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FOREWGORD

This paper has arisen from a request by TAC to FAO to update and broaden
from its sources the quantitative indicators which may guide the setting
of priorities in international agricultural research. In 1978 IFPRI
supplied such a paper on which TAC was able to base its priority report
in 1979. Besides the periodic need for revision of such background data
it was also felt that there existed new rich data sources within FAQ
that could now be exploited.

FAO commissioned the paper to GFA, a German consulting firm, in early
July 1983. A first draft of the final report was discussed in Rome in
the beginning of  September. The final draft was supplied in
mid-September.

While it was agreed that personal authorship in this particular effort
should be recognized the paper really is the result of many man-years of
work on different research projects within FAQ and of the joint efforts
of FAQ subject-matter specialists, as well as data handling experts
during our work on this paper. We thank Dr. D. F. R. Bommer, Assistant
Director General, Agriculture Department, for providing access to the
wealth of material accumulated in FAO. Dr. Bommer also provided the
necessary guidance in the early conceptual stages of the report.

Dr. J. W. Monyo, Chief of the Research Development Centre within FAO, and
- Mr. A. von der O0sten, Executive Sectretary of TAC, provided valuable
background material, were important partners in conceptual discussions
and gave moral support and encouragement.

Dr. J. Bruinsma of the Economic and Social Development Department
provided access to the AT 2000 material which accounts for the greatest
part of the data base in this report. . The special structuring and
formatting of the tables and the statistical analyses took an inordinate
proportion of his time, including over-time. His econometric
capabilities were essential for the processing of much of the data.

Mr.  G. M. Higgins provided access to all the material developed in the
context of the agro-ecological zones (AEZ) project. He took the trouble
of explaining basic concepts, helping in the interpretation of the data
for the present purposes, and commenting on first drafts.

Messrs. K. Becker, J. Krane, 7. Kerr and S. Nelson were instrumental in
obtaining and utilizing data from FAQ's interlinked computer system
(ICS).

Ms. M.-G.  Ottaviani-Carra, I. Reyes-Ugarte, E. Lugli-Trinci and Mr. G.

Maione helped with special analyses and the computation of derived

tables. Mrs. S. Roe-Biggiero typed some of the earlier tables and
provided general secretarial assistance.

Ms. H. Jenner, U. Siegmund and U. Paul of GFA undertook the tedious
typing and editing work.

We are grateful to all the persons mentioned and many more for their
contributions to the study. We also thank Prof. U. Koester, Institute
of Agricultural Economics, Kiel University, for seconding Dr. Kirschke
to GFA for this assignment.



Last, but by no means least, we must mention the person who played the
central role during all phases from conception to data collection,
preliminary interpretation and finalization: Dr. J.P. Hrabovszky. As the
Senior Policy and Planning  Coordinator at FAO's Agriculture Department
he occupied a Kkey position for the study from the start. Without his

personal interest, his readiness to make available the whole wealth of
his accumulated experience, and his capacity to draw on all sources
within FAOQ this study would hardly have been possible. Our sincere

thanks, therefore, go to Janos Hrabovszky.

All data sets have been checked for internal coherence and for
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initiate cross-checking exercises. Not all of these have been completed.
At this stage, therefore, it cannot be excluded that some data will still

undergo revision although we do not expect this to lead to major changes.

Hans E. Jahnke / Dieter Kirschke
Hamburg
September 1983
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1. Introductory Considerations
1.1 Background

Since its inception, the CGIAR and its scientific support unit, TAC,
have been faced with the problem of choice. While increased food
production 1in developing countries is the overall objective, decisions
have been called for on the relative importance of financial support to
the different IARC's, on the nature and relative size of new research
centres to be created, and on the appropriate size and structure of the
overall effort of the group as well as of each individual centre. It
has also been realized that the objective of increasing food production
can be reached in many different ways in different regions and may or
may not be overlain by distributional and other objectives. In the light
of complex objectives and of great variation in the possible ways of
reaching those objectives, efforts have been undertaken to put
decision-making and priority setting on a rational basis. These efforts
relate to the methodology of research planning (e.g. Schuh and Tollini
1979), to +the compilation of quantitative indicators 1in support of
setting research priorities (e.g. TAC 1973, 1976 and 1979) and to
numerous reviews, both of the network of international agricultural

research as a whole as well as of individual centres.

The need to think about appropriate pricrities in international
agricultural research 1is a never-ending one. Data used at one point in
time have to be up-dated. Additional information becomes available.
The actual situation in developing countries, 1including national
research efforts and, thus, the potentials and constraints of
international research change. Objective structures of both developing
countries and donors to the CG undergo variation, new insights are
gained into promising research paths and, last but not least, the
budgetary situation of the group changes and, thus, the degree of
rigidity with which priority decisions have to be made. The last point
becomes particularly obvious when decisions no longer relate to the
direction of expansion but may involve cuts within the existing system
(CGIAR, 1983).

In this light TAC is taking a new look at its recommended priorities for
support to international agricultural research. This present paper is to
provide a background. Emphasis is on quantitative empirical information
that may be of importance for the identification of research priorities.
A starting point is the 1979 TAC report, itself based on the 1978 IFPRI
report that contains a great deal of quantitative indicators. Such
indicators have now been brought up to date. At the same time the data
bDase has been broadened by the inclusion of FAO data sources that in the
meantime have become available. This not only refers tc FAO's general
data files, but alsc to the data that resulted from the agro-ecological
zones project and, in particular, to the rich material accumulated in
the context of the AT 2000 study.

This present paper 1is to provide a possible basis for deciding about
research priorities. It limits itself to the presentation of the data
and to the discussion of possible implications. It does not itself draw
conclusions for research priorities. That task has to remain with TAC
and will have to take into account additional considerations.

1.2 Problems of Research Policy Evaluation

Identifying priorities in international agricultural research 1is a
typical policy evaluation problem. A policy can be characterized as a



set of actions through which a given societal situation is to be changed
to one that corresponds better with a society's goals. In the case of
research policy the transformation process can conceptually be expanded
to take into account the influence on research areas and the generation
of knowledge before social goals are influenced in a directly effective
way. In addition it has to be realized that international research
interacts with national research in a complex way. The knowledge
generated will not only affect the agricultural production process
directly but may also lead to changes in the quality of the resources
used (e.g. through drainage or irrigation of the land, through genetic
improvement of the seed) or in the quality and availability of the
output (post-harvest technology on or off the farm, market research).
Finally it must be realized that new knowledge is not the only factor to
influence agricultural production in the socially desirable directions.
Political will, financial resources, physical infrastructure can be
mentioned as examples of other factors. Figure 1.2 represents a
simplified model along the considerations made.

Figure 1.2 Research policy transformation process
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One of the simplifications contained in the model in Figure 1.2 is that
society's goals are exclusively related to output. Considerations
relating to distribution, resource conservation or the reduction of the
drudgery of agricultural work cannot be readily accommodated by the
presentation. However the preoccupation with output, more particularly
food, may be acceptable as a first approximation given the importance of
production and food in most goal structures in developing countries.

The wultimate purpose of research policy is to enhance the attainment of
socially desirable goals. Neither research by itself nor food



production by itself are of value unless they relate to a society's
goals. This is the view taken in this paper. There are immediate
consequences for the identification of priorities in supporting
international  agricultural research: (1) such support has to be
goal-oriented, (2) a causal relationship has to exist between the
research areas supported and the social goals to be attained and (3)
resource use in research has to be efficient.

(1) The call for goal-orientation is complicated by the fact that - even

within one country - the existing goal structures tend to be
multifacetted, conflicting and changing over time.  Furthermore the
group of developing countries is heterogeneous. A large,

export-oriented country on the threshold to industrialization is likely
to have different goals from a small, subsistence-oriented one concerned
about maintaining food consumption above starvation levels. Finally
goals postulated as important for developing countries by the donors to
international research may differ from one another, and from those of
the different developing countries.

The growing importance of special project funding within the IARC's may
be taken as an indicator of such deviations in goal structures.

However, goals have to be identified and defined, unless one wishes to
leave the direction of things to such factors as tradition, intuition or
chance.

(2) A causal relationship between agricultural research and specified
societal goals has to exist, otherwise there 1is little sense in
orienting research priorities towards societal goals. A change in
research priorities or the generation of knowlege in a particular field
must be related to the attainment of a particular goal in a plausible
way. ‘

The vast body of literature demonstrating high payoffs of agricultural
research might seem to be an adequate confirmation of such causal
relationships (e.g. Arndt et al 1977, Evenson and Kislev 1975, Kaiser
1977). But there 1is reason for caution. Firstly, the extent to which
these surveys relate to successful research only. is not clear.
Secondly, achievements in output may be offset by ill-effects in terms
of distributional objectives although this is by no means an inherent
characteristic of new technology. Thirdly, knowledge usually is the
joint product of different lines of research; this makes attribution to
one particular research effort problematic. Fourthly, for knowledge to
be translated intoc practical effects, complementary inputs like seed
multiplication, physical infrastructure, extension services and the like
are necessary; again attribution of benefits may not be without
ambiguities. = Finally it is difficult to extrapolate from past
experience to planned efforts; research 1is always a venture into the
unknown.  The past can only be used to guide expectations of such causal
relationships in the future.

(3) The relationship between emphasis in a research area as measured by
the financial input and the outcome of relevant knowledge is all but
simple. A unit of effort can be expected to have vastly different
returns in knowledge and - ceteris paribus - in goal achievement in the
different research areas. This may be a result of differences in
"researchability" as is sometimes indicated in crop research by



differences in natural genetic variation. It may also be a result of
differences in efficiency of resource use for research. While
efficiency of research is a difficult concept, certain indicators exist
like the reputation of staff one is able to attract and the turn-over of
staff.

The problems of (1) goal orientation, (2) causality and (3) efficiency of
research cannot be resolved in a pure and generalizeable way in this
study. A pragmatic approach is taken. The production of food, which at
the same time 1implies the generation of income for farmers, is assumed
to be a goal of eminent importance for all developing countries. In
several places that are thought to be appropriate the relationship to
distributional objectives 1is discussed. Issues like volume versus
value, supply from home production versus imports, importance now versus
importance in the future are taken up where they appear of particular
relevance. A similar pragmatic approach is taken towards the problems
of causality and efficiency: They are addressed in certain appropriate
instances. However, this should not detract from the fact that they
pervade the whole study.

These are not all the complications. Even if there was only one
well-defined goal to be observed, if causality was established in an
unambiguous way and if efficiency of research was guaranteed, there
still remains the relationship to national research as an issue. Should
support to international research, ceteris paribus, concentrate on the
areas not covered by national research? Or should it be active in the
same fields to exploit complementary relationships? Furthermore the
discussion so far has been limited to publicly supported research, be it
national or international. The relationship tc research within the
private sector would add another dimension (Ruttan 1982 b). Some
justification 1in neglecting that dimension here is that it was the very
absence or near-absence of private initiative in food crop research in
developing countries that has led to the establishment of an
international system.

In summary one vremains with a great deal .of conceptual inadequacies
before one has even begun to define the indicators, by which one wishes
to measure the relevant relationships. Conceptually the underlying
assumption in this paper is that research should be guided by payoffs to
~ society. The payoffs are determined by ultimate contributions of
research to society's goals net  of the costs (including uncertainty)
that one has to incur in research. '

1.3 Problems of Selecting Priority Indicators

Setting priorities in agricultural research means that research areas
deserving particular support are identified. According to Arnon (1975) a
research area is characterized by .
(1) its purpose,
(2) the commodity or resource involved, and
(3) its field of science {bioclogical, mechanical/technical, economic

and social science).

An example would be genetic improvement work (field of science) on wheat
(commodity) 1in order to raise yields and production of food crops
(purpose). Another would be productivity measurements of rangelands in



order to examine land degradation under traditional management.

The definition of research areas can be carried much further, but this
is not warranted for the present purpose. The research area will
essentially be characterized by the commodity involved on one side
(rice, wheat, beef etc) and by the resources affected on the other. The
latter may refer to land, labour and capital as production factors in
economic terminology but also to ecological zones or classes of material
inputs like fertilizers, pesticides. This does not solve the detailed
questions in establishing a research programme (e.g. how much of which
type of genetics as compared to the agronomic trials), but in a broader
sense it may allow to identify priority areas. It also ascertains that
the selection of priorities is in 1line with the widely recognized
concept that demand on one side and the relative scarcity of resources
on the other are important factors in research orientation and
technology development (Herlemann and Stamer 1954, Hayami and Ruttan
1969, Binswanger and Ruttan 1978). Thus, the importance of wheat as a
research area is not only determined by the existence of a demand for
wheat but alsoc by the availablity of land suitable for wheat production
and the scarcity of land relative to labour.

Assuming that there are no problems of causality and of efficiency
interfering, the task is to select indicators that link research areas to
inputs and outputs of production and to goals and development strategies.
Figure 1.3 serves as an illustration for different classes of
indicators.

Figure 1.3. Relationship between quantitative indicators, societal
goals and research priorities
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None of the indicator classes in Figure 1.3 can be represented by one
variable alone. Perspective  indicators characterize development
strategies which in turn reflect policy decisions about the most
appropriate development path as well as potentials and constraints of



the natural and socio-economic  environment. . Resource-oriented
indicators refer to production factors, land and others, their
productivity and availability. Commodity-oriented indicators deal with
the different crops, with groups of crops, with classes like "all crops"
and "all livestock products” etc. and they wuse quantities in some
instances, values in others. Considerations of availablility and
plausibility of possible implications have had to take precedence over.
scientific rigour in the selection of appropriate indicators.

1.4 Aim, Scope and Approach

The aim of this paper is to provide quantitative indicators that may be
useful in determining priorities in international agricultural research.
The problems of identifying priorities and the problems of making
inferences from such indicators have been outlined. They will be
reiterated in the context of specific indicators. Thus the paper
hopefully provides a background and basis for decisions. The actual
decision will have to be taken by the CG, by TAC and by the individual
centres, and will also be based on considerations other than the
quantitative indicators and the possible interpretations presented in
this paper. The indicators presented here are therefore not sufficient -
for priority setting, but they may be wuseful providing necessary
information for rational decision-makihg.

The scope of the paper 1is determined by the more theoretical
considerations contained in the previous two sections and by data
availability. As wusual a compromise has to be found between the ideal
~and the feasible. The term data availability requires further
elaboration. All data stem from FAO sources. In fact it has been a
particular concern to base this paper on the wealth of material that has
in recent years become available within FAQ and that goes well beyond
the standard data files. At the same time this material is not
completely uniform because of different sources (ICS, AT 2000, AEZ).
While each set of data is adequate for self-contained interpretation
across countries and over time, comparisons "across the board" have to
be made with caution. Different data sets tend to show differences in
time spans, 1in beginning years and end years, and in country groupings.
To the extent practicable this 1is made explicit in the headings and
legends of the tables. For details of the country groupings Annex II
should be consulted. That will also make apparent that the aggregate
"Asia" and the aggregate "low. income countries" are largely synonymous,
similarly - "Africa" and "least developed countries”. Separate
interpretation is therefore often not warranted.

The quantitative indicators are organized and presented in six chapters.
Chapters 2 and 3 deal with commodity-oriented indicators. Chapters 4 to
7 with resource-oriented ones and development perspective indicators.

Commodity-criented indicators are concerned with the production of and
demand for the different crop and livestock products. The importance of
production as an essential component of a society's welfare is obvious.
In this sense the relative importance of the different crops in overall
production value is an important theme. Commodity-oriented indicators
are examined from different angles in two chapters. The discussion
includes considerations of income elasticities. of demand that cause
changes in relative importance of commodities over time, issues of
production versus trade, risk and yield variations but also aspects



related to distributional goals. Chapter 2 takes an aggregate view of
all developing countries as a group while Chapter 3 deals with country
groups based on regions and stages of economic development.

Resource-oriented and development perspective indicators, presented in
Chapters 4-7, deal with the basic theme of resource endowment and
resource productivity in developing countries. Chapter 4 provides an
assessment of climates and soils as they determine agricultural
suitability and productivity. Chapter 5 focusses on the production
factor land and its productivity as measured by crop yield. Chapter 6
characterizes the structure of inputs other than land and their
productivity. Included 1is an analysis of livestock populations and
productivity. Chapter 7 analyses resource use and production as
depicted in a normative scenario by FAO's study AT:2000. Both, Chapters
4 and 7, contain normative elements. Development perspectives are
outlined 1in the former case based on the physical possibilities for food
production, in the latter on a development path that is deemed realistic
and desirable. Initially indicators of national research allocation
were to be included as an additional main facet. Because of the
difference in type, source and quality of the data and the consequent
difference in the weight of possible conclusions that topic is dealt
with in an annex.

The concluding remarks summarize for the three groups of chapters the
highlights of the data presented and of the issues involved in their
interpretation. Potential use and limitations of the quantitative
indicators are also outlined.



2. Commodity-oriented Global Indicators
2.1 General

Agricultural commodities play an important role in the satisfaction of
various societal goals: Food production, farm income, export-earning or
import-substituting capacity, but also distribution, or at least the
capacity to distribute enough food to all. The relative importance of a
crop in overall food production is of interest for setting research
priorities: A ten per-cent yield increase - as a result of research - in-
crop A with a large share in the present production value has, ceteris
paribus, a greater impact on the welfare of developing countries than if
that 1increase is achieved for an unimportant c¢rop B. In reality,
however, the conclusions one can draw for research are not so clear-cut.
Thus crop B may promise much “higher returns to a unit of research
efforts or the probability of successful research may be judged much
greater. Furthermore, the valuation of production may not correspond
with national preferences. Finally, the values and production shares
are those of the present. Research should, however, be geared to the
_ relative importance of products in future. Despite of these and other
caveats it is generally deemed " useful to establish in various ways the
relative importance of the commodities. That relative importance can be
established with respect to production, demand, +trade, food consumption
and nutrition. In addition, the relationships between the importance of
a crop and other indicators like per-caput income and production
variability are also established.

The data contained in this chapter are taken from the AT 2000 data files
and therefore refer to 90 developing countries representing 98% of the
total population in developing countries excluding China. The term
~“global 1indicators" means that all these developing "countries are 1in
this Chapter looked at as a group.

2.2 Production, Demand, and Trade

Production values show the importance of commodities for the gross
domestic product and, thus, for national 1income and welfare. Demand
values show people's revealed preferences as given by wutility and
purchasing power. Values for export and import, finally, demonstrate
comparative advantages in the production of different commodities.

The relevant information is given in table 2.2.a, which shows the value
of production, demand, and trade in developing countries by commodity in
percent of the total value. The data refer to the average of 1978/80.
As far as production is concerned the dominance of rice 1is obvious
(18.2%). 0f the other cereals only wheat has a share of more than 5
percent, a value that is surpassed by several non-cereal crops like
roots, sugar, vegetables, fruit and vegetable oils. This also
demonstrates the importance of food crops other than cereals in
developing countries. Overall, cereals account for 31%, other food
crops for slightly over 40%. Non-food crops (8.4%) and livestock
products (20.3%) are of lesser importance. Of the latter, however, beef
(5.6%) and milk (7.1%) stand out with significant shares in the
production value.

By and large the demand figures show a similar pattern and therefore do
not require separate detailed comment. Overall cereals (particularly



Table 2.2.a: Value of production, demand and trade in developing countries by commodity a)‘ 1978/80, in percent of total value

C s b
Production Demand Export Import Degree of self-sufficiency )

percent

wheat 5.5 7.6 2.7 23.9 73.7
Rice 18.2 19.0 5.4 10.0 98.5
Maize 3.8 4 3.0 5.8 95.4
Barley 0.9 1.1 0.1 1.8 85.1
Millets 2.6 2.6 1.5 1.h 101.9
Roots 6.7 6.4 k.6 0.3 10§.7
Sugar 5.2 b7 9.7 6.1 5.7
Pulses 3.4 3.5 1.2 1.0 101.3
Vegetables 8.1 8.3 1.4 1.1 100.8
Bananas 2.4 2.2 2.3 0.3 1M1.7
Citrus fruit 1.9 1.6 k.0 0.6 128.8
Froit 5.5 5.4 3.1 1.7 104.3
Vegetable oils 6.5 6.0 13.8 16.8 110.9
Cocoa 0.8 0.1 5.4 0.3 568.5
Coffee 2.7 0.8 16.5 1.3 3h4 4
Tea 0.7 0.5 2.6 1.6 132.5
Tobacco 1.3 1.1 3.1 1.6 120.8
Cotton 2.2 1.9 6.1 3.7 nez.5
Jute znd hard fibres 0.6 0.5 1.0 0.4 116.2
Rubber 0.9 0.2 6.4 1.1 440,3
Fodder crops - - - - -
Beef 5.6 5.5 ¢ 5.1 'R 1044
Mutton 1.3 1.4 0.3 1.4 93.3
Pigmeat 2.5 2.6 0.1 0.3 99.2
Poultry 2.2 2.4 0.5 2.0 94.2
Milk 7.1 8.3 0.2 11.1 87.3
fggs 1.6 1.7 0.0 0.4 98.1
Cereals ©) o 31.0 34,3 12.6 k2.9 92.0
Other food crops o) 40.5 38.8 45 4 28.2 108.0
Non-food crops £) B.4 5.1 35.7 9.6 171.0
Livestock 20.3 21.8 6.3 19.3 95.0
Total food 3 - 91.6 94.9 64.3 90.4 99.0
Total 100.0 ) 100.0 106.0 100.0 103.0
3)  According to TAQ's AT 2000 project dats

b)  Production/demand, based on volume tor commodities, on value for aggregates

¢) Wheat to millets

d) Roots to cocos .

e) Coffee to fodder crops
f)  Beef to eggs

g) Cereals, other food crops and livestock

Source:  FAQ, AT 2000 data files



wheat) and livestock products have a higher share in demand than in
production indicating that indigenous production has fallen behind.

Export and import figures reveal some comparative advantages of
developing countries. Most of the export earnings come from food crops
other than cereals and from non-food crops. Coffee accounts for 16.5%
of the total export value. Other important export products are sugar
(9.7%), vegetable oils (13.8%), cocoa (5.4%), cotton (6.1%), and rubber
(6.4%). On the import side, the high share of cereals - almost 43% of
the total import bill - is obvious. Among cereals wheat (23.9%) is by
far the most important followed by rice (10.0%) and maize (5.8%).

The importance of other food crops like sugar (6.1%) and vegetable oils
(16.8%) in exports as well as in imports points to the heterogeneity of
the country group. Finally livestock products figure prominently
accounting for almost 20% of the total import value. Milk in all its
different forms is by far the most important single commodity (11.1%).

The degree of self-sufficiency is the result of the figures on
production and demand in that total production is divided by the total
demand for a particular commodity. In food crops other than cereals and
particularly in non-food crops the developing countries as a group are
more than self-sufficient. Within these groups there are the typical
tropical commodities for which they have a comparative production
advantage. For cereals (92%) and for livestock products (95%) the
degree of self-sufficiency 1is well below 100%. Among cereals it is
particularly low for wheat (73,7%). Among livestock products the lowest
value is for milk (87.3%).

In Table 2.2.b trends for production, demand, and trade by commodity
have been calculated for the past. The future trends are those
estimated by FAO and represent the most likely evolution without there
being any particular increases in the level of overall and sectoral
development efforts. Though production has increased for all commodity
groups considered, there are important differences. Overall, past and
future trends accentuate the picture of Table 2.2.a. Cereal production
has increased below average and would continue to do so. Non-food crops
production shows even lower rates of increase. For "other food crops”
beside cereals and livestock, there has been and would continue to be a
production increase at or above average. Hence, the importance of
cereals and non-food crops within the production bundle has gone down
and would continue to do so whereas "other food crops" beside cereals and
livestock products have gained and would continue to gain up to the year
2000. It should be stressed that for all categories the rates of change
are positive signifying real production increases. The differential
growth rates, however, lead to a change in the composition of the
{growing) total food production.

Considering demand, trends for all commodity groups have always been
higher than those of production. This is also the case in future trends
for cereals and non-food crops. The rates of production increase in
food crops other than cereals and in livestock match the rates of demand
increases.

Such a development 1is also reflected by export and import trends.
Generally, the figures are higher than production and demand trends.
This clearly reflects the increasing importance of international trade
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for developing countries.

A very important aspect is that in the past the growth rate of demand for
livestock products has consistently been above the average and higher
than for any other commodity group. This trend is also supposed to hold
for the future. This 1is only another way of saying that income
elasticities of demand for livestock products are significantly higher
than for crop products.

Summarizing Tables 2.2.a and 2.2.b, the relative importance of
individual commodities for different societal goals becomes evident.
Taking production and demand as proxies for national welfare and
revealed preferences, the outstanding importance of rice is obvious.
The relative importance of cereals as a group, however, tends to go
down. The importance of some other food crops beside cereals has been
mentioned. Trends for this commodity group are positive and above
average, anyway. -Also, the increasing importance of livestock has to be
seen. People 1in developing countries mainly live on rice and other
staples but they increasingly prefer to have more livestock products in
their diet as clearly shown by all demand data. In that respect their
behaviour 1is in no way different from that of people in today's
industrialized countries. For the setting of research priorities a
classical 1issue arises: Does one concentrate on staples because of their
basic importance in the diet or does one concentrate on livestock
products of which more and more is wanted?

Basic issues also arise with respect to demand and trade figures. For
advocates of an inward strategy (import substitution, autarchy) the gap
between production and demand, presently filled by imports, points to a
relevant area of research and development. They might then emphasize
research on wheat and milk production in developing countries. Others
will interpret trade as primarily a reflection of comparative advantages
and reach quite .a different conclusion that would favour the more
typical tropical commodities. The proceeds from these exports would
continue to be wused to finance imports of certain commodities. Both
views have their limitations. On one hand it is difficult to promote a
crop like wheat on the basis of demand figures only. The production
conditions habe to be examined as well. On the other hand the growth
potential of export crops may be restricted. The markets of the
industrialized countries have very low rates of growth due to their
stagnant populations and the low income elasticities of demand for most
agricultural commodities. A real growth potential, however, lies in
trade within the South. The most important determinant here is the rate
of overall economic growth.

2.3 Food Consumption and Nutrition

Malnutrition and famine are among the most severe problems in developing
countries. As a consequence, feeding people is an important goal.
Commodities contribute to differing degrees to this goal. Food
consumption data show how people actually behave in feeding themselves.
This gives- an idea about their preferences for commodities. In
addition, the nutritional value of different commodities has to be taken
into account, 1i.e. the actual contribution of the different commodities
to the consumption of calories, protein, and fat.

Table 2.3.a shows the share of commodities in the total value of food
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Table 2.3.a: food consumption in developing countries by commodity @ , 1976/80, and annual rates of change 1966 - 80,

1970 - 80 and 1980 - 2000

Value 1978/80 Trends b) Trends 2 in consumption per caput
1966 - 80 1970 - 80 1980 - 2000 1966 - B0 1970 - 80 1980 - 2000

percent

of tetal value percent percent percent percent percent percent
Wheat 7.9 4.6 L4 2.k 1.9 1.8 - 0.0
Rice 21.2 8.1 2.6 2.3 0.5 0.1 - 0.1
Maize 2.6 2.5 2.6 2.8 - 0.1 - 0.0 0.4
Barley 0.5 0.8 - 0. 3.9 - 1.8 - 2.6 1.2
Millets 2.2 1.2 1.2 2.8 - 1.3 - 1.3 0.4
Roots 5.7 2.3 2.2 2.7 - 0.3 - 0.3 0.2
Sugar i.9 3.9 3.8 2.7 1.3 1.2 0.3
Pulses R 1.0 0.5 2.9 - 1.6 - 2.0 0.5
Vegetables 5.2 3.4 3.6 2.8 0.8 1.0 0.4
Bananas 2.0 3.1 3.2 2.8 0.5 0.6 0.4
Citrus fruit 1.7 3.9 4.3 3.5 1.2 1.7 1.0
Freit 5.8 2.8 2.8 3.2 0.2 0.3 0.8
Vegetable oils 5.6 4.4 4,7 2.8 1.8 2.0 . 0.4
{ocoe 0.1 1.9 2.6 3.5 - 0.7 0.0 1.1
Coffee 1.1 0.7 1.2 3.5 - 1.8 - 1.k 1.0
Tea 0.7 4.3 5.2 3.7 1.7 2.6 1.
Beef 6.8 2.7 3.3 3.1 0.1 0.7 0.7
Mutton 1.7 2.0 2.5 3.7 - 0.5 - 0.0 1.2
Pigmeat 5.2 3.3 3.4 3.4 0.7 0.8 1.0
Poultry z.9 8.4 8.8 4.0 5.7 6.1 1.5
Milk 8.8 3.1 3.5 2.9 0.5 0.9 0.4
fags 1.8 5.9 6.0 k.1 3.2 3.3 1.6
Cereals 6) 34 4 3.2 2.9 2.4 0.6 0.3 - 0.0
Other food crops ) 39.4 3.1 3.2 - 2.9 0.5 0.6 0.5
Non-food crops ?) 0.8 1.9 2.6 3.6 - 0.6 0.0 1.1
Livestock 25.4 3.6 £,0 3.3 1.0, 1.4 0.9

\

fotal fooc & 99.2 3.2 3.3 2.8 0.6 0.7 0.4
fotal 100.0
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a) hccording to FAD's Al 2000 project data

b)  Based on volume for commodities, on value for aggregates
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) Beef to eggs

g) Cereals, other food crops,and livestock

Source:r  FAD, AT 2000 dasta files



consumption in developing countries. The figures refer to 1978/80.

Not cereals (34.4%) but "other food crops" (39.4%) are the most important
commodity group in the value of consumption. Livestock products also
hold a substantial share, slightly over one fourth. The most important
single commodity 1is rice at 21.2%. Other important commodities - all,

however, below the ten-percent-mark - are.in order of decreasing shares
vegetables, milk, wheat, beef, fruit, roots and vegetable oils. The
overall picture corresponds fairly closely with that drawn for

production and demand.

A similar analogy emerges for trends. Cereal consumption is

increasing, but below average and slowing down. The importance of
iother  food crops" and, especially, of livestock commodities is
increasing. This pattern also holds for the trends of food consumption
per caput.

Table 2.3.b shows per caput daily food supply in developing countries by
commoditiy in percent of the +total. The figures refer to calories,

protein, and fat and cover the average of 13878/80.

Cereals contribute over 60% to total calorie supply and over 56% to total
protein supply. Other important calorie contributions come from roots
and tubers (7%) and sugars and honey (7%). Important sources of protein
other than cereals are meat and offals (10.1%), pulses (9.8%), and milk
(5,1%). Fat originates from vegetable o0ils and fats (32.0%), meat and
offals (22.2%), cereals (15.1%), nuts and oil seeds (8.8%), animal oils
and fats (8.1%) and milk (6.3%). If one compares the totals for crop
and livestock products the former contribute 91% of all calorles 79.2%.
of all protein and 60.4% of all fat. :

The trends again show a decrease in the share of crops and an increasing
importance .of livestock as a source of nutrients.

In summary an apparent inconsistency emerges. In the light of a world
food problem one would like to stress cereals (and tubers) and see their
importance grow as relatively cheap sources of all major nutrients. On
the other hand people move away from crop products and show increasing
preference for animal foods. One might argue that this picture is
derived from aggregate data concealing important differences among and
within countries. However, experience shows that on all income levels
the desire to increase the share of animal products in the diet
prevails. This does not negate the need to make special efforts to
supply the poor with sufficient staples at 1low cost. This may be
achieved through institutional measures (price policy, rationing and the
like). Research, however, also has an important role. One of the major
impacts of cereal research in the past has been to increase the overall
supply of staples thus containing price increases. The major
beneficiaries are the poorest of the poor among the consumers.
Indirectly this also increases their capacity to add more animal
products to their diet. An estimate of the social payoff of alternative
research lines would have to take all these considerations into account.



Table 2.3.b:  Per caput daily food supply in developing countries by commodity, 1978/80, in percent of total and annual rate of change in share 1969/71 - 78/80, in percent

1978/80 1969/71 - 78/80
Calories Protein Fat - Calories Protein fat
Cereals 61.0 . 56.1 ' 5.9 - . 0.0 0.2 - 1.1
Roots and tubers 7.0 3.1 . , 1.0 ’ -1 -1.3 - 2.0
Sugars and honey 7.0 0.2 ) - Lo 0.7 0.0 0.0
Pulses 3.9 9.8 Ty - ' - 1.8 - 1.6 - 3.3
Nuts and cilseeds 2.3 4.9 8.8 : - 0.9 - 0.7 ~ 1.4
Vegetables 1.5 3.4 - 0.8 ' 0.0 0.3 - 13
fruit 2.1 1.0 : 0.8 0.0 0.0 -.1.3
Meat and offals 4.5 10.1 22.2 1.0 0.9 ‘0.5
fges - - 0.4 1.4 1.8 0.0 0.8 0.6
Fish and seafood 0.6 b1 1.3 ' 0.0 0.8 0.9
Milk z2.1 5.1 6.3 0.0 0.4 -IU.Y
Vegetable oils and fats 4.8 0.0 32.0 : 1.8 0.0 1.1
Animal oils and fats 1.2 0.0 R B 8.1 0.0 0.0 - 0.4
Spices 0.2 0.3 0.5 R 0.0 - 3.1 - - 2.0
Stimulants 0.1 0.3 0.0 - - 3.4 -
Alcoholic beverages 1.0 0.2 0.0 ) 1.2 0.0 " -
Crop products * 91.0 79.2 604 - 0.1 - 0.2 - 0.1
Animal products 9.0 20.7 39.6 0.8 0.8 - 0.1
Total 100.0 100.0 100.0 - - -

a) CLereals, roots and tubers, sugars and honey, pulses, nuts and oilseeds, vegetables, fruit, vegetable oils and fats, spices, stimulants, alcoholic beverages

b) Meat and offals, egqs, fish and seafood, milk, animal oils and fats

Source:  FAQ, ICS data files



2.4 Production and Socio-economic Variables

The relative importance of commodities should not only be judged by their
share in total production, trade, and other aggregates. It may be
hypothesized that different commodities play different roles in the
course of agricultural and overall development. They also relate in
different ways to a whole range of socioc-economic variables. Some
typical questions may serve as illustrations: Are rocts and tubers the
more important as a commodity group the lower the stage of economic
development? Does the promotion of cereals, in particular wheat,
primarily benefit those countries that are already better off? Is
agricultural growth correlated with the expansion of non-food crops? Are
differences in commodity shares related with differences in demographic
growth rates? Such relationships can, to an extent, be detected by
simple correlation analyses. Table 2.4. shows correlation coefficients
between commodity shares in the agricultural production value on one
side and a number of socio-economic variables on the other.

