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] Foreword

Previous issues of World Wheat Facts
and Trends have explored rising Third
World wheat imports and analyzed
wheat marketing and pricing issues in
developing countries. The scope of
this issue is equally comprehensive.
Our subject is the recent past and
near future of technological change in
wheat production, mostly in the
developing countries of Asia. It is
especially urgent for CIMMYT and
other institutions to understand this
process of change, popularly referred
to as the “Green Revolution,” so that
we can establish future research
priorities with greater certainty.

Our desire to establish the relative
importance of different avenues of
research is motivated by more than
the usual pragmatism that should
accompany the planning of any
enterprise. We are acutely aware of
the time lags inherent in the research-
to-payoff continuum. Effective
planning is thus a tool for minimizing
time lags without sactificing the quality
of scientific investigation. A critical

part of the planning process is
gathering and analyzing information
relevant to the decisions we must
take: hence reports such as the Facts
and Trends.

This report charts the progress of
technological change in Third Werld
wheat production over the past two
decades and gives careful attention to
the possibilities for future gains in
productivity. Clearly, the rapid
technological advances of the past
two decades have been extraordinary
and potential for additicnal progress
remains. Even so, our study leads us
to take a rather conservative view of
the extent to which the main sources
of yield increases in recent years—the
spread of modern varieties, increased
fertilizer use, and improved supplies
of irrigation water—will help Third
World farmers meet the growing
demand for wheat in years to come.

The study suggests that over the next
decade continued efforts in genetic
improvemert will certainly be
necessary, especially as they relate to
maintaining and improving resistance
to biotic and abiotic stresses.
Opportunity, however, appears to
favor research in crop maragement,
with greater attention to some of its

subtler aspects. And we not*e that the
more complex extension messages of
the future will require a better
developed system of transferring
inputs and information to farmers.

The challenges of the future can be
met, and national program efforts will
be critical to meeting them. The time
when wheat production could be
increased significantly through opening
new land to agriculture is essentially
behind us. Rather, it is the
productivity of resources committed to
agriculture—including the productivity
of the iesearch system itself —that
must receive our attention. These
needs arise at a time when resources
for agricultural research are less
readily available. With more subtle
demands on research and an
increasingly limited supply of
resources, it is important to take extra
care in directing the work. We think
that studies such as Facts and Trends
help to show the way forward. We
hope its readers will find it useful.

D.L. Winkelmann
Director General



Preface

This issue of World Wheat Facts and
Trends is divided into three parts: a
discussion of r2cent changes in Third
World wheat production and their
implications for the future; an
overview of the current world wheat
sitvation; and selected statistics on
world wheat production.

Part 1 begins with & «:inmay of
major trends in ceeal production in
the postwar period, a time that saw a
dramatic switch from increases in area
to increases in yieid as the primary
source of growth in wheat production.
We focus particularly on recent
changes in Third Worid wheat
production during the past decade,
when yvields end production in
developing countries rose almost as
rapidly as during the early years of
the Green Revolution.

Part 1 gives special attenton to trends
in regions that are irrigate? or where
rainfall is good, for they cl aracterize
the major wheat-producing regions in
the developing world. However, some
reference is made to the drier areas in
which wheat is grown, where the
pace of change has been slowest. To
study the relation of moisture regime
to adoption of new varieties and the
use of fertilizer, CIMMYT, in
collaboration with national programs
and other sources, assemble'] data
covering almost all developiag as well
as rnany industrialized countrics to
obtain rough estimates of area,
production, and yields of wheat
grown under four moisture regimes:
1) irrigated; 2) rainfed with more than
200 -uim annual rainfall; 3) rainfed
with 300-500 mm annual rainfall; and

4) rainfed with less than 300 mm
annual rainfall? These data are used
throughout the discussion in Part 1.

The analysis by moisture regime is
followed by informaticn on the
sources of the impressive yield
increases in wheat in developing
countries over the past decade: the
spread of semidwarf wheats and
greater use of fertilizer on wheat
(expansion in irrigated area has been
a less significant factor in recent yield
increases). We also discuss
assessments of how breeding,
compared to other factors, has helped
raise the productivity of wheat. Two
cases of recent changes in wheat
prouuction in the Punjab of Pakistan
and in China follow to illustrate some
of the trends presented in this report.

Part 1 concludes with an assessment
of future increases in production and
consumption. The evidence suggests
that the major sources of growth in
wheat production over the past two
decades—improved varieties, fertilizer
use, and irrigation—have now been
largely exploited, and that to the year
2000 the rate of increase in wheat
production will be considerably slower
than in the past. Although wheat
consumption will also increase more
slowly, it is nut certain whether
urrent levels of self-sufficiency in
Third World wheat production can be
maintained.

Future gains in productivity therefore
depend on adopting a strategy
somewhat different from that followed
in the past, which relied chiefly on the
interaction of improved germplasm,
fertilizer, and irrigation to raise the
productivity of wheat. A new strategy,
suited to both favored and marginal

areas, would be to further exploit
available technology by increasing the
efficiency with which it is used. This
approach sugrests that improved crop
and resource management will play a
greater role relative to ‘mproved
varietics in raising productivity in the
{uture. Implementing this new strategy
will require effective crop
management research systems, strong
extension systems. and well-
developed input support systems.

Part 2 of this report is an overview of
the current world wheat situation,
covering production in developing and
developed countries, wheat utilization,
glotal traciz and stocks of wheat (with
a review of principal importers and
exporters), and trends in wheat
prices, freight rates, and fertilizer
prices. The effect of the North
American drought of 1988 on the
world wheat economy is also
discussed.

Finally, Part 3 of this report assembles
statistics on the production,
consumption, trade, and prices of
wneat. Siatistics related to themes
developed in Part 1 are also
provided, including information on
moisture availability, variety, and
fertilizer use in wheat prodiiction. This
information is organized by region and
covers the major wheat-producing and
wheat-consurming nations of the
developing world as well a: most
developed countries.

t Data on wheat area under each moisture
regime are given in Part 3, by country.
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Part 1: Vi ¢
Recent froi;

An examination of trends in cereal
production since World War Il reveals
that wheat continues to be the most
dynamic sector in world grain
production. Although world cereal
production during the post-war period
has increased at an unprecedented
rate, averaging 2.8% yearly and
surpassing the population growth rate
(2.3% /yr), wheat has experienced
the fastest growth rate of all cereals,
averaging 3.5% per annum.
Worldwide, increases in both area and
yields of wheat were more rapid than
for all other cereals combined.

The rate of change has been
especially marked in developing
countries. From 1948 to 1986, Third
World wheat production grew at the
surprising rate of 4.3% a year,
quadrupling from less than 50 million
tons in 1948-52 to 200 million tons in
1982-86. The chare of the world’s
wheat produced in the Thir® World
has risen from 27% to 41% in the
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post-war period and wheat has
assumed increasing importance in
Third World cereal economies.

Since 1520, the most striking change
in wheat production {as in all cereal
production) has been the dramatic
cwitch from area increases to yield
increases as the main source of
growth in productior.. During the
1950s, the expansion of wheat area
accounted for 59% of production
increases; in the most recent decade,
expanding wheat area was responsible
for only 20% (Figure 1). Wheat yields
have grown far more rapidly than
area, accounting for 73% of the
increase in world wheat productior.
and almost 100% of the increase in
developed countries. In developed
countries wheat area has actually
contracted since 1961-65, largely
because wheat area declined in the
USSR and, more rzcently, in major
exporters such as the USA and
Australia.

" L All Cereals
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1948.52 1961-65 1971.75

to
1971-75

to to
1961-65 1982-36

1948-52 1961-65 1971-75
to to 1o
1961-65 1971-75 1982-86

Figure 1. Growth rate of area, yield, and production in developing
countries for wheat and all cereals, 1948.86.
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The relative contributions of rising
vields and expanding area become
even more evident when we look at
production of all cereals combined.
Expansion in area planted to cercal
crops averaged only 0.38% per year
in the most recent decade and
accounted for only 11% of increased
production. Given current trends,
additional area sown to cereals will
make a negligible contribution to
future increases in world cereal
production, although wheat area may
expand slowly as wheat is substituted
for other cereai crops.

A regional overview of changes in
Third World wheat production during
the past two decades (1961-65 to
1971-75 and 1971-75 to 1982-86)
shows that in each decade production
rose extremely rapidly in South and
East Asia and, to a lesser extent, in
Mexicc .1 Production increases in
South and East Asia d'ring the
second decade slowed somewhat
because rates of increase in area and
yield fell slightly. Yield increases were
by far the most impo.ant factor in
raising production, especially in East
Asia. Although the rate of yield gains
dropped sharply in Mexico during the
second decade, expanding area
compensated for a levelling off in
yield.

In North Africa and West Asia
production increases have generally
been slower over the past decade
than in the previous one, largely
because of diminishing wheat area.
Wheat production in the Andean zone
continued to fall. In the Southern

1 See Annex 1, p. 54, for a list of
countries in each region.



Cone of South America, as
elsewhere, the source of production
increases has switched from
expanding area to raising yields as
semidwarf wheat varieties and
associated improvements in
production technology have spread.

Changes in wheat yields in selected
developing countries are shown in
Figure 2. Zimbabwe has the highest
wheat yield in the developing world
and also one of the highest rates of
growth in yields. Other, smaller wheat
producers, inciuding Saudi Arabia,
North Korea, and Bangladesh, have
also increased their wheat yields
quickly and now surpass the
developing world average. Among
large wheat producers, China has
made the most dramatic gains (see p.
17). Meanwhile, Algeria, Nepal, and
Iran are exampies of countries where
yields are low and little progress has
been made in raising them.
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Major Factors
Influencing Wheat Yields

Much of the progress in raising wheat
vields over the past four decades can
be attributed to three major factors:
1) tha expansion of irrigation in
developing countries, where nearly
half of all wheat area is now irrigated;
2) the spread of higli-riielding
semidwarf wheat varieties; and

3) rapid increases in the use of
chemical fertilizers on all crops,
especially high-yielding wheats. This
section focuses on the rule,
importance, and potential of each of
these factors in increasing wheat
production.

The Role of Moisture

Regime i.. Wheat Production
Moisture availavility, especially
irrigation, is a major factor explaining
wheat production trends in develop-
ing countries. By the mid-1980s,
approximately 42% of total develop-
ing country wheat area was irrigated,
producing 49% of the output. A

.
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further 28% of the area was
characterized by well-watered rainfed
conditions (> 500 mm) and
contributed 2&% of the Third World
wheat crop. Thirty-one percent was
found in dryland areas with less than
500 mm annual rainfall 2nd produced
23% of the output (Table 1).

In developed countries, less than 5%
of wheat is growr under irrigation.
Excluding the USSR, for which data
were not available, zbout two-thirds of
al! developed-country ‘wheat is grown
in ar<as receiving over 500 mm yearly
rainfall (Table 1). Hence the
proportion of wheat grown in well-
watered areas is similar in developed
countries (excluding the USSR) and in
developing ones. But in developed
countries, excluding the USSR, wheat
yields average 2.8 t/ha, compared to
2 t/ha in the developing world.

Variation in moisture availability is
strongly linked to differences in yield
levels among developing countries.
Averaged over al! countries for each

," “ : \,.-.r-‘.
g Yield, 1974.76 - °

-

» - . .

. Lo ) RO - o
Developing:countt tverage. 198486 -

Figure 2. Wheat yields in selected developing countries in 1961-65, and increments over the next

two decades.



Table 1. Percentage of wheat area by au.aual rainfall in major production

regions, mid-1980s

Region

Sub-Saharan Africe

West Asia and North Africa
Other Asia@

Latin America

Developing countries
Developed countiies

World

2 Excludes West Asian countries.

b Excludes USRR.

7 mx r SR
1 Production

Rate of growth, 1961-65 to 1984-86 (% /yr)

Countries that grow wheat

Irrigated

54
19
53
11
41

3
27

mostly under well-watered

conditionsa

0 0
50 15
25 1

1 0
27 4
32 0
29 2

»

Countries that grow wheat

mostly under dryland
conditionsb

Nepal, Mexico, Pakistan, Pareguay, Saudi Arabia, Sudan, Uruguay.

Countries where wheat i-. mostly rainfed with less than 500 mm of annual rainfall;

Afghanistan, Algeria, Irai, Iraq, Libya, Mongolia, Morocco, Syria, Tunisia, Turkey.

Figure 3. Rate of growth of wheat area and yields in two groups of

developing countries by moisture regime, 1961-65 to 1984-86.

Countries where 1/heat is mostly irrigated or rainfed with more than 500 mm of annual
rainfall: Argentina, Bangladesh, Brazil, Chile, China, Egypt, Ethiopia, India, Kenya,

moisture rewsme, developing country
wheat yields vary from 2.6 t/ha in
irrigated areas to 0.6 t/ha in very dry
areas receiving less than 300 mm of
rainfall. Average wheat yields have
risen rapidly in environments where
moisture is plentiful, but in dryland
areas (that is, rainfed areas with less
than 500 mm rainfall) yield increases
have been more modest. Countries
where most wheat is grown under
well-watered conditions (irrigation
and/or roderate to high rainfall, over
500 mm) experienced sustained
growth rates in yield of 4.4% yearly
from 1961-65 to 1984-86, more than
double the rate of increase (2.1%
yearly) in countries where significant
areas of wheat are grawn under
drought stress {Figure 3). This
variation: reflects both the limiting
effects of drought on yields as well as
the lower rate of acoption of
improved technology in these risky
environments.

As onie might expect, the Third World
wheat region where drought stress is
most frequent is Wes: Asia and North
Africa, where nearly two-thirds of the
wheat area receives less than 500 mm
annual rainfall.

Quite different incidences of drought
stress are associated with different
wheat types (see “The Types of
Wheat Grown in Developing
Countries,” p. 4). Only 27% of the
spring bread wheat area in developing
countries comprises dryland locations
where droughi stress is frequent,
compared to 64% of the winter wheat
area and 78% of the durum area.
Nonetheless, because bread wheat
dominates total wheat area, the
absolute area of bread wheat—
including facultative bread
wheats?2—in dryland locations

2 Facultative bread wheats have sone
attributes of both spring and winter wheat
types and have evolved to fit fairly
specific enviornmental niches; their
growth habit i. intermediate between that
of spring and winter wheats.



The Types of Wheat
- Grown in Developing Countries

Wheat is classified by growth habit
into three basic types: spring, winter,
and facultative. Spring wheats have a
continuous four- to five-month growth
cycle and generally cannot survive an
extended period of freezing
temperatures. Winter wheats,
however, planted in autumn and
harvested 8-10 months later, cannot
develop properly without a continuous
pericd of cold temperatures (although
in areas with mild winters, spring
wheats are sometimes planted in
autumn and harvested in the spring).
Facultative wheats have atiributes of
both spring and winter wheals and
have evolved to fit fairly specific
environmental niches.

Two-thirds of the 100 million hectares
planted to wheat in developing
countries in 1986 was sown to spring
bread wheats (see table). The next
most imporiant category was winter
bread wheat, produced on 14% of
the area, almost exclusively in West

Asia and China. Facultative wheats,
which are intermediate betwee-.
spring-habit and winter-habit wheats,
were found on 7.7 million hectares,
largely in Chinat The remainder of
the world wheat area is sown to
spring and some winter durums,
which together occupy 11 million
hectares (see table).

Developing countries that plant mainly
spring bread wheats include
Argentina, Bangladesh, Brazil, Egypt,
India, Iraq, Kenya, Mexico, Nepal,
Pakistan, Peru, Sudan, and Uruguay.
Those that produce primarily winter
bread wheat include Iran, South
Korea, and Turkey. In Algeria,
Ethiopia, Jordan, Morocco, Tunisia,
and Syria, at least ha'f of the wheat
area is sown ‘o durums.

t Approximately 95% of facultative
wheat area is planted to bread wheats {in
China, Chile, Turkey, and Iran!; the
remaining facuitative wheat area is
plented to durums, mostly in Turkey.

Importance of different wheat types by geographic region, mid-1980s

Region
Sub-Saharan Africa 61 0
North Africa 38 0
West Asia 35 35
South Asia 90 0
East Asia 57 21
Mexico and Central
America 90 0
Andean Region 70 0
Southern Cone,
South America 96 1
All developing

countries (%) 66.3

3 Mostly bread wheat (about 95%).

13.6

0 39 0 100
0 62 0 100
6 11 13 100
0 10 0 100
22 0 0 100
0 10 0 100
0 30 0 100
2 1 0 100
7.9 9.3 28 100

(28.2 million hecrares) is almost three
times the total area of durums sown
in dryland conditions (9.8 millioa
hectares) {see “Trends in Durum
Wheat Production,” p. 8).

The Importance of Irrigation
Irrigation has been particularly
important in Third World wheat
procuction, although there are
indications that its contribution to
raising wheat production may be
diminishing. Asia now produces cver
90% of all irrigated wheat in the
Third World. From 1965 to 1975,
total irrigated area in Asia increased at
an annual rate of over 2%, but in the
1980s the rate of increase slowed to
just 0.7% (Table 2). The exparsion
of surface irrigation systems was
significant until 1975 in some areas,
especially in China. In South Asia
supplies of irrigation water were
increased chiefly by installing
tubewells, which made groundwater
available to crops. Over the past 20
years, the percentage of wheat area
under irrigation rose from 50% to
72% in India and from 66% to 83%
in Pakistan. Conversion of rainfed
land to irrigated land in South Asia,
along with the use of seed of
improved varieties and fertilizer,
increased wheat yields on that land by
about 1 t/ha.

In all regions in recent years,
expansion in irrigated area has slowed
drastically (Table 2). China and the
West Asia/North Africa region have
registered zero and negative growth
rates. The slackening rate of
expansion reflects the cost of
developing new irrigation schemes
once the easier and cheaper sites
have been exploited. Nonetheless, in
the past few years some countries
have invested heavily in irrigation in
the hope of boosting wheat
production. Often, as in Nigeria and
Saudi Arabia, irrigat¥on schemes have
proven costly; in Nigeria they have
yet to make a significant contribution
to raising wheat production.



Aside from cost, irrigation schemes
display other problems. In newer as
well as older schemes, maintaining
irrigated area is often difficult because
of soil salinity or waterlogging, or
simply because underground waie:
supplies become exhausted.
Expansion in irrigated area is
therefore unlikely to make a major
contribution to future increases in
wheat production unless this trend is
reversed and investment rises sharply
(see “Third World Wheat Supply and
Demand to the Year 2000,” p. 22).

Table 2. Rate of growth of total irri

The Contribution of

Wheat Breeding and the
Spread of Semidwarf Wheats
The introgression of genes for
reduced height (Rht genes) into the
taller wheat varieties that dominated
wheat production before the Green
Revolution undoubtedly constitutes
one of the most significant
accomplishments in the history of
plant breeding. Four Rht genes are
the source of virtually all semidwarf

varieties grown commercially in the
world: Rht1, Rht2, Rht8, and Rht9.

gated area in Asia and North Africa,

1965-84
W. Asia All Asiab and
Period South Asia China and N, Africa2 N. Africa
1965-69 2.7 29 1.7 2.5
1970-74 1.9 29 0.4 2.1
1975-79 2.2 0.0 0.7 1.9
1980-84 1.0 0.0 0.8 0.7
1965-84 2.1 1.2 0.3 1.6

Source: Levine et al, (1988).

a Includes Egypt.
Includes Southeast Asia.

Table 3. Adoption of semidwarf wheat varieties by geographic region,

mid-1980s

to semidwarf

Region

Sub-Saharan Africa

West Asia and North Africa
South, East, and Southeast Asia
LLatin America

Developing countries
Developed count:jesé

Worlda

a Excluding USSR.

(million ha)

Area sown
Percent of wheat
area in region sown
to semidwarfs

varieties

0.4 39
10.7 41
45.1 7?2

7.8 76
63.9 65
37.2 58

101.1 62

Genes Rht1 and Rht2 are found in
nearly all semidwarfs grown in
developing countries, except for
China, and in many developed
countries, including the USA. In
developing countries--China is again
the exception—-the source of Rhtl
and Rht2 has been germplasm
provided by CIMMYT. Genes Rht8
and Rht9 are the sources of
semidwarf stature in numerous
varieiies grown in southern and

eastern Europe and China (Gale and
Youssefian 1985; Dalrymple 1986).

It is now we'l known that introducing
semidwarf wheat varieties into
irrigated areas of Mevrico, Pakistan,
and India in the late 1960s made a
spectacular contribution to wheat
production and self sufficiency (see,
for example, Hanson et al., 1982).
Less well known is the fact that in the
1970z and 1980s semidwarf wheats
have steadily spread to other
countries and environments (data on
the use of semidwarf varieties for all
developing countries can be found in
Dalrymple, 1986). By the mid-1980s,
the area planted to semidwarf
varieties in the Third Wnrld was
estimated at 62 miliion nectares or
62% of developing world wheat area.

Well over half of that area lies outside
the original Green Revolution
countries. South Asia and Mexico
account for 26 million hectares sown
to semidwarf varieties and China for
17 million. The remaining 19 million
nectares is scattered widely across all
major wheat-producing regions (Table
3). Semidwarf varieties now make up
70% or more of the wheat planted in
Asia and Latin America. In North
Africa, West Asia, and sub-Saharan
Africa, semidwarfl wheats are grown
on 30-40% of the wheat area.



In developed countries also,
semidwarf wheat varieties may now
cover nearly half the wheat area.
They are especially important in
Australia, the USA, the UK, and
several European countries, which
now sow the greater proportion of
their wheat area to semidwarfs.
Worldwide (excluding the USSR,
where semidwar! wheats are also
reported to be widely grown), an
estimated 102 million hectares are
now sown to semidwarf wheat
varieries.

Patterns of adoption of semidwarf
wheats vary, depending on each
country’s particular climatic,
technological, and scciceconomit
circumstances (Figures 4a, b, c, d).
Irrigated areas producing spring bread
wheat, especially India, Pakistan, and
Mexico, saw eatly, fast adoption of
semidwar{ wheats based on one or
two major varieties originating in
Mexico. But other irrigated areas
required the new semidwarf materials
to be further adapted to fit special
requirements.

For example, adoption of semidwarf
varieties in Bangladesh did not take
off until the mid-1970s, when the
early maturing variety, Sonalika,
became widely available. Sonalika was
particularly suited to the warmer
environment and intensive cropping
systems there. In China, where much
of the irrigated wheat area is sown to
winter-habit and facultative wheats, an
cxtensive breeding program was
needed to incorporate semidwarfing
genes into local wheats. Hence
although much of the Chinese wheat
area had been sown to iraproved
varieties with reduced height,
semidwarf wheats did not diffuse
widely until the 1930s (see p. 18).
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Figure 4a. Adoption of semidwarfs in developing countries that grow
mostly irrigated wheat.
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Figure 4b. Adoption of semidwarfs in developing countries that grow
mostly rainfed well-watered wheat.
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Figure 4c. Adeption of semidwarfs in developing countries that grow
mostly dryland wheat.
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Figure 4d. Adoption of semidwarfs in selected developed countries.

Today virtually all irrigated wheat area
is sown to semidwarf varieties. In
rainfed areas, the spread of semidwarf
varieties has lagged behind diffusion
in irrigated areas and is generally
positively correlated with moisture
regime. Wide adoption of the first
semidwarf varieties in rainfed areas
was impeded by their lack of
resistance to Septoria spp., disease
pathogens that are especially
prevalent in areas where rains
continue through much of the
growing seasali. Septoria resistance
was incorporated into semidwarf
naterials in the 1970s, and now 60%
of the developing world’s wheat area
in well-watered, rainfed locations

{> 500 mm) is sown to semidwarf
varieties. However, in very dry
locations receiving less than 300 mm
annual raintall, only 21% of the
wheat area is presently sown 10
semidwarfs. (As noted later in this
report, yield gains from plant breeding
are generally lower in dry areas.)

Once it began, adoption in rainfed
areas was as rapid as in irrigated
ones. For example, semidwarf
varieties for rainfed conditions were
quickly taken up in Argentina and
Brazil durir.g the late 1970s and
1980s (Figure 4b). By the mid-1980s,
about half of the 62 million hectares
planted to semidwarf wheat varieties
in developing countries was located in
rainfed areas.



Trends in Durum
Wheat Production

Durum wheats are sown today n
almost 22 million hectares {10%) of
the tota! world wheat area, and on
17 w.llion hectares (11%) of the
wheat area in the developirg wu:ld.
Six developing countries alone —
Turkey, Syria, India, Morocco,
Tunisia, and Algeria—account foy
83% of the durum area in the
developing world.

Durum wheat is traditionally grown as
a rainfed crop, often in places where
rainfall is limited. It is the staple focd
for very poor people living in marginal
environments of the Andean zonc.
North Africa and West Asia, and
Ethiopia. An estimaied 78% of the
durum wheat area is located in
environments subject te frequent
moisture stress, whereas only 279% of
the bread wheat area in developing
countries is located in such
environments.

