 
15. Net imports per capita, 1961-65 (kg per year) 
16. Net imports per capita, 1982-84 (kg per year)17. Per capita total maize utilization, 1982-84 

-5 
0 
0 

351 
0 
7 

-2848 
-25 
-58 

-42 
1 

-1 

._ (kg per year) 
18. Growth rate of p, apita maize utilization, 

1961-65 to 1982-84 (% ..-- year) 

28 

0.1 

69 

2.5 

15 

6.3 

8 

-1.2 

I 
= 
-

. 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 

21. Total amount of commercial maize seed 
planted, 1985-86 (t) 

22. Total amount of all maize seed planted, 1985-86 (t) 
23. Total value of maize seed purchased, 1985-86 

25 

1 

3100 
117,000 

26 

1 

12,100 
82,000 

70 

8 

25,600 
48,000 

38 

0 

1500 
10,000 

CU:U (US$ million)24. Total value of all maize seed planted, 1985-86 2.6 8.4 15.5 0.9 

(US$ million) 
25. Ratic of price of typical hybrid maize seed 

to grain price, 1985-86 
26. Ratio of price of commercial seed of improved 

varieties to grain price, 1985-86 

53.0 

14.0 

6.0 

19.9 

14.3 

4.3 

17.7 

18.2 

5.7 

2.2 

u 
27. Farm price of maize, 1985-86 (US$/t) 
28. Exchange rate, 1985-86 (local currency/US$) 

110 
1125 

140 
20.5 

80 
26.0 

.2 . . 29. Ratio of farm-level nitrogen price to
maize price, 1985-86 2.2 2.8 8.7 . 

" 30. Farm wage in kg of maize per day, 1985-86 18.0 12.5 20.8 . 

nc Not calculated. 
. . Missing data. 
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Southeasl Asia ind IHhe 0 W"1. 

Hong Kong Malaysia Singapore 

Regional 
tot l or 
average 

-

1. Estirmated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000 

(% per year) 
3. Urban population as a percentage of total, 1985 
4. Per capit, income, 19841 (US$) 
5. Growth rate of real per capita income, 1965 to 1984

(% per year) 
6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production,

1961-65 to 1983-85 (% prr "ear) 

5.5 

1.2 
•• 

6330 

6.2 
0 

-30.0 

15.6 

2.1 
32 

1980 

4.5 
122 

-0.3 

2.6 

1.0 
100 

7260 

7.8 
0 

0 

371 

2.0 
25 

853 

4.6 
271 

1.3 

= 

•. 

8. Area harvested, 1983-85 (000 ha)
9. Yield, 1983-85 (t/ha) 

10. Production, 1983-85 (000 t) 

11. Crowth rate of area, 1961-65 to 1983-85 
(% per year) 

12. Growth rate of yield, 1961-65 to 1983-85
(% per year) 

13. Growth rate of producton, 1961-65 to 1983-85 
(% per year) 

. . 

14 
1.6 
22 

.. 

.. 

8158 
1.6 

13,405 

1.7 

2.6 

4.4 

' 

'14. Net imports of maize, 1982-84 (000 t)
15. Net imports per capita, 1961-65 (kg per year) 

' 16. Net imports per capita, 1982-84 (kg per year) 
. 17. Per capita total maize utilization, 1982-84 
E (kg per year) 

18. Growth rate of per capita maize utilization, 
,916 o1.84 (C." , r7 .r, '' 

272 
23 
51 

51 

-4.1 

804 
9 

54 

55 

-9.0 

365 
0 

146 

146 

14.0 

-1075 
-2 
-3 

30 

1.7 

C 
Z C 

-2 

> 
C" 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 

21. lotal amount of commercial maize seed 
planted, 1985-86 (t) 

22. Total amount of all maize seed planted, 1985-86 (t) 
23. Total value of maize seed purchased, 1985-86 

(US$ millic ) ,a 
24. Total value of all maize seed planted, 1985-86 

(US$ million) 
25. Ratio of price of typical hybrid maize seed 

to grain price, 1985-86 
26. Ratio of price of commercial seed of improved

varieties to grain price, 1985-86 

37 

3 

43,000 
258,000 

27 

93 

nc 

nc 

., 
CL 

27. Farm price of maize, 1985-86 (US$1t) 
28. Exchange rate, 1985-86 (local currency/US$) 
29. Ratio of farm-level nitrogen price to 

maize price, 1985-86 
30. Farm wage in kg of maize per day, 1985-86 ...... 

nc 
nc 

nc 
...... nc 

nc Not calculated. 
.. Missing data. 
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Regional 
North South total or 

China Korea Taiwan Korea average 

1. Estimated population, 1985 (million) 1042 20.6 19.2 43.3 1127 
2. Estimated growth rate of population, 1980-2000 

(% per year) 1.2 3.7 . . 1.4 1.2 
3. Urban population as a percentage of total, 1985 21 64 71 57 24 

2 4. Per capita income, 1984 (US$) 310 .... 2110 382 

5 5. Growth rate of real per capita income, 1965 to 1984 
t (% per year) 4.5 .... 6.6 4.9 

6. Per capita cereal production, 1983-85 (kg per year) 338 510 175 215 334 
7. Growth rate of per capita cereal production, 