A considerable number of the correlation coefficients are close to zero
indicating the . absence of a statistical connection (which of course is
also an important result). This applies to the shares of non-food crops
like coffee, tea, tobacco, rubber and indicators like per caput GDP, per
caput value of agricultural production, agricultural sector shares,
population growth rates or per caput calorie consumption. Cotton and
jute do show some significant correlations but interpretation is rather
difficult.

Other commodity groups do indicate significant relationships. Fruit,
poultry, and eggs are relatively more important in countries with
relatively high development levels. This is shown by highly significant
positive correlationcoefficients with per caput GDP, with per caput calorie
intake and in significant negative coefficients with agricultural sector
shares in GDP and population. To a lesser extent, this also applies to
wheat, barley, sugar, vegetables, and citrus fruit.

On the other hand, some products are relatively more important in
countries with a low development level. Pulses are an example.
Production share is relatively high in countries with low per caput GDP,
low per caput calorie supply, high agricultural sector shares in GDP and
population. To a lesser extent, this also holds for rice, maize,
millets and roots. All these products would appear to be more.
particularly associated with poverty than others. A similar association
is shown for mutton but holds only because the category includes goat
meat, which is of importance in African countries.

Significant relationships also exist between commodity shares and
population growth rates. The higher the growth rate, the more important
are maize and pulses and the less important are rice, sugar, citrus
fruit, pigmeat and poultry. The underlying causal relationships,
however, are not self-evident.

In summary a word of caution appears appropriate. The coefficients do
not show the importance of different commodities for the process of
agricultural development or for any particular goals of a society. They
merely point to the possible existence of links between the development
process and the different relative importance of commodities. Cultural
and ecological differences between world regions and other factors make
it impossible to draw rigid conclusions. But tentatively one could



Table z.4.:  Simple correlation coefficients for commodity shares in the agricultural production value and socio-economic

variables @)
Socio - economic variables
Per caput GOP Agricultural sector shares Population  Per
Non-agriculture growt ) caput

Total Agriculture agriculture  GDP Population rate calories
wheat .12 - .08 .03 -5 =14 13 29 v
Rice -8 -1 -.12 L2G = .09 -.18 -.12
Maize -6 =14 -.03 .03 b 29 = -.07
Barley A7 . .04 -.02 =24 ¢ -.17 .12 34 e
Millets -.47 -.22 ¢ .08 27 0 3G e .05 -.30 *»
Roots ~-.08 -.17 L0 L 25 .01 -.16
Suger .06 29 -0 -.17 -.38 wxe -.26 * .13
Pulses -.28 =34 -.04 RYSE S g3 wee .18 -.27 0t
Vegetables .20 -.05 .15 -.21 * -.17 .10 .0g
Bananas -.01 .01 -.03 M 1 .09 -2
Citrus fruit .16 27 ¢ -.07 -.38 wws .43 e -6 I T
Fruit .['} (133 .Q? . .38 12Y ] _.111* L2 2] _.30 x% .03 .Zl’ ]
Vegetable oils -.06 -0k ~.06 15 L6 .05 .02
Cocaz 06 .03 .02 -0 .08 .08 -.04
Coffee -.10 -.04 -.08 .03 .06 .18 -.18
Tea -.10 -.02 -.05 A5 , L0k -.03 -.02
Tobacco -.08 -.07 -.05 Do-2 .04 L .09
Cotton -.16 -2 -.07 .07 1 21 ¢ -.07
Jute and hard fibres -.16 -.16 -.07 L33 xx .19 .01 -.23 *
Rubber -.03 .02 -.04 .02 .02 0k .07
Fodder crops - - - - - - -
Beef -.03 ko -.06 -.09 -.09 -2 b
Mutton -.06 -7 .02 .05 . W23 0 .03 -.15
Pigmeat -.06 07 -.15 -.07 -.19 -.25 * W14
Poultry 5T e 35 wes 10 -.56 we= -.57 ®se -.23 * .25 ¢
Milk el .0 .21 0% - -.01 .03 -.02
fggs RYS L .28 ** 2 <52 .= -.57 = -.07 25 ¢

a) According to FAO's AT 2000 project data. Production value shares refer to 1978/80 and socio-economic variables,
with the exception of the population growth rate, to 1574/76.
Significance levels : 95 percent (*), 99 percent (**), 99.9 percent (***).

b)  During the periog 1975-80

Source: FAO, AT 2000 dats files



state for example that research on pulses has 1its major potential
benefit for the poorer countries and that countries experiencing high
population growth rates would benefit most from further advances in
maize research.

2.5 Production and Risk

Food security and the reduction of risk in food production are important
goals for developing countries. Production risks are essential
innovation problems. The choice of production structure and the choice
of varieties by farmers is not only determined by potential yields and
returns. Probabilities of production outcome and yield variation may be
as important. This holds for the adoption of new high-yielding
varieties whose adoption may be prevented by risk considerations. It
alsc applies to agricultural production at large: To reduce production
risks thereby increasing food security and income stability would
constitute an important improvement of agriculture in developing
countries.

Production risks have different causes and may differ significantly among
commodities. This chapter is to give a starting point for the analysis
of fluctuation and risk in agricultural production.

In Table 2.5. the fluctuation of different crops during the period
1966-80 is analysed. The fluctuations are trend-corrected which means
that only fluctuations around exponential trends are considered. Such
trends reflect long-term developments which should not be confounded
with fluctuations. The analysis treats the developing countries as a
group so that fluctuations may balance out among countries. The figures
can therefore be considered as indicating minimum fluctuations of
different crops for developing countries on a world-wide scale. They

. cannot demonstrate the fluctuation problem for individual countries, nor
- for that matter - for regions within a country.

The degree of fluctuation is indicated by the coefficients of variation
in the left-hand column of Table 2.5. 7These coefficients show that
production fluctuation in developing countries is relatively high for
barley, sugar beets (little grown), 'coffee, -and jute. Production
fluctuation 1is rather small, on the other hand, for maize, roots, and
tea. Fluctuations for rice are lower than those for millets and wheat.

Production fluctuations may be caused by area or yield fluctuations.
Area fluctuations reflect mainly farmers'-decisions related to weather
but certainly also to market prospects, whereas yield fluctuations are
largely the result of environmental variations (weather, but also
disease, pests etc.). These two kinds of fluctuations may have different
impacts on production fluctuation. Furthermore, the additional impact
of possible covariance has to be considered.

The different contributions of area and 'yield fluctuations and
covariances are also shown in Table 2.5. For cereals yield fluctuations
appear to be more important than area fluctuations particularly in the
case of barley and millets. For roots and sugar area fluctuations
dominate. For pulses, on the other hand, it is yield fluctuations again
that stand in the foreground. - For non-food crops, the impact of yield
and area fluctuations tends to be more balanced. High yield
fluctuations, however, exist for cotton.



Tsble 2.5.: Trend-corrected fluctuation of crop production in developing countries, 1966 - 80
Coefficient ' Decomposition of variance
of Variance Yariance Covariance
variation 2) in area in yield for aresz and yield
percent percent percent percent

wheat 6.1 17.2 34,9 47.9

Rice 4.3 13.1 42.6 by .3

Majze 2.8 17.3 36.2 46,5

. Barley 10.3 15.5 75.7 8.8

Millets & other cereals 5.3 4.5 3.7 21.8

Roots 1.8 70.1 4.3 25.6

Raw sugar (beet) 13.6 67.8 6.6 25.5

Raw sugar (cane) 4.8 57.7 7.0 35.3

Pulses 4.2 37.3 63.9 - 1.3

Cocos 6.6 18.0 43,9 38.0

Coffee 7.7 281 52.2 18.7

Tes 2.4 22.5 30.2 47.3

Tobacco 4.2 25.8 3k.2 ] 39.9

Cotton 6.2 29.3 84.1 -13.4

Jute & hard fibres 7.2 59.2 14.7 26.1

a) Standard deviation/mean. The standard deviation reflects fluctuations around a fitted exponential trend whereas the
mean considers the original production data

b) A trend-corrected decomposition of the production variance is possible by taking logarithms of the production formula.
We get Variance (Production) = Variance (Area) + Variance (Yield) « 2 Covariance (Area,Yield). In the table each
component is expressed as percentage of the production variance.

Source:  FAQ, AT 2000 data files



Most of the covariances have positive: signs which means that area and

yield fluctuations are positively correlated in most cases. Supposedly

that 1is mainly due to a parallel effect of weather. Yield and area
B +

fluctuations do not balance each other out, rather they reinforce each

other in their impact on production. This is especially true for wheat,

rice, maize, and tea.

Thecoretically the results could peint to some research priorities.
There may be biclogical, chemical and mechanical ways to reduce yield
fluctuations.  Socio-economic research may help to understand area
fluctuations and to point to areas of biological research leading to
counter-measures. Together such efforts would also reduce covariances
and the impact on food security and stability could be substantial.

Although one -hesitates to draw firm conclusions from the very aggregate
analyses .above it would appear that for millets, barley and pulses in

particular risk and fluctuation may be as important as issues as yield
levels. :
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3. Commodity-oriented Indicators for Country Groups
3.1 General

The general remarks made in the previous chapters about the relationship
of commodity indicators with goals of a society on one side and with
research priorities on the other apply to this chapter as well. But
before the developing countries were viewed as an aggregate, and that
aggregate 1is by no means homogeneocus. Countries differ with respect to
size, resource endowment, cultural background, stage of development,
political systems and the like. Accordingly goals and thus also the
relative importance of commodities may differ among countries. Therefore
the developing countries are now viewed as different groups, the
groupings being based on regions, income levels and levels of
agricultural productivity. Figures for industrialized countries are
sometimes included to allow comparisons.

3.2 Production

Importance cf agricultural commodities as shown by their production
volume differs considerably among geographical regions. In its 1979
report TAC presented production figures for major food crops by
specified region. The material has been updated to demonstrate the
present importance of major crops. Table 3.2. shows the figures for
1982. ’

World-wide, cereals play a dominant role as staple foods. In developing
countries, too, their importance is obvious. Rice is the dominant crop
in China, South and Southeast Asia, and India. Wheat is most important
for the Middle East and North Africa, whereas maize is dominant in
America and Central and South Africa. For the latter region the
specific importance of sorghum and millets has to be mentioned.

On a world scale pulses only play a much lesser role. They do have
particular importance in developing countries, however, India grows the
largest part of pulses. World-wide, the most important species are dry
beans, followed by chickpeas, and broad beans.

Legume oilseeds and, especially, soybeans are most important in China.
This is also the case for sweet potatoes. Cassava is mostly grown in
South and Southeast Asia, Central and South Africa, and South America.
For Central/South Africa the importance of yams has to be mentioned.

In summary, the importance of commodities as measured by the production
volume differs considerably between world regions. However, since the
figures do not relate to the human population, interpretation cannot be
carried very far.

3.3 Self-sufficiency

Self-sufficiency is defined as the ratio of production over demand. This
indicator compares the  production possibilities with revealed
preferences. By implication, it can be interpreted as a measure of the
comparative advantage a country has in producing a given commodity.
Table 3.3.a shows self-sufficiency degrees in developing country groups
by commodity for 1978/80.
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Table 3.2.: Procuction of major food crops in world regions, 1982, in million metric tonms
. World USA, Western Japan, USSR, China  South India Middle Central {entral South
Canada turope  Australia, Eastern South- fast South America  America
Oceania Lurope east North Africa
Asia Africa
: (except

Japan,

China,

India)
Lereals '
Rice 422.5 7.0 1.6 13.7 2.7 161.2 131.4 68.0 10.0 6.4 2.1 15.2
whneat 48%.2 104.1 73,4 9.9 117.1 68.4 2.0 37.8 k4.2 1.1 4.5 18.3
Mzize 451.5 219.7 34,8 0.4 36.8 60.0 13.5 6.5 7.1 13.9 15.1 35.2
Sorghum 68.1 21.4 0.5 1.3 0.2 7.0 . 0.5 10.8 3.0 8.3 5.9 9.2
Millets 28.k - 6.02 0.0k 2.0 6.0 0.7 9.0 1.3 g.2 - 0.2
Barley 160.6 25.4 53.2 2.5 57.8 3.2 1.2 2.0 2.7 1.2 0.5 0.7
Total, cereals above 1614.3 377.6 163.5 27.9 216.6 305.9  149.2 134,17 78.3 40.3 27.8 78.7
Total, all cereals 1701.6  393.3 17G.6  28.8 261.5 314 149.5 13,1 79.5 41.7 27.8 79.%
Pulses
Cowpeas 1.5 - 0.01 - - ‘ - 0.04 - 0.01 1.4 0.03 -
Pigeonpeas 2.5 - - - - - 0.04 2.2 - 0.1 0.03 -
Chickpeas o 6.1 - 0.08 - - - 0.2 4.6 0.8 0.2 0.3 0.02
Ory beans 141 1.2 0.4 0.2 0.3 1.7 0.7 2.7 0.4 1.4 1.5 3.6
Lentils 1.3 0.2 0.06 - 0.02 - 0.05 0.5 0.4 0.06 0.01 0.04
Broad beens 4.0 - 0.4 0.01 0.06 2.4 - - 0.5 0.5 0.08 0.1
Total, pulses above 29.5 1.4 4.0 0.2 0.4 k.1 1.0 10.0 -~ 2.1 3.6 1.9 3.8
Lequme oilseeds
Soybeans 94 .k 62.8 0.2 0.3 1.1 9.0 1.4 0.7 0.3 0.2 0.7 17.7
Groundnuts 11.0 1.1 0.05 0.06 0.01 1.4 0.9 ) 0.6 1.9 0.08 0.4
Roots and tubers
Cassava 126.9 - - - - 3.2 39.9 5.6 0.1 49.6 0.9 27.1
Irish potatoes 254.8 18.6 47.9 4.8 131.3 15.0 4.6 9.9 8.0 1.9 1.3 10.2
Sweet potatoes 138.7 0.7 0.1 1.4 - 118.4 7.2 1.5 0.3 5.1 0.7 1.5
Yams 22.9 - - 0.1 - - 0.03 - 0.1 21.8 0.2 0.4

Source: FAD, ICS gata files



The developing countries as a whole are not self-sufficient in cereals.
The degree of self-sufficiency is especially low for Africa and the Near
East. Income level and agricultural growth do not seem to have any
significant influence on self-sufficiency. Among the cereals wheat is
the one with the lowest self-sufficiency levels (except Near East).

In the production of "other food crops" the develeoping countries have
some  comparative  advantages that shows in substantially higher
self-sufficiency levels, particularly in Latin America. Such
comparative advantages include the virtual monopoly of
tropical/subtropical countries in the production of certain vegetables,
of bananas, certain fruits and vegetables 0ils and cocoa. Nevertheless,
the Near East countries and the group of low income countries are not
self-sufficient in these crops either.

The comparative advantages are even more pronounced for the production of
non-food crops that are almost all the classical tropical crops.
Self-sufficiency levels are particularly high in Africa and Latin
America, in the group of least developed countries and in the group with
high agricultural growth rates. A tentative interpretation might be
that a suitable ecology is the first and overriding determinant for the
production of these crops; where they can be grown they contribute
substantially to agricultural growth.

Finally there is the group of livestock products for which, overall, the
self-sufficiency rates are below 100%. This applies to all individual
commodities except beef where Latin America's surplus outweighs the
deficits of other regions. Throughout the groups milk tends to be the
commodity with the largest deficits. Latin America stands out as the
only region or country grouping with an overall self-sufficiency level
for ldivestock products of above 100%. For milk, however, it is still
below 90%. '

Trends for self-sufficiency from 1970 +to 1980 are presented in Table
3.3.b. As discussed in Chapter 2, production increases were lower than
demand increases in developing countries as a whole. The gap has been
especially large in Africa and the Near East. Only the Far East has
been able to match demand increases with production increases. This is
due to increases in self-sufficiency for cereals and "other food crops"
outweighing a small decline 1in non-food crops and livestock products.
Self-sufficiency in low income and least developed countries has
deteriorated, but to no larger extent than in all developing countries
together. The same is true for countries with low and high agricultural
growth respectively.

Again, interpretation of these figures depends upon one's view of
development strategies. From the point of view of an outward-oriented
strategy different levels of self-sufficiency primarily point to
differences in the comparative advantage of producing a particular
commodity. In regions and country groups with a high level of
self-sufficiency for a given commodity research would concentrate on
further exploiting the existing comparative advantage.

An  inward-oriented (import substitution) strategy draws different
conclusions. For a country group research would concentrate on those
commodities showing the largest deficits. The focus would be on the
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Table 3.3.a: Self-sufficiency 2) in developing country groﬁps by commodity b), 1978/80, in percent

Africa Latin Near  far Low c ‘Least Agricultural growth 2 ALl
Americs  tast Last income developed under 3 percent developing
3 percent  or over countries

Wheat 38.7 67.5 75.8 82.8 79.0 60.3 7h.8 72.4 73.7
Rice 66.4 98.6 71.0 100.9 98.4 95.4 §7.5 100.0 98.5
Maize 92.6 100.6 7.1 96.1 94.3 97.2 106.7 89.6 95.4
Barley 82.kh 67.7 87.1  92.6 93.5 93.2 89.0 82.4 85.1
Millets .0 112.7 97.2 100.1 95.8 1004 107.7 86.2 101.8
Roots 106.1 93.7 101.3 1316 102.3 101.3 100.2 118.1 108.7
Sugar 76.8 149.5 52.3 104.3 95.8 76.% 123.1 109.4 115.7
Pulses 101.9 102.2 103.8 100.6 99.6 102.3 99.9 104.5 101.3
Vegetables 99.6  106.5 9.6 100.3  100.3 99.8 100.5 101.3 100.8
Bananas 101.8 126.6 55.h 106.5  100.9 100.5 ° 109.8 113.2 1M1.7
Citrus fruit 147.3 142.2 101.2 01,2 103.9 100.4 121.5 133.3 128.8
fruit 109.9 104.6 103.8 103.1  100.4 04,7 104.7 103.9 104.3
Vegetable oils 92.9 127.7 62.1 122.4 85.0 100.1 91.4 130.8 110.9
Cocoa 876.3 430.1 - 181.0  567.3 1517.1 1315.3 419.3 568.5
Coffee 454 .6 367.1 10.5 216.4 4321 334.0 2y 6 390,4 3bi 4
Tea 253.6 1M1.6 kb2 178.0  175.8 143.0 145.4 112.0 132.5
Tobacco 132.6 148.9 94,4 112.7  106.3 126.8 107.8 131.3 120.8
Cotton 225.7 162.4 196.5 78.1 M7.5 347.8 115.9 128.5 122.5
Jute and hard fibres 131.6 119.4 23.8 16.5  116.5 154.3 118.2 110.5 116.2
Rubber 243.7 15.2 - 690.4  427.7 8.3 133.6 642.5 440.3
fodder crops - - - - - - - - -
Beef 94.0 . 112.7 82.6  96.&  100.4 105.9 109.3 98.9 04,k
Mutton 101.5 106.0 82.5 98,0 102.0 103.6 100.4 86.0 93.3
Pigmeat 97.8 99.3 87.k  99.5 99.6 99,1 99.3 99.2 99.2
Poultry 89.6 100.5 74.3  100.1 91.8 88.1 90.1 36.6 G4.2
Milk 70.0 89.6 84,0  91.1 93.9 86.2 88.9 85.6 87.3
£ggs 92.5 95.5 94.5 100.0 99.2 98.7 96.6 98.8 98.1
Lereals K ) 7 %2 77 98 95 92 % 90 92
Other food crops g) 103 124 92 105 98 100 103 113 108
Non-food crops 0) 278 237 12z 139 154 241 132 206 m
Livestock ! 87 101 8 95 96 97 97 % 9
Total food ¥/ 3 109 5 100 % % 9 100 %
Total 99 15 87 102 99 101 100 106 103

a) Production/demand. No decimal points are calculsted for aggregates. Based on volume for commodities, on value for aggregates
b) According to FAD's AT 2000 project data

¢)  Per caput GDP of US § 300 or lower in 1975

d) Official UN classification

e} Annual rate of change of gross agricultural production 1961 - 80. All the commodities covered in FAQ's AT 2000 project are
considered

£} Wheat to millets

g} Roots to coces

R} Coffee to fodder crops
i) Bsef to eggs

k) Cersals, other food crops,and livestock

Source:  fAQ, AT 2000 gata files



Trends for self-sufficiency 2)
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in developing country groups by commodity b)

fable 3.3.b: , annual rate of change
1970 - 80, in pergent
Africa Latir Near Far Low o) least ) Agricultural growthe) All
America fast East income developed under 3 percent developing
2 percent or over countries

Wheat - 6.6 -~0.6 - 0.8 0.7 - 0. - 0. - 0.7 - 0. - 0.4
Rice - 2.8 -0.2 - kg8 0.4 0.1 - 0.2 0.0 0.3 0.1
Maize - 1.2 -1.9 - 36 - 1.4 - (0.8 - 0.2 - 1.3 - 2.0 - 1.8
Barley - 2.0 -2.8 - 1.4 g.0 0.0 - 0.4 - 1.2 - 1.4 - 1.3
Millets - - 1.2 6.7 - 0.1 0.2 0.2 0.4 - 1.6 - 0.1
Roots - 04 0.0 - 0.3 1.9 0.0 0.0 g.0 1.3 0.6
Sugar - 2.5 =16 - 45 0.4 -0.2 0.0 - 0.7 - 1.0 - 0.9
Pulses - 0.8 0.0 0.2 0.7 - 0.5 - 0 - 0.2 0.1 - 0.1
Vegetables - 0.2 0.2 - 0.2 0.0 0.0 0.0 0.0 0.0 - 0.1
Bananas - 0.2 -0.2 - 53 0.4 - 0.1 - 0.2 ~ 0.5 0.0 - 0.
Citrus fruit - 0.6 3.5 - 2.4 - - 0.2 - 0.6 - 0.3 2.7 1.4
fruit - 1.9 0.5 - .0.4 0.1 0.2 0.4 - 0.2 - 0.2 - 0.2
Vegetable oils - 3.k 1.9 - 2.7 - 0.2 -2.7 - 2.3 - 2.2 - 0.3 - 0.9
Cocos - 2k.3 0.7  ~ 16,9 - 17.3 80.7 - 3.2 - 21.0 4.2 18.5
Coffee - 1.6 13 - 0.6 4.8 1.5 - 3.5 - 3.4 17.5 - 1.3
Tes - 0.7 -0.2 1.6 - 2.8 -2.1 2.4 - 2. - 0.6 - 1.7
Tobacco - 1.5 0.7 - 6.1 0.0 - 0.2 0.6 - 0.8 - 0.8 - 0.7
Cotton - 54 -2.0 - 6.0 - 13 -2 - 0.8 - 1.0 - 4.9 - 2.9
Jute and hard fibres - 9.9 -2.7 - 5.2 - 1.7 - 17 - 3.8 - 1.5 - 4.7 - 2.3
Rubber - 1.5 - 3.7 0.9 - 9.2 -1.9 - 14,2 - 3.9 - 8.3 - 6.1
Fodder crops - - - - - - - - -
Beef - 0.7 ~-0.7 - 2.3 - 0.3 - 0.5 - 0.5 - 0.3 - 1.1 - 0.7
Mutton - 0. 0.2 - 1.5 0.0 0.0 - 0. - 04 - 1.3 - 0.6
Pigmeat - 0.1 -0 - 14 - 0.1 -0 0.1 0.0 6.0 0.0
Poultry -~ 0.2 0.3 -~ 4.1 g.z -1.0 -- 1.6 - 1.2 - 0.2 - 0.5
Milk - 23 -03 - 16 -~ 0.1 -0.3 - 0.9 - 0.4 - 0.9 - 0.6
fggs - 0.9 0.0 - 05 0.0 -0, - 0.3 - 0.4 -0 - 0.2
Cereals ) ) - 23 -1 -6 02 00 - 02 - 2.3 - 0.4 - 0
Dther food crops 9) - k07 - 11 0 -85 - 0 - 0.6 0.2 - 0.1
Non-food crops i) - 38 -2.0 -~ 6.0 - 0.7 -1.3 - 2.8 - 17 - 2.9 - 24
Livestock - 10 -0k - 19 - 01 -0.3 - 0.6 - 0.5 - 0.7 - 0.6
Total Tood * - %5 =04 - 15 0.2 -0.3 - 0.3 - 0.5 - 0.2 - 0.3
Total - 1.8 -0.3 - 1.8 6.7 - 0.4 - 0.6 - 0.6 - 0.5 - 0.5

a) Production/demand

b) According to FAQ's AT 2000 project dats. Based on volume for commodities, on value for aggregates

¢)  Per caput GDP of US $ 300 or lower in 1975

d) Official UN classification

€)  Annual rate of change of gross agricultural production 1967 - 80. All the commodities covered in FAD's AT 2000 projec
are considered

£} Wheat to millets

g) Roots to cocoa

h) Coffee to fodder crops

i) Beef to eggs

k) Cereals, other food crops,and livestock

Source:  FAQ, AT 2000 date files
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conditions that render the region, prima facie, less suitable for a
particular crop. '

Neither view can claim any ex-ante knowledge about the returns to
research efforts. Therefore, conclusions about research priorities
cannot be directly drawn. A more important caveat possibly is that
self-sufficiency 1is expressed 1in ratios and not in absolute values. A
move forward by two percentage points for commodity A may be more
important for a country's welfare than a move forward by three points
for commodity B simply because volume and value of production of
commodity A may be a multiple of that of commodity B.

Self-sufficiency figures are ratios only and do not show the magnitudes
involved. This section is to deal with deficits, surpluses and trade in
absolute figures. Table 3.4.a gives figures for net trade by commodity
for the different country groups. The figures again refer to 1978/80.

As a whole the developing countries are net imporiers of food. Latin
America 1is the only region with a substantial net export. Cereals are
the largest component in the net import bill. (Wheat is in the first
place by a long way, followed by livestock products, particularly milk.
For other food c¢rops developing countries are net exporters with the
exception of the Near East region and the group of low income countries.
For non-food crops all regions and groupings have a net export position.
The overall trade balance for agricultural commodities is positive for
Latin America, the Far East, countries with high agricultural growth,
and least developed countries. For the latter the trade volume is only
small.

Considering 1individual commodities the high wheat deficit of "all
developing countries" and of each country group is striking. Compared
to wheat the trade volume in other cereals is rather modest and reflects
regional differences. Africa, e.g., imports a large amount of rice,
whereas the Far East is a net exporter of rice. A fair amount of rice,
also, 1is imported by low income countries. Trade in food crops other
than cereals is significant. Countries with high agricultural growth
stand out as net exporters, especially, of roots. Latin America is the
dominant sugar exporter.

Tables 3.4.b and 3.4.c provide information about 1970-80 trends of
exports and imports respectively.

Trade has increased in importance in all developing countries and country
groups. Imports have increased in virtually all country groups and for
all commodities. The development of exports gives a more differentiated
picture. They have been increasing in Latin America and the Far East.
They have been decreasing in Africa and the Near East and, equally, in
low income and least developed countries.

Summarizing this information, the increasing importance of trade for
developing country groups is evident. Developing countries are
increasingly integrated into the international division of labour. This
process is not without problems for developing countries (dual
structures of economy, trade infrastructure, dependence), but promises
essential gains in national welfare. If the conclusion is that all



Table 3.4.a: Net trade 2)
million US § for aggregates
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in developing country groups by commodity b)

, 1978/80Q, in 1 000 metric tons for commodities, in

Africs Latin Near far Low 2 Least Agricultoral Qroutﬂe All
America fast -tast income developed under 3 percent  developing
3 percest o7 over ‘countries
wneat =753 -7192  -G798 -9 149 - 13121 - 3109 - 17 832 ~ 15 839 - 33 671
Rice 2873 - 26 - 1927 1 628 - 2688 - 116k - 3408 20 - 3388
Maize - 1068 247 -223 - 830 - 1486 - 190 1915 - 5788 - 388
Barley - 0 - 72 -125%t - 303 - 2kk - B3 - 900 - 2136 - 3036
Millets - 187 1487 - 161 2% - 67 49 3 315 - 2169 117
Roots 79 - 155 78 15 613 1951 250 161 15 454 15 615
Sugar - 992 11467 - 2586 1 052 - Tk - 512 6 052 2 908 8 960
Pulses 83 101 63 77 - 67 66 - 16 341 325
Vegetables - 48 859 - 9% 170 7 - 312 574 886
Bananas 303 4 872z - 223 890 197 by 2 i 3 694 5 835
Citrus fruit 827 11576 41 36 180 2 1578 3903 5 481
Fruit 602 783 846 733 97 180 1 564 1403 2 965
Vegetable oils - 27 1 2kk - 874 2 076 - 1149 1 - 865 3 036 2 170
Cocoa 831 W3 - 0B 18 137 12 535 704 1239
Coffee . 856 2220 - A0 278 977 331 619 Z 6% 334
Tea 119 30 - I 40k 477 3 329 55 384
Tobacco 62 253 - 20 118 51 33 60 355 415
Cotton 268 668 677 - 576 450 306 353 683 1036
Jute and hard fibres 55 90 - 43 52§ 486 451 523. 108 631
Rubber 120 - 183 - ko 2 966 101 - 6 112 2 750 2 862
fodder crops - - - - - - - - -
Beef - 839 - 219 - 59 1 7 552 - 8 554
Mutton 12 21 - k- N 32 28 7 - 23 - 228
Pigmeat - 5 - 16 : 3 - -8 - 3 - 1 - 9 - 24 - 33
Foultry - 79 o - 254 1 - 83 - 43 - - 16 4 e
Milk -3239 -3860 -2739 3662 - 307 -1025 - 6050 - 7450 =113 500
Eggs - W o- 1M -39 - - 3 - 5 - 57 - 39 - g
Cereals ) . -zh -1086 2480 -1228 - 293 - 9 S 3108 - 3810 - 698
Other food crops 93 - 557 6 402 - 1215 2 259 - 83 9 1683 6 319 8 003
Non-food crops f‘) 1981 LS55 384 2633 3525 1 104 2 114 7 459 9 573
Livestock : - Okk 323 -1438. - 866 - 702 - 152 - M - 2 034 - 2925
Total food ¥ -2512 5639 -51% 165 - b4 - 936 - 23 6 - 1 k0
2 798 - 9k7 168 - 202 7 935 7 733

Total - 530 10215 - h 750

a) [xport minus import

b) -~ According to FAC's AT 2000 project dats

¢) Per caput GDP of US $ 300 or lower in 1975
¢) Dfficial UN classification

e} Annual rate of change of gross agricultural pro
considered

f)  Wheat to millets

g) Roots to cocos

h) Coffee to fodder crops
i)  Beef to eggs

k) Cereals, other food crops,and livestock

Source:  FAD, AT 200@ data files

duction 1967 - 80. All the commodities covered in FAO's AT 2000 project are



Table 3.4.p: Trends for export in developing country groups by commodity a)’ annual rate of change 1970 - 80, in percent

Africa  Latin Near  far Low b) Least hgricultural gr0uthd) All
America [ast ELast income developed under 3 percent developing
3 percent or over countries

wWheat - 12.0 9.8 33.0  10.3 1.9 - 14,7 10.6 13.8 1.8
Rice - 13.5 8.1 - 16.2 8.2 2.5 ~ 1.6 0.0 10.3 6.4
Maize - 10.1 - 1.9 55.6 1.9 - 21.2 - 22.9 - 0.6 - 2.6 - 1.2
Barley - 1.7 5.8 3.5  31.0 23.0 - 64.3 2.0 5.5 4.3
Millets - b 6.5 25.1 4.k 7.1 1.7 6.4 7.7 6.6
Roots - 54 -2 3.8 15.8 2.0 - 2.6 1.6 15.2 14,2
Sugar - 0.4 1.3 - 10.7 7.0 - 0.8 8.0 1.3 3.3 2.0
Pulses - 9.4 17.8 10.2 2.3 - 6.0 - 2.4 1.4 10.0 3.6
Vegetables - 3.6 6.1 8.2 10.2 2.5 - 4 2.9 8.2 6.1
Bananas - 5,2 1.0 - 12.2  16.6 - 5.9 - 13.8 - 1.3 4.3 1.8
Citrus fruit - 0.7 21,2 3.0 131 1.b 12.2 1.6 20.9 12.4
Fruit - 7.k 8.6 1.4 7.5 9.3 7.0 - 1.1 L6 1.6
Vegetable oils - 7.4 16.3 - 2.5 3.0 - 3.0 - 7.6 3.4 5.2 7.4
Cocos - N7 6.5 18.9 ' - 0.4 - b2 - 3.8 5.8 1.0
Coffee - 1.4 0.3 - 5.1 1.2 0.0 - 2.7 - 2.0 1.2 0.5
Tea 4.9 3.4 - 1.0 0.8 1.7 3.3 0.k 4.8 1.6
Tobacco 4.9 5.9 - 2.6 2.3 2.7 8.3 2.8 3.5 3.3
Cotton - 33 -7 - 5.5 ~-5.2 - 5. - 3.8 - 3. - 3.5 - 3.5
Jute and hard fibres -~ 11.2 - 7.6 -29.7 -55 - 53 - 5.2 - 5.2 - 10.0 - 6.9
Rubber - b4 00 - g3 29 .2 - Mg e 2.1 1.8
fodder crops - - - - - - - - -