Not surprisingly, durum wheat yields
in the deveioping world average only
1.2 t/ha, compared to 2.1 t/ha for
bread wheats. A similar yield gap
exists in developed countries, where
durum yields average 1.4 t/ha,
compared to 2.4 t/ha for bread
wheats (see figure). Within the six
major durum-producing countries in
the developing world, the average
vield is 1.9 t/ha for bread wheat and
1 t/ha for durum wheat. This
discrepancy reflects the fact that bread
wheat is grown mostly in areas that
receive better rainfa'l and under better
management practices.

T No information was available on
the evolution of durum area or
production in Irar: or Ethiopia.

Befor» high-yielding durum varieties
were introduced into developing
countries in the 1970s, the release of
semidwarf bread wheats in traditional
durum-growing areas bad encouraged
some substitution of Lread wheats for
durum wheats, especially where no
prive advantage for durums made up
for the traditional varieties’ lower
vields. The situation improved slightly
when high-yielding durum varieties
vecame available. Yet over the past
decade, with the exception of Turkey
and Tunisia, durum wheat production
(and area) have declined relative to
bread wheat in the major developing-
country durum producers and in the
Third World as a whole (see figure).

In spite of the decreasing importance
of durum wheat relative to bread
wheat in the Third World, all of the
growth in world durum production in
the past 15 years has occurred in
developing countries. While durum

8=N

N

Growth rate (% /yr)
w

production in developed countries
from 1967-69 to 1983-85 remained
virtually static, production in
developing countries increased by
2.7% annually, about half the rate for
bread wheat.

Among major developing-country
durum producers, production declined
in Syria, Morocco, and Algeria. The
decrease occurred mainly because
area was reduced, since vields
actually rose by relatively small
increments. By contrast, production
increased sharply in Turkey, India,
and Tunisia® (see figure}. Durum area
was significantly reduced in Argentina
when semidwarf bread wheat varieties
were adopted quickly in the 1970s. In
Mexico durum wheat area has
expanded rapidly with the release of
very high-yielding durum varieties
suitable for irrigated areas. These
materials possess the additional
advantages of excellent resistance to
leaf rust and to Karnal bunt.

Area

Yield

Production

Changes in area, yield, and production of durum wheat and bread
wheal iy developing countries, 1967-69 to 1983-85.



A similar adoption pattern is apparent
in developed countries (Figure 4d).
The USA was the first country to
release semidwarf varieties (Gaines
and Nu-Gaines in Washington State
in the early 1960s), but the rate of
adoption has been slower than in
other countries, partly because
semidwarfing genes had to be
incorporated into germplasm adapted
to widely varying environments and
market requirements. For example,
the semidwarfing character had to be
incorporated inio red and white winter
wheats and high-protein spring
wheats.

In the UK. where only winter bread
wheat is grown, adoption of
semidwarf varieties was almost
complete 10 years after the first
semidwarf materials were released in
the mid-1970s. During that period,

which coincided with Great Britain's
entry into the European Community
and hence with the introduction of
more favorable price incentives,
average wheat yields in the UK rose
from 4.3 t/ha in 1974-76 to 7 t/ha
in 1984-86. As for Australia, where
most wheat is grown under dryland
conditions, stringent quality require-
ments delayed the widespread release

of semidwarf varieties untit after 1977,

although Mexican semidwarf varieties
available since the 1960s were
adapted to much of the wheat-
growing area. Since then adoption
has not faltered, spreading gradually
from wetter to drier areas.

Yield gains obtained from
semidwarf varieties — One common
way of measuring the contribution of
wheat breeding to higher yields is to

Table 4. Rates of gain in wheat yields from wheat breeding

Y
Period
Irrigated/well watered
UK 1908-78
UK 1953.-78
UK 1962-82
Mexico 1950-70
Mexico 1950-82
Mexico 1968-82
Pakistan 1957-82
Pakistan 1965-82
Drytand

Victoria, Australia 1898-1977
NSW, Australia 1947-80

Western Australia
< 325 mm rainfall 196(-86
325-450 mm rainfall  1960-86
South Australia 1917-67
Great Plains, USA 1943-77
Kansas, USA 1969-78

ield gain due
to breeding

(% /yr) Source

Austin et al. (1980)
Austin et al. (1980)
Godder (1988)
Fischer and Wall (1976)
Waddington, et al.
(1986)
Waddington, et al.
(1986)

Byerlee and Heisey
(1989)

Byerlee and Heisey
(1989)

—~NO OO
— OO \OW;

2.0
0.8-1.0

O'Brien (1982)
Brennan (1984)

Whan (1986)
Whan (1986)

Russell (1973)
Greb et al.{1979)

Orazem and-Jameson
(1981)

OO0 oo OO0
oo U ow

express yield gains attributed to the
release of new varieties in terms of
the rate of inrrease in yields per year.
In well-watered ":nvironments such as
the UK or irrigated areas of Mexico
and Pakistan, vield gains from the
release of new wheat varieties have
averaged more than 1% per year
over the past 30 years (Table 4). The
rate of yield gain has been far more
modest in drier environments, ranging
from 0.3% per year in the driest
areas such as South Australia (less
than 350 mm annual rainfall) to 0.6%
per year in the wetter, rainfed areas
of New South Wales, Australia {about
500 mm annual rainfall) (Table 4).
Translated into absolute gains in
kilograms per hectare per year, the
difference between irrigated and dry
environments is even more marked,
ranging from 2.4 kg/ha/yr in South
Australia to over 50 kg/ha/yr in
irrigated and/or weli-watered rainfed
areas of Mexico and the UK.

In irrigated areas, the first semidwarf
wheat varieties, grown with moderate
doses of fertilizer, were estimated to
have increased yields by 40%
(Waddington et al., 1986; Nagy
1984). Even without fertilizer, those
varieties provided a significant yield
increase of about 10-20% (see “New
Wheat Varieties and Farmers in
Marginal Areas,” p. 14). The impact
of semidwarfs on yields has been less
in rainfed areas, with estimates
ranging from 18% in low rainfall
areas to 24% in high rainfall areas of
Argentina; i6% in rainfed areas of
Pakistan; about 10% in New South
Wales, Australia; and only 5.5% in
the dry wheat-growing areas of
Western Australia where yearly rainfall
is less thar 350 mm. These increases
have nonetheless been attractive
enough to prompt significant,
although somewhat slower, adoption
of semidwarf varieties in recent years.
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Even though the rate of genetic gain The release of semidwari wheat CIMMYT’s own sources, we have

in yields in irrigated/well-watered varieties stimulated rapid increases in assembled approximate statistics on
areas has averaged 0.8-1% per year the use of fertilizer in Third World fertilizer use on wheat in 41 countries.
since the release of the first semidwarf ~ wheat-growing areas. Based on For all developing countries in our
varieties, it is important to realize that Martinez and Diamonrd (1982) and sample, excluding China, fertilizer use

most of this growih was contained in
two or three discrete yield increases.
Following the yield advantage
conferred by the first widely successful
varieties of the Green Revolution
(largely the sister lines Mexipak, Siete

T . i for al d f heat, b i
Cerros, and Kalyansona), more able 5. Average fertilizer use for all crops and for wheat, by region

modest—although significant-—jumps Growth rate,

in yield have occurred. For example, Estimated fertilizer use/ha,
double dwaif varieties such as Fertilizer use fertilizer ‘ all af?b_"’ cropland )
Yecora, released in the early 1970s, on all arable use on 1961-65 . 1971.75:
were widely grown in Mexico in the crop land, wheat, “to e
1970s and in Pakistan from 1977 to 1981-85 1985 ‘1971-75 . . 1981.85;
1984. They are estimated to have Region (kg nut./ha) (kg nut./ha} (% /yr) . (%/W) :
added 5-10% more to wheat yield ) T
potential over the Green Revolution %Jebs-tSz};gr/aﬁolr\tf:ca 8 31 16.7 5.9
varieties of the 1960s. In the early Alrica 48 75 12.3 8.7
1980s, wheat yield poiential jumped  §ouh and East Asia 78 832 14.0 10.0
another 10-15% over Yecora with the Latin America 36 73 926 2.9
release of Veery wheats. The progeny

of crosses betwean spring- and winter- All developing

habit wheats, Veery wheats possess countries 53 (36)a 78a

the 1B/1R translocation, a change in All developed

genetic composition that enhances countries 111 106

their performance. These varieties are
dominant in Mexico and continue to
spread rapidly in Pakistan and other
countries; they now cover about 3.8
million hectares in developing
countries.

World 81 96a

3 Excludes China ~* T

Fertilizer Use in

Wheat Production

Over the past two decades, fertilizer
use in the developing world has
grown continuously and explains
much of the increase in wheat yields
up to the 1980s. The use of fertilizer
took off in the 1960s and early
1970s, rising from a very low base of
5 kg nutrient/ha for all crops in
1961-65 to re~ch 23 kg nutrient/ha
in 1971-75. *.-.ring the past decade
fertilizer use per hectare on all crops
rose by 8% annually to reach 53 kg
nutrient/ha in 1981-85.

e

" Developing countries " ‘Developed countries
’ (except China): , . e
s R PR

Figuve 5. Approximate average total fertilizer dose applied to wheat,
and share to N, P205 and K30, developing and developed countries,
1985.
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Figure 6. Average fertilizer doses on wheat in selected countries,
about 1985.
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on wheat averages 78 kg nutrient/ha,
compared to 106 kg nutrient/ha in
developed countries (Table 5).
{Although reliable data for China are
not available, fertilizer use on wheat in
that country certainly averages over
100 kg/ha, assuming that farmers in
China fertiize their wheat at the same
rate as they fartilize all other crops.)
Hence, if China is included, the
average amount of fertilizer used on
wheat in developing countries now
appears to approach that in
developed ones. The amount of
fertilizer applied to wheat is also
considerably higher than the average
for all crops, which is 36 kg
nutrient/ha excluding China and 53
nutrient/ha including China.

In developing countries, nitrogen
accounts for about two-thirds of the
fertilizer nutrients applied to wheat
and most of the remainder is
phosphate. In developed countries the
proportion of nitrogen is lower and
potassium is much more widely
applied (Figure 5).

Fertilizer use on wheat varirs
considerably from region to resjion in
the developing world and, as with
adoption of semidwarf wheats, the
use of fertilizer is positively related to
moisture regime. The lowest fertilizer
dose per hectare is applied in sub-
Saharan Africa and the highest in
Asia (Table 5). At the country level,
the quantity of fertilizer applied to
wheat (in nutrients) ranges from
around 10 kg/ha in Peru and
Ethiopia to over 200 kg/ha in
Zimbabwe and Mexico (Figure 6).
Variation can also be extensive within
countries; for example, in the Indian
Punjab farmers now apply over 170
kg/ha of fertilizer nutrients to wheat,
whereas those in Bihar use an
estimated 30-40 kg/ha.
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In developed countries, fertilizer use
on wheat averages about 106 kg
nutrient/ha, surpassing 200 kg
nutrient/ha in many European
countries where wheat is usually
grown under well-watered, rainfed
conditions. In contrast, majo: wheat
exporters such as the USA and
Australia, who produce much of their
wheat crop under dryland conditions,
apply relatively low doses of fertilizer
to wheat. Very few Australian farmers
apply nitrogen to wheat, and the
average dose for all natrients {mostly
phosphorus) is only about 20 kg/ha.

Growth in fertilizer consumption
occurs through three sources: 1) an
increase in the proportion of farmers
who use fertilizer; 2) an increase in
the dosage of a given nutrient: and
3) the adoption of nutrients that
farmers have not used previously. All
three sources of growth are evident in
the developing world. In many major
whieat producers such as India,
Pakistan, Turkey, and China, almost
all farmers now use chemical fertilizer
on wheat, a remarkable change from
two decades ago. However, the
proportion of farmers applying
fertilizer remains quite low in some
countries, usually those in which
wheat is grown under marginal
conditions (for example, Colombia.
Ethiopia, and Paraguay).

Fertilizer use also depends on price
policies for wheat and fertilizer. The
cost of 1 kg of nitrogen expressed in
terms of kilograms of wheat varies
quite substantially from one nation to
another. In most large wheal-
producing countries where nitrogen is
not significantly subsidized, including
India, Pakistan, and China, the price
of 1 kg of nitrogen is equal to the
value of 2-4 kg of wheat.

Countries such as Mexico, Egypt,
Saudi Arabia, and Algeria maintain
sizeable subsidies on fertilizers, or
overvalued exchange rates, or high
wheat prices that reduce the
wheat:nitrogen price ratio to less than
1:2. In some cases, policies that
increase the price of nitrogen above
world price levels and/or maintain
low producer prices for wheat result in
a high ratio {more than 4:1) of
nitregen to wheat prices. Argentina is
one country where policy distortions
led to high nitrogen prices and
seriously curbed the use of fertilizer on
wheat. Recent policy changes have
somewhat reduced these distortions,
and fertilizer use on wheat has
increased sharply.

The real price of nitrogen has
changed little over the long term in
most major wheat-producing
countries, although fertilizer prices
jumped dramatically in the

mid -1970s. Mexico ic. a notable
exception to this trend, as the real
price of 1 kg of nitrogen has faller
from 4.3 kg of wheat in 1970 to
1.6 kg in the mid-1980s.

Estimates from several countries, as
well as analyses of changes in world
cereal production (Weber and
Gebauer 1986), suggest that the
average grain:nutrient ratio (that is,
the gain in yield for every additional
kilogram of fertilizer applied to the
crop) for cereals in developing
countries in the past two decades is
about 8:1. If we assume that the use
of fertilizer on wheat has increaced at
the same rate as for all crops, then
the average fertilizer dose applied to
wheat in developing countries,
excluding China, has gone froin about
7 kg nutrient/ha in 1961-65 to 78 kg
nutrient/ha in 1981-85. In other
words, fertilizer use has contributed
approximately 560 kg, or about 75%,
of the 720 kg/ha increase in wheat
vields over this period—a finding
consistent with other estimates (e.g.,
Scandizzo 1984) .3

In some major wheat-producing
regions, the marginal gains from using
fertilizer actually may have been lower
than suggested in the previous
paragraph. Figure 7 shows wheat
vields in the Indian and Pakistani
Punjabs plotted against fertilizer
nutrients applied. From 1966 to
1973, when fertilizer use rose rapidly,
the gross grain:nutrient ratio
(uncorrected for other factors) was
about 10:1. From 1973 to 1986, the
gross grain:nutrient ratio fell to 5:1 in
the Pakistani Punjab and 7.5:1 in the
Indian Punjab. Data suggest that
recently the ratio has fallen even
more, especially in Pakistan. A fall in
the grain:nutrient ratio is expected
given diminishing returns to fertilizer
application. Nonetheless, these
relatively low ratios at fertilizer levels
around 100-150 kg/ha suggest that
fertilizer efficiency is often quite low.
This proviem, although not well
understood, may be related to the
halance of nitrogen, phosphorus, and
potassium nutrients applied or to
general cultural practices, such as
weed control, stand establishment,
and planting date. If this problem is to
be overcome, future production
strategies should emphasize increasing
the efficiency of fertilizer use (pushing
the response curve upward) rather
than the amount of nutrients applied
(moving along the response curve).

Contribution of genetic and
nongenetic factors to raising
vields— A number of studies, largely
from the USA, Australia, and the UK,
have attempted to estimate how much

3 Part of that yield gain must also be
attributed to the use of semidwarf wheat
varieties, which interact closely with
fertilizer (see “Components of Wheat
Yield Increases in the Pakistani Punjab,”
p. 10).



various technological components
have contributed to improving wheat
yields. The studies indicate that there
has been wide variation in the relztive
contributions made by genetic factors
(the effect of variety) and crop
management factors (such as fertilizer.
weed control, and crop rotation).

In well-watered rainfed areas and in
irrigated areas. genetic centributions
account for half or more of the yield
gains. In dry areas such as the Great
Plains of the USA or South Australia,
the coniribution of genetic gains to
total vield gains has been relatively
low--on the order of 20.35% . In
those areas. Crop management
techniques that help conserve
moisture and use it more efficiently
have made important contributions to
raising yields. They include sumrmer
fallowing. wheat-legume rotartions,
timely plantirg. and weed control.

Overall there is convincing evidence
that, in drier environments, crop
management will be more important
than genetic gains in increasing wheat
yields. In the Anatolian Plateau of
Turkey, the successful introduction of
improved tillage and weed control
techniques for the widely grown tall
varieties is perhaps the best example
from the developing world of the role
that improved crop management can

play in increasing vields in drier areas.

However, crop management research
in developing countries is often weak
relative to wheai breeding research.
Also, compared with promoting new
varieties, transferring results of
research on crop management to
farmers’ fields generally requires more
complementary support from
extension services, price policies, and
input suppliers. Given the difficultics
in improving crop management and
the relatively slow progress achieved

3,600
3,200
2,800 4,/"'/
© i ™
= o
E, P
= 2.400 L ST -3
= W om.
=4 4
= 2.000 .
[
=
2
1,600
1,200 g
800 R .
0 20 40 60 80 100 120 140 160 180
Fertilizer (kg nutrient/ha)
Note: Each point represents one vear from 1960 to 1985, No correction is made for changes

in other factors.

Figure 7. Gross relationship between fertilizer use and wheat yield,

Indian and Pakistani Punjabs.
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by plant breeders in raising yields of
wheats for dry environments, it is not
surprising that yield gains have been
modest over the past two decades in
countries where dryland wheat
predominates.

Recent Trends in
Wheat Production:
Pakistan and China

The preceding section of this report
discussed the widespread
transiormation in wheat production
over the past two decades. This
section will focus in detail on recent
changes in wheat production in two
parts of the Third World: the Pakistani
Punjab and China. For each area we
discuss the components of increased
wheat yields and productivity and
their relative imnortance, as well as
patterns of adoption of the new
technology.

The case of the Pakistani Punjab is
instructive because Pakistan was in
the vanguard of the wheat revolution;
recent trends in Pakistan therefore
may provide an indication of future
challenges in wheat production in the
Third World. The case of China is
remarkable because that country, a
relative latecomer to the group of
countries where the effects of the new
wheat technologies were especially
pronounced, has achieved the highest
growth rate of all major wheat
producers. How that achievement
came about is discussed in detail.



New Wheat Varieties and
Farmers in Marginal Areas

Considerable controversy arose in the
1970s concerning the distribution of
benefits from the new wheat and rice
varieties. Critics of the Green
Revolution asserted that the new
varieties benefited mostly larger and
wealthier farmers who could afford
the inputs needed to exploit the new
varieties' yield potential. The critics’
claims were not supported by studies
in the late 1970s and 1980s showing
that small farmers had widely taken
up the new technology, although in
some cases adoption lagged behind
that of large farmers (for an excellent
summary of the evidence, see Lipton
and Longhurst, 1985).

The controversy arose in part because
of the mistaken belief that the new
varieties would not provide any
benefits without high levels of
purchased inputs such as fertilizer,
irrigation water, and pesticides. In
fact, even without fertilizer, semidwarf
wheat varieties yield better than the
old, taller varieties (Wall et al. 1984).
Most new varieties also have
improved disease resistance, an
advantage for small farmers who
cannot always afford chemicals to
control diseases. Furthermore, in the
main wheat-growing areas where
semidwarfs have been widely
adopted, better input marketing and
irrigation have enabled most smaller
farmers to use levels of inputs similar
to those used by larger farmers.

Today, millions of small farmers,
including almost all of those in the
irrigated wheat-growing areas of
South Asia, grow semidwarf whicats
with moderate doses of fertilizer and
increasing use of other inputs.
Perhaps the most dramatic example is
Bangladesh, where new wheat
varieties were rapidly adepted during
the 1970s by farmers whose average
farm size was less than 2 ha and

whose land was generally not irrigated  But what about the marginal areas of
in the wheat growing season. By the South Asia and elsewhere, where
mid-1970s, semidwarf wheats were many of the poorest farmers iive? In
used by over three-fourths of the the mid-1970s, a decade a'ter the
farmers in irrigated areas of South Green Revolution began, farmers in
Asia; in many districts the adoption the less-favored dryland and

rate was even higher. mountainous areas of northern India
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and Pakistan still planted the old, tali
wheat varieties. Only in the past 10
years has that situation started to
change, as farmers in sorne marginal
wheat areas have quickly adopted
semidwarf varieties.

The diffusion of semidwarf wheat
varieties in three difficult environments
of Pakistan is shown in the figures.
The first area is Attock District in
northern Punjab, where rainfall in the
wheat growing season averages under
200 mm with high year-to-year
variability. The second area, in the
Swat mountains, receives relatively
high rainfall; farmers grow wheat on
very small holdings on steep slopes
above 1,500 m elevation. The third
area, Gilgit, lies in the remote, high
mountain valleys near the Chinese
border, where water from glacial melt
irrigates the wheat crop.

In recent years, all three places have
seen rapid adoplion of semidwarfs,
rising from low rates in 1975 to over
50% adoption in each area by the

100 : -
Mountain valleys, Qilgit

g0 ™
60

40

Percent of adopters

1965/66

70/71

mid-1980s. Several factors probably
contributed to the initial delay in
adoption, including the fact that not
all semidwarf wheats were
immediately suited to such difficult
environments (for example, the first
semidwarf wheat variety with good
adaptation to dryland conditions in
Pakistan was not released until 1973).

Another factor that may have held
back adoption in these areas is that
they have all been neglected by
research and extension. Even when
the technology was available, poor
infrastructure prevented its transfer to
remote areas.

Finally, in all three areas wheat straw
is highly valued as livestock fodder
because the dry season and/or winter
is long and it is expensive to transport
fodder from other areas. In the
irrigated plains, the grain:straw price
ratio is around 10:1, compared to a
ratio of 2:1 and sometimes less in the
marginal rainfall and mountainous
environments. These high straw

Semidwarf
varieties -

75/76 80/81 35/86
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values, together with somewhat higher
straw vields provided by tall varieties
when no fertilizer is used, may negate
the value of the extra grain obtained
from new varieties.

In the past five years or so, some
impediments to adoption have been
overcome. Access to many areas has
improved, sometimes dramatically, as
with the completion of the Karakorum
Highway to Pakistan’s northern areas.
Improved access, in some cases
combined with great efforts by
development agencies, has led to the
widespread adoption of fertilizer by
farmers. The use of fertilizer together
with the release of more appropriate
varieties has made it profitable for
farmers to switch to semidwarf
varieties. In particular, the increase in
straw yields of semidwarf varieties
when fertilizer is applied appears to
compensate for their disadvantage in
straw yields when 1 o fertilizer is
applied. More recent semidwarfs have
higher biomass production, which
increases straw yields even with little
or no fertilizer.

The adoption of semidwarf wheats in
Pakistan’s ess favorable environments
over the past decade still leaves an
estimated 9% of the country’s wheat
area planted to old varieties. Farmers
who continue to plant old varieties
generally live in exceptionally difficult
locations with special varietal needs,
such as the uplands of Baluchistan
that require winter-hardy wheats, or
the very dry areas needing varieties
with extreme drought tolerance
and/or a long, vigorous coleoptile to
enable the seed to be sown deeply
into residual moisture.? Research is
now giving more attention to these
difficult environments, although
progress will be slow.

t Similarly, 2.5 million hectares of
wheat area in the very dry warmer areas
of Madhya Pradesh and Rajasthan in
India are not yet planted to semidwarf
varieties.
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Components of Wheat Yield
Increases in the Pakistani Punjab
In the following discussion we
distinguish two periods of growth in
wheat production in the Punjab of
Pakistan: 1964-66 to 1971-73, and
1971-73 to 1984-86 (Table 6). In the
first period, 1964-66 to 1971-73, the
annual growth rate in wheat yields
averaged 4.9% per year. Semidwarf
varieties, which occupied less than
1% of the irrigated wheat area in
1964-66, had spread to just under
60% of the irrigated wheat area by
1971-73 (Table 6). In the second
period, 1971-73 to 1984-86, total
wheat production in the Punjab was
still growing rapidly at 4.2% per year.
Adoption of semidwarf wheat varieties
was almost compiete in the irrigated
wheat areas, which had expanded at
2.2% annually. Wheat yields in those
areas rose at the relatively modest
rate of 2% per year.

The yield increases in irrigated wheat
from 1964-66 to 1971-73 resulted
almost entirely from farmers planting
semidwarf varieties and applying
modest doses of nitrogenous fertilizer
(assuming that adoption of semidwarf
varieties, together with 40 kg/ha
fertilizer, increases yields by about
40%). Adoption of semidwarf wheats
and fertilizer in irrigated areas is
estimated to have raised vields by an
average of 415 kg,’ha, which is
slightly lower than the total increase in
yields of irrigated wheat in this period.
The remaining yield increment can
probably be explained by improved
availability of irrigation water. The
overall gross grain:nutrient ratio for
fertilizer use during this period was
about 10:1 (in other words, farmers
harvested an additional 10 kg of grain
for every 1 kg of nutrient applied).

The estimated components of

increased yields in the second period,
1971-73 to 1984-86, appear in Table
7. The largest component is increased

use of fertilizer; a conservative
grain:nutrient response of 8:1 has
been assumed. Gains achieved
through plant breeding were divided
between switching from tall varieties
to semidwarf varieties on the
remaining irrigated land, and the
release and adoption of newer
semidwarf varieties.