1961-65 to 1983-85 (% per year) 2.7 1.7 -1.7 -0.3 2.5 

8. Area harvested, 1983-85 (000 ha) 18,403 423 52 28 '18,9G5 
9. Yield, 1983-85 (t/ha) 3.7 6.1 3.4 4.4 3.7 

c 10. Production, 1983-85 (000 t) 67,873 2593 178 122 70,766 
a 
i 11. Growth rate of area, 1961-65 to 1983-85 

(% per year) 1.0 2.6 5.1 -1.0 1.1 
0 12. Growth rate of yield, 1961-65 to 1983-85 

(% per year) 4.8 1.5 2.7 8.8 4.7 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 5.8 4.1 7.9 7.7 5.8 

14. Net imports of maize, 1982-84 (OCO t) 1025 0 2988 3325 7338 
15. Net imports per capita, 1961-65 (kg per year) 0 '1 ! 1 1 

cu '16. Net imports per capita, 1982-84 (kg per year) 1 0 161 83 7 
, ,. 17. Per ,.apita total maize utilization, 1982-84 

.E (kg per year) 67 128 170 86 71 
18. Growth rate of per capita maize utilization, 

1961-65 to 1982-84 (% per year) 4.0 1.4 21.0 23.0 4.4 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 72 .. 96 . . 72 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 72 .. 92 . 71 

21. Total amount of commercial maize seed 
planted, 1985-86 (t) 389,100 . . 1400 .. 397,000 

*4 22. Total amount of all maize seed planted, 1985-86 (t) 567,000 1500 581,000 
" 23. Total value of maize seed purchased, 1985-86 

(US$ million) 146 . 152 
24. Total value of all maize seed planted, 1985-86 

(US$ million) 159 . . 1.1 .. 166 
25. Ratio of price of typical hybrid maize seed 

to grain price, 1985-86 ...... nc 
26. Ratio of price of commercial seed of improved 

varieties to grain price, 1985-86 ..... nc 

27. Farm price of maize, 1985-86 (US$/t) 310 . . 250 • nc 
28. Exchange rate, 1985-86 (local currency/US$) 3.2 . . 38.8 nc 

. 29. Ratio of farm-level nitrogen price to 
e. 
C" 

maize price, 1985-86 
30. Farm wage in kg of maize per day, 1985-86 

2.8 
4.8 

. . 

. . 
1.3 

31.3 
.. nc 

n 

nc Not calculated. 
Missing data. 
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Mexico, Cetral Ame-ica, a id He Caribbein 

Costa 
Rica Cuba 

El 
Salvador Guatemala Haiti Honduras 

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000 

(% per year) 
3. Urban population as a percentage of total, 1985 
4. Per capita income, 1984 (US$) 
5 Growth rate of real per capita income, 1965 to 1984 

S%per year) 
6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production,

1961-65 to 1983-85 (% per year) 

2.6 

2.1 
48 

1190 

1.6 
153 

2.0 

10.0 

1.0 
70 
. . 

. . 

63 

2.8 

5.5 

2.7 
39 

710 

-0.6 
128 

0.6 

7.9 

2.6 
39 

1160 

2.0 
160 

0.2 

5.5 

1.8 
28 

320 

1.0 
58 

1.3 

4.3 

3.0 
37 

700 

0.5 
147 

-0.6 

c 

. 

8. Area harvested, 1983-85 (000 ha) 
9. Yield, 1983-85 (t/ha) 

10. Production, 1983-85 (000 t) 
11. Growth rate of area, 1961-65 to 1983-85

(% per year) 
12. Growth rate of yield, 1961-65 to 1983-85 

(% per year) 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 

62 
1.7 

105 

0.5 

2.0 

2.6 

77 
1.3 
97 

-1.2 

1.4 

0.2 

242 
2.1 

497 

1.3 

3.1 

4.5 

777 
1.4 

1OF-

0.7 

2.1 

2.8 

157 
0.9 
147 

-1.6 

-0.5 

-2.1 

353 
1.5 

520 

1.2 

1.5 

2.7 

t 
02. 

. 

14. Net imports of maize, 1982-84 (000 t) 
15. Net imports per capita, 1961-65 (kg per year)
16. Net imports per capita, 1982-84 (kg per year)
17. Per capita total maize utilization, 1982-84 

(kg per year) 
18. Growth rate of per capita maize utilization,

1961-65 to 1982-84 (% per year) 

52 
3 

21 

55 

2.0 

398 
3 

40 

50 

2.7 

66 
11 
13 

97 

1.0 

5 
3 
1 

139 

0 

8 
0 
1 

29 

-3.4 

8 
-17 

2 

118 

-0 

W 
n W 

S1 

N C 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 

21. Total amount of commercial maize seed 
planted, 1985-86 (t) 

22. Total amount f all maize seed planted, 1985-86 (t) 
23. Total value of maize seed purchased, 1985-86 

(US$ million) 
24. Total value of all maize seed planted, 1985-86 

(US$ million) 
25. Ratio of price ef typical hybrid maize seed 

to grain price, 1985-86 
26. Ratio of price of commercial seed of improved

varieties to grain price, 1985-86 

20 

6 

200 
2000 

0.3 

0.6 

7.8 

3.7 

• . 

. . 

.. 

71 

71 

3600 
5000 

1.6 

1.7 

3.6 

3.0 

60 

36 

8600 
16,000 

3.9 

5.2 

3.7 

2.9 

1 

0 

0 
8000 

0.1 

3.3 

11.4 

7.9 

. 

