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INTRODUCTION

People of the developing countries are faced
with problems of a magnitude no longer
found in the United States. Hunger, disease
and illiteracy are some of the great impedi-
ments to development faced by these coun-
tries. The goal of the United States Agency
for Internalional Development is to help them
in their efforts to surmount these obstacles
and improve the quality of their lives. To do
this, the developing countries need trained
manpower, knowledge anc adequate re-
sources. Most of the AID effort goes into
helping these nations achieve these ends.

In the early years of technical assistance it
was thought that most less developed coun-
try (LDC) problems could be solved by
transferring and applying knowledge and
materials already existing in the more de-
veloped countries. Over time and through
hard experience we found that our existing
body of knowledge, fitted as it was to prob-
lems peculiar to the mare developed nations,
was quite incomplete. Technologies and sci-
entific discoveries that had eased problems
at home did not work well under the condi-
tions of countries with different resources,
climales and ecological circumstances, and
with dissimilar social values, educational
levels and organizational systems. Above all,
the technologies of the more developed
countries have been designed to mesh with
different relative cosls of capital and labor
and differences in employment opportunities.
Therefore, technologies could seldom be
transferred intact.

We found that the great asset that the United
States has to offer is a problem-solving ability
which can take unusual problems and find
useful solutions. This knowledge and exper-
tise is spread among our universities and
among governmental and private research
institutions. We have used their tesources by
funding recearch projects and in the process
have strengthened and added to the store

of competence available. This has been
particulariy true in the case of the centrally
funded research reported in this publication.



In contrast to AID mission efforts which are
country-specific, the centrally funded re-
search program seeks answers {o an array
of problems which cut across nations ard
regions. The research project is our unit for
approaching a problem. And the difficult part
of research management is to estimale the
probabilities that a particular approach will
indeed produce resulls. For example, there
are literally hundreds of ways to approach
the problems of lack of protein and low
quality protein in the diets of the poor in the
LDCs. Some of the most promising work
reported here reftects our decision to attempt
breakthroughs in the genetic design of more
nutritious food grains.

Our experience 1o date with AlD-funded re-
search suggests that it can be enormously
helpful with a variety of difficult problems.
Among the highly promising results are those
reported here {o: create new vaccines to
prevent man's diseases and those of his
catllle; bring into existence higher yielding
crop varieties with better protein to nourish
his body; design belter systems for carrying
knowledge to students; discover methods by
which individuals can plan the size of family
they wish to have, and produce beller under-
standing of desirable economic and social
relationships.

In deciding whether to proceed with specific
research, AID looks iirst at the urgency of the
problem and then, with the assistance of a
Research Advisory Committee (RAC) made
up of specialists in many fields, estimates the
prospects of success of the proposed proj-
ecl. The bulk of the research funds are com-
mitted to projects that can reasonably be
expected to produce high returns in a rela-
tively short time. This does not mean that no
risks are ventured nor that all efforts are short
run. There are problems of .uch importance
that projecls are undertaken even though
success cannot be assured.

The research reported here 1s carried out
primarily by U.S. universities and government
agencies under contracts with AID. Less
frequently, LDC universities. private agencies
and foundations or other international de-
velopment agencies have been chosen to
undertake the resear .h tasks The contrac-
tors are selecled on the basis of established
competence in the field being nxplored

Many U.S. universities have long expenence
and expertise in arcas of knawledqge that bear
directly on the needs of develnpma countries
In short, AlID is able to rely on specialists
who are teaders in their fields

Whenever feasible, AID projects are meshed
with the research and development etforts of
other national and international orgamzations
and the LDCs themselves. to obtain the onti-
cal mass necessary. Frequently, AlD helps to
establish or strengthen network arrange-
ments linking the work of developed and
developing countries on LDC problems In
such cases the United States may finance
only a small part of the overall effort. but may
stifl provide the impetus and scientitic skill
essential far success

Although the fundamental purpose of AID
research is 1o help solve LDC problems. it
frequently results in rewards for the donor
Plant and ammal disease resistc nce factors
discovered in developing countnes are im-
portant{o American tarmers when the dis-
ease breaks out in the Uniled States. IHigh
protein cereals benefit American consumers
—both directly and by lowering the price of
animal feed. The search for safe. etfective
and inexpensive methods of contraception
may lead to discoveries that will vitalize tamily
planning programs cverywhere The scien-
tific breakthroughs in identifying effective
herbicides and producing bioaegradable
DDT reported here will have universal
application.

This report of the centrally funded AlD re-
search programs covers projects underway
at the time of publication or completed since
the prior report (The AID Rescarch Program,
1962-1971). For reasons of space the objec-
tives and results are presented in summary
form with litlle stalistical data or ancillary
findings. Those interested in greater detail
will find the names and addresses of the
contractors and principal investigators in the
appendix of this volume.
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AGRICULTURE

In developing countries, which account for
over 70 percent of the world's population and
two-thirds of its land surface, the critical
problem is how to produce enough food to
stave off malnutrition, even starvation. Some
1.5 billion people in these countries do not
have adequately balanced diets; their diets
are particularly deficient in protein. And be-
tween 300 and 500 million of these peopie
do not get nearly enough food of any type.

Populations increase; the land surface does
not. This fact is central to the problems of
the developing world.

Despite a remarkable 35 percent increase in
food production over the past decade, popu-
lation increases have been so great that the
per capita food production is barely keeping
up. This balance is so precarious that even a
slight shortfall in preduction—caused by
drought, fload, crop disease or other condi-
tiors—can create severe hardships to
millions of people.

Improved technologies, particularly develop-
ment of high-yielding grains with better
nutritional value, hold promise that some of
the problems may be solved. But these im-
provements must be accompanied by other
technological breakthroughs if the increase
in food production is to keep pace with the
burgeoning population rates. This is where
research fits in.

Most of the developing countries are in the
tropics and sub-tropics where the problems
of crop and livestock production are espe-
cially complex. The crops that can be grown
most easily on the soils in these environments
are usually low in prolein—and the protein
often lacks the amino acid balance that gives
protein its nutritional quality. A diet poor in
protein is particularly harmful to infants and
children: it is believed to be the primary
cause of severe juvenile health problems in
developing countries.

Much of the increase in food production has
come from sharp yield increases on irrigated
land or on especially well-watered rainfed
areas. But only about 11 percent of the
world’s land is irrigated. In Southeast Asia
the figure is nearly twice a< high. but in that
region more land is now irigated than avail-
able water supplier would warrant. In the
future, most increases in food production
must be achieved under less ideat conditions
on the 1and on which the majority of people
in developing countries—and most of the
poorest farm people-—now live. Thay cannot
depend upcn growing crops which require
irrigation, such as the improved varieties of
wheat and rice. So AID crop research efforts
are aimed primarily at improving tha protein
content and quality and yield of vanieties that
will grow under these less favorable
conditions.

On other iands whete the rainfall is not
adequate for food crop production. AlD re-
search emphasizes improved production
from grazing lands. The focus up to now has
been on control of major diseas2s and pests
limiting cattle production on the vast grazing
lands of Africa and Latin Amernica—tsetse
flies. hemoprotozoal diseases. and vampire
bats.

In some cases the research is of a very basic
nature. But it always has a specific goal-—to
solve a major problem or take advantage of
new scientific knowledge in order to attempt
a hreakthrough that should benefit large seg-
ments of the population in the 1.DCs. To the
extent possible, the research is tailored to the
needs of the people fac.ng fnod and protein
shortages. For example, ‘mproving the pro-
tein quality of sorghum is not of the same
direct value in the diets of people in the U.S.
where it is used principally as a livestock feed
and where protein supplements are relatively
plentiful. However, to some 150 million
people in developing countries, sorghum is

a staple food.



AID has learned through experience that the
technologies that are successful in the U.S.
usually cannot be directly transferred to de-
veloping countries. Not only are the climatic,
soil and water conditions difterent, not only
do diseases and pestg flourish ihere that are
unknown in this country, but the cultural envi-
ronments differ and present diverse prob-
lems 'Nhat does have relevance and can be
applied is the basic scientific methodology
that worked in the U.S. and must be applied
anew, under entirely different circumstances,
in the LDCs.

The main discoveries that hive led to pro-
duction increases in the rrast decade have
resulted from close collaboration between
scientists and technicians from the more
developed countries and the developing
countries, involving governments and public
and private agencies.

One intangible achicvement of the work
already done is the change in perception of
the possibilities of organized research shared
by the developing countnes. We now share
the view that enormous strides can be made,
that the race betwoen population and pro-
duction is not a hopeless contest with famine
the foregore victor And we have come to
recognize the impaortance of growing crops
that will not only produce more food but will
also help to close the protein gap.

Success in developing high-yielding varieties
with greater nutritive value 15 providing im-
petus and focus to research designed to find
the answers to myniad problems plaguing the
developing world. AlD is concentrating on
solving practical problems of plant disease
and production, of irrigation and fertilization,
of increased meat production on semi-arid
and tropical grazing lands. New approaches
are being taken, because innovation is as-
sential in solving problems that have per-
sisted for centuries and are increasing ata
frightening rate.

Improved Plants and Farming Methods

AID has been, and continues to be, a key
participant in the improvement of crop pro-
duction in the LDCs, frequently referred to

as the 'green revolution.” Through its central
budget AID provides about one-quarter of
the annua! funding for international agricul-
tural centers. In addition it has been a lead-
ing promoter in many couniries of the
utilization of the improved varieties and new
technology emanating from the cenlers. Less
known, but of equal importance, have been a
nurnber of centrally funded research projects
at American universities which are making
essential discoveries that enable the

“green revolution' to move forward.

it was only recently discovered that protein
levels and amino acid balance are heritable
traits capable of being genetically manipu-
lated to improve ihe food value of crops by a
significant amcount. In 1962, the successful
transfer of high protein from a soft unadapted
wheat variely, Allas, to a hard winter bread
wheat was reported by a U.S. Department of
Agriculture-University of Nebraska research
team.

In 1963 the possibility of upgrading the
dietary quality of cereal protein by breeding
was conclusively demonslraled by Purdue
University scientists who discovered two
genes in corn—opaque-2 and floury-2—
which increased levels of two essential
amino acids, lysine ind tryptophan, and pro-
moted that cereal tc the nutritional equiva-
lency of skim milk.

Recognizing that people in devaloping coun-
tries require not cnly more but better food-
stuns, AID has sponsored research in genetic
improvement of basic foods to improve their
nutritional quality while at the same time as-
suring high yields, good agronomic charac-
teristics, and resistance to hmiting diseases
and insects.



Wheat—Improvement of Mutritional Quality

About 500 million acres of the world's culti-
vated lanr} are planted to wheat. Measured

in pounds, more wheat is produced than any
other cereal, although rice is more widely
consumed. Like an cereals, wheat is rela-
tively low in protein; it is also deficient in
lysine.

Since 196€ AID has supported research at
the University of Nebraska 1o determine the
optimum varieties of wheat for growing in
LDCs and to develop superior strains through
cross-breeding. Nebraska has long been an
outstanding research center for winter wheat
improvement, contribuling o the quality of
wheat grown in the U.S5. Although the AID
research will undoubtecly also benefit Ameri-
can farmers, the emphasis is on meeting the
needs of developing countries.

The project’s first major task was to analyze
some 13,000 common or “‘bread’ wheats
from the U.S. Department of Agriculture's
World Wheat Collection to find varisties that
appeared to have genes that promote higher
orotein content and better lysine levels than
ordinary strains. Promising higher lysine
sources were combined with already existing
high protein experimental wheat vaneties. As
quickly as possible, hybrid populations and
imoroved lines were made avadable to
developing countries for evaluation and use

MNebraska researchers systematically coordi-
nate their efforts with those of CIMMYT, the
leading center for spring wheat research,
with the United Nation's Food and Agncul-
ture Organization (FAQ). and with plant
scientists from LDCs. To determine which
lines were adapted to the varying environ-
ments of LDCs, their scientists were encour-
aged to conduct uniform yield tnals on a
series of standard collections of varnetics
distributed by FAC inciuding the new
varielies with improved protein.

Through an International Winter Wheat Per-
formance Nursery (IWWPN) involving the
major winter wheat breeding stations in
.LDCs, the new improved wheat lines have
been included in 52 nurcery sites in 33
countrigs. As a result of the network program,
foreign cooperators have sent more varieties
for inclusion in the tWWPN than coula be
accommodated for immediate testing. In
1971, it became necessary to set up a pre-
liminary screening nursery to identify the
best entries for inclusion in the advanced
field trials.

The nurseries of the IWWPN include the
most advanced of high-protein, high-lysine
wheats that have resulted from crosses with
known high-yielding varieties. Ultimately the
researchers expect to be able to regularly
breed high-yielding wheats with at least 25
percent more protein than their commonly
cultivated ancestors and with significantly
higher lysine levels.

Scientigts fram the University of Nebraska have
unlocked some of the genetic mysteries contained
within grains of wheat. After studying characteristics
of thousands of stiains of wheat from around the
globe, they have bred varieties toat not only yield more
per acre but also produce wheat of suporior nutritional
value. The varnieties contain more protein and more
lysine, an essential ammno acid in which most wheals
are deficient.



Christopher Columbus was looking for India

- when he found Ameriza. Lowell Kiapper, an
assisiant professor of agronomy at the Uni-
versity of Nebraska, was searshing for wheat
strains with high protein value when he dis-
covered an important secret of plant life that
opens the way ior improved herbicides.

Working under an AlD reseatch contract,
Klepper knew that the protein content of the
same strain of wheat could vary from as low
as 8 percent to as high as 18 percent, de-
pending upon where and how it was grown.
One factor determining the protein content
appeared to be the amount of nitrogen the
plant received. Klepper's scientific cunosity
led him deeper irto the secrets of how plants
convert nitrogen to protein, onie of thcse
processes that scientisis recognize without
fully undersianding.

In his study of metabolism in high protein
wheat varieties, Dr. Klepper experimented
with herbicides that block a step in protein
synthesis, whereby the plant converts nitro-
gen into ammonium compounds from which
amino acids can be formed. Amino acids are
the building blocks of protein essential to
human and animal nutrition.

In protein synthesis in wheat, as in any other
crop, nitrite is an intermediate form of nitro-
gen in this process and is not normally de-
tected in plant tissue hecause it is reduced
very rapidly to ammonia. But Dr. Kiepper
learned after testing 90 percent of the
chemica! classes of commercial herbicides
that escentially all cause a buildup of nitrite.

“Nitrite is really the perfect murderer for
plants,” Klepper said. "It does its work and
disappears quickly. And apparently no one
has ever suspected it.”

The traditional method of developing herbi-
cidas has been through laboricus trial-and-
error processes invelving extensive screen-
ing of thousends of chemicals and lengihy
field testing. The techrique developed by
Dr. Klepper shculd compress the tirte nec-
essary for screening anc identification of
which herbicides are most effective for spe-
cific weeds. Some tests that previously re-
quired months or years may now take only
hours.

Anothor advantage cf his technigue is that it
should reveal the exact amount of herbicide
necessary to kill a specific weed, which
would reduce to a minimum the effect the
herbiciage wil! have on the environment.

Dr. Klepper's procedure uses hetbicides
combined with surfactants, substances that
make it easier for chemicals to penetrate
surface films of water surrounding the plant's
skin. With surfactants, smaller amounts of
herbicide will be needed.