Together, these three effects—a
switch from tall to semidwarf varieties
on one-third of the area; higher yields
of newer semidwarf varieties on 60%
of the area; and increased doses of
fertilizer of 73 kg nutrient/ha—should
have raised yields by 730 kg/ha
between 1971-73 and 1984-86. But
the actual increase in yields of
irrigated wheat was just 375 kg/ha,
considerably less. The difference
probably arises from the following
negative influences on vyields:

Increased cropping intensity. This
fector has been particularly important
in delaying the planting of wheat. The
average date of planting in the Punjab
is conservatively estimated to be at
least seven days later in 1985 than it
was in 1970. Given that the decline
in yields under farmers' conditions is
approximately 30 kg/ha for every day
that planting is delayed (Byerlee,
Akhter, and Hobbs 1987), an average
delay of seven days would have
lowered wheat yields by about

200 kg/ha between 1975 and 1980 .4

Increase in weed losses. The weed
Phalaris minor has spread throughout
the rice-wheat area and central area
of the Punjab, reducing vields by an
average of 150 kg/ha. For the Punjab
as a whole, this loss is roughly
equivalent to 50 kg/ha.

Other factors. Several additional
factors may explain the remaining
vield gap of about 100 kg/ha. They
include: increased soil salinity and
waterlogging in some areas; reduced
use of organic manure—Lowdermilk
(1972) reported that, in 1970, 70%
of farmers in one area of Pakistan
applied faim yard manure; 15 years
later, the number had dropped to
34% —disease losses from sowing
rust-susceptible varieties; soil
compaction caused by continuous use
of tractors and tined cultivators; soil
diseases and other problems that arise
when crops are not rotated; and
imbalanced application of fertilizer
nutrients. No attempt was made to
quantify these factors directly.

The overall yield increase in terms of
fertilizer applied to wheat implies a
very low grain:nutrient ratio during
the second period of about 5:1,

4 Although its effect on wheat yvields is
negative, increased cropping intensity
may actually raise the overall productivity
of the land.

Table 6. Cropping intensity, wheat vields, and inputs applied in irrigated
wheat in three periods in the Punjab, Pakistan

Average wheat yield (kg/ha)

Area under seinidwarf varieties (%)
Fertilizer applied to wheat (kg nut./ha)
Irrigation water supply (cm/haz)

Cropping intensity (all Punjab)

1964-66 1971-73 1984-86
1,050 1,450 1,825
10 56 93
10 40 114
49 72 60
100 102 118



sharply below the ratio during the first
period, and only marginally beneficial
in economic terms.

This analysis suggests that the sources
of growth in wheat yields in the
Pakistani Punjab for the past two
decades—switching from tall to
semidwarf varieties and applying
greater doses of fertilizer—have been
almost completely exploited. Pakistan
will need different strategies to
increase wheat yields in the future,
such as developing varieties to fit
double cropping systems and devising
imuroved weed control and tillage
methods.

Chinese Wheat Production and
Technological Change6

During the past 25 years, the growth
rate of wheat producticn in China has
been among the most impressive in
the world. Although wheat production

increased little between the early
1950s and the mid-1960s, it doubled
between 1964 and 1974 and doubled
again from 1974 to 1983, when
China became the world’s largest
producer {(see “Distribution of Wheat
Production in China,” p. 19). Most of
the 5% annual growth in output from
1952 to 1987 resulted fromn a 4.5%
annual increase in average yields,
which rose from about 0.7 t/ha to 3
t/ha over that period.

The explosive growth in Chinese
wheat yields is the product of the
same elements of agricultural change
adopted elsewhere: improved water
control facilities in wheat-growing
regions; the selection, adaptation, and
dissemination of fertilizer-responsive
wheat varieties; and the provision of
increasing quantities of chemical
fertilizers to farmers in those regions.
The Chinese case is distinguished

Table 7. Cc:zponents of yield changes in irrigated wheat, Punjab,

Pakistan, 1972-86

Components

Positive components

Yield
change
(kg/ha)

Switch from tall varieties to semidwarf varieties
on 32% of area together with adoption of

40 kg/ha fertilizer?
Adoption of newer semi-dwarf varieties
on 67% of area
Increased fertilizer use on 67% of areab
Total

Negative components

Increased cropping intensity and delayed planting

Increased weed losses
Other factorsC
Total

Actual vield change

140

100
480
720

-200
-50
-95

-345

375

8 Assumes only 20% yield increase due to spread of semidwarf wheats to more marginal
irrigated areas having problems with water, salinity, etc.

b Area where semidwarf wheats adopted In the earlier period, 1966-73. Assumes grain:

nutrient ratio of 8:1.

¢ Caiculated as residual.
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from others by the extreme rapidity
and scope of the progress in the
wheat sector in the past decade.

Irrigation and water control—In
1949 China’s irrigated area totalled 16
millicn hectares, having declined from
a peak of at least 26.5 million
hectares in the early 1930s. After
1949, irrigated area was rapidly
recovered and expanded through
surface water schemes. Almost 70%
of the recovery and expansion in the
1950s took place in 11 major wheat-
producing provinces, with more than
50% in such highly productive
provinces as Shandong, Henan,
Hebei, Jiangsu, and Sichuan.

From the late 1960s to the
mid-1970s, the development of water
resources focused on installing
tubewells in North China. The wells,
along with considerable work on
drainage and some development of
surface water resources—especially
the construction of reservoirs—allowed
North China’s meager precipitation to
be used more efficiently. By 1977,

5 Another implication of the analysis is that
at the farm level the average yield of
semidwarf varieties over the Punjab has
remained static for 15 years at about
1.8 t/ha. The negative influences of
semidwarf varieties spreading to more
marginal irrigated areas, increased
cropping intensity, and a host of other
factors have largely cancelled out gains
from the release of newer varieties and
rapid increases in fertilizer use.

6 Bruce Stone of the International Food
Policy Research Institute contributed this
section of Facts and Trends and
“Distribution of Wheat Production in
China,” p. 19. He would like to thank
Dr. Zhuang Qiaosheng of the Institute of
Crop Breeding and Cultivation of the
Chinese Academy of Agricultural
Sciences in Beijing and CIMMYT
reviewers for detailed comments o
earlier drafts.
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45-50% of the wheat area was
irrigated in Shandong and Henan and
60% in Hebei (Table 8). Wheat yields
in Henan rose from an average of
849 kg/ha in 1954-57 to 1,072
kg/ha in 1965 69 and 2,249 kg/ha
in 1975-78. However, the recent
rapid growth in wheat yields in these
three provinces (yields averaged 3.4
t/ha in 1984-86) has had less to do
with growth in irrigated area than with
other factors. as the three provinces
actually experienced a decline of 0.5

million hectares of irrigated area
between 1978 and 1985.

As of the 1980s, Chinese wheat area
that is either irrigated or receives
adequate rainfall probably totals more
than 60%. about twice that during the
1950s. Although total irrigated area in
China has contracted by about 1.7%
since 1977 because of the costs of
building and maintaining irrigation
facilities. the net decline in irrigated
area has not prevented rapid growth
in average wheat yields during the last
decade.

Varietal change--Scientific selection
and dissemination of superior
domestic and imported wheats
commenced well before the People’s
Republic was established in 1949, The
breeding and extension system
originated as an informal, fragmented
activity in universities and mission
stations as early as the 1920s and
progressed rapidly in the 1950s under
official coordination. By 1957, nearly
70% of China’s wheat area had been
planted with improved materials, and
the breeding of semidwarf wheats had
been initiated.

Most of those improved materials
were chosen from among popular
Chinese varieties or germplasm
imported from Europe (primarily
ltaly), the USSR, or the USA. The
Italian varieties Abbondanza, Funo,
sukesi, and Mentana, as well as
Orofen, a Chilean variety descended
from Mentana, were particularly
important in Chinese wheat breeding
in the 1950s and 1960s. These
materials appear in the pedigrees of

numerous varieties popular
throughout China (Orofen and
Abbondanza were once widely
cultivated in China’s wheat regions
and are still grown in parts of the
northwest and southwest). In the early
1970s, the introduction of some
fertilizer-responsive semidwarf wheats
from Mexico attracted considerable
attention from Chinese breeders as
sources of leaf and stem rust
resistance, semidwarfism, and spike
productivity.

It must be emphasized that primary
credit for the success of Chinese
wheat breeding should not be
awarded to the various imports but to
the development of a strong, broadly
based system of agricultural research
and extension that exploited
germplasm collected in China and
imported from abroad. Among the 14
most influential parent varieties used
to generate 864 improved varietier,
10 were either bred in China or
selected or improved from Chinese

Table 8. Wheat production, irrigated area, fertilizer use, adoption of semidwarf varieties, and wheat yields

in major provinces of China, 1956-87

Percent of
Percent of 1983-85 wheat

Percent of ctltivated area area under
88 whest irrigate short varieties?

Province

S

Average use
of manufactured
fertilizersa

Average wheat
yields (t/ha) in

Hernan
Shandong
Jiangsu
Hebei
Anhui
Sichuan
Shaanxi
Hubei
Heilongjiang
Xinjiang
Gansu
Shanxi

—

ANUOONCRW— D WD

Subtotal
Total China

jeNe)

24

,_.
o

45

1.00

92 138 091 214

@ Average use of manufactured fertilizers and percant of wheat area under short varieties were both very low in the 1950s.

b 1957:



Distribution of
Wheat Production in China

Understanding the diversity of wheat
cultivation in China is critical for
comprehending the scope of recent
changes in Chinese wheat production.
Wheat is grown in each of China's 25
provinces and three major municipal
areas, but three-fourths of the 1987
wheat crop came from eight provinces
lying along or to the north of the
Yangtze River in East and Central
China: Henan (19%), Shandong
(17%), Jiangsu (10%). Hebei (8%),
Anhui (8%), Shaanxi (5%), Hubei
(5%), and Shanxi (3%).

The Chinese Academy of Agricultural
Sciences (CAAS) divides the country
into 10 major agroecological wheat
production zones with 26 subzones
(see map). The largest share (45%) of
China's wheat area lies within Zone II,

Xinjlang
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China’s wheat production zones.

encompassing the basins and
surrounding plains of the Yangtze and
Huai Rivers. Just to the south, Zone
lll (the lower and middle Yangtze
Valley) contains 16% of the wheat
area To the north, Zone | (the
smaller North China Plain) contributes
10% of the area, as dces Zone IV in
the southwest, which includes the
Sichuan Basin and the Yunnan-
Guizhou Plateau. Zones I to IV
together comprise more than 80% of
China's wheat area.

Spring-habit wheats are the most
common wheat type grown in China:
planted mostly in autumn but also in
spring, they cover 51% of the
country’s total wheat area. Facultative
varieties cover 30% of the area and
the remaining 19% is planted to
winter-habit wheats.t
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Chinese statistical publications divide
production data between spring and
“winter” (that is, autumn-sown)
wheat, although not all wheats sown
in autumn are true winter-habit types.
Autumn-sown wheat actually includes
spring, winter, and facultative types
and covers over 84% of China’s
wheat area, mostly in the four major
production zones and also in Zone V
(in the far south) and Zone X
(Xinjiang). The remaining 16% of
China’s wheat area consists
exclusively of spring-habit wheats
sown in spring.

T For a definition of spring, winter, and
facultative wheats, see “The Types of Wheat
Grown in Developing Countries,” p. 4
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tarmers’ varieties. By 1980, no more
than 2-3% of Chinese wheat area
was sown with varieties bred outside
China, while contributions from the
Chinese breeding system covered over
95% of the area.

The public system ha: proved an
extremely rapid mechanism for
adapting improved cultivars to local
conditions ana distributing them in
critical areas of China's major wheat-
growing regions. A new generation of
wheat varieties dominates farmers’
plantings in only five years in Zones I,
II, and IlI {(see map. p. 19). and in as
little as three to four years m the most
important wheat areas. By the end of
1984. the share of China's total area
planted to semidwarf wheats of
potential height less than 100 ~m had
reached 50-60%. If slightly taller
varieties under 105 cm are included,
the area exceeds 70% (Table 8).

Fertilizer use —The use of
manufactured fertilizer in China
started to grow rapidly in the 1950s,
rising from a small base. The famine
of 1959-61 shifted national priorities
in favor of using fertilizer on food
crops, wheat included, and in the
mid-1960s, small, county-based plants
began to produce either synthetic
ammonia, calcium single
superphosphate (SSP), or calcium
magnesium phosphate (CMP). The
ammonia was sold as aqueous

ammonia or converted to ammonium
bicarbonate (ABC).

Both ABC production and imports of
nitrogenous fertilizers rose rapidly in
the late 1960s. After 1970 the
quantity of ABC produced in China
was significant enough to tempt the
government to reduce fertilizer
imports. Since ABC was more volatile
than the imported fertilizers it
replaced, the amount of nitrogen
absorbed by the wheat crop was not
growing nearly as fast as the amount
of fertilizer applied. Some progress
was seen in food production, but yield

gains in major staple crops were
insufficient to generate rapid increases
in marketable surplus.

To meet the demand for nitrogen, the
Chinese government decided in the
early 1970s to import 13 large
synthetic ammonia/urea
manufacturing complexes. The plants
came on line between 1976 and 1980
and in four years, 1ogether with
continued rapid growth in the

small manufacturing sector, were
responsible for a 162% increase in
nitrogenous fertilizer production.

Rising fertilizer production and imports
enabled the application of nitrogenous
fertilizer on all crops to rise from an
annual average of around 3.3 million
metric tons (MT) in 1972-75 to almost
10 MT in 1979-82, suipassing 100 kg
of nutrient per sown hectare in the
1980s (Table 8). At the same time,
the type of fertilizer changed frem the
more volatile p “ducts such as
aqueous ammonia to other, more
stable fertilizers. Thus the growth in
absorbed nitrogen considerably
exceeded the apparent increase in
application of nitrogenous fertilizers
during this period.

The trend toward increased fertilizer
use continues in the 1980s, and other
nutrients, especially phosphates, have
become more important as the
nitrogen problem is being resolved.
The use of nitrogenous fertilizer

on all crops averaged 28% higher in
1936/87 than in 1980/81.
Application of manufactured
phosphate was 68% higher on
average, the application of potash
and compound fertilizer rose 350%,
and the campaign to improve
micronutrient-deficient soils in major
growing areas gained impetus.

Thus, the doubling of average wheat
vields between 1964-69 and 1978-81
may be attributed to three factors: to
an expansion in irrigation by an area
equal to 11-12% of cultivated area,
mostly in China’s principal wheat-
growing regions; a steady stream of

locally adapted improved varieties—
especially shorter varieties—provided
by China’s increasingly sophisticated
breeding and extension systems; and
the tremendous growth in availability
of fertilizer nutrients.

Palicy initiatives and
organizational reform—Clearly,
government policy related to such
inputs as seed. water, and fertilizer
has been important fcr promoting
progress in wheat production. But
wheat production has also been
influenced by rural reforms and other
public policies. Throughout the last 35
years, the single most supportive
public initiative for wheat not directly
related to inputs has been ihe
government grain pur_hase system. In
the absence of a well-integrated
national private market, government
institutions communicated throughout
the country the pressure of unsatisfied
demand for wheat in urban areas and
much of the north and northeast. The
state price structure favored wheat
over other staple crops, even rice,
and farmers selling wheat were given
preferential access to inputs and
credit. Because of this historic policy
preference for wheat, the
government’s drive for local self-
sufficiency in the 1960s and 1970s,
disastrous for many marketed crops
because of trade restrictions between
localities and provinces, was less
damaging for wheat.

Policies related to rural organizational
change have also affected wheat
production. The commune system
aided technological change in the
1960s and 1970s by greatly
simplifying the extension of improved
cultural practices and seed and by
giving laborers the obligation and
incentive to work on irrigation projects
{thus holding down costs to the
government). The year-to-year growth
of fertilizer purchases was less
inhibited by conceras over risk and
the ability to mobilize family savings to
purchase inputs. In the northeast,



where labor is relatively scarce, the
commune system facilitated the
purchase or rental of farm machinery.

Communization generally increased
control over rural economic activity
but was not the only control
mechanisim. State monopolization or
restriction of input supplies and
control of higher financial institutions,
grain markets. and urban housing also
made it possible to partially restrict
migration. labor markets. capital
movements, and land transactions.
Thus farmers. land. and. to some
extent, capital remained in the service
ol farming. despite the ract that the
state set prices at levels that would
otherwise have driven many maore
persons into occupations outside
farming.

The well-publicized liberal reform
package instituted in 198081 actually
involved fewer changes for wheat
production in many major wheat-
producing regions than in other
locations and for other agricultural
activities. In many localities the
government continued to plan how
much arca would be sown to wheat,
a process that differed little from the
carlier practice of assigning quotas.
Despite the appearance of wheat in
some free markets. wheat marketing
was still dominated by the state. The
reforms allowed reductions in wheat
area in locations less suited to wheat
cultivation and freed large numbers of
rural laborers from farming
responsibilities. However, concern
over this situation and the large
amount of foragn exchange needed
to import wheat led state
organizations to strengthen support for
wheat production in prime areas by
pushing for increcses in wheat area
and improving supplies of inputs and
financial incentives for growing and
selling wheat.

The e activities in support of wheal
production are all features of the
system initiated in the 195(s rather
than components of the policy reform
of the 1980s. Their effectiveness rests

not on the liberalization of product
and labor markets but on the
continued restriction and state control
of markets for fertilizers, credit, and
other material inputs. and on the
large imperfections that remain in
labor markets. It is difficult to
conclude that incentives stimulated by
the policy reforms were the principal
source of wheat vield gains in the past
decade. given that the pre-reform
incentive structure favored wheat
relatively heavily and kept
considerable ¢xcess farm labor in
rural areas.

Wheat in the 1990s- Government
policy and technological change
combined created an environment in
which wheat yields rose rapidly in
China between 1978 and 1984,
However, those increases were
followed in 1984-87 (and probably
1988) by a plateau in which average
yields remained at 2.9-3.1 t/ha.
Adoption of fertilizer responsive
varicties has been almost complete for
several years. Has wheat in China
reached a vield ceiling that will be
difficult to raise? Not necessarily.

Some 85% of the wheat varieties
grown in China have a vield potential
of at least 5-6 t/ha. Although the gap
between vields on experiment stations
and in farmers” fields is not casy to
close, China is in a stvong position to
make further progress. In 1987/88
the government resolved to intensify
public sector support for food grain
production, a decision brought about
by the lack of growth in aggregate
grain production since 1984,

The strongest expression of this
recommitment to grain production is
investment in new domestic fertilizer
production capacity. Annual additions
to fertilizer production facilities are
likely to be greater in the first half of
the 1990s than in any year of the
1980s. Aside from facilities for
producing nitrogen. potash, and
compounds, there is a heavy
concentration on new phosphatic
fertilizer plants. Phosphate deficiency
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is widespread and often acute within
China’s most important wheat zones;
eliminating this deficiency should have
a significant impact on wheat yields.

Concern over the grain production
plateau has also helped reverse a long
decline in agriculture’s share of the
national capital construction budget.
In many districts increased financing
for irrigation has helped reverse the
decline in irrigated area. Investment
from the national government and
international organizations in Chinese
agriculture will rise again in 1989,
with emphasis on constructing and
renovating water control facilities. The
situation for other inputs, including
credit and labor, also looks positive.
The Agricultural Bank of China
pledged to expand credit to localities
by 22% to support agricultural
{especially grain) production. Curbs
on credit for enterprises are expected
to reduce the construction boom and
reduce the net flow of labor from
farming.

What do these developments mean
for wheat? Progress in wheat
production should continue in the
1990s, if scrupulous attention is given
to further developing the broad and
sophisticated network for providing
locully adapted, high-yielding varieties;
continuing a rapid long-term rate of
growth in supplies of manufactured
fertilizers; and improving water control
in the most important wheat-
producing regions. In the past,
government purchasing organizations
have been instrumentai in substantially
reducing market risk for wheat
farmers and providing incentives to
facilitate the almost uninterrupted and
rapid rate of adoption of improved
varieties and higher doses of fertilizer.
The challenge for the next decade will
be to reconcile this strong public
sector approach with the liberal
reforms that generated unprecedented
growth in China's non-grain rural
economy.
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Third World Wheat
Suppiy and Demand to
the Year 2000

Extraordinary changes in the world
wheat economy have been the rule
rather than the exception during the
past 20 years. Both production and
consum ~tion of wheat increased at an
annual rate of 3.1% worldwide and
5% in developing countries. But if
China and India are excluded, wheat
consumption increased by 4.1%
anuually in the developing world
against a growth rate in production of
3.3%, irdicating a sharp drop in
self-sufficiency in wheat in the

Third World.

In this section we examine likely
changes in demand for and supply of
wheat by drawing on recent
projections fo the year 2000 by the
Food and Agricultural Organization of
the United Nations (FAO) (1987), the
International Wheat Council (IWC)
(1987), and the World Bank (1986).
as well as CIMMYT's own model for
projecting wheat consumption. Our
conclusions are less than optimistic:

it seems improbable that the recent
growth of wheat production and
consumption in the developing world
can be maintained over the next
decade or more.

Wheat Demand

Four main factors define the demand
for wheat: population growth,
urbanization, income growth, and
consumer prices.

The population in developing
countries will grow at an average of
1.9% per year te reach nearly

5 billion by the year 2000. This
rate is slightly less than the one that
prevailed from 1970 to 1985.
However, population growth in

different parts of the world will vary
substantially. ranging from just 1.4%
in China to over 3% per year in sub-
Saharan Africa.

Urbanization also determines levels of
wheat consumption. By the year
2000, 40% of the developing world’s
popuiation will live in urban areas,
compared to 31% in 1985.
Urbanization stimulates demand for
convenience foods such as bread.
Also, since many large cities are
located on coasts, governments
frequently look to imports, especially
of wheat, as a way of supplying food
to urban consumers.

Income growth in developing
countries is much more difficult to
project than the other factors given
the present uncertainty in the world
economy. In light of the continuing
economic difficulties and debt-
servicing problems experienced by
many developing countries, we have
reduced the FAO projection of a 3%
annual increase in per capita GNP to
the year 2000 to an average of
2.6%, representing a range from
0.2% in sub-Saharan Africa

to 3.4% in Asia.

The changes in wheat consumption
that occur as incomes rise vary
considerably by region and also
depend on whether wheat is used as
food or feed. For wheat used as food,
the percentage change in per capita
wheat consumption for a 1% change
in income (that is, the income
elasticity of demand) averages 0.38,
varying from about 1.0 in sub-
Saharan Africa to 0.2 in North Africa,
West Asia, and Latin America. (Note
that in developed market economies
the income elasticity for wheat
pro-lucts for human consumption is
generally negative.) As incomes rise,
demand for grain used as animal feed
accelerates much more rapidly than
demand for food grain. However,
only 5% of wheat in developing
countries is currently used for feed, so
the overall effect on wheat
consumption is small.

We did not attempt to project changes
in consumer prices, the fourth
influence on demand. Declining real
prices for wheat products caused by
such factors as consumer subsidies
and overvalued exchange rates were
a major source of growth in wheat
consumption from 1970 to 1985
(CIMMYT 1983). During the 1980s,
many countries have realigned

Table 9. Projections of wheat consumption by region to the year 2000

Growth
rate
1985-2000

Region

Sub-Saharan Africa 5.2

West Asia/North Africa 2.8

Asia 2.8

Latin America 2.7
29
0.6
2.1

— R BN —

Developing countries
Developed countries
World

PR AR

[¢aW \CILN |

3 Excludes West Asian countries.

: Total Per capita  Percent
; consumpton consumption used
2000 2000 for feed,
(million t) (kg/yr) 2000
14 21 1
95 219 7
249 73 5
42 68 10
401 78 6
293 129 42
693 89 21



exchange rates and reduced food
subsidies; consequently, real prices of
wheat products have probably risen. If
this trend continues and consumer
prices for wheat products continue to
rise in real terms, the growth in wheat
demand in developing countries may
be slower than we have projected.

The demand projections in Table 9
indicate that wheat consumption will
grow at 3% annually in developing
countries to the year 2000, and at
2.2% annually on a global level.
These growth rates are much slower
than in the recent past, partly because
incomes will rise less rapidly and
partly because wheat consumption will
probably not be stimulated further by
decreasing consumer prices of wheat
relative to other staples. The fastest
growth in demand is projected for
sub-Saharan Africa, where per capita
demand could increase at 5%
annually from 16 kg/vear to

21.5 kg/year. The high growth rate in
sub-Saharan Africa reflects the
changing food preferences of growing
urban populations and the inability of
domestic food production to supply
urban consumers.

Wheat Production

CIMMYT believes that developing
countries are unlikely to maintain
historical production growth rates. We
have already analyzed the

components of recent production
increases-—area expansion, irrigation,
variety. and fertilizer use. Here we will
briefly discuss two projections of the
potential of expanding area, irrigation,
variety, and fertilizer use to be future
sources of growth (Table 10). We
begin with the more optimistic
projection, turn to the more realistic
one, and conclude by discussina the
potential for improved crop
managernent practices to raise wheat
yields and productivity.