27. Farm price of maize, 1985-86 (US$/t)
28. Exchange rate, 1985-86 (local currency/US$) 

220 
53.5 

120 
5 

140 
2.5 

240 
5 

. .j
P . 

29. Ratio of farm-level nitrogen price tomaize price, 1985-86 
30. Farm wage in kg of maize per day, 1985-86 

3.1 
3.2 

.. 

. . 
6.4 

17.8 
3.0 

14.0 
4.4 
2.5 

nc Not calculated. 
. . Missing data. 
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MexCo, Central America, and 11C Caribbean, (continLUed 

Regional 
Dominican total or 

Mexico Nicaragua Republic Jamaica average 

1. Etimated population, 1985 (million) 78.6 3.3 6.2 2.2 135 
2. Estimated growth rate of population, 1980-2000 

(% per year) 2.3 2.9 2.2 1.2 2.2 
_ 3. Urban population as a percentage of total, 1985 70 53 2 1 61 
S 4. Per capita income, 1q84 (US$) 2040 860 970 1150 1714 

- 5. Growth rate of real per capita income, 196q to 1984 
U (% per year) 2.9 -1.5 3.2 -0.4 2.5 

6. Per capita cereal production, 1983-85 (kg per year) 325 162 97 4 233 
7. Growth rate of per capita cereal production, 

1961-65 lo 1983-85 (% per year) 1.3 0.4 3.0 -1.0 1.3 

8. Area harvested, 1983-85 (000 ha) 8234 172 40 3 10,204 
9. Yield, 1983-85 (t/ha) 1.7 1.2 1.6 1.7 1.6 

a 10. Production, 1983-85 (000 t) 13,765 213 62 5 16,567 
11. Growth rate of area, 1961-65 to 1983-85 

(%per year) 0.8 0 1.3 -2.8 0.7 
"2_12. Growth rate of yield, 1961-65 to 

(% per year) 
1983-85 

2.2 1.7 0.2 3.1 2.1 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 3.0 1.7 1.6 0.3 2.9 

14. Net imports of maize, 1982-84 (000 t) 2464 59 206 173 3623 
15. Net imports per capita, 1961-65 (kg per year) -5 3 -2 11 0 

-

f. 
E 

16. Net imports per capita, 1982-84 (kg per year) 
17. Per capita total maize utilization, 1982-84 

(kg per year) 

33 

200 

19 

82 

35 

43 

76 

79 

21 

56 
18. Growth rate of per capita maize utilization, 

- 4-1961-65 to 1982-84 (oV'pdr year) " * 0.8 -0.8 7.0 9.2 1.4 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 42 17 .... 42 

20. Area planted to ibrids as a percentage of 
total maize area, 1985-86 25 9 .... 26 

C 21. Total amount of commercial maize seed 
C planted, 1985-86 (t) 69,000 900 86,000 

cu 

. C 

22. Total amount of all maize seed planted, 1c'.3-86 (I) 
23. Total value of maize seed purchased, 1985-86 

(US$ million) 

211,400 

18.9 

6000 

0.6 

261,000 

28 
24. Total value of all maize seed planted, 1985-86 

(US$ million) 39.5 1.4 56 
25. Ratio of price of typical hybrid maize seed 

to grain price, 1985-86 6.0 . . nc 
26. Ratio of price of commercial seed of improved 

varieties to grain price, !9 8C 2.4 . . nc 

27. Farm price of maize, 1985-86 (US$It) 100 50 nc 
Cu, 28. Exchange rate, 1985-86 (local currency/US$) 520 975 nc 
. . 
2. 
C 

29. Ratio of farm-level nitrogen price to 
maize price, 1985-86 

30. Farm wage in kg of maize per day, 1985-86 
1.5 

25.1 
...... 
...... 

nc 
nc 

nc Not calculated. 
Missing data. 
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Andean R ion 

-
a 

0 

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000

(% per year) 
3. Urban population as a percentage of total, 1985 
4. Per capita income, 1984 (US$) 
5. Growth rate of real per capita income, 1965 to 1984(% per year) 
6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production,

1961-65 to 1983-85 (% per year) 

Bolivia 

6.3 

2.4 
46 

540 

0.2 
122 

0.3 

Colombia 

28.9 

1.8 
67 

1390 

3.0 
116 

0.9 

Ecuador 

9.3 

2.3 
45 

1150 

3.8 
71 

-2.2 

Peru 

18.6 

2.2 
65 

1000 

-0.1 
98 

-0.5 

Venezuela 

17.2 

2.6 
76 

3410 

0.9 
93 

1.2 

Regional 
total or 
average 

82 

2.2 
64 

1623 

1.7 
108 

0.2 

-

cu 
-

8. Area harvested, 1983-85 (000 ha) 
9. Yield, 1983-85 (t/ha) 

10. Production, 1983-85 (000 t) 
1. Growth rate of area, 1961-65 to 1983-85 

(% per year) 
12. Growth rate of yield, 1961-65 to 1983-85

( pei year) 
13. Growth rate of production, 1961-65 to 1983-85

(% per year) 

311 
1.5 

460 

1.8 

1.1 

2.9 

592 
1.5 
870 

-1.1 

1.4 

0.2 

185 
1.4 
257 

-1.6 

3.9 

2.3 

304 
2.3 

689 

-0.5 

2.1 

1.6 

368 
1.8 

645 

-0.9 

2.3 

1.4 

1761 
1.7 

2923 

-0.6 

2.0 

1.3 

, 
ji 
.-

14. Net imports of maize, 1982-84 (000 t)
15. Net imports per capita, 1961-65 (kg per year)
16. Net imports per capita, 1982-84 (kg per year) 
17. Per capita total maize utilization, 1982-84 