Beef - 2.9 0.2 -19.9 - 1.1 - 3.9 - 3.2 1.0 - 2.5 - 0.3
Mutton -~ 1.0 -1 2.0 62.0 2.2 0.7 0.7 5.7 2.2
Pigmeat -1 - 1.3 1%.86 - 6.6 -15.6 - 17.5 - 9.4 - 1.3 ~ 4.5
Poultry 6.4 121.2 2.5 9%0.2 - 0.9 - 40.5 434 112.% 9.3
Milk . = 15.2 11.9 2.9 21.8 - 18.8 0.6 . 127 5.k 9.4
Eags - 8.0 6.2 -15.7 ~89 - 6.0 -2k - 13.1 © 0.5 - 7.6
Cereals © o= %5 ko 1.3 1. 1.8 - 5.9 3.1 7.2 L8
Other food crops ) - 3.7 7.6 2.5 10.2 - 1.0 - 3.8 1.1 8.4 5.2
Non-fopd crops g) - 13 0.3 < 52 1.8 - 0.8 - 2.5 - 1.7 0.6 - 0.1
Livestock - 3.4 .8 - 54 9.6 - 33 - 2.5 1.2 0.6 0.9
Total food ) - 3.8 5.8 1.5 9.1 - 0k - 3.7 1.6 7.6 4.6
Total - 2.7 3.9 - 15 5.9 - 0.7 - 2.9 0.7 4.2 2.8

3} According to FAD's AT 2000 project data. Based on volume for commodities, on value for aggregates

b)  Per caput GDP of US $ 300 or lower in 1975

¢) Official UN classification

d)  Annual rate of change of gross agricultural production 1967 - B0. ALl the commodities covered in FAD's AT 2000 project
are considered

e) Wheat to millets

i) Roots to cocoa

g) Coffee to fodder crops

h) Beef to eggs

i} Cereals, other food crops,and livestock

Source:  FAQD, AT 2000 gata files
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Table 3.4.c: Trends for import in developing country groups by commodity 3)1 annual rate of chenge 1970 - 80, in percent

Africe Llatin Near Far‘ Low Least ) Agricultural growthd All
America East fast income developed © under 3 percent developing
’ ’ 3 percent or over countries
Wheat 12.0 6.9 9.0 1.6 5.5 3.6 7.4 5.4 b.d
Rice 13.2 9.1 6.5 - 3.4 0.2 1.8 0.2 5.6 2.8
Maize 15.5 22.5 28.7 18.9 16.9 3.9 16.3 2h.2 21.2
Barley 14.3 10.4 14.5 2.5 1.7 7.5 10.8 11.6 R
Milliets 0.8 18.5 9.7 9.6 - 7.k 5.2 3.2 17.2 13.1
Roots 6.7 1.5 11.6 0.8 0.3 - 9.9 3.1 9.4 5.2
Sugar 6.0 7.6 1.b 2.7 3.3 3.3 5.8 9.6 7.6 -
Pulses 8.4 5.0 10.4 0.6 4.7 - 9.3 6.2 9.6 8.1 °
Vegetables 8.0 7.0 15.5 6.6 k.6 2.2 7.9 12.7 10.8
Bananas - 8.8 3.3 17.8 17.2 31.1 35.1 2.6 13.4 6.6
Citrus fruit - 0.9 18.8 18.0 10.6 26.3 29.6 15.9 17.7 17.2
fruit -3a 5.7 13.9 2.0 - 1.8 k.2 - 0.7 9.6 5.7
Vegetable oils “13.5 13.9 1.4 21.2 17.8 2.8 T4k 16.7 15.4
Cocos 0.9 - 04 17.6 6.4 - 0.5 - 3.4 3.7 7.2 5.6
Loffee 10.6 - 0.2 -0.8 1.0 - 10.4 - 15 £.3 1.8 3.6
Tea 4.7 5.0 4.7 8.1 4.7 - 0.4 4.7 6.3 5.4
Tobacco 8.4 5.3 1.z 5.2 5.9 9.6 9.4 8.5 8.9
Cotton 4.6 - 0.3 20.60 5.4 - 0.2 - 0.2 - 3. 10.7 5.0
Jute and hard fibres 0.8 0.k L2 -12.3 - 1.6 0.6 - 5.4 5.6 - 0.3
Rubber b1 5.5 -~ 0.9 10.2 5.4 11.9 2.6 7.4 6.3
fodder crops - - - - - - - - -
.Beef 3.2 6.8 20.5 9.1 4.9 - 2.5 4.3 13.0 8.7
Mutton 0.8 - 12.2 15.5 21.7 0.7 - 0. 3.0 17.3 12.9
Pigmeat 1.6 5.3 111 13.6 6.9 - 5.9 0.4 11.6 6.5
Poultry 30.3 25.5 47.6 19.2 38.0 82.6 38.4 38.7 38.6
Milk 1.4 7.0 18.0 5.3 9.1 15.5° 7.4 10.6 9.1
Eqgs 57.7 12.2 8.0 -10.5 44 .6 54.0 15.7 12.2 14,2
Cereals © n 12.5 10.5 1.8 0.k 3.5 2.9 5.8 8.3 7.0
Other food crops ) 8.2 10.8 12.3 13.8 12.1 2.4 6.9 13.2 1.3
Nor-foog crops g) 7.1 2.6 6.1 5.6 1.7 0.8 2.1 8.3 5.4
Livestock 9.0 7.5 20.2 6.2 5.3 13.19 7.8 12.8 10.4
Total food ) 10.0 9.8 13.5 k.7 6.6 4.2 7.6 10.6 9.0
Total 9.8 9.2 12.8 4.8 6.1 3.9 7.1 10.3 B.6

3)  hccording to FAO's AT 2000 project data. Based on volume for commodities, on value for aggregates

b)  Per caput GDP of US $ 300 or lower in 1975

¢) Official UN classification

d)  Annual rate of change of gross agricultural production 1961 - 80. All the commodities covered in FAO's AT 2000 project

are considered
e) wheat to millets

fy  Roots to cocos

g) Coffee to fodder crops

h)  Beef to eggs

i) Lereals, other food crops,and livestock

Source:

FAC, AT 2000 dgats files



efforts, including research, should be made to increase export
potential, this does not necessarily call for increased publicly
supported international research. Research has been and continues to be
done on the classical tropical export crops, but largely within the
private sector. Publicly supported research is more geared to the
deficit commodities in whose production developing countries appear to
have a comparative disadvantage. Again it is not trade indicators but
the social payoff of alternative research strategies that has to be
compared.

3.5 Food Consumption

Food consumption patterns vary considerably among developing countries.
In other words, the relative 1importance of different agricultural
commodities in the food budget of people greatly depends upon the
country or country group considered. Table 3.5.a shows the share of
food consumption in developing country groups by commodity in percent.
The figures refer to 1978/80. :

For all commodities considered consumption budgets differ between
regions. The share of cereals 1is rather low in Africa (23%), Latin
America (16%), and the Near East (26%). It is of major importance for
the Far East (49%), and for the groups of low income (45%) and least
developed countries (42%). Predominant cereals are wheat in the Near
Fast and rice in the Far East and in the low income countries. In
Africa, the consumption value of cereals 1is made up of wheat, rice,
maize, and millets in almost equal parts (between 4.9 and 5.8%). In
Latin America rice and wheat dominate with maize in a considerably lower
third position (3.7%) Food crops other than cereals play an important
role in food consumption, especially in Africa, particularly root crops
(19%). They are also important for low income and least developed
countries in general. Vegetables represent an important share in the
food budget in the Near (13%) and Far East (11%) and in low income
countries (10%). The importance of fruit for the Near East also deserves
mention (14%). :

Livestock products stand out for their high share in Latin America (46%),
their. low share in the Far East (14%). An apparent anomaly is their
relative high importance in least developed countries (24%) as opposed
to low income countries (16%). The explanation is that within the
former group the Sahel countries as typical livestock countries have a
considerable weight while the latter group is dominated by the Asian
countries.

A more or less definitional feature of Table 3.5.a 1is that cereals,
"other food crops" and livestock products account for virtually all food
consumption. Of the non food crops coffee and tea are the only ones
included 1in food consumption budgets. They account for between 1 and 3%
of the food budget in the different groups.

Trends for food consumption are given in Table 3.5.b. The figures refer
to the period 1970-80.

Looking at food c¢rops in total consumption increases in low income
countries and in the Far East have been below the developing country
average. The same 1is true for least developed countries and countries
with low agricultural growth.



Table 3.5.z: Value of food consumption in developing country groups by commodity a), 1978/80, in percent of total value

Africa  Latin Near  far low | least 3 Agricultural grovthd) All
America [ast = fast  income °  developed ~  under 3 percent  developing
3 percent or over countries

Wheat 5.8 5.7 16.6 7.3 8.0 5.5 8.3 7.3 7.9
Rice 5.6 5.6 5.2 . 37.6 30.6 26.2 23.8 17.8 21.1
Maize 4.9 3.7 1.8 1.6 2.5 3.7 1.9 3.5 2.6
Barley 1.3 0.5 6.5 0.4 0.4 0.7 0.6 0.5 0.5
Millets 5.7 0.1 1.7 2.3 3.3 5.9 3.4 0.7 2.2
Roots 19.0 k.2 1.7 3.6 5.9 7.5 5.8 5.5 5.6
Sugar 3.4 6.9 5.2 ke - 4S 2.3 4.6 5.6 5.1
Pulses 4.3 2.8 1.8 4.0 4.6 L4 4.3 2.4 3.5
Vegetables 7.1 Lok 13,17 110 10.2 5.7 10.4 7.5 9.1
Bananas 'R 2.9 0.2 1.3 1.6 3.1 1.6 2.6 L 2.0
Citrus fruit 1.1 3.6 2.5 0.6 0.8 0.5 1.2 2.2 1.7
fruit 3.7 5.8 13.5 b4 L4 3.8 5.3 6.3 5.8
Vegetable oils 8.6 4.3 6.8 5.9 6.5 5.1 6.4 5.6 6.0
Cocos 0.1 0.4 0.1 - - - 0.7 0.2 0.1
Coffee 1.4 2.4 0.3 0.3 0.4 1.1 0.6 1.5 1.0
Tea 0.3 0.6 1.4 0.5 0.7 0.4 0.7 0.6 0.7
Tobacco - - - - - - - - -

Cotton . - - - - - - - - -

Jute and hard fibres - - - - - - - - -

Rubber - - - - - - - - -

fodder crops ) - - - - - - - - -

Beef 7.8 16.4 5.6 1.9 3.2 7.3 6.0 7.7 6.8
Mutton ‘ 3.1 0 5.7 0.9 1.7 b.2 1.7 1.9 1.8
Pigmeat : 1.4 6.9 0.2 2.7 1.3 0.9 1.9 k.9 3.2
Poultry Z.9 5.8 4.2 1.1 1.1 2.0 2.0 4.0 2.9
Milk 6.9 13.0 10.3 6.7 7.7 8.6 8.4 8.1 8.7
fags 1.4 3.3 1.9 1.1 0.7 1.2 ¢ 1.4 2.7 1.8
Cereals © H 23,2 15.6 25.7  49.2  hh.7 42.0 38.0 26.7 36.1
Other food crops 51.7 35.2 b4.9  35.5 38.5 32.4 39.7 37.9 38.9
Non-food crops o 1.7 3.0 1.6 1.0 1.1 1.5 1.3 2.1 1.7
Livestock 23,4 46.1 27.8 1k 15.7 24.2 21.0 30.1 25.2
Total food 1 98.3 97.0 98.4  99.1 98.9 98.5 98.7 97.9 98.3
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

g) According to FAO's AT 2000 project data
b)  Per caput GDP of US $ 300 or lower in 1975
¢} Official UN classification

d)  Annual rate of change of gross agricultural production 1961 - 80. All the commodities covered in FAD's AT Z000 project are
considered

e) Wheat to millets

f)  Roots to cocoa

g) Coffee to fodder crops
h)  Beef to eggs

i) Cereals, other food crops,and livestock

Source:  TAQO, AT 2000 data files



Tatle 3.5.b: Trends for food consumption in ceveloping country groups by commodity a)’ annual raie of crange 1970 - 80,
in percent

Africsa Llatin Near  far Low Least Agricultural grouthd) A1l
Americas fast  fast income ceveioncd under 3 percent developing
3 percent or over countries
wheat 5.2 L2 4.5 k.2 4.5 3.8 4.2 4.7 5.4
Rice 5.6 3.8 5.5 2.4 2.2 2.3 2.0 5.8 2.6
Maize 2.4 2.6 3.4 2.5 1.9 1.6 1.7 3.2 2.6
Barley 2.3 5.5 - 0.3 -4 - 16 - 0.k - 0.3 0.4 - 0.1
Millets 0.9 1.1 1.0 1.5 1.3 1.3 1.1 1.5 1.2
Roots 2.1 - 0.5 6.5 k.1 3.2 z.8 2.7 1.7 2.2
Sugar 5.3 L1 6.0 2.9 2.6 1.5 2.7 5.0 3.8
Pulses 2.5 - 0.8 2.6 0.2 0.4 1.2 0.5 0.5 0.5
Vegetables 3.8 3.1 5.0 3.3 2.7 2.3 3.5 3.9 3.6
Bananas 3.0 2.2 7.4 4.3 2.4 2.8 3.2 3.1 3.2
Citrus fruit 2.2 3.9 7.3 3.8 34 6.7 2.0 6.0 4.3
fruit 2.0 2.7 3.4 2.9 1.4 1.3 1.8 L0 2.8
vegetable oils 4.9 3.5 £.2 4.6 4.3 3.7 3.6 6.1 4.7
Locos 2.7 1.7 8.9 5.0 3.3 - 1.5 - 1.3 3.5 2.6
Ceffee 7.3 - 1.0 - 0.4 k.7 2.6 2.9 4.0 0.1 1.2
Tea 5.8 1ok 9.3 5.6 5.7 3.4 4.3 6.9 5.2
Beef 2.5 3.4 5.0 2.4 2.0 2.0 2.7 3.8 3.3
Mutton 1.6 - 2.2 4,1 3.6 3.1 2.9 0.7 4.8 2.5
Pigmeat 3.3 3.k b1 3.5 2.9 3. 2.2 4,0 3.4
Poultry 7.8 9.2 12.9 5.5 4.7 5.0 6.4 10.5 8.8
Milk 4,2 3.9 5.1 2.3 2.2 3.1 2.4 4.7 , 35
fags 5.9 5.4 - 9.0 5.7 4.9 3.3 3.5 7.k 6.0
Cereals e) 0 2.6 3.6 L2 2.6 2.5 2.1 2.3 2.8 z.9
Otner food crops ) 3.1 2.4 k7o 3 2.5 2.3 2.7 3.8 3.2
Non-f008 crups g) 7.0 - 0.5 7.4 5.2 L. 3.0 b.2 1.5 2.6
Livestock 3.6 4.2 6.0 3.3 2.5 z.9 2.7 5.2 4,0
Total fous 1 3.3 3.4 L9 2.8 25 2.k 2.5 L.z 3.3
Total 3.3 3.3 5.0 2.8 2.5 2.h 2.6 h.2 3.3

&) hccording to FAQ's AT 2000 project datz. Based on volume for commodities, on value for aggregates
&) Estimatec by OLS regression

Per caput GDP of S ¢ 300 or lowsr in 1975

Official UN clessification

&) Annual rate of change of gross agricultural production 1961 - 80. All the commodities covered in FAD's Al 200G project are
considered

) Wheat to millets
% Roots to cocoa
h)  Coftfee and tea

i) Beef to eggs

) Cereals, other food crops and livestock

Source:  fAQ, AT 2000 dats files
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Cereal consumption has increased at a rate above the average for "all
developing countries" in Africa, Latin America and the Near East. This
refers to wheat and rice mainly. In the Far East, on the other hand,
cereal consumption has increased at a rate below average. In the
consumption of  livestock products the Far East has also had a
development below average. The Near East, on the other hand, stands out
for significant increases. With respect to single commodities, finally
the increase in poultry consumption deserves to be mentioned,
particularly in Latin America and the Near East.

A shortcoming of the trend figures is that they have not been calculated
on a per caput basis. Thus the lower than average growth of the Far
East - 2.8% p.a. as compared to 3.3% for all countries - has to be seen
in connection with the lower than average growth of the human population
in that area. Similarly the growth rates of food consumption of over 3%
in Africa and Latin America lose some of their glamour when compared to
the demographic growth rates of the same magnitude.

In summary, it 1is not possible to draw, in an unambiguous way,
conclusions for research priorities. However, the need to take into
account essential differences among regions and country groups has
become obvious.

3.6 Nutrition

The previous section dealt with focd consumption patterns by
commodities, 1i.e., with consumption behaviour of people as indicated by
relative expenditures. This chapter relates to the nutritional value of
commodities and compares their relative contribution to total calorie
supply in different developing country groups.

Table 3.6.a shows per caput daily calorie supply in country groups by
commodity group. The table refers to 1981. It is an update of & table
used in the 1979 TAC report. In addition to the figures the dominant
commodities 1in consumption are listed. The USA is included for reasons
of comparison.

Again, the large regional differences stand out. Cereals , mainly rice,
provide more than two thirds of calories in Asia. They are less
important. in South America (37%) and Equatorial (27%) and Humid West
Africa (39%). In the African regions roots and tubers (cassava, sweet
potatoes, yams) fill in for the cereals as well as pulses and,
especially, oilcrops. In the other world regions potatoes tend to be
dominant within the groups of roots and tubers. Central and South
America stand out for the high share of sugar (15 and 18% respectively)
and of livestock products (14 and 17%) in the diet.

Table 3.6.b gives trends for the period 1975-81. They demonstrate the
evolution of the relative importance of commodities for calorie supply
since 1975, the year of TAC's data. Cereals have undergone slight
changes only. Changes are more pronounced for livestock products,
especially in humid and semi-arid West Africa, where the share has gone
up significantly. In other regions of Africa, however, the share has
decreased. For almost all regions the share of roots and tubers and of
pulses in calorie supply has gone down, while sugar crops and oilcrops
have gained importance.



Table 3.6.a:

Per caput daily calorie supply in country groups by commodity group, 1981, in percent of total

UsA South Asia Southeast Asia Middle East, Central America South America Equatorial Humid East Africa Semi-arid
North Africa Africa West Africa West Africa
Lereals 18.8 68.7 67.5 59.8 k7.8 37.1 26.7 38.9 48.5 49.0
- dominant cereals wheat, rice, rice wheat, maize rice, maize, maize maize, sorghum,
maize wheat, rice, wheat rice wheat, millets

sorghum, barley maize millets

millets
Roots and tubers 2.9 2.0 9.8 1.5 1.9 7.4 b4 29.6 18.6 19.1
- dominant roots and tubers potatoes potatoes, cassava, potatoes potatoes, cassava, cassava cassava cassava, yams,

cassava potatoes cassava patatoes sweet potatoes cessava
Sugar crops 19.5 8.1 3.0 9.4 15.2 17.9 2.4 2.9 1.2 5.0
Pulses 0.9 5.3 1.7 2.4 6.1 3.9 4.9 1.5 3.8 3.5
- dominant pulses chickpea, lentils, beans beans Cowpeas, cowpeas, cowpeas

pigeonpea broadbeans, beans beans

chickpeas

Oilcrops 16.0 7.4 5.5 9.1 8.1 1.2 10.4 12.7 9.1 15.3
fruit and vegetables 3.8 3.0 2.5 3.9 4.9 5.9 6.2 7.7 4.0 2.4
Livestock products 36.3 4.7 8.1 9.4 13.5 17.3 3.2 3.7 6.4 4.5
Other products 5.8 0.8 1.9 §.5 2.5 3.7 4.8 3.0 2.4 2.7
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Source:  FAO, ILS data files and TAC, TAC review of priorities for international support to agricultural research, Rome 1979



Table 3.6.b: Trends for per caput daily calorie supply in country groups by commodity group, annual rate of change in share 1975 - 1981, in percent

USA South Asia Southeast Middle East, Central America  South America fquatorial Humid fast Alrica Semi-arid
Asia North Africa Africa West Africa West Africa
Cereals 0.1 0.1 - - 0.7 - 0.6 0.6 0.4 1.5 - 0.5 0.4
Roots and tubers 1A 23 - 2.3 - -7 - 2.3 1.6 - 0.6 - 0.3 -3
Sugar crops - 0.8 - 0.8 1.8 0.4 - 1.3 0.6 4.0 2.5 2.0 17.5
Pulses 2.0 - 2.8 - 1.8 - k2 3.0 - 0.8 - 1.6 - 141 - 2.8 - 1.8
Dilcrops 1.3 2.4 3.8 1.5 ' 3.2 0.5 0.3 - 1.4 3.7 1.7
fruit and vegetables - - - - 3..1 . - - 1.2 - 7.5 - ha 1.3 - 0.6
Livestock products - 0.1 0.4 0.6 - 0.5 1.0 - 0.6 - 2.8 4.8 - 0.5 2.9
Other products - 0.3 - - 28.5 0.7 0.5 - 0.7 - 1.6 - 1.9 - 4.7

-SE—

Source:  FAO, ICS data files



Again, these tables have to be interpreted with caution. The figures
merely indicate actual and possible future importance of agricultural
commodities from a nutritional point of view. They may be a guide for
research priority 1identification 1in relation to nutritional goals in
developing countries. But interpretation cannot be carried too far:
First, the importance of the nutritional goal in a social goal structure
of developing countries has tc be identified. Second, there is the
general problem of causality and efficiency. And, third, the pursuit of
a strict nutritional goal may, to an extent, contradict people's
behaviour. This will by necessity require additional socio-economic
research to avoid implementation problems.

All the data presented in Chapter 3 give insight into actual and
potential importance of agricultural commodities for developing country
groups. Different goals and different indicators have been discussed.
The information, generally, points to essential regional differences
which have to be taken into account as a first step in the
identification of research priorities. This is not new and has always
been taken into account by TAC. The indicators presented only provide
further quantitative support in this task.
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4. Agro-ecological Indicators
4.1 General

Environmental conditions severely affect developing countries'
opportunities to meet their needs. -They set the framework for
agricultural production possibilities and, thus, for the attainment of
important  development goals. Research efforts have to explicitly
acknowledge environmental constraints in the selection of the most
promising areas.

Essentially, environmental conditicns are determined by climate and soil.
Temperature and moisture determine climatic conditions for agricultural
preduction and are used tpoinventorize different agro-climates. Additional
consideration of soil qualities provides gquantification of the land
environment. Areas with similar soils and climates 1imply similar
environmental conditions for agricultural production and are grouped in
so-called agro-ecological zones. For the purpose of this paper an
agro-ecological zone 1is defined as an area of land whose soil and
climatic conditions are sufficiently quantified to be able to predict
crop yield potentials. Such zones implicitly delimit production
potentials, both for individual commodities and for agricultural
production as a whole, and are therefore alsoc of relevance for
agricultural research.

As a result of FAO's AEZ project, and the work on which it is based, it
has become possible to make quantitative estimates of the food production
potential of the different zones under different levels of inputs. From
this population supporting capacities can be calculated. When compared
to actual and projected human populations the potentials and limitations
of the natural resources for increased food production become apparent.

4.2 Agro-climatic Zones

The map in Annex III depicts the -main agro-climatic zones of the
developing countries are depicted. Temperature regimes and lengths of
growing period - which actually reflect moisture availability - are the
delimitation criteria. Table 4.2. shows the extent of the agro-climatic
zones, their temperature regimes, and their human population.

Almost two thirds of the total land area belong to the warm tropics. The

subtropics - warm, moderately cool, cool and cold - account for about
30%. So-called cool and cold areas in the tropics - basically highland
areas. - cover relatively small areas. The extent of temperate climates

is in the order of one percentage point only, limited to small areas in
South America and the Near East.

For the major tropical and subtropical zones human population densities
vary from 18 to 47 persons per square kilometre. Interpretation is
rather difficult on this aggregate level.

The length of the growing period varies greatly. It is defined by the
number of days for which precipitation exceeds half potential
evapotranspiration, provided that +total evapotranspiration is exceeded
on at least some days and that temperatures are not too low for crop
growth. Almost one fourth of the total area is desert-like (no growing
days); another fourth is humid to very humid with a growing period of
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i . . .8
Table 4.2.t  €xtent of and human population in major climates and growing period zones of developing countries )

Major climates

Tropics Sub-tropics Temperate All
developing
warm moderately cold warm moderately cold cool cold countries
cool and cool cool and cool .
. Extent
million ha 4 064.2 277.4 37.7 728.8 1125.8 173.7 66.9 21.0 6 494.9
percent 62.6 4.3 0.6 1.2- 17.3 2.7 1.0 0.3 100.0
Popylation -
millipn persens 1 269.0 106.0 11.3 3h2 4 199.7 48.3 2.6 k.0 1983.3
percent 64.0 5.3 0.6 17.3 - _.. 104 2.4 0.1 0.2 100.0
nsit
persons fsqkm 1 1 .30 47 .18 .28 04 .20 31
Growing period zones b)
Dry Arid Semi-arid Sub-humid Humid All year All
) humig developing
(0) (- (75 - 179) (180 - 269) (270 - 365) (365") countries

Extent ;
million ha 1 604.5 792.2 1 139.5 11911 1 541.9 225.8 6 494.9
percent 2h.8 12.2 17.5 18.3 23.7 3.5 100.0
Population
million persans 170.8- 110.9 602.0 607.2 470.0 22.1 1 983.3
percent 8.6 5.6 30.4 30.96 23.7 1.1 100.0
Pepulation density
persons/sqkm 11 4 R 51 30 .10 31

a) This table is based on fAO's agro-ecological zones project

b) The figures mark growing period days

Source:  FAD, AEZ data files
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over 270 days per year. The highest population densities are found in
the intermediate zones. Again the level is too aggregate for further
interpretation.

The agro-climatic zones characterize the natural environment of
developing countries for agricultural production. Among other things
and together with other factors they determine the crops that can be
grown and the yield potentials.

4.3 Yield Potentials

Yield potentials are defined as maximum yields of a crop in a given
environment and under a given set of input and management conditions.
They depend upon biclogical potentials and various constraints like

a) temperature constraints

b) moisture constraints as reflected by length of growing period
c) agronomic constraints

d) soil constraints, and

e) input and management constraints.

Constraints &) and b) enter into the definition of agro-climatic zones
dealt with above. They mark the major agro-climatic divisions of the
world. Obviously, they are essential determinants of crop yield
potentials. Agronomic constraints are mainly the result of climatic
(rainfall) variability, moisture stress, excess moisture and losses due
to pests, diseases, and weeds as they are known to prevail to varying
extents in the different agro-climatic zones. The constraints of a)
temperature, b) moisture, and c¢) agronomic problems determine the
agro-climatically attainable yields in different climates and lengths of
growing period zones. These are the potential yields dealt with in this
section. Actual yields may be considerably lower due to the additional
constraints of soil, inputs and management.

Yield potentials defined in the described way are remarkably similar
across world regions. For all practical extents and purposes it is
therefore sufficient tc consider yield potential for one geographical
region. Tables 4.3.a and b are based on the African region only. For
the purposes here the differences among continents are small enough to
be neglected. The unconstrained yield level (U) is that determined by
temperature and moisture alone. The yield levels (H) and (L) take into
account the mentioned agronomic constraints. They are dependent on
inputs and management where (H) signifies a high, (L) a low level. A
high input level 1is characterized by mechanical cultivation, extensive
use of purchased inputs and, overall, capital intensive management
practices. A low input level implies land cultivation and generally
simple management practices.

Table 4.3.a reveals that for different crops unconstrained yield levels
relate to the length of the growing period in different ways. For pearl
millet, the length of growing period is of minor importance, while for
cassava it is crucial. Thus the unconstrained yield level for millet is
around three tons per hectare throughout. For cassava it goes from less
thanone ton (dry weight) in the dry areas to well over ten in more
suitablehumid areas and it is well known that yields even much higher can
be achieved.



365

330 - 364

270 - 299 300 - 329

by crop, in metric tons/ha
240 - 269

a)

3/
210 - 239

Growing period in days

7 - 89 90 - 119 120 - 149 150 - 179 180 - 209

b)

Yield potentials under agro-climatic constraints in warm tropics and subtropics of Africa
Classification

Table &.3.a:
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U2

1.07-1.11
1.1-1.1

.08

L1
0.3 0.8

0.

0.0 -0.2
- water stress, pests and diseases,and climatic constraints on crop yield, potential components,.yield formation and quality of produce;

- workability constraints (all cultural operations including produce handling)
FAD, Report on the Agro-ecological Zones Project, Vol. 1: Methodology and Results for Africa, World Soil Resources Report, No. 48, Rome 1976

- effects of pests, diseases and weeds constraints on crop growth;

H - yield level under agro-ecological constraints, high input level characterized by mechanical cultivation under capital intensive management practices
- water stress constraints on crop growth;

L - yield level under agro-ecological constraints, low input level characterized by low technological level and hand cultivation

The agro-ecological constraints comprise

This table is based on fAO's agro-ecological zones project
U - unconstrained yield level

The following classifications are used:

a)
b)
Source:



lable 4.3.b: vield potentials under agro-climatic constraints in cool tropics and subtropics of Africa 2) by crop, in metric tons/ha

Classification b) . Growing pericd in days
7% ~ 8% 90 - 19 120 - 149 150 - 179 180 - 209 230 - 239 240 - 269 270 - 295 300 - 329 330 - 364 305
Spring wheat i} 0.2-0.8 0.8-2.7 2.5-4%7 b4.2-55 4h-56 bh - 5.6 b.3 -~ 5.5 4.3 - 5.5 4,3 - 5.5 4.3 5.5 4.3 5.5
H 0.1-0.3 0. -1 1.9-3.1 3.9-50 4bh-5.6 3.4 - 4.0 1.8 - 2.3 0.5 - 0.8 0.5 - 0.7 0.5 0.7 0.5 0.7
L 0.0 - 0.1 0.1-0.3 0.5-0.8 1.0-13 1.1-1.4 0.9 - 1.1 0.6 - 0.7 0.2 - 0.3 0.2 - 0.3 0.1 0.2 0.1 0.2
Winter wheat il 6.0 - 0.5 0.7-3.6 3.8-51 38-51 3.6-49 3.6-49 3.6 - 4.8 - -
H 0.0-0.2 0.3-17.4 1.9-2.6 2.9-38 3.6-4.9 2.7 - 3.7 2.7 - 3.6 - -
L 0.0 -0.6 0.1-0.3 0.5-0.6 0.7-1.0 0.9-1.2 0.7 - 0.9 0.7 -~ 0.9 - -
Maize ] 0.1-0.7 0.8-2.8 2.8-44 4464 58-7.5 7.2 - 8.5 8.0 -~ 9.5 9.0 - 10.5 10.0 - 10.7  10.0 0.7 10.0 0.7
H 0.0-0.2 0.3-1.0 1.9-25 3.h-46 45-5.6 5.7 - 6.5 5.4 - 6.2 5.3 - 6.1 4,5~ 4.8 2.8 3.0 1.3 1.3
L 0.0- 0.0 0.4-0.2 0.4-0.5 0.8-1.2 1.1-1.4 1.4 - 1.6 1. - 1.6 1.4 - 1.7 1.k - 15 0.7 0.8 0.3 6.3
Sorghum ’ U 0.1-0.5 0.5-2.0 2.0-31 2.9-4.6 4.1-5.4% 5.2 - 6.1 5.6 - 6.8 6.4 - 7.5 7.1~ 7.6 7.1 7.6 7.1 7.6
H 0.0 - 0.1 0.2 -0.1 1.3-1.7 2.3-2.3 3.2-42 3.6 - b1 2.8 - 3.3 2.2 - 2.3 1.5 - 1.6 0.9 1.0 0.9 1.0
t 0.0 -0.0 0.0-0.17 0.3-0.3 0.6-0.8 0.8-1.0 0.9 - 1.0 0.7 - 0.8 0.7 - 0.8 0.5 - 0.5 0.2 0.2 0.2 0.2
Potato U 2.7-45 b6 -7.6 4.9-9.7 4.9-9.7 47-9.4 4.7 - 9.4 b7 - 9.4 7 - G4 b6 - 9.2 4.6 9.2 b6 9.2
H 1.0 - 1.7 1.7-2.8 2.8-55 4997 4.7-94 2.6-5.3 2.6 -53  0.9- 1.8 0.6 ~ 1.2 0.6 - 1.2 0.6- 1.2
L 0.3 - 0.4 0.4 - 0.7 0.7-14 1.2-2.4% 1.2-2.4 0.9 - 1.8 0.7 - 1.3 0.3 - 0.7 0.1 - 0.3 0.1 0.3 0.1 0.3
Phaseolus bean U 0.5-11 11-2.0 1.9-28 2.2-31 2.1-3.0 2.1 - 3.0 2.1 - 3.0 2.1 - 3.0 2.1 - 3.0 2.1 3.0 2.1 3.0
H 0.17-0.3 0.4-0.6 0.9-1.3 1.9-2.7 2.1-3.0 1.8 - 2.5 1.6 - 2.3 0.8 - 11 0.6 - 0.8 0.4 0.6 0.3 0.4
L 0.0 -0.1 0.1-0.2 0.2-0.3 05-0.7 0.4-0.6 0.3 - 0.4 0.2 - 0.3 0.2 - 0.2 0.2 - 0.2 0.1 0.1 0.1 0.1

a) This table is based on FAO's agro-ecological zones project. Yields refer to the entire altitude range
b} The following classifications are wsed:
U - unconstrained yield level
H - yield level under agro-ecological constraints, high input level characterized by mechanical cultivation under capital intensive management practices
L - yield level under agro-ecological constraints, low input level characterized by low technological level and hand cultivation
The agro-ecological constraints comprise '
- water stress constraints on crop growth;
- effects of pests, diseases and weeds constraints on crop growth;
- water stress, pests and diseases,and climatic constraints on crop yield, potential components, yield formation and quality of produce;
~ workability constraints (all cultural operations including produce handling)

Source:  FAQ, Report on the Agro-ecological lomes Project, Vol. 1: Methodology and Results for Africa, World Soil Resources Report, No. 48, Rome 1978
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For more realistic interpretations the input levels have to be taken into
account. This shows to what extent existing yield potentials can
actually be exploited under different agroclimatic conditions. Thus the
relatively highest yields of pearl millet can be achieved in those
tropical zones with a growing period of between 150 and 220 days. For
-cassava the most suitable zone is that with 220 to 330 growing days.