The importance of these findings can be
illustrated by the fact that crop losses due to
weeds are estimated in biilions of dollars per
vear in the United States alone. In develop-
ing countries, where crop Yields often deter-
mine whether thousands of men, women, and
children will go hungry or not, annual crop
losses directly attributable to weeds can run
as high as 50 percent or more.

In addition to reduced costs for weed con-
trol, the Nebraska findings will lead to more
efficient use of fertilizer and water, and a
decrease in environmental pollution through
better herbicide management. AlD has as-
sited the University of Nebraska in getting
the new techniques patented in the public
service so the benefits will be available to
all who wish to use the process without
payment,



Cooperation from plant scientists in many
different countries is essential because en-
vironment has a strong effect on protein level
of wheat. The average wheat contains about
12 percent protein. But a single variety may
vary from as low as 8 percent 1o as high as
18 percent, depending upon the conditions
under which it is grown. The IWWPN enables
scientists to determine which of the varia-
tions in protein content are truly genetic and
which are simply the result of environmental
influence.

Success stories from the nurseries are
quickly transformed into crops in ountries
that need them. For example, through the
IWWPN the Russian wheat Bezostaia was
shown to be especially superior for broad
adaptation and yield; as a result of the com-
parative trials it is now being planted in cen-
tral Turkey and neighboring countries to the
extent that it has become one of the most
widely grown varieties in the area.

Scientists at Nebraska have sought

shortcuts to determine early in plant growth
the likely protein content of the wheat, 1o
avoid the laborious process of trial and error
as far as possible. By answering basic ques-
tions about how plants convert nitrogen to
protein, researchers came up with vastly im-
proved tests for herbicides (see Page 4). They
are also perfecting rapid screening tests for
leaf enzymes that will enable scientists to
identify plants with a superior ability to pro-
duce protein in the vegetative phase of the
plant's growth, before flowering. In less than
a year, the Nebraska team found that in the
Atlas derivatives these superior seedling pro-
tein fixers usually developed the highest pro-
tein content and quality of grain at harvest
time. This was further substantiated through
feeding trials with small animals.

Because of this finding the plant breeder
can determine the protein content by exam-
ining seedlings instead of waitirg for the
plant to produce: grain. Consequently, in a
biief period of time, he can select those
seedlings that show promise of high protein
content and discard those that do not.

Corn-—Imnrovement ef Nutrnitional Quality

Maize or corn is another cereal basic to the
diet of many people in developing countries.
It is also widely used to feed animals. It is
naturally low in protein — more so than
wheat —- and like most cereals, it is deficient
in two essential amino acids, lysine and
tryptophan.

Attempts to improve the nutritional value of
maize were considered impractical unti! 1964
when scientists at Purdue University identi-
fied the opaque-2 gene, which markedly
increases certain amino acids, particularly
lysine and tryptophan, thus improving the nu-
tritional quality of the corn. Subsequently,
they reported that a secondary genetic char-
acter, floury-2, was intermediate between
opaque-2 and normal corn in its amino acid
content and had increased quantities of
methionine, another amino acid essential to
human and animal nutrition.

The discovery of the opaque-2 endosperm
character immediately received wide pub-
licity. A U.S. seed company rapidly began to
breed the first commercial opaque-2 hybrid.
Seed samples of the hybrid were supplied
through AID missions around the world to
countries interested in evaluating and pos-
sibly planting this new type of corn.

Yet, despite superior nutritional qualities,

the new opaque-2 hybrids had some seri-
ous defects compared to ordinary corn.
Among them were lower grain yield; gicater
susceptibility to disease, particularly ear rot;
higher moisture content at harvest; soft
starch that was unacceptable for local rec-
ipes; poor storage guality, and low germina-
tion. These deficiencies made it plain that if
the production potential for improved protein
corn was to be realized, considerable addi-
tional research and development would be
required. But at least Purdue proved that
corn could be improved nutritionally through
breeding.

In 1969 AID initiated a contract with Purdue
to try to find other genes and germ plasm
that would provide improved nutritional char-
acteristics of maize, and for a breeding pro-
gram to overcome the defects of opaque-2.
Cooperating with other world maize research
centers, such as CIMMYT, the Purdue scient-
ists have identified a series of endosperm of
opaque-2 corn in hard crystalline varielies.



These types of opaque-2 cannot be distin-
guished from ordinary flint corn. They have
the processing qualities of normal maize and
they are equal to the normal types in har-
vesting and keeping qualities. They also
germinate normally in the field. Animal feed-
ing trials indicate that these moditications
have resulted in no serious loss in the
opaque-2 nutritional values. Tests with young
children in Guatemala and Colombia have
demonstraied that opaque-2 is the nutritiona!
equivalent to skim milk when fed at an ade-
nuate level of diet. It can cure kwashiokor, a
disease resulting from severe protein defi-
ciency, when it is the only piotein source. A
recent finding of great potential value

to maize nutrition improvement is the dis-
covery of a sugary gene which combined
with opaque-2 has resulted in a grain with
improved consistency as well as easier
digestibility of the protein contained in the
present opaque-2.

Another important success of the project to
date has been development of a positive test
for the chemical identification of high-lysine
opague-2 maize. Because the new corneous
endosperm opaque-2 varieties looked so
much like ordinary corn. neither the house-
wife nor the farmer was willing to pay the
extra price for the superior corn, without
some form of assurance that it was indeed
improved. The Purdue identification test,
using simple laboratory procedures, accord-
ing to the scientists who developed it, should
quickly identify high lysine content regard-
less of the physical appearance of the corn,

Brazil, one of the most advanced LDCs, is
utilizing this new discovery; in 1972 some
400 tons of opaque-2 seed, an amount suffi-
cient to plant about 3% million acres, was
produced and distributed. The new crystal-
line opaque-2 varieties which have normal
grower and consumer acceptance, will be
introduced there soon. They are also being
produced in Mexico, Colombia, and Guate-
mala, and to a lesser extent in countries in
Africa and Asia. It is expected that the hard
kernel type of opaque-2, ir addition to its use
as a livestock feed, will also pe used to im-
prove the protein quali'y of many corn prod-
ucts such as corn meal and snacks made
from corn.

Research results from this project are dis-
seminated rapidly to interested research per-
sonnel through the world in the form of seed
material and through newsletters and scien-
tifir journals.

Corn. a basic food for millions in developing countries,
15 naturally low in protein and deficient in the essential
amino acids, lysine and tryplophan. AID funded re-
search at Purdue has led to the discovery of genes
that can correct these deficiencies.



Sorghum——Improvement of
Nutritional Quality

Sorghum, the fourth most extensively pro-
duced cereal grain, is the primary source of
calories for more than 150 million people in
India, Africa, and parts of the Far East. In
some developing countries, people derive

60 percent or more of their protein

intake from sorghum. These are generally
the poorest people in the poorest countries
— largely because sorghum can be grown
on land too dry and often too infertile to grow
other cereals. If these people are to live
more productive lives, and if their children
are to achieve their full mental capabilities
and be receptive learners in the emerging
nations' school systems, a primary food need
is increased intake of usable protein.

Project scientists at Purdue screened some
10,000 varieties of sorghum from the world
collection to find those with the most protein
and the highest nutri.ional value. They sought
lines with genelic characteristics that could
be crossed with hardy lines capable of sur-
vival under the climatic and soil conditions
of LDCs. They confirmed that most sorghum
varieties contain only about 10 percent pro-
lein, are relatively low in lysine, and gener-
ally poor in amino acid balance. Yet they
found that different types of sorghum can
vary widely in protein amount and quality.
Total protein values may range frorn 8 per-
cent to more than 25 percent from the worst
to the best lines.

The painstaking analysis uncovered two lines
of sorghum from Ethiopia that are definitely
superior both in the amount of protein they
contain and ir the quality of that protein.
They contain nearly twice as much protein as
the average sorghum and the amount of ly-
sine in that protein is 50 to 70 percent higher.
In three 1o five annual growing seasons, the
scientists believe, these lines can be crossed
with hardy, high-yielding varieties of sorg-
hum lo incorporate the best qualities of each
through breeding. They will also try to pro-
duce sorghum with superior milling qualities.

In the course of the AID project, Purdue
scientists discovered why milling can be so

important. The researchers had been feed-
ing small animals grain from varieties of
sorghum that showed relatively high nutri-
tional value in chemical assays in the labora-
tory — yet these superior values were not
always reflected in animal growth during
field trials.

The scientists explored several possible ex-
planations for these results: perhaps chemi-
cal analyses had been faully; or, the

animals used may nol have been good ex-
perimental models (digestive systems vary
greatly in laboratory animals); special toxins
or other dietary disadvantages in sorghums
may have cancelled any protein improve-
ment; some unknown factor in the sorghums
might have made protein unavailable to the
animal eating them, even though high protein
was detectable through chemical assay.

Repeated experiments seemed to point 1o the
last reason, the unknown factor, and the
team concentrated on learning what it was.

The clue that led to the breakthrough came
from chemical comparison between lighter
and darker colored varieties of sorghum. For
many years breeders have sclected vaneties
of sorghum with colored seeds, brown or red
pigmentation, because they contain tannin.
This substance is bitter and unattractive to
birds. In all areas where sorghum is grown,
birds are a serious pest. They can devour
much of a crop in a single day and destroy
most of that which they do not eat. The
brown or red sorghums are not only dis-
tasteful to birds, but when they mature under
humid conditions, they are also less likely

to mold, and they tend 1o be more resistant
lo grain insecls in storage. Although white-
seeded sorghum is generally preferred for
the human diet and yeltow endosperm vari-
eties are favored by the feed industry be-
cause they have a somewhat belter feed
value, the pigmented varieties constitute by
far the largest percentage of all commercial
sorghum hybrids.

Further tests clearly irnplicated tannin as the
“unknown factor.” High-tannin varicties of
sorghurn caused rats tc lose weight (even to
starve), moderate amounts of tannin in grains
of comparable protein composition caused
slight weight gain in rats, and samples con-
taining no tannin resulted in animal growth
gains considerably greaier than those for
rats eating moderate-tannin sorghum.



As a clincher, when the pigment-bearing
outer layer of the grain is polished away, pig-
mented varieties have essentially the same
nutritive value in animal-feeding trials as the
non-pigmented types. Chemical tests showed
that solubility of protein was slower for high-
tannin than for low-tannin varieties.

Milling the tannin is not an insurmountable
problem. Tannin is contained in an extremely
thin tayer, one or two cells beneath the peri-
carp or “'skin” of the kernel. its presence has
heen found to be due to a single, dominant
gene, so it could be bred out of the sorghum.
But this would not remove the hazard of the
predatory birds. If they destroy the crop
before harvesting, its protein vaiue is moot.

Research is proceeding on three fronts (not
all asociated with the Purdue project): con-
trolling birds, developing inexpensive proc-
esses for milling sorghum, and searching for
another genetically controlled agent that, like
tannin, is distasteful to birds, but which does
not tie up protein for human or animal con-
sumption.

Discoveries already made by the Purdue
scientists about the nature of sorghum and
ways to Increase its nutritive value will
greatly enhance the quality of the food of a
large number of people living in areas of
developing countries where other cereal
crops do not thrive.

The project’s findings will be of importance
not ¢nly to people who depend upon sor-
ghum for food, but alsc to those who grow
sorghum for livestock feed. Purdue has
worked with 61 major cooperators in 53
countries and several others have asked for
similar .;ooperative research. Data on the
chemical composition and agronomic char-
acteristics of over 800 lines have been sum-
marized for distribution to persons working
with sorghum throughout the world.

Pulses—Improvement of Yields

Pulses, the edible seeds of a variety of leg-
umes such as beans, chickpeas, cowpeas,
lentils, mung beans, peas, and pigeon peas,
are considerably higher in protein content
than most cereals. Pulses usually cntain 20
to 35 percent protein, compared with 7 to 12
percent in ordinary cereal grains.

Pulces have benefitted little, if at all, from the
great research efforts resulting in the recent
breakthroughs in cereal crops. Because of
high susceptibility to disease and insects,
poor cultivation practices, and character-
istics inherent in many varieties of pulse, the
edible legumes usually produce very low
yields. Sometimes the reduction in yield due
{o insects and diseases alone exceed 30 per-
cent of the crop.

So whiie research on cereals has centered
on improving their protein amount and qual-
ity, pulse research concentrates on improv-
ing yield, since the plants are already com-
paratively high in protein.

Under a contract with AID, the Agricultural
Research Service of USDA established a
pulse research center in Iran in 1965 and
another in India in 1966. At these centers
germ plasm of the several species of pulse
grown in each region was collected and ana-
lyzed; itnportant diseases threatening the
plants were determined along with measures
{0 breed resistant varieties; primary insect
foes were identified and control programs
suggested. The best cultural practices for
each crop were also determined. The centers
trained local researchers in modern tech-
niques, including soil management practices
to maximize yields.

The research teams completed six seasons
in lran and three seasons in India before the
countries took over support of the projects
themselves. Under the project, researchers
were able to select, develop, and multiply
seed of eight varieties of pulse including
chickpeas, pigeon peas, lentils and mung
beans that yield 20 percent more than the
previously planted pulse crops. At both cen-
ters, scientists adopted a ''package’ ap-
proach of recommending fertilizers, methods
of insect and disease control, irrigation and
other farm management practices which
doubled the crop yields of beans cowpeas,
lentils, and chickpeas, in some areas. This



‘package’’ type of management was suc-
cessful except where inhibiting soil factors
or environmental impediments intervened.

In their testing, scientists found a variety of
mung bean that matures in 70 days and
yields about one ton per hectare (2.47
acres). In the past, farmers in northern India
kept land fallow during the summer months,
even with irrigation, because they were un-
aware of any puise crop that could mature
within the short, hot period available between
the winter and monsoon crops. With the in-
troduction of the early-maturing mung bean,
a farmer can increase his income greatly by
growing four crops a year: wheat from De-
cember to April, mung beans from April to
July, corn or rice from July to September,
and potatoes from September to December.

Other studies have uncovered varieties of
pigeon peas that mature in 4 o 5 months,
compared with the 8 to 10 months it takes
traditional varieties.

In September, 1969, exploratory research on
beans and cowpeas was initiated al the
Federal Experiment Station, Mayaguez,
Puerto Rico. Here scientists have concen-
trated on the development of pulse germ
plasm resistant to limiting diseases caused
by viruses, fungi, bacteria, as well as insects.
Tropical conditions in Puerto Rico make the
island an excellent experimental setting. All
major bean and cowpea diseases are pres-
ent, often in epidemic proportions. Virus dis-
eases are severe because of the large popu-
lations of insects that transmit a number of
them. And the year-round growing period
permits growing and screening of several
generations a year.

In three seasons, a short period for such re-
search, progress has been very promising.
Varieties of beans, cow peas and pigeon
peas highly resistant to a number of preva-
ient diseases, and one variely resistant to the
white fly, have been developed. These are
being made available to interested irational
and international agricultural organizalions.
Project linkages are ptanned 1o include most
of the countries of _atin America. Techni-
cians from the project are providing guid-
ance and counsel to 1.DCs that is not avail-
able elsewhere. Throughout the project,
findings have been published, and work-
shops and technical meetings have been
held with cooperators.