Wheat area—The rate of increase in
wheat area slowed from 1.7% in the
1950s to 1.1% from 1971 to 1986.
For the coming decade, the maximum
likely rate of expansion is 0.8%,
reflecting the greater scarcity of land
that can be brought under cultivation.
In parts of Asia there is considerable
potential to increase cropping
intensity, but any growth in
production from this source may be
negated as greater urbanization leads
to a decline in cultivated area and as
crops of higher value compete with
wheat for land, especially in China.

Irrigation — Although irrigated area in
Asia expanded by only 0.7%
annually from 1975 to 1985, the
FAO projects a rate of ircrease of
2.4% per year from 1984 to 2000
{excluding China), mostly because

Table 10. Projected growth rate in production due to various factors

to 20002

Area

Yield
Irrigation effect
Variety cffect
Fertilizer effect

Total

Rate of gain to the year 2000

A Excludes the effects of crop management factors other than fertilizer.
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irrigated area in India is expected to
expand. The FAO also projects an
increase in the proportion of irrigated
wheat area from 54% to 64% by the
year 2000. Assuming that conversion
of rainfed land to irrigated land raises
yields about 1 t/ha (the average for
South Asia), increased irrigation will
help wheat yields in all developing
countries combined to grow at 0.3%
per year. But in view of recent
difficulties with irrigation projects in
many countries, including India, these
projections seem optimistic.

Variety — Much of the high growth
rate in wheat production in the past
two decades can be attributed to the
interaction of the adoption of
semidwarf varieties with increased
fertilizer use and expanded irrigation.
By now this source of growth has
largely been exploiled in some major
wheat-producing regions, including
northwestern India, Pakistan, North
China, and Mexico, where over 90%
of irrigated wheat area is now sown to
semidwarf varieties and moderate to
high doses of fertilizer are applied.

Since the first semidwarf wheat
varieties were released in the 1960s,
plant breeders have maintained a
long-term average yield gain of new
varietal releases of abuut 1% per year
in irrigated areas of Mexico and
Pakistan. These yield gains were
measured on the experiment station
where varieties were grown under
high levels of management; if we
consider the effect of farmery’
manaqgement and the much slower
qains in dry areas, the yield gains
from breeding for all wheat-growing
areas of developing countries have
probably averaged about 0.7% per
vear. Wheat breeders may be able to
continue to achieve steady gains of
similar magnitude, but before the year
2000 it is unlikely that a higher rate
of genetic gain will be attained, at
least at the farm level.
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Fertilizer — Average fertilizer use on
wheat in developing countries is now
about 75 kg nutrient/ha (excluding
China). The FAO Agriculture Toward
2000 study (1987) projects that
fertilizer use per hectare for all crops
will grow at a ratc 1 4.7% per year
to the end of the century. At that
rate, fertilizer use on wheat would
reach reach 150 kg nutrient/ha
(excluding China) by the year 2000,
which seems unlikely. Since fertiiizer
use on wheat is already higher than
0.1 other crops, we have assumed a
more modest growth rate of 3.7%,
leading by 2000 to an average oi 130
kg nutrient/ha of fartilizer applied to
wheat. Under the conservative
assumption of an average marginal
grain:nutrient conversion ratio of 8:1,
this level of fertilizer use would
increase yields by 440 kg/ha or 1.3%
per year. This grain:nutrient ratio is
probably high, given that fertilizer use
on wheat is likely to rise fastest in
rainfed areas and given the low
productivity of additional fertilizer use
in some irrigated areas.

Implications for the future —If the
four factors discussed above (area,
irrigation, variety, and fertilizer)
contribute to increases that are
sufficient to maintain a wheat
production growth rate of 3.1%
(Table 10), which is similar to the
growth in wheat demand projected for
developing countries, then self-
sufficiency in wheat in developing
countries should remain at about
80%. This scenario still implies that
wheat imports by developing countries
will increase by 50% from 1985 to
reach about 90 million tons by 2000).
At the regional level, imports will
grow most rapidly in sub-Saharan
Africa, to reach perhaps 12-13 million
tons of wheat per year if current
trends persist.

A more realistic projection-—-We
believe it is unlikely that the projected
growth rates in area and projected

yield increases from variety, irrigation,
and fertilizer will be achieved. Some
countries, especially China, have
already seen a reduction in area
devoted to cereal crops. In addition
gains from plant breeding research are
slhw te reach farmers’ fields in some
important wheat-producing countries
because the diffusion of new varieties
is slow (Heisey 1989). To increase
irrigated area, substantial new
investments must be made in
irrigation facilities. Finally, information
from some parts of the world—
Mexico, the Indian Punjab, and
Pakistan —indicates that the marginal
returns to additional fertilizer use are
now quite low.

A more realistic projection of growth
is 0.5% for area. and for yields 0.1%
due to irrigation, 0.4% due to variety,
and 1% due to fertilizer. These factors
contribute to an overall growth rate of
2% (Table 10), which does not take
into account other potential sources of
vield increases, especially improved
Crop management.

Potential gains from improved
crop management— In irrigated
areas considerable opportunities
remain to increase yields and
productivity through reduced and zero
tillage, better stand establishment,
more efficient fertilizer use,
identification of soil micronutrient
deficiencies, control of weeds and
pests, crop rotation to manage soils
and soil diseases and reduce conflicts
with timely wheat planting, and more
efficient management of irrigation
water. In dryland areas, too,
improvements in productivity usually
rest on such practices as better tillage
to conserve moisture, weed control,
and efficient use of fertilizer~.

Hence, although a wheat production
growth rate of 3% per year (or more)
is certainly feasible, a greater
proportion of the gains will have to
cone from improved crop
management than in the past, both in
irrigated and in rainfed areas.
Iiproved management practices are

required not only to exp.oit the yield

potential of available technology, but

also to increase the efficiency of input
1:5¢ and sustain the resource base.

Greater attention to crop management
will require a different strategy than in
the past, when primary emphasis was
given to breeding improved wheats,
investing in irrigation, and promoting
fertilizer use (cften through subsidies).
Research systems will need to develop
well-focused, problem-solving crop
management research programs that
integrate strategic and applied
research on major management
problems with adaptive research for
specific locations.

Because improved crop management
practices are generally complex,
farmers need more assistance from
extension to adopt them profitably.
The emphasis must be shifted from
prescriptive information or “recipes”
for crop production to providing
farmers with a better understanding of
new technology and improving their
technical and managerial skills. There
is a need to move away from the
“package approach” to more specific
recommendations combined with
technical information to help farmers
adapt the recommendations to their
own needs (Byerlee 1€87). This shift
requires a well-developed public
sector extension system,
complemented by greater private
sector involvement in distributing
inputs and supplying information on
how to use them efficiently.

Finally, the evidence is increasing that
in a science-based agriculture farmers’
productivity is limited by low levels of
education. For example, in much of
South Asia, a high proportion of
wheat farmers has no formal
schooling. This deficiency may be a
forinidable constraint to increasing the
payoffs to the investment in research
and extension that will be necessary if
rapid gains in productivity are to be
sustained.



Conclusion

Third World wheat yields and
production have risen almost as
rapidly in the past decade as during
the first years of the Green
Revolution. Over 80% of the gains in
wheat production realized over the
past 10 years can be attributed to
yield increascs. The expansion of
wheat erea, like that of other cereal
crops. has slowed considerably since
the years before the Green
Revolution, when expanding arca was
the major source of growth.

Semidwarf wheat varieties are now
grown on most of the spring bread
wheat area of the developing world
and to an increasing extent on the
area sown to winter and facultative
bread wheats and to durum wheats.
Most of the increas= in arca sown to
semidwarf varieties over the past

de .ude has occurred in rainfed areas.
Although semidwarf varieties have
expanded into some more marginal
areas, their adoption is lowest in the
driest ones. Ir. addition, as the new
varieties have spread to rainfed areas.
the impact on wheat yields has been
less than in inigated areas.

The adoption of semidwarf wheats
has been complemented by rapid
growth in the use of fertilizer in both
irrigated and high to medium rainfall
areas. Fertilizer use on wheat in
developing countries (China excluded)
now averages about 80 kg/ha, high
relative to the average for all crops. In
irrigated wheat, which makes up
about half of the wheat area in the
Third World, an average of over

100 kg/ha of fertilizer is now applied.

The evidence suggests that the easy
gains from these sources of growth in
wheat production over the past two
decades have now been largely
exploited. Wheat breeders continue to
nake steady yield gains of 0.5-1%
ner year, but no new breakthroughs
on the order of the first semidwarf
varieties have been made. The
marginal returns to fertilizer use in
many areas have fallen; in some
cases, such as in the Punjab of
Pakistan, the productivity of additional
fertilizer use is very low under current
managenient. Finally, investment in
new irrigation schemes has beconie
quite costly; with the possible
exception of India and new schemes
in Turkey, the main challenge in most
of the world will be to maintain the
productivity of existing irrigation
facilities.

This information suggests that to the
year 2000 the rate of increase in
wheat production will be considerably
slower than in the past two decades.
Although wheat consumption will also
increase more slowly, there is some
uncertainty whether current levels of
self-sufficiency can be maintained,
especially ir: the main wheat-
producing countries of Asia.

Ample scope for increasing wheat
productivity still appears to exist, but
new gains will have to be obtained by
adopting a strategy scraewhat
different than the one followed in the
past. In irrigated and well-watered
rainfed areas, further gains can be
made by speeding up the diffusion of
new wheat varieties and, in some
cases, by increasing fertilizer use and
irrigated area. However, emphasis
should be placed on increasing the
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efficiency with which these inputs are
used. Increasing the efficiency of input
use may involve a range of other
factors, such as improved tillage
methods, better stand establishment,
weed control, precision land levelling,
correction of micronutrient
deficiencies, reduction in harvest
losses, and more appropriate crop
rotations. This strategy suggests that
in the future improved crop
management will play a greater role
relative to improved varieties in raising
productivity. Unfortunately, many
major wheat-producing countries still
lack the effective crop management
research systems, strong extension
systems, and well-developed input
support systems needed to eifect this
new strategy.

Even though this report has
emphasized changes in wheat
production in irrigated and well-
watered environments, a continuing
challenge in wheat production is to
exploit the potential of drier
environments where the pace of
change has been slowest. Some
evidence has been presented that
gains from wheat breeding in drier
environments may be only half or less
in relative terms (percent per year),
and even smaller in absolute ierms
(kilograms per year), than in areas
with adequate moisture availability.
Thus, in dry areas particularly the key
to increasing productivity is improved
crop management, as well as
conservation and more efficient
utilization of moisture. The next
World Wheat Facts and Trends will
give special attention to these issues.



Part 2: The Current
World Wheat Situation

Wr rld whea. production in 1988 is
estimated at 502 million metric tons
(MT), a 2% decrease from the
previous year’s level of 512 MT.7.8
This drop was largely the result of the
worst drought to hit the North
American grain belt in over 50 years.
The decline in global production
would have been far more severe
except that decreases in North
American production were partially
offset by improvements in the
Western European, Eastern European,
and Soviet crops.

Production in
Developing Countries

Wheat production in developing
countries continues to rise slowly as
technological advances raise yields.
The 1988 wheat crop was helped by
generally favorable weather in Asia
and Africa, but dryness during the
planting season depressed production
throughout much of Latin America.
The strong showing of the Asian and
North African crops helped total
production in developing countries to
reach an estimated 216 MT in 1988,
a slight increase from the previous
year's level of 215 MT.

7 This information is current as of
November 1988.

8 The 1988 wheat crop comprises all whoat
whose vegetative growth stage occurred
primarily in 1988. This includes the
Northeni Hemisphere crop planted in late
1987 (winter wheat) or carly 1988
(spring wheat) and harvested in 1988, as
well as the Southern Hemisphere crop
planted in mid- or late 1988 and
harvested in late 1988 or carly 1989.

Asian wheat production in 1988
totalled 187 MT, surpassing the
previous year's harvest by nearly

3 MT but failing to match the record
level of over 190 MT achieved two
years earlier. In China, poor weather
affected the spring wheat crop, slightly
lowering production to 87 MT. Wheat
production in China was also affected
adversely by recent agricultural policy
reforms. which decreased the
profitability of grain production relative
to other high-value crops such ac
fruits and vegetables. Larger than
expected wheat crops were harvested
in India and Pakistan, reversing the
1987 production declines caused by
bad weather during harvesting.

In West Asia and North Africa, total
wheat prc.duction rose slightly in
1988. However, the aggregate
regional figure masks considerable
variability between individual
countries. Turkey produced a record
crop in 1988 because good weather
encouraged extensive wheat plantings;
favorable weather also helped increase
Iranian and Egyptian production.
Production rose dramatically in
Morocco but fell in Algeria and
Tunisia because seasonal rains arrived
late, delaying planting. The Tunisian
crop was devastated by bad weather
throughout the growing season and
fell from 1.4 MT in 1987 to 0.2 MT
in 1988,

In Eastern and Southern Africa, good
weather produced generally
encouraging results. The rainfed crops
of Kenya and Tanzania were average
or above average. A good harvest
was expected for the second
consecutive year in Zimbabwe, where
supplies of irrigation water were once
again adequate following several years
of drought in the major wheat-
producing areas. In Sudan and
Ethiopia, where civil strife disrupted
farming, production fell despite
satisfactory growing conditions.

The Latin American wheat sector
showed signs of recovering in 1987
after a series of bad years in the
mid-1980s, when plantings declined

in the face of depressed world wheat
prices. Unfavorable weather reversed
this recovery in 1988, however, and it
remains to be seen whether the long-
term rising trend will resume.

Perhaps the most impressive
performance in Latin Americz was
registered by Brazil's wheat industry,
which has been completely
transformed in recent years. Brazilian
wheat production has increased
dramatically, rising from 2.4 MT in
1984, to 4.3 MT in 1985. 5.8 MT in
1986, and 6.1 MT in 1987, before
falling slightly to 5.8 MT in 1988
because of dry weather at planting.
These gains were achieved largely by
opening up new land to wheat
production, distributing improved
germplasm, and developing improved
management practices (e.q., tillage
methods and crop rotations).
Production gains in other countries in
the region have been more modest.
Argentinian wheat production rose
from 9.7 MT in 1986 to 10 MT in
1987 before falling sharply to 8.5 MT
in 1988 as the result of serious
planting delays. These delays also
affected the 1988 Chilean and
Uruguayan crops, reversing slight
gains recorded in previous years.

Production in
Developed Countries

Developed countries are expected to
account for 287 MT of the wheat
produced in 1988, compared to
300 MT produced the previous year.
Although a considerable part of the
decline in developed country
production must be attributed to the
North American drought, production
very likely would have decreased in
developed countries regardless of the



unfavorable weather that affected the
USA and Canada. Had this
happened, it would have signalled
that policies enacted by many leading
producers to reduce wheat production
were beginning to have their intended
effect on the world wheat supply.
Area planted to wheat in most
developed countries has remained
stable or declined during recent years.
although average yields continue to
improve.

A closer look at North American
wheat production shows the extreme
effects of the drought. Total 1988
wheat production in the USA is
estimated at just under 50 MT, a
13% decline from the 1987 harvest of
57 MT. Production in Canada
suffered proportionally greater losses,
falling 40% to 15 MT. Spring-sown
wheats (including durumns) were
particularly severely affected in the
USA and Canada. where average
yields dropped by over 50% in many
areas.

Over the long term. patterns of North
American wheat production appear to
be changing. In the USA. efforts 10
reduce wheat surpluses by inducing
farmers to take land out of production
(primarily through the Acreage
Reduction Program) have had a
noticeable impact on wheat plantings.
Following a series of record harvests
in the early 1980s, production in the
USA declined from 66 MT in 1985 to
57 MT in 1986, a level that was
exceeded slightly in 1987 because of
good weather. Although wheat
plantings in the USA and in Canada
are expected to increase in 1989 as
farmers react to higher prices, North
American proauction should
eventually stabilize once depleted
stucks have been restored.

In the three years before 1988,
Western European wheat production
remained stable at around 81 MT, but
in 1988 it rose 6% to 86 MT because
weather was favorable throughout
much of the growing season. This
slight increase reveals that the
European Community (EC), which
accounts for nearly 90% of the wheat
produced in the region, has not yet
managed to reduce costly surpluses.

Eastern European wheat production
also benefited from favorable weather
in 1988, rising about 6% to 36 MT.
Since 1980, wheat production in
Eastern Euio;e has increased by
2.6% per year. Although area
planted to wheat has changed little
during this period, yields have
increased as a result of government
programs to introduce more intensive
production technologies

In the USSR, estimaied 1988
production of 85 MT was slightly
higher thar: the previous year's level
of 83 MT. What is particularly
noteworthy about the Soviet wheat
sector is that production levels have
been maintained while the area
planted to wlicat has steadily
decreased. Rising wheat yields have
compensated for diminishing area,
largely because of a policy initiated in
1985 to introduce intensive
production technology, restructure
economic incentives for farmers, and
decentralize crop inanagement
decision making.

Australian wheat production
rebounded in 1988 from its
exceptionally low level in 1987, when
farmers reacted to unattractive world
prices by taking a significant amount
of land out of production. The 1988
production increase is additional
evidence of the extreme sensitivity of
Australian production to global wheat
prices.

Wheat Utilization

The underlying factors determining
wheat consumption (for example,
population growth, rising incomes,
retail price policies, and food aid)
continue to provide a strong impetus
to demand, particularly in developing
countries. Consequently, global
utilization of wh=at has continued to
expand in line with past trends of
over 3% per year despite the recent
instability in supply.

Except in the very short term,
population growth outweighs all other
factors in determining the rate of
increase in wheat utilization
worldwide Approximately two-thirds
of the long-term liistorical growth in
demand for wheat and wheat
products can be attributed to
population growth. Global populatior,
is increasing at about 1.7% per year,
a figure that belies considerable
variation between countries. Even
though population growth rates have
slowed considerably in many
industrialized countries, they continue
to rise in many developing countries
where wheat consumption is growing
most rapidly.

Given the great variability in the
growth of world income in recent
years. the future effect of income
growth on wheat consumption is
difficult to predict with precision. If
real incomes in the developing world
on aggregate continue to grow at their
average rate of the past two decades
(3-4%). per capita demand for wheat
should grow by 1.5-2% per year in
developing countries. This rising
demand translates into the need to
produce an additional 3-4 MT of
wheat each year, without taking into
account additional growth in
population.
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Retail price policies in many
developing countries favor wheat
consumption by lowering the price of
bread and other wheat-based products
relative to the prices of coarse grains.
Despite their obvious short-term
political and economic benefits, such
subsidies can have deleterious long-
term consequences. They can
discourage local cereal production,
strain limited budgetary resources,
and increase the dependence on
sometimes unreliable world grain
markets.

A growing awareness of these long-
term effects has led governments in
many developing countries, both
wheat producers and importers, to
take steps to adjust retail price policies
by reducing subsidies on bread and
other wheat-based products (e.qg.,
Brazil and Mexico). A few
governments (e.g., Nigeria and
Zimbabwe) have additionally imposed
trade restrictions on wheat to further
discourage imports and consumption.
Such pulicy adjustments rnay slow
future growth in wheat vilization
worldwide. However, the reluctance
of most governments to implement
drastic price changes for politically
sensitive staple foods such as bread
suggests that retail price policy
adjustments will be phased in
gradually, thus dampening the effect
on demand.

In interpreting figures on global wheat
utilization, the influence of food aid
should be noted. Shipments of wheat
intended as food aid amounted to
8.2 MT in 1985/86, of which the
USA provided over 60%, with the
balance coming primarily from
Canada, the EC, and Australia.
Approximately 50% of all wheat
donated in 1985/86 was destined for

Africa (including Egypt), 35% for
Asia, and 15% for Latin America.
Even though wheat food aid is only a
small percentage of wheat utilization
worldwide, it is important in selected
regions. For example, a considerable
portion of the wheat imported into
sub-Saharan Africa comes in as food
aid. Also, since consumers in
countries receiving substantial amounts
of donated wheat are likely to
develop a taste for it, current wheat
food aid, while relatively modest, has
the potential to significantly affect
future levels of consumption.

Wheat Trade and Stocks
World trade in wheat changed
markedly in 1988,89 as the effects of
the North American drought rippled
through global markets. The volume
of wheat traded internationally in
1988/89 is estimated at 97 MT,
down nearly 8% from the previous
year's level of 105 MT. The declining
volume of trade reflected the tighter
supplies and soaring export prices of
wheat brcught on by the drought.
Two othe- factors contributed to the
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decline in the volume of world trade
in wheat: a sharp reduction in Soviet
purchases because the quantity and
quality of the Soviet wheat crop
increased, as well as reduced wheat
imports by some developing countries,
including Brazil, China, Iran, Algeria,
and Morncco.

The sharp downturn in world wheat
trade during 1988/89 reveals the
volatility of global trading patterns.
World wheat trade in 1987/88
totalled 105 MT, up 15% over
1986/87 and only fractionally below
the record 1984/85 level of 107 MT.
Thus, prior to the drought,
heightened competition among the
major exporters had provoked
increasingly aggressive trading (often
based on awarding credit to importers
at concessionary terms) that created a
buyer’s market for wheat and flour in
1987/88. These developments
occurred at an opportune time for
many Asian and African countries,
where a run of poor cereal harvests
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Figure 8. Changes in couniry shares of world wheat exports, 1980/81
to 1988/89.



was caused by inclement weather.
The strong rise in global trading that
resulted was abruptly reversed after
the drought reduced world wheat
supplies and prices rose.

Principal Importers

The principal importers of wheat
continue to be developing countries
and the centrally planned economies
of Eastern Euiope and the USSR.
Although wheat imports on aggregate
declined for these two groups in
1988/89 because domestic cereal
harvests were generally [avorable, the
longer term trend is upward.
Additional demand for imports
continues to come from Asia, where
claims that the traditional large cereal
importers have significantly raised
levels of food self-sufficiency will have
1o be regarded with caution in view of
recent variability in production For
example. as a consequence of the
poor monsoon in 1987 that greatly
reduced rice production, India will
import 3 MT of wheat in 1988/89,
the highest level in seven years.
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Wheat imports are also up in

Pakistan, which is expected to import
nearly 2 MT in 1988/89.

Following the pattern of recent years,
the USSR in 1988/89 was again the
world’s largest wheat importer despite
its good wheat crop. Soviet imports of
wheat and flour (including durum) are
estimated at 15 MT in 1988/89,
considerably less than the 22 MT
imported the preceding year but
nevertheless more than the amount
imported by any other single country.
China was the next biggesi indtividnal
importer in 1988/89, accounting for
over 13 MT of wheat. After these two
aominant importers came Egypt

(7.1 MT). Japan (5.6 MT). South
Korea (4.00 MT}, and Iran (3.5 MT).
Utilization of wheat varies somewhat
among these countries. Because of ite
high quality, imported wheat is almost
always used for human consumption,
but in a few countries. notably the
USSR and Japan, imported wheat
allows low-quality l~cal wheat to be
used as animal feed.

Developing countries
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Figure 9. World closing wheat stocks, 1980/81 to 1988/89.
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A final noteworthy change in global
import patteins during the 1980s has
been the decline in wheat imports by
a number of countries in South
America. They include Brazil, Chile,
and Paraguay, all of which have
made significant progress in raising
their wheat self-sufficiency.

Principal Exporters

Even before the North American
drought of 1988 disrupted global
trading patterns, drastic changes were
underway in country shares of the
woild caport markel for wheat (Figure
8). Policy adjustments implemented in
the USA (including lowered domestic
support prices and export subsidies
extended through the Export
Enhancement Program) had helped to
increase American exports in recent
years. At the same time, wheat
supplies in many traditional exporting
countiies such as Australia and
Argentina were limited by reduced
plantings and poor weather. The
result of these two influences was that
by 1987/88 the USA had recaptured
much of the world market share it
had lost because of its competitors'
aggressive trading policies and the
strong value of the US dollar relative
to the currencies of competing
exporters. However, the effects of the
drought are expected tc considerably
erode North America’s share of the
market in 1988/89. United States
exports are projected to fall by 9%
and Canadian exports by 50%. The
EC will be the main beneficiary of
declining North American exports, as
EC-12 wheat exports are projected to
rise 38% to 20 MT in 1988/89.

Wheat Stocks

Two consecutive years of declining
global wheat production have greatly
depleted world wheat stocks (Figure
9). Total closing stocks of wheat for
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the 1988/89 season are projected at
102 MT, down 36% over two years.
The ratio of closing stocks to world
wheat utilization is expected to reach
levels not ceen since 1972/73, the
first years of the so-called “world food
crisis.” Although some importers are
concerned about the future availability
of wheat on world markets, it seems
unlikely that global food security wil
be threatened. barring the unlikely
recurrence of a severe drought.

Productior in the USA and Canada is
expected to rise s’ arply in 1989,
which would restore global wheat
stocks to a more acceptable level. The
recent reduction in closing stocks may
actually be welcomed by many of the
major exporting countries, w.ho have
borne much of the cost of storing the
world’s excess wheat supply.