Table 4.3.b is to be interpreted in an analogous manner. The only
difference is that here yield potentials are shown for major crops in
cooler climates which include wheat and potatoes. .

These are no new insights. The point to make is that yield potentials of
different crops can be related to agro-climatic zones in a systematic
way. It also becomes apparent that for every agro-climatic zone and for
every crop one is able to define - at the present state of knowledge - a
maximum attainable yield. To attain that level in practical agriculture
may still require locality-specific efforts in research and crop irials.
It would be unrealistic, on the other hand, to assume that much higher
yields could be achieved in the near future.

The determination of research priorities cannot be a simple inference
from these data. The specialized agronomist may have a great deal of
evidence that for a given locality it is easier to achieve yield
in¢creases for rainfed maize than for cassava. However, if such general
data have any wutility at all one can draw the following conclusion: By
tendency the potential to increase yields in the humid zones of the
tropics and sub-tropics is many times greater than in the drier zones.

4.4 tand Suitability

This section adds considerations of soil quality to the previous ones of
climate (temperature and moisture regimes) and agronomic constraints.
Taking all these considerations together one arrives at a land
suitability assessment for different crops. Table 4.4.a gives a first
overview for the region of Africa by crop.

A. first. conclusion that can be drawn refers to the importance of the
input level. Generally speaking, a higher input level leads to an
increase of the area suitable for a particular crop. This might seem to
be self-evident, but this relationship differs considerably among crops.
Thus higher input levels lead to a manifold increase of suitable land in
the case of cassava (six-fold) and cotton (four-fold) but to & mere 13
per cent increase in the case of wheat. The impact on applied research
appears obvious.

If one concentrates on locally adapted innovation packages yields and the
suitable area for cassava growing could increase manifold. For most
cereals and for potatoes, on the other hand, the potential impacts are
- comparatively modest. ’

Table 4.4.b provides aggregate data for the world regions. Again a
higher input level results in a higher proportion of suitable land for a
particular crop, but again the results differ significantly for the
different crops. Land suitability could be increased most substantially
for cotton, rice and sorghum to mention the first ranking only.
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a) . X . . b), ¢)

Table 4 4 g: Land suitability in major African climates by crop, in 1 000 ha

Tropics Sub-tropics Africe Input level o
index
warm cool warm, cool, cool,
Sumpe r summer winter
rainfall reinfall rainfell percent
\
Low input level 0, e
Totar 7 W14 989.0 15 186.0 4 619.0 - - it 2940 Y 100,09
Wneat - 10 480.0 - 3 965.0 G 492.0 23 917.0 100.0
Rice 61 018.0 - 402.0 - - 61 420.0 100.0
Maize 177 333.0 10 960.0 3 526.0 1257.0 - 193 076.0 100.0
Pearl millet 134 520.0 - 2 741.0 - - 137 261.0 - 100.0
Sorghum 172 274.0 9 385.0 3 461.0 1234.0 - 186 354.0 100.0
white potato - 8 511.0 - 3 857.0 - 12 368.0 100.0
Sweet potato 199 934.0 - 3 439 - - 203 365.0 100.0
Cassava 36 289.0 - 1136.0 - - 37 425.0 100.0
Phaseolus bean 140 923.0 8 478.0 2 899.0 3 354.0 - 155 659.0 - 100.0
Soybean 142 112.0 - 2 9¢5.0 - - 145 037.0 100.0
Cotton 53 882.0 - 1 406.0 - - 55289.0 100.0
High input level o), 1)
Jotal 7 546 708.0 16 219.0 5 879.0 - - 565 806.0 9 130.8 9
Wheat - 11 303.0 - 6 058.0 9 752.0 27 113.0 13,4
Rice T 132 208.0 - 1239.0 - - 133 447.0 217.3
Maize _ 271 968.0 13 454.0 3 861.0 1 342.0 - 290 625.0 150.5
Pearl millet 239 498.0 - k 227.0 - - 243 725.0 177.6
Sorghum 257 098.0 13 250.0 3 927.0 1 402.0 . 275 677.0 147.9
White potato - 10 143.0 - 3 664.0 - 13 807.0 1.6
Sweet potato 299 532.0 - 3 365.0 - - 302 897.0 148 9
Cassava 236 619.0 - 1 705.0 - - 238 324.0 636.8
Pnaseolus bean 26k 575.0 12 805.0 3 4450 3 4350 - 284 206.0 187.6
Soybean 265 415.0 B 3 564 .0 - - 268 979.0 185.5
Cotton 214 135.0 - 3 772.0 - - 217 907.0 3941

3) Tnis table is based on the agro-climatic suitability assessment of fAQ's agro-ecological zones project.
Suitability comprises very suitable and suitable lanc as opposed to marginally suitable and not suitable lard

b) According to the FAO agro-ecological zones project classification

¢) Only those climates are listed which are suitable for at least one of the crers considered
d) Ares in percent of low input level area for Africa

¢) tow technological level and hand cultivation

{) As climates may be suitable for several crops aggregation over crops is not pO‘SlblB. The figures show the aggregated
area of the most suitable crop in each growing perio

g) Without cool sub-tropics

h) Mechanical cultivation under capital intensive management practices

Source: FAD, Report on the Agro-ecological Zones Project, Vol. 1: Methodology and Results for Africa, Worlo Seil kesources
keport, No. 4&, Rome 1978



Table & .4.p:

Land suitablity °

)

in developing country groups by crop, in million ha

Africa Central South Southwest Southeast All Input levelc)
hmerica America Asiz Asia developing {ndex
countries percent
Low input level @), e
fotal 77 438.8° 5.0 487.0 - 184.0 1160.8" 100.0 "/
Wheat 23.9 1.k 41,7 10.7 1.0 88.7 100.0
Rice b1.4 13.4 g8.0 - - 172.8 100.0
Maize 193.1 731.2 148.5 - 92.9 465.7 100.0
Pearl millet 137.3 15.2 33.5 - 7. 257.3 100.0
Sorghum 186.4 25.9 54.8 - 7%.0 346.1 100.0
White potato 12.4 9.7 k2.5 - 1.0 65.6 100.0
Sweet potato 203.4 24.1 146.7 - 87.4 461.0 100.0
Cassava 37.4 18.0 3.7 - 66.4 433.5 100.0
Phaseolus bean 155.7 24,6 84.0 - 7.1 338.4 100.0
Soybean %5.0 18.0 ‘ 65.8 - 73.6 302.4 100.0
Cotten 55.3 12.6 25.4 - 39.6 132.9 100.0
High irput level 0, 1)
Totar ) 568.89 1.8 562.7 ) 226.3 1415.3"  121.8 M
Wheat 27.1 10.6 65.2 13.0 1.1 117.6 131.9
Rice 133.4 26,8 202.8 - - 263.0 210.1
Maize 290.6 33.5 184.3 - 124.9 633.3 136.0
Pearl millet 243.7 14.9 41.6 - 81.1 387.3 150.5
Sorghum 275.7 29.7 86.4 - 121.3 513.1 198.3
White potato -13.8 9.2 54.0 - 2.1 79.1 120.6
Sweet potato 302.9 29.2 225.2 - 109.5 571.2 145.6
Cassave 238.3 19.6 322.8 - 63.9 bk .6 148.7
Phaseolus bean 284.3 33,2 153.8 - 116.0 587.8 173.6
Soybesn 269.0 27.% 155.4 - 115.7 567.2 187.6
Cotton 217.9 26.6 140.5 - 100.5 485.5 365.3

a) This table is based on the agro-climatic suitability assessment of FAD's agro-ecological zones project. It summarizes the
results for Africa, Central and South America, Southwest and Southesst Asia. Suitability comprises very suitable and
suitable land as opposed to marginally suitable and not suitable land

b) Far Southwest Asia only wheat has been considered in FAO's land suitability assessment.Though wheat is the only crop of
significance in Sputhwest Asiz this procedure may somewhat overstate its importance

c) Area in percent of low input level area for all developing countries
d) According to the FAD agro-ecological zones project classification
e) Low technological level and hand cultivation

f) As climates may be suitable for several crops aggregation over crops is not possible, The fiqures show the aggregated ares
of the most suitable crop:-in each growing period over countries and climates.

g) Without cool sub-tropics
h) Without Southwest Asis and cool sub-tropics in Africa

i) Mechanical cultivation under capital intensive management practices

Source: FAO, Reports on the Agro-ecological Zones Projects, Vol. 1 - 4, World Seil Resources Reports, Nes. 48 - 48/4, Rome 1978,
1980 and 1981
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A remark on wheat appears appropriate. At low levels of input only some
90 million hectares or 7.8% of the total land area are suitable for wheat
growing. With  high input levels the proportion only marginally
increases to 8.4%. As important as wheat may be for the world
population, as much as it may be demanded by the developing countries,
the potential to grow wheat in developing countries is strictly limited.
Again, of course, this is a well known fact. Also a qualification has
to be added. All the considerations in this chapter refer to rainfed
crop production. The potential for expansion of wheat, but alsc of the
other cereals, has to be seen in connection with irrigation, an aspect
dealt with in a later chapter.

In summary one 1is lead to suspect that the type of land suitablity
assessment as provided by FAO's agro-ecological zones project has much
greater research implications than one can elaborate in this paper. 0One
example 1is the derivation, from the prcject's soil and climate data
base, of the extent and location of land subject to specific scil and
climatic constrains which might be the subject of research priorities
such  as toxicity, poor drainage, low ph, moisture siress. The
differences among regions and among crops regarding their yield
potentigl - unconstrained, under low input and under high input
conditions - provide much food for thought.

4.5‘ Population Supperting Capacities

Envirenmental conditions play an important role in determining the
preduction possibilities of developing countries. Different regions are
differently affected as shown by crop suitability, yield potentials and
proportion of land that can be used for the production of certain crops.
These aspects in themselves indicate that research conclusions would
“have to be differentiated according te regions. :

The analysis of the agro-ecological conditions (climate and scil) can be
taken a step further. The assessment of of land potentials allows the
estimation of the capacity of the land to produce food and thus to
support people at different levels of input and management.

The estimation of the population supporting capacity of a region is
based on the suitability of land resources for different crops and the
yield levels under different input levels. A choice is made among
different crops according to their calorie content to arrive at maximum
supply ~ while maintaining & reasonable calorie-protein ratio. The
application of FAG/WHO country specific per capita/calorie protein
requirements allows the computation of regional potential population
supporting capacities. Comparison with the actual population size and/or
with the projected one for the year 2000 allows the identification of
critical zones where populations exceed the supporting capacity of the
land. :

Figure 4.5.a shows populations and potential population supporting
capacities of the major climates and lengths of growing period zones in
Africa. A distinction is made between high, intermediate, and low input
levels. A huge potential population supporting capacity exists in the
warm tropics. This 1is especially true for high input levels, but also
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Populations and potential population supporting capacities in
major African climates by length of growing period zone , 1975,
in persons/ha
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for low input levels in most agro-climatic zones if all potentially
cultivable land were cultivated to food crops. Considerable surplus
capacities also exist in the warm sub-iropics.

Critical areas, on the other hand, can be found in the moderately cool
and the cool tropics with high population densities, the highlands. At
a low input level, actual population cannot be fed by domestic land
resources. The situation 1is even more critical in arid and semi-arid
areas, and in some highly populated humid zones. Only at intermediate
to high input levels can the population there be fed by their own land
resources. In the cool sub-tropics with winter rainfall, finally,
actual population about reaches the capacity line and surpasses it in
regions with more than 180 growing days.

Figure 4.5.b draws a picture of the developing world as a whole.
Potential populations supporiing capacities are compared to actual
population and to projected populations in 2000, The figure suggests
that the 1975 population could be fed on a low input level from
aggregated land resources. On this level, however, limits are reached
in 2000. Actual and future critical areas are widespread in Southwest
Asia. Scutheast Asia and Central America also are close to a critical
population density. Problems are eased, of course, with increasing
input levels. South America and Africa, on the other hand, show large
~areas of surplus capacity.

Finally, a map contained in Annex III shows the geographical location of
critical areas. The presentation corresponds to the previous figures
and needs no further interpretation.

The concept of population supporting capacities may bear on research
priorities because there are several alternatives to meet this
challenge:

a) input levels are increased,

b} food is imported,

c) productivity of land resources is increased, or

d) people migrate out of the area.

Already "critical areas" are under pressure toc move towards the highest
practically attainable input 1level. Research may be directed to help
make the best wuse of land resources and toc fully exploit production
resources. While the need for improvement is particularly pressing in
the so-called critical areas this does not necessarily mean that all
research should be concentrated here. Returns may be particularly low.
To concentrate on the areas with a high unexploited potential may well
be the better research strategy that would eventually lead to expanded
trade in food crops and for migration of people.

The differentiation by input levels and the previous considerations of
potential yield show that the different zones have a vastly different
capacity to increase production. In the semi-arid zones yields of a
crop like pearl millet can be doubled or trebled through.adapted
production techniques and increased use of modern inputs. In the
sub-humid zone cassava yields can, through similar techniques, be
increased ten-fold. It is well known that the latter zone has its
problems wunder permanent cultivation and requires a great deal of
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further research. However, research appears tc have much greater scope

and potential impact on production in that zone than in the drier zones.

There 1is also a difference between the semi-arid and the highland areas

in that respect. While both areas tend to be overpopulated the latter

. has great potential to increase the production of crops like wheat,
maize, and potato while it is limited in the former.

One may, of course, still choose to concentrate on research in the
semi-arid areas. One may value a unit impact in this area more highly
than in other areas. Such social shadow pricing may have a very real
justification in the social cost of moving food and moving people.

Footnotes/Figures 4.5.a and 4.5.b

a) Complete mechanization, full use of optimum genetic material, necessary
farm chemicals and soil conservation measures, and cultivation of only

the most calorie-protein productive crops on potentially cultivable rain-

fed lands.

b) Use of improved hand tools and/or draught implements, some fertilizer and
pesticide application, some simple soil conservation measures lessening
productivity losses from land degradation, and cultivation of a combina-
tion of the presently grown mixture of crops and the most calorie-protein

productive crops, on potentially cultivable rainfed lands.

¢) Hand labour only, no fertilizer and pesticide applications, no soil
conservation measures and hence full productivity losses arising from
land degradation, and cultivation of the presently grown mixture of
crops on potentially cultivable rainfed lands.

Area and 1875/2000 populations of the regions are as follows:

Extent Population
mio ha mio
1975 2000

South America 1770.2 215.8 392.6
Southeast Asia 897.6 1 117.7 1 937.1
Central America 271.6 106.5 215.2
Africa 2 878.1 406.9 828.5
Southwest Asia 677.4 136.3 264 .7

Total 6 494.9 1 983.2 3 638.1



5. Indicators of Land Use and Productivity
5.1 General

The considerations by agro-ecoclogical zones in the previous chapter have
~ been much concerned with upper limits and ultimate constraints and
potentials as set by the natural resources at our present state of
knowledge. This 1is the first of two chapters dealing more specifically
with availability and productivity of factors actually used in
agricultural production. '

Production can simply be defined as the output from a combination of
factors reflecting a certain technology. The contribution of different
production factors to the ouput varies and so do factor income shares.
This clearly, reflects the different importance of production factors in
the production process. More important, however, .are the possible
restrictions which some factors will impose for production increases.
In some cases additional factors are easily available and could be used
.in an adequate production process. In other cases, however, supply of
factors may be rather inelastic. These factors represent bottlenecks for
increasing -production. The only way to meet this goal, then, is to
. increase productivity of these factors.

Availability and productivity of production factors have important
implications for vresearch priorities. Productive research will reflect
the -relative scarcity of production factors. It will help to make mere
use of abundantly available factors and save scarce factors. - New
technologies will change factor intensities and combinations in ways to
adequately reflect relative scarcities (see e.g. Binswanger and Ruttan,
1978). The scarcity of capital and material input in developing
countries 1is. well-known and 1in many parts land is becoming critically
scarce, too. Labour is often abundant. This would suggest that research
should concentrate on labour-intensive technologies which would also be
in line with employment goals in developing countries. On the other
hand, there are considerable land reserves in Africa and Latxn America.

Here labour often is in short supply.

The question 1is whether the conceptual framework can be translated into
concrete research priorities. Which research areas should be supported
once a factor has been identified to be particularly scarce? Again, an
answer to this problem can only be based on the general principle of
comparing social payoffs of alternative research strategies. Indicators
of factor availability and productivity only provide some first
guidelines.

This first chapter deals with the production factor land.
Characteristics, distribution, reserves, cropping patterns, and crop
yields are to provide a picture of availability and productivity that
may gquide the setting of research priorities.

5.2 Land Classes

For meaningful considerations of the production factor land a
classification by characteristics important for crop production is
necessary.

In Table 5.2.a the distribution of land classes by developing country
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Table 5.2.a: - Distribution of cultivated land in land classes by developing country group™’, 1974/76, in percent of total cultivated land in developing countries

R 1) ) a4 ) Y \
Good rainfall”’ Low rainfall™’ Naturally flooded ’ fFully irrigated ’ Partially irrigated ’  Problem areasd’ Total
Mrica 10.3 2.3 0.4 o 0.3 0.3 5.8 19.4
tatin America 11.3 0.7 0.5 ' 1.6 0.4 4.9 19.5
Near fast 4.6 1.7 0.4 1.8 1.2 0.3 10.0
far fast 12.3 9.3 8.5 6.9 6.1 8.0 51.1
h)
Total 38.5 14.0 9.8 10.6 8.0 19.1 100.0°°
Lov income!) 17.8 10.9 7.9 6.9 6.4 8.3 56.3
Least developed"’ 6.1 1.4 2.0 0.5 0.5 1.3 1.7
1)
Agricultural growth ’
- under 3 percent 24,6 1.5 7.4 5.8 5.0 B.S 62.8
- 3 percent or over 13.9 2.5 2.5 4.7 3.0 10.7 37.2

a)  According to FAD's AT 2000 project data
b) Rainfail providing 120 - 270 growing days, soil quality very suitable or sevitable according to TAD's agro-ecological zones project classification

¢) Rainfall providing 75 - 120 growing days, soil quality very suitable, suitable or marginally suitable accerding to FAO's agro-ecological project classification
d) land under water for part of the year and lowland non~irrigated paddy-fields .

e) fquipped for irrigation and svitable drainage and nat suffering from water shortages

f)  Equipped for irrigation, but lacking drainage or reliable water supplies or with low guality and reliability of distribution

g) Rainfall providing more than 270 growing days, soils of all qualities in this zone, plus that part of the 120 - 270 growing days zone where soil rating is only marginally suitable
h)  Total cultivated area in all developing countries comprises S&4.7 million ha

i)  Per caput GDP of US $ 300 or lower in 1975

k) 0fficial UN classification

1) Annual rate of change of gross agricultural production 1961 - 80. All the commedities covered in FAQ's AT 2000 project are considered

Source:  FAD; AT 2000 data files



group is shown. The figures refer to 1974/76 and are calculated as a
percentage of the total cultivated land area inall developingcountries .
They show that more than half of the cultivated area is situated in the
Far East. The Far East also has most of the land in each of the land
classes considered. The high percentage of irrigated land in this
region Should be noted. Further interpretation without recourse to
population figures is difficult.

The figures also show that the developing countries do possess good
quality 1land resources for agricultural production. Still, however,
some 20% of the cultivated land area is classified as problem areas and
14% as low rainfall areas. This means that over about one third of the
cultivated area improvements in yield and production would be difficult
to achieve.

Table 5.2.b shows the contribution of the different land classes to the
total value of agricultural production by country group. The totals by
country group are again difficult to interpret without population
figures. The view by land classes shows the importance of partially and
fully irrigated land in the Far East. Overall, fully irrigated land
accounts for only 10% of the cultivated land area, but for well over 20%
of the total production value. The reverse relationship holds for low
rainfall areas: 14% of the land area generate only 3.5% of the
production value. These are extreme differences with a considerable
potential for interpretation in direction of research priorities.

The figures by country groups present a very differentiated picture and
would need to be combined with additional information for meaningful
interpretation.

'5.3 Irrigation and Land Reserves

Agricultural production is heavily dependent on the available area of
arable land. Production increases will require different technologies
according to the supply of land. Improved land productivity is widely
recognized as an important development path, but there may be crucial
differences among developing countries in the relative scarcity of land.
An important approach to intensification is irrigation as a means to
enhance and stabilize production. Hence, both arable land reserves and
irrigation draw a picture of the scarcity of the .land base in developing
countries.

Table 5.3.a shows arable - land and irrigation in different developing
country groups. The figures are expressed as percentages of the total
land use in all developing countries and refer to 1974/76. They show
that developing countries as a whole still have large reserves of arable
land. They amount to more than 50% of the area presently used.
Distribution 1is wuneven. While Africa and Latin America are well
endowed, reserves are below 10% of the presently used area in the Near
East and the Far East. The latter region dominates the group of low
income countries so that here reserves are low, too. The countries that
have experienced high agricultural growth rates are alsc those with more
abundant land reserves. There 1is an obvious interdependence between
land reserves and irrigated land use. Wherever land 1is scarce,
irrigated land use is relatively important as in the regions of the Near
East and the Far East. In country groups with considerable land
reserves, on the other hand, irrigation is not widespread.



Table 5.2.b:  Distribution of agricultural gross value of precuction in land clesses by developing country group a),
1974/76, in percent of total in all developing countries
Good Low Naturally Fully Partially Problem
N

rainfall @ rainfell @ flooded O irrigatede) irrigated D areas ¥ fotal
Africa 6.7 0.5 0.4 0.7 0.4 5.6 1.3
Latin Americs 10.6 0.3 0.4 4.8 0.9 8.0 25.1
Near fast 3.7 0.5 0.2 5.1 1.6 0.2 1.3
far fast 10.9 2.2 8.7 12.0 7.0 8.5 49.2

. or g - o - o h)
Total 31.9 3.5 7 22.6 9.9 22.3 100.0
Low incoms 1 13.5 2.5 7.8 11.9 7.3 8.6 51.6
Least developed *) b2 0.2 1.7 0.8 0.5 1.2 0.8
. i 1)

Agricultural growth
- under 3 percent 18.9 2.7 7.2 1.4 6.0 §.0 54,
- 3 percent or over 13.0 0.8 2.5 11.3 2.9 14.3 k5.8

a)
b)

c)

d)
e)
1)

g)

h)
i)
k)

According to FACQ's AT 2000 project dats

Raiafall providing 120-270 growing days, soil quality very suitable or sultable according to FAD's agro-ecological
zones project classification

Rainfall providing 75-120 growing days, soil quality very suitable, suitable or marginally suitable according to
FAO's agro-ecological zones project classification

Land under water for part of the year and lowland non-irrigated paddy-fields
Equipped for irrigation and suitable drainage and not suffering from water shortages

tquipped for irrigation, but lacking drainage or reliable water .supplies or with low quality and reliability of
distribution

Rainfall providing more than 270 growing days, soils of all qualities in this zonme; plus that part of the 126-270
growing days zone where soil rating is only marginally suitable

Totsl agricultural gross value of production in all developing countries comprises 202.9 billion ¢S §
Per caput GDP of US § 300or lower in 1975
Official UN classification

Annual rate of change of gross agricultural production 1961-80. All the commodities covered in FAD's AT 2000 project
are considered

Source:  FAD, AT 2000 data files
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lable 5.3.a: Arable land and irrigation in developing country groups a)’ 1974/76, in percent of total arable land use in all developing countries

Africa Latin Near far Low b) Least ) Agricultural growth o) All
America tast fast income .~ developed under 3 percent develaping
: ) 3 percent or over countries
Rainfed use 27.5 22.1 9.3 28.1 4.3 15.5 52.8 34.2 87.0
Fully irrigated use ©) 0.2 1.2 1.3 4.0 4.0 0.4 3.6 3.1 6.7
£

Partially irrigated use f) 0.2 0.5 1.4 4,2 4.6 0.5 3.8 2.5 6.3
Total use 21.9 23.7 124 36.3 52.9 16.5 60.3 39.7 100.0 9
Reserye 65.0 b 7.1 9.8 63.4 18.4 58.4 94.9 153.3
Total use/caput (ha) 0.64 0.54 0.47 0.23 0.30 6.50 0.36 0.38 0.37

a)
b)
c)
d)
e)
f)
g)

According to FAO's Al 2000 project data. Based on arable land in ha

Por caput GDP of US $ 300 or lower in 1975

Official UN classification

Annual rate of change of gross agricultural production 1961 - 80. A}l the commodities covered in FAQ's AT 2000 project are considered
Equipped for irrigation and suiteble druinage and not suffering from water shortages N

tquipped for irrigation, but lacking drainage or reliable water supplies or with low gquality and reliability of distribution

Total arable land use in all developing countries comprises 728.0 million ha

Source:  FAQ, A} 2000 data files



Table 5.3.b shows arable land and irrigation in different land classes.
Most of the land reserves are situated in so-called problem areas, areas
that because of excess rainfall and/or soil characteristics pose
problems for agricultural producticon. Considerable reserves are also to
be found in good rainfall areas. Desert land reserves are very low,
however, although only those areas are considered which may be made
available for irrigation.

These figures reveal that land intensification will not be the only way
to increase food production in developing countries. It is important
for Asia and problem country groups, such as low income countries and
countries with low agricultural growth. In these cases, irrigation may
also play a dominant part in intensification.

On the other hand, there are the huge tracts of land - not only the
problem areas but also the good rainfall areas in Africa and Latin
America - whose development would constitute an important development
path. Such a development would not be without hinderances, however,
The classical problems of rainfed arable land use in the tropics have to
be overcome. Shifting cultivation systems achieve relatively high
yields at minimal 1inputs. The movement to more permanent farming
systems +tfends to be accompanied by declining yields, increasing weed
problems, -and reduced productivity of land and labour to the point
where, in a low equilibrium trap, they hardly suffice to support a
farmer's family. These problems, often summarized by reference to
declining soil fertility, are less pronounced in the drier areas.

In these zones permanent rainfed farming is a possibility to increase
production over the years even at a low level of technology although
yields in any o¢ne harvest are lower in this zone and the potential for
increase through modern inputs more limited than in other zones. On the
other end of the rainfall scale, the use of tree crops, the practice of
carden agriculture, and the use of irrigation are adapted forms of land

use in the tropics. There is the phenomenon that the sub-humid zone,
the middle belt, - at first sight the zone with the highest agricultural
potential - 1s the =zone with the lowest degree of utilization and the

lowest population densities.

It has 1long been recognized that here research has an important role to
play. Ley systems, mixed agriculture, zero tillage have to be examined
for applicability. No gquick answers can be expected for a problem of
such size, complexity, and history like the soil fertility problem of

the tropics. It can, however, be speculated that the answer does not
lie in  adaptation of locally available resources (e.g. increased use of
organic material). Such attempts must have been made over and over

again. Modern inputs, new crops and varieties, and new forms of
biological and mechanical technology as a result of research efforts are
more likely to provide answers in due course.

5.4 Cropping Pattern

Agricultural land use 1is, of course, a more complex phenomenon than
shown by the proportions used for the different crops. Interactions in
space and time determine cropping patterns and these are only
inadequately reflected by the aggregate statistics in Table 5.4,
Nevertheless some insights can be gained.



Table 5.3.b: Arable land and irrigation in developing country land classes

a)

1974/76, in percent of total arable land use in all developing countries

Good ) Low ¢) Naturally ) Desert °) Problem f All
rainfell rainfall flooded areas developing
countries
Rainfed use 40.3 17.0 7.8 - 21.9 87.0
: A
fully irrigated use O/ 1.5 2.2 0.7 1.3 1.0 6.7
Partially irrigated use " 1.2 2.1 0.8 13 0.9 6.3
Total use 43.0 214 9.3 , 2.6 . 23.8 100.0 P
Reser yo 49.9 9.5 20.5 1.4 7.9 153.3

3)
b)
c)
d)
e)

f)
a9)
h)
i)

According to FAQ's AT 2000 project data. Based on arable land in ha

Rainfall providing 120 - 270 growing days, soil quality very suitable or suitable according to FAO's agro-ecological zones project classification

Rainfall providing 75 - 120 growing days, soil guality very suitable, svitable or marginally suitable according to fAO's agro-ecological zones project classification
Land under water for part of the year and lowland non-irrigated paddy fields

Land with less than 75 days growing season and svitable for cultivation only under irrigation. It represents only that share of total desert land for which water is likely to
be available

Rainfall providing mare than 270 growing days, soils of all qualities in this zone, plus that part of the 120 - 270 growing days zone where soil rating is only marginally suitable
Equipped for irrigation and suitable drainage and not suffering from water shortages
Equipped for irrigation, but lacking drainage or reliable water supplies or with low quality and reliability of distribution

Total @rable land use in all developing countries comprises 728.0 million ha. The total land use per caput for all developing countries is 0.37 ha

Source:  FAD, Al 2000 data files



Well over half of the total cultivated land area is devoted to cereals.
Rice as the most important single crop occupies 18% of the land. In
actual land use wheat is more important than maize. Here, as for other
crops, interesting comparisons with land suitability and potential land
use in Chapter 4 can bDe drawn. While for maize a huge potential for
area expansion exists, the potential wheat area, even under high input
conditions, would be well below 10% of the total cultivable area.

Each region has its distinct dominant cereal. In Africa it is the

millets, in Latin America maize, wheat in the Near East and rice in the
Far Fact

Ui LUO L.

Food crops other than cereals occupy somewhat over 30% of the cultivated
area. Roots (about 4%) and pulses (almost 9%) are the most important,
followed by ground nuts (2.9%). Non-food crops account for 11.8% of the
cultivated area with fodder crops (4.4%) and cotton (3.5%) standing out.
The potential to increase food supplies in developing countries by
switching land use from non-food crops to food crops, as sometimes
advocated, would from this appear to be strictly limited. An analysis by
country would, however, point to important exceptions from this general
perspective. .

- The picture drawn from Table 5.4 differs from that based on production
quantities and values of the different commodities. Thus maize and
millets are much more important in area than in production value. This
is due partly to prices and people's preferences, partly it is the
result of different yield levels. The different natural environments
also intervene. The 'millets tend to be grown in the driest areas that
would be hardly suitable for any other ¢rop. Judging by production value
alone the 1importance of millets could thus be underestimated. For the
identification of research pniorities neither land area nor production
value are sufficient. They may influence but do not by themselves
determine the payoffs of research efforts.

5.5 Crop Yields

Crop yields are important indicators of agricultural productivity. They
have been a major focus of research efforts in the past and they have
been given close attention in previcus papers dealing with research
priorities. Table 5.5 gives average yields for the main crops by world
region as presented by TAC (1979). The figures are updated to 1982.