(kg per year) 
18. Growth rate of per capita maize utilization,

1961-65 to 1982-84 (% per year) 

-5 
0 

-1 

72 

2.9 

53 
1 
2 

35 

-1.6 

8 
0 
1 

34 

0 

320 
1 

17 

53 

0.7 

1250 
6 

76 

111 

2.8 

1651 
2 

21 

56 

0.7 

-

19. Area planted to improved maize as a percentage of
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 

21. Total amount of commercial maize seed
planted, 1985-86 (t) 

22. Total amount of all maize seed planted, 1985-86 (t) 
23. Total value of maize seed purchased, 1985-86 

(US$ million)
24. Total value of all maize seed planted, 1985-86 

(US$ million) 

25. Ratio of price of typical hybrid maize seed 
to grain price, 1985-86 

26. Ratio of price of commercial seed of improved
varieties to grain price, 1985-86 

.. 

.. 

.. 

15 

13 

2400 
17,000 

2.9 

6.9 

.. 

32 

3 

1300 
5000 

0.6 

1.5 

3.9 

2.3 

50 

43 

5000 
12,000 

4.8 

7.1 

4.2 

2.1 

43 

30 

3900 
14,000 

3.0 

3.0 

4.7 

3.3 

29 

20 

13,000 
56,000 

12 

34 

nc 

nc 

u 

27. Farm price of maize, 1985-86 (US$/t) 
28. Exchange rate, 1985-86 (local currency/US$) 
29. Ratio of farm-level nitrogen price to 

maize price, 1985-86.. 
30. Farm wage in kg of maize per day, 1985-86 

.. 

.. 

• . 

.. 

.. 

.. 

190 
145 

1 9 
11.9 

240 
14.0 

1.6 
7.6 

170 
18.0 

0.6 
20.0 

nc 
nc 

nc 
nc 

nc Ne calculated. 
.. Missing data. 
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Argentina Brazil Chile Paraguay Uruguay 

Regional 
total or 
average 

-

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000 

(% per yt ar) 
3. Urban population as a percentage of total, 1985 
4. Per capita income, 1984 (US$) 

3.5 

1.3 
83 

2230 

135.3 

2.0 
68 

1720 

12.0 

1.4 
83 

1700 

3.4 

2.3 
39 

1240 

3.0 

0.7 
64 

1980 

182 

1.8 
71 

1796 
C 
UO 

5. Growth rate of real per capita income, 1965 to 1984 
(% per year) 

6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production, 

1961-65 to 1983-85 (% per year) 

0.3 
1013 

1.5 

4.6 
246 

0.7 

-0.1 
166 

-0.6 

4.4 
184 

3.2 

1.8 
389 

1.3 

2.8 
369 

0.8 

" 

-
0 

8. Area harvested, 1983-85 (000 ha) 
9. Yield,' 1983-85 (t/ha) 

10. Production, 1983-85 (000 t) 
11. Growth rate of area, j961-65 to 1983-85 

(% per year) 

3096 
3.3 

10,367 

0.4 

11,583 
1.8 

20,638 

1.9 

129 
5.2 

668 

2.0 

390 
1.2 

473 

5.7 

97 
1.1 

107 

-4.0 

15,295 
2.1 

32,254 

1.5 

C" 
12. Growth rate of yield, 1961-65 to 1983-85 

(% per year) 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 

3.1 

3.5 

1.5 

3.5 

3.8 

5.8 

-0.2 

5.5 

2.6 

-1.5 

1.9 

3.5 

14. Net imports of maize, 1982-84 (000 t) 
15. Net imports per capita, 1961-65 (kg per year) 

-5757 
-123 

-339 
-3 

192 
1 

-2 
-4 

4 
6 

-5902 
-26 

N 

" 
. 

16. Net imports per capita, 1982-84 (kg per year) 
17. Per capita total maize utilization, 1982-84 

(kg per year) 
18. Growth rate of per capita maize utilization, 

1961-65 to 1982-84 (% per-year) 

-194 

123 

'1.5 

-3 

157 

0.7 

17 

66 

4.8 

-1 

137 

3.0 

1 

40 

-2.2 

-33 

143 

1.3 

N 

° 

C 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 

21. Total amount of commercial maize seed 
planted, 1985-86 (t) 

22. Total amount of all maize seed planted, 1985-86 t) 
23. Total value of maize seed purchased, 1985-86 

(US$ million)
24. Total value of all maize seed planted, 1985-86 

100 

100 

66,000 
66,000 

82.3 

70 

63 

156,000 
248,000 

123 

81 

68 

2600 
4000 

4.9 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

76 

70 

232,000 
329,000 

215 

(US$ million) 
25. Ratio of price of typical hybrid maize seed 

to grain price, 1985-86 
26. Ratio of price of commercial seed of improved 

varieties to grain price, 1985-86 

82.3 

21.2 

. . 

133 

9.2 

6.7 

5.0 

19.0 

10.0 

.. 

.. 