Cassava: A Search

Cassava is a tropical root that is grown
abundantly under conditions that would dis-
courage most food-producing plants. It is
one of the greatest producers of calories per
acre planted. It is the seventh largest staple
food in the world. Unfortunately, its nutri-
tional value, in terms of a protein crop, is
very low. In the U.S. cassava is used pri-
marily as a basic ingredient in tapioca.

World cassava production has been steadily
increasing — from 62.5 million metric tons in
1955 to 85.6 million in 1968. Scienti.is have
been speculating whether the crop can be
improved nutritionally since it is so abundant.
AID sponsored a project by the University

of Georgia from 1969 to 1971 to compile the
available literature on cassava and to make
recommendations for research to improve it.

The cassava publication has had wide dis-
tribution and is providing guidance as o the
slate of knowledge concerning this crop to
investigators throughout the world.

Georgia recommended thal the crop be
studied with a view toward increasing yield,
protein and starch quantity, to develop in-
creased resistance to drought, insects and
diseases, and to modernize processing and
fortification tor both human and animal con-
sumplion The university also recommended
establishment of germ plasm banks in
Africa, South America, and Asia, as a source
of germ plasm for brecders and producers
throughout the world.

At the present, world food organizations are
stressing the value of cassava as one of the
primary food crops for increasing caloric in-
take. Emphasis on improved protein quality
still centers on legumes and cereals. Never-
iheless, the potential for cassava, enriched
either through selective breeding or fortifica-
tion, will continue 1o be explored. The lead-
ing cenlers in the improvement of this crop
are the international centers in Colombia
(CIAT—Internationai Center for Tropical Agri-
culture), where Canada is financing a major
program in cassava production and improve-
ment, and Nigeria (HTA-—Internationat insti-
tute for Tropical Agriculture). Both institutes
are concentrating on different aspects of im-
proving the crop, especially the control of
certain limiting diseases caused by viruses
and bacileria.
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A portable table thresher that can hanale either moist
or dry nice grain in the tield is teing tested in the
Philippines. This relatively inexpensive machine
separates grain from chalf and straw, combing and
shearing the rice plant in a way that combines features
of a cofton qin and a conventional thresher. Two
Philippine firms are manufacturing the machine which
was developed by the International Rice Research
Institute {(1RN1).

Simple larm machinery has been designed by IRRI to
perform arduout tasks peculiar to rice farming. This
five-horsepower tiller 1s used for wetland plowing, and
puddling. The tiller, fabricated trom locally available
materials in small machine shops, simplifies repair
and serviciny problems.

Small Machinery for Rice Farming

More people depend upon rice as a staple
in their diet than upon any other food. In
most countries in South Asia, more than half
the population is engaged in agriculture witiy
rice easily the major crop. Both land and
labor productivity in agriculture are low, re-
sulting in a poor living for a majority of the
rural population. However, the development
of high-yielding, fast-maturing rice varieties
during the past decade has provided an in-
centive for farmers in the tropics to grow
multiple crops and improve not only their
productivity but also their diets.

To develop and realize the full potential of
the new seed-fertilizer technofogy. more in-
tensive production practices are ¢ ‘nerally
necessary. in many countries of Asia, fabor
shortages are beginning o occur in periods
of peak labor demand. Many farmers are
finding that they cannot effectively till, plant
and harvesl their crops with traditional meth-
ods and take advantage of the new tech-
nology. For such farmers mechanization is
becoming a means of supplementing both
available labor and land resources. The rise
in seasonal [abor costs in many Asian coun-
tries has created a favorable climate for agri-
cultural mechanization.

Some economists might argue that labor
productivity could be increased through the
introduction of more intensive manual culti-
vation practices. This approach has many
limitations: the high cos! of human energy,
the seasonal nature of demand for farm
labor. the critical necessity for timeliness in
agricultural operations (particularly in mul-
tiple cropping arcas), for exampie. The po-
tential for supplying additional power from
animal sources is also rather limited. Be-
sides, animals usually compete with humans
for scarce land resources.

The drudgery of manual wetland rice farm-
ing has driven many farmers to the cities of
Asia, where their 1ot is no better. Now that
sced-fertilizer technology is available to pro-
duce greater yields from the land, highly
specialized equipment is needed to realize
the benefits Japan already uses specialized
machinery on small farms. But the equip-
meant for farmers in LDCs, if it is to be eco-
nomically practical, must be tailored to their
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Worke p criteria in mind: 1) the equipment must Se casy to
that will make the rice farmers' job easier and mare manufacture in the countries where it is needed, and
profitable. IRRI has developed improved machines for 2) the cost to the farmer must be low

most aspects of rice culture always with two key

needs, inexpensive, and manufactured in ment has to be profitable to both farmer and
their own country. The equipment is needed manufacturer. Therefore input-output anal-
for the intensified operations of land prepa- ysis of all alternative approaches and de-
ration, transplanting, weeding, harvesting, signs is required. The equipmert has to be
and threshing. Fast and efficient equipment tailored to particular circumstances: simply
for drying and processing is also needed. scaling down existing ecuipment would not
AID cuntracted with the International Rice be satisfactory.

Research Institute (IRRI) in 1965 to develop Engineers quickly determined that draft

the necessary equipment for the production tractors pulling weeders, threshers or com-
of rice and associated food crops on the bines would become mired in the slicky soil.
small farms (5-25 acres) of the Far East and They designed small power-driven imple-
South Asia. Al its headquarters in Los Banos ments that would lift themselves upwar~ and
in the Philippines, IRRI has been developing forwatd in the process of doing their job.
and testing agricultural machinery suitable For example, they came up with a power-
for use and manufacture in the tropics. driven paddle wheel weeder which can exlri-

cate itself from gunky fieids as it weeds. The
farmer, who pushes it like a large lawn
mower, can adjust the anglfe of the rotary for
depth of weeding, overcoming the drag fac-
tor and reversing course without damaging
the rice plants.

IRRI engineers faced the following chal-
lenges. The equipment must be easy lo man-
ufacture in the countries where it is needed.
The cosl to the farmer must be low. Tillage
implements must be able to work in soupy,
glue-like soil, often under water. Special

threshing equipment must be developed that The power weeder is being manufactured by
will handle wet grain so harvesting can be two Japanese lirms; some 6,000 units have

done quickly and the field can be replanted been sold, half of them in 1972 Three Philip-
soon for multiple cropping. pine manufacturers have marketed about 600

six- and eight-row seedcrs for approximately
$50 each for seeding pregerminaled paddy
rice seed.

Throughout the project researchers have
been obliged to balance mechanical ingenu-
ity with economic pragmatism. The equip-
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Two revolutionary new designs of threshers
that will thresh both wet and dry grain have
been developed. One is a drum-type
thresher; the other is a portable table power
thresher with an air-cooled engine. These
machines separate the grain from the chaff
and straw, combing and shearing the rice
plant in a fashion that combines features of
a colton gin and a conventiona! thresher.
Three firms in the Philippines are marketing
the drum thiesher. Models have been
shipped on request to other countries for
testing and cvaluation. The table threshers
are being produced by two Philippine firms
(one of which sold 50 in that country in 1972)
and one Australian company.

A tractor-plow-tiller combination that will not
bog down in paddies is being produced by a
Philippine firm to sell for approximately $500.
Present production is about 180 machines
per month, but the manufacturer intends to
expand 1o 600 per month.

The project has been successiul in taking
some products from the drawing board to the
fielc in as little as 18 months. Not every de-
sign accomplishes its purpose, of course,
and some equipment that would be very use-
fut1s nevertheless uneconomical.

Machines continue to be developed and
tesled that would solve a number of the rice
farmer’'s problems. A inachine for spreading
anhydrous ammoa fertilizer in puddled
fields without loss of ainmonia or mechanical
problems has been successfully tested. Simi-
lar equipment for fertilizer spreading is in

the works. Other products include a stripper-
harvester combine, a multi-crop thresher, a
centrifugal miller, drying and parboiling
equipment, a multi-hopper seeder, and a 4-
to-6 horsepower tiller.

Cooperative arrangements for testing ma-
chinery, involving governments, public insti-
lutions, and private companies, have been
made in Pakistan, India, Ir.donesia, Korea,
Sn Lanka, Malaysia, Bangla Desh, Taiwan
and Thailand. The adaptability of the IRRI
machinery for farming in Latin America and
Africa is being explored.
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Weed Control

Just as medicinal drugs have unfortunate
side effects, so in agriculture the improved
crop management techniques, superior ferti-
lizers and methods of irrigation have in-
creased the prevalence of a crop no one
wants: weeds.

The problem is most acute for the impover-
ished farmers in tropical developing coun-
tries where numerous weeds grow at phe-
nomenal rates. Under an AlD contract, Ore-
gon State University, in cooperation with its
International Plant Protection Center, is seek-
ing the most inexpensive but effective meth-
ods of cultural, chemical and biological con-
trol of weeds of economic consequence
found in the LDCs.

OSU's field research emphasizes integrated
methods that are expected to result in more
complele and economical weed control
through combining the mosl appropriate
herbicides with labor intensive methods. The
measures, which incude social, economic
and ecological considerations, are being
tested in Central America, and most recently
Brazil; the results may prove valuable world-
wide. The Latin American research by OSU
began in Colombia and the highiands of
Ecuador in 1967, where researchers trained
local research personnel and helped estab-
lish programs to pinpoint the major weed
control problems of those two countries.
They assessed the magnitude of losses
under the existing agricultural production
practices and recommended new methods
for weed control.

The approach proved successful, and two
years later field research was expanded to
Central American countries and the Ecuador
lowlands. Results indicated thal crop yields
could be doubled, and costs of weed control
reduced by 50 percent or moie. In addition to
protecting food crops, the researchers were
able to identify poisonous weeds in pasltures,
which had been taking a huge toll in live-
stock, and to find means lo destroy them.

The Lalin American research conducted by
Oregon State University provided a model for
integrated field studies ihat should build a
body of know!ledge on weed conlrol in the
tropics.



New methods of irrigation and improved fertilizers
have made food ctops flounish ir parts ¢f Latin
America Unfortunately, weeds also grow faster. The
AID-Oregon State University weed control project
provides a model for mtegrated field studies that will

Having established a workable means ¢f
gathering data on herbicides specific ¢
various plants and conditions. the Oregon
center requested several international agri-
cultural organizations to supply such data

fro n developing countries where they oper-
ate. In turn the Center would share informa-
tion it had coilected elsewhere. For exampie.
the findings from vanous regions of Colombia
on how different crops responded to various
methods of weed control (taking into account
the variants of soil, ternperature and rainfall)
were sent to agricultural cnemical companies
in the United States, Europe, and Japan
through a new product and practices re-
search program.

Under the project, numerous pamphlets and
bulletins have been issued, along with three
major publications expected to have wide-
spread applicability: "*Herbicide Use and

contribute significantly to agronomists’ knowledge of
weed controlin the tropca. The project works closely
with researchers i several Latin Amencan countnes
to hind the most inexpensve but effective methods of
cultural chemucal and tiological control ot weeds

Nomenclature Index.” which includes tables
of generic and trade names for herbicides.
plus a quide to herbicide usage for 68 major
food and fiber crops: "Weed Research
Methods Manua!.” a practicai handbook with
emphasis on establishing new weed control
proqrams that also describes successful
methods row in use; and ““Manual of Pesti-
cide Application.” which describes small
scale pesticide and herbicide cquipment
available throuaghout the world The Center
distribules a periodic newsletter—"Infoletter’

-to weed scientists in more than 100
countrigs.

As a clearinghouse for information on
weeds, pesticides and herbicides, the Centet
collects data from field trials in other coun-
tries, keeps abreast of improvements and
modifications in chemical control methods
and corresponds with some 3,400 scientists,
agronomists and agricultural agents.



Tropical Soils and Water Management

Posing & vast challenge to the agronomist
are some 2 billion acres of potentially arable
land in the tropics. Native tropical vegetation
gives ¢vidence that some plants will grow on
this land, but it remains uncultivated for
several reasons. Amorng the reasons are un-
favorable geographic location, lack of mar-
kets, soil acidity, limited soil fertility, and lack
of knowledge of improved soil and crop
management practices.

Tropical soils pose special problems to
farmers that are not solved by research

on the targely temperate zone soils of the
developed countries. Natural forces seem
to conspire to rec'uce the fertility of tropical
soils. Heavy rainfall may cause leaching of
vilal nutrients from the zones reached by
plants' roots. Surfaces of tfr. tropical soils
are scorched by the sun, and the predom-
inating high temperatures hasten the loss of
organic materials in the soil. The combination
of heat and leaching renders many tropical
soils infertile, lacking in life-supporting and
growth-nourishing substances such as
nitrogen, phosphorus, potassium, sulphur,
calcium, and magnesium.

AID has sponsored three research projects
designed to explore ways to turn these lands
into productive resources.

14

NAS Review of Soil Research Needs

The first project, now completed, used the
expertise of the National Academy of Sci-
ences Agricultural Board to organize and

carry out a definitive study of high priority

research needs related to tropical soils.

The board produced a comprehensive state-
ment of thz current state of knowledge about
the composition and types of tropical soil.
Among the higilights cf this report is a com-
parison and cross referance of French,
United Nations (through the FAO), and U.S.
(Depaitment of Agriculture) schemes of soil
classification. Collating and comparing this
information permitted the authors to identify
practices developed under each classifica-
tion system that couid be applied to cultiva-
tion of crops on similar soils of the tropical
regions. By specifying the minerals, plant
nutrients, level of acidity, etc., the surveys
can save many weeks of trial-and-error in-
vestigation and soil analysis, and will indicate
the most likely approach to increasing crop
yields from the soils. Emphasis was placed
on prompt publication of the complete series
of FAO and USDA soil maps of the world.

Many cther significant practical problems
relating to management of soils in the tropics
that require further research were pinpointed:
soil temperature relationships and soil water
conservation techniques, for example. The
research confirmed that reliable methods for
predicting soil acidity, hming and ion ex-
change have different significance in the
tropics than in the temperate zones, which
indicates that different practices should be
investigated.

The report contains articles by 13 experts
from the U.S., Great Britain, Belgium, France
and Nigeria.



Factors Limiting Soil Productivity

At Cornelt University, since June 19689, AID
has supported research to determine the fac-
tors limiting the fertility of tropical soils and
to devise soil management practices that will
enable farmers to get maximum crop yield
from these soils and yet maintain them in
proper condition. Until recently, field re-
search was based mainly in Puerto Rico, with
taboratory and greenhouse studies con-
ducted both there and at Cornell. An action
field program is now underway in Brazil.

Among the basic questions researchers are
seeking to answer are: What are the nitrogen
requirements of certain crops? How do they
use nitrogen and other chemical nutrients?
What are the effects of the soil acidity? Of
liming? Of aluminum? What are the crops’
phosphorus requirements, and how do lime
and phosphorus interact in the soil? What
are the residual effects of phosphorus?

Experiments established that post-planting
applications of nitrogen fertilizers are superior
1o pre-planting applications. A surprisingly
high level of inorganic nitrogen was found in
the typical clayey soiis of Puerto Rico. and
laboratory methods were found to evaluate
the capacity of such tropical soils to suppiy
nitrogen to cultivated creps. The toxic effects
of aluminum in the soil solution on root
growth of corn and sorghum were confirmed
in laboratory and greenhouse tests. It was
found that calcium in the soil solution plays
an important role in minimizirsg aluminum
toxicity.