The yield differences among the regions are great. It is not so clear,
however, what conclusions should be drawn from such differences. The
rice yield in China at close to 5 tons is high but most of that rice is
produced under non-tropical irrigated conditions. Meaningful
comparisons could possibly be made with the Koreas or Japan (where they
are higher) but not necessarily with India. On the other hand, the
average yield in India at 1.7 tons may be considered low by any
standards. Wheat yields provide another example for the difficulty of
drawing conclusions. Yields are lowest by far in Australia. Yet some
of the most sophisticated technology is applied to achieve production in
extremely marginal areas and under drought conditions. The wheat yields
in Northern America are a bit more than half of theose in Europe, but



a)

Table 5.4.: Land use in developing country groups
developing countries

by crop, 1974/76, in percent of total land use for crops in all

d)

Africa latin Near  far Low Least ) Agricultural growth All
Americe EBast fast income developed under 3 percent developing
3 percent or over countries
wheat 1.4 1.9 4.0 k.7 5.4 0.7 6.6 5.2 1.8
Rice 0.7 1.4 0.2 15.9 14.0 2.4 12.3 6.0 18.2
Maize 2.5 4.6 0.4 2.7 3.8 1.1 4.1 6.0 10.1
Barley 0.7 0.2 1.2 0.7 0.8 0.2 1.5 1.4 2.8
Millets and other cereals 5.0 1.0 1.2 6.8 10.7 3.2 12.6 1.8 13.9
Roots 2.0 0.8 0.1 0.9 1.9 0.6 1.9 1.9 3.8
Raw sugar (beet) 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.1
Raw sugar (cane) 0.1 1.0 0.0 0.8 0.8 0.1 1.0 0.9 1.9
Pulses 2. 1.4 0.3 4.9 £.0 1.0 6.4 2.3 8.7
Vegetatles 0.4 0.2 0.3 1.7 1.8 0.2 1.8 0.8 2.7
Bananas 0.2 0.3 - 0.2 0.4 0.2 0.4 0.5 0.9
Citrus fruit - 0.2 - - 0.1 0.0 0.2 0.2 0.4
Dther fruit o) 0.2 0.4 0.6 0.7 0.7 0.1 1.0 0.9 1.9
0live and other oils 0.4 0.1 0.2 1.3 1.4 C.1 1.5 0.5 2.0
Palm (-kernel) oii 0.3 0.1 - 0.1 0.1 0.0 0.3 0.2 0.5
Soybeans 0.1 1.2 - 0.3 0.2 0.0 0.1 1.4 1.5
Groundnuts 1.0 0.2 0.2 1.6 2.2 0.5 2.3 0.6 2.9
Sunflower - 0.3 0.1 0.1 0.1 0.0 0.4 0.1 0.5
Sesame seed 0.1 0.1 0.2 0.6 0.8 0.3 0.7 6.3 1.0
Coconuts 0.2 - - 1.2 0.7 0.0 0.3 0.9 1.3
Cocoa 0.6 0.2 - - ¢.1 0.0 0.5 0.3 0.8
Coffee. 0.6 0.9 0.0 0.1 6.5 0.2 0.4 1.1 1.6
Tea .0 0.0 0.0 0.2 0.1 0.0 0.1 0.0 .2
Tobacco 0.0 0.1 0.1 0.2 0.2 0.0 0.2 0.3 0.4
Cotton 0.5 0.7 0.4 1.7 2.3 0.5 2.1 1.k 3.5
Jute and hard fibres 0.1 0.1 0.0 0.5 0.5 0.2 0.4 0.3 0.7
Rubber 0.0 0.0 0.0 1.0 0.5 0.0, 0.1 0.9 1.0
Fodder crops 0.2 2.1 0.4 1.7 2.0 0.0 3.6 C.8 boh
Other crops 0.2 0.0 0.0 0.3 0.4 0.1 0.4 6.1 8.5
Cereals ) 3 10.0 9.1 7.0 30.8  34.1 7.6 36.5 20.4 56.9
Other food crops 9) 7.8 6.5 2.1 1.9 17.6 3.2 19.4 12.0 3.3
Non-food crops 1.6 3.9 0.9 5.4 6.6 0.9 6.9 4.8 11.8
Total 19.4 19.5 10,0 51.1 58.3 M.7 62.8 37.2 100.0 D

3) hccording to FAO's AT 2000 project data. Based on cultivated ares in ha
£)  Per caput GDP of US $ 300 or lower in 1975
c) Official UN classification

d)  Annual rate of change of gross agricultural production 1967 - 80. All the commodities covered in FAO's AT 2000 project are
considered

e) Other oils comprise all vegetable oil production with the exception of olive oil, palm (-kermel) oil, soybeans, groundnuts,
sunflower, sesame seed,and coconuts

f)  wneat to millets and other cereais
g) Roots to cocoa
h) Coffee to other crops

i) Total cultivated area in all developing countries comprises S4%,7 million ha

Source: FAO, AT 2000 data files



Table 5.5.: Yields of major food crops in world regions, 1982, in kg/ha

World USA, Western Japan, USSR, China - South and India Middle Centra) & Central South
Canada Europe Australia, Lastern Southeast tast, South America America
' Oceania Europe . Asia Nor th AMfrica

(except Africa

Japan, ’

China,

India)
Cereals - . -
Rice 2 956 5 315 5279 5 71 3 801 4 886 2 634 -1 744 3236 1 424 2 911 2 065
Wheat 2 030 2 338 4 001 836 1797 2 488 1673 1 696 1376 1 352 L 186 1 648
Maize 3 49¢ 7 154 5 611 5116 - 3 8htb 3 000 1 618 a1 2 148 999 1799 1958
Sorghum 1 426 3 705 4 6R? 2 022 1 000 2 500 1095 . 675 . - 683 68¢ 307 3014
Millets 660 - 1 958 1131 . M 1500 . 924 500 657 60k 1168
Barley 2 064 2 867 3 561 924 1 677 2 560 2 027 1 150 1 141 1230 1 758 1021
Total, cereals above ? 178 b 141 4 Qo8 1577 1 918 3 44z 2 4ho 1 304 1397 84S 2 261 1 954
Total, all cereals 2 328 3 589 3 957 1507 1 829 3 388 2 436 1 304 1392 847 2 253 1932
Pulses
Cowpeas 232 - 2 394 1 000 - - 653 - 1671 222 388 -
Pigeonpeas ik - - - - - 500 751 561 631 1 286 537
Chickpeas 602 - 618 - - - 665 584 576 77¢ 1 092 501
Dry beans 555 1577 697 1 601 423 971 706 C 300 1012 650 657 538
Lentils 731 1 254 685 - €91 - bl 497 1 403 109 833 517
Broadbeans 1 086 - 1376 588 1692 : 1 067 - - 1 020 1 451 1 060 520
Total, pulses above 582 1529 862 1 bbb 491 1025 682 481 827 391 707 537
\egume oilseeds . o
Soybeans 1 R05 2 166 2 488 1581 795 1129 984 956 2 367 750 1 719 1 64b
Groundnuts 92 7549 709 623 700 - 700 657 700 707 684 700 700
Roots_and tubers }
Cassava 8 761 - - ~ - 13 404 11 090 17 948 2 778 6 %8¢ 5 842 11 300
Irish potatoes 14 374 29 57¢ 2% 280 27 878 12 913 10 345 10 350 13 750 13 022 6 016 12 6427 10 567
Sweet potatoes 12 336 14 439 10 527 20 931 - 13 929 6 740 7 317 12 661 6 541 b 513 8 938

Yams 9 035 - 10 556 18 500 - - 2 941 i - 2 875 9 174 3 801 9 564

Source: FAD, IS data files

ARG =



this 1is dictated by differences in socio-economic and natural conditions
that lead to completely different production intensities.
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5.6 Yield Variation and Yield Reserves

Table 5.6.a presents results of a first effort to analyse yield
differences. Inter-country coefficients of variation of yields are shown
by land <class. A small figure shows that actual yields do not differ
very much among countries. This may indicate that actual yields are
close to potential yields. On the other hand, high coefficients of
variation demonstrate that actual yields in many countries can still be
increased without reaching biological restrictions. In this case
considerable yield gaps can be assumed to exist.

Surprising is the relative stability of the coefficient of variation for
different crops or different land classes. Obviously, there is a rather
constant cross country variation of crop yields which seems to be
independent of the c¢rop or +the land class considered. These figures
suggest that there is some "natural barrier” for actual yield adjustment
in developing countries. Appropriate research may help tc overcome such
a barrier. Alternatively, variability in the developing world may be
accepted and efforts directed to increasing potential yields and actual
yields within the whole system. In any case, interpretation requires
caution because the land classes used cover a wide climatic range.

There are interesting exceptions to the general pattern. Large yield
gaps mostly exist in problem areas such as for maize, millets, fruit,
palm (-kernel) oil, and cotton. Some large gaps alsc exist in good
rainfall areas for millets, citrus fruit, and cotton. Coefficients of
variations on irrigated lands, on the other hand, tend to be relatively
low. Considering fully irrigated areas crops like barley, sugar beet,
soybeans, ground nuts, coffee, and tea should be mentioned. This impact
of irrigation on agricultural production deserves to be emphasized.
Irrigation not only increases yields, but also equalizes yields across
countries. Hence, it 1is of primary importance for an intensified and
worldwide use of production potentials.

Such a conclusion is also possible by means of Table 5.6.b. This table
shows actual and potential yields in developing country land classes.
The figures refer to 1974/76 and concentrate on crops. The actual
yields reveal the high differences between irrigated land and other land
areas. The potential yields, on the other hand, demonstrate that huge
yield gaps could still be covered by appropriate adjustments of
production processes. This is true for any land class and shows the
importance of appropriate innovation research. As indicated by the
figures, yield potentials on irrigated lands are, however, already
exploited to a larger extent than those on other areas.

In summary, the figures throw light on different aspects of the yield gap
problem. Applied research and, especially, irrigation may contribute to
increased exploitation of yield potentials, but this is likely toc be of
different importance for different crops and land classes. Social
pay-offs of such-a strategy, however, have to be compared to the
alternative approach of increasing yield potentials through more basic
research. That approach may be rather promising in case of identified
small yield gaps.



Table 5.6.3: Coefficient of variation 3) of yields in developing country lang &lasses b) by crop, 1974/76, in percent

Good Low Naturally fully Partially Problem All
geveloping
rainfall 2 rainfall ¢ flooded e) irrigated 2 irrigates 9) areas h) countries
wWheat 42.7 b 2 40.2 Le .4 39.7 Th2.3 58.1
Rice 40,3 - 40.0 38.3 39.1 8.2 53.6
Maize 50.6 4g.7 - bl 4 43, 62.7 57.5
Barley 58.9 33.9 - 29.1 403 48.9 61.4
Millets & other cereals 64.9 46.7 32.9 48.0 49.5 60.5 65.3
Roots 445 31.8 43.7 35.6 36.3 k5.5 46.8
Raw sugar {beet) - - - 5.0 - - 22.3
Raw sugar {cane) 32.2 - k1.8 33.6 ko.2 50.3
Pulses 39.1 k2.5 61.5 43.7 40.6 42.6 47,8
Vegetables k9.6 3.2 . 40.2 k0.9 49.90 51.4
Bananas 37.8 - ¢ 513 32.6 - 41,0 4k 1
Citrus fruit 64.1 - 39.9 31.3 52.1 55.1
Other fruit 1) 56.2 5.8 69.5 by b ht.2 71.3 62.9
Olive & other oils 47.4 5.7 - 46.7 56. h3.6 50.9
Palm (-kernel) oil - - - - - 7.4 A
Soybezns 36.1 - - 17.5 - ’ 33.8 36.0
Ground nuts 40.9 35.0 - 30.0 27.8 4o 4 43,7
Sunflower k3.3 - . - - - - 53,2
Sesame seed 46.9 49.3 - - 35.3 k5.3 47.2
Coconuts 7.2 - - - - 55.9 57.1
Cocoa - - - : - - 48.6 48.7
Coffee 39.5 - - . 2k.2 ‘ - 52.4 53.1
Tea 30.7 - - 25.5 21.4 39.4 38.3
Tobacco 43,7 - - 32.3 . 35.9 51.7 kb g
Cotton 61.7 3.1 - 36.1 34.8 96.8 60.3
Jute & hard fibres 40.9 56.2 33.9 - - 47.9 k3.4
Rubber - - - - - 35.3 37.6
Fodder crops 39.9 - 25.9 - 41.9 35.5 24.5 40.5

3) Standard deviation/mean
"b)  According to FAD's AT 2000 project data

¢) Rainfall providing 120-270 growing days, soil quality very suitable or suitable according to FAD's agro-ecological
zones project classification

d)  Rainfall providing 75-120 grouiﬁg days, soil quality very suitsble, suitable, or marginally suitable according to
FAD's agro-ecological zones project classification

e) Land under water for part of the year and lowland non-irrigated paddy-fields
f) fquipped for irrigation and suitable drainage and not suffering from water shortages

g) Equipped for irrigation, but lacking drainage or reliable water supplies or with low quality and reliability of
distribution

h)  Rsinfall providing more than 270 growing days, soils of all gualities in this zone, plus that part of the 120-270
growing days zone where soil rating is only marginally suitatle

i)  Other oils comprise all vegetable oil production with the exception of olive oil, pelm (-kernel) oil, soybeans,
ground nuts, sunflower, sesame seed, and coconuts.

Source:  FAD, AT 2000 dats files



Table 5.6.b:  VYield reserves for cereals in developing country land classes 3) by crop

) ) d) ) f) q)

Good rainfallb Low rainfall® Nsturally flooded fully irrigatede Partially irrigated Problem areas All developing countries

Actual yields, 1974/76, in kq/ha

Wheat 1156.0 530.0 1 320.0 2.075.0 1 541.0 672.0 1288.0

Rice 1 534.0 - 1 606.0 3059.0 2 232.0 1 099.0 1 947.0

Maize 1 402.0 953.0 854.0 3 296.0 1.957.0 957.0 1377.0

Barley 1 473.0 695.0 1 471.0 1.798.0 1 434.0 850.0 1156.0

Other cereals 978.0 k55.0 815.0 2 676.0 1 636.0 580.0 735.0
Potential yieldsh), in percent of actual yields 1974/76

vheat 302.8 M4 207.3 o 289.2 227.1 372.0 290.7

Rice 221.6 - 230.2 228.8 257.6 254 .8 256.5

Maize 356.6 157.4 351.3 229.1 » 306.6 418.0 348.6

Barley 339.4 229.0 203.9 278.1 265.0 352.9 308.2

Other cereals 511.3 307.9 184,14 - 224.2 _ 305.6 431.0 409.1

a) According to FAO's AT 2000 project data

b)  Rainfall providing 120 - 270 growing days, soil quality very suitable or suitable according to fA0's agro-ecological zones project classification

¢)  Rainfall providing 75 - 120 growing days, soil quality very suitable, suitable, or marginally suitable according to FAO's agro-ecological zomes project classification

d) land under water for part of the year and lowland non-irrigated paddy-fields

e) [Equipped for irrigation and suitable drainage and not suffering from water shortages

f)  fquipped for irrigation, but lacking drainage or reliable water supplies or with low quality and reliability of distribution

g) Rainfall providing more than 270 growing days, soils of all quaslities in this zone, plus that part of the 120 - 270 growing days zone where soil rating is only marginally suitable

h)  Potential yields reflect a known technology which is applicable to the area considered

Source:  FAD, AT 2000 data files
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6. Indicators of Non-land Production Factors
6.1 General

The basic rationale for analysing non-land production factors is the
same as in the previous chapter. The relative scarcity of different
production factors is important in orienting research and determining
priorities. While the previous chapter focussed on land this chapter
deals with the availability and productivity of other production
factors. Beyond inputs into crop agriculture, livestock as an important
factor of agricultural production and livestock productivity are
specifically dealt with.

6.2 Input Structure in Crop Agriculture

Factor-oriented research intends to change the input structure in
agricultural production. The general principle is to find ways to save
scarce factors and to extend the use of abundantly available factors.
It 1is 1impossible, however, to take an isclated view of agricultural
production factors without considering commodities. The production
process itself constitutes a close link between factors and commodities.
Furthermore, also factor-oriented research activities are often directed
to specific products. Finally, social pay-off evaluation of different
research areas is heavily based on commodities.

If production of certain commodities requires large amounts of scarce
inputs research with respect to these commodities may result in
considerable 1input savings. On the other hand, certain commodities may
require large amounts of labour. Research-induced extension of such
commodities could effectively reduce employment problems which is an
essential goal as such in most developing countries. Equally, research
could help to make better use of scarce resources in such labour-using
production branches. In general, factor-oriented research efforts will
have to take into account the current input structure and their possible
impact on this structure.

Table 6.2.a shows the use of inputs for different crops in developing
countries.Traditional and improved seed, land labour, draught animals,
and tractors as power source, fertilizers and pesticides are the inputs
dealt with. The figures refer to 1974/76 and reveal remarkable
differences in the input structure among crops. Cereal production has a
high power demand, using more than half of all available labour, draught
-animals, and tractors. Most. of the fertilizer, on the other hand, is
used in the production of food crops other than cereals. The use of
pesticides 1is lowest 1in cereals production, especially high for the
non-food c¢rops. Data for more recent years are incomplete and could not
be used here. It 1is noteworthy, however, that they show substantially
increases in the use of all inputs for cereals as a commodity group.

0f the individual commodities rice production absorbs more than one
third of labour and draught animal inputs. Its use of fertilizers and
pesticides 1is considerable, too. Other commodities that use large
amounts of all inputs considered are wheat, maize, sugar cane, and, to a
lesser degree, millets, roots, and cotton. The high use of pesticides
in cotton production may not be surprising. Nevertheless, it seems’
worth pointing out that almost one third of all pesticide use in
developing countries is accounted for by that crop alone. The picture



Table 6.2.a: Input use in developing countries 2) by crop, 1974/76, in percent of total input use

Seed b) Power ¢) Fertilizer e) Pesticides 2
. . d)
traditional improved labour draught tractors totsl L P K
animals
Wheat 43,1 28.8 4.5 6.5 14,8 5.8 7.0 10.1 6.4 3.3
Rice 25.4 46,3 34.3 38.4 144 34,9 22,3 12 0 133 11.0
Maize 10.9 7.1 9.0 7.8 12.7 9.0 6.1 5.4 3.2 6.0
Barley G.4 9.3 0.8 1.3 2.8 1.1 2.1 3.6 2.0 0.0
Millets and other cereals 11.2 8.5 8.4 103 6.1 8.8 53 40 1.6 b5
Roots - - 6.5 k.1 6.4 5.8 2.5 3.2 3.6 10.9
Raw sugar (beet) - - 0.1 0.1 0.6 0.2 0.6 0.9 1.7 0.5
Raw sugar (cane) - - 5.0 5.3 11.2 5.6 17.6  15.6  21.3 4.3
Pulses - - 5.3 7.2 3.7 5.2 2.7 8.3 0.5 1.0
Vegetables - - 4.8 3.7 2.1 4.3 2.9 3.6 6. 1.7
Bananas - - 0.4 0.1 G.1 0.3 1.2 1.2 2.0 1.2
Citrus fruit - - 0.4 0.2 0.5 0.4 14 1.0 30 1.9
Other fruit ) - - 1.3 0.5 1.0 1.0 2.0 1.5 4.2 12.2
Olive and other oils - - .5 1.8 1.4 1.6 3.6 2.9 3.2 0.0
Palm (-kernel) oil - - 0.2 0.0 0.1 0.1 0.0 .0.0 0.8 0.0
Soybeans - - 0.6 0.7 2.3 0.8 6.7 8.6 - 0.0
Groundnuts - - 2.8 2.5 1.4 2.6 1.3 1.9 2.0 0.8
Sunflower - - 0.2 0.2 1.1 0.3 0.5 0.6 1.4 0.4
Sesame seed - - 0.6 0.7 0.0 0.7 0.1 0.7 0.1 0.1
Coconuts - - 0.7 0.2 0.1 0.6 0.5 0.5 1.8 0.0
Cocos - - 0.4 0.1 0.1 . 0.3 0.1 0.1 0.3 0.0
Coffee - - 2.1 0.7 0.8 1.6 0.6 0.7 1.0 5.5
Tea - - 0.5 0.2 0.2 0.4 Z.8 1.k L0 0.1
Tobacco - - 0.9 0.2 0.7 0.7 0.6 1.3 2.3 p.5
Cotton - - 4.8 4.3 6.8 L.8 5.6 4,2 11 32.2
Jute and hard fibres - - 0.8 0.6 0.2 0.7 1.5 1.3 0.0 0.0
Rubber ’ - - 1.2 0.4 0.4 0.9 S0 0.0 0.4 0.0
Fodder crops - - 1.9 1.9 8.0 2.3 3.3 5.9 2.7 2.0
Cereats . 106.0 100.0 57.0 6h.2 50.6  58.8 V.8 35.2 26.5 24.8
Otber food crops , - - 30,9 27.4 a4 297 43.7 50.0 61.9 35.0
Non-food crops - - 2.4 8.4 17.0 .5 .S 1.8 1.6 40,2
Total D - - 100.0  100.0 100.0 100.0 100.0 100.0 100.0 100.0

a). According to FAD'S AT 2000 project data. land use for crops is discussed séparately in chapter 5.4
b) Based on volume, in percent of cereals

¢) Based on man-day equivalence

d) Total power reguirement from labour, draught animals,and tractors

e} Fertilizers in N,P,K nutrition content

f) Based on valve (US §)

g) Other oils comprise all vegetable oil production with the exception of olive oil, palm (-kernel) oil, soyabeans, ground-
nuts, sunflower, sesame seed,and coconuts

h) Wneat to millets and other cereals
i) Roots to cocos
k) Coffee to fodder crops

1) The absolute figures for all developing countries are: in million man-days, labour (48 932), draught animals (20 085), trac-
tors (5 240); in 7 000 metric tons, N (6 333), P (4 929), X (2 223); in million US §, pesticides (1 841)

Source: FAQ, AT 2000 data files



- DD -

for the other commodities and inputs 1is rather differentiated and
difficult to generalize on.

In summary, input use in developing countries varies greatly among crops
and does not reflect at all production value or land area occupied.
Hence, factor-oriented research cannot simply be based on important
commodities, but has to consider differences in input structure as well.

Table 6.2.b shows the aggregated input use for developing country
groups. The wuse of hand labour and of draught animals is prominent in
the Far East. As many low income countries are located in this region
the same is true for this country group and the group of countries with
low agricultural growth. A high share of hand labour in part only
reflects a high share in total population but the importance of draught
animals 1is a characteristic feature of the Far East. Tractor use is
relatively modest in the Far East and, again, in low income countries.
These country groups alsc use about half of the traditional and the
improved seed each. This confirms the well known phenomenon that
improved seeds call for increased use of complementary inputs,
particularly fertilizer. In general Africa's share in the wuse of
material inputs is rather low whereas the opposite is true for Latin
America. This generalization 1is valid also if one sets input use in
relation to the human population or to cultivated area.

As a consequence factor-oriented research will have to consider regional
differences in  input use and structures. Hence, factor-oriented
research, too, cannot simply take a global view, but has to take into
account specific country group characteristics.

6.3 Labour Productivity in Crop Agriculture

Factor-oriented research may change the input structure of agricultural
production in different ways. Ultimately it has 1o contribute to
increased labour productivity, which 1is a basic incentive for the
adoption of innovations and, thus, for technological change.

Table 6.3. gives monetary labour productivities in developing country
groups by c¢rop. Again, the figures refer to 1974/76. They reveal
considerable divergences among country groups and crops. In economic
terms this 1is an indication of imperfect labour markets in developing
countries. The mobility of labour is imperfect both among countries and
among crops.

Labour productivity is relatively high for food crops other than cereals,
particularly bananas, citrus and other fruit. Labour productivity in
cereal production, on the other hand, is relatively low, especially so
in millets, maize, and rice production. As for developing country
groups, labour productivity is extremely low in least developed
countries. Africa - which comprises most of the least developed
countries - and the Far East as well as countries with low income and
low agricultural growth also have low figures. High values apply to
Latin America, the Near East, and countries with high agricultural
growth.

Very low labour productivities exist for maize in Africa and the Far
Fast and for millets in Africa, the Near Fast, and the Far East. The
same is true for sunflower in the Far East and for cotton in Africa and



)

Table 6.2.b: Input use for crops by developing country group a , 1974/76, in percent of total imput in developing countries

Seedb) Pouerc) Fertilizere) Pesticidesf)
traditional improved labour draught animals tractors. totald) L] 4 X -

Africa 12.3 6.4 18.6 7.1 7.1 14.7 6.6 7.7 6.9 16.4
Latin America 13.1 23.0 12.6 11.2 50.6 14.9 3.1 32.8 28.7 36.7
Near East 25.9 23.0 6.8 b9 17.8 7.1 13.7 15.6 12.6 12.5
far fast 48,7 h7.6 62.0 76.8 24.5 63.3 47.6 43.9 51.8 344
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Low inconed? 52.7 k9.7 69.2 79.4 22.8 68.7 9.2 390 36.9 b2,
Least developed” 9.1 6.9 1.3 13.2 2.1 132 3.3 3.1 2.2 9.7
Agricultural grouthl)

~ under 3 percent 61.9 60.4 65.5 -~ 7h.6 48.8 66.8 4q.4 42.8 39.9 49.1

- 3 percent or over 38.1 39.6 34.5 25.4 51.2 33.2 58.6 57.2 60.1 50.9

3)  According to FAO's AT 2000 project data. lend use is discussed separately in chapter 5.2. The following crops are considered: wheat, rice, maize, barley, millet and other cereals,
roots, raw sugar, pulses, vegetables, bananas, fruit, vegetable oils, cocoa, coffee, tea, tobacco, cotton, jute and hard fibres, rubber and fodder crops

b) Based on volume, in percent of cereals

¢) Based on man-day equivalence

d) Total power requirement from labour, draught animals,and tractors

e) Fertilizers in N,P,K, nutrition content

f)  Based on value (US §)

g)  Per caput GDP of US $ 300 or lower in 1975

h) Official UN classification

i) Annual rate of change of gross agricultural production 1961 - 80. ALl the commodities covered in FAO's AT 2000 project are considered

Source:  FAD, AT 2000 data files



Table €.3.: Llabour productivity in developing country groups a) by crop, 1974/76, in US $/msn-day -

Africe Latin Near far Low b) least ) Agricultural growth d) All
Americs fast [ast income developed under 3 percent developing
3 percent or over countries

Whest 5.6 15.6 6.7 4.5 4 4 3.0 5.1 7.8 6.1
Rice 2.0 4.2 3.8 2.6 Z.4 2.2 2.3 3.9 2.7
Maize 1.4 3.2 2.6 1.8 1.5 1.2 z.0 2.3 Z.2
Barley 6.0 10.4 7.4 4.5 3.6 3.3 4.8 8.2 €.2
Millets and other cereals 1.1 5.7 1.9 1.5 1.4 1.2 1.5 2.9 1.6
Roots 3.9 9.9 7.5 5.5 3.9 2.8 4.5 6.0 5.2
Rawv sugar (beet) 8.0 25.9 13.7 8.8 6.3 3.9 12.6 13.5 13.0
Raw sugar {cane) L6 7.6 5.7 3.4 3.2 3.0 4.0 6.3 4.9
Pulses 2.7 5.5 7.0 3.3 3.2 2.8 3.2 4.8 3.5
Vegetables 5.9 13.6 10,1 7.3 7.0 5.6 7.5 9.0 8.0
Bananas 20.6 37.8 28.7 27.6 20.8 19.5 25.3 30.9 28.0
Citrus fruit 1.3 28.5 17.2 12.3 12.9 M.z 15.2 25.1 20.1
Other fruit ) 19.7 34,5 22.2 15.2 18.0 16.2 21.¢ 2h.4 22.6
Olive and other oils € 2.7 8.6 bz 2.3 2.2 1.6 2.5 3.8 2.9
Palm Ckernel) oil 9.5 17.8 - 30,5 12.5 6.2 8.3 23.6 15.4
Soybeans 2.4 1.2 8.8 4.0 3.6 2.1 8.3 9.2 9.1
Groundnuts 3.1 8.2 6.6 3.2 3.2 3.6 3.2 b 4 3.5
Sunflower 2.6 13.4 5.7 1.9 2.0 1.8 6.3 6.4 6.3
Sesame seed 2.4 5.3 3.3 2.2 2.b 2.8 2.3 4.0 2.7
Coconuts 2.8 8.6 - 5.1 bb 1.8 3.7 5.9 5.1
Cacos 9.3 14.2 - 2.3 8.2 5.7 8.9 12.7 10.5
Coffee L.y 8.9 6.3 6.3 L7 3.9 4.7 7.8 6.7
Tea 5.1 80.7 7.5 5.2 5.1 5.3 6.1 7.6 6.5
Tabacco 7.8 12.4 6.6 6.8 6.4 5.7 7.6 8.2 8.0
Cotton 1.6 5.6 5,9 1.8 2.0 2.2 1.9 4.7 2.8
Jute and hard fibres 2.4 6.5 - 3.5 2.9 3.6 3.2 k.7 3.6
Rubber 3.6 - 4.2 - 3.9 2.7 - 2.7 L 3.8
fodder crops 7.9 25.0 8.3 4.3 4.8 4.2 7.2 10.1 7.7
Cereals ) : 16 ks Lo 2.6 2.3 1.8 2.4 3.5 2.1
Other food crops 3) 87 M7 M 5.2 L7 L.z 5.4 8.5 6.5
Non-food crops 3.5 9.9 5.4 3.3 3.2 3. 3.9 5.9 4.7
Total 3.2 B.3 6.9 3.3 3.1 2.6 3.4 5.5 4.1

3) hccording to [AQ's AT 2000 project data
b)  Per caput GDP of US $ 300 or lower in 1975
c) Official UN classification

d) Annual rate of change of gross agricultural production 1961 - 80. All the commodities covered in FAQ's A1 2000 project
are considered

e) Other oils comprise &ll vegetadble oil production with the exception of olive oil, palm (-kermel) 0il, soybeans, ground-
nuts, sunflower, sesame seed,and coconuts

f)  Wheat to millets and other cereals
g) Roots to cocoa

h) Coffee to fodder crops

Source:  FAD, AT 2000 dats files



the Far East. High labour productivities are achieved in the production
of bananas in all regions, of citrus fruit and tea in Latin America, of
palm (-kernel) oil in the Far East, and of fruit other than citrus fruit
in Latin America and the Near East.

For research priorities the interpretation of labour productivities has
similar problems as that of yields. High or low values as such do not
prove anything. Thus, 1low labour productivities may be indicative of
promising - since so far neglected - research areas. Assuming
diminishing returns to research such a choice of priorities might result
in higher returns than concentrating on commodities with high labour
productivities. On the other hand, low productivities may be indicative
of barriers to research which are difficult to overcome; whereas high
rates might reflect research successes in the past that can be repeated
in future. In this case, research support will have tc concentrate upon
commodities with high labour productivities. Consequently, reasons for
differences in labour productivities are more important for setting
research priorities than the labour productivities as such.

6.4 Capital Intensity in Crop Agriculture

As a generalization, factor-oriented considerations in developing |
countries will tend to stress labour-intensive technologies. Such g
general view, however, will have to be specified according to particular
commodities and research areas considered. Actual differences in factor
intensities for different commodities have to be taken into account. As
a consequence there may be different approaches and prospects for
research to enhance labour-intensity for specific commodities. For a
commoditiy that 1is already produced 1in a relatively labour-intensive
way, it may be difficult to increase labour-intensity further. On the
other hand, concentration of research and development efforts on these
products may have considerable employment benefits. Other crops are
already now produced - in -a capital-intensive way for a variety of
reasons. A change in factor intensities may be difficult to effect
despite its overall desirability. Promising research areas may have to
be quite different from those relating to labour-intensive production
processes. : S

Table 6.4. presents indicators of mechanical power use (tractors and
draught animals) in developing countries as percentage of total power
input. That ratio may be taken as a "proxi" for capital-intensity and
gives insight into different technology levels of crop production.
Again, the data——refer to 1974/76. The methodology of calculating a
common denominator. for the different sources of power 1is given in
Konandratos et al (1982).

For developing countries as a whole agricultural production is very
labour-intensive. Mechanical power accounts for only half of total
power. Capital-intensity is extremely low in Africa (les than 20%
mechanical power) and considerably below average in least developed
countries. On the other hand, it is relatively high in Latin America.
- Considering commodity groups, capital-intensity is relatively high for
cereals and relatively low for non-food crops. Food crops other than
cereals take a medium position. It may come as a surprise that the
production of non-food crops 1is relatively more labour intensive than
cereal production. This is related to the limited technical suitability
of many of the typical tropical non-food crops like tea, coffee, rubber



Table 6.4.: Use of mechanical power in developing country groups a) by crop, 1974/76, in percent of total power use

Africa  Llatin Near  far Low b) Least Agricultural grovthd) All
America  fast  East income ceveloped under 3 percent developing
3 percent or over countries
Wneat . 127.5  183.3 96.9  79.4  74.0 k7.0 87.1 1M1.8 95.6
Rice 18.5 64 .1 374 51.3 52.5 5¢.8 55.6 37.7 50.5
Maize 24.6 70.4 39.3  55.6 40.4 28.7 53.1 48,3 50.4
Barley 139.5 123.8 108.3 6.4 68.2 72.0 93.9 105.0 98.3
Millets and other cereals 15.3 101.3 45,3 100.2 70.3 30.9 60.5 43.7 58.0
Roots 13.6 91.8 93.8 52.2 29.8 29.0 33.9 39.3 %6.3
Raw sugar (beet) 25.0  225.0 95.2 100.0  50.0 - 81.3 97.6 89.7
kaw sugar (cane) k3.9 97.8 k3.6 51.9 9.6 51.3 58.8 79.8 66.7
Pulses 25.6 63.5 54.3 80,5  68.3 3.4 67.5 50.0 63.4
Vegetables 7.0 31.6 21.2 47.4 Ly 6 19.k 45.2 18.8 36.5
Bananas 3.2 21k - 27.1 12.3 5.5 15.0 144 14,7
Citrus fruit 2.2 36.0 243 26.1 20.6 1%.3 25.0 31.3 4.7
Other fruit ) 9.9 39.2 23,4 26.2 22.8 13.0 27.1 23.0 22.6
Olive and other oils ©/  17.0  86.2 3.3 6.9 72.9 26.9 70.9 28.1 50.6
Palm (-kernel) oil 1.9 20.0 - 14.3 3.7 - 2.4 13.2 7.5
Soybeans Th.3 57.3 100.0  39.5  40.0 - 100.0 82.0 83.6
Groundnuts 11.1 82.2 50.9  56.3 kb 4 21.5 447 26.5 41,3
Sunflower 50.0 160.6 73.3 59.5 57.4 50.0 1044 7.1 91.1
Sesame seed 30.0 50.0 47.7  67.9 58.2 Lk 9 57.8 46.9 54.9
Coconuts 5.6 33.3 - 15.3 15.8 7.1 16.1 148 15.2
Cocos 3.5 26.1 - - - - 5.5 13.3 8.8
Coffee 8.8 24.7 - 16.9 1.7 14.5 13.4 18.7 16.9
Tea 5.6 75.0 5.0 18.6  17.0 13.6 19.2 14.5 18.2
Tobacco 27.3 33.3 28,4 26.5 29.3 23.5 35.5 22.4 28.2
Cotton 19.4 92.2 69.0  46.2 41,7 32.9 38.5 79.6 52.2
Jute and hard fibres 10.0 32.k - 34,6 3.2 50.0 33.6 26.4 31.7
© Rubser 2.6 33.3 - 1.3 149 - 14,0 16.2 15.7
fodder crops 106.3  322.0 53.5 k8. 480 73.3 85.5 95.5 87.4
Leresls ) 2 255 8.5 69.8 577 554 A4Sk 59.1 . 55.8
Other food crops b 15.1 79.3 37.9  56.2 47.1 3 50.0 43k 47.6
Non-food crops 16.3 81.6 59.4 36,6 b4 29.3 43.6 43.0 b3,k
Total - - 19.9 79.3 57.7  55.1 50.6 39.5 54.7 461 51.8

a) According to FAO's AT 2000 project data. Mechanical power gomprises power of draught animals and tractors;'total
) powsr includes handlabour in addition. The calculations are bzsed on man-day equivalence

b)  Per caput GOP of US § 300 or lower in 1975
¢) Official UN classification

d) Annual rate of change of gross agricultural production 1961 - 80. All the commodities covered in FAO's AT 2000 project are
considered

e} Dther oils comprise all vegetable oil production with the exception of olzve o0il, palm (-kernel) oil, soybeans, grouadnuts,
sunflower, sesame seed,and coconuts

f)  Wheat to millets and other cereals
a) Roots to cocos

h) Coffee to fodder crops

Source: FAD, AT 2000 dats files



for mechanization. Individual crops show considerable differences in
capital-intensity. .It is high for wheat, barley, sugar beet, soybeans,
and sunflower, low for bananas, citrus fruit, other fruit, palm
(-kernel) oil, coconuts, cocoa, coffee, tea, and rubber.