. • 

226 

nc 

nc 

u 
' 

CL 

27. Farm price of maize, 1985-86 (US$/t) 
28. Exchange rate, 1985-86 (local currenLy/US$) 
29. Ratio of farm-level nitrogen price to 

maize price, 1985-86 
30. rarm wage in kg of maize per day, 1985-86 

60 
0.9 

7.6 
68.4 

90 
13.7 

4.3 
41.7 

100 
193 

4.8 
20.0 

.. 

.. 

.. 

.. 

.. 

nc 
nc 

nc 
nc 

nc Not calculated. 
Missing data. 
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Eastern Europe mcd the USSR 

Bulgaria Czecho
slovakia Hungary Romania USSR 

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000

(% per year) 
3. Urban population as a percentage of total, 1985 
4. Per capita income, 1984 (US$) 
5. Growth rate of real per capita income, 1965 to 1984(% per year) 
6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production,

1961-65 to 1983-85 (% per year) 

8. Area harvested, 1983-85 (000 ha)
9. Yield, 1983-85 (t/ha) 

- 10. Production, 1983-85 (000 t) 
11. Growth rate of area, 1961-65 to 1983-85(% per year) 
12. Growth rate of yiel., 1961-65 to 1983-85 

(% per year) 

13. Growth rate of production, 1961-65 to 1983-85 
(% per year) 

14. Net imports of maize, 1982-84 (000 t)
15. Net imports per capita, 1961-65 (kg per year) 

t 16. Net imports per capita, 1982-84 (kg per year) 
• . 17, Per capita total maize utilization, 1982-84 
.E (kg per year) 

18. Growth rate of per capita maize utilization,
,w961-65 to 19e2-84 (% per year)-" "-" 

9.0 

0.2 
65 
...... 

....... 

904 

2.0 

549 
5.3 

2903 

-0.7 

3.6 

2.9 

186 
-5 

21 

376 

3.4 

15.5 

0.3 
74 

751 

3.0 

187 
5.0 
925 

0.2 

3.0 

3.2 

645 
18 
42 

98 

3.2 

10.7 

-0.1 
54 

1384 

3.5 

1113 
6.0 

6637 

-0.7 

4.0 

3.3 

-293 
13 

-28 

630 

3.5 

22.8 

0.6 
49 

976 

2.5 

2%2 
4.4 

13,019 

-0.5 

4.4 

3.9 

392 
-46 
-17 

541 

3.6 

277 

0.7 
64 

642 

0.8 

4098 
3.3 

13,667 

-1.7 

1.9 

0.2 

9677 
-3 
36 

82 

2.0 

19. Area planted to improved maize as a percentage oftotal maize area, 1985-86 
20. Area planted to hybrids as a percentage of 

total maize area, 1985-86 
21. Total amount of commercial maize seed 

planted, 1985-86 (t) 
"- 22. Total amount of all maize seed planted, 1985-86 (t) 

- 23. Total value of maize seed purchased, 1985-86
(US$ million) 

24. Total value of all maize seed planted, 1985-86 
(US$ million) 

25. Ratio of price of typical hybrid maize seed 
to grain price, 1985-86 

26. Ratio of price of commercial seed of improved
varieties to grain price, 1985-86 

100 

100 

11,000 
il,000 

18.3 

18.3 

. . 

4.0 

. • 

. • 

.. 

100 

100 

33,000 
33,000 

38.4 

38.4 

14.8 

. 

. 

. 

27. Farm price of maize, 1985-86 (US$/t) 
28. Exchange rate, 1985-86 (local currencyUS$) 

Li 29. Ratio of farm-level nitrogen price to 
C. maize price, 1985-86 

=" 30. Farm wage in kg of maize per day, 1985-86 

130 
0.9 

.... 

80 
45.1 

3.7 
56.2 . 

nc Not calculated. 
.. Missing data. 

44 



Eastern Eurore and Ihe USSR, ontin.ed 

Regional 
East total or 

Yugoslavia Germany Poland avera3e 

1. Estimated population, 1985 (million) 23.1 16.7 37.2 415 
2. Estimated growth rate of population, 1980-2000 

0% per year) 0.6 0 0.7 0.6 
3. Urban population as a percentage of total, 1985 46 77 59 62 

o 4. Per capita income, 1984 (US$) 
5. Growth rate of real per capita income, 1965 to 1984 

(% per year) .. 
6. Per capita cereal producti"n, 1983-85 (kg per year) 743 659 635 693 
7. Growth rate of per capit', cereal production, 

1961-65 to 1983-85 (% per year) 1.5 6.0 2.3 1.3 

8. Area harvested, 1983-85 (000 ha) 
9. Yield,' '1983-85 (t/ha) 

2542 
4.2 

3 
0.3 

15 
4.2 

11,360 
4.2 

: 10. Production, 1983-85 (000 t) 10,641 1 63 48,245 
. 11. Growth rate of area, 1961-65 to "1983-85 

(% per year) -0.3 .... -1.1 
12. Growth rate of yield, 1961-65 to 1983-85 

(% per year) 3.4 .... 3.2 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 3.1 .... 2.0 

. 