Other findings regarding the interrelation-
ships of applications of plant nutrients, fime,
and cultivation practices and their effect on
soil chemistry substantially increased knowl-
edge about the production potential of acid
soils of the hurnid tropics. A number of con-
ferences cn soil management in the humid
tropics have been held and papers detailing
the Cornell findings have been published
and distributed.

15

Economics of Soil Management Systems

Under a companion project, North Carolina
State Universily is studying the economic
implications of different soif management
systems in Latin America, to increase the
utitity and acceptance of agronomists’ rec-
ommendations based on soil classitication
and analysis. The North Carolina soil expetls
worked closely with colleagues from | DCs,
concentrating the research on these geo-
graphical areas: the Campo Cerrado of
Brazil, the Peruvian selva in the upper
Amazon Basin, and the areas of Central
America rich in soils derived from volcanic
ash.

The research team’s first step was to conduct
and publish a complete review of lhe litera-
ture on soil research in tropical Latin Amer-
ica during the last decade. Resulls were
studied to discover knowledge qgaps. A thren-
phase method of carrelating the resulls of
soil tesls with actual plant response to fer-
ulizers was developed after sods were
analyzed.

The next step was to determme the mmnnum
number of field nbservations necess.ay for
making soil management recommaenditions.
The fewer the observations required to pro-
ducr satisfactory results. the faster the land
can be made productive, the simpler the
process, and the fower the costs A stream-
lined pr.acedure of soil classification wounid
be particularly valuaote in remote arecas. The
researchers found that 1t 1s posaible to make
soll management recommendations un the
basis of some dozen charactenstics of wail
(such as texture, depth of soil, drainage of
area, and acidity).

The tcam conducted intensive research into
the soils of the eastern slopes of the Peru-
vian mountains, running down to the basin
of the Amazon River, examining and de-
scribing the sotls of the forest-covaered iea.
The value of this work lies not only i the
potential agricultural benefit to the people
who might seck to cultivate that particalar
part of South America {(which itsclf covars
an area equivalent to the southeastoemn
United States), but in the similarities of those
soils to others covered by tropical forests.
These include soils of the Congo basin in
Africa, much of the Mekong basin in Asia,
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in the jungle areas of the tropic =, now being often more effective than using heavy equipment. The
opened to farming, land clearing practices can have a tap photograph shows the fuller, more even stand of
dramatic effect on subsequent crop yields. Research rice achieved on land cleared by “slash and burn”

in Peru convinced North Carolina State University methods, compared with a mechanically cleared area
agronornists that “slash and burn’ methods of land 1n the same region, below.

clearing, used by tropical farmers for centuries, are



and many of the major river basins in the
Philippines and Indonesia. An estimated 200
million people live in these areas and attempt
to cultivate these soils.

From the analysis of the soils of the Peruvian
selva, North Carolina researchers developed
management recommendations, drawn from
their technical knowledge and the expeil-
ence of local farmers and investigators. One
of the findings that should have broad appli-
calion deals with land-clearing practices. For
many years, farmers used the “'slash and
burn” niethod ol clearing the land for culti-
vation, which was believed by many agrono-
mists to be inelficient and wasteful. Experts
claimed that heavy equipment should be
used instead. Preliminary findings from the
N.C. project suggest that slash-and-burn is
often the best method, although investiga-
tion of alternative means of land clearing
continues.

Another aspect of the study has been more
efficient growing of certain crops in the soils
of the high plains of Peru. Work to date has
concentrated on potatoes, but corn, rice and
beans will also be studied. t was found that
when farmurs followed all recommendations
pertaining to fertilizers, sclection of varieties
of potato. diseasc control, and timing of
planting, the per hectare return to the farmer
could be increased an average of $769 net
per year. If, in addition, the farmer would
submit a soil sample for testing and follow
the recommendations received, he would
earn an additional $94 doilars net per year.
Such a soil test would cost the farmer $5.
The significance of this increased income
becornes apparent when one realizes that
average annual income In this area of Peru
is arc'ind $200.

Soil test recommendations are based on data
collected by Peruvian investigators over a
10-year period, at 22 separate sites.
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Water Management

As part of a research package designed to
increase crop production AID has sponsored
two projects examining water management
praclices—one in Latin America and one in
Asia—to develop and introduce improved
methods.

Because water supplies are himted i many
of these arcas, the amount that is available
must be used in an innovative way, along
with improved plant varieties. more fertihzer
and pesticides, if the land is 1o produce
maximum yields of food crops.

Hah State is exploring on-farm water man-
agement in the arid and sub-humid fands of
Latin America; Colorado State University
seeks to develop on-farm water delivery sys-
tems in Pakistan. The rescarch under these
AID contracts will be applicable in principle
to other semi-arid lands.

Some 200 million hectares of fand are pres-
ently being irrigated in the world, 40 percent
of the land that could be irngated. In Latin
America, approximately 7.8 miltion hectacres
are being irrigated. The governments of these
countries have plans to more than double the
amount of irigated land in order to meet
their increasing domestic food requirements,
develop export potential, and provide em-
pioyment for rural workers.

Such an increase in prodictive land would
be a genuinc cconomic boon 1o the coun-
tries. To reach this goal, researchers have
concentrated on studying how water can be
efticiently used on the countries’ farms; and
on training tocal agronomists and agricul-
tural educators.

Many new arcas are coming under irmgation
where data is needed to determine crop water
requirements, water apphcation rates, and
drainage requirecments



Some findings from experiments in Colombia
not only will help to solve the water manage-
ment problems of that country, but are ex-
pected to have broad applicability in other
LDCs with similar climate and terrain (and
even in parts of the United States). It was
found that modeling is an excellent tool to
simulale the hydrolegy of an area. This tech-
nigue has been used elsewhere, but it was
new—and useful—to Colombian engineers.
One irrigation project in Colombia was used
as a pilot project 1o model the effect of
alternative management decisions on the
water table in an area susceptible to water-

logging.

iid fand in Latin America can

Anid and serm-h.
produce a bounty of food crops unauer proper irriga-
tion. Researchers from Utah State University are
carrying out research to determine the best methods of
on-farm water management Here a member of the
research team i1s checking the water pressure in a
sprinkler irrigation plot in Colombia.

As a result of the analysis of data from
several hundred climatological stations in
Latin America. researchers greatly improved
the standard techniques for determining
evapotranspiration, an essential component
in calculating crop water requirements. In
another experiment in El Salvador they
learned that on highly porous volcanic soils
using trickle irrigation instead of traditional
furrow irrigation can result in water savings
of up to 75 percent.
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Already some of the project research has
produced dramatic results:

*Production of corn in the Aconcagua valley
of Chile was considered satisfactory at 80
bushels per acre, when research on the
interaction of corn, fertilizer and water dem-
onstrated conclusively that production could
be doubled. The new technology is produc-
ing the optimum yields and the technique is
being spread nationwide, through Chile's
ax!ension service.

*Advanced irrigation methods increased
corn production in the Zapotitan valley of El
Salvador, with indications that production
may double in this region during the next

2 to 3 years.

*Irrigation trials on a dozen different crops

in northern Colombia show promise of sig-
nificantly increasing production on an irriga-
tion project of approximately 25,000 hectares
over a 5-year period.

*A digest of water laws compiled under the
project contributed to legislation passed by
the government of Ecuador. It also provides
guidelines to legislators and administrators
of other countries on ways to deal with the
control of waler.

Under the Colorado State project, in Pakistan
criteria have been developed for construct-
ing wells to skim fresh water which overlays
the deeper layers of salt water in the

ground. If crops are irrigated with highly
saline water, the moisture evaporates, too
much salt gets into the plants’ system
through the rools—and the plants die.

The research team found that application of
phosphate fertilizer serves to corabat the
deleterious effects of saline water. If phos-
phates are used, production of some crops
can be increased even if the water supply
contains what was once considered a dan-
gerous level of salt. Part of the value of this
demonstration is that farmers formeriy had to
go to great trouble to drain olf ali salty water;
now they can turn it into a productive re-

source. The application of phosphate fer-
tilizers still requires some extra labor—the
soils must be kept moist continuously—but it
is less burdensome than the previous proc-
ess of draining salt water and supplying
fresh water.



Colorado State University scientists working in
Pakistan have found ways to improve poor wheat
stands such as this ane which has been affected by

Land levelling studies also produced valu-
able results. Improved stands and substanti-
ally higher yields were obtained in properly
levelled plots; the experimental plots at
Lyallpur were used to demonstrate the hene-
fits of waler management technigues to
interested Pakistani farmers and legislators.
Increased yieids and improved water use
efficiency on these plots show conclusively
the advantages of land levelling.

Seminars to disseminate project findings
have been held under the auspices of the
Pakistan Agricultural Research Council. In
addition, Pakistani farmers have participnated
in field plot activities, Two motion pictures,

narrated in English anc Urdu, were produced.

They are designed to motivate farmers to
improve their lands, and to train technicians
to level land for efficient water management.

saline irrigation water They learned that application
of phosphate fertilizer wiil offset the depressing in-
fluence of the high fevel of salt in the irrigation water.

Under the project, a broad look at Asian
waler management projects has resulted.
again centered on Pakistan where the on-site
research occurred. Ways of obtaining an effi-
cient allccatiori of water were studied. Em-
phasis was placed on the best mearns of con-
veying. delivering and applying water to the
farms. It is expected that the research will
supply additional supporting data for the
verification of the principles, which can be
applied to U.S. agriculturai problems also. In
certain areas of the U.S., for example, the
problem of soil and water salinity is ccn-
stantly increasing and becoming a greater
source of concern. Although the situation is
more acute in Pakistan, techniques devel-
oped could hely to reclaim thousands of
acres of productive land in the U.S. that are
now thieatened with becoming agricuiturally
worthless.,



Tailoring Fertilizers for Rice Production

Plants are not gluttons. They can absorb only
as much nutrient as they need at one time,
and can no more store the rest than a human
could eat all the food he needs fcr a week

at one huge meal. For many years the fer-
tilizer applied to rice paddies lacking total
waler control was largely wasted. The rice
plant would absorb a certain amount of nitro-
gen, a primary plant nutrient in most rice fer-
tilizers. and before the plant was ready for
more, the nitrogen would be washed away,
leached, or evaporated. This major problem
exists in about 75 percent of the rice paddies
of Southwest Asia, and in most of the other
rice-growing areas of developing countries.

Under - AID conlract, scientists from the
Tennessee Valley Authority developed a
method of providing inundated rice plants
with the amount of nitrogen fertilizer needed
—at the time the plant could make use of
the nutrient.

The fertilizer chosen is urea, which is rich in
nitrogen and substantially less expensive
than other fertilizers. Uniform small particles
of urea are sprayed with moiten sulphur to
produce pellets ranging in size from a small
“0" to a capital 'O"". Because the pellets are
of different sizes, some more heavily coated
than others, they release their urea content at
various times, working like the "tiny time
pilis' of antihistamines. The water in the
paddies dissolves the protective covering of
the sulphur-coated-urea (SCU) at varying
rates.

RIGULAR CIAY-
CONTED Ui
AFTER 6-HEEKS 0PN EXPOSURE!S[PIucT

Sulfur-coated urea (SCU) is a particularly efficient
fertihzer for nce paddies, developed by the Tennessee
Valley Authority and tested broadly in Asia under AID
funding. The tiny pellets release nidrogen at a slow
rate, providing the nght amount when the plant can
best use it. As illustrated, SCU is more durable than
traditional urea fertilizer; it resists humidity, will not
cake and is hetler for storage and handling. SCU also
provides sulfur that many soils lack

UREA
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SCU is more durable than uncoated urea; it
handles better, cakes less, and resists
humidity. It is also less likely to be used in a
manner harmful to the environment. The
product costs 50 percent more to manu-
facture than uncoated urea, but it is twice as
beneficial to the rice crop. A farmer can use
half as much, because he need not expect
nearly the waste.

Using SCU will save the farmer labor, as
well. In the past, {ertilizer had to be applied
frequently during the rice-growing season, a
particularly arduous task because the pad-
dies were fiooded. Naturally, a large supply
of fertilizer had to be kept on hand by the
farmer. With SCU, he can apply the fertitizer
once—at the beginning of the season—and
will need only 60 percent as much storage
space as previously.

SCU was tested under a variety of condi-
tions—from carefully managed, irrigated rice
paddies o rain-fed paddies subjected to
intermittent flooding. The most impressive
returns came from the rain-fed fields. Tests
on sugar cane in Hawaii showed that 250
pounds of SCU pruduced crops that would
require 500 pounds of standard urea. Other
crops that would appear to beneiit from SCU
(besides rice and sugar cane) are plantains,
African yams, and cassava—all of which
have long growing seasons and require
nitrogen al intervals.

In Peru, SCU increased experimental rice
yields while lowering the amount of nitrogen
fertilizer needed for optimum yields. Despite
the higher cost of the treated fertilizer, the
overall return of using SCU versus untreated
ur=awas a 17 percent net increase.

An additional benefit of sulp} :r-coated urea,
hesides its sicw dissolution rate and superior
slorage qualities, comes from the sulphur
coating itself. Some tropical soils are be-
coming deficient in sulphur, an essential
plant nutrient. AID-sponsored studies of Latin
American soils, for example, show that re-
peated burning of fields in Brazil has
seriously depleted the amount of sulphur

in the soil.

A number of countries have shown interest
in manufacturing SCU, among them Mexico,
Taiwan, india, and tran. The only known
commercial production to date is in
England.



Rack phosphate, found extensively around the world,
1s potentially an inexpensive source of the plant
nutrient phosphorus. However the reaction of crops to
tock phosphates has been unpredictable. Scientists
of the Tennessee Valley Authority developed a test

Cooperation was established with an
advisory committee of experienced rice
researchers, soine of whom tested the fer-
tilizers in their own programs in various parts
of the world. Included were representatives
of IRRI, CIAT, the University of Hokkaido, the
All-India Crop Improvement Program, The
Thailand Ministry of Agriculture, and U.S.
universities.

TVA is also investigating superior methods
for using another plant nutrient, phosphorus.
For a long time it has been known that rock
phosphate is an inexpensive source of phos-
phorus for crops. Bui the reaction of crops

to rock phosphates is unprecictable—some-
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that will predict with accuracy if a particular deposit
15 useful for agniculture If the impunties that impede
the phosphate’s action are part of the cryslal structure
(night) they cannot! be utihzed by the plants

times it works, sometimes nol—and no one
knew why.

TVA investigators determined that the value
of rock phosphate depends upon whether
calcium carbonate is an integral part of the
chemical compound or whether it is merely
adhering to the rock phosphate. The re-
searchers developed a test that reveals the
relationship of the calciuin carbonate cuntent
o a sample of rock phosphate. Now pro-
ducers of lertilizers can predict with accu-
racy if a particular deposit of rock phosphate
is in a form useful for agricultural purposes.
This knowledge will make more quality
fartilizer available at low cost.



Livestock

In those developing countries where live-
stock provide food, pests or parasites often
destrcy them or diminish the amount of meat
or milk produced. ’

AlD is engaged in research to increase the
productivity of these animals. Our emphasis
iS On grazing animals because caltle can
produce protein in the form of milk and meat
on land that is unsuitable for growing crops
for human consumption. Many of these lands
tack rainfall; others suffer from flooding,
inaccessihle terrain, infertile soils. They offer
hitle possibility for producing grains, but
because of the vast areas involved can make
an important contribution in the production
of anirnal protein, and to a lesser extent in
providing draft power where there are nearby
crop lands.