The differences among developing country groups are also considerable.
Millet production, e.g., is relatively labour-intensive in Africa,
relatively capital-intensive in Latin-America and the Far East. Fodder
crops, on the other hand, are relatively capital-intensive in Africa and
- Latin America but relatively labour-intensive in the Near East and. in

the Far East. Hence, an aggregation over all developing countries would
not adequately reflect technology differences, among  them.
Considerations of research priorities, therefore, would alsc have to be
based on a differentiated view of the developing world

6.5 Livestock Populations

One of the most important factors in livestock production are the
animals of the. different species. Table 6.5.a gives the ruminant
numbers (cattle, sheep and goats) in the form as contained in the 1879
TAC report ( 1975 figures) and, in addition, the figures for buffaloces,
pigs and chickens. = The figures are up-dated to 1981 and the annual
rates of change since 1975 are given.

Absolute animal numbers by world region, of course, are a doubtful basis
for research priorities. The fact that India has fewer sheep than
cattle while for China the reverse applies does not in itself have
research implications. -Only in an extreme case like the virtual absence
of sheep and goats in Japan might one be led to ‘conclude that sheep and
goat  research should not have a high priority in that country.

Conversely buffaloes stand out as a particularly important species in
Asia. ' .

Conversion of the absolute animal numbers to percentages would show the
different relative importance of the livestock species in the
geographical regions as characterized by the share they have in total
populations. Relative to the cattle (and buffalo) shares - the most
important single species - Africa has a high proportion of sheep and
goats, Latin America stands out for the high proportion of pigs and of
poultry, the Near East for the virtual absence of pigs and for a high
proportion of sheep and goats. The latter two, again, are of relatively
lesser importance in the Far East. :

In the developing countries livestock populations have generally
increased. China 1is an exception but here there are also particularly
grave data inconsistencies. Overall, the variations among regions, on

this  aggregate level, do not lend themselves to straightforward
interpretations.

In Table 6.5.b the world livestock populations have been converted to
animal units. For the ruminant species this is a common procedure to
allow comparison on a feed requirement basis. The conversion of
monogastric animals like pigs and poultry to animal units is less common
but does help to get an idea of the relative importance of the different
species. Some 60% of the livestock population thus gquantified is
accounted for by cattle; somewhat more in the developed countries, a bit



Table 6.5.3: Llivestock numbers in world regions, 1987 and annual rate of change 1975-1981 2)

1981, million head 1975 - 1981, in percent

Cattle Buffaloes Pigs Sheep Goats Chickens Cattle Buffaloes Pigs Sheep Goats Chickens
U SA and Canada 126.8 - 74.1 13.4 1.4 474 .6 - 2.3 - 3.4 -- 2.0 0.0 0.3
Europe 132.5 0.4 17h .2 1311 1.9 112304 - 0.3 0.0 1.7 1.5 0.4 - 0.4
Oceania 34.3 - 4.8 204.6 0.4 64.0 - 3.9 - 1.9 - 0.2 12.2 4.1
USSR 115.1 0.3 734 141.6 5.9 - 988.1 0.9 ~ 4.7 0.3 - 0.4 0.0 4.6
Central America 53.7 0.0 19.1 9.6 9.5 256.6 1.9 - 0.4 1.1 - 2.4 2.3
South America 213.8 0.6 53.9 105.2 19.1 671.7 0.0 20.1 1.2 0.8 0.6 6.1
Africa. 170.9 2.3 9.8 184.3 148.9 597.2 1.7 0.7 3.7 2.9 3.0 3.7
Asia (except India, 123.0 31.5 39.5 1688.3 1M7.1 904.7 2.5 0.6 - 2.9 3.7 -

China, Japan) ’

India 182.0 61.5 10.2 41.5 72.14 147.0 0.2 0.4 b 0.6 0.7 0.7
China 53.h4 18.9 310.3 105.2 82.3 861.4 - 3.0 ~ 7.4 - 6.2 5.3 -
Japan bb - 10.1 0.0 0.1 286.3 3.4 - .6 - 0.0 2.8
World 1209.8 121.6 779.3 1130.8 h68.7 6482.2 0.1 -~ 1.1 2.9 0.0 2.8 1.2

a) Inconsistency of data bases may especially exist for China

Source:  FAO, FAD Production Yearbooks 1977 and 1981



Table 6.5.b:  Livestock populations in world regions in animal units (AY) 2) 1981

- million Al -

Cattle Buffaloes Pigs Sheep Goats Chickens Total
AU % AU % AU % AU % AU % Al % Al %

USA and (anada 88.8 78.4 - - 18.5 16.4 1.3 1.1 0.1 - 4.9 LY | 113.4 100.0
Eurape 92.8 56.6 0.4 0.2 43.6 26.6 13.2 8.4 1.2 0.7 12.3 7.5 164.0 100.0
Oceania 2h.0 51.8 - - 1.2 2.6 20.5 44 3 - - 0.6 1.3 46.3 100.0
USSR 80.6 65.0 0.3 0.2 18.4 14.8 14.2 1.5 0.6 0.5 9.9 8.0 124.,0 100.0
Subtotal dev'd 286.2 64.0 0.7 0.2 81.7 18.2 k9.7 1.1 1.9 0.4 27.5 6.1 £47.7 100.0
Central America 37.6 80.1 - - 4.8 10.2 1.0 2.1 1.0 2.1 2.6 5.5 47.0 100.0
South America 150.0 81.9 0.6 0.3 13.5 7.4 10.5 5.7 1.9 1.0 6.7 3.7 183.2 106.0
Africa 119.6 3.1 2.3 1.4 2.5 1.5 18.4 1.2 1.9 9.1 6.0 3.7 163.7 100.0
Asia (exceot India

China, Japan) 86.1 49.7 37.5 21.7 10.0 5.8 18.8 10.9 1.7 6.8 9.0 5.1 173.1 100.0
Indis 127.4 62..3 61.5 2.6 1.3 h.2 2.1 7.2 3.5 1.5 0.7 204 .4 100.0
China . 37.4 23.2 18.9 7.7 48.1 10.5 6.5 8.2 5.1 8.6 5.3 161.2 100.0
Japan .34 36.5 - - 2.5 29.4 - - - - 2.9 34.1 8.5 400.0
Subtotal dev'ing 561.2 59.6 120.8 12.8 113.5 12.1 63.4 6.7 b4 9 4.8 37.3 4.0 941.1 100.0
World B47.4 61.0 121.5 8.7 195.2 14,1 113.1 8.1 46.8 3.4 64,8 4.7 1388.8 100.0

3) Conversion factors: Cattle 0.7, buffaloes 1.0, pigs 0.25, sheep and goats 0.1, chickens 0.01

Source: FAO, FAO Production Yearbook 1981



less in the developing countries. Buffaloes play practically no role in
the developed countries and in the developing countries of Latin-America
and Africa. In Asia (without India, China and Japan) they account for
22%, in India for over 30%. Pigs are the most important species in
China. In Central and South America they outweigh sheep and goats taken
together. In all other develcping regions the small ruminants are more
important. Chickens account for 4% on average (34% in Japan, only 0.7%
in India as the two extremes).

6.6 Livestock Productivity

Table 6.6.a gives productivity indicators of livestock for developing
countries and developed countries each as a group. The first set of
figures relates meat production to animal units. It is not to be used
for a rigid comparison of the two country groups: The application of
uniform conversion factors overrates productivity in developed
countries, but a large proportion of the difference is real. Vast
differences exist among species. Productivity of small ruminants in
developing countries is significantly over that of cattle, mainly as a
result of higher reproduction rates. It is several times higher for
pigs, and particularly poultry, which is also reflected in the offtake
rates. Expressed in terms of annual meat production per animal unit,
cattle produce 25 kg, sheep and goats 37, pigs 175 and poultry 225 kg.
The comparison of offtake rates, carcass weigths and milk yields between
developed and developing countries points to a vast unexploited
productivity potential in the latter. Average milk yields per cow are
over 3000 kg 1in developed countries. but only 670 kg in developing
countries.

These differences, of course, also result from differehces in the natural
environment, management and input levels. A quantitative
differentiation is not possible on this aggregate level.

Table 6.6.b 1is meant to show the differences among regions and country
groups in productivity indicators. Because of its detail it does not
lend 1ifself for a text interpretation. It is obvious,. however, that the
developing countries are by no means uniform and that for different
regions and country groups quite different relative gaps and advantages
exist.

In no case would any of the figures in themselves be sufficient for the
setting of vresearch priorities. Productivity differences would have to
be related to differences in the natural environment, the management and
the input level. A Zebu cow may produce 250 kg of milk per year over
and above the calf's requirements 1in the drier parts of the Sahel. A
Holstein-Friesian may yield 6500 kg under optimum conditions in Europe or
the US. The comparison does not necessarily point to possible
improvements. Given their environments both animals may be genetically
as adapted as possible. And what research can do to improve feeding and
general management of livestock kept by traditional societies in
marginal environments yet has to be demonstrated. One of the major
constraints 1is that of keeping privately owned animals on common
pastures, which makes the introduction of improvements extremely
difficult. This may be less a problem of research and more one of
political will and power of governments. Similarly it would be
difficult to derive conclusions from regional differences. O0fftake



Table 6.6.a:  Orders of Magnitude of livestock productivity in developed and developing countries by species,

about 1980
Cattle Sheep and goats  Pige Poultry

Meat production (kg) per animel unit
anc year

developed 110 13 400 71k

developing 25 37 175 - 225
Offtake (%) )

developed 34 54 129 n.3

developing n 32 78 n.a
Caracass weight (ts)

developed 298 15 78 n.a

developing 161 13 58 n.8
Milk yield (kg) )

developed 3081 n.a n.a n.a

developing 672 ‘ n.a n.a n.3

n.a not available or not applicable
Note:  The figures are tc be taken as rough indicators only because a) source data relate to different years between 1979
and 1981, b) the animal unit conversion factors {Table 6.5.b) are problematic when used for non-ruminants and when

applied uniformly to developed and developing countries

8)  Animsls slsughtered divided by number of animals

b)  Annuc} milk production per milking animal

Source: FAD Production Yearbooks and Table 6.5.b



Table bG.6.b:

Structure of livestock production in developing country groups @) by species, 1974/76

Africa  lastin Near far Low least Agricultural growth ¢ All
Aperica fast fast income developed under 3 percent developing
3 percent or over countries
0ff-take e)’ in percent of average species off-take in all developing countries
Cattle and buffaloes 120.4 157.0 174.2 39.8 54 .8 90.3 80.7 1344 100.0
Sheep and goats 95.3 67.3 105.3  12Zh.§ 106.2 89.4 96.6 105.3 100.0
Pigs 131.4 76.0 175.5  137.5  105.5 79.6 104,5 97.8 100.0
Poultry 81.9 126.9 131.0 72.9 66.6 65.0 88.8 109.4 100.0

Cattle and buffaloes
Sheep and goats

Pigs

Poultry

Cattle and buffaloes
Sheep an¢ goats

Poultry

Carcass weight, in percent of average species carcass weight in all developing countries

69.8
89.3
81.9
81.8

125.6
110.7
116.3
108.1

72.8
123.8
123.1
100.0

Milk yield, in percent of

50.5
85.6

. 155
91.9

98.7

111.6

73.8
2.0
86.5
81.8

average species yield in all developing countries

86.7
8&.4

3.3
92.6
87.4
81.8

80.2
95.1

65.6
105.3
7.9
72.9

47.1
11h 4

9.9
93.4
95.8
100.0

82.2
87.2

Egg yield, in percent of average egg yield in all developing countries

50.0

2.3

101.9

96.2

55.6

48.1

76.9

105.5
110.7
102.2
100.0

133.0
114.2

121.2

100.0
100.0
100.0
100.0

100.0
100.0

100.0

a)  hccording to FAD's AT 2000 project data

b)  Per caput GDF US $ 300 or lower in 1975

¢) Dfficial UN classification

d)  Annual rate of change of gross agricultural production 1961 - 80. All the commodities covered in FAO's AT 2000 project are

considered

e)  Animals slaughtered divided by number of animals

Source:

FAD, AT 2000 dats files



rates of cattle herds are higher in Latin America than in the Far East.
This reflects differences in resource endowment and management but also,
in cultural history, 1in the purpose for which livestock are kept and,
generally, in the functions livestock have for agriculture and for the
respective societies. To actually draw conclusions for research
priorities would presuppose a much more differentiated and disaggregated
view of the research area (Jahnke 1982): One and the same species may be
related to quite different products or commodities like meat and milk or
meat and eggs. Furthermore, the output function is only one of several.
Thus cattle also have an input function in agriculture (draught,
manure). Furthermore, livestock are often the venue for savings and
investment and they may even play a social and cultural role. This
multiplicity of products and functions of livestock makes it
particularly difficult to identify research areas in terms of social
payoffs.



7. Gap Indictors from FAO's AT 2000 Study
7.1 General

An essential part of the data used in the previous chapters has been
based on FAQ's project "Agriculture: Towards 2000". That project -
provides a comprehensive planning framework for agriculture in
developing countries. It is a basic source of detailed and quantitative
information on agricultural performance in the developing world.
However, AT 2000 is not only a positive analysis. It also has a
normative element. The study intends to demonstrate necessary changes
to meet future needs. It proposes strategies for the development of
world agriculture to the end of the century, with particular reference
to developing countries.

The normative part of AT 2000 is based on specific views of the future.
Two scenarios are used for the evolution up to the year 2000. An
optimistic scenario (scenario A) is based on the overall economic growth
objectives of the UN International Development Strategy (IDS) and a
substantially improved agricultural performance. " The alternative
scenario is based on more modest growth rates both in agriculture and in
the overall economy. The AT 2000 Study elaborates the policies and
measures necessary for agricultural development to be consistent with
the scenarios. This 1is based on known technologies-and takes into
account numerous constraints and possiblities for change. of agriculture
in individual developing countries. AT 2000 -constitutes an
extraordinary effort to foresee the challenges to and the constraints and
potentials of agriculture in developing countries.

.There are a great deal of straightforward implications for research.

Differences between scenarios in the year 2000 and the present situation
reflect gaps which might in part be overcome by appropriate research
efforts. Then there are gaps and deficiencids already in the present
situation. They may increase in seriousness unless overcome by new
technologies provided by appropriate research activities. Analysing
gaps in FAO's AT 2000 project, therefore, helps to identify agricultural
research priorities. The fact that projections in AT 2000 are based on
known. technologies, therefore, does not deny the need for research.

"~ Applied research is called for to apply technologies known in principle.

Furthermore, research must now try to find new technologies that may be
in need in the year 2000. s

The main reference in_ this chapter is FAO's optimistic scenario A for
the year 2000. Several variables like cropping patterns, yields, land
use and irrigation, inputs and livestock production structure are
analysed. Necessary changes in these variables to meet FAO's normative
scenario may indicate a need for research. A larger change or gap may
call for a higher priority in research planning although this
relationship is by no means unambiguous. In any case research
possibilities and probabilities of success would need to be taken into
account in addition. '

7.2 Change in Cropping Patterns
To meet FAQ's scenario in the year 2000 an adaptation of the cropping

pattern in developing countries is necessary. Table 7.2. shows that
these changes are not dramatic as a whole. On average land use is to



. 2
Tabie 7.2.: Change in land use under FAD's AT 2000 scenaric A in developing country groups ) by crop, annual rate of
change 1980 - 2000, in percent

Arics Latin Near  Far Low - teast Agricultural grouthd) All
America Last [Fast income developed under 3 percent developing
3 percent or over countries
Whest 2.k 1.9 - 0.9 0.2 0.6 3.1 0.6 0.0 0.4
Rice 3.7 2.1 21 0.3 0.5 0.8 0.6 0.9 0.7
Maize 2.4 2.4 1.6 2.3 1.9 1.6 2. 2.5 2.3
Barley 0.6 2.9 1.8 2.4 2.2 1.4 1.6 1.8 1.7
Millets and otber cereals 1.7 J.2 1.1 - 0.4 0.3 1.2 0.7 1.9 0.9
Roots 1.0 2.4 1.1 0.6 0.6 0.6 0.8 1.5 1.2
Raw sugar {beet) 1.1 3.9 2.5 23.5 21.3 9.7 8.7 3.2 5.1
Raw suéar (cane) 3.2 2.9 4.3 1.8 1.6 2.9 1.k 3.7 2.5
Pulses 1.3 2.2 2.4 1.1 1.1 1.k 1.2 1.9 1.4
VegetabIES 2.1 2.9 2.5 1.6 1.7 1.8 1.7 2.5 1.9
Bananas 0.7 1.8 0.4 1.5 1.1 0.5 A 1.1 1.4 1.3
Citrus fruit 1.6 2.4 3.2 2.0 3.2 3.0 2.6 1.7 2.1
Other fruit 2.6 3.1 1.7 2.5 2.8 Z.8 2.3 Z.8 2.6
Olive and other oils & -05 -1 2.5 1.7 1.6 3.6 1.4 0.3 1.1
Palm {-kernel) oil 0.7 6.2 0.0 5.2 3.4 1.9 0.k 5.0 3.1
Soybeans 3.1 2.6 L5 3 32 5.7 0.4 3.2 2.7
Groundnuts 2.8 0.3 3.2 2.3 2.6 3.8 2.1 3.1 2.3
" Sunflower 3.9 1.8 5.0 6.5 6.1 5.1 3.9 2.8 3.6
Sesame sead 3.7 3.4 3.4 2.0 2.6 3.7 2.5 3.2 2.7
Coconuts - 1.6 - 3.2 0.0 0.5 0.1 0.2 0.8 - 0.3 0.0
Cocos 0.6 2.3 0.0 L5 1.2 6.1 0.1 2.3 1.1
Coffee 0.9 1.3 7.8 1.3 1.3 0.9 1.2 1.2 1.2
Tes 1.8 1.8 1.0 1.9 1.9 2.5 3.0 2.6 2.9
Tobaceo 2.4 1.5 1.1 1.4 1.5 2.3 2.0 1.4 1.6
Cotton . 2.2 0.9 1.4 0.7 1.1 2.3 0.9 1.4 1.1
Jute and hard fibres -0.5 -2.0 -1.1 -0.7 -0.9 - 1.6 - 1.0 - 0.6 - 0.8
Rubber 1.0 1.6 0.0 2.2 1.6 - 1.k 2.2 2.1
Fodder crops h.3 2.2 3.6 2.8 2.6 3.9 2.7 2.9 2.7
Other crops 2.5 0.0 1.b 2.7 2.7 3.1 2.6 2.5 2.6
Cereals | 2.0 2.k 0.3 0.4 0.6 1.4 0.8 1.4 1.0
Other food crops ﬁg 1.4 2.3 2.6 16 1T 2.3 15 2.3 1.8
Non-food crdps 2.0 1.7 2.6 1.8 1.6 1.5 1.9 1.7 1.8
Total 1.8 2.2 1.1 0.9 1.1 1.6 1.9 1.7 1.

3) This table is based on FAD's AT 2000 project. The calculated figures describe the necessary annual rates of
change 1980 - 2000 in cultivated land area to meet AT 2000 scenario A

b) Per caput GDP of US $ 300 or lower in 1975
c) Official UN classification

d)  Annual rate of change of gross agricultursl production 1961 - 80. All the commodities covered in FAD's AT 2000 project are
considered

e) Other oils comprise all vegetable oil production with the exception of olive oil, palm (-kernel) oil, scybeans, groundnuts,
sunflower, sesame seed,and coconuts

f) Wheat to millets and other cereals
g) Roots to cocos

h) Coffee to other crops

Source:  FAO, AT 2000 dsta files



expand at a rate of 1.4% per year, well below the demographic growth
rate during the period concerned. Land used for cereals expands at a
rate below average (1.0%), that for ‘"other food crops" and non-food
crops above average (1.8%). Maize increases its claim to land relative
tc other cereals. Other crops with increasing land use shares are sugar
cane and beet, citrus and other fruit, vegetable oils, tea, rubber, and
fodder crops.

While differences in annual growth rates may appear small, the cumulative
effect over 20 years 1is not insignificant. Thus, maize expanding at
2.3% per year would have increased its area by 50% after 20 years, wheat
{0.4%) by less than 10%. These two crops mark about the upper and lower
end of the scale of growth rates called for.

The pattern by developing country groups 1is. complex. Considerable
expansion is implied for wheat 1in least developed countries and in
Africa (starting from a very small base), for rice in Africa, and for
millets in Latin America. Among food crops other than cereals many
commodities are destined for expansion in different regions and groups,
particularly in the least developed countries. Fodder crops, finally,
will require relatively much more land in Africa and the Near East as
well as in the group of the least developed countries.

In summary, change in <cropping patterns tc meet FAQO's scenario of the
year 2000 are tangible but not dramatic. There is an cbvious need to
think about research implications of some findings: Wheat area is to
increase by 10%, the area of maize by 50%. All other things being equal
one would be tempted to put one's eggs in the maize basket.

7.3 Sources of Production ‘Increase

In AT 2000 FAC developed cropping programmes to meet the normative
scenario for each country. The results can be aggregated for the
different crops. This shows the necessary changes in gross value of
production, at constant 1975 prices, for all crops considered to meet
the optimistic 2000 scenario. At the same time, the sources of these
changes, area expansion, crop mix, yield increase, and <¢ropping
intensity, can be analysed.

Table 7.3. . shows the necessary annual increases of crop production in
developing country groups between 1980 and 2000. The average figure of
3.6% increase per year is higher than recent trends of about 3 percent
but not dramatically sc either. The necessary increases are especially
high, however, for Africa (4.1%) and the group of the least developed
countries (4.3%), which are largely synonymous.

To reveal possible starting-points for research the sources of increase
are important. At constant prices, the value of production may change
as a consequence of changes in area cultivated, land classes used, crop
mix, cropping intensity, and yield. Bruinsma et al (1983) developed a
method to isolate these influences. Based on this method the figures in
Table 7.3. give the percentage contribution of different sources to the
overall change in the gross value of production. They show that yield
increases are most important to induce changes 1in gross value of
production. For developing countries as a whole they account for about
half of the change. VYield increases are somewhat less important in
Latin America, but most important in Africa and in the Far East.
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Table 7.3.: Change in gross value of production for crops under FAQ's AT 2000 scenario A by developing country group @

Sources of growth e)

Annual rate of change 1980 - 2600 b), Arable land, Land mix, Crop mix, Cropping intensity Yield,

percent percent percent percent percent percent
Africa b1 : 22 4 2 1h 58
Latin America 3.6 48 . 4 3 10 34
Near fast 3.4 2 28 [ 18 47
far fast 3.4 12 17 5 13 53
Total 3.6 22 13 4 13 Lg

. d)
Low income 3.6 12 16 5 11 56
Least developed o) 4.3 . 1h 13 3 13 57
. f)

Agricultural growth
~ under 3 percent ) 3.6 12 1h Y 14 56
~ 3 percent or over 3.5 33 11 4 12 40

a) This table is based on FAO's AT 2000 project. The following crops are considered: wheat, rize, maize, barley, millet and other cereals, roots, raw sugar, pulses, vegetables,
bananas, fruit, vegetable oils, cocoa, coffee, tea, tobacco, cotton, jute and hard fibres, rubber, and fodder crops, The value of production is calculated at constant 1975 prices

b) The calculated figures describe the necessary annual rates of change 1980 - 2000 to meet AT 2000 scenario A

¢) Contribution of different factors to the annual rate of changa in gross value of production

d)  Per caput GOP of US $ 300 or lower in 1975

a) 0fficial UN classification

f)  Annual rate of change of gross agricultural production 1961 - 80, Al) the commodities covered in FAD's AT 2000 project are considered

Source:  FAD, AT 2000 data files



Area expansion is the next important source of increase in gross value of
production. It is most important in Latin America, but practically
without relevance in the Near East. Other sources of change play a less
important role. This 1is uniformly true for crop mix. There are some
regional differences in the importance of land mix and cropping
intensity. Both are rather important in the Near East. Land mix
changes, on the other hand, can be neglected in the case of Africa and
Latin America.

These figures have implications for agricultural research priorities.
The most important probably relates to the primordial importance of yield
increases as a source of growth. Area expansion can also have important
research implications in the sub-humid tropics (compare Chapter 5.2).
The other variables 1like 1land mix, crop mix, and cropping intensity
characterize changes in farming systems and are of different importance
for the different regions. Research support will have to take into
account such differences. Farming system research would appear to be
important to supplement the more traditional research areas.

7.4 Land and Irrigation Reqguirements

Expansion of arable land has been identified as a major source of
production increases in developing countries to meet FAO's 2000
scenario. In this section an analysis is made of the relative
importance of total arable land, of irrigated and rainfed land, and of
changes in land reserves. Table. 7.4.a refers to different developing
country groups, whereas different land classes are considered in Table
7.4.b.

Table 7.4.a shows that total arable land will have to be increased at a
rate above average in Latin America and in countries with high
agricultural growth. Land reserves will diminish significantly in the
Far East and in least developed countries. Irrigation plays a dominant
role in land use adaptation; compared with the expansion of rainfed land
(0.8% p.a.) the expansion of irrigated land is extremely high at 3.5%
p.a. This means that over 20 years the extent of fully irrigated land
would have to double. Overall the share of irrigated land use would
increase considerably. A structural change in irrigated land use also
takes place. For developing countries as a whole partially irrigated
land would have to diminish, whereas the extent of fully irrigated land
would continue to increase. A rate well above average is called for in
Africa and the Far East. The same is true for low income countries,
least developed countiries, and countries with low agricultural growth.

Table 7.4.b shows the relevant figures by land classes. Overall
expansion 1is above average in good rainfall and problem areas. This is
also true for fully irrigated use and for the use of naturally flooded
areas. Land reserves diminish significantly in good and low rainfall
-areas, and in desert areas.

In summary, the view by land resources has many different facets
according to type of land, region and country group. This would have to
be reflected in considerations of research priorities as well. Overall,
there remains the high and growing importance of irrigation if
production and development goals are to be met. In comparison,
expansion of rainfed production in low-rainfall areas is judged to be of



Table 7.4.a: Change in arable land and irrigation under FAO's AT 2000 scenario A in developing country groups a)’ annyal rate of change 1974/76 - 2000, in percent

Africa Latin Near far Low b) Least ¢) Agricultural growth ¢) All

America tast fast income developed under 3 percent developing

3 percent or over countries
Rainfed use 1.0 1.8 - 0.0 - 0.2 0.3 0.8 0.4 1.3 0.8
fFully irrigated use e) .2 2.4 2.6 4.0 b1 5.1 L 2.8 3.5
Partially irrigated use " 0.8 -~ 0. - 1.3 1.8 - 1.6 - 0.6 ~ 1.1 - 1.9 - 1.4
Total use 1.0 1.8 - 0.3 0.4 0.6 0.9 0.6 1.3 0.9
Reserve - 0.5 - 0.8 - 0.5 - 2.0 - 0.6 - 1.0 - 0.8 - 0.7 - 0.7

a)

b)
c)
)
8)
f)

This table is based on FAO's AT 2000 project. The calculated figures describe the necessary annual rates of change 1974/76 - 2000 to meet AT 2000 scenario A. The calculations
are based on arable land in ha

Per caput GDP of US § 300 or lower in 1975

Official UN classification

Annual rate of change of grass agricultural production 1961 - 80. All the commodities covered in FAO's AT 2000 project are considered
fquipped for irrigation and suitable drainage and not suffering from water shortages

tquipped for irrigation, but lacking drainage or reliable water supplies or with low quality and reliability of distribution .

Source: fAQ, AT 2000 data files



Table 7.%.b: Change in arable land and irrigation under FAO's AT 2000 scenario A in developing country land classes a),.annual rate of change 1974/76 - 2000, in percent

Good , Low ) Naturally desort *) Problen ALl
rainfall rainfall flooded areas developing
’ countries
Rainfed use 0.9 0.1 - 0.1 -~ 1.2 . 0.8
fully irrigated use 9 b 3.6 2.9 5.9 2.8 3.2 3.5
Partially irrigated use - 0.8 - 1.2 -1 -3.2 - 0.9 ' )
Total use 1.0 0.4 - 0.8 0.7 1.3 0.9
Reserve - 1.2 - 1.0 - 0.4 - 1.8 - 0.5 - 0.7

a) This table is based on fAO's AT 2000 project. The calculated figures describe the necessary annual rates of change 1974 /76 - 2000 to meet AT 2000 scenario A. The calculations are
based on arable land in ha

b) Rainfall providing 120 - 270 growing days, soil quality very suitable or suitable according to FAQ's agro-ecological zones project classification
¢)  Rainfall providing 75 - 120 growing days, soil quality very suitable, suitable or marginally svitable according to FAO's agro-ecological zones project classification
d) Land under water for part of the year and lowland non-irrigated paddy fields

e) Land with less than 75 days growing season and suitable for cultivation only under irrigaticn. It represents only that share of total desert land for which water is likely to
be available

f)  Rainfall providing more than 270 growing days, soils of all qualities in this zone, plus that part of the 120 - 270 growing days zone where soil rating is only marginally suitable
g) faquipped for irrigation and suitable drainage and not suffering from water shortages

h)  Equipped for irrigaf’on, but lacking drainage or reliable water supplies or with low quality and reliability of distribution

Source: FAQ, AT 2000 data files



negligeable importance as a source of growth. By implication, one may
argue that research on rainfed production and semi-arid areas should be
de-emphasized. On the other hand, there may be equity reasons and other
social considerations in favour of leaving priorities as they are.

7.5 Input Reguirements

One of the most important features of FAQ's AT 2000 Study is the
comprehensive insight it provides into input structures of developing
countries' agriculture, both at present and in its necessary evolution
to the vyear 2000. Such input requirements may point to priorities for
factor-oriented research.

Table 7.5.a summarizes the change in input regquirements by crop under
FAO's optimistic AT 2000 view. Compared to changes in cropping patterns
and land use, changes in input requirements are considerably more
accentuated. This may have implications for appropriate factor-oriented
research, .but it certainly alsc underlines the need to bring about more
wide-spread adoption of known technologies.

Of all input categories increases in fertilizer use are of highest
importance especially for cereal production. Tractor use and, thus,
mechanization will have to expand considerably, too. Cereal production
will heavily depend on improved seed, but alsoc on a relatively high
increase in the use of pesticides.

Looking at crops individually, the picture is very complex reflecting the
great variations in agronomic characteristics, particularly among food
crops other than cereals and non-food crops. Commenting individual
differences does not - appear 10 be warranted in this aggregate
interpretation.

Table ~7.5.b shows changes in aggregate input regquiremenis by developing
country group. The most substantial increases are necessary in Africa
for all production factors considered. Important increases are also
called for in the Far East particularly in improved seed, tractors,
fertilizers, and pesticides. Similarly it is the groups of low income
and least developed countries that are supposed to realize the most
essential increases in input wuse in order to meet the agriculfural
development objectives of AT 2000.

In summary, and in comparison with the analysis of required changes in
cropping patterns and of the sources of production growth, the great
importance of increased use of modern inputs becomes apparent. In this
view the <choice between commodities, say, maize and wheat, is less
relevant than the choice between low-input and high-input levels. Of
course, the two choices are interrelated. If there are no improved
varieties of a particular crop that respond to complementary inputs,there
is not much sense in advocating fertilizer use. AT 2000 essentially bases
its forward planning on increased application of known technology.
Yield increases are only predicted if there is sufficient evidence of
viable 1improved varities and input response. Yet there is still
considerable scope for applied bioclogical research and trial work as
well as and farming systems research to expand adoption of improvements.