Wheat Prices

World Price Movements

The drought of 1928 dramatically
affected world wheat prices. Between
May and July 1988, US export prices
for all grades of wheat surged in the
expectation of shortages. Export
quotations rose 25% or more to
surpass US$ 160/t for most bread
wheats and US$ 190/t for durums.
Upward pressure on prices ecased
somewhat during August and
September when the Export
Enharcement Program was scaled
back, but the market remained
nervous in the face of the uncertain
outlook for exports. By the fourth
quarter of 1988, the price of US Hard
Red Winter (HRW No. 2, FOB Gulf
Ports) was around US$ 158/t, while
the price of US Hard Amber Durum
(HAD No. 3, FOB Lakehead) stood
at US$ 176/t

Rather than reversing a decline in
world wheat prices, the rising prices
caused by the North American

drought merely accelerated a trend
that began several years earlier. Long
before the full extent of the 1988
drought tecame apparent, world
wheat prices had started climbing as
supply tightened. Following six years
of decline, wheat prices actually
bottomed out in July-August 1986
before beginning to move up again

in late 1986.

Leaving aside the short-term effects of
the 1988 drought, the gradual
strengthening of world wheat prices
that began in mid-1986 can be
attributed to @ number of factors.
Many traditional wheat-exporting
countries registered production
declines in 1986 and 1987 that led to
a generally tighter global wheat
supply. These production declines
were partly the result of preqrams to
reduce supply, as in the USA, and
partly caused by reduced plantings
that reflected lower prices in previous
years, as in Argentina and Australia.
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Meanwhile, poor ‘weather in a number
of wheat-producing countries, such as
the USSR, and population growth in
many countries that do not produce
wheat, including some in Africa and
West Asia, created a continuing
strong demand for wheat imports.
Poor weather during 1986 and 1987
also caused rice production to decline
precipitously in many Asian countries,
temporarily increasing the demand for
wheat imports to make up for rice
shortages. The fact that many leading
wheat exporters were pursuing
aggressive export subsidy programs to
reduce excess stocks enccuraged
these food-deficit nations to turn to
imported wheat to make up shortfalls
in domestic grain production.

Many analysts view the longer term
strengthening of global wheat prices
as the inevitable - esult of policy
adjustments made in a number of
developed countries in response to
chronic overproduction. Although real
global prices of wheat (adjusted for
inflation) have declinad since the
beginning of the century, in recent
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Figure 10. Movements in real export prices of wheat, 1965/88.



years real wheat prices had fallen
considerably below the long-term
trend (Figure 10). While there is still
no reason to believe that the long-
term decline in real wheat prices will
reverse, in the eyes of many analysts
short-run policy adiustments were
needed to curb overproduction and
reduce spiralling costs of farm support
programs. One consequence of such
policy adjustments would be to drive
up real wheat prices from their
abnormally low level of 1986, which
may have been happening before the
drought intervened to send prices
sharply higher.

Exchange Rate Effects

Since most wheat price quotations are
denominated in US dollars,
fluctuations in the value of the US
dollar relative to the value of other
leading currencies influence prices
received by competing wheat
exporters and prices paid by wheat
importers. This currency effect would
be expected to influence world prices
and patterns of trade.

55

45E

US Gulgworys
. to BangMdesh

35

USS$/t

25

15

5

Following unprecedented strength-
ening in the early 1960s, the US
dollar has declined sharply in value
since the beginning of 1985, losing
fully 25% of its value in terms of
Standard Drawing Rights (SDR) as
defined by the International Monetary
Fund. Assuming no change in the
values of other currencies, this decline
in the value of the US dollar would
be expected to reduce the cost of
imports for importing countries and to
reduce the earnings of competing
exporters. But the effects of the
doilar’s fall are frequently mitigated or
exacerbated by various factors. For
example, after adjusting for inflation,
the currencies of many important
wheat importers such as Algeria,
China, Brazil, Egypt, and Saudi
Arabia, and of some e:porters such
as Argentina, have actually
depreciated against the US dollar
since early 1985. Because of these
factors, the fall in the US dollar
probably has contributed little to the
increase in global wheat trade that has
occurred during the past two years

(IWC 1987).

1980/81 81782 82/83 83/84

84,/85 85/86

86/87 87/88 88/89

Figure 11. Representative ocean freight rates, 1980/81 to 1988/89.
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Freight Rates

Ocean freight rates for grains have
recently rebounded from a prolonged
slump, particularly rates for short
hauls (Figure 11}. As of September
1988, rates from US Gulf ports to
Rotterdam, the reference price for
short-haul ocean freight rates, stood
at US$ 11.25/t, a level last seen in
February 1981. Rates for long hauls
have strengthened as well, although
not nearly so much. As of September
1988, rates from US Gulf ports to
Bangladesh, the reference price for
long-haul ocean freight rates, stood at
US$ 28/t, a 12% increase over
mid-1987 rates but still far below the
all-time highs achieved in 1980.

Two sets of factors related to supply
and demand explain the recent rise in
ocean freight rates. On the supply
side, shipping firms reacted to
generally unremunerative prices by
reducing surplus tonnage during the
early and mid-1980s. The world fleet
of dry cargo vessels was reduced by
20 million deadweight tons from 1982
to 1987 as orders for new ship
construction stagnated and record
tonnage was delivered to
shipbreakers. On the demand side,
the modest global economic recovery
of the past few years has expanded
trade in minerals and primary
commodities, swelling demand for
shipping even as the supply was
decreasing. Transatlantic trade in
particular grew sharply, encouraged
partly by Soviet grain purchases from
the USA and Canada, which explain
the relatively greater rise in short-haul
ocean freight rates compared to long-
haul rates.
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Fertilizer Prices

Export prices for fertilizers fell to
historical lows in 1986 before
recovering slightly in 1987. During
early 1988, fertilizer prices became
stronger in the face of greater demand
and rising petroleum prices. Later in
the year, fertilizer prices drifted down
again as overproduction of petroleum
lowered petroleum prices. Despite the
modest strengthening in prices early in
1988, prices of most fertilizers remain
far below the high levels reached
during the early 1980s.

One factor depressing the price of
many fertilizeis is continuing excess
capacity in the manufacturing
industry, made worse in recent years
by the increased manufacturing
capacity of Mexico, India, and a
number of other developing countries.
At the same time, the sharp decrease
in cereal area in many important
wheat-producing countries has
reduced demand for fertilizer.

Outlook for Wheat

For the first time in years, in 1987
wheat utilization worldwide exceeded
production as a result, global wheat
stocks were depleted and world prices
strengthened. The drought of 1988
greatly heightened those effects by
reducing production in the USA and
Canada and sending global wheat
prices soaring. Although much of the
recent tightening of wheat supplies
resulted from losses associated with
the drought, it is important to
recognize that the drought merely
accelerated a longer-term trend. Even
before the drought, policies designed
to reduce chronic overproduction had
succeeded in diminishing plantings in
many wheat-exporting countries.

Although global wheat picduction is
expected to increase sharply in the
short run as the USA and Canada
boost production to reconstitute their
depleted stocks, eventually the longer
term problem of overproduction in
developed countries will have to be
addressed. To the extent that policies
for controlling wheat supply are
reintroduced in coming years by the
leading producers, and to the extent
that these policies actually reduce
surpluses, global wheat supplies may
cease expanding at historical rates.

Despite prospects that supply may
level cff in the long term, global
demand for wheat and wheat-based
products is expected to remain strong.
Population growth in Africa, Asia,
and Latin America and increasing
urbanization worldwide are spurring
the increase in demand for wheat at
approximately 3% per year, a rate
which is likely to accelerate if and
when former levels of real income
growth can be resumed in these
regions. On the other hand, the
inability on the part of many
developing countries to purchase
wheat will likely restrict demand.
Demand for wheat is also likely

to be depressed in some countries
by policies introduced to limit
consumption of costly

imported cereals.

Future world price levels for wheat
depend largely on the domestic price
policies pursued by the leading
producers, especially the USA and
the EC. These two well-financed
superexporters tend to subsidize
producers heavily, whereas other
exporters, such as Argentina,
Australia, and Canada, tend to adopt
more balanced pricing policics. During
most of the 1980s, the USA and the
EC could not achieve significant
prodress in reducing price supports to

farmers, resulting in chronic
overproduction and steadily
accumulating wheat stocks. Both the
USA and the EC chose to dispose of
these stocks by implementing
aggressive trading practices that
facilitated disposal of surpluses (e.g.,
subsidized credit, price discounts).
However, the excessive cost of this
strategy has led to increased calls for
policy reforms to reduce the
surpluses. The 1985 Food Security
Act (Farm Bill) introduced a number
of measures designed io lower
producer prices and reduce area.
Although the preliminary evidence
suggests that the policy adjustments
are succeeding in reducing the area
planted to wheat, additional measures
will probably be necessary on both
sides of the Atlantic to bring
production fully under control.

Future availability and prices of wheat
also depend on production levels in a
number of key Eastern bloc and
developing countries. The USSR has
recently embarked upon an ambitious
program lo introduce improved wheat
production technologies. Future Soviet
purchases on the world market will
depend heavily on whether these
improved technologies can increase
vields as anticipated. China has made
remarkable progress in increasing
production of wheat and other
cereals, but more recent
developments suggest that Chinese
policymakers are shifting to a strategy
of concentrating on high-value export
crops at the cost of reduced levels of
domestic food grain production. This
strategy, if pursued to an extreme,
could result in large future increases in
wheat imports into China. And India,
a relatively unimportant actor in global
wheat markets, could once again
become a major importer if demand
for wheat outstrips the huge
production increases achieved as a
result of the Green Revolution.



Part 3: Selected
Wheat Statistics

The tables that follow present 41
statistics related to wheat production,
trade, utilization, and prices, as well
as some basic economic indicators.
The statistics were selected to provide
the latest available information; most
of the production statistics include
1987 data. (Note however that data
up to 1986 are the basis of the
analysis presented in

Part 1 of this report.) Some of the
statistics were assembled espzcially for
Part 1, including the percentage of
wheat area by type, moisture regime,
adoption of semidwarf varieties,
fertilizer applied, and irrigated

crop area.

Countries listed in the tables are
classified either as wheat producers or
consumers. Wheat consumers include
developing countries ccnsuming over
100,000 tons of wheat per year and
developed countries consuming more
than 1 million tons of wheat per year
from 1984 to 1986. Wheat producers
include developing countries in which
wheat production exceeded 100,000
t/yr from 1985 to 1987 or accounted
for 50% of total wheat consumption
from 1984 to 1986, and developed
countries in which wheat production
exceeded 1 million tons per year from
1985 to 1987 or accounted for 50%
of total wheat consumption from
1984 to 1986. Unless otherwise
indicated, the regional aggregates
given in the last table include all of
the countries of a particular region
{see Annex 1, p. 54), regardless of
whether they are included in the
preceding tables.

Notes on the Variables
Variable 1: The source of this
information was the FAO tapes of
population statistics (1987).

Variable 2: The source of this
variable was the World Bank World
Development Report (1988).

Variable 3: The source of this
variable was the World Bank’s World
Development Report (1988).

Variables 4-20 and 38: The sources
of these variables were the FAO tapes
of population statistics (1988). Growth
rates were calculated using the
standard formula for annual
percentage compound growth:

Xt = Xo [1 + (g/100)]t

where:

Xt = average of data for ending
period

Xo = average of data for base
period

t = number of years from the
midpoint of one period to
that of the other

g = average annual percent

growth rate

Variables 21-23: The sources of
these data were the FAO tapes of
trade statistics (1987 and 1988); the
FAO Commodities and Trade Division
1987 computer printout; and the
USDA supply and utilization tables
(1987). Net imports are imports
minus exports. Negative numbers
indicate that the country is a net
exporter Utilization was calculated as
production plus net imports minus
stock changes. Data on opening and
closing stocks are from USDA and the
FAQ Commodities nd Trade
Division. Growth rates were calculated
using the standard formula given
above.

Variables 24-34: These data (which
are for 1984-86) were collected
through a general country survey of
knowledgeable wheat scientists. The
survey was conducted to obtain
background information for Part 1 of

this report. Some data were estimated
by CIMMYT staff. Regional totals and
regional averages in some instances
are based on data from a subset of
countries in thz region.

Variable 35: The source for this
variable was the FAO Production
Yearbook (various years).

Variable 36: Data for this variable
were based on Martinez and Diamond
(1982); International Fertilizer
Development Center Fertilizer Use
Statistics in Crop Production; the
FAO Fertil:~r Use by Major Crops
(1984); the FAQO Fertilizer Yearbook
(1986); and CIMMYT estimates.
These data were updated to 1985
assitming that fertilizer use on wheat
changed at the same vate as for all
Crops.

Variable 37: The source for this
variable was the FAO Fertilizer
Yearbook {various years). Data
reported are total fertilizer applied per
hectare of arable land and permanent
crops.

Variables 39-41: These data were
collected through a general country
survey of wheat scientists anu
economists. Data for the majority of
the countries refer to the wheat crop
harvested in 1986/87, although in
some cases 1985/86 i5 the reference
year. The wheat price is the
postharvest price received by farmers.
The nitrogen price is usually the price
paid by farmers for the most common
nitrogen fertilizer. In some countries,
the price of compound fertilizer only
was available, and variable 40 refers

to the price of nutrient only, whether
it is N, P2Og, and/or KO.



Eastern and Southern Africa

Ethiopla
1. Estimated poputation. 1987 {million) 45.8
@ 2. Estimated growth rate of population
E3 1986-2000 (% /y1) 29
s 3. Per capita income, 1986 (US$) 120
N 4 Per capita cereal production. 1985.87
Og¢ {ka/yr) 122
5. Growth rate of per capita cereal production,
1961-65 to 1985-87 (% /y1) -1.2
6. Wheat area harvested. 1935-87 (000 ha) 600
7. Wheat yield. 198587 (1, ha) 1.3
8. Wheat production. 1985-67 (000 1) 800
9. Growth rate of wheat area, 1948-50 1o
1985-87 (% /yr) -0.9
10 Growth rate of wheat area. 196567 10
1985-87 (% yr) -1.0
11. Growth rau: of wheat area, 1975-77 to
1985-87 1%/ vr) 1.3
g 12. Growth rate of wheat yield. 1948-50 1o
2 1085-87 (% /yr) 24
g 13, Growth rate of wheat yield, 1965-67 to
< 1985-87 (G yr) 2.6
£ 14 Growth rate of wheat yield, 1975-77 to
= 1985-87 (% /yr) 3.0
S 15 Growth rate of wheat production,.1948.50
£ to 1985-87 (‘6 /yr) 15
2 16 Growth rate of wheat production. 1965-67
to 1985-87 (G /yr) 1.5
17 Growth rate of wheat production. 1975.77
to 1985-87 {6 /yr) 44
18. Wheat area as percent of total cereal area.
1985-87 (%) 13
19, Average yield of all cereals. 198587
t/ha) 1.2
20. Growth rate of yield of all cereals. 1948.50
to 1965-87 (G /yr) 1.6
= & 21 Netimports of wheat, 198587 (000 1) 699
g _5_’ 22 Per capita total wheat utilization. 1984-86
w @ (kg/yr} 30
BE 23 Growth rate of per capita wheat utilizatii n,
=% 1964-66 1o 1984-86 (‘G /yr) 1.2
24 Percent of total wheat ar¢a sown to spring-
habit bread wheat, mid-1980s 43
25 Percent of total wheat area sown to winter-
habit bread wheat, mid-1980s 0
26. Percent of total wheat area sown to
facultative bread wheat, mid-1980s 0
27 Percent of total wheat area sown to durum
wheat, mid- 1980)s 57
28 Percent of total wheat area under semidwarf
varieties, mid- 19805 10

29 Percent of total wheat area imgated,
mid- 19805

30 Percent of irrigated wheat area under
semnidwarl varieties, mid-1980s

31 Percent of total wheat area  high rainfall
regions { > 500 mm). mud- 1980,

32 Percent of high rainfall area under
semidwarl varietics, mid- 1950, 10

33, Percent of total wheat area m low rainfall
requons { < 500 mm)., mad 19804

34 Percent of low ramfall area under semidwarf
varieties, mid TUK0s

35 Growth rate of ingated (op area, 196165

Wkeat types and productivity factors

to T981.85 (Y, -y 2.5
36 Fertlicer apphied to wheat, 1985

(kg nutrients/ ha) 11
37 Ferlizer apphed to ol crops. 1981 85

kg nutnients “haj 4
38 Growth rate of fertilhizer apphed ) oll crops.

1961 65 10 1981 K9 (7% wj 19.7

39 Farm prce of wheat, 1936, 87 (UG /1)

§ é 40 Rano of farm level mitregen price 1o wheat
£ = price, 1986/87
3a 41 Farm wage m kg of whent per day, 1986 /87

‘Kenya
22.3
39
300
145
-1.€6
132
261
1.3
0.7
14
1.7
1.9
24
3.0
2.7
3.9

1.5
0.5
171

19
4.8

100

83

100
83

6.2

38
7.0
194

23
6

Producers

Sudan
22.7

2.9
320

142
02
106
14
145
6.3
27
9.1
0.6
1.2
34
7.0
39

-6.0

0.5
-0.5
783

40

4.6

100

100
100
100

8 2

23
3.080
03

Tanzania Zimbabwe

24.2 94

34 3.0

250 620

157 282

18 0.1

44 39

1.6 57

72 223

12.4

0.9

4.5

3.7

17.5

4.6

2

1.1 15

1.2 3.0

67 80

6 29

0.1 2.1

100

0

0

0

100 100

100

100

0

0

6.1 84

279

5 60
15.6

144 176

4.6

11



Eastern and Southern Africa, continued

General

indicators

Trade and

Wheat

Wheat production

utilization

wheat types and productivity factors

prices

L XN

10.
11.
12

39
40

41

S HLW N

. Estimated population, 1987 (million)
. Estimated growth rate of population,

1986-2000 (% /yr)
Per capita income, 1986 (US$)

. Per capita cereal production, 1985-87

(kg/yr)
Growth rate of per capita cerea. proauction,
1961-65 to 1985-87 (% /wr)

. Wheat area harvested, 1985-87 (000 ha)

Wheat yield, 1985-87 (t/ha)

. Wheat production, 1985-87 (000 1}

Growth rate of wheat arca, 1948-50 to
198587 (% /yr)

Growth rate of wheat area, 1965-67 to
1985-87 (G /yr)

Growth rate of wheat area, 1975-77 to
1985-87 (% /yr)

Growth rate of wheat yield, 1948-50 1o
1985-87 {4 /vr)

Growth rate of wheat yield, 196567 1o
1985-87 (% yr)

Growth rate of wheat yield, 1975.77 10
1985-87 (% yr)

. Growth rate of wheat productior., 1948-50

to 1985-87 (4 /yr)

Growth rate of wheat production, 1965 67
to 1985-87 (% 7yr)

Growth rate of wheat production, 1975-77
to 1985-87 (‘%6 /yr)

Wheat area as percent of total cereal area,
1985-87 (%)

Average yield of all cereals, 1985-37
(t/ha)

Growth rate of yield of all cereals, 1948-5)
to 1985-87 (G /yr)

Net imports of wheat, 1985-87 (000 1)

. Per capita total wheat ntilization, 1984-86

(kg/yr)
Growth rate of per capita wheat utilization,
1964-66 to 1984-86 (% /yr)

Percent of total wheat area sown to spring-
habit bread wheat, mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat, mid- 1980s

Percent of total wheat area sown 10
facultative bread wheat, mid-1980s

Percent of total wheat area sown to durum
wheat, mid- 19505

Percent of 1otal wheat area under semidwarf
vaneties, mid 1980s

Percent of total wheat area irrigated,
mid- 19K0s

Percent of arrigated wheat area under
semidwarf varieties, mid- 19805

Percent of total wheat area m high rainfall
regions { > 500 mun). mid 19805

Percent of high ramfall area under
semidwarf varieties, mid 19805

Percent of total wheat area in low rainfall
regions (< 500 mm}, mid- 1980

Percent of low raimfall area under semidwarf
vaniehies, . 19804

Growth rate of ungated crop area, 1961 65
to 1981 85 (% /yr)

Fertiicer applied to wheat, 1985
(kg nutnents/ha)

Fertilizer appled to all crops, 1981 85
(kg nutnents/ha)

Ltowth rate of fertiver apphed 1o all crops,
1961 65 10 1981 85 (% /yr)

Farm pnce of wheat, 1986/87 (US%/1)
Ratio of farm level nitrogen price to wheat
price. 1956/87

Farm wage in kq of wheat per day. 1986/87

Mozambique
14.7

3.0
210

39

0.6
-0.5
106

0.9

2.3

Consumers
Som'n'll‘n v
4.9

3.1
280

0.7
0.9
161

32
7.8

-0.3

50

35

Reglonal -

- total or

average
202.8
3.2

255

133

-0.7
992

1,582
0.1
03
08
26
3.0
3.1
25
2.7
23

1.1
0.9
2,450
20
2.0

61

39
39

34
31
10
8.8



West Africa

General

indicators

Trade and

Wheat

Wheat production

Wheat types and productivity factors utilization

pricas

Hw N —

[%3]

Nolie s Roy)

24

25.
26.
27.

28
29

30.

31

39.
40.

4]

. Estimated population, 1987 {million)
. Estimated growth rate of population,

1986-2000 {% /yr)

. Per capita income. 1986 (US$)
. Per capita cereal production, 1985-87

(kg/yr)
Growth rate of per capita cereal production,
1761-69 to 1985-87 (% /yr)

Wiseat area harvested, 1985-87 (000 ha)
Wheat yield, 1985-87 (t-ha)

. Wheat production, 1985-87 1000 t)
. Growih rate of wheat area, 1948-50 to

1985-87 (% /yr)

Growth rate of wheat area. 1965.67 to
1985-87 (% /yr)

Growth rate of wheat arca, 1975-77 to
1985-87 ("G ryr)

Growth rate of wheat yield. 1948.50 to
1985-87 (% yr)

. Growth rate ol wheat yield, 1965-67 to

1985-87 (% /yr)
Growth rate of wheat yield, 1975.77 to
1985-57 (G :yr)

. Growth rate of wheat production, 1948-50

to 1985-87 (% /yr)
Growth rate of wheat production, 1965-67
to 1985-87 (% /yr)
Growth rate of wheat production. 1975-77
to 1985-87 (% yr)
Wheat area as percent of total cereal area,

1985-87 (%)

. Average yield of all cereals, 1985.87

{t/ha)

. Growth rate of yield of all cereals, 1948-50

to 1965-87 (G /yr)

. Net imports of wheat., 1985-87 (000 1)
. Per capita total wheat utilization, 1984-86

(kg/yr)
Growth rate of per capita wheat utilization,
1964-66 to 1984-86 (‘L /yr)

Percent of total wheat arca sown to spring-
habit bread wheat, mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat, mid-1980s

Percent of total wheat area sown to
facultative bread wheat, mid-1980s

Percent of total wheat area sown to durum
wheat, mid-1980s

Percert of total wheat area under semidwarf
varieties, mid- 19805

Percent of total wheat area irrigated,
rnd- 1980

Percent of irrigated wheat area under
semidwarf varieties, mid-1980s

Percent of total Wheat arca in high rainfall
regions { > 500 mm), mid-1980s

. Percent of high rainfall arca under

semidwarl varieties, mid-1980s

Percent of total wheat area in low rainfall
regions { < 500 mm), mid-1980s

Percent of low rainfall area under semidwarf
varieties, mid-1980s

Growth rate of irrigated crop area, 1961-65
to 1981-85 (‘% /yr)

. Fertilizer applied to wheat, 1985

{kg nutrients/ha)
Fertilizer applied 1o all crops, 1981-85
(kg nutrients/ha)

- Growth rate of fertilizer appli:d to all crops,

196165 10 1981-85 (‘% /v

Farm price of wheal, 1996/87 (US$/1)

Ratio of farm-level ni rogen price to wheat
price, 1986/87

Farm wage in kg of wheat per day, 1986/87

Angola
9.2

28

39

ES

o :
WD W

0.5
-1.0
108
21
2.6

4.4

Cote
D’Ivoire

10.5

36
730

106

0.1
0
0

0.9
1.9
230
22
0.7

11
12.9

Consumers
Mauritanta Nigeria
2.0 101.3
2.8 3.3
420 640
48 116
2.8 -1.8
1 25
1.0 25
1 63
4.3
8.9
1.5
33
5.8
12.4
2.3
0.6 1.2
1.3 1.6
126 886
81 14
10.2 9.9
23.2
6 8
24.8

Regtonal

total or

Senegal Zalre average
6.8 318 244 .4
3.0 3.0 3.1
420 160 538
161 37 107
0.7 14 -1.1
0 26 71

. 0.8 14

0 20 103
5.2 3.1

10.7 3.0

19.1 7.1

0.1 14

-1.2 0.1

3.5 1.6

53 4.5

9.3 3.1

23.3 8.8

2 0.2

0.8 09 0.9
1.6 -0.3 '0
113 248 2,491
20 7 13
2.7 2.7 5.2
4.2 - 10.6
5 1 6
0.7 134 13.5

Ao



North Africa

N —

General
indicators
N

Wheat production

17
18
19
20)
T & 1
£ 0
RN
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24
25
26
o 27
S
3 o8
2 2
E Rif]
3
K
= 3l
T o
-]
g 33
- 34
L)
g .
= 35
16
37
38
- 30
o o
§]
a
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. Estimated population, 1987 (million)
. Estimated growth rate of population,