Vampire bats cause loss of blood, death and disease
to thousands of cattle in Latin Amcrica, resulting in
losses estimated at $250 million a year.
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Bats, Rats and Noxious Birds

Vampire bats, those iepulsive creatures of
horror movies, are a very real menace to
farmers in Latin America. They transmit
rabies by biting cattle, causing a loss of an
estimated $250 million a year. Sometimes
they also bite humans. Rodents and noxious
birds, while less dangerous to humans and
animals, take a heavy toll of food supplies
and fiber worldwide.

A research breakthrough has been made on
control of vampire bats, without endangering
the interesting but troublesome creatures as
a species. The technique has no adverse
effect on the more useful bats that eat
destructive insects.

In 1967 AID-supported research was begun
by the Fish and Wildlife Service of the U.S.
Department of the Interior to control the
vertebrate pests that affect agriculture in less
developed countries. Field research stations
were set up at iLos Banos, Philippines, for rat
conlrol; at Palo Alto, Mexico, for vampire bat
contro!l, and at Paimira, Colombia, for bird
control.

The vampire bat, striking under cloak of
total darkness, was found tc be a clever
adversary.

The species of vampire bat doing the dam-
age in Latin America is Desmodus rolundus.
The surname comes from his bloated ap-
pearance after supping on blocd, his sole
diet. Even if the bat does not transmit rabies,
he can wreak havoc. Cattle that survive a
bat's bite may suffer lo3s of blood, mal-
nutrition, myiasis {a disease caused by mag-
gots); this results in less meat and milk and
animals are more prone 1o other infections.
Bats may also be a leral carrier of the Vene-
zuelan eguine encephalomyelitis virus that
killed thousands of horses in Mexico, Central
America and the United States in 1969-71.

After studying the habits of the vampire bat
and the way in which his body functions,
researchers came up with two methods of
control. Both methods employ a blood anti-
coagulant, ordinanly used for human heart
patienls, that is ingeniously geared to the
peculiar, specialized physical makeup and
behavior of the 3-inch, 1-ounce flying
mammal.



The U.S Fish and Wildhfe Service, unde: an agree-

ment with AID nas developed ecaloaically sound
methods of ¢ostroying the predators. Here a captured
vampire bat s equipped with a device to send a radio

signal Through the use of equipment such as this the
investigators studied the habits of the bats and thus
were able to devise the means to destroy them

In one method, the anticoagulant is injected
into the rumen of cattle, one of their four
stomach compartments. It is then absorbed
into the cow’s blood stream. The bal bites,
laps the blood, and the anticoagulant enters
the bat's digestive system. Because he con-
sumes such an enormous amount of blood.
virtually his own weight every 24 hours, and
since blood, the bat's sole source of food,
contains no vitamin K necessary for blood
clotting, he cannot tolerate the anticoagulant.
It prevents clotting of the bat's blood. and he
dies of internal hemorrhaging within a few
days. The anticoagulant does not harm the
cattle. however, disappearing within approxi-
mately four days with no residue.

The other method 1s based on the bat's
predilection for preening and cleaning itself
and other bats. Fine nets are set up near
corraled or tethered cattle. When the bats
have been caught in these nels, men wearing
protective garments smear the bats’ back
with anti-coagulant mixed with petroleum
jelly. Then they are released 1o return to

their domiciles—usually caves. mineshalts
or wells—where they contaminate the entire
vampire bat colony. One such treatment of a
few bats usually serves to eliminate a bat
colony within two weeks. Control by this
method reduced vampire bat bites on nearby
cattle by 95 to 100 percent.

These methods are far more effective than
vaccinatling cattle or attempting to sheller
them in bat-proof enclosures. Because the
workers have discovered what they were
seeking, the research phase of the bat sub-
project will be terminated at the end of 1974,
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The sub-project on rats combined field ex-
perimentation in rodent control in the Philip-
pines with basic research in Denver. Colo-
rado, focused on locating points of attack in
the physiological, reproauctive or social-
psychological systems of the rats. Rats. like
noxious birds, may tend to reproduce faster
if their herds or flocks are reduced in size.
Their hydra-like characteristic makes control
programs based on killing rats ineffective

The project began by considering use of a
chemical compound that would sterlize rnale
rats—similar to the modef used to control the
Mexican screw-worm in the United States
and tsetse flies in West Africa. Studies of
rals’ sex lives revealed that even if only 10
percent of the normal male rat population
remained unsterilized, the breeding habits of
the females are so aggressive that the mas-
sive slerilization would have virtually no
effect on the number of pregnant female
rals.

Approaches being tested include drugs that
would produce such social-psychological
stress in the rats that they would become in-
nibited about sex, or developing sexual at-
tractants that would lure large numbers of
rats to destruction. A similar psychological
approach is used for noxious birds—minute
quantities of a special bait cause a few birds
to 1ssue distress signals that drive the birds
away from their feed

Different methods of control are needed for
those birds that migrale and those that re-
main in one region. Knowledge gained in
studying control measures for one species of
bird is valid for other species. For this reason,
the research on all these vertebrate pests is
supported by an interdisciplinary research
unit. As more is learned of vertebrate pests’
peculiarities and Iife-styles, scientists are
belter able to devise methods of eliminating
their hazardous and destructive practices.



Tsetse Fly Control

Over four million square miles of potentially
productive land in Africa—an area larger
than the United States—is infested by 23
known varieties of tsetse fly These insects
carry disease-causing trypanosoines which,
when transmiited to mammals, parasitize the
blood and produce sleeping sickness in man
and a fatal disease known as nagana

in caltle. Eradication efforts based on clear-
ing and burning brush or applying insecti-
cides are expensive and only partially
successful. Drugs against animal infeclion
are available, bur a massive innoculation
program is impractical. Because of the size
of the problem, AID contracted with the U.S.
Department of Agriculture to develop meth-
oas 1o control or eradicate the tsetse fly.

After pre-testing several known methods the
research team decided to concentrate on
sterile-male techniques as the most promis-
ing method of control. The chemosterilant
used for sterilization appears to be a non-
persistent cheinical which will have little or
no effect on the environment. Encouraging
results have been obtained.

The technique is based on knowledge of the
mating habits of the tsetse fly. The female
mates only once and deposits fullgrown
maggots, not eggs. At the height of the mat-
ing season, sterilized males are released o
mingle with the wild population (wt.ose den-
sity can be measured) with a ratio of approxi-
mately three sterilized males to each wild
male. For the next 18 months quantitics of
steri!'zed males are released at 2-month in-
tervals until the ratio favors sterilized males
by 15-1. When they predominate 1o this
extent, extermination of the species in thal
area is assured.

The researchers also succeeded in rearing
the tsetse fly in captivity, which previously
was ditficult to do. Of course, large quantities
of flies are rcauired for stenlization and re-
lease to contrcl wide areas of infestation.
Now. productive seif-sustaining colonies of
tsetse fly can be reared in cages housed in
temperature-humidity controfled rooms. As
an alternative to rearing flies, researchers are
experimenting with various attractants which
would lure the flies to chemosterilants placed
in fly-infested areas.
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Some 30 articles about the research have
been published in scientific journals. The
researchers worked closely with African col-
leagues, explaining methodology and dis-
cussing research findings. FAO, UNDP,
WHO, and regional offices of three European
countries have been kept informed of the
planning of the project, and they are ap-
prised periodically of progress.

The sterile male control technique has
proved hiohly successful in isolated test
siles. After 15 months, the tsetse fly popula-
tion has been reduced by 94 to 99 percent.
In these tests the technique was also more
econornical than spraying, cleuri.g brush, or
destroying game.

The research should have significant impact
on the economic welfare of LDCs. For ex-
ample, in Africa there 1s fand where humans
can neither live nor work because of the
infestation of tsetse flies; on this grazing land
some 120 million head of cattle could be
raised. Meat production per year is estimated
at $800 million minimum; milk and hide
production would add an additional $400
million.

The tiny tsetse fly has rendered some four million
square miles of potentially productive tand in Africa
an agricultural wasteland. The fly causes sleeping
sickness in hurnans and the fatal nagana in livestock.
AID has sponsored a project with the U.S. Depariment
of Agriculture to eradicate the iscise tly by breeding
stenle males and releasing them to mate fruitlessly
with the monogamous tsetse females. The sterile flies
bred in captivity imust be marked before thay are
released among the wild populations, so scientists
can evatuate the effectiveness of the technique.



Hemoprotozoal Diseases in Livestock

Liveslock, particularly cattle, are prey to a
group of diseases of the blood stream (hemo-
protozoal diseases), transmitted by ticks and
other biting insects. These diseases, which
occur in all tropical areas of the world, are
particularly severe in Latin America, where
they have been responsible for 50 percent

of animal losses in some areas.

In June 1968, AID contracled with Texas
A&M Universitly for research to determine the
causes of these diseases and o develop pre-
ventive and immunization methods. Prelimin-
ary surveys indicated that altitude and cli-
mate play a decisive role in the incidence

of the disease. No cases of chronic infection
are found above 5,000 feet of eicvation. Be-
low about 1,000 feet in tropical areas, in-
fection with two or more of these diseases is
S0 rapid that preventive steps must be taken
within the first few months of an animal's

life to be effective. A variety of insects were
studied to determine which oncs were car-
riers of different hemoprotozoal diseases.
Some vaccines have been tested that show
promise of significantly reducing livestock
losses from two diseases. A study of the use
of an integrated control program for blood,
internal and external parasites on the North
Coast of Colombia has demonstrated re-
duced production losses and increased nel
monetary returns.

Research teams have had some success in
obtaining immunity by injecting live virulent
organisms inlo calves and moderating the
effects of live parasites by treaiment with
antibiolics. Certain drugs appear to be
specific for particular organisms, so different
drugs must be used to prevent different
varieties of bloodstream diseases. Prctection
lasts for up to 112 days in some of the
procedures used.

The technique of infecting the animal with a
low-virulence live strain of organism is called
premunization. The live organisms produce
antibodies on a continuing basis that protect
the cattle, even though they become carriers
of a low-grade strain of the disease. A single
injection of vaccine would not provide the
same number of antibodies, nor the same
degree of lasting protection.
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Control of ticks and other insect vectors has
also been tested as a supplementary meas-

ure and appears promising. On the basis of

early results a three-pronged attack on these
diseases scems possible: vaccination, cura-
tive treatment, and control of ticks.

The irnportance of premunization is widely
recognized by U.S. cattlemen interested in
exporting cattle. Death losses as high as
70-80 percent are common in adult animals
shipped from the U.S. to some infected
areas. Even though a keen demand is pres-
ent for U.S. breeding stock, buyers and im-
portars are reluctant to import U.S. cattle
into infected areas. Premunization and vac-
cination techniques perfected through this
research project should overcome this prob-
lem and permit increases m U.S. exports.
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One of the main obstactes to efficient caltle production
in the low altdude areas of the tropics 15 1 group of
diseases of the blood stream (hemoprotozoal dis-
eases). Texas A&M University has had some success
in ebtaining immumty by injecting live organisms into
calves and then moderating the effects of the parasites
by treatment with antibiotics.



Survey and Analysis of Cattle Feeding
Systems and Nutrition in Tropics

For livestock to thrive, they must have nutri-
tious food as well as be protected from dis-
eases. Animal production has been chroni-
cally low in the tropic$ because of lack of
food or because of the low nutritive values
of feeds and forages.

To determine the nutritive value of livestock
feeds, fodder, and agricultural by-products
in Latin Americar, tropics, the University of
Florida, spcrsored by AID, began a research
project in April, 1969. Working with some
200 agricultural specialists fromn Latin Amer-
ican universitics, ministries of agriculture,
and private industries, researchers gathered
existing mformation cn the nutritive value of
a variety of livestock feeds as hay, grain,
silage, and forage, grown or used in the
areas. Guring the first stages cf the project a
record system was devised, {ranslated into
Spanish and Porluguese, and used in nutri-
tion laboratories to describe and record
chemical and bibliographical daia on feeds.

Project personnel visited 27 countrigs in
Latin America and the Caribbean to explain
the project to other researchers. In June,
1972, the first edition of *'Latin American
Tables of Feed Composition” was published,
summarnzing over 6,000 completed source
forms from participating countries. The tables
will be valuable to feed manufacturers, re-
search specialists, farmers and others who
formulate livestock and poultry rations in
Latin America. The tables will be beneficial
for increasing animal production efficiency
through improved nultrition. Furthermore, the
feed tables have aided greatly in identifying
and describing feed-stulfs for which data
was seriously limited or lacking.

Project personne! developed eslimating pro-
cedures 1o gauge the nutritional value of
specific feeds from certain areas not re-
ported. The lechnique appears 1o be highly
reliable as a temporary measure, pending
more rnigorous analysis of the feeds. The
project is also seeking to apply standard in-
ternational names to the feeds and to identify
the ecological conditions needed .or their
production, so that farmers can choose
betler feeds for specific conditions.
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Agricultural Economics

The goal of AlD research in agricultural eco-
nomics is to obtain a broader understanding
of the agricultural sector in less developed
countries. The research consists of investi-
gations of the structure and relationships
within the agricultural sector of such ele-
ments as: trade, market factors (including
land, capital, and laborj, impacts of techno-
logical change (with emphasis upon income
and employment), and public investment,
and of the interrelationships with other sec-
tors of ihe LDC economies.

These studies are developed by U.S. and
LDC economists working together. The joint
objective is to find answers to country prob-
lems, to meet policy and operational needs
for information. These aclivities also
streng*hen the analytic capability of LDC
mstitutions and provide training for their per-
sonnel.

Governments must make plans and reach
decisions concerning the agricultural sector.
This task is complicated by rapidly changing
technology. shifting social conditicns, the
growth ~nd migratory tendencies of the pop-
ulation. Governments must consider whether
certain forms of taxation or import restraints
provide incentives to farmers or whether they
stifle technological innovation. What will be
the etfects of government pricing policies, of
allocations of investment and research re-
sources? Do government policies make
available the necessary knowledge to the
farmer?



Developing countries are particularly eager
to stimulate agricultural production — often
a key to improving the quality of life in their
nation. But these governments frequently do
not have the trained experts and sophisti-
cated institutions necessary to perform the
complex tasks of economic analysis and
planning.

Through its research in agricultural econom-
ics, AID attempts to assist developing na-
tions in the process of charting alternative
routes to agricultural development, indicat-
ing the obstacles that may be encountered.
It is up to the nation's policy makers to
choose which goals they want to reach. The
research informs them of probable effects of
the various measures they may take.

Agricultural policy is based on what has hap-
pened in the past and projections of what is
likely to occur in the future if certain courses
of action are taken. AID research is designed
10 develop and teach the most modern ana-
lytical techniques that can be used in this
process.
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Agricultural Decision Models

One method of tackling complex agricultural
economic problems on a broad scale is
through construction of mathematical mud-
els, operated by computers in such a way
that variable agncultural and economic “'in-
puts’ produce alternative “outputs’, or re-
sults. For exampie, in agricultural produc-
tion, such factors as the quantity ana quality
of seeds, ferhhizer and water used to grow
crops are variablaes that must be considered
in their relationship to weather, rainfall and
soils. Variations in these inputs will directly
affect the outcomes of crop production, price
levels and export carnings.