14. Net imports of maize, 1982-84 (000 t) 
15. Net imports per capita, 1961-65 (kg per year)
16. Net imports per capita, 1982-84 (kg per year) 

-613 
-4 

-27 

881 
16 
53 

457 
9 

13 

10,538 
0 

26 
• .17. 
._ 

Per capita total maize utilization, 1982-84 
(kg per year) 447 52 13 142 

18. Growth rate of per capita maize utilization, 
1961-65 to 1982-84 (% per year) 2.2 6.2 2.6 2.6 

19. Area planted to improved maize as 
total maize area, 1985-86 

a percentage of 
75 . 100 95 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 75 .. 100 95 

21. Total amount of commercial maize seed 
N planted, 1985-86 (t) 0 .. 14,000 222,000 

-2 
' 

22. Total amount of all maize seed planted, 1985-86 (t) 
23. Total value of maize seed purchased, 1985-86 

36,000 14,000 234,000 

C (US$ million) 66.6 8.3 345 
' 24. Total value of all maize seed planted, 1985-86 

(US$ million) 68.4 8.3 347 
25. Ratio of price of typical hyb.'id maize seed 

to grain price, 1985-86 15.0 3.3 nc 
26. Ratio of price of commercial seed of improved 

varieties to grain price, 1985-86 .. 0 nc 

27. Farm price of maize, 1985-86 (US$1t) 120 180 nc 
28. Exchange rate, 1985-86 (local currencyUS$) 342 166 nc 
29. Ratio of farm-level nitrogen price to 

"L maize price, 1985-86 3.9 .. 1.2 2.5 
30. Farm wage in kg of maize per day, 1985-86 35.5 . • 16.7 31 

nc Not calculated. 
Missing data. 
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[)eveI()cd f\4arfeI4 V 

- . 

o 

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000

(% per year) 
3. Urban population as a percentage of total, 1985 
4. Per capita income, 1984 (US$) 
5. Growth rate of real per capita income, 1965 to 1984(%per year) 
6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production,

1961-65 to 1983-85 (% per year) 

Austria Canada 

7.6 25.3 

0.1 0.9 
72 74 

6420 13,280 

2.7 2.4 
706 1846 

4.0 1.0 

France 

55.2 

0.5 
73 

9760 

3.0 
970 

2.9 

West 
Germany 

61.1 

-0.1 
94 

11,130 

2.7 
411 

2.3 

Greece 

9.9 

0.4 
70 

3770 

3.8 
501 

2.5 

Italy 

57.1 

0.2 
72 

6420 

2.7 
328 

0.9 

Spain 

39.0 

0.7 
91 

4440 

2.7 
486 

2.7 

South 
Africa 

32.4 

2.5 
56 

2340 

0.3 
250 

-1.4 

o 

8. Area harvested, 1983-85 (000 ha)
9. Yield, 1983-85 (t/ha) 

- 10. Production, 1983-85 (000 t) 
11. Growth rate of area, 1961-65 to 1983-85(% per year) 

12. Growth rate of yield, 1961-65 to '1983-85 
(% per year) 

13. Growth rate of production, 1961-65 to 1983-85 
(%per year) 

207 
7.6 

1574 

6.9 

3.3 

10.4 

1154 
5.9 

6713 

8.1 

1.0 

9.2 

1755 
6.2 

10,952 

3.2 

3.5 

6.8 

177 
6.0 

1(65 

12.2 

2.6 

15.1 

194 
9.7 

1885 

0.7 

9.5 

10.3 

953 
6.9 

6609 

-0.7 

3.6 

2.9 

438 
5.8 

2547 

-0.3 

4.4 

4.1 

4139 
1.3 

5340 

-0.1 

0.2 

0.1 

14. Net imports of maize, 1982-84 (000 t) 
15. Net imports per capita, 1961-65 (kg per year)

"' 16. Net imports per capita, 1982-84 (kg per year) 
'. 17. Per capita total maize utilization, 1982-84 
E (kg per year)

18. Growth rate of per capita maize utilization,1961-65 to 1982-81 (%per year) 

-40 
52 
-5 

198 

4.7 

-28 
32 
-1 

256 

5.5 

-3614 
-1 
-66 

127 

2.9 

1586 
26 
26 

43 

2.5 

295 
13 
30 

222 

9.0 

1419 
62 
25 

144 

1.0 

4194 
27 
110 

174 

5.3 

-429 
-76 
-14 

214 

0.4 

. 
> 

19. Area planted to improved maize as a percentage of
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of
total maize area, 1985-86 

21. Total amount of commercial maize seed
planted, 1985-86 (t) 

22. Total amount of all maize seed planted, 1985-86 (t) 
23. Total value of maize seed purchased, 1985-86 

(US$ million) 
24. Total value of all maize seed planted, 1985-86 

(US$ million) 
25. Ratio of prize of typical hybrid maize seed 

to grain price, 1985-86 
26. Ratio of price of commercial seed of improved

varieties to grain price, 1985-86 

.. 

• . 

.. 

100 

100 

24,000 
24,000 

59.2 

59.2 

30.9 

100 

100 

58,000 
58,000 

187 

187 

25.0 

4.0 

100 

100 

37,000 
37,000 

118 

118 

15.6 

8.9 

100 100 

100 100 

5000 16,000 
5000 16,000 

16.7 53.2 

16.7 53.2 

25.0 25.0 

. . 4.0 

100 

100 

9000 
9000 

30 

30.4 

25.0 

4.0 

97 

95 

80,000 
85,000 

74.5 

75.1 

8.3 

2.4 

Q 

u 
C. 

C" 

27. Farm price of maize, 1985-86 (US$1t) 
28. Exchange rate, 1985-86 (local currency/US$) 
29. Ratio of farm-level nitrogen price to 

maize price, 1985-86 
30. Farm wage in kg of maize per day, 1985-86 

• . 