. . a)
Change in input reguirement under -FAD' AT 2000 scenario A in developing countries by crop, annual rate of

Table 7.5.a:
change 1980 - 2000, in percent
Seed b) Power e fertilizer e) Pesticides )
traditional improved labour  draught tractors totald) N P [ 4
animals
Wheat - 3.k 6.7 1.1 - 0.2 ' 1.6 0.4 6.7  10.0 4.9
Rice - b3 4.8 1.7 0.7 6.9 1.8 9.8 9.6 8.6 4.9
Maize 0.9 6.9 2.2 1.1 7.6 3.0 9.7 9.7 9.8 5.9
Barley - 0.7 6.1 1.6 - 0.2 5.9 2.5 9.3 9.2 9.6 -
Millets and other cereals - 0.2 5.1 1.9 - 0.1 6.6 1.7 7.9 7.8 9.8 5.4
Roots - - 1.3 0.1 6.4 1.8 6.6 6.8 6.9 2.6
Raw sugar (beet) - - 5.6 6.3 7.9 6.5 12.5 12.6 12.5 B.8
Raw sugar (cane) - - 2.0 0.8 7.2 3.1 5.6 5.7 5.5 5.9
Pulses - - 1.7 0.3 7.1 1.9 8.9 8.7 L0 6.3
Vegetables - - 3.0 1.7 8.3 34 7.8 8.3 8.2 5.3
Bananas - - 1.7 1.3 9.8 2.1 6.1 6.1 6.1 5.9
Citrus fruit - - 2.6 1.4 7.7 3.2 6.7 5.5 4.3 3.9
Other fruit - - 2.9 1.9 7.9 33 8.7 8.7 8.6 4.9
Glive and other oils 9 - - 2.3 1.7 6.2 2.6 5.1 6.0 6.0 0.0
Palm (-kernel) oil - 3.5 k.5 12.4 b1 0.0 0.0 8.k 0.0
Soybeans - - 0.9 0.4 6.5 3.3 6.0 6.0 0.0 0.0
Groundnuts - - 3.0 1.6 7.9 3.0 12.0 1.6 1.5 6.9
Sunflower - - L0 3.4 6.3 4.6 10.2 7.6 5.7 5.0
Sesame seed - - 3.5 2.1 8.7 3.6 15.6 5.4 136 7.2
Coconuts - - 0.6 0.5 9.4 1.1 13.8 13.8  13.8 s
Cocoa - - 1.3 0.8 8.3 1.9 6.0 6.0 6.0 3.5
Coffee - - 1.4 0.2 7.9 1.8 6.8 6.8 6.8 4.3
Tea - - 2.9 2.0 10.3 3.3 5.4 5.4 5.4 5.7
Tobacco - - 1.9 1.1 9.6 2.3 5.7 5.8 5.8 3.5
Cotton - - 1.6 - 0.1 5.8 2.0 6.1 6.2 4.8 3.3
Jute 3nd hard fibres - - 0.8 - 1.9 5.9 - 0.7 5.6 5.5 . 0.0 0.0 .
Rubber - - 1.9 2.5 10.4 2.7 16.5 16.9  16.5 -
fodder crops - - 3.4 1.7 5.4 3.7 1.0 10.9  11.2 5.7
Cereals " 5 - 2.2 5.6 1.8 0.6 6.5 2.0 9.7 9.5 9.3 5.2
Other food crops o - - 2.2 1.0 7.1 2.7 7.7 1.h 7.7 4.7
Non-food crops - - 1.9 0.6 6.1 2.k 8.3 9.0 8.8 3.7
Yotal - - 1.9 0.7 6.6 2.2 8.6 8.5 8.4 4.5

a) This table is based on FAD'S AT 2000 project. The calculated figures describe the necessary annual rates of change
1980 - 2000 to meet AT 2000 scenario A. Change in land requirement is discussed separately in chapter 8.1

b) Based on volume

c) Based on man-day equivalence

d) Total power requirement from labour, draught animals and tractors

e) Fertilizers in N,P,K nutrition content

f) Based on value (US $)

g) Other oils comprise all vegetable oil production
nuts, sunflower, sesame seed and coconuts

h) Wheat to millets and other cereals

i) Roots to cocoa

k) Coffee to fodder crops

Source:

FAQ, AV 2000 data files

vith the exception of olive o0il, paim (-kernel) oil, soybeans,

ground-



Table 7.5.b: Change in input requirement for crops under FAQ's AT 2000 scenario A by developing country group a)! annual rate of change 1980 - 2000, in percent

Seed b) Power ©) fertilizer e) Pesticides "
traditional improved labour draught animals tractors total ¢) L] [ 3N [ §
Africa 0.8 7.1 2.7 1.3 7.2 2.8 1.0 1.3 1.1 5.6
Latin America 0.2 5.0 0.7 - 0.2 0.5 2.9 6.2 6.3, 6.2 5.0
Near ast M b 1.5 - 0.7 5.7 2.3 7.0 740 1.3 4.2
Far East - 3.8 6.3 1.9 0.8 7.3 1.9 9.7 9.7 9.1 4.6
£ ‘i 1 )

fotal ~ 2.2 5.6 1.9 0.7 6.0 2.2 §.6 8.5 8.4 4.5
tow incone 9 - 3.0 6.5 2.2 0.8 7.6 2.1 10.6  10.2  10.0 4.9
Least developed "’ - 0.5 7.6 2.8 1.6 8.2 2.6 0.4 105 10.8 6.1
Agricultural growin i)
- under 3 percent - 2.5 6.3 2.2 0.7 6.0 2.2 0.4 9.9 9.5 4.8

4.6 1.3 0.5 7.1 2.4 7.1 7.4 7.6 b.2

~ 3 percent or over - 1.8

a) This table is based on FAO's AT 2000 project. The . calculated figures describe the necessary annual rates of change 1980 - 2000 to meet AT 2000 scenario A. Change in land require-
ment is discussed separately in chapter 8.1. The following crops are considered: wheat, rice, maize, barley, millets and other cereals, roots, raw sugar, pulses, vegetables, bana-
nas, fruit, vegetable oils, cocoa, coffee, tea, tobacco , cotton, jute and hard fibres, rubber,and fodder crops

b) Based on volume for cereals only

¢) Based on man-day equivalence

d) Tlotal power requirement from labour, draught animals and tractors

e) Ffertilizers in N,P,K, nutrition content .
Y 0 n 1 o &N

f)  Based on value (iS5 §

a)  Per caput GOP of US $ 300 or lower in 1975

h) Official UN classification

i)  Acaual rate of change of gross agricultural production 1961 - 80. All the commoditites covered in fAU's AT 2000 project are considered

Source:  FAQ, AT 2000 data files



7.6 Requirements of Livestock Development

Livestock production has to grow at particularly high rates if demand for
livestock products implied by the AT 2000 scenario is to be met. Table
7.6.a shows necessary increases in meat production in developing country
groups by species.

Meat production as a whole will have to grow at an annual rate of change
of 4.4 percent. This is clearly above the growth rate deemed necessary
for crops and is equivalent - over 20 years - to an increase by a factor
of 2.4 . The rate 1is even higher for Africa and the Far East. Above
average rates of production increase are implied for pigs and poultry
while the relative importance of ruminant livestock would be slightly
reduced.

The necessary increases in meat production are based on increases in the
number of animals, offtake increases, and carcass weight increases. All
components contribute to the necessary changes, but numeric increases are
particularly important. This reflects a realistic assessment of the
feasible rather than the choice of the most desirable development path:
The scope for productivity increases is judged to be more limited than
in the case of crops. Numeric increases are lowest for the ruminants at
2% p.a. giving recognition to the limited capacity of grazing resources.

For the different developing country groups different development
patterns are envisaged. Again the most far-reaching adaptation
processes are called for in Africa and the Far East. Thus considerable
emphasis is on numeric increase of poultry in the Near East and of pigs
in low 1income countries. Carcass weight is to increase for all species
in low income and least developed countries. The increase of cattle and
buffalo offtake rates is a particular challenge for the Far East.

Tabie 7.6.b shows that substantial increases in milk and egg production
~are also called for. In both cases, again, they are mostly based on
animal numbers. Yield increases play a subordinate role.

Milk production increases are put above average for Africa (all species)
and Latin America (cows). An above average potential is seen for milk
from sheep and goats 1in the Far East. AboOve average increases in the
number of laying hens and egg yields, finally, will have to take place
in the Near East.

In summary, the necessary development of livestock production reflects
many specific problems and possible bottlenecks. There are only few
general guidelines for global research priorities. A basic distinction
appears to exist between crop and livestock production as regards
productivity or yield increases. They are deemed very important for
crop agriculture as reflected by increases in irrigation and input use.
For livestock the potential for yield and productivity increases is
viewed much more conservatively. The emphasis 1is more on numeric
increases, albeit of those animals that are more productive in the first
place like milk animals, pigs, and poultry.



Jable 7.6.a:

rate of change 1974/76 - 2000, in percent

Change in meat production under FAQ's AT 2000 scenario A in developing country groups 2 qy species, annual

Africs Latin  Near far Low Least ¢) Agricultural growth é) All
America fast fast income developed under 3 percent developing
© 3 percent or over countries
Number of animals .
Cattle and buffaloes. 1.9 1.9 1.3 1.4 1.4 1.6 213 2.3 1.7
Sheep and goats 2.1 1.7 1.8 2.2 2.1 2.1 1.9 2.4 2.0
Pigs 3.4 2.0 2.6 3.6 3.3 2.8 2.7 2.7 2.7
Poultry k.9 2.5 5.7 5.0 4.7 2.9 bt 4.8 b 6
0ff-take &)
Cattie and buffaloes 1.1 1.2 1.3 2.3 1.9 1.5 1.3 1.4 1.5
Sheep and goats 0.3 1.0 0, 0.6 . 0.k 6.6 0.8 0.7 0.6 0.7
Pigs 1.1 1.5 0.3 - 0.7 1.0 1.2 1.0 1.3 1.2
Poultry 1.0 1.0 1.0 1.2 1.2 1.0 0.9 0.9 1.0
farcess weight
Cattle and buffaloes 1.0 0.2 1.2 0.6 0.6 0.8 0.4 0.5 0.5
Sheep an¢ goats 1.0 0.8 0.7 1.0 0.9 0.9 0.8 0.8 0.9
Pigs 4.0 0.4 6.1 0.7 0.7 1.0 0.4 0.6 0.5
Poultry 1.2 0.6 0.7 1.2 0.8 1.3 0.7 0.7 0.7
Meat production
\
Cattle and buffaloes b1 2.h 3.8 bk 3.9 3.8 3.0 L2 3.7
Sheep and goats L0 3.5 3. 3.5 3.6 3.8 3.5 3.6 3.5
Pigs 5.6 3.9 2.7 5.0 5.1 5.2 4,2 L.6 ks
Poultry 7.1 5.1 7.5 7.4 7.1 5.4 6.1 6.5 6.3
Total 4.8 3.8 .7 5.1 4.6 4.1 3.8 4.8 bk

a) This table-is based on TAO'S AT 2000 project data.The calculated figures describe the necessary annual rates of change

1974 /76 ~ 2000 to meet A} 2000 scenario A
b) Per Caput GOP of US $ 300 or lower in 1975

c) Official UN classification

d) Anmnual rate of change of gross agricultural production 1961 - 80. All the commodities covered in FAQ's AT 2000 project

are considered

e) Animals slaughtered divided by number of animals

f) Based on volume

Source:

FAD, A1 200C data files



Table 7.6.b: Change in milk and egg production under fAD's AT 2000 scenario A in developimg country groups ?) by species,

annual rate of change 1974/76 - 2000, in percent

Africe Latin Near far Low ) least ) Agricultural arowth d) All
America East fast income developed under 3 percent developing
3 percent or over countries
Milking animals
Cattie and buffaloes 2.8 2.8 1.5 2.3 2.3 2.6 2.1 3.0 2.4
Sheep and goat 2.9 1.0 1.5 3.0 2.6 2.4 2.5 1.8 2.2
Milk yield
Cattle and buffaloes 1.1 1.4 1.7 1.0 0.9 0.8 1.3 1. 1.3
Sheep and goat 0.3 1.1 0.6 0.¢ 0.6 0.5 0.4 0.6 0.5
Milk productien e)
Cattle and buffaloes k.0 4.2 3.2 3.3 3.3 3.4 3.4 U 3.7
Sheep and goat 3.2 2. 2. 3.6 3.2 3.0 2.9 2.5 2.7
Total 3.8 4,2 2.9 3.3 3.2 3.2 3.3 4.0 3.6
Laying hens
Poultry 4.0 3.3 5.0 4.5 §.2 34 3.8 4.3 4.1
fgg yield
Poultry 1.8 1.3 7.5 1.2 1.6 1.7 1.2 1.3 1.3
fgg production e)
Poultry 6.0 b.6 6.6 5.8 5.9 5.0 5.1 5.6 5.4

3) This table is based on fAO's AT 2000 project data. The calculated figures describe the necessary annual rates of change

1974 /76 - 2000 to meet AT 2000 scenario A
b) Per caput GDP of US § 300 or lower in 1975

¢) Official UN classification

d) Annual rate of change of grass agricultural production 1961 - B0. All the commodities covered in FAD'S AT 2000 project

are considered

e) Based on volume

Source: fAD, AT 2000 dats files



8. Concluding Considerations
8.1 General

These concluding remarks are to take up some of the major issues in
relating quantitative indicators to research priorities. They are not
meant to represent the conclusions from the preceding analyses. In
particular they do not depict research priorities as their result. This
would be inappropriate: The information provided may in many cases be
necessary for rational decision-making about research priorities; it is
unlikely to be sufficient, however.

The basic view "taken in this paper is that priority identification for
international research should be guided by the goals of society. The
choice among different research areas should be made on the basis of the
different social payoffs. If the goal is to maximize food production the
potential benefit from a research project will depend on the probability
of success, the time period it is likely to take from the year of
decision-making to the time of achievement and implementation in
practical agriculture, and the cost of the project in terms of
opportunities foregone by devoting resources to this and not to another
project. In reality social payoff is more a conceptual device than a
measuring rod. Probabilities of success and time frame are hard to
predict in research. There is a long and complex way from a research
result to production increase in practical agriculture and efficiency 1is
a difficult term to come to grips with in research. Furthermore there is
not only one goal in a society but many different ones, often
conflicting, and they may vary in their emphasis from one country to the
next. ’

No clear-cut unambiguous conclusion can therefore be derived from the
indicators . presented. They give an indication of the potential
importance of a particular research area with respect to a particular
goal. They say nothing " about the social payoff and they do not allow
the conclusion that international support to agricultural research
should go in that and not in the other direction. They are in
themselves insufficient for decision-making.

On the other hand, they could serve a number of useful purposes in the
process of deriving research priorities. They make clear the need to
define the goals more clearly. While most would agree that increased
food production in developing countries should be a first order goal for
international research, this requires further sharpening. The crops
that emerge as the most important by calorie contribution are different
from those by value of food production. If one judged that all suitable
land should be wused for food c¢rop production resulting research
priorities are different than if resources are to be put to their best
economic wuse. -And if the value of food production now is to be
maximized research priorities would be different from those oriented
toward values in the future.

The indicators have different meaning for different goals. They also
have tc be complemented by information on research possibilities to get
closer to an estimate of social payoffs. The principal issues involved
in this process shall in the following be highlighted under the headings
“commodity orientation", 'resource orientation" and 'orientation by
development perspectives". These are the different orientations or



emphases of the different indicators. The issues that arise in drawing
conclusions for research priorities differ accordingly.

8.2 Commodity Orientation

The shares of a crop in production, demand, trade, or nutrition may be
indicators for its importance in attaining a society's goals.
Inferences for research priorities, however, have 1o be drawn with
caution. Several problems have to be considered.

(1) Commodity share versus research payoff: The problem that the
indicators presented do not relate to the social payoff of a research
effort, the ultimate conceptual criterion, pervades all sections. It
lends itself particularly well to an illustration with respect to
commodities.

Both in production and in demand, rice is by far the most important
single commodity with a share of close to 20%. In comparison, maize has
a share of 3.8% only. Rice is five times more important than maize.
Should one, as a consequence, spend five times more money on rice
research than on maize research? Not necessarily, because commodity
shares have nothing to do with research possibilities. A dollar spent
on maize research may bring a return ten times higher than on rice
research, oOr vice-versa. In either case a 5:1 ratio of commodity shares
may be far off the optimal relative allocation. Furthermore, nothing can
be deduced about the absolute size of the research effort called for. A
threshold value can always be assumed to exist below which efforts
dissipate 1ineffectively. The threshold is likely to be different for
different crops as well as the response curve of research to
expenditures. This has to do with causality and efficiency but also
issues of ‘'researchability" and "location-specificity" come in. All
these 1issues are, to a degree, amenable to rational analysis and even
guantification. The point to make here is simply that the indicator of
commodity share is in itself insufficient for deciding about research
priorities.

(2) Present versus future shares: The share of crop products is around
80% 1n the total value of agriculfural production and in total demand for
agricultural products, that of livestock products in the order of twenty
percent. Even if one vrefrains from translating this intc numeric
weights for research priorities it would appear plausible to conclude
that more emphasis should be put on crop research than on livestock
research. But that conclusion 1is oriented tc the past, not to the
future., Table 8.2 provides a model of the development of demand for
food and non-food products over time on the basis of typical values for
ecanomic growth, population growth, and income elasticities of demand.

Thus in a country with a per caput income of US $ 200 or less livestock
products will not account for more than 10% of total demand for food.
Extreme resource endowments or cultural factors can lead to deviations,
but the order of magnitude given is representative of the average. In
demand, in production value, and in the food consumption budget, crop
products are about 9 times as important as livestock products. However,
at a 5% growth of the economy and a 2% population growth per annum
livestock products will have doubled their share after 20 years (the
lifespan of & cow) and after forty years demand for livestock products
will account for over one third of total demand. Even more important



Table 8.2: Hypothesized evelution of demanc for livestock and crop foods in the course of demographic and economic develoment

Year 0 Year 20 Year 40
t =0 t =20 t =40

Popuialtion (million) 10 15 22

annual increase 2% % . 2%
Per caput income ’
‘ s v 200 530 1400

annual increase 5% % 5%
Proportion of income spent on

all food . 60% 50% 35%

livestock products 6% 10% 1%

crop products 54% 40% 23%
Income elasticities of demand for

all food 1.0 0.6 0.4

livestock products 2.0 1.2 0.8

crop products 0.9 0.5 0.2
Growth rate of demand for

all food % 5% %

livestock products 12% % 6%

crop products 6.5% L.5% 3%
Actual demand (million US §) for

all food 1200 3975 10780

livestock products 120 %95 3696

crop products 1080 3180 7084
Increase in demand (million US $)

from year t to (t+1)

all food ) 84 .0 199.0 431.2

livestock products Th.h ' 55.7 221.8

crop products 70.2 . 143.1 212.5

Note: The proportion of income spent on different foods is interrelasted with the respective income elasticities of demand.
But here no sssumptions are made about the development of elasticities over time. The proportion and elasticity
coefficients are not calculated over the years but set at typical values for the years shown.

Source:  Jahnke (1983)



than the share may be incremental demand from one year to the next
because it 1is the incremental production that calls for new technology
and research. Incremental demand for livestock foods in year forty is
higher than that for "crop foods. Furthermore, the rate at which
livestock production is to move forward tc meet demand is much higher.
Over forty years the production value has to increase thirty times, for
crop foods only 7 times.

These theoretical considerations are fully confirmed by the empirical
evidence in Chapters 2 and 3. The share of livestock foods in the diet
and in total food demand increases while production hardly keeps pace.
Given the dramatic increases called for in livestock production and the
long gestation period of livestock research, particularly in the case of
the large ruminants, a case can be made for emphasis on livestock
research that 1is out of proportion with the present contribution of
livestock to production, income and food consumption.

This reasoning does not only bear on research but is basic to practice
and theory of agricultural development as a whole (Mellor 1966). Nor
does it only apply to the issiue of livestock versus crops. It is
relevant for any choice among products that differ in their income
elasticities of demand which means that their future relative importance
is foreseeably different from their present one. At given returns to
research efforts the commodity with a higher elasticity coefficient
deserves greater emphasis in forward-looking decision-making.

(3) Outward and inward-oriented development strategies: Wheat accounts
for almost one fourth of the developing countries™ import bill, coffee
for over 16% of the export bill. They are the most important single
agricultural commodities in developing countries' trade. If a country
has an  inward-oriented development strategy it will attempt to
substitute "for imports. It would have to try and produce wheat, if
necessary at the expense of coffee. The goal of autarchy would prevail

over that of income maximization. To the extent that research can help
overcome obstacles in that course, priorities would be set accordingly.

If. on the other hand the strategy is outward-oriented the country will
push - all those commodities for which there is a comparative advantage in
production. For the tropical countries this applies to the typical
tropical c¢rops like coffee. Research would be oriented to enhance the
production of coffee rather than that of wheat. The strategy is likely
to contribute more to growth in national income, but self-sufficiency in
wheat might further drop.

(4) Variation among developing countries: A whole chapter has been
devoted to the view of commodity-oriented indicators by country groups.
The great variation in the relative importance of commodities, in diets,
in income levels etc. 1is obvious. To average out the indicators over
the world may be less desirable than to explicitly take into account
regional differences when setting opriorities for international
agricultural research. This finds further support in the great regional
variation in resource endowment.

8.3 Resource Orientation

Essentially all the chapters from 4 on have a resource orientation.
Chapters 5 and 6 focus on the actual situation, availability, and



productivity. Chapters 4 (agro-ecological zones) and 7 (AT 2000) take a
more comprehensive view of resource potentials and how they influence
agricultural development 1into the future. This section focusses on the
actual use of resources.

There are at least two different ways in which research may be
resource-oriented. On one hand, it may help to exploit availability and
- productivity of resources used at present by demonstrating the
possibilities and limits of certain innovations. Extent of low rainfall
land shows the area potential of innovations for a typical low rainfall
crop like millet. Availability of lowland humid areas similarly is
related to the potential of a crop like cassava. On the other hand,
research may be oriented to increasing the availability and/or
productivity of a particular resource. This may be achieved indirectly
e.g. through the adaptation of a crop to a larger spectre of land
conditions. It may also relate to the enhancement of a resource, e.g.,
the rehabilitation of degraded land which actually increases the
availability and productivity of the resource land. It is a basic
contention that research and the consequent development of technology is
determined by the relative scarcity of the resources (Herlemann and
Stamer 1954, Ruttan and Hayami 1969, Binswanger and Ruttan 1978). In
the attempt fo accelerate the generation of innovations one would try to
observe this principle. This ensures that innovations are likely to be
in the economic interest of the farmers and of the countiries concerned.
The following aspects are emphasized.

(1) Relative factor scarcities: Successes of international agricultural
research of the past are much associated with high-yielding varieties of
maize, wheat, and rice. Such research primarily increases the
productivity of land and 1is particularly relevant in situations where
land is the scarcest factor. The indicators show, however, that land
scarcity is by no means the +typical situation of all developing
countries. In fact there is a clear-cut regional differentiation. The
Near East (including North Africa) and the Far East have only minimal
possibilities of expansion. Practically all cultivable land is already
in use. Africa and Latin America, on the other hand, have huge land
reserves. lLand use could be expanded to 1two to three times of the
present. Development paths and, accordingly, research priorities would
appear to have to be different.

Land reserves do not necessarily imply that cultivation can be expanded
at known technologies and without research efforts. The reserves that
lie in the warm and humid tropics pose some of the most difficult
problems of agricultural land use once the low intensities of shifting
cultivation are surpassed. This calls for research efforts that may
have relatively little to do with the genetic yield potential of & crop
and much more with questions of soil fertility. Land scarcity, on the
other hand, not only calls for yield increases through higher-yielding
varieties but also for other measures of increasing land productivity.
Irrigation is a major line of development. The data clearly show that
irrigation gains in importance as land gets scarcer. The necessary
production increases will have to come largely from irrigated land, an
issue taken up again in the context of development perspectives.

(2) Land use and yields: Having recognized land as the central
agricultural production factor the proportion of land devoted to a




particular crop can also be taken as an indicator of its importance.
Because of differences in land quality and yields that proportion is
different from the one in production or demand. Rice at 18% of all
cultivated area remains the most important crop, but millets are second
at 14%.

A crop that can be grown under marginal conditions, like the millets in
low-rainfall areas, makes possible the use of land that would otherwise
hardly contribute anything to food production. In this light one might
attribute greater importance to the millets than would appear to follow
from their weight in production.

The more basic question that arises is whether research should
concentrate on the high potential areas or whether a case can be made
for the more disadvantaged situations irrespective of lower yields and
lower contribution to total production. Such a line of argument could
be based on the potential for production increases. The indicators do
show that at known technclogies the rate at which yields of millets
could be increased is similar to that of other crops. There is also no
noticeable difference between potential yield increases in low rainfall
compared to other areas.

The figures may be considered inconclusive because toc general for
decision-making. On the other hand they do not in themselves deny that
significant production increases can also be achieved in the less well
endowed areas.

The expressicn "at known technologies” does not mean that research has no
role to play. First there is always a need for local applied research
even for known technologies. Second the difference between actual
yields and potential yields at known technologies can be interpreted as
“an indication of the potential of research to push the frontier even
further.

(3) Livestock: Animals are not only a product but alsc a production
factor for crop agriculture (manure, draught) and, of course, for
livestock production. The analysis of livestock numbers is therefore
important.  Such an anlysis should not be limited to cattle, sheep, and
goats, as has been the case in the past. It is also difficult to talk
about livestock numbers without regard tc weight and feed requirements.

The inclusion  of buffaloes, and of pigs and poultry and the conversion
of all animals to animal_ units gives a more realistic picture.
Buffaloes emerge as the second most important species in developing
countries. Pigs and poultry are more important than sheep and goats
already ~ in terms of animal units. Their importance is much greater yet
in terms of production. Their production per animal unit is several
times that of ruminants.

The conclusions for research priorities are not self-evident. Should
livestock research concentrate on the most important species in terms of
liveweight (cattle and then buffaloes) or on the species that are more
productive? Should emphasis be on meat production or on the production of
milk and eggs? Do ruminants deserve absolute priority because their feed
base is less competitive with human nutrition? Does one only consider
the function of livestock as & producer of foods or also that of
contributing to c¢rop agriculture (manure, draught) and the important
socio-economic  functions like that of a savings account. The
quantitative indicators of livestock populations and livestock



productivity provide only partial answers to these questions.
8.4 Orientation by Development Perspectives

Both, the agro-ecological zones project (Chapter 4) and the AT 2000 study
(Chapter 7), combine commodity and resource consideration to scenarios of
agricultural production in the future. The complementarity of the two
works leads to a number of important issues in research priority setting.

(1) The framework of agricultural potentials: The AEZ project has
provided & detailed agro-ecological inventory of the developing world.
It sets the limits to what is possible at presently known technologies.
A basic question 1is whether international agricultural research wishes
to place 1itself within that framework. The task would then be to find
practical solutions to problems that in principle are already known to
exist. The production possibility curve would not be moved outward but
made more realistic for practical agriculture in developing countries.
Alternatively research would concentrate on moving the limits outwards.
This would lead to changes in the assessment of land suitabilities,
yield potentials and the like. This raises the question whether
research should be applied or basic. Of course, the answer may not
simply be yes or no but one that defines degree and complementarity.
Still the question has to be answered: Does the orientation of research
accept AEZ and AT 2000 as the framework within which to operate or does
it aim to change that framework? '

(2) Food production versus agricultural development: The AEZ project and
the subsequent studies of population supporting capacities take food
production, more specifically calorie and protein supply, as the one
overriding goal of developing countries and - as the only purpose of
agriculture. AT 2000, on the other hand, aims at exploiting agricultural
potentials also for income and trade. The resulting production
structures, in both  cases projected to the year 2000, are different.
The possible conclusions to be drawn for research are alsc different.
The  question is not whether the CG system should include non-food crops.
The relative advantage of public international efforts in research on
food production has been well established. The question poses itself in
a different way: If the aim is to make every country self-sufficient in
food production, research would focus on the countries and areas that
emerge as critical in terms of population supporting capacities. These
are largely the semi-arid and the highland situations. Emphasis on
centres like ICRISAT and ICARDA would be increased because they are much
directed to agricultural improvement 1in critical semi-arid zones. In
addition the installation of a highland centre would become an important
issue. If, on the other hand, the potentials are to be exploited as
they exist the warm tropical lowlands would stand in the foreground for
research.

(3) Sources of growth: AT 2000 shows a possible path of agricultural
development 1f efforts (and funds) are considerably increased from now
to the year 2000. At the same time the development path depicted is
realistic in the sense that it is based on known production
possibilities only and includes infrastructural, socio-economic, and
political constraints. Thus a large body of experience is incorporated
in the scenarios and it could justifiably be argued that research
orientation should be guided by it. This would refer to the sources of




growth (expansion, yield improvement, changes in land and crop mix,
increases in land use 1intensity), to the inputs required (varieties,
power, fertilizer, pesticides), to the different c¢rops and the
differences among regiocns. In conseguence priorities would be put on
yield increasing innovations on fertilizer use, on rice, and on
irrigation. The orientation would be quite different. Livestock would
receive a relatively big emphasis because it would be attempted to meet
the demand increases. Pigs and pultry would receive greater attention
than ruminants simply because of their greater potential to increase

production quickly.

8.5 OQutlook

The limitations of the quantitative indicators for identification of
priorities in international agricultural research have been outlined.
These limitations determine to a degree direction and emphasis of the
additional requirements for setting such priorities.

s to the
relationship between the cost of research efforts in particular
direction and the benefits in terms of social goals. The social payoff
cannot be determined by the indicators presented alone. The example is
that a high share of rice in world production and consumption does in
itself not mean that rice research has a high payoff. This calls for-
additional information on cost-benefit relationships, = success
probabilities and the like to be able to assess more fully the social
payoffs of aliernative research areas in terms of different social goals.

The basic incompleteness of the indicators presented relate
a

Present allocation of research resources has to be considered too. This
includes the CGIAR system, public national research allocation, and
research efforts by the private sector. A relatively recent analysis of
the CG system exists (CGIAR, 1982). Annex I contains a compilation of
existing data on public national research allocation. It demonstrates
how difficult it is to characterize research efforts meaningfully. It
also draws attention to the ambiguity of the indicators. If national
research efforts focus on a particular commodity or resource, does this
mean that international efforts stay away from that research area or
that they follow suit and concentrate on the same. The extent to which
national and international research are complementary or substitutional
is not really known.

Quantitative 1indicators cof the type presented in this paper can be
useful and necessary for research planning. They are incomplete and
insufficicient to base decisions solely on them. Even if complemented
by a great deal of evidence on research possibilities and prospects in
different areas and on actual research allocation in the different
spheres at present they are likely to remain incomplete and
insufficient. This is related to the limitations of a "central
planning" approach to research altogether. First, whatever data are
presented as a basis for decision-making, even if they constitute
extrapolations into the future, they are data from the past and,
therefore, orient the view backwards. Research, on the other hand, is a
creative venture into the future that can only be inadequately guided by
such  indicators. Second the international system of agricultural
research 1is an incomplete system. It has to be seen in connection with
national research efforts. And even then it is still incomplete. The
optimal size of total research efforts is not known and it is very clear
that international research cannot include all researchable areas,



however important they may be. Research allocation then resembles a
second-best problem. In a state of overall imperfection, one cannot be
sure that a step towards the optimum represents an improvement. To
balance research efforts according to the relative share of wheat and
rice 1in total demand by developing countries is fine. But it could well
be that, at given levels of overall expenditures the highest payoff
would be achieved by doing research on wheat only, simply because of the
respective response curves to research. It could also be that the
highest social payoffs would be achieved for a while by concentrating
efforts on producing cheap nutrients or on growth hormones. As
problem-oriented as one may wish international research to be, it is
still research. It is not just the testing of existing cultivars for
different purposes and environments. It contitutes a challenge to the
intellectual capacity of human minds. 1If the researcher working in a
rice programme has an idea that in practice is only applicable to wheat,
surely he would not have failed, although he may appear to be in
conflict with the quantitative indicators in this paper. International
research should not be viewed in a too mechanistic way. It should
retain some elements of basic research. That does not mean that
research goes on without controls and reference points. But these
controls and reference poins are more subtle and more sophisticated. To
illustrate this one can hardly do better than to refer to Arnon (1975)
who in the following is cited almost word by word.

Because . of . the uncertain nature of the output of basic research and its
potential impact on agricultural development, it does not appear
possible to devise a simple, rational basis for judging or planning the
allocation of resources to this sector; nor are there objective criteria
for determining priorities. In exploratory research an original idea is
investigated, and in the early stages it is not even possible to guess
at the probability of something of practical, economic importance
arising from it. A certain effort has tc be invested before any
evaluation can be made. Yet  to neglect this type of research is to
stifle initiative and perhaps miss important opportunities. Since the
success of exploratory research cannot be forecast, the conditions under
which it is done and especially who does it assume major importance. The
only practical solution 1is to assign a certain proportion of the total
funds available to agricultural research for these and similar kinds of
research in the sense of ‘"scientific overhead". Whatever the actual
proportion decided on, it is bound to be purely arbitrary.

~In assigning priorities among different research proposals that fall in
the categories described above, important guidelines can be their
scientific promise and feas1b111ty and the reputation of the researcher

who submits the proposal. Specific criteria proposed for this purpose
are:

1. Whether a scientific answer to the problem proposed can be
reasonably anticipated.

2. The reputation of the investigator, or the promise of a young
scientist.

3. Whether facilitieé and support needed forvthe research are available.

4. Whether the field appears "ripe" for intensive research, and whether
there are real opportunities for major progress.



5. HWhether the results of the proposed research may coniribute to the
long-term goals of the agency that provides the support.

6. The originality of the research and its technical soundness.

7. The scientific "significance" of the research in terms of affording
new understanding of fundamental laws, providing a critical test of
current theory, and exploiting new techniques.

8. The possibility that it will illuminate work in other scientific
fields.

It is to the credit of the international research system that in fact it
has, both within the individual centres and in its central bodies, much
adhered to the principles as spelt out by Arnon.

Finally a word of caution appears appropriate. Solid research needs
stability. The priority indicators contained in this paper should not
be used to question the existence of any of the present centres. Too
much effort 1is associated with the establishment of such research
capacities to sacrifice any one of them on the basis of some aggregate
statistics. At most they <can be used to guide emphasis in growth and
long-term evolution of the system. But also considerations of growth, -
increment and long-term evolution need not be solely based on centrally
planned priorities and on guantitative indicators as contained in this
paper. More flexible mechanisms could be introduced by which for
instance any future increments in core funding tc the CGIAR would be
distributed among competing research proposals from the centres,
possibly also from national institutions on merit. Merit would be
established by TAC on the basis of quantitative indicators but also
along Arnon's guidelines. Thus the principle of strong individual
centres would be maintained. So would the present system of "special
project funding" by individual donors but it would be complemented by
central ‘'"merit-funding". The 1latter would be more stable and more
long-term than special project funding. It would be designed to
reconcile concerns for originality and guality of research withthose for
coherence and consistency with quantitative indicators of the type
presented in this paper. '
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Annex I: Indicators of National Agricultural Research

1. General

Priority choice in international agricultural research support will reflect societal goais in developing
countries and research possibilities, So far & general view has been taken and no explicit distinction
has been made between international and national agricultural research. National research activities

in developing countries, however, exist and increasingly contribute to societal goal realisation in
these countries. They have been recognized as key elements in any programme to increase food supplies.
kithout the collective effort ¢f research and extension in the developing countries themselves, the
prospects for increased food and agricultural production in these countries look dim (FAOANDP 1883).

As a consequence enhancement of national agricultural research in developing countries is a major issue
in international development. FAQ and UNDP have actively supported the developing countries in
strengthening their capabilities in national agricultural research. Furthermore, international financing
institutions and bilateral donors have made substantial financial, material, and intellectual contri-
butions. For the perioc. 1976 - 80, Oram (1982) estimated that total assistance for agricultural research
to the developing countries was running,at the rate of constant 1975 US $, at 400 million per year.
Support for the CGIAR system accounted for 19 percent of this total and bilateral assistance for 42 per-
cent or US § 190 million per year. In the period 1970 - 81 UNDP and FAQ assisted some 790 national
agricultural research projects involving & total commitment by the two organizations of US § 757 million
(FAO/UNDF 1983).

These figures demonstrate the increasing importance attributed to national agricultural research in
developing countries. Both international and national research support is, therefore, considered as
essential to meet the needs of developing countries. Consequently, priorities in international agri-
cultural research should not be oetermined in isolation and without explicit regard to national re-
search activities. A thourough understanding of national research in developing countries is a crucial
prerequisite to make the best choice in international research support.