To tearn if decision models would he a prac-
tical approach to selecting optimum policies
for developing countries that desire further
agricultural development at a reasonable
cost, AID in 1969 established a research
project with Michigan State University. A
model was developed to use empirical data
from Nigeria in initia' tests. Under a further
contract in 1971, MSU is testing, applying
and further developing the model under field
conditions.

The model is being tested in Korea, as well
as in Nigeria. Another gou! of the research
is to learn if parts of the model are useful in
other countries.

MSU has described the challenge: “'A reason
trequently given for using a systems ap-
proach in attacking problems of develop-
ment is the complexity of the proviems under
investigation. Development probiems gen-
erally invalve attempts to attain a relatively
large number of objectives with rolatively

few means. While madern scciety is usually
taken as the v!'omate in complexity, the
growth of a relatively less-developed eco-
nomic system is also complex. Interactions
within and among traditional, transitional,
and the modern ¢cconomic sectors must be
considered.”



In Nigeria the simulation exercise was pre-
ceded by an in-depth analysis of the total
agnicultural produclion and market systems.
This sector analysis was in turn dependent
upon the availlability of a substantial body of
technical dati and studies of production and
marketing As the Korean model was built,
analysis of various patts of the agricultural
system proceeded simultancously. This
process was aided by the fact that some
parls  anodules -~ of the models were adapt-
able from Mhigenia to Korea with only minor
modiications Fven where subslantial adap-
1ation was required or new modules were in-
troduced, the experience gained in construc-
tinay the Nigernan model was put to good use
i Korea

The model has been used to predict the
~onsequences of adhening to Korea's 5-year
vlan assurming simdar plans each succeed-
mi by yerrs, through 19900 It has also been
used 1o estimate the effects of plan modifica-
tons contemplated by Korean policymakers.
Athird set of predictions was based on poli-
cies designed to opens the Korean economy
1o world trade i agneultural producis (the
model forecast great benefds to food con-
surnars at sigrihcant ensts to food pro-
ducers)y Further predictions were modeled to
search forways to reduce producers’ costs.

The model has also been expanded to pro-
duce more detatod inforrmation about food
sunply. food demand the grain marketing
system the hvestoel sector and tins with
non-aqrcultural sectors o the fconomy.

Tha project has made two other impaortant
contributions A computer software collec-
ton has been started that can be used world-
wide tar aancultural modaeling. Araining
program has been desigaed, which includes
10 months non-deqgree training for ccono-
mists and others workang on the model and a
? 104 week training course for program
administrators
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Training personnel in the country that plans
to use the model is a critical part of the work.
The variables will change in years o come.
Although the mode! points out possible
naths. a wrong decision can be serious. The
neople using the model must be aware of the
conscquences of not keeping it current or of
nol fully understanding the results of a policy
decision.

In Nigena the pnlicy and programming ac-
tivities are proceedmg under the direction of
a committee estabhshed by the Nigerian gov-
crnment. compnsed of both government and
acadermic staff In Korea, the local support
has been orgamized prumanly within the Agri-
cultural Economics Research Institute in the
Ministry of Agniculture as well as with siaff
participation from olher Korean agencies

A sccond aoal of such research s the publi-
cation of Iindings and techmgues that will
enable others to carry on the work. Some 20
professional papers growing out of the MSU
project have been published



Capital Formation and
Technological Innavation

This study. conducled by Ohio State Univer-
sity, locuses on the collection and analysis
of farm data which has been assembled on a
large enough scale 1o support broad gener-
ahzations and gencrate somedesas of the
effects of Brazihan agricultural policy over
the pastlwo decades Four attnibutes of the
policy are relevant wheat prices supported
at nearly twice the world levet restncted
quotas on meat exports. imited attenthon to
researchn agncultural technoloay and neg-
atively priced capital jpecause ~f low inter-
est rates that do not refiect depreciation of
currency).

The study shows that increased capital 1s
accumulating in aanculture i one area of
the counlry Iin which wheat acreage 1s ex-
panding rapidly However. much of this capi-
tatis in the form of machmery and whether
thare s a net capital formation has not been
estabbshed Wheat production s expanang
rapidly under the stimulus of hugh product
prices and low capital pnces Most of the
increase in production s explamed by anon
crease i acreaqge Some of this increase
comes from adding to sive of wdwiauat
farms. either by renting or buying

Larger farmers are expanding more ranicly
than small ones Infact come smaller anes
are gething out of production This expan-
sion o larger operations s a function of
scale ard hinancial power and not of effic
ency Because of the hugher costs of small
loans and the low mterest rates a dispropor
Lhonate share of the credit goes 1o larger
operators The ncome hstnbutbon situation
is becoming steaddy maore distoned

An analysis of datator one reaion of the
country shows that labor prodoctivity income
distuibution. and foreign exchanage baiance
would all be signihicantly improved ff meat
prices were allovwed 10 go up 1o the world
markel level and wheat pnices were allowed
to fall to world levels
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Cxcept by nnplication the research results
do not include an estimale or analysis of
agrniculture s contnibution to aeneral eco-
nomic growth ot the country The imphca-
tions are that not only s agnculture not con-
tmbuting capital tor aeneral growth. but that
Also agneulture may he using up capial
directly because tow interest rates to farmers
may be atlracting capitalinto farm supply
industnes to support the nefhicient wheat
industry

Under the proect data has been ¢ olioctod
through 2 000 detaterd fanm imterviews, D68
nterviews with dstb atera of farm supplies
and 500 sociologeal mterviews The anal
yS1s 18 hased on theoo data plus the aata
from QA0 imtorciows e dunted im 165 nider
an earhier contract e Brosd Faom bevel
data have been oraaned into nine regions
An orgamzational acheme has boon eed
which allowe for doadima reaional data into
16 colls formed by o cross classificaticn
system involving four farmn sive groupinas
and four farm type aroupanas

Primary rocommendations 1or proaress ans-
g from the study were 1o strenathen Bra-

il s agocuttural education at the hiah school
and university level toncrease aancultural
research capabdities of unversites and other
nsttutions and to deve'op techrolomical
campetence m the hield of agnicuiture withim
e country

The study atfirmed the vandity of stutting
policy emphas:s of the Braziian government
cnto agnicultural production andg away lrom
arthcial pncing pencies it further convineed
leadets of the smpaerntance of seening new
dand anproved agrculturd! technoony

Five Brashan anversities the Central Bank
and the Mimestr, or Adr.calture have all beet
volved e study alonsg with fve U S
universiies BResults are disseminated brodd
ty througb research notes 0 bnghish and
Portuguese



Impact of Technology on
Employment and Income

To learn the economic impact of new agri-
cultural technology, AID contracted with
Cornell University to study its elfect in India.
Economists studied farms of varying sizes
and learned that although the new technol-
ogy greatly increased national income, it
agyravated a tendency toward unequal dis-
tnbution of income -~ most of the added
income went o the larger landowner, but
incomes of the large majordy of farmers in-
creased httie or not at all. Such income dis-
panty creates social, pohtical. and economic
tensions that a government must consider in
developing its economic policies

There 1s also the question of incentive., |If
greater produchion produces no benefit for
the smailler farmer. he will not go to the extra
trouble required and the country's overall
growth rate wili be slowed.

The Cornell study sceks to learn what the
aclual elfect of new technology has been
and to develop recommendations for eco-
nomic pohicies that wili accelerate produc-
tion. The objectives are to create a broad-
ened base of rural employment opportunities
and greater narticipation of rural people in
income growth Ihe studies are being con-
ducted in Incdia with a view toward their ap-
plication in a number of Asian countries.
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The method employed in the project, after
surveying actual conditions, is construction
of a mathematical computerized model which
will predict the results of alternative policies,
using the more productive grains and seeds
along with the matenal required to nourish
them as the basis of the projections. The
model will assess the impact of various poli-
cies on the food market and on the labor
market. Prehminary findings indicate that
when a low-income country hke India makes
major efforts to commercialize food produc-
tion increases. the small farmer and lower
income poputation must be given a stake in
increasing production if a nation wishes to
accelerate (ts economic growth rate.

The findings indicale that increasing the
small farmer’s income can have rewarding
indirect eficcts on the total economy. With
more income. people buy and eat more. Te
meet this demand, domestic production i1s
stimulated This has a 'snowball” effect on
increasmg net aggregate national income,
which in turn causes increased demand for
other products and creales employment



Agricultural Diversification and Trade

Although a majority of AID-supported re-
search projects focus on helping developing
countries cope with fundamental problems of
nourishment and health. often under condi-
tions that are almost primitive, sore projects
go beyond that point. These are designed to
help countries that are already progressing
in development to gain momentum and {rave)
further down the path toward modernization.

Recent technological breakihroughs and ad-
ditional improvements in farm practices have
made possible a substantial increase n tood
grain production in a number of countries.

In many of the more advanced LDCs. agn-
cultural officials must now choose among
policies and programs to arrive at the best
adjustment to changes n production tech-
nigues, supplies, domestic and international
demand — all of which affect farm prices
and costs. They are under pressure from
consumers and from other governmental de-
cision makers

Even though these officials have sufficient
political motivahon to choose the oplimum
economic policies, they often lack adequatz
information upon which to base their choices
As a resull, there may be delays in making
cnitical decisions for a nation’s agricultural
development -— or a faiture to make any de-
cision at all.

AID 15 supporting two research projects
where American researchers are collaborat-
ing with host country colleagues to make ng-
orous, objective analyses appraising the
consequences of alternative uses of re-
search, agncultural and hinancial resources
They are jomtly designing planming tools that
computernise agricultural and cconomic sta-
tistics. These olfer pohcymakers realistic
agncullural production and marketing alter-
natives at farm. regional, national and inter-
nationai levels They take inlo account the
eltect of changes in production techniques.
supply and price upon new patterns of crop
and hvestock productiun
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North Carohina State Unwversity 1s working
with agencies and individuals in Mexico.
Guatemala. El Saivador. and Honduras on
issues of markets and trade The Economic
Rescarch Service of the U'S Department of
Agniculture cooperates w. ™ agncultural
agencies in the Philippines. noassues of
trade and new types of crop, hal might be
produced economicilly

The joitly concewved project in Latin Amer-
ica will examine the costs. returns. bhottle-
necks. and effects of vanous scientfic and
techmical novations as they relate 1o export
opportuniies for selected crops i domesne
and external markets The iformation will
identify the Latin Amencan reg:ons best able
to compete (or what changes would be nec
essary 1o make them competitivey and will
provide a guide for both public and povate
investment decisions - particularly where
bottlenecks or high costs are expocted

I the participating countnies can expand o
ports of selected crops they will bunetit by
creatng jobs. obtamng necessary forean
exchange and improving income distribu
ton. At the same time worldwide arocery
shoppers would get a broader ranae and
greater quantity of winter vegetables at 1ower
prices

The project seeks 1o lear which vegetables
N which countries show the greatest promise
for export promotion Researchors also will
anaiyze the bestways 1o achieve the goals
— for exampic. whether major emphasia
should be placed upon increased farm-levet
productivity, instituhonal development. mar-
ket export management. or market access
and contacts
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The development of new agricultural technology has have analyzed patterns of income distribution and
increased food production and national income in employment to suggest guidelines for economic policy
India. However, the income has not been broadly dis- in light of agricuitural advances. Findings indicate that
tributed; large landowners have benelited greatly, small growth rates are sustained bost when the small farmer
farmers much less. Economists from Cornell University has a stake in increcased prosperity.
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A sophisticated study of agricultural diversi-
fication in the Philippines is being carried
out largely by personnel from the Bureau of
Agricultural Economics, Manila, and the Uni-
versity of the Philippines, Los Banos, some
of whom have been trained by AID in eco-
nomics and agriculture. Information is being
collected from farms on farm produclion,
farm incomes, changes in income and em-
ployment brought about by new technology,
and interregional competition. When the in-
formation is gathered, the Secretary of Agri-
cuiture and other Philippine decisionmakers
will be provided with analysis of the prob-
able consequences of growing different
crops. For example, if, as expected, high-
yield rice varieties increase production be-
yond self-sufficiency, the information pro-
vided by this project will indicate the type

of changes from rice into other crops that wili
best maintain farm income and employment.
The findings will be delivered in a form that
can be adapted as production and market-
ing conditions change. Trade prospects and
directions for diversification will be identified,
so the studies will take inte account not only
economic circumstances within the Philip-
pines but the relationships to markets and
production in other countries.
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Generating Employment in
African Agriculture

Rising unemployment is a major social, poli-
tical and economic problem in most West
and Central African countries.

Under an AID contract, researchers from
Michigan State University are wcrking closely
with scholars from a number of African uni-
versities to examine how trade, wage, fiscal
and pricing policies affect the expansion of
production and employment in major import
and export crops. The research is being con-
ducted in Nigeria and Sierra Leone, but re-
searchers from Ghana, Malawi, Ethiopia (and
possibly other African countries) will parti-
cipate.

Researchers will study the way iarms actu-
ally operate in tropical Africa. How could
more workers be used to produce more
markelable goods? Whal rural actvilies be-
sides farming might produce more jobs”?
What policies could the goverrments cet

that would increase employrnent and penelit
the country as a whole?

Migration and other aspects of labor supply
are also heing studied. From this project will
come a nc.work of African scholars linked
with each other and with others around the
world specializing in employment research.
International conferences and workshops are
planned. African economists and agricultural
economists will be trained, given practical
experience working on a critical problem.

Michigan State, thie AID contractor, plays a
major consulling role, but each country study
is the responsibility of an institution in that
country. The design, both in concept and
methodology, was worked out by cconormists
from MSU, Sierra Leone, and Nigena, so that
the two country eiioris will add up to ane
study. Ethiopian economists have kept cur-
rent with the study and may join in the re-
search.

Because the research focuses on a problem
of high priority to African governments, be-
cause much of it is being conducted by Afri-
cans, and bec:-use it increases the capabili-
ties of African inslitutions, it is anticipated
that the results will be sought and used by
these governments.



HEALTH
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HEALYH

Good health is a cornerstone of a country’s
development. Providing health services
means going well beyond reducing the death
rate or enabling people to survive starvation.
It means permiting man to make the maxi-
mum physical and psychological adjustment
to his internal and external environment,
consistent with available resources.

Health services are an essential complement
to other AID activities. A person debilitated
by disease cannot get the maximum yield
from the land he cultivates, no matter how
advanced the agricultural techniques he
employs. An individual will not derive maxi-
mum benefit from ealing nutritious food if
intestinal infections prevent him from con-
verting it fully to the body's uses. Health may
provide an incentive for parents to practice
family planning; if they have some assurance
their children will survive and become
healthy producers, they may feel less com-
pelled to have so many children to help them
with their work.

Developing countries are faced with different
health problems than are the more devel-
oped nations. Many are located in the tropics
and are plagued by diseases unique to that
climate. Delivery of existing health services
is far less adequate in the L.DCs than in
countries with modern transportation and
communications facilities. On the average,
less than 10 percent of the population of de-
veloping countries have convenient access
to adequate health services.