. • 
•. 

80 
1.4 

4.9 
455 

130 
7.4 

2.7 
280 

200 

2.2 

3.6 
178 

140 
145 

1.9 
100 

.. 

.. 

.. 

.. 

.. 
.. 

110 
2 

5.1 
13.0 

nc Not calculated. 
.. Missing data. 
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Belgium/ United Regional 
Luxem- Nether- Portu- King- total or 

USA burg Japan lands gal dom average 

1. Estimated population, 1985 (million) 239 9.9 121 14.5 10.3 56.5 794 
2. Estimated growth rate of population, 1980-2000 

(% per year) 0.7 0.1 0.5 0.7 0.6 0.1 0.6 
3. Urban population as a percentage of total, 1985 76 86 76 88 30 76 75 

c -
4. Per capita income, 1984 (US$) 
5. Growth rate of real per capita income, 1965 

(%per year) 
to 1984 

15,390 

1.7 

8610 

3.0 

10,630 

4.7 

9520 

2.1 

1970 

3.5 

8570 

1.6 

10,560 

2.4 

6. Per capita cereal productiog, 1983-85 (kg per year) 1225 717 128 89 138 413 716 
7. Growth rate of per capita :ereal production, 

1961-65 to 1983-85 (% per year) 1.5 C --2.1 -3.0 -1.2 3.0 1.7 

8. ,-Area harvested, 1983-85 (000 ha) 26,767 9 1 . . 356 • . 36,275 
9. ','reld, "1983-85 (t/ha) 6.6 7.1 1.0 . . 1.5 . • 5.8 

C 10. Production, 1983-85 (000 t) 175,383 64 1 . . 519 . . 213,284 
, .2 11. Growth rate of area, 1961-65 to 1983-85 

(% per year) 0.7 .. .. .. -1.5 .. 0.7 
: 12. Growth rate of yield, 1961-65 to 1983-85 

. (% per year) 2.2 .. .. .. 1.2 • • 2.4 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 2.9 .. .. .. -0.4 . . 3.2 

14. Net imports of maize, 1982-84 (000 t) -48,526 1427 14,147 2102 2249 1796 -22,348 
15. Net imports per capita, 1961-65 (kg per year) -60 64 28 137 9 67 5 

' 16. Net imports per capita, 1982-84 (kg per year) -207 140 119 146 223 32 -28 
COL17. Per capita total maize utilization, 1982-84 
.E (k-, per year) 550 145 118 147 270 32 247 

18. Growth rate of per capita maize utilization, 
1961-65 to 1982-84 (% per year) 0.7 4.0 7.4 0.4 7.0 -3.6 1.7 

19. Area planted to improved maize as a percentage of 
total maize area, 1985-86 100 .. .. .. 18 .. 99 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 100 .. .. .. 16 .. 99 

21. Total amount of commercial maize seed 
p!anted, 1985-86 (t) 551,000 1000 . . 790,000 

S. 22. Tctal amount of ill maize seed planted, 1985-86 (t) 551,000 12,000 805,000 
> 23. Tctal value of maize seed purchased, "1985-86 

(US$ million) 1460 4.7 2027 
' 24. Tctal value of all maize seed planted, 1985-86 

(US$ million) 1460 7.6 2031 
25. Ratio of price of typicil hybrid maize seed 

to grain price, 1985-86 20.4 12.5 nc 
26. Ratio of price of commercial seed of improved 

varieties to grain price, 1985-86 ... nc 

27. Farm price of maize, '1985-86 (US$/t) 90 270 nc 
28. Exchange rate, 1985-86 tlocal currency/US$) 1 150 nc 
29. Ratio of farm-level nitrogen price to 

C. 30. 
maize price, 1985-86 

Farm wage in kg of maize per day, 1985-86 
4.6 
622 

.. 

.. 

.. 

.. 

.. 

.. 
2.3 

32.5 
. • r,c 

nc 

nc Not calculated. 
Missing data. 
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Regional Aggregates 

Developing 
countries 

Developed 
market 

economies 

Eastern 
Europe 

and USSR World 

-

_s 
u 

1. Estimated population, 1985 (million) 
2. Estimated growth rate of population, 1980-2000

(0, per year) 
3. Urban population as a percentage of total, 1985 
4.Per capita income, 1984 (US$) 
5. Growth rate of real per capita income, 1965 to 1984

(% per year) 
6. Per capita cereal production, 1983-85 (kg per year) 
7. Growth rate of per capita cereal production,

1961-65 to 1983-85 (%per year) 

3630 

2.0 
30 

640 

3.0 
257 

1.2 

794 

0.6 
75 

10,560 

2.4 
716 

1.7 

415 

0.6 
62 
. . 

. . 

693 

1.3 

4840 

1.7 
40 

2650 

1.5 
371 

1.0 

-

',.3 

8. Area harvested, 1983-85 (000 ha)
9. Yield, 1983-85 (t/ha) 

10. Production, 1983-85 (000 t) 
11. Growth rate of area, 1961-65 to 1983-85(%per year) 

79,0 1 
2.1 

168,408 

1.2 

36,275 
5.9 

213,284 

0.7 

11,360 
4.2 

48,245 

-1.1 

126,706 
3.4 

429,937 

0.9 
12. Growth rate of yield, 1961-65 to 1983-85 

(% per year) 
13. Growth rate of production, 1961-65 to 1983-85 

(% per year) 

2.8 

4.0 

2.4 

3.2 

3.2 

2.0 

2.5 

3.4 

•. 
Co. 