1986-2000 (% /yr)
Per capita income, 1986 (US$)

- Per capita cereal production. 1985-87

(kg yr)

. Growth rate of per capita cereal production,

1961-65 to 1985-87 (%6 ‘ur)

Wheat area harvested, 1985-87 (000 ha)

Wheat vield, 1985-87 {t. ha)

Wheat production. 198587 (000 1)

Growth rate of wheat arca, 1948.50 1o
1985-87 (% "vr)

Growth rate of wheat area, 196567 to
198587 () yr)

Growth rate of wheat area. 1975-77 to
1985 87 {4 )

Growth rate of wheat vield. 194850 to
198587 (4 vy

Growth rare of wheat yield, 1965 67 te
198587 (% yr)

Growth rate of wheat vield, 1975-77 1o
1985 K7 (% i)

Growth rate of wheat production. 1948-50)
to 198587 (% ur)

Growth rate of wheat production. 1965-67
to 198587 (% ryr)

Growth rate of wheat production. 1975.77
to 1985 87 ("% vr)

Wheat area as percent of total cereal area,
198587 (%)

Average vield of all cereals. 1985 87
(t ha)

Growth rate of vield of all cereals. 1948-50
to 1985-87 (% /yr)

Net imports of wheat, 1985.87 (000 1)

Por capita total wheat utilizatnon. 198486
tkg- y1)

Growth rate of per capita wheat utilization.,
1964-66 to 1984-86 (4 vr)

Percent of total wheat area sown 1o spring-
habit bread wheat, mid- 1980

Percent of total wheat area sown to winter-
habit bread wheat. mid-1980s

Percent of total wheat area sown to
facultative bread wheat, mid- 19805

Percent of total wheat area sown to durum
wheat, mid- 1980s

Percent of total wheat area under semidwarf
vaneties, mid- 1980

Percent of total wheat area irrigated.
mid-1980s

Percent of irrigated wheat area under
sernidwarf varieties, mid-1980s

Percent of total wheat area in high rainfall
regions { > 500 mm), mid 1980

Percent of lugh rainfall area under
semidwarf varieties, mid- 1980

Percent of 1otal wheat area in low rainfall
reqions {( << 500 mm). 1id- 19805

Percent of low rainfali area under semidwarl
vaneties, nud 19805

Growth rate of imgated crop arca. 1961 65
1o 1981 85 {4 yr)

Fertilizer applied to wheat. 1985
kg nutrients, ha)

Fertihzer applied 1o all crop, 198185
(kg nutnents. ha)

Growth rate of fertiheer applied to all crops.
1961 65 10 1981 K5 (4, /yr)

Farm price of wheat, 1986/87 (LSS
Rato of farm level matroqen pnce 1o wheat
prce. 198687

Farm waqe in kg of wheat per day. 1986,/87

Algeria
23.1

29
2,590

110
15
1.589
0.8
1.242
0.1
0.9
29
0.5
1.6
1.6
0.7
0.7
14
55
0.9
0.6
3.530
224
3.0

36

64
31

100
17
33
83

1.1

25
6.3
467

1.1
a8

Egypt
49.2

2.2
760
190
0.6
527
2,174
0.4
0.3
06
23
2.2
2.0
1.9
2.4
14
27
4.7
1.9
6.799
184
22

100

58
100
58

0.1
276
329
5.6

118

16

Producers
Libya
39
36
70
-0.8
280
0.6
166
24
1.7
1.8
54
3.6
5.0
7.9
5.3
6.9
67
0.6
3.2
705
236
35

85

15
67
38
90

63
53
3.2

38
17.1
481

12

Morocco
23.0

2.2
590

255

1.3
1.9
2.7
38
3.6
34
51
43

1.4
1.772
207
2.2

30

70
50

100
40
33
56

4.9
34
29

8.4

240

1.0
12

37

Regional
total or
Tunisia average
7.2 106.5
22 24
1,140 1,159
216 185
0.2 -0.5
848 5.390
13 14
1,071 7.417
0.1 0.7
0.0 0.1
-1.3 -0.7
24 1.6
24 24
4.7 31
2.6 2.3
24 2.5
3.3 2.4
55 46
1.0 1.6
1.9 15
795 13,602
225 202
13 24
1 38
0 0
0 0
89 62
36 44
0 13
39 27
50
61 60
50
4.9 0.8
17 56
7.0 6.2
81



West Asia

General

indicators

Trade and

Wheat

Wheat production

Wheat types and productivity factors utilization

prices

[ N BN =—

N ENT-N

21
22

23

24
25
26
27

29

36

39
40)

41

. Estimated population, 1987 (mullion)
. Estimated growth rate of population,

1986-2000 (% /yr)

. Per capita income, 1986 (US$)

Pe- capita cereal production, 1985-87
(kg/yr)

. Growth rate of per capita cereal production,

1961-65 to 1985-87 (% /yr)

Wheat area harvested. 1985-87 (000 ha}

Wheat vield. 1985-87 {1/ha)

Wheat production. 1985-87 (000 1)

Growth rate of wheat area, 1948-50 to
1985-87 (% /yr)

. Growth rate of wheat area. 1965-67 to

1985-87 (%7 yr)

Growth rate of wheat area. 1975-77 10
1985-87 (% yr)

Growth rate of wheat yield. 194850 to
1985-87 (% 7yr)

Growth rate of wheat yield. 1965-67 to
1985-87 (% /yr)

Growth rate of wheat yield, 1975-77 to
1985-87 (%6 /yr)

. Gruwth rate of wheat production. 1948.-50

to 1985-87 (% /yr)

. Growth rate of wheat production, 1965-67

to 1985 87 (6. yr)

Growth rate of wheat production. 1975-77
to 1985-87 (% /yr)

Wheat area as percent of total cereal area,
198547 (1)

Average yield of all cereals, 1985-87
{t/ha)

Growth rate of yield of all cereals, 1948 50
to 1985-87 (G /yr)

Net imports of wheat, 1985-87 (000 1)

Per capita total wheat utilization, 1984-86
(kg/yr)

Growth rate of per capita wheat utilization,
1964-66 to 1984-86 (% /yr)

Percent of total wheat area sown to spring-
habit bread wheat, mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat. mid- 19805

Percent of total wheet arca sown to
facultative bread v aecat, mid-1980s
Percent of total wheat area sown to durum
wheat, mid-1980s

Percent of total wheat area under semidwarf
varieties, mid-1980s

Percent of total wheat area irrigated,
mid- 19804

Percent of irmgated wheat arca under
semidwarf varieties, mid- 1980s

Percent of tota' wheat area in high rainfall
regiors { > 500 min), mid- 1980s

Perce: of high cainfall arca under
se- o varf vaneties, mid- 1980

Perce.. of total wheat arca . . low rainfall
reqons (< 500 mm), mid 1980

Percent of low ranfall area under semidwarf
varieties, mid- 1980

Growth rate of imngated crop area. 1961-65
1o 1981 85 [, gr)

Fertilizer applied 1o wheat, 1955
kg nutnents/ha)

Ferthzer applied to all crops. 1981 85
{kq nutnents “haj

Growth rate of fertlizer apphied to all crops,
1961 65 1o 1981 BS (Y, /yr)

Farm prnece of wheat, 1986/87 (US$/1)

Ratio of farm-level mitrogen price to wheat
price. 1986/87

Farm waqge in kg of wheat per day, 1986/87

Afghanistan
17.8

255
-0.9
2.309
1.2
2.767
0.4
0.1
4.2
0.9
1.0
0.0
1.3
1.2
0.2
69
1.3
1.0
74
165
0.6

91

38
43
73

48

0.9
22

234

Iran
47.4

3.0

256
1.0
6.369
7.388
3.1
12

0.7
19
1.5
39
3.2
2.6
70
13
0.7
2,608
209
13

24
25
50

29
35
56

80
58

0.3
6l
61

19.9

588

0.4
44

Producers
Saudi
Iraq Arablia
17.0 12.4
36 38
6,950
139 189
-2.5 35
1.213 579
0.9 3.7
1,055 2,164
0.7 8.0
-0.5 10.4
-0.3 23.7
1.8 28
1.4 4.0
14 8.3
25 11.0
0.8 14.7
1.1 339
48 90
0.9 35
0.8 29
2,706 -122
243 161
3.4 4.6
89 100
0 0
0 0
11 0
50 100
100
100
0
0
1.5 2.1
293
19 156
199 13.2
554
0.6
18

Syria
11.3

33
1,570

25
1.7
1.178
1,773
0.7
04
3.0
15
31
47
2.2
35
16
a3
1.0
03
794
237
15

50

50
4
13
90
10
85
77
27
0.0

30
12.7
662

0.8
10

Turkey
514

1.9
1,110

564
0.5
9,356
2.0
18,332
2.0
0.7
0.0
2.2
2.6
1.3
4.3
33
13
68
2.1
2.2
208
365
1.0

19
48

28
45

100
25
21
74
33

23
81

132
132

3.6
23
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Asia, continued

. Estimated population. 1987 (million)
. Estimated growth rate of population,

1986-2000 (% /yr)
Per capita income, 1986 (US$)

. Per capita cereal production. 1985-87

(kg/yr)

. Growth rate of per capita cercol production,

1961-65 to 1985-87 (% /yr)
Wheat area harvested, 1985-87 (000 ha)

. Wheat yield, 1985-87 (t/ha)

Wheat production. 1985 87 (000 1)

Growth rate of wheat area, 1948-50 to
1985-87 (‘b /yr)

Growth rate of wheat area, 1965-67 to
1985-87 (6 /yr)

. Growth rate of wheat area, 1975-77 to

1985-87 (‘b yr)

. Growth rate of wheat yield, 1948-50 to

1985-87 (% /yr)
Growth rate of wheat yield. 1905-67 ic

1985-87 (6 /yr)

. Growth rate of wheat yield, 1975-77 to

1985-87 (4 ‘yr)

Growth rate of wheat production. 1948-50
to 1985-87 (% /yr)

Growth rate of wheat production, 1965-67
to 1985-87 ('6./yr)

Growth rate of wheat production, 197577
to 1985-87 (% /yr)

Wheal area as percent of total cereal area,
1985-87 (%)

Average vield of all cereals, 1985 87
(t/ha)

Growth rate of yield of all cercals, 1948-50
to 1985-87 (% /yr)

Net imports of wheat, 1985-87 (000 1)

Per capita total wheat utilization, 1984-86
tkg./yr}

Growth rate of per capita wheat utilization,
1964-66 to 1984-86 (6 /yr)

Percent of total wheat area sown 1o spring-
habit bread wheat. mid-1930s

Percent of total wheat area sown to winter-
habit bread wheat, rid-1980s

Percent of total wheat area sown to
facultative bread wheat. mid- 1980s

Percent of total wheat area sown to durum
wheat, mid 1980,

Percent of total wheat area under semidwarf
vaneties, ruid 19805

Percent of total wheat area irrigated,
mid 19805

Percent of imgated wheat atea under
semidwarf vaneties, mid 19805

Percent of total wheat area i high rainfall
regions (2> 500 mm), mid 1980

Percent of high ramfall area under
sermdwarf vaneties. mid- 1980

Percent of total wheat area in low ranfall
regions (< 500 mm}. rud 1980

Percent of low rainfall srea under semidwarf
vanetes, mud 1950,

Growth tate of imngated crop area, 196165
1o TO8T 89 (V) ryr)

FFertibzer appled to wheat . 1985
tkq nutnents, hie)

Ferthzer apphed o all craps. 1981 85
thiy nutrients s ha}

Growth rate of ternlizer apphed 1o all crops,
19601 65 14 1981 RS (4, /yr)

Farm price of wheat, 1986/87 (US$/1)
Ratio of farm level nitrogen price to wheat
price, 1986/87

Farm wage in ky of wheat per day. 1986/87

Jordan
38

3.1
1,540

27
6.9
90
0.8
73
1.1
5.2
35
0.1
1.2
5.7
1.2
6.3

20

0.8
0.7
582
102
-3.6

30
131
351

Consumers

United Yemen
Kuwait Lebanon Arab Emir. Arab Rep.
19 2.8 14 7.3
29 2.8 3.0
13,890 14,680 550
1 8 4 83
-7.1 40
0 15 1 64
1.2 13 13
0 18 1 83
-4.1 4.2
7.3 4.9
-10.1 0.3
13 0.7
14 1.3
03 24
-2.8 4.9
-6.1 6.3
9.8 27
80 8
4.6 1.2 0.”
0.7 v.0
138 353 202 775
56 150 142 1m
-4.0 04 2.9 13.8
29 2.6 1.7
315 119 276 9

33

172

Yemen
Dem.

23
28
470
55
0.1
11
17
4.8
09
-1.3
0.1
-1.9
2.3
4.7

-3.6
16
1.7
28
197
110
19

5.1

39

Regional
total or
average

179.5

28
2,423

302
0.1
21.310
16
33,680
1.9
0.8
0.3
1.8
24
1.7
3.7
3.2
2.1
64

1.6

1.6
8.560
239

36
30
17
17
41
20

16
64
1.0
74

45
14.8



South Asia

General

Trade and

Wheat

indicators

Wheat production

utilization

Wheat types and productivity factors

prices
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. Estimated population, 1987 (million)
- Estimated growth rate of population,

1986-2000 (% /yr)

. Per capita income, 1986 (US$)
. [Per capita cereal production, 1985-87

(kg/yr)
Growth rate of per capita cereal production,
1961-65 to 1985-87 (% /yr)

Wheat area harvested, 1985.87 (000 ha)
Wheat yield, 1985-87 {t/ha)

. Wheat production, 1985.87 (000 1)
- Grovth rate of wheat area, 1948-50 to

1985-87 (% /yr)

- Growth rate of wheat area, 1965-67 to

198587 (% /yrn)

Growth rate of wheat area, 1975-77 10
1985-87 (% -yr)

Growth rate of wheat yield, 1948-50 1o
1985-87 (% “yr)

- Growth rate of wheat yield, 1965-67 to

1985-87 (% /yr)

- Growth rate of wheat yield, 1975-77 1o

1985-87 (%, /1)
Growth rate of wheat producticn. 1948-50
to 1985-87 (% /yr)
Growth rate of wheat production, 1965-67
to 1985-87 (% /yr)

- Growth rate of wheat production. 1975-77

to 1985 87 (% /yr)
Wheat arca as percent of total cereal area,

1985-87 ('U)

- Average yield of all cereals, 1985-87

(t/ha)

- Growth rate of yield of all cereals, 1948-50

to 1985-87 (%, /yr)

- Net imports of wheat, 1985-87 (000 1)
- Per capita tolal wheat utilization, 1984-86

(ka/yr)
Growth rate of per capita wheat utilization,
1964-66 to 1984-86 (% /yr)

Percent of total wheat area sown to spring-
habit bread wheat. mid-1980)s

Percent of total wheat area sown to winter-
habit bread wheat, mid- 19805

- Percent of total wheat area sown to

facultative bread wheat, mid-1980s

Percent of 10tal wheat area sown to durum
wheat, mid 1980s

Percent of total wheat area under semidwarf
varieties, mid-1980s

Percent of total wheat area irrigated,
mid- 19805

Percent of wrigated wheat aree. under
semidwerf varieties, mid- 19805

Percent of total wheat area in high rainfall
regions ( > 500 mm), mid- 19805

Percent of high rawnfall area under
semidwarf vaneties, mid - 198y

Percent of total wheat area in low rainfall
regions (< 500 mm), mid 1980,

Percent of fow ranfall area under semidwarl
varieties, mid 19804

Growth 1ate of migated crop area. 1961 65
to 1981 85 %/ yr)

Fertilizer apphed 1o wheat, 1985
(kg nutrients; ha)

Fertlizer applicd 10 all crops. 1981 85
kg nutnents, ha)

Growth rate of ferthizer apphed to all crops,
1961 65 16 1981 KS 'Y, /yr)

Farm price of wheat, 1986/87 (US$/7y

Ratio of farm I vel mitrogen price to wheat
price, 1986/87

Farm wage in kg of wheat per day, 1986/87

Bangladesh
106.6

2.5
160

229
-0.7
600
2.0
1,179
78
123
15.2
34
53
3.7
11.5
18.2

19.5

2.2
1.2
1,525
28
58

100

100
40
100
60
100
0

167
2.0

Burma
38.7

23
200

390
06
113
196
6.0
0.8
2.8
5.6

8.6
12.0
4.7
11.6

2.8
2.1

0

2.7

16.7

Producers

India
788.3

1.8
290

205
04
23,124
2.0
45 556
2.6
29
1.6
3.0
4.1
3.6
57
7.2
5.2
23

1
a.

2.1
-237
59
2.6

87

13
85
72
100
23
55

2.2
78
40

12.6

129

3.0
12

Nepal
17.3

2.5
150

245
-1.2
490
1.2
611
3.7
7.5
4.3
0.9
0.0
1.1
4.6
7.5

54

1.6
Ny,

35
5.0

98

87
92
95

195
164

28
34

Pakistar.
105.6

3.0
350

184
14
7.456
1.7
12,547
1.6
1.7
20
17
37
1.9
33
55
4.0
66
1.7
1.8
1,074
129
14

100

85
81
93

51

1.5
102
60
154
120
3.0

Consumer
Sti unka
16.7

1.5
400

152
2.1
0
0

3.0
24
620
43
1.5

2.1

Reglonal
total or
average

1.074.9

2.0
279

211

04,
31.828
60.115
2.4
2.7
1.9
2.6
4.0
3.2
5.0
6.9
5.1
24
1.7

3.004
60
25

90

10
85
74

22

2.1
83
41

12.6



Southeast Asia and Pacific
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. Estimated population, 1987 {million)
. Estimated growth rate of population.

1986-2000 (% /yr)

. Per capita income, 1986 (US$)
. Per capita cereal production, 1985-87

(ka/yr)

. Growth rate of per capita cereal production,

1961-65 to 1985-87 (% /yr)

. Wheat area harvested, 1985-87 (000 ha)

Wheat yield, 1985-87 {t/ha)

Wheat production, 1985-87 (000 1)

Growth rate of wheat area. 1948-50 10
1985-87 (% /yr)

Growth rate of wheat area, 1965-67 to
1985-87 (% /yr)

Growth rate of wheat area, 1975-77 10
1985-87 (G 'yr)

Growth rate of wheat yield, 1948-50 to
1985-87 (U /yr)

Growth rate of wheat vield, 1965-67 to
1985-87 (% /1)

Growth rate of wheat yield, 1975-77 to
1985-87 (% yr)

Growth rate of wheat production, 1948-59
0 1985-87 (U/yr)

Growth rate of wheat production, 1965-67
to 1985-87 {4/ yr)

Growth rate of wheat production. 1975-77
to 1985-87 (Tsyr)

Wheat area as percent of total cereal area,
1985-87 (%)

Average yield of all cereals, 1985-87
ft/ha)

Growth rate of yield of all cereals, 1948-50)
to 1985-87 (G /yr)

Net imports of wheat, 1985-87 (000 1)

Per capita total waeat utilization. 1984-86
tkg/yr)

Growth rate of per capita wheat utilization,
1964-66 1o 1984-86 (% /yr)

Percent of 1otal wheat area sown to spring-
habit bread wheat. mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat, mid-1980s

. Percent of total wheat area sown to

facultative bread wheat. mid-1980s

Percent of total wheat area sown to durum
wheat, mid- 1980s

Percent of total wheat area under semidwarf
varieties., mid-1980s

Percent of total wheat area rigated.
mid- 19805

Percent of irmgated wheat area under
semidwarf varieties, mid- 19805

Percent of total wheat area in high rainfall
regions { > 500 mm). mid- 19805

Percent of high rainfall area under
sermnidwarf varieties, nud 1980,

Percent of 1otal wheat area in low rainfall
regions (< H00 mm), mid- 19805

Percent of low rainfall area under sermdwarf
varieties, mid 1980

Growth rate of irmgated crop area. 1961 65
to YOK1-85 (" /yr)

Fertilizer applied te wheat. 1985
{kq nutnents ha)

Fertiheer apphed 1o all crops, 1981 85
tkg nutnents/ ha)

Growth rate of fertiiver applied 1o all crops.
1961 65 to 1981 8O (%, /yr}

Farm price of wheat, 1986/87 (US$/1)

Ratio of farm- level nitrogen price to wheat
price. 1986/87

Farm wage m kg of wheat per day. 1986/87

Hong Kong Indonesia

57

1.0
6.910

0

215
37
0.9

172.9

18
490

263
25
0
0

3.5
2.5
1,553

15.6

1.7

79
12.6

Consumers

Malaysta Philippines

16.3

19
1,830

121
-0.3

0
0

29
2.0
571
36
13

18

109
9.0

57.3

2.3
560

233
13
0

0

19
1.6
841
15
0.0

34

31
50

Singapore Thalland

26

0.8
7.410

159
63
2.0

790
71

53.3

16
810

444
03
0

0

2.1
1.2
192

55

35

21
12.0

Vietnam
62.5

2.4

269
0.1
0
0

27
2.0
162

-3.5

2.8

47
5.0

41

Regional
total or
average

389.8

2.0
808

269
1.1
0

0

2.6
2.0
3,921
10
29

25

48
9.6



East Asia

General

indicators

Trade and

Wheat

Wheat production

Wheat types and productivity factors utilization

prices
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36
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. Estimated population. 1987 {million)

Estimated growth rate of population,
1986-2000 (% /yr)
Per capita income, 1986 (US$)

. Per capita cereal production, 1985-87

(kg/yr)

. Growth rate of per capita cereal production,

1961-65 to 1985-87 (% yr)

Wheat area harvested. 1985-87 (000 ha)
Wheat yield. 1985-87 (t/ha)

. Wheat production, 1985-87 (000 1)

Growth rate of wheat area, 1948.50 10
1985-87 (% /yr)

. Growth rate of wheat area. 1965-67 to

1985-87 (% -yr)
Growth rate of wheat area. 1975-77 to
1985-87 (% 'yr)

- Growth rate of wheat yield. 1948-50 to

1985-87 (% /yr)

Growth rate of wheat yield. 1965.67 to
1985-87 (G /yr)

Growtn rate of wheat yield. 197577 10
1985-87 (‘L yr)

Growth rate of wheat production, 1948.50
to 1985-87 (% /yr)

Growth rate of wheat production, 1965-67
to 1985-87 (‘0. y-)

Growth rate of wheat production, 1975-77
to 198587 (% yr)

Wheat area as per_ent of total cereal arva.
1985-87 (%)

Average yield of all cereals, 1985.87
(tha)

Growth rate of yield of all cereals, 1948-50
to 1985-87 (%6 /yr)

Net imports of wheat., 1985-87 (000 1)

Per capita total wheat utilization. 1984-86
tkg:yr)

Growth rate of per capita wheat utilization,
1964-66 10 1984-86 (% /yr)

Percent of total wheat area sown to spring-
habit bread wheat, mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat. mid- 19805

Percent of total wheat area sown to
facultative bread wheat, mid-1950s
Percent of total wheat area sown to durum
wheat. mid- 19805

Percent of total wheat area under sermdwarf
varieties. mid- 1980

Percent of “otal wheat area irigated,
mid- 1950}

Percent of irrigated wheat area under
sernidwarf varienes, mid-1980)s

Percent of 10tal wheat area in high rainfall
regions ( > 500 mm), rmd- 1980

Percent of high rainfall srea under
semidwarf vaneties, mid 1980

Percent of 1atal wheat area in low rainfall
reqions ( < 500 mm). mid 1980

Percent of low rainfall arva under semdwarf
varieties, mid 1980

Growth rate of irrigated crop area, 1961 65
1o 1981 85 (6 /yr)

Fertihizer applied 1o wheat, 1985
tkg nutrients/ha)

Fertilizer applied 10 oll crops, 19%1.85

(kg nutrients/ha)

Growth rate of fertlizer applied 1o all crops,
1961 65 to 1981 85 (4, /yr)

Farm price of wheat, 1986/87 (US$/1)

Ratio of farm-level mitrogen price 1o wheat
price, 1986/87

Farm wage in kg of wheat per day. 1986/87

China
1,086.0

1.4
300

328
22
29,253
3.0
87,875
0.8
0.9
0.4
4.2
53
6.3
5.0
6.2
6.8

33

3.9

33
9.256
90

4.0

57
21
22

60
31
60
55
60

50
0.8

166

138

27
10

“

Producers
North Morzn 7 Modgalia
214 2.0
2.1 24
534 452
1.8 19
205 473
3.8 1.4
773 682
3.2 8.0
28 1.5
3.6 3.7
28 28
38 3.2
5.1 4.0
6.1 11.1
6.7 4.8
89 7.8
8 75
4.5 14
3.0 28
360 3
43 326
1.2 1.5
38 13.6
349 12

7.8

Consumer -
South Korea
425

1.2
2.370

20
-0.6

5.6
23
3,518
73
5.6

100

352
4.1
476

13
19

Regional
total or
. average

1.151.9
1.4
379
327
2.1
29.958
3.0
89,337
0.8
0.9
0.5
4.1
52
6.3
5.0
6.2
6.8

32

39
3.2
13,137
89

4.0

57
21
22

0
60
31

55

14

0.9

172
12.6

R —



Mexico, Central America, and the Caribbean

General

indicators

Trade and

Wheat

Wheat production

utilization

Wheat types and productivity factors

prices
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22

23

25
29
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41

. Estimated population, 1987 (million)
. Estimated growth rate of population,

1986-2000 (% /y1)