In the following the importance of national agricultural research in developing countries for priority
choice within the CGIAR system will be illustrated. The theoretical relationships between international
and national research activities are briefly discussed and some indicators concerning level, trends,
and structure of national agricultural research in developing countries are presented. These indicators
take a global view for all developed countries. They are largely compiled from recent studies by

Judd et al. (1983) and IFPRI/ISNAR (1981). These indicators convey a rough idez of the problems in-
volved on a global basis. For & more detailed discussion of specific problems based on in-depth
anzlyses of 12 countries the reader is referred to the FAO/UNDP evsluation study on natlonal agrx—
culturel research of 1983,

2. Relationship between nationa! and international agricultural research

The usefulness of international agricultural research in a system of different national research
activities is widely acknowledged. There are four basic arguments in favour of international efforts
{Pinstrup-Andersen, 1982; Ruttan, 1982):

a) the public good character of agricultural research,
b) distortions in developing countries' time preferences,
¢) distortions in developing countries' risk preferences,
ana
d) imperfect markets for agricultural research demand and supply.

For these reasons developing countries will generally underinvest in agricultural research and inter-
national efforts are required to fill the gap. But such underinvestment is not uniform across all
research areas. Certain areas are covered by national research in developing countries while others
are not. It can also be assumed that national and international research vary in their relative
suitability for different research areas. National agricultural research activities, therefore, have
an important influence on the priorities one sets for international efforts.

The relationship between nationa}l and international research activities can be complementary or sub-
stitutional. Complementarity exists if national research activities supplement international research;
if there is mutual reinforcement in the attainment of social goals. National research may then adopi
results from the international level and appropriatelytransform them to facilitate national imple-
mentation. Hence, international agricultural research success and, thus, priority choice heavily de-
pends on level and structure of national research systems.

Complementarity is illustrated on the left-handy side of Figure I. This figure shows the optimal
priority choice for international research considering different national research possibilities. for
simplicity, the figure refers to commodity-oriented research. Line aa' shows international agriculture
research possibilities for a certain national research system. Optimal research support, in this case,
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is characterized by point P. Increases in national research possibilities, now, automatically increase
international research possibilities.The new situation is characterized by line bb' and the optimal
point P'. Due to a change in the national research system, therefore, priorities in international re-
search will change in favour of commodity B. Hence, priority depends on structure and performance of
national research systems,.

Some more aspects of the complementarity issue should be mentioned. Schultz (1980) emphasizes that
IARCS are not capable of doing more than a small part of required research in a certain area. To take
advantage of such advances calls for a corps of highly skilled scientists on the national level.
According to Schultz it would be a serious mistake for developing countries to assume thst IARCS,
along with the on-going agricultural research in high income countries, are substitutes for first-rate
national agricultural research enterprises. FAD and UNDP (1983) argue in & similar wey:

“The justification for national agricultural research
is based on two main arguments: (i) farming problems
are highly location~-specific and improved technology
can only be geared to tackle these through adaptive
research conducted on the spot; (ii) it is essential
to create a cadre of local research scientists whose
experience and perception of local farm problems make
them better qualified to assess the relevance and
adaptability of new technology to prevailing farming
conditions; this function cannot be delegated to out-
side scientists or to the CGlAR. In fact, with the
establishments of the IARCS, it soon became evident
that the transfer of technology from the international
centres to the developing countries could only be
achieved through strong national research systems. This
led to the 'outreach programmes' by the IARCS".

In case of & substitutional relationship between national and international agricultural research
priority choice in international research is dependent on national research systems, too. Substi-
tution exists if both international and national research address the same research areas. Such a
situation is illustrated on the right-handside of Figure I. Line az' represents national research
possibilities. Adding international research possibilities to this line results in the global research
possibilities line bb'. Based on this line and the social preference structure the optimal point P

can be identified. This point demonstrates an 'integrated' priority choice from a global point of view.
It can be realized, of course, by different allocations for international and national agricultural
research. If, e.g., national research chooses an allocation according to point N international research
should concentrate on research for comfodity B. The opposite is true if national research allocation

is characterized by point N'. International research, then, should give resources tc commodity A.
Several more allocations, of course, are possible and result in different priority choices for inter-
national agricultural research.

In summary the crucial importance of national research activities for priority choice in inter-
national agricultural research has to be emphasized. In the following section some empirical infor-
mation about national agricultural research in developing countries is given. This information may
help to judge the implications of national research allocation to priority setting for international
research. )

3. Level of Research Allocation

Agricultural research is a complex process. !t is not self-evident that its level can be adeguately
characterized by a few simple indicators. 1t is common to concentrate on public sector research and

10 use expenditures and manpower as quantitative variables. A research structure may then be character-
ized by these two variables and their relationship. Furthermore, a distinction between agricultural
research as such and extension is useful.

Annex Table 1.3.a gives indicators of national research structure in developing country groups and

for the developded countries as a whole in 1980. It is based on a study by Judd et al. (1983). Re-
search and extension expenditures in all developing countries are considerably lower than in developed
countries. There is also less manpower devoted to research; on the other hand, extension manpower is
much higher in developing countries than in developed countries. Variation among country groups is
considerable and makes it difficult to draw gemeral conclusions. The figures suggest, that an essential
part of research activities in developing countries is concentrated in a few countries. Jn Africa,

West Africa stands out which is dominated by Nigeria. Similarly,Brazil is responsible for the high figure
of the Tropical South in Latin America. The high concentration of national agricultural research ex-
penditures in developing countries is confirmed by the IFPRI/ISNAR study of 1981. According to this
stgdy 50 % of the total sum was spent in five developing countries - Argentina, Brazil, India, Nigeria,
and Mexico.



)

iaple 1.3.a: Expenditures and manpower of putlic sector agricultural research and extension by developing country group 8 y
1980, in percent of all developing countries

fxpenditures b) Manpower ¢) Research Ixpencitures
Extension Manpower

Research Extension  Research Extension  Expenditures Manpower  Research Extension

Alrice

horth 2.1 14.7 4.8 9.6 21.2 50.0 64.0 154.0
West 10.3 17.4 5.3 12.6 58.8 40.0 196.0 138.0
Last 3.8 §.0 3.4 10.3 41.8 35.0 M. 88.0
South 4.1 2.6 2.6 1.6 156.% 230.0 114.5 166.0
latin America

Central 5.6 L.9 4.6 2.4 114.7 195.0 12z2.1 206.0
Tropical South 13.5 25.0 10.1 0.7 53.5 150.0 133.6 368.0
Temperate South 4,0 3.8 3.2 0.6 106.5 575.0 127.3 684.0
Asia ’
west 6.3 10.0 4.8 7.0 £1.8 70.C 130.0 146.0
Soutk 9.5 6.9 12.0 35 136.5 35.0 79.8 20.0
Southeast & 5.2 5.4 8.6 14.5 94,7 .60.0 60.0 38.0
fast 2.5 - 3.h - - - 75.0 -
Cnina 32.2 - 38.3 - - - 88.6 -
All developing countries e) 100.0 100.0 100.0 100.0 . 100.0 100.0 100.0 100.0
Developed countries 269.3 192.4 210.9 49.2 140.0 435.0 127.9 3940

a) According to a study by Judd, Boyce, and [venson

b) Based on const. 1980 4S §

c) Based on scientist man-years

d) Excluding Japan -

e) The absolute figures for all developing countries are: Expenditures, in million US $, research (2 000.9), extension (1 177.5);

scientist man-years, in 1 000 units, research (47.5), extension (234.2)
), Including fast Asia.

Source: Judd, M. A., J. K. Boyce and R. £. Evenson, Investing in agricultural supply, Center discussion paper, no. 442, [conomic
Growth Center, Yale University, New Haven 1983



Considering the relationship between research and extension, the developing countries as a whole
devote relatively more resources to extension than developed countries. This is especially true
as measured by manpower. The figures, however, vary greatly between developing country groups.
Research expenditures and manpower are very low in North, West, and East Africa, and in West Asja.

Interpretatioﬁ is limited, of course, by the fact that different populations are involved. A
country group with a larger population will, ceteris paribus, have a greater share in overall
resource allocation for extension as well as research.

Annex Table 1.3.aalsc shows ratios between expenditures and manpower and between research and
extension. There is great variation among country groups. It appears impossible to draw any
generalizable conclusion for the country groups considered. The figures suggest, however, some
general remarks for the developing countries as a whoie., In general, expenditures per scientist
are higher in developed countries than in developing countries. The difference is much higher for
extension than for research. As a consequence manpower-intensity of research is higher in
developing countries than in developed countries. This relationship, however, is reversed in
extension,

In Annex Table 1.3.b expenditures and manpower of public sector agricultural research are shown
for developing country income classes. In addition, these figures are related to agricultural
GOP, population, and crop area, to better judge the magnitudes involved. One obvious relaticnship
is that, as the income level of developing countries rises more monev is spent on agricultural
research per agricultural GDP. The same is true for expenditures per caput and expenditures per
area. Poor countries spend .36% of the agricultural GOF on research which is equivalent to US §
185 per 1000 inhabitants or US $ 0.80 per 1000 ha of crop area. The respective figures for high
income countries are 1.07%, US § 1384 and US $ 3.10. A somewhat simplistic interpretation is that
the poorer the country the less it is able to spend on agricultural research. At the same time,
of course, its need for agricultural research may be all the greater. This is a well-known fact
and the basic starting-point for support of national agricultural research systems in developing
countries. Overall, the .level of research expenditures in these countries is now slightliy above
the target of .5% of agricultural GD® as proposed by the UN World Food Conference in 1974 and in a
few countries these expenditures have attained the level of one percent of agricultural GDP, e.g.
Argentina, Brazil, Kenyva, and Nigeria. (FAQ/UNDP, 1983).

Considering scientific manpower allocation by developing country income group, on the other hand,
the result is not definite. A clear relationship holds for the number of scientists per caput.
It is 14 for the low income, 24 for the high income group. The ratio of scientists to crop area,
however, does not move in the same direction. One is left with an ambiguity. Differences in
population groups might explain the statistical differences as well as different research
policies. Finally, the causal relationships are open for different interpretations. One would
like to think that higher research efforts result in higher economic growth rates. But the
figures may mean nothing more than that richer countries can afford tc spend monesy on research
irrespective of research results.

In summary, the data in Tables 1.3.a and 1.3.b do provide some insights intc national agricultural
research in developing countries. These countries generally stress extension as compared to
research as such, This is especially true for low income countries. Appropriste national research
activities, however, are necessary tc adopt and transform technologies which have been produced on
the international leve) (Schultz, 1980; Pinstrup-Andersen, 1982; Ruttan, 1983). Hence,

performance of national agricultural research may be a severe constraint to success in
international agricultural research. The complementarity issue, therefore, has to be carefully
considered for different research areas. Again, it is of little help to take a global view.
National research possibilities vary greatly among developing countries. This has tc be taken

inte account when determining priorities in internationa) agricultural research.

4. Trends 1970-80

?erformapce of national agricultural research may change over time. Priority choice on the
international level cannot neglect such changes but has to reflect them.

Annex Tablg 1.4 shows trends for expenditures and manpower of public sector agricultural research
and extension by developing country group. The figures refer to the period 1970-80 and are based
on Judd et al (1983). Between 1970 and 1980 the developing countries as a group have increased
their expendxtures and their manpower allocations for research at rates of about 5.5% p.d.,
substantially above the rate in developed countries (over 2%). Extension has expanded at much
lower rates, closer to 2% p.a. and closer to the rates in developed countries. Particularly high
growth.rates for research are shown for West Africa. Central America and South and Southeast Asia.
Extension has experienced higher growth rates in Latin America than in any other region but it has
also started from a particularly low level. '



Table [.J3.bt  Expeaditures and manpawer of public sector agricultural reseacch by develaping couatry income group a)’ 1980

Number of countries Expenditures b) Manpower <)
per per per per per
agricultural 1 000 1 000 ha million 1 000 ha
Goe, inhabitants, crop area, inhabitants, crop area,
millien 1 000
us $ percent us $ us $ number _ number pumber
Low income countries 13 184.70 0.36 185.20 0.80 13.50 13.60 0.06
South Asia 5 139.70 0.32 156.20 0.70 12.30 13.70 0.06
Sub-Sahara Africa 8 45.00 0.58 - %38.50 1.50 1.20 12,00 0.0%
Middle income countries 27 271.60 0.46 542 4 2.40 9.60 19,30 0.08
Southeast Asia 9 105.00 “0.39 343,60 2.10 6.00 19.50 0.12
North Africa/Middle fast 2 4,00 0.26 339,00 0.60 0.20 17.50 0.03
Sub-Sahara Africa b 104.90 0.67 1 111.30 3.30 1.70 18.50 0.05
Latin America 12 57.70 0.50 648.90 2.40 1.70 19.50 0.07
High income countries 1 357.20 1.07 1 384,10 3.10 6.20 24.10 0.05
Southeast Asia 1 1.50 0.88 2 178.20 - - 50.10 -
North Africa/Middle fast 1 1.60 1.12 2 419,40 3.60 0.10 84 .50 .13
Latin America 9 554,10 1.07 1 378.80 3.10 6.10 23.90 0.05
Total of 5% countries 51 813.50 0.56 463.30 1.80 29.40 16.70 0.06

3)  According te a study by IFPRI and ISNAR. The data comprise 51 selected developing countries

b)  Based on constant 1975 US §

¢)  Number of research scientists

Source:  IFPRI/ISNAR, Resource Allucations to National Agricultural Research: Irends in the 1970s, prepared by P.H. Oram and V. Buidlish, Washington and The Hague 1981



Table I.h.: Trendsfor expenditures and manpower of public sector agricultural research and extension by developing country group a), annual rate of change 1970 - 80, in percent

5) )
Expenditures = Manpower =7 Research Expenditures
Extension Manpower
Research : Extension Research Extension v Expenditure Manpower Research Extension
Africa
North 2.20 - 0,20 7.60 L.30 2.50 3.60 - 5.10 - h.30
West 8.40 1.20 “9.60 - 3.00 7.00 4,80 - 1.10 -1.70
Fast 4.30 2.10 8.60 2.60 2.20 5.80 - 3,90 - 0.40
South 3.00 - 1.90 4,40 1.50 5.20 3.10 - 1,40 - 3.30
Latin America
Central 1420 8.80 6.40 10.30 5.00 - 3.70 7.50 - 1.40
Tropical South 7.60 8.00 5.90 7.70 - 0.30 - 1.80 1.60 - 0.20
Temperate South 3.50 0.04 k.10 1.70 3.40 2.40 - 0.60 - 1.60
dsia
West 5.90 2.10 3.70 - 1.30 3.70 4,50 2.10 3.50
South 10.20 -10.60 8.20 0.90 10.80 5.80 1.80 - 1.80
Southeast 10.70 -~ huso 19.20 1.10 9.00 7.20 1,40 5
East 7.60 - 3.80 - - - 3.60 -
China - 2.50 . 3.90 - - - - 0.90 -
All developing countries 5.50 2.40 ‘5.40 2.00 2.70 2.90 0.00 0.40
Developed countries 2.60 2.40 ¥ 2.20 130 ¢ - 0.0 1.00 0.20 1.0
World, total 3.30 2.40 3.10 1.70 0.70 1.30 0.10 0.70

3) According to a study by Judd, Boyce, and Lvenson
b) Based on const. 1980 S §

¢) Based on scientist man-years

d) Excluding Japan

e} Including East Asia

Source; Judd, M. A., J. K. Boyce and R. E. Evenson, Investing in agricultural supply, Center discussion paper, no. 442, Economic Growth Center, Yale University, New Haven 1983



As a consequence the relationship between research allocation and extension allocation has
slightly changed. Research has been promoted more than extension, both in terms of expenditures
and of manpower, Hence, developing countries have changed their research structure towards the
structure in developed countries. Again, however, the variation among individual developing
countries must be emphasized. The degree to which generalizations can be made over all countries
and regions is limited.

Overall, the trends may be taken to indicate that developing countries' agricultura!l research and
extension structure is approaching that of developed countries. Two conflicting conclusions could

be drawn. On one hand the growing importance of national agricultural research in developing

countries may facilitate the adaptaiion and transformation of technologies in these countries
{Pinstrup-Andersen, 1982}, This may enhance success of jnternations] research activities. On the
other hand, national aoricultural research might increasingly become competitive with

international research. Substitutional relationships between national and international

agricultural research would become stronger. On this general level it is not possible to

determine which trend might prevail. While growing resource allocation to nmational agricultural research
in developing countries is encouraging the view should not be too optimistic. Most developing countries
still lack an adeguate system for planning allocating, and monitoring research resources which re-
sults in a misallocation of resources {Daniels and Nestel, 1981). FAQ and UNDP (1983) summarize the
major constraints and problems for national agricultural research in developing countries. Because

of their relevance for priority choice in international agricultural research they deserve to be cited
here:

(1) Despite its high economic and social benefits, developing countries
still do not devote enough funds to research, This attitude is moti-
vated by the general impression that agricultural research is both
& complex and long-term process and its benefits are not as visible
as those resulting from other forms of agricultural investment, e.g.
irrigation or expenditures on extension,:

(ii) The advantages of agricultural research are still not fully grasped
by the farming community and perhaps least valued by the general
public. The problem is exacerbated by the lack of dialogue between
research scientists and policy-makers. All these factors are re-
flected in the low priority given to agricultural research by planners
and policy-makers.

(iii) The planning of research programmes remains weak. Tne major problems
are the lack of balance between short and long-term needs, unclear
objectives which fail to provide guidance for resource allocation and
lack of commitment to solve the problem of poor farmers. In most
developing countries, research continues to be viewedas a scientific .
discipline operating separately from other closely related disciplines.
Its focus is mainly on commodity research; farming systems research
is still in its early phases, although some of the IARCs are en-
couraging the developing countries along these lines. A major
difficulty of organizing farming system research is that it is
a multidisciplinary effort and requires full cooperation between
researchers, extensionists and fammers. Another problem is the lack
of involvement of research scientists from universities and colleges
in the planning of national agricultural research.

(iv) Research programmes continue to suffer from shortage of funds and
their timely provision and from lack of identifying the real
beneficiaries. Socio-eccnomic research is invariably lagging behind
technical and biological research. Oftien no systemstic effort is
made to gain a clear picture of the financial benefits emanating
from research which accrue to producers and consumers and among
the latter to land owners and landless workers.

Another weakness in programming is the lack of harmonization of
research priorities with given resource endowments and the establish-
ment of research priorities so that the best use can be made of
available funds.

(v) There is a strong tendency to produce improved technology suited for
the areas most favoured by climate and geography. The development
of technology for marginal areas, where complex environmental,
technical and socio-economic factors are at play, is still not
receiving adequate attention.

{vi) The possibility of transfer of research results from one developing
country to another is not fully exploited. This is caused by the
slow progress in promoting networks among national agricultural



research institutions in different regions. Similarly, the services
provided by the CGIAR system are not fully utilized in the transfer
of technology from country to country.

(vii) Not much attention is being given to the indirect consequences of
agricultural research such as the effects on the environment or on
other crops resulting from the introduction of a new technology
for a single crop.

(viii) In most cases research institutions are not structured to facilitate
smooth flows of information. Lack of communication among research
institutions prevents the cross-fertilization of ideas and experience,
encourages duplication of effort and makes it difficult to fill the
gaps in the research system. On the whole, there appears to be a need
for restructuring agricultural research organisations.

(ix) The absence of a professional research environment (intellectual

: stimulation, recognition of success and group interaction) is a con-
straint, expecially lack of contact with agricultural research
scientists in other countries, particularly those with similar
climatic conditions.

(x) Trained and experienced manpower is in short supply, especially in
the LDCs. In fact, most developing countries do not have a coherent
plan for training in research. The creation of additional research
stations in response to political pressures has further diluted man-
power resources in many countries. Most critical is the shortage of
skilled research menagers, a function which cannot be handled by
scientists or political appointees. It reguires qualified personnel
who, because of private sector competition, demand higher salaries.
Although the training facilities provided by the IARCs are being
relatively well utilized the same cannct be said of the facilities
offered by the international associations. The retention of manpower
in research constitures a major difficulty. The major factors re-
sponsable are inadequate career structures, low salaries and poor
conditions of work. ,

(xi} Liaison between research {generation of knowledge) and.extension
{dissemination of tested technology) is very poor. Instead of inter-
action, there may be even antagonism, expecially if each discipline

is attached to & separate ministry. This situation has prevented
dialogue between researchers and farmers and has weakened the diffusion
process by which research results are adopted.

-

5. Allocation by Research Area

A research area can be defined by purpose, commodity or resource involved, and by the scientific field.
Available data only allow to differentiate according to commodity and commodity group. Even for that
differentiation data base and methodology are by no means straightforward. The following empirical
information refers to recent studies in this field.

Judd et al. (1983) determine relative allocations by the proportion of publications. Such a procedure,
obviously, is rather arbitrary, but the lack of alternatives has to be recognized. Annex Table I.5.a
gives the resulting expenditures on specific commodities as percentages of total research expenditures.
Since a considerable part of the publications could not be allocated to a particular commodity, inter-
pretation has to be cautious.

The most important commodity group surprisingly enough are livestock. Livestock research absorbs 36 %
of all research efforts or twice as much as cereal research. At 30 % non-food crops are the second most
important commodity group.

Of individual commodities cattle rank first but this really is more a commodity group (meat, milk, draught).
wheat and rice come next in importance. Of the different regions West Africa, Tropical South America,

and South Asia have similar shares and together account for over two thirds of total research efforts.
This reflects the importance of the national research systems in the large countries Nigeria, Brazil,

and India. Livestock research is relatively important in Africa, Latin America, and West Asia, while

in South, Southeast and East Asia cereal research is in first place. This corresponds with the relative
importance of livestock production in these regions.



Table 1.5.a:

Research expenditures in developing countries by commodity a)‘ 1976, in percent of total research expenditures
in gll developing countries

Krica Latin Americs Asia All
developing
countries

North west  [ast Central Tropical Temperate West South  South  fast

South South East
wheat 0.53 0.32 0.0 0.23% 1.08 1.06 0.32 3.5k 0.07 0.20 7.40
Rice 0.08 0.8% 0.0% 0.06 0.84 W03 0.01 2.6 2.57 1.24 8.36
Mazize 0.08 0.63 (.07 0.05 0.5%9 0.4 0.03 o. C.1 . .25
Cassava - g.31 (.02 - 0.25 - - 0.02 G.10 - 0.70
Potatoes 0.04 - - 0.01 0.32 0.11 0.04 0.29 0.06  0.05 0.92
Sweet potatoes 0.01 0.31 - - - 0.01 - 0.03 0.01  0.04 0.42
Sugar G.09 0.23  0.05 0.1 0.76 0.26 0.04 0.47 0.17 0.13 2.32
Beans 0.13 0.76  0.04 0.04 0.77 0.06 0.03 0.12 0.09 0.01 1.4
Vegetables 0.18 0.86 (.03 Q.02 0,47 0.08 0.4 0.61 0.26  0.10 2.75
Bananas 0.02 0.15 0.6 0.01 0.17 0.01 - 0.06 0.04 0.00 0.48
Citrus fruit G.1% 6.67 - 0.0 0.3 0.18 0.17 0.22 0.04 0.07 1.21
Soybeans Q.08 0.49 0.0 0.0z 1.65 0.20 0.02 0.3¢6 0.45  0.26 3.62
Groundnuts 0.06 0.35  0.02 .01 0.18 0.03 0.0 0.20 0.14 0.0 1.00
Coconuts - 0.01  0.01 - 0.06 - - 0.4 0.34 - 0.55
Coroa - 0.84 0.1 0.29% - - 0.02 0.27 - 1.43
Coffee - 0.k9  0.80 0.02 2.33 0.01 0.01 0.24 0.35 - §.26
Cotton 0.17 0.16  0.05 .01 0.29 0.02 0,04 0.47 07 - 1.29
Other crops .18 4, 0.88 0.34 5.35 2.35 0.78 4,48 2.89  0.96 24.05
Cattle 0.65 8.84 0.98 0.80 3,89 1.28 0.36 1.7 1.03 46 19.99
Pigs 0.03 0.72  0.04 0.13 0.82 0.40 0.04 0.3 0.43 43 3.36
Poultry 0.20 1.10 0.13 0.11 0.55 0.11 0.10 0.5 0.41  0.21 3.48
Other livestock 0.67 2.58  0.37 0.27 1.50 0.9 0.60 1. 0.52 .12 §.70
Cereals ¥ , 09 L0 035 251 .2 035 6.62  2.82 149 18.07
Other food crops C) 1.93 W63 1 0.58 10,58 3.30 .24 103 4.83 1.6k - 40.91
Non-food crops &) 0.17 . .85 0.03 2.62 0.02 .05 0.72 0.2 0.0% 5.55
Livestock - 1.56 13.25 1.9 1.31 6.76 2.73 1.10 3.70 2.39  1.23 35.53
Total ) 4.3k 24,31 3.68 2.27 22.47 7.28 2.75 16.08  10.47  4.36 106.00

@) hccording to 2 study by Judd, Boyce and Evenson. lhe study comprises data for 26 large developing countries. These
countries account for more thar 90 percent of the research undertaken in developing and semi-industrialized countries,
excluding China. The calculatiors are based on 1980 US §

b) Wheat, rice and maize

¢) Cassava 10 cocos

d) Coffee, cotton, other crops

e) Cattle to other livestock

f) Total expenditure in all developing countries is 838 million US §

Source: Jugd, M. A., J. K. Boyce and R. E. Evenson, Investing in agricultural supply, Center discussion paper, nc. 4h2,
fconomic Growth Center, Yale University, New Raven 1983



Judd, Boyce, and Evenson restricted their analysis to the allocation of research expenditures. In
another study ISNAR and IFPRI presented some figures about commodity-oriented manpower allocation
in national agricultural research of developing countries. The figures do not permit & global view
for & specific time, but inform about selected developing countries. Annex Table [.5.b summarizes
the results.

According to that approach the proportion of scientists working in crops research is very high, above
50 % in all but one country, and on average closer to 75 than tc 50 %. Research in animal husbandry
would account for about 10 % in Asian countries, and around 25 % in Africa and Latin America. The
table also lists forestry and fisheries as important research areas in some countries and regions.

Altogether the figures by Judd et al. and by ISNAR/IFPRI are not so different as it may appear at
first sight. It is more the grouping that is different. If one groups all the non-livestock research
as crop research it accounts for 65 % confirming the figures by ISNAR/IFPRI. Just bow reliable these
figures-are and - more importantly - what they mean is difficult to judge.

In any case the figures provide a global view of commodity-oriented research efforts in developing
countries.” They will have to be supplemented by specific country studies to gain a detailed view.

The comprehensive analysis of national agricultural research in 12 countries by FAO/UNDP (1983) will

be very useful in this respect. Summarizing country experiences at an earlier time, Daniels and Nestel
(1981) state

“that crop research was almost always given relatively more resources
than its economic importance warranted and fisheries and forestry
usually less, with animal reseach varying considerably. There was also,
usually, a relatively high allocation of reseach resources for cash and
export crops {expecially where research resources were obtained through
a producer) cess or export levy. The reasons for such apparent anomalies
are often historic"”.



Table 1.5.bi Research scientists in selected developing countries by sector of agriculture a), in percent of total number of
agricultural research scientists

Year Crops Animal husbandery forestry fisheries Other sectors
Asia
Bangladesh 1977/78 79.9 3.2 8.1 1.8 7.0
Indonesia 1974 66.3 1.1 11.7 10.9 -
1979 54,6 8.0 10.1 9.7 17.6
Malaysis 1980 60.5 13.0 - 1.5 25.
Nepal 1580 75.9 6.5 14k 2.7
Pakistan 1977/78 81.9 13.7 2.9 1.5 -
Philippines 1974 37.0 10.0 10.0 6.0 37.0
1978 45.0 7.0 13.0 9.0 26.0
Thailand 1974 69.6 12.2 12.8 5.4 -
1979 86.5 8.9 0.9 3.7 -
North Africa/Middle East
Yemen, AR 1977 90.3 - - - 9.7
Yemen, POR 1476 87.1 - 8.1 - 4.8
Sub-Sahara Africa
Sudan - 1877 79.0 13.8 - - 7.2
Ethiopia 1977 59.0 7.0 - - 34,0
Kenys 1979/80 57.8 39.8 1.6 0.8 -
Nigeris 1977/78 63.% 16.7 12.1 7.6 -
1980 57.9 23.3 8.6 10.2 -
Senegal 1975 58.0 23.2 2.9 15.9 -
1980 56.0 23.0 v 2.0 9.0 -
Uoper Volta 1975 61.7 1.5 ‘ - - 26.8
fogo 1980 59.2 40.8 - - -
Latin America
Barbados 1980 72.2 27.8 - - -
osts Rica 1980 96,.0 - - - L0
Haiti 1980 75.7 18.9 - - 5.4
Jamaica 1980 76.7 10.0 S b - 13.3
Mexico (Total) 1974 82.5 3.4 L4t - 0.3
(INI& only) 1977 91.3 - - - 8.7
Nicaragua 1980 - 75.0 - 16.7 - - 8.3
Paname 1980 64.3 - - ' - 35.7
Brazil (EMBRAPA) 1980 73.1 26.9 - - -
Colombia (ICA) 1680 537 31.2 - - 15.6
Peru (INIA) 1980 85.2 1.0 7.6 - 6.2
(Universities) 1978 74,7 21.0 4.3 - -
Yruguay (University) 1980 52.3 17.9 ) 10.6 - 19.2
Venezuela 1980 72.9 2.4 ¢ - - -

8)  Accarding to a study by IFPRI ang ISNAR
b) Including fisheries
c)  Refers to pastures

Source:  IFPRI/ISNAR, Resource Allocations to National Agricultural Research: Trends in the 1970s, prepared by P.H. Oram
and V. Buidlish, Washington and The Hague 1981 .



Annex 1I1I: Country Groupings

Data based on FAQ's AT 2000 study use the regions Africa, Latin America, Near East and Far Eas{ (or
Asia and Far East). In addition country groups are distinguished:

Low income countries: countries with per caput GDP of US § 300 or lower in 1975;
Least developed countries: multiple-criteria classification by UN;

Country groups according to growth rate of agricultural production: the growth rates
are those of gross agricultural production covering all the commodities analysed

in the study valued at 1974 - 76 world export unii values; the growth rates have been
computed as compound interest rates using the least square method.

The classification of countries according to region and country group are shown in the attached Table
“The 90 developing countries of the study and alternative country groupings, by category".

Data based on FAQ's agro-ecological zones AEZ project group ceountries into the following regions:
Africa, Southwest Asia, South America, Central America and Southeast Asia. Since these regions
correspond with the common geographical concepts and since all countries of anyone region are included
a listing by country does not appear warranted except for Southeast Asia. That region is to the east
of Afghanistan and comprises of Bangladesh Bhutan, Brunei, Burma, India, Indonesia, Kampuchea DM, Lao,
Malaysia, Nepal, Pakistan, Philippines, Singapore, Sri Lanka, Thailand and Vietnam.
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The 90 daveioping countries of the study and aiternative oountry groupings, by category

Past growth cate

of gross agricultural
3

Past growth rate
of groas agncuttural

Past growth rate

of gross agnculturt

production producbon® production®
196180 % pa 190180, % pa 1961-80. A ps
Low: Low. Madium High Low- Least Low. Medium: High. Low- Least Low Moaum Hign
mcomae undar ™ w n income developed  under 2w n Income Qevelopsa  under A n
counties' Fad under 3% of over countries'  counnes? »n under 3% o7 over oountnes'  couniries’ o unaer I% or over
Atrica 33 Hwanda [} ® ® 84 Suaan ® ® [ ]
1. Agerna @ 34. Somaha [ ] ® ® 86 Atghamastan ® ® ®
2 Morocca [ ] 35 Tanzams [ ] ® [ ] 86 Cyprus ®
3 Tunies ® 36 Ugands ® [ ) [ ] o7 iran ®
4. Benn ® [ ] . 37 2embia ® o8 iimnq [
6. Gamtua [ ) ® Latin Amenca 8 sorgan [ ]
6 Ghana e 38 Costa Rica ® T0. Lebanon ®
T Quines ® ® 39. EI Satvador [ ] 74, Ssuch Araine o
8 tvory Cossl [ 40 Gustemsia [ ] 72 Syns ®
9 iibena ® 41 Honduras ® 73 Turkey [ ]
10. Mal ® [} 42 Mexico [} 74 Yemen ® ® [ ]
11 Meuritani [ o 43 Nicarsgua ® 76 Democranc Yemen ® .® ®
12 Niger ® ® 44 Panama ® " Asie ond Far Eset
13 Nigeria ® 45 Cuba ® 78 Bangisdesh ® @ ®
14 Senegsl ® 48 Domimcan Repubic . . [ 77 inche ® ®
15 Sisves Loons o ® 47 Hait ® [ ] [ ) 78 Napat [ ® [ ]
16 Togo ® [ ] 48 Jamaca ® 79 Palustan ® ®
17 Upper Volta [ [ ] 49 Tanigad and Tobago ® 80 Sn Lanka ® ®
18 Angola ® ® 50 Argentna ® 81 Burma ® ®
19 Camearoon ® [} 51. Bolvia [} 82 indonesis ® ®
20 Cenlral African Repubiic [ [ ] 52 Brazi [ @3 Aepubiic of Kores L )
21 Chad ® ® §3. Chile ® B4 Lao ® [ ] ®
22 Congo [ ] 54. Colomba [ ] 85 Malaysia [ )
23. Gabon ® 55 Ecuador ® 86. Philippines [}
4. 2Znre @ ® 56 Guysna ® #7. Thallsnd ®
26 Buruna ® [ ] §7 Pataguay o - 88 Democretc Kampuches [ ®
26¢ Etriopa ® [ 568 Paru ® 88 Democrabc Peopie's
Rap: of Korea [ )
27. Kenya e [ 59 Sunnama [ ]
90 Viel ham ® [ ]
28 Macegasces ® ® 80 Uruguay ®
20, Maiswi ® ® 1. Vanazusia L]
30 Maurtus [ ] Noar Enst
31 Mozambigqus Y ® 62 Egypt ® ®
3‘.’1 Limbabwe ; o ®

[ &3 Libya




Annex II1: Map of population supporting capacities in
developing countries



Annex III: Map of agroclimatic zones in developing countries
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