Health planning on a national scale is hin-
dered because health officials often have in-
sufficient data to determine the dimensions
of the problem. Most countries have launched
no programs to eliminate environmental pol-
lution; water, soil, and food are often con-
taminated with human body wasles, causing
a high incidence of intestinal diseases that
could be prevented.

AID seeks to provide the missing ingredients
in the health programs of developing coun-
tries. Research projects are designed 1o
identify what is missing and pinpoint the
optimum methods of curing malign condi-
tions affecting large numbers of people. AID
concentrates on areas that such organiza-
tions as WHO, UNICEF, and PAHO cannot
handle adequately themselves, cooperating
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with such groups and supplementing their
work. AlD research often results in findings
that can be used by these organizations or
by the governments of the LDCs for planning
new programs or enhancing exisling pro-
grams.

Through a combination of research and tech-
nical assistance programs in heatlth, AID
focuses on control of important communi-
cable diseases in developing countries, im-
proved health planning. adequate delivery

of health services, and providing a healthy
environment. The aaency takes an integrated
approach towards preventing disease on a
comprehensive basis rather than a calegori-
cal approach of attempting to eradicate
single diseases Emphasis is placed on pre-
venting disease instead of simply cuning it
once it has spread. Dehvery services are
planned, combining such traditional pro-
viders of medical service as healers and mid-
wives with the findings of Western medicine.
Until a sufficient number of health profes-
sionals can be trained, rehance s placed on
para-medical personnel

Research in health planning shows develop-
ing ceuntries the most effective ways of ap-
proaching their national probiems. For ex-
ample. before making a survey of the causes
of infant mortality, some countries had no
conception of the extent to which malnutri-
tion contributed to the deaths of children
under five by leaving them defenseless
before such ordinarily harmless diseases

as measles

During the past 20 years. developing coun-
tries have oroduced a greatly increased
number of trained national health leaders
They have established more instiiutions. Re-
search provides them with the tools they
need lo improve the quality of life in their
countries.



Malaria Eradication

Malaria is one of man's most ancient and
most stubborn enemies. Hippocrates 1.oted
various forms of the fever in the fifth cen-
tury B.C.; he altributed the disease to drink-
ing stagnant marsh watér. Less than a cen-
tury ago did scientists discover that malaria
1s caused bv a one-celled parasite injected
into a person’s bloodstream by the Anoph-
eles mosquito.

Throughout the world there are probably
rnore cases of malana than of any other in-
fection. As many as 2 billion people live
under conditions conducive to malaria; in
many tropical countries, malaria is & major
hindrar Lo to development. Even when the
disease 15 not fatal. it saps the vitalitv of its
vichims. making an already difficult struggle
for survival even harder. Malaria is prevalent
in less developed countries throughout Cen-
traf and South America, North and Centrat
Africa, and i the Middle and Far East.

No completely satisfactory method of eradi-
cating the disease in all countries has been
found. Some techniques thal seemed prom-
1sing berause of their success over a short
period of time have become less effective
when, for example. mosquitoes have devel-
oped resistance to certain pestit.ides.

AID. working with the World Health Organi-
zation and other groups, coniinues to partic-
ipate in eradication programs, including
worldwide research to develop new and im-
proved technologies for preventing transmis-
sion of malaria parasites and specific re-
Jional projects tailored 1o the climate and
the type of mosquito transmitting the in-
fection.

AlD has alsc embarked on a research proj-
ecl that could provide a significant supple-
ment to eradication programs. A vaccine for
the prevention of malaria is being sought.
None has ever been developed for a para-
sitic disease, and many doctors question
whether such a vaccine can be developed.
AID has supported the research because the
magnitude of a breakthrough in this scien-
tific area would be so great that the risks
seem justifiable,
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Vaccines have bee successful in protecting
against diseases caused by bacteria or vi-
ruses ranging frorn cholera to yellow fever.
But malaria is a parasitic disease caused by
a tiny protoplasmic unicellular animal called
a ptasmodium. This creature invades mature
red blood cells that contain hemoglobin. it
eventually destroys them, causing chills and
fever and acute anemia in the victim; capil-
laries carrying blood o the brain may be
blocked, resulting in death.

It has been founc that a person who has had
malaria does not develop solid immunity to
further attacks for at least 10 years. This
finding has increased the skepticism of those
who believe vaccination against malaria may
never prove effective. The AID research,
however, is based on the participating scien-
tists’ conviction that the failure to develop
immunity after natura! infection could be
overcome artifically if due consideration is
given to stimulating immunity to stages or
products of the plasmodia which are nor-
mally present in the human bodv for only a
short time.

L
The search for a malana vaccine is an arduous task
requinng work on a miriscale. If the work s successful
it will be the tirst vaccine developed for a parasitic
disease such as malana Here a scientst working on
the: AID project at the University of New Mexico dis-
sects the salivary giands of an Anopheles mosquito
which has fed on an animal infected with malaria.

The glands will be prepared for antigen injections

or used to infrct other test animals.



Woridwide Research

Research scientists have not been marking
time while seeking to discover ways 1o pre-
vent malaria: they have concentrated on im-
proving the methods of controlling the spread
of the disease. For almost 20 years. AID and
its predecessor agencies have supported the
work of the Technical Development Labora-
tories (TDL) of the Center for Disease Con-
trol, run by the U.S Public Health Service in
Allanta, Georgia. Here a continuous quest
has been carried out ior the most efficient
and practical ways of preventing transnmis-
sion and freeing regions of malana

TDL has been instrumental 11+ developing
and testing new inscclicides, in evaluating
therr efficiency and finding the ways they can
be used most effectively. This task has been
complicated by the fact that some 200 dif-
ferent species of anopheline mosquitoes
exist. They do not all hiave the same reaction
1o specific pesticides

Although DDT was first synthesized in 1874,
its use against mosquitoes was not demon-
strated in the United States until the 1840s
DDT revolutionized the attack on malana
because 1t provided an economical sub-
stance which would rema:n effective if
sprayed on surfaces about every six months.
TDL developed new test methods and spec-
fications to be used n the survelllance of
stored DDT powders. Between 1955 and
1971, some 824 milthion pounds ot DDT pow-
der were bought under specifications drafted
by TDL. The Laboratories redesigned and sel
new standards for packaging DDT powrder
that made handling and storage more effi-
cient with 25 percent reduction in shipping
costs and less chance that the insecticide
would be damaged in trans!

Because some species ol Anopheles secmed
to develop resistance to DDT. TDL has con-
ducled extensive investigations to find other
insecticides, along with chemicals that will
destroy mosquitoes’ larvae and cggs. thal
might be used as allernalives lo DDT. More
than 800 such experimental compounds have
been evaluated in the !aboralory and in the
field to find those that would Kill the mosl
mosquitoes at a reasonable cost.
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Among the alternative inseclicides tested by
this research are malathion and dichlovros
(DDVP). Extensive research on the chemis-
try. analytica! methodology. and formulation
of malathion resulted in a sound base for
developing speciications for purchasing,
storing and usina the chrmical 1o control
mosquitoes The Wil Hedlth Orgamization
{(WHG) approved maiathion as a substitule
for DDT. So eminent has been TDL's work in
the field that WHO designated o conter for
the evaluation and testing of new nsach-
cides.

The work has not only resulted in better
chemicalz, but also in better ways to apply
them. Through experanentation. TOL devel-
oped improved types of sprayer and nozzle
equipment that are vadely used thraughout
the world The nozzies cost little more Lo pro-
auce and require fess insecticide to provide
effective protection inside houses. The spray-
ing equipment provides a more amform
spray over a broad area ats parts 1ast longor
than those of sprayers formerly used

TDL has expernmented vath rendenng male
mosquitoes sterde through use of chemao-
stenifants. This technigue has proved suc-
cessful in controthing tsetse flies under an-
other AID research project Two substances
show promise of being effective i sterizing
male mosquioes Encouraging resulls have
also been obtaincd from stuches which eval-
nate the action of certain hormones on larvae
development

Another method (which has met with mited
success) attempts to breed and foster nalyral
predators of the mosquito Fungal. nema-
tode. and protozoan parasites that infect
anopheline larvae have been isolated and
stuched with & view 1o encouraging their
growth in areas whare vectore are prevalent.

In addition to pubhshing reports on sigmifi-
cant fiindings, TDL has consulted with indi-
vidual countnes requesting assistance on
chemical tesling, mosquito reaning, equip-
ment testing, mosquito resistance, and local
insecticide formulation procedures. Provid-
ing such solutions to unmediate problems
has led frequently to traming nationals 1o
deal with similar problems in the future. The
project has assisted LDCs in finding both
long-range and short-term solutions to ma-
laria eradication problems.



AID has sponsored research into the malaria
control problems peculiar to Central Amer-
ica by establishing a research station there
(CAMRS) that s one of the few of its kind

in the world Although what is learned at
CAMRS may well be applicable in other
world regions (includma the United States),
the: station was founded in 1968 in San Sal-
vadar to investagate the causes of antima-
larnial proaram falures at specific locations
in Central Amenca and to find practical
methods of overcoming these faitures. The
host « cuntry Bl Salvador. provided facilities
and buddings an<f many situations for field
trials Studies have been conducted in Nica-
ragua Honduras Costa Rica, Guatemala.
Panama and Brazi as well.

Central Amernica has been the site of some
of the most troublescme problems in eradi-
cating malarin CAMRS 15 trying 1o learn
what ecological factors present obstacles to
methods that have been effective elsewhere.
Its scientists collect and isolate different
parasitic strams of disease organisms thal
the mosquitoes transmit to man. These have
been sent to the CDC laboratones of the U.S
Puhhc Health Service where the organisms’
life-patterns are studied along with their
sensitivity or resistance to the commonly
used anti-malana drugs.

Tracitional and inncvative means of mosquito
control are evaluated at CAMRS. Some adap-
tations and improvements of classic methods
have been developed. and techniques in-
volving chemostenlants. mosquito diseases
and prodators and hormonal larvicides are
being evaluated experimentally. Particular
emphases has been placed by the scientists
of CAMRS on combining multiple measures
in a single onslaught. or using them in logi-
cal succession

To assure that this work will not proceed in
a vacuum. CAMRS conducts studies of the
atttudes of the population the program is
designed to aid They evaluate the response
of the people in the region 1o see what types
ol programs are most eftective and to devel-
op educational techniques to encourage the
population to accept the programs and co-
operate in making them successful Some
improvements in antimalana methods that
are developed at CAMRS are used by the
governments of the Central American coun-
tries The station’s aclivities are coordinated
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with WHO programs and those of the Pan
American Health Organization.

Thailand is a country where it appeared ma-
laria was well under control. The technique
of residual house-spraying started in 1951
had led 1o countrywide coverage by 1965,
with a resultant decrease in malaria cases
from 3.6 million to 7C.330. The progress
slowed, and in 1968 there was an increase
:n the number of cases. This turned into a
trend; more than 100,000 cases were re-
ported in 1970. Why?

The answer 10 this question is important not
only to the people of Thailand and that coun-
try's eradication effort, but also to other
LLDCs where similar conditiong exist. So
under a contract with AlD, the Center for
Disease Control of the Public Health Service
began research from September 1967 to
June 1972 at the Thailand Malaria Operations
Research Unit (TMORU)

Among the reasons for the persistent trans-
mission TMORU identified: possible changes
in habits of known malaria-carrying mosqui-
toes: increasing refusal of occupants to allow
their houses to be sprayed; growth of sitrains
of malaria parasites that had become resist-
ant to chloroguine. the principal drug used
to cure the disease: and the movements of
rural populations.

The primary vector of malana in Thailand,
TMORU contirmed. is the Anopheles balaba-
cens:s. TMORU found a high incidence of
falciparum malaria that is resistant to chloro-
quine. Surveys in six areas of Thailand
showed resistance rates from 63 percent to
94 percent. After experimenting with a num-
ber of alternative drugs, the researchers rec-
ommended the use of sulphur-methoxine-
pyrimethamine as the standard treatment for
falciparum maiana in Thailand. This standard
was adopied by the Thai government. Find-
ings with significance for the worldwide ma-
laria eradication program are disseminated
by WHO and other international, regional,
and national programs.



The Quest for a Malaria Vaccine

AID undertcok a contract with Dr. Paul H.
Silverman of the University of New Mexico
{when he was at the University of lllinois in
1966) to Jevelop a vaccine for malaria. It
was acknowledged to be “'long-shot re-
search " Now there is definite evidence that
immunity can be produced with kilted vac-
cines. There are still some difficult problems
remaining to be solved. but they are largely
of a technological nature rather than those
requinng the need to establish new princi-
ples of science

The cause of malaria 1s well known' The
Anopheline mosquito bites a person and in-
jects sporozites. the infective form of the
protozoa. into his blood The number of
sporozites any mosguito may inject is highly
variable but never enough of the little para-
sites are planted in any one person 1o cause
an immune reaction. Furthermore the sporo-
21te does nol hinger in the blood stream long
enough to induce immunity. In less than an
hour. 1t has entered the tissue of the liver.
where 1t 15 no Jonger available to the body's
immune system

The secret lies in taking sporozites that have
been weakened by ultra violet or X-ray o1
killed by freeze-thawing or careful dehydra-
lion and introducing thenm into the blood-
stream 1n a state in which they cannot be
transformed into the stage that invades the
hiver. Dr Silverman explains *"We have here
in malaria i/mmunity a situation which con-
trasts sharply with the expc 1ience of micro-
bial immunologists. It appears that it is pos-
sible to induce a betler immunity to malaria
by artificial means than that which normally
occurs as a result of exposure to natural
infection

The work done so far indicates that the ideal
malaria vaccine should contain matenal (an-
tigens) from both the infective and the blood
stages of the parasite. As one can imagine,
extracling these minute malerials IS pains-
taking work. So far the techmical ability to
produce the required antigens in adequate
qguantities is lacking, and there has been a
shortage of resources and facilitics 1o test
antigens adequately in monkeys and men

Dr. Silverman described the task involved
“Preparing adequate amounts of sporozite
antigen involves the laborious and difficult

maintenance of Anopheles mosquitoes, in-
fecting them by feeding on animals whose
blood contains gametocytes (infective cells),
storing the infected mosquitoes in a healthy
condition untit oocysts (the developing
stages of malana in the mosquito midgut)
and sporozites have developed. then manu-
ally dissecting out the infecled mosquitoes’
salivary glands and preparing them for anti-
gen injections or using them for the infection
of mammals.”

The variety of culture factors to be tested i1s
enormous. Many types of physio-chemical
incubaticn conditions need to be axanined
to find the optimal environment for the para-
site to replicate and metamorphose through
its varnious life-cycle stages. Once the para-
sile can be made available under laboratory
conditions. testing facilities for primates are
necessary. The most effective method of im-
munizing must be determined as well as the
post-vaccination effects. How much vaccine
will be required? What is the best kind” What
kind of adjuvants (substances that enhance
antigenic activity) should be mixed with the
antigens? These are some of the questiors
that must be answered

If this tesearch succeeds the world s mogst
eprdemic disease might be reduced o a
neghgible level Sianmiicant resources now
used for malana suppression and treatment
would be freed for other uses Finally. suc-
cess of this research would open up poss:-
bilities for the immunization control of other
major parasiic diseases. which so far are
not subject to immunization procedures



Serological Diagnosis of Malaria

At best it will be several years before a vac-
cine is forthcoming to prevent malaria. In
the meantime, worldwide eradication efforts
continue.

The eradication process relies basically on
two steps: spraying every home and building
in infested areas to kill the mosquito that has
fed on a human; and after malaria incidence
is at a low level, identifying and curing every
malaria victim, who otherwise is a source of
infection for the: entire community. Both tasks
are essential.

Positive c'eleclion of malaria has depended
on microscopic blood examination, which is
time-consurming. A more rapid and accurate
deteclion procedure is needed. The serologi-
cal (blood serum) diagnostic technique that
1S being researched by PHS's Center for Dis-
ease Control, under an AID contract, is a
promising approach. This is a chemical pro-
cedure that is easier to conduct and less
costly than microscopic blood examination.
fn serologic diagnosis, the blood sample is
tesled by chemical and physical reactions
that are readily produced and easily ob-
served

Diagnostic techniques employing malaria
serology were known in principle before the
project began, but they had not been devel-
oped for field use to meet the large scale
case findings and investigational needs of
malaria programs. Key problems remained
10 be solved.

Research focused on two tests, the Indirect
Hemagglutination (IHA) and Indirect Fluo-
rescent Antibody (IFA). With both tests, the
primary challenge was to perfect a stabilized
antigen and standardize the method. Anti-
gens are chemical substances in the infec-
ting organism (in this case the plasmodia)
which are responsible for the antibody re-
action in the victim.

In perfecting the IHA test, scientists pre-
pared plasmodium parasites maintained in
rhesus monkeys, that react with antibodies
to human plasmodium species. They also
developed a standard method of collecting
finger-prick blood specimens on filter paper.
A major drawback of this test is that it pro-
duces positive results even though the sub-
ject may have been infected long before
and the disease is now dormant. The test

It a malana victim s not Wdentihed and cured. he

remams a source of infection for the entire community.
This Peace Corps volunteer who works with a malaria
spraying feaman Thailand 1s taking blood samples to

seeaf malana is presentin the village Under an AID

contract. the U.S. Pubhic Health Service has developed
an accurate chemical blood serum diagnostic pro-
cedure that will identily malaria more quickly and at
less cost than the microscopic blood examinations
used 1n the past.



has a wide range of applications in malaria
programs. It can be employed to measure
how much malaria exists in an area, and to
determine whether malaria is being trans-
mitted or not by testing two specimens taken
some months apart from a relatively small
number of persuns. The test can be used to
detect seasonal changes in transmission of
the disease. It can serve to warn of reintro-
duction of malaria into an area that had been
considered free of the disease. The test can
be especially useful in areas where the reg-
ular malaria surveillance network is limited.
and it can be used as a screening mechan-
ism to detect potential carriers of malaria
parasites in blood donor precgrams.

Under the contract, the laboratory developed
a new and vaslly improved technique to de-
teci the presence of malaria in humans using
the IFA test. Previously this test had been
time-consuming and not always accurate.
Antigens were washed free from red blood
cells and the donor's antibodies and a thick
smear specimen prepared. This test tech-
nique was found to work consistently and
was able to detect the presence of different
species of malaria accurately. In developing
the technique, the scientists learned more
about the nature of malaria.

Many laboratcries hava now adopted the
thick smear antigen for use in the IFA test
for malaria. The serologic methods are used
in the United States to detect donors of
malaria-infected blood. Since malaria can
be transmitted by using infected needles,
this test has also been applied in drug-
abuse control programs. Using the IFA test
in Brazil, it was determined in iust three
days that the Mato Grosso area, thought {0
be highly malarious, had a low incidence of
the disease, and a costly spraying program
was discontinued.
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Safe Water Supplies

Sometimes haalth research can benefit an
enormous number of people in the LDCs
even if it does not address itself directly to
medicine. Pure urinking water, which almost
everyone takes for granted in our country,

1s in short supply in much of the world. Pol-
luted water can produce tragic results.

Perhaps as many as a billion people tiving in
developing countries are without adequate
supplies of safe water. Contaminated water
exposes them to a variely of intestinal dis-
eases that annually atfect about 500 million
people, killing as many as 10 mitiion of them.
About half of that number are children.

The rural population of less developed coun-
tnies usually depends upon wells and ground
water supplies for their drinking water. These
wa'er sources can become contaminated
easiiy if the water s oblained by direct dip-
ping or by a rope and bucket. This problem
can be overcome casily by using a hand
pump over the well. But not just any hand
pump would do the job In fact. AID recog-
nized that no hand pump n existence i1s
satisfactory under the rugged conditrons
prevailing in most LDCs.

Battelle Memornal Institute, Columbus, Ohio.
took on the task of designing a pump that
would be so rugged it could stand up under
almost continuous use (as much as 18 hours
per day in some parts of the world). Be-
cause repair facilities are rare where the
pump would be used and maintenance vir-
tually nil, the pump was to have few parts
and few points of wear. And although the
matenals that went mto the pump had to be
extremely durable. they also had to be inex-
pensive. It was important that the pump
could be manufactured in the countries
where it would be used and made available
to poor communitics at a price they could
afford (preferably no more than the equiv-
alent of ten dollars).

Battelle designed a puinp that is simpie and
rugged, with a minimum number of moving
parts and fow elements, such as nuts, bolts,
or l1,-eaded fasteners. The design incorpo-
rated inexpensive and corrosion-resistant
cylinders and plastic pipe or black steel with
epoxy coating. The pump can be manufac-
tured in small foundries using few power
tools.



To gauge international interest in the pump,
AID and Battelle issued a news release in
June, 1969, describing the development and
soliciting inquiries. Within a year, 66 re-
sponses were received from 20 countries.

The next step was 1o test the pump under
field conditions to learn what unanticipated
problems would arise in a small rural com-
munity. Under another AID contract, initi-
ated in June, 1971, Battelle began a 2-year
field test of the design to tearn what modifi-
cations of the pump experience would
dictate.

Each pump will be inspected by local per-
sonnel four times a ycar. Reports on the
pump's condition and performance will be
sent to the researchers for evaluation.
Should any pump break down, it will be sent
back for a detailed evaluation of what went
wrong. All test pumps will be evaluated at
the end of the test period in any case.

Tests have begun as planned in Thailand
and Nigeria. Through a fortuitous circum-
stance, Bangla Desh officials tearned of the
pump at a time when they faced a severe
water supply problem. They requested per-
mission o have three firms there manufac-
ture some 160,000 pumps. (A third country
had been sought for the test, but plans had
not includer such massive production). With
support from UNICEF, the three Bangla Desh
manufacturers are proceeding and the re-
searchers will irave an opportunity to com-
pare therr products and draw some conclu-
sions about the practicability of mass man-
ufacture of the design by LOC companies.

Adaptations of the design to fit local circum-
stances are encouraged. For example, the
pumps in Thailand sit higher off the ground
than those in Nigernia, because it is custom-
ary 1o carry water in containers on the head
in Thailand.

It 1s expected that the pump may be used

in the Umited States in national parks where
they would be heavily used during the tourist
season, or on Indian reservations which are
generally in remote areas without access to
municipal water supplies.

Another AID research project sought to find
the most efficient and economical ways of
designing comrnunity water supplies for de-
veloping countries. The project, conducted
by the University of North Carolina, deter-
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mined the amount of waler consumed by
households in small communities as related
to environmental, social and economic vari-
ables and 1o forecast water demand over a
period of time. San Carlos University in
Guatemala collaborated in the study.

The methodology that this project has de-
veloped can be of great benefit to AID and
other assistance agencies in planning better
ways tc improve sanitation and provide
potable water supplies in many LDCs. The
University of North Carolina believes that the
cost of previous AID sanitary engineering
projects in Brazil and Thailand would have
been less if these findings relative to optimal
design and scale of construction had been
available at that time and had been used.

This rugged community water pump in Bangladesh is
used virtually round-the-clock by the villagers It was
designed by the Battelle Institute to be made locally

in LDCs, using inexpensive black pipe made corrosion
resistant with an epaoxy coating. and o mintmum of
parts vulnerable to breakdown Battelle puinps are also
being tested in Thailand, where rminor modifications
have been made to meet local conditions



Study of Malabsorption

The person sullering from malabsorption

is unable to utilize the full value of food be-
cause of poor absorption of nutrients across
the lining of the intestine and into the blood-
stream 1o be converted into body tissue or
energy.

The normal human intestine is lined with
regular, finger-like obstrusions called villi.
This lining can become misshaped and
blunted by bacteria and viruses. Then it fails
to absorb the carbohydrates, proteins and
fats in food, that are normally converted

for the body’s uses.

Under a contract with AID, the U.S. Public
Health Service attempted to measure the
amount of nutrient loss resulting from mal-
absorption. Research was based on the hy-
pothesis that malabsorption is a significant
source of malnutrition among some people
in the LDCs and that this condition has a

detrimental effect on the health of individuals,

as well as placing a serious burden on the
food supply.

Chemical tests exist which can be useful in
estimating the importance of malabsorption
in poor nutrition but applying these tests in
community studies is not without difficulties.

The primary test for measuring matabsorp-
tion is to compare the quantity of a particular
substance that an individual inges!c against
the amount he excretes.

Studies were conducted under the contract
in Iran, India, and Puerto Rico. Absorption
of nitrogen (as a measure of protein). fat.
and xylose (an casily detectable crystalline
sugar) were tested. Some of the study sites
reported poor nitroaen absorption. Fat ab-
sorption was found to be iow in the Indian
test group. Xylose malabsorption and poor
absorption of vitamin B12 were observed in
Puerto Rico, where about half the rural pop-
ulation showed abnormal intestinal function.
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In the course of the study, a discovery was
made that may be beneficial 1o severa! de-
veloping countries. in 13 villages of the
Shiraz region of Iran, it was found that the
villagers had been depleted of such mineral
elements as zinc and calcium. even though
their diets contained an abundance of these
minerals. Key to the problem 1s thounht to
be that their food staple. whole wheat. con-
tains an excess of the cereal constituent
called phytate, which is normally removed
in the milling process. Experiments suggest
that the phytate n the viltagers’ bread had
an adverse effect on zinc and calcium ab-
sorption, depriving the people eating the un-
leavened whole wheat bread of these miner-
als. As a consequence, rickets and other
bone diseases were prevaient in the area.
along wilti retardation of growth and sexual
development and iron deficiency anemia—
all suspected 1o be the result of tugh phytate
intake. it was 'earned that the situation can
be rectified by using more refined flcur in
prepanng the unieavened bread the vilagers
favor; by leavening tne bread dough, or by
tortifying the wheat ticur with ad fed min-
erals.

Aside from the findings in fran, however, the
project’s results did not confirm unequivo-
cally that the relationship between malab-
sorption, mainutrition, and health in the
arcas is a serious problem bearing on food

supply.



Inter-American Investigation
Of Child Mortality

Certain health problems are so overwhelm-
ing in same parls of the world that it is diffi-
cult o get a handle on how 1o begin 1o solve
them. The appalling mortality rate of infants
and children up 1o five years old-—which
amounts to half the death rate in some de-
veloping countnes-—is such a problem. The
countries are well aware of the overall sla-
tistics, but they seldorm have adeguate spe-
cific health data upon which to base an allo-
cation of resources.

1o what degree 1s malnutrition responsible
for these deaths, or intectious diseases?
Whatis the interrelationship? What social,
environmental, anr economic conditions
conspie to cause this excessive number of
deaths? To answer these questions in Latin
Amernica, where the problem is particularly
severe, the Pan Amernican Health Organiza-
hon (PAHO), under an AID research contract,
began a comprehensive survey and data
collection program in June, 1966,

PAHO worked with personnel and institu-
tions i the eight countnes being studied, so
the techniques could be learned and con-
unued by local health officials after the proj-
cctended So that the research might bene-
fit both maedizal cducation and health pro-
arams all of the projects except one were
deselopedin scetools of medicine and public
health in coltaboration with those responsible
fc . delivery of health services.

Fourteen teams composed of a leader (the
prncipal collaborator). atleast two local
physicians, two pubhe health nurses or
social workers, and a secretanal statf
gathered information in the eight countries
about eacn death ot o chitd under five. Facts
about thealiness Loacdhimng to death (including
details of the birth, breastioceding, weaning,
foods added to the diet and medical atten-
tion reciaved), hnstory of pregnancy and pre-
natal care for the mother, demodgraphics of
the: parents and other members of the house-
hold, and housing conditons, were col-
lected Reports included hospdal or clinic
records and interviews with physicians when
the child hadd been given medical attention,
In addition interviewers visited the home to
obtain as many facts as possible about the
fatal liness.
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Field investigation also included probability
samples—uvisits to homes at random to com-
pare the health and circumstances of sur-
viving children in comparable situations.
This technique was new to most of the areas
where the program was conducted and pro-
vided valuable experience for local teams.

The findings of the study have convinced
some of the countries participaling to re-
direct their health programs. For example,
the early discovery that many children in
Recife and La Paz, Brazil, were dying of
measles lead to massive vaccination of all
children 8 months {o 3 years old. Various
national programs aie planned or underway
in several countries of the region. The im-
portance of improving the quality and hand-
hing of clinical records as well as reporting
of births and deaths was demonstrated to
Latin American health officials. The lovel of

pediatric pathology has also unproved sub-
stantially since the project began.

One of the study’s maost important findings
1s the seriousness of nutrnitional deficiency in
the countries surveyed and the high propor-
tion of deaths in childhood in which nutri-
tional deficiencies were a contnbuting cause.
In four projects using data faor the age group
6 months through 6 years, investigators
found nutnticnal deficiency to be the under-
lying cause in 10 percent of the deaths, a
contributory cause in 31 percent, and a con-
sequence of the underlying cause in 15 per-
cent. A total of 56 percent of the deceased
children had severe nutritional deficiency.

The lasting significance of the inter-Ameri-
can investigation project lies not in the spe-
cific findings (although they did lead to im-
mediate action to solve shart-range health
problems) hut in demonstrating the value of
this methodology to health officials in par-
ticipating countries.



For many years the main too! in malaria
eradication has been the pesticide DDT. It
has many desirable features: it costs about
18 cents per pound because it is simple to
manufacture and can be produced on a
large scale; it is relatively non-toxic to ani-
mals and humans, and it is persistent, re-
maining effective for about 20 weeks after
spraying.

Scientists are aware of the drawback of
DDT's persistence, which prolongs its life
in living tissues and makes it an objection-
able environment peliutant. DDT is not bio-
degradable; traces of the toxic chemical
remain in the systems of insects, fish, and
animals exposed 1o it. For example, in Lake
Michigan scientists have found that the
waler contains .000001 parts of DDT per
million. yet fish taken from the lake contain
10 parts per million and heiring guils that
eat these fish retain 100 parts per miltion.
The concentration of DDT in humans in India
is estimaled at about 20 times that of people
in the United States. In short, DDT can con-
taminate the food chain.

Another drawback to DDT is thal some
strains of mosquito, particularly in Central
America, have developed resistance 1o the
pesticide. This was a primary reason for the
search for alternatives 1o DDT conducted by
the U.S. Public Health Service under the
AlD-sponsored worldwide malaria eradi-
cation nroject.

Because DDT is widely used to kill insecls
other than Anopheles mosquitoes, a nurmnber
of ecology-conscious organizations have
been searching for alternatives to the pesli-
cide which would be biodegradable. Among
them was the Rockefeller Foundation, which
supportad research in