. Per capita income, 1986 (US$)
. Per capita cereal production, 1985-87

(kg/yr)
Growth rate of per capita cereal production,
1961-65 10 1985-87 (%0 /yr)

Wheat area harvested. 198587 (000 ha)

Wheat yield, 1985-87 (t, ha)

Wheat production. 1985-87 (000 t)

Growth rate of wheat area. 1948-50 to
1985-87 ('Y, “yr)

Growth rate of wheat area. 1965-67 to
1985-87 (‘6. yr)

Growth rate of wheat area, 197577 to
1985-87 (G vr)

Growth rate of wheat yield, 1948.50 to
198587 (*T,. yr)

Growth rate of wheat yield, 1965-67 to
19685-87 (‘L yr)

Growth rate of wheat vield, 1975-77 to
NS-87 (% - yr)

Growth rate of wheat production, 1948-50
to 198587 (6 /yr)

Growth rate of wheat production, 1965-67
to 1985-87 (‘% yr)

Growth rate of wheat production, 1975-77
to 198587 (% yr)

Wheat area as percent of total cereal area,
198587 (1))

Average yield of all cereals. 1985.87
{t-'ha)

Growth rate of yield of all cereals, 194850
to 1985-87 (% - yr}

Netimports of wheat, 198587 (000 1)

Per capita total wheat utilication, 1984-86
(kg yr)

Growth rate of per capita wheat utilization,
1964-66 10 1984-86 (% /yr)

Percent of total wheat area sown to spring
habit bread wheat, mid-1980s

Percertt of total wheat area sown to winter-
habit bread wheat. mid-1980s

Percent of total wheat arca sown to
facultative bread wheat, mid-1980s

Percent of total wheat area sown to durum
wheat, mid- 1980

Percent of total wheat area under semidwarf
vaneties, mid - 19%(0s

Percent of total wheat area irngated,
mid- 1980

Percent of imgated wheat arca under
semidwarf varieties. mid 1980

Percent of total wheat area in high ramfall
reqrons (2 500 mm), mid- 1980

Percent of ligh ramfall area under
semidwarl vaneties, mid 1980,

Percent of total wheat area in low ramnfall
regions { < 500 mm). und 1980,

Percent of low ramfall area under sermidwarf
varienes, mid 1980,

Growth rate of ingated crop area, 196, 05
to 1981 8O (9% i)

Ferulizer applicd 1o wheat, 1945
(kg nutnents fh)

Ferbhizor apphed to all crops, TOR] 85
(kq nutnents/ha)

Growth rate of ferhhzer apphed to all cops.
1961 65 10 1981 K5 (4, /yr)

Farm price of wheat, 1986/87 ({US$/1)

Ratio of farm level mitrogen price to wheat
price, 1986/K87

Farm wage in kg of wheat per day, 1986/%7

Producer
Mexico
829

2.1
1,860

298
0.8
1.157
4,798
1.9
1.9
38
4.2
26
1.4
6.2
45
53
10
22
28
406
66
2.8

90

0
10
100
85
100
10
100

100
29
261

Costa ‘

Rica
2.7

2.1
1.480

121
07
0
0

2.2
14
125
47
0.9

4.6

128
43

Cuba
10.3
0.8
710
61
24

0

0

26
2.8
1.468
142
33

6.5

179
4.5

. Constmers
Dominican Lo
Republic El Salvador
6.5 59
2.1 19
820 930
92 114
2.6 0.1
0 0
0 0
3.7 1.7
29 08
253 140
32 29
3.2 32
2.4 9.5
Jo 117
53 4.0

‘Guatemala - -

85

2.7
330

152
00
30
1.5
47
0.1

n
L

2.7
28
2.5
2.2
26
23
0.6
4
16
2.2
147
27
1.1

33

48
74



Mexico, Central America, and the Caribbean, continued

w LW N

General
indicators

wmae

Wheat production
IS

17

18

19

20

TE 21

52 22
U!ﬂ

2 23
~3

24,

25.

26.

@ 27
<]

T K
=

2 29
z

T 30
3

g 3
-8

° 32
L]

K
£

- 34
i

£ 35
2

36

37

38

.y 9

§8 a0
£z

Bad g4

Hauti
. Estimated population, 1987 (million) 6.9
. Estimated growth rate of population,
19862000 (% /yr) 2.0
. Per capita income, 1986 (US$) 740
. Per capita cereal production , 1985.87
{tkg/yr) 66
. Growth rate of per capita c=real production.
1961-65 to 1985-87 (% /yr) -2.6
Wheat area harvested, 1985-87 (000 ha) 0
. Wheat yield. 1985-87 (t/ha) .
. Wheat production, 1985-87 (000 1) 0
Growih rate of wheat area. 1948-50 to
1985-87 {h/yr)
Growth rate of wheat area, 1965-67 to
1985-87 (% /yr)
. Growth rate of wheat area, 1975-77 to
1985-87 (‘G /yr)
Growth rate of wheat yield, 1948-50 to
1985-87 (‘6 /yr)
. Growth rate of wheat yield. 1965-67 to
1985-87 (% /yr)
. Growth rate of wheat yield, 1975-77 to
1985-87 (% /yr)
. Growth rate o! wheat production, 1948-50
to 1985-87 (% /yr)
. Growth rate of wheat production, 1965-67
to 1985-87 (% /yr)
. Growth rate of wheat production, 1975.77
to 1985-87 (% /yr)
. Wheat area as percent of total cereal area.
1985-87 (%}
. Average yield of all cercals, 1985-87
{t/ha) 1.2
. Growth rate of yield of all cereals, 1948.50
to 1985-87 (% /yr) 1.0
Net imports of wheat, 1985-87 (000 1) 167
Per capita total wheat utilization, 1984-86
(kg/yr) 26
Growth rate of per capita wheat utilization,
1964-66 to 1984-86 (% /yr) 34

Percent of total wheat area sown to spring-
habit bread wheat, mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat, mid-1980s

Percent of total wheat area sown to
facultative bread wheat, mid-1980s
Percent of total wheat area sown to durum
wheat, mid-1980s

Percent of total wheat area under semidwarf
varn-ties, mid- 1980s

Percent of total wheat area irrigated,
mid-1980s

Percent of irrigated wheat area under
sernidwarfl varieties, mid-1980s

Percent of total wheat area in high rainfall
regions { > 500 mm), mid-1980s

Percent of high rainfall area under
semidwarf varieties, mid 1980s

Percent of total wheat area in low rainfall
regions { < 500 mm), mid 1980

Percent of low rainfall area under semidwarf
varieties, mid- 198()s

Growth rate of irngated crop area. 1901 65
1o 1981-85 (%, /yr) 3.1

Fertilizer applied to wheat, 1985
tkq nutrients/ha}

Fertilizer applied to all crops, 1981 85

{kq nutrients/ha} 5
Growth rate of fentilzer applied to all crops.,
1961 65 10 1981 8S ("% /yr) 21.3

Farm price of wheat, 1986/87 (US$/1)

Ratio of farm-level nitrogen price to wheat
price, 1986/87

Farin wage in kg of wheat per day. 1986/87

Consumers
Honduras Jamaica
4.7 24
3.0 1.4
840 5,360
114 4
-1.7 -0.8
07 °
1 0
15 1.7
1.7 1.3
112 186
23 76
3.0 -0.3
1.7 19
15 60
2.7 -0.6

Trinidad
& Tobago

12

1.3
1,554

-3.7

24
0.5
113
88
-0.5

33

48
0.3

Regional
total or
average

140.2
2.1
214
0.8
1,189
4.1
4,845
1.8
1.9
3.6
4.2
2.6
1.5
6.1
4.5
52

9

2.1
25
3.427
61
23

10
100
85

10

33
261

70
7.1



Andean Region, South America

General

Trade and

Wheat

indicators

Wheat production

utilization

Wheat types and productivity factors

prices

[35] oL N

~ o

10
11
12

20.

21
22

23

29
30

31

32

0

40

41

. Estimated population, 1987 (million)
. Estimated growth rate of population,

1986-2000 (% /yr)

. Per capita income, 1986 (US$)
. Per capita cereal production, 1985-87

(kg/yr)

. Growth rate of per capita cereal production,

1961-65 to 1985-87 (%% /yr)

Wheat area harvested. 1985-87 (000 ha)
Wheat yield, 1985-87 (t/ha)

. Wheat production, 1985-87 (000 1)

Growth rate of wheat area, 1948-50 to
1985-87 (% yr)

Growth rate of wheat area, 196567 to
1985-87 (G -yr)

Growth rate of wheat area, 1975-77 to
1935-87 (G yr)

Growth rate of wheat vield. 1948-50 to
1985-87 (5. yr)

Growth rate of wheat vield. 196567 to
1985-87 (% vr)

Growth rate of wheat yield. 1975-77 to
T985-87 (% "yr)

Growth rate of wheat production, 1948-50
to 1985-87 (4O yr)

. Growth rate of wheat production, 1965-67

to 1985-87 (‘G /yr)

. Growth rate of wheat production, 1975.77

to 1985-87 (% ‘yr}

Wheat area as percent of total cereal area,
1985-87 (V)

Average yield of all cereals, 198587
{t ‘ha)

Growth rate of vield of all cereals, 1948.50
to 1985-87 (% yr)

Net imports of wheat, 1985-87 (000 1)

Per capita total wheat utilization, 1984.86
(kg7 yr)

Growth rate of per capita wheat utilization,
1964-66 10 1984-86 (% /yr)

Percent of total wheat area sown to spring-
habit bread wheat. mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat, mid-1980s

Percent of total wheat area sown to
facultative bread wheat, mid-1980s
Percent of total wheat area sown to durum
wheat, mid-1980s

Percent of total wheat arca under semidwarf
varieties, mid-198()s

Percent of total wheat area irrigated.
mid- 1980}

Percent of irrigated wheat area under
semidwarf varieties, mid-1980)s

Percent of total whe=: zvea in high rainfall
reqions (2> 500 mim), mid- 1980s

Percent of high rainfall arca under
semidwarf varieties, mud- 19805

Percent of total wheat area in low rainfall
reqions (< 500 mm}, mid 19805

Percent of low ramfall area under semidwarf
varieties, mid 19860

Growth rate of imgated crop area. 196165
to 1981-85 (N yn)

Fertlizer applied 10 wheat, 1985
(kg nutnents/ ha)

Fertiizer applied 10 all crops, 1981 85

(kg nutnents “hay)

Growth rate of ferthizer applied 1o all crops,
1961 65 16 198] 85 (W, /)

Farm prce of wheat, 1986/87 (US$/1)
Ratio of farm fevel mtrogen price to wheat
price, 1986/87

Farm wage i kg of wheat per day, 1986,87

Producer
Peru
20.7

21
1.090

a9
-0.4
93
1.2
115
-1.3
-2.4
3.1
0.8
14
25
-0.5
-1.0
0.7
11
24
16
989
54
0.2

70

30
31

97
36
40
61

10
0.7

289

1.5

()V‘7

Bolivia
6.7

2.6
600

145
1.0
105
0.7
79
15
2.8
2.7
0.6
0.5
04
2.1
3.3
2.3
15
14
0.7
305
68
1.2

3.7

4.7
88

Consumers
Colombia Ecuad la
299 9.9 18.3
18 24 2.2
1,230 1,160 2,920
114 92 121
0.7 -0.9 2.2
43 17 1
1.7 1.1 04
75 18 04
-3.6 3.2
-4.0 -6.8
3.1 -12.1
25 2.8
25 0.6
4.0 1.7
-1.2 -0.5
-1.6 -6.3
7.1 -10.6
3 3
2.6 18 2.0
2.6 1.9 2.3
661 243 1,063
25 27 59
1.6 0.9 -0.2
1.6 09 19
23
55 28 53
4.2 8.7 12.5
257 276

45

Reglonal
total or
average

87.0

2.1
1.498

117
0.5
260
1.1
287
-1.5
-1.9
-1.6
1.2
0.9
18
-0.3
-1.1
0.2
6
2.2
1.9
3,329
42
0.5

0.9

37
4.4



Southern Cone, South America

General

indicators

Trade and

Wheat

Wheat production

Wheat types and productivity factors utilization

prices

wn W B —

ReRe AN Koy

21

22.

23

24.
25.
26.

27
28
29

30

39.

40

11

. Estimated population, 1987 (million)
. Estimated growth rate of population,

1986-2000 (% /yr}

. Per capita income, 1986 (US$)
. Per capita cereal production, 1985-87

(kg/yr)

. Growth rate of per capita ceteal production,

1961-65 10 1985-87 (% /yr)

. Wheat area harvested, 1985-87 (000 ha)

Wheat yield, 1985-87 (t/ha)

. Wheat production, 1985-87 (000 1)
. Growth rate of wheat area, 1948-50 to

1985-87 {% /yr)

. Growth rate of wheat area, 1965-67 to

1985-87 (% /yr)

Growth rate of wheat area, 1975-77 to
1985-87 (G /yr)

Growth rate of wheat yield, 1948-50 to
1985-87 (% /yr)

. Growth rate of wheat yicid, 1965-67 to

1985-87 (% /yr)

. Growth rate of wheat yield. 1975-77 to

1985-87 (% /yr)

. Growth rate of wheat pioduction, 1948-50

to 1985-87 (% /yr)

. Growth rate of wheat production, 1965-67

to 1985-87 (% /yr)

Growth rate of wheat production, 1975-77
to 1985-87 (U /yr)

Wheat area as percent of total cereal area,
1985-87 1%)

Average yield of all cereals, 1985-87
(t/ha)

Growth rate of yield of all cereals, 1948-50
to 1985-87 (% /yr)

Net imports of wheat, 1985-87 (000 1)

Per capita total wheat utilization, 1984-86
(kg/yr)

Growth rate of per capita wheat utilization,
1964-66 10 1984 86 (% /yr)

Percent of total wheat arca sown to spring-
habit bread wheat, mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat, mid-1980s

Percent of total wheat area sown to
facultative bread wheat, mid-1980s
Percent of total wheat area sown to durum
wheat, mid-1980s

Percent of total wheat arca under semidwarf
varieties, mid-198()s

Percent of total wheat area irrigated,
mid- 1980}

Percent of irrigated wheat area under
semidwarl varieties, mid-1980s

Percent of total wheat area in high rainfall
regions (> 500 mm), mid 1980s

Percent of high rainfal} area under
semidwarf vaneties, mid-1980s

Percent of 10tal wheat area in low rainfall
regions { < 500 mm), mid-1980s

Percent of low ranfall area under semidwarf
varieties, mid- 198t)s

Growth rate of arrigated crop area, 1961-65
to T981-85 (4, /yr)

Fertilizer applied to wheat, 1985
{kg nutnients/ ha)

Fertilizer applied 1o all crops. 198185
(kg nutrients/ha) '

Growth rate of fertiizer applied to all crops,
1961-65 16 1981 85 (5, /yr)

Farm pnce of wheat, 1986/87 (US$/1)

Ratio of farm-level nitrogen price to wheat
price, 1986/87

Farm wage in ky of wheat per day, 1986/87

Argentina
315

1.1
2,350

837

05
5,097

1.8
9,167
0.2
0.1
0.2
1.2
1.8
1.2

1.7
1.0

49
25
1.9
-6,008
111
15

99

90

100
90

2.3
13

6.8
a8
8.1

‘Brazl

1413

19
1.810

283
1.3
3,338
5,353
47
76
04
2.1
3.6
8.1
6.9
115
8.5

1.8
0.9
3.019

25

100

—

o B 8 3

98

8.2
240

19
12

Producers

Chile Paraguay
12.4 3.9
1.2 2.5
1,320 1,000
214 283
0.6 4.8
584 175
2.7 1.5
1,555 264
-0.8 12.8
-1.2 14.3
-1.4 21.0
22 3.0
2.4 14
5.7 4.6
1.3 16.3
1.2 15.9
4.2 26.5
71 25
3.2 1.6
25 0.7
220 38
150 72
-0.8 25
48 100
25 0
27 0
0 0
83 91
24 0

100
76 100
78 91
0 0
0.7 3.7
149 68
26 5
0.7 7.2
166 101
6.6
36

Uruguay

3.1

0.7
1,900

324
0.4
189
14
262
2.6
3.5
7.8
1.1
1.9
4.6
-1.6
-1.6
3.6
38
2.0
24
60
132
1.6

100

75

100
75

5.3

36
37
120

7.3
43

total or

average |

192.2

1.7
1,852

370
0.8
9.364
1.8
16,601
0.9
1.4
-0.2
1.3
18
34
23
32
32
27

2.0
1.4
-2,670
73

0.2

96

73
1.7

98

32
48
25

7.6

'>ll¢1'glonl‘lj’ g



Eastern Europe and USSR

General

indicaiors

Trade and

Wheat

Wheat types and productivity factors utilization Wheat production

prices

w HWw N

CYCENT. A

20.
2]

22
23

24
25
26
27

29

36

37

38
39
40

41

. Estimated population, 1987 {million)
. Estimated growth rate of population,

1986-2000 (% /yr)

. Per capita income, 1986 {US$)
. Per capita cereal production, 1985-87

(kg/yr)

. Growth rate of per capita cereal production,

1961-65 to 1985-87 (% /y1)
Wheat area harvested, 1985-87 {000 ha)

. Wheat yield. 1985-87 {t/ha)

Wheat production, 1985.87 (000 1)
Growth rate of wheat area, 1948-50 to
1985-87 (6 /yr)

. Growth rate of wheat area, 1965-67 to

1985-87 (% /yr)
Growth rate of wheat area. 1975-77 to
1985-87 (b /yr)

. Growth rate of wheat vield, 1948-50 to

1985-87 (% /yr)

Growth rate of wheat yield, 1965-67 to
1985-87 (% /yr)

Growth rate of wheat Jield, 1975 77 to
1985-87 (% /yr)

. Growth rate of wheat production, 1948-50

10 1985-87 (G /yr)

. Growth rate of wheat production, 1965-67

to 1985-87 (%, yr)
Growth rate of w. »at production, 1975-77
to 1985-87 (% - yr)

. Wheat area as percent of total cereui area,

1985-87 (%)

Average yieid of all cereals, 1985-87
{t/ha)

Growth rate of yield of all cereals,
1948-50 to 1985-87 (% /yr)

Net imports of wheat. 1985-87 (000 1)

Per capita total wheat utilization, 1984-86
thg/yr)

Growth rate of per capita wheat utilization,
1964-66 to 1984-86 (% /yr)

Percent of total wheat area sown to spring-
habit bread wheat. mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat, mid-1980s

Percent of total wheat area sown to
facultative bread wheat, mid-1980s

Percent of total wheat area sown to durum
wheat, mid-1980s

Percent of total wheat area under semidwarf
varieties, mid-1980s

Percent of total wheat arca rrrigated,
mid-198()s

Percent of imgated wheat area under
semidwarf varieties, mid- 1980s

Percent of 1ntal wheat area in high rainfall
regions { > 500 mm). mid-1980s

Percent of ugh rainfall area under
semidwarf vanetivs, mid-1980s

Percent of total wheat area in low rainfall
regions { < 500 mun), mid- 1980s

Percent of low rainfall area under semidwarf
variehes, mid 1980,

Growth rate of wrrigated crop area. 1961-65
o 1981 85 (% yr)

Fertlizer applied to wheat 1985
(kg nutrients/ha)

Fertilizer applied to ¢ll crops. 1981-85
(kg nutrients/ha)

Growth rate of fertilizer apphed to all crops,
196165 10 1981 85 (‘G /yr)

. Farm price of wheat, 1986/87 (US$/1)
Ratio of farm level mtrogen pnce to wheat
price, 1986/87
Farm wage m kg of wheat per day, 1986/87

Producers B
’ Germany,
Bulgaria Czechoslovakis Dem. Rep.
9.0 15.6 16.7
0.2 0.3 0.0
754 737 697
1.1 2.7 31
1,081 1,209 748
34 4.8 5.5
3,631 5,827 4,090
0.7 1.1 1.2
0.2 1.6 2.0
1.7 0.3 0.3
33 2.7 24
09 3.2 2.2
-0.7 2.4 3.6
25 38 36
08 4.9 4.3
1.0 21 39
55. 48 30
3.4 4.6 4.6
3.4 2.7 25
-31 20 564
417 381 300
08 26 3.0
2
98
0
0
2
0
80
20
0
1.8 5.1 28
296 320
240 338 320
83 438 19
312
4.1

43

47

Hungary
10.6

-0.1
2,020

1,353
31
1.325
6.028
0.1
08
0.2
34
34
2.0
33
4.3
23
46
5.0
3.4
1,630
468
3.2

100

0.5
270
282
8.7

2.6
67



Eastern Europe and USSR, continued

Producers Reglonal
total or
Poland Romania USSR Yugoslavia average
1. Estimated population, 1987 (million® 378 23.0 282.7 234 4219
” 2. Estimated growth rate of popalation.
5 1986-2000 (% /yr) 0.6 0.5 0.7 0.5 0.6
- 3. Per capita income. 1986 (US$) 2,070 - . 2,300 .
S 4. Per capita cereal production, 1985-87
Og {kg/yr} 666 1,230 697 706 741
- 5. Growth rate of per capita cereal production,
1961-65 to 1985-87 (% /yr) 1.3 3.3 1.1 1.1 1.5
6. Wheat area harvested. 198587 (000 ha) 2,014 2.375 48,559 1,380 58,884
7. Wheat yield, 1985-87 (t/ha) 3.6 2.7 1.7 3.6 2.1
8. Wheat production. 1985-87 (000 1) 7.301 6,495 84,565 4,969 123,448
9 Grewth rate of wheat area. 1948.50 1o
1985-87 (% /yr) 0.9 0.2 07 -0.8 0.6
10 Growth rate of wheat arca. 1965-67 1o
1985 87 (% yn) 1.0 -1.1 -1.7 -1.3 -1.5
11, Growth rate of wheat area. 1975-77 1o
198587 (% /yr) 0.9 0.2 2.3 -1.8 -1.9
e 12 Growth rate of wheat yield, 1948.50 to
) 1985-87 (4 1yr) 3.0 3.5 24 29 2.6
© 13 Growth rate of wheat vield. 1965-67 to
3 198587 (4 1 yr) 2.6 19 2.1 2.1 24
2 14, Growth rate of wheat yield, 1975.77 10
a 1985-87 ("G yr) 2.1 0.6 2.3 1.1 2.4
® 15 Growth rate of wheat production, 1948-50
2 10 198587 (%, 'yr) 3 33 32 2.1 32
2 16 Growth rate of wheat nroduction, 1965-67
to 1985-87 (4 yr) 3.6 0.7 03 0.7 0.9
17 Growth rate of wheat production. 1975-77
to 1985 K7 (%4 /yr) 3.0 08 0.1 0.7 0.5
18 Wheat area as percent of 1otal cereal area.,
198587 (%) 24 38 44 33 42
19 Average vield of all cereals. 1985.87
{t/ha) 3.0 45 1.8 3.9 2.2
20. Growth rate of yield of all cereals.
1948-50 to 1985-87 (% 'yr) 24 52 2.5 3.1 2.6
B E 21 Netimports of wheat. 1985-87 (000 1) 1,935 -112 16,691 362 17,789
EQ 22 Per capita total wheat utilization, 1984-86
v R (kg/yr) 225 300 345 223 328
TE 23 Growth rate of per capita wheat utilization,
=3 1964-66 to 1984 86 (% /yr) 1.7 1.0 -0.2 0.7 03
24 Percent of total wheat area sown to spring-
habit bread wheat. mid- 19805 19 .. . 2
25, Percent of total wheat area sown to winter-
habit bread wheat, mid- 1980 81 .. . 98
26 Percent of total wheat area sown 1o
facultative bread wheat, mid- 1980 0 . . 0
s 27 Percent of total wheat area sown to durum
5 wheat, mid- 1980s 0 .. . 0
T 28 Percent of total wheat area under semidwarf
A vareties, mid- 1980 80 .. . 82
2 29 Percent of total wheat arca irmagated,
3 mid- 1980 0 .. . 0
E 30 Percent of irngated wheat area unde
3 semidwarf varenes, mid 19805
© 31 Percemt of total wheat area in high ramfall
a regions (> 506 mm), mid- 1980, 100 . o 100
] 32 Percent of high ramfall arca under
n semidwarl varieties, mid. 19805 .. .. . 99
£ 33 Percent of total wheat area m low rainfall /
& regions { < 500 mm}, mud 19805 0 . . 0
=34 Percent of low rainfall area under semidwarf
I varieties, mid- 1980y
£ 35 Growth rate of irrigated crop area, 196].65
2 to 1981 85 (%, /yr) -5.1 13.4 35 1.1 3.7
36. Fertilzer apphed to wheat, 1985
(kg nitnents/ ha) 307 . 90 . 111
37 Fertilize apphed 10 all crops. 1981 85
kg nutnent</ha) 229 154 94 124 118
38. Growth rate of fertiieer apphed 1o all c1ops,
1961-65 to 1981 85 (% /yn) 6.5 12.0 9.2 5.0 7.9
39, Farn price of wheat, 1980/87 (Uss/y 171 . 175
40 Ratio of farm level mirogen pnee 1 wheal

Wheat
prices

price, 1986/87 1.0 . . 1.3
41. Farm wage in ky of wheat per day, 1986/87 KX . 59



Western Europe and Other Developed Countries

General
indicators
N AW =

vEue

10.