.-

14. Net imports of maize, 1982-84 (000 t)
15. Net imports per capita, 1961-65 (kg per year)
16. Net imports per capita, 1982-84 (kg per year)
17. Per capita total maize utilization, 1982-84 

(kg per year) 
18. Growth rate of per capita maize utilization, 

1961-65 to 1982-84 %per year) 

11,494 
-1 
3 

50 

2.3 

-22,348 
5 

-28 

247 

1.7 

10,538 
0 

26 

142 

2.6 

-317 
6a 

15a 

91 

1.4 

C 
. 
> 

L4 

;9. Area planted to improved maize as a percentage of 
total maize area, 1985-86 

20. Area planted to hybrids as a percentage of 
total maize area, 1985-86 

21. Total amount of commercial maize seed 
planted, 1985-86 (000 t)

22. Total amount of all maize seed planted, 1985-86 (000 t) 
23. Total value of maize seed purchased, 1985-86 

US$ million) 
24. Total value of all maize seed planted, 1985-86

(US$ million) 
25. Ratio of price of typical hybrid maize seed 

to grain price, 1985-86 
26. Ratio of price of commercial seed of improved

varieties to grain price, 1985-86 

51 

38 

901 
2119 

516 

782 

nc 

nc 

99 

99 

790 
805 

2027 

2031 

nc 

nc 

95 

95 

222 
234 

345 

347 

nc 

nc 

71 

63 

1913 
3158 

2889 

3160 

nc 

nc 

27. Farm price of maize, 1985-86 (US$/t)
28. Exchange rate, 1985-86 (local currency/US$) 
29. Ratio of farm-level nitrogen price to

CL maize price, 1985-86 
o 

30. Farm wage in kg of maize per day, 1985-86 

nc 
nc 

nc 

r1c 

nc 
nc 

nc 

nc 

nc 
nc 

nc 

nc 

nc 
nc 

nc 

nc 
nc Not calculated. 

a 
Missing data. 
Total world imports per capita. 
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Regions of the World, As Delineak~ for Tbh, Study 

I)veloping (Ountric,,: North Africa 
Algeria 

Eastern and Southern Egypt 
Africa: Libya 
Angola Morocco 
Botswana Tunisia 
Burundi Western Sahaia 
Co iioros 
Djihouti Middle East (Countries 
Ethiopia of Asia): 
Kenya Afghanistan 
Lesotho Bahrain 
Madagascar Cyprus 
Malawi Iraq 
Mauritius Iran 
N1Ozaliqt'e Jordan 
Namibia Kuwait 
Rwanda Lebanon 
Seychelles Oman 
Somalia Qatar 
Sudan Saudi Arabia 
Swaziland Syria 
Tanzania Turkey 
Uganda United Arab Emirates 
Zamlbia Yemen, North 
Zimbabwe Yemen, South 

West Africa: South Asia: 
Benin Bangladesh 
Burkina Faso Bhutan 
Cameroon Burma 
Cape Verce India 
Central African Republic Maldives 
Chad Nepal 
Congo Pakistan 
EqIatorial Guinea Sri Lanka 
Gabon 
Ganibla Southeast Asia and 
Ghana the Pacific: 
G ainca Brunei 
Guinea-Bissau Fiji 
Ivoly Coast French Polv'nesia 
Liber ia Hong Kong 
Mali Indonesia 
Mauritania Kalpuchea 
Niger Laos 
Nigeria Macau 
Reunion Malaysia 
Sao Tonie New Caledonia 
Senegal Papua New Guinea 
Sierra I eone Philippines 
St. Helena Samoa 
Togo Singapore 
Zaire Solomon Islands 

Thailand 
Tonga 
Vanuatu 
Vietnam 

East Asia: 
China 
Korea, North 
Korea, South 
Mongolia 
Taiwan 

Mexico, Central America, 
and Caribbean 
Bahamas 
Barbados 
Belize 
Costa Rica 
Cuba 
Dominican Republic 
Ei Salvador 
Grenada 
Guadal upe 
Guatenala 
Haiti 
Honduras 
Jamaica 
Martinique 
Mexico 
Montserrat 
Netherlands Antilles 
Nicaragua 
Panama 
Trinidad and Tobago 

Andean Region 
Bolivia 
Colombia 
Ecuador 
French Guinea 
Guyana 
Peru 
Surinam 
Venezuela 

Southern Cone of South 
America: 
Argentina 
Brazil 
Chile 
Paraguay 
Uruguay 

I)evloped (untriv,: 

Eastern Europe and 
USSR: 
Albania
 
Bulgaria
 
Czechoslovakia
 
Germany, East
 
Hungary
 
Poland
 
Romania
 
'JSSR 
Yugoslavia 

Developed Market 
Economies: 
Australia 
Austria 
Belgium 
Canada 
Denmark 
Finland 
France 
Germany, West 
Greece 
Greenland 
Iceland 
Ireland 
Israel 
Italy 
Japan 
Luernliurg 
Malta 
Netherlands 
New Zealand 
Norway 
Portugal 
South Africa 
Spain 
Sweden 
Switzerland 
United Kingdom 
USA 
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