Wheat production

Trade and
utilization

Wheat types and productivity factors

W
>

37.

38.

39

Wheat
prices

21
22.

23.

40.
41.

. Estimated population, 1987 (million)
. Estimated growth rate of population,

1986-2000 (% /yr)

. Per capita income, 1986 (US$)
. Per capita cerea! production, 1985-87

(kg/yr)

. Growth rate of per capita cereal production,

1961-65 to 1985-87 (% /yr)

. Wheat area harvested, 1985-87 (000 ha)
. Wheat yield, 1985-87 (t/ha)

Wheat production, 1985-87 (000 1)

Growth rate of wheat arca. 1948-50 10
1985-87 (% /yr)

Growth rate of wheat arca. 1965-67 to
1985-87 (% /yr)

. Growth rate of wheat area, 1975-77 1o

1985-87 (b /yr)

. Growth rate of wheat yicld, 1948-50 to

1985-87 (G /yr}
Growth rate of wheat yield, 1965-67 to
1985-87 (%/yr)

. Growth rate of wheat yield. 1975-77 to

1985-87 {6 /yr)
Growth rate of wheat production. 1948-50
to 1985-87 (% /yr)

. Growth rate of wheat production. 1965-67

to 1985-87 (G /yr)

. Growth rate of wheat production, 1975.77

to 1985-87 (% /yr)
Wheat area as percent of total cereal area,
1985-87 (b)

. Average yield of all cereals, 1985-87

{t/ha)

. Growth rate of yield of all cereals, 1948-50

to 1985-87 (% /yr)

Net imports of wheat, 1985-87 (000 t)

Per capita total wheat utilization, 1984-86
tkg/yr}

Growth rate of per capita wheat utilization,
1964-66 to 19¢ +-86 (% /yr)

- Percent ol total wheat area sown to spring-

habit bread wheat, mid-1980s

. Percent of total wheat area sown to winter-

habit bread wheat, mid-1980s
Percent of tota! wheat area sown to
facultative bread wheat, mid-1980s
Percent of total wheat area rown to durum
wheat, mid-1980s

. Percent of total wheat area under semidwarf

varieties, mid-1980Cs

. Percent of total wheat area irrigated,

mid- 1980s

. Percent of irrigated wheat area under

semidwarfl varieties, mid-1980s

. Percent of total wheat area in high rainfall

regions { > 500 mm), mid-1980s

. Percent of high rainfall area under

semidwarl varieties, mid-1980s
Percent of total wheat area in low rainfall
regions { < 500 mm), mid-1980s

. Percent of low rainfall area under semidwarf

varieties, mid-1980s

. Growth rate of irrigated crop area, 1961-65

1o 1981-85 (% /yr)

- Fertilizer applied to wheat, 1985

kg nutrients/ha)

Fertilizer applied to all crops, 1981-85
(kg nutrients/ha)

Growth rate of fertilizer applied to all crops,
1961-65 10 1981-85 (% /yr)

Farm price of wheat, 1986/87 (US$/1)

Ratio of farm-level nitrogen price to wheat
price, 1986/87

Farm wage in kg of wheat per day. 1986/87

Austria

7.6

0.1
9,990

682

35
322

1.476
1.2
03
1.3
2.9
2.4
18
4.1
2.7
3.1
31
5.0
3.4
556
117
0.1

80

0.0
283
248

Belgium-
Luxembourg

10.2

0.1
9,230

214

0.2
196
6.1
1,206
0.3
-0.7
0.1
19
2.7
4.1
2.2
2.0
3.9
51
57
2.0
482
175
2.2

96

95

100
95

0.0

521
0.7
198

3.0
183

Producers

Denmark

5.1

0.1
12,600

1,620
0.9
365
5.9
2,153
4.2
6.5
12.2
14
1.4
1.7
5.6
8.0
14.2
23
5.0
1.4
-327
353
6.2

95

10.8
256
248
2.1

France
55.6

0.4
10,720

959
2.6
4,868
5.7
27,631
0.4
0.8

1.8
3.1
2.8
3.7
3.5

3.7
55

51

56
34
-16,629
234
1.0

100
14

2.0
280
3

4.2
131

4.0
238

Germany,
Fed. Rep.

60.8

-0.3
12,080

411

2.1
1,648
6.1
10,0
15
0.8
0.3
2.5
2.8
34
4.0
3.7
3.7
34
5.2
2.4
166
161

N
wm

94

S o o ©

100

1.0
298
421

1.5

196

210



Western Europ: and Other Developed Countries

General

indicators

Trade and

Wheat

Wheat production

Wheat types and productivity factors utilization

prices

w W N —

Noko sl Nenl

21.
22.

23

39.

40

4],

. Estimated population, 1987 (million)
- Estimated growth rate of population,

1986-2000 (% /yr)

. Per ci pita income, 1986 (US$)
. P capita cereal production, 1985-87

(kg/yr)

. Growth rate of per capita cereal production,

1961-65 10 1985-87 (% /yr)

. Wheat area harvested, 1985-87 {000 ha)

Wheat yield. 1985-87 (t/ha)

- Wheat production. 1985-87 (000 1)
. Growth rate of wheat area. 1948-50 to

1985-87 (% /yr)
Growth rate of wheat area, 1965-67 ic
1985-87 (% /yr)

. Growth rate of wheat area. 1975.77 to

1985-87 (% /yr)

Growth rate of wheat vield, 1948-50 to
1985-87 (% /yr)

Growth rate of wheat yield. 196567 to
1985-87 (% /yr)

. Growth rate of wheat yield. 1975.77 10

1985-87 (% /yr)

Growth rate of wheat production, 1948-50
to 1985-87 (% /yr)

Growth rate of wheat production, 1965-67
to 1985-87 (% /yr)

Growth rate of wheat production, 1975-77
to 1985-87 (% ‘yr)

- Wheat area as percent of total cereal area.

1985-87 (‘)
Average yield of all cereals, 1985.87
(t/ha)

. Growth rate of yield of all cereals, 1948-50

to 1985-87 (% /yr)

Net imports of wheat, 1985-87 (000 1)

Per capita total wheat utilization, 1984-86
(kg/yr)

Growth rate of per capita wheat utilization,
1964-66 to 1984 86 (% /yr)

Percent of wtal wheat area sown 1o spring-
habit bread wheat. mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat. mid- 1980s

Percent of total wheat area sown to
facultative bread wheat, mid-1980s

Percent of total wheat area sown to durum
wheat, mid- 19805

Percent of total wheat area under semidwarf
varieties, mid- 1980s

Percent of total wheat erea irrigated,
mid-1980)y

Percent of imgated wheat area under
semidwarf varieties, mid-1980s

Percent of 1o1al wheat area in high rainfall
reqions { > 500 mm). mid- 19805

Percent of high ramnfall area under
s midwarf vaneties, mid 1980s

Percent of total wheat area in low rainfall
regions { < 500 mm), mid 19805

Percent of low rainfall area under senndwarf
vaneties, mid 1080,

Growth rate of imgated crop area. 1961.65
to 1981 85 ('%,/yr)

Fertilizer appled to wheat, 1985
(kg nutnents/ha)

Fertilizer applied 1o all crops, 1981.85
(kg nutrents/ha)

Growth rate of fertilizer appled to all crops.
1961 65 1t 1981.85 (4, /yr)

Farm price of wheat, 1986/87 (US$/1)
Ratio of farm level nittogen price 1o wheat
price, 1986/87

Farm wage in kg of wheat per day. 1986/87

Greece
10.0

0.3
3.680

505
23
884
2,109
0.2
13
05
2.4
1.6
0.6
26
0.2
0.1
60
3.4
35
-241
135
2.4

50

50
100

86
100
14
100
3.3

210
1.2

Italy
57.2

0.1
8,550

319
0.7
3,086
" 975
1.1
1.5
0.7
1.8
1.2

0.7
-0.3
0.8
65
3.8
2.5
3122
209
0.6

30
20

50
93

69
95
31
89
1.0

168

)
w

276

2.0
154

Producers -

Netherlands’
14.6

0.3
10,020

80

3.1
119
7.2
853
0.6
13
0.2
1.9
24
3.2
25
1.1
3.0
67
6.6
23
956
127
16

100

6.7
212
781

34.0

2.3
1,850

327
0.1
1.934
2.367
2.1
25
0.8
1.9
3.2
1.1
4.0
58
1.9
28
1.6
2.0
53
72
18

100

42

100

74
45
1.4
90
75
6.0
164

3.0
28

0.4
4,860

499
26
2127
5.163
18
34
2.4
3.1
3.6
44
1.3
0.1
1.9
28
25
28
237
143
03

55

100
84
56

48
2.1
92
72
34

388



Western Europe and Other Developed Count.ies, continued

General

indicators

Trade and

Wheat

Wheat production

utilization

Wheat types and productivity factors

prices

£ BN »—

w

sx~No

21
22.

23

26

o

29

e

o
>

38

39
40

41

. Estimated population, 1987 (mitlion)
. Estimated growth rate of population.

1986-2000 (% /yr)
Per capita income, 1986 (US$)

. Per capita cereal production, 1985-87

(kg/yr)
Growth rate of per capita cereal production,

1961-65 to 1985-87 (% /yr)

Wheat area harvested. 1985 87 (000 ha)

Wheat yield. 1985-87 (t/ha)

Wheat production. 1985-87 (000 1)

Growth rate of wheat area. 1948-50 to
1985-87 (% yr)

Growth rate of wheat area, 1965-67 to
198587 (% /yr)

Growth rate of wheat area. 1975.77 to
1985-87 (% 1 yr)

Growth rate of wheat vield, 1948-50 to
1985-87 (%, /yr)

Growth rate of wheat yield. 1965-67 1o
1985-87 (% /yr)

Growth rate of wheat yield, 1975-77 10
1985-87 (% ryr)

Growth rate of wheat production, 1948-50
to 1985-87 (‘U /yr)

Growth rate of wheat production, 1965-67
to 19%5.87 (%4 ,yr)

Growt- : ate of wheat production. 1975.77
to 1985-87 (% /yr)

Wheat area as percent of total cereal area,
1985-87 (4)

Average yield of all cereals, 1985 87
{t/ha)

Growth rate of yield of all cerzals, 1948-50
to 1985-87 (% /yr)

Net imports of wheat. 1985-87 (000 1)

Per capita total wheat utilization, 1984.86
tkg yr)

Growth rate of per capita wheat utilization,
1964-66 to 1984-86 (% /yr)

Percent of total wheat area sown to spring-
habit bread wheat, mid-1980s

Percent of total wheat arca sown to winter-
habit bread wheat, mid-1980s

Percent of total wheat area sown to
facultative bread wheat, mid-1980s

Percent of total wheat area sown to durum
wheat, mid- 19805

Percent of total wheat area under semidwarf
varieties, mid-1980s

Percent of total wheat area inigated,
mid- 1980

Percent of irrigated wheat area under
semidwarf varieties, mid-1980s

Percent of total wheat area in high rainfall
regions (> 500 mm), mid 1980)s

Percent of high rainfall area under
semidwarf varteties, mid 1980s

Percent of total wheat area in low rainfall
regions { < 500 mm), mid-1980s

Percent of low rainfall area under semidwarf
varieties, mid 1950y

Growth rate of wmigated crop area. 1961-65
to 19K1-85 (6 /yr)

Fertilizer applied to wheat. 1985
(kg nutrnients/ha)

Fertilizer applied 10 all crops, 198185
(kg nutnents/ha)

Growth rate of fertilizer applied to all crops.
1961-65 1 1981 85 (% /yn)

Farm price of wheat, 1986/87 (US$/1)

Ratio of farm:level nitrogen price to wheat
price, 1986/87

Farm wage in kg of wheat per day. 1986/87

Sweden
8.4

0.0
13,160

671

1.1
299
52
1,544
-0.2
1.1
-1.7
2.3
15
1.5
2.1
2.6
-0.2
21
39
19
-600
117
1.0

30
70

95

100
95

4.8
160
157
23
151

506
242

Producers
United

Kingdom

56.9

0.1
8,870

401

2.6
1,962
6.4
12,586
2.1
3.7
58
24
2.4
4.0
4.5
6.1
10.0
49

5.7
2.3
-1,741
188
1.1

100

100
100

1.7
278
352

29
163

3.3
253

Consumers ‘

Japan
122.1

0.5
12,840

127
-2.0
250
3.5
871
-3.0
-2.6
11.0
2.0
14
28
-1.0
-1.2
14.1

58
1.6

5.181
53
0.5

61
39

95

100
95

0.3
364
416

780

24

Poriugnl i

103

0.3
2.250

154

-0.6

311
1.5
479

b2l
L.

-29
3.0
23
24
25
0.1
0.5
-0.6
31
16
22
589
110
1.3

90

10
79

100

79
0.1
125

74
3.6
294

22
31

51

’

5 Réglonal '

total or .
average . -

519.4

04
9,803

390
14
18.898
4.2
79,547
0.1
0.2
0.7
2.8
3.0
3.7
2.7
2.7
4.4

38

4.1
24
7.692
139
0.8

55
1.1

82
17
1.5
225

149
09



USA, Canada, and Australia

General

indicators

Trade and

Wheat

Wheat production

utilization

Wheat types and productivity factors

prices

w W DN —

oo RN Ne

21
22

23

24.

25

26.
27.
28.
29.

e

r.
=
=

-
Ry

39.
40.

41

. Estimated population, 1987 (million)
. Estimated growth rate of population,

1986-2000 (% /yr)

. Per capita income, 198¢ (USS$)
- Per capita cereal production, 1985-87

tkg/yr}
Crowth rate of per capita cereal production,
1961-65 to 1985-87 (% /yr)

Whear area harvested. 1985-87 ()00 ha)

. Wheat vield, 1985-87 (t/ha)

Wheat production, 1985-87 (000 1)

. Growth rate of wheat area, 1948-50 to

1985-87 (% /yr)

. Growth rate of wheat area, 1965-67 to

1985-87 (%% /yr)

. Growth rate of wheat area, 1975-77 to

1985-87 (% /yr)
Growth rate of wheat yield, 1948-50 to
1985-87 (% /yr)

. Growth rate of wheat yield. 1965-67 10

1985-87 (% /yr)
Growth rate of wheat vield, 1975-77 to
1985-87 (% /yr)

. Growth rate of wheat production, 1948-50

to 1985-87 (% /yr)

. Growth rate of wheat production, 1965-67

to 1985-87 (% /yr)

. Growth rate of wheat production, 1975-77

to 1985-87 (b /yr)

. Wheat area as percent of total cereal area.

1985-87 (%)
Average vield of all cereals, 1985.87
{t/ha)

. Growth rate of yield of all cereals, 1948-50

to 1985-87 (% /yr)

Net imports of wheat, 1985-87 (000 t)

Per capita total wheat utilization, 1984-86
{kg/yr)

Growth rate of per capita wheat utilization,
1964-66 10 1984-86 (% /yr)

Percent of total wheat area sown to spring-
habit breed wheat, mid-1980s

Percent of total wheat area sown to winter-
habit bread wheat, mid-1980s

Percent of total wheat area sown 1o
facultative bread wheat, mid-1980s
Percent of totai wheat area sown to durum
wheat, mid- 1980«

Percent of 1otal wheat area under semidwarf
varieties, mid- 1980s

Percent of total wheat area irrigated,
mid- 1980s

Percent of irrigated wheat area under
semidwarf varieties, mid-1980s

Percent of total wheat area in high rainfall
regions (> 500 mmj), mid-1980s

Percent of high rainfall arca under
semidwarf varieties, mid 19805

Percent of 1otal wheat area in low rainfall
regions { < 5(0) mmj. mid- 19805

Percent of low rainfall area under semidwarf
varieties, mid- 1980y

Growth rate of imigated crop arca, 1961-65
to 1981-85 (% /yr)

. Fertilizer applied to wheat, 1985

(kg nutrients/ha)
Fertilizer applied to all crops, 1981-85
{kg nutrients/ha)

. Growth rate of fertilizer applied to all crons,

196165 10 1981-85 (4%, /yr)

Farm price of wheat, 1986/87 (US$/)

Ratio of farm level nitrogen price to wheat
price, 1986/87

Farm wage in ky of wheat per day. 1986/87

Australia
16.0

1.0
11,920

1,445
1.6
10,645
14,909
2.1
1.3
1.5
0.7
1.2

2.8

2.5

3.0

68

15

0.9
-15,608
216
0.5

100

75

100
17
85
82

20
22
25

0.2
64

7.0
590

Producers
Canada
25.8

0.7
14,120

2,051
14
13,825
2.0
27,324
07
c8
3.0
1.7

1.1

0.1
25

19

3.1

63

24
2.0
-18,804
189
05

27
104
46
6.8
82
4.4

USA
242.6

0.6
17,480

1,304
17
24,468
2.5
60,073
-0.4
0.7
1.3
2.2
1.7

1.8

1.8
2.4
0.5

37

4.7
29
-28,080
117
14

21
75
0

4
58
6
100
80
56
14
56
1.5
68
101
34
79

2.7
470

Regilonal
total or
average

284 .4

0.6
16,862

1.380
1.6
48,939
2.1
102,306
03

0.8

0.3

1.8

14

1.1

2.1

23

1.5

47

3.7

24
-62,492
136

1.2

45
52
0
3
63

55
41
1.5
67

80
33



Regional Aggregates

General

Trade and

Wheat

indicators

Wheat production

utilization

Wheat types and productivity factors

prices

[S)] 0 N —

Foliv LS Ren

20

21
22

23

29

=

39
40

41

. Estimated population, 1987 (million)
. Estimated growth rate of population,

1986-2000 (% /yr)

. Per capita income, 1986 (US$)
. Per capita cereal production, 1985-87

(kg/yr)
Growth rate of per capita cereal production,
1961-65 to 1985 87 (% /ur)

Wheat area harvested, 198587 (000 ha)

Wheat yield, 1985-87 (1/ha)

Wheat production. 1985-87 (000 1

Growth rate of wheat area. 194850 to
1985-87 (% yr)

Growth rate of wheat area, 1965.67 to
1985-87 (' 7yr)

Growth rate of wheat arca, 1975-77 to
1985-87 (% -yr)

. Growth rate of wheat vield. 1948-50 to

1985.-87 (% yr)

Growth rate of wheat yield. 196567 to
1985-87 (%4 yr)

Growth rate of wheat yield. 1975-77 1o
1985-87 (% -yr)

Growth rate of wheat production. 1948-50
to 1985-87 (‘U./yr)

Growth rate of wheat producion, 1965-67
to 1985-87 (5 wn)

Growth rate of wheat production, 1975-77
to 19085-87 (% yr)

Wheat arca as percent of total cerear area.
198587 (')

Average yield of all cereals, 1985.87
(t-ha)

Growth rate of yield of all cereals, 1948-50
to 1985-87 (%, +yr)

Netimports of wheat, 1985-87 (000 1)

Per capita total wheat utilization, 1981-86
(kg 'yr)

Growth rate of per capita wheat utilization,
1964 66 10 1984-86 (% - yr)

Percent of total wheat area sown to spring-
habit bread wheat, mid- 19805

Percent of total wheat area sown to winter-
habit bread wheat, mid-1980s

Percent of total wheat area sown to
facultave bread wheat, mid-1980s
Percent of 1otal wheat area sown to durum
wheat, mid- 19805

Percent of total wheat area under semidwarf
varicties, mid- 1980

Percent of total wheat area imgated,
mid- 1980

Percent of irmgated wheat area under
semidwarf varietics, mid- 1980s

Percent of total wheat area in high rainfall
regions { > 500 mm). mid 1980

Percent of high rainfall area under
semudwarf vaneties. mid- 10805

Percent of total wheat area in low ramnfall
redgions { < 500 mm), mid 1980,

Percent of low rainfall area under semidwarf
varietivs, mid- 1980,

Growth rate of rigated crop area, 1961 65
1o 1981 K5 ("% /y1)

Fertilizer applied to wheat. 1985
(kg nutrients/ha)

Fertilizer applied to all crops, 1981 85
(kg nutrients/ha)

Growth rate of fertilizer apphed to all erops.
1961 65 10 1981 .85 (Y /yr)

Farm price of wheat, 1986/87 (US$/1)

Ratio of farm level nitrogen price to wheat
price. 1986/87

Farm wage in kg of wheat per day. 1986/87

Developing
countries

3,769.2

2.0
616

252

0.9
100,363
2.1
213.968
14

1.4

0.7

2.8

38

4.1

4.3

5.2

4.9

24

2.2

2.2
51,250
72

2.6

67
13
10
10
65
40

39
22
1.7
78

53
10.6

Developed
market
economies

803.8

0.5
12,296

740
1.7
67,837
2.7
181,853
0.2

05

04

2.2

1.9

2.2

2.4

25

2.6

44

38

2.4
70,184
138

0.9

41
53

60

64
33

1.5
101
109
24

Eastern
Europe
and USSR
4219
0.6

741

1.5
58,8534
2.1
123,448
0.6

-1.5
-1.9

2.6

24

2.4

32

0.9

0.5

42

22

2.6
17.789
328

0.3

93

78
22

3.7
11
118
79

World
4,995.0

1.7
2,769

373
0.9
227,084
2.3
519,269
0.8

0.2

-0.1

24

2.7

3.0

3.2

29

29

32

2.6

2.3

104
1.0

56
29

64
25
49
26

1.9

82
6.2

53



Annex 1: Regions delineated for this study

Developing Countries:

Eastern and
Southern Africa:
Botswana
Burundi
Comoros
Djibouti
Ethiopia
Kenya
Lesotho
Madagascar
Malawi
Mauritius
Mozambique
Rwanda
Seychelles
Somalia
Sudan
Swaziland
Tanzania
Uganda
Zambia
Zimbabwe

Western and
Central Africa:
Angola

Benin

Burkina Faso
Cameroon

Cape Verde
Central African Republic
Chad

Congo

Céte d'lvoire
Equatorial Guinea
Gabon

Gambia

Ghana

Guinea
Guinea-Bissau
Liberia

Mali
Mauritania
Namibia
Niger
Nigeria
Reunion
Séo Tome
Senegal
Sierra Leone
St. Helena
Togo
Zaire

North Africa:

Algeria
Egypt
Libya
Morocco
Tunisia

West Asia:
Afghanistan
Bahrain
Cyprus

Iran

Iraq

Jordan
Kuwait
Lebanon
Oman
Qatar

Saudi Arabia
Syria
Turkey

United Arab Emirates
Yemen Arab Republic
Yemen Democratic Republic

South Asia:
Bangladesh
Bhutan
Burma

India
Maldives
Nepal
Pakistan

Sri Lanka

Southeast Asia
and Pacific:
American Samoa
Brunei

Cook Islands

East Timor

Fiji

French Poleynesia
Guam

Hong Kong
Indonesia
Kampuchea Democratic
Kiribati

Laos

Macao

Malaysia

Nauru

New Caledonia
Niue

Norfolk Island
Pacific Islands
Papua New Guinea
Philippines
Samoa

ingapore
Solor.ion Islands
Tha'land

Tei elau

Tonga

Tuvalu

Vanuatu

Vietnam

Wallis and Futana Island

East Asia:
China

North Korea
South Korea
Mongolia
Taiwan



Mexico, Central America,
and Caribbean:
Antigua

Bak.amas

Barbados

Belize

Bermuda

Cayman Islands

Costa Rica

Cuba

Dominica

Dominican Republic

El Salvador

Grenada

Guadeloupe
Guatemala

Haiti

Honduras

Jamaica

Martinique

Mexico

Montserrat

Netherlands Antilles
Nicaragua

Panama

St. Christopher and Nevis
St. Lucia

St. Pierre and Miquelon
St. Vincent Granadines
Trinidad and Tobago
U.K. Virgin Islands
U.S. Virgin Islands

Andean Region,
South America:
Bolivia

Colombia
Ecuador

French Guiana
Guyana

Peru

Surinam
Venezuela

Southern Cone,
South America:
Argentina

Brazil

Chile

Paraguay
Uruguay

Falkland Islands

Doveloped Countries:

Eastern Europe and USSR:
Albania

Bulgaria

Czechoslovakia

German Democratic Republic
Hungary

Poland

Romania

USSR

Yugoslavia

Western Europe and other
developed countries
Austria

Belgium-Luxumbourg
Denmark

Faeroe Island

Federal Republic of Germany
Finland

France

Greece
Greenland
Iceland
[reland

[srael

Italy

Japan

Malta
Netherlands
New Zealand
Norway
Portugal
South Africa
Spain
Sweden
Switzerland
United Kingdom

USA, Canada, and
Australia:

Australia

Canada

United States of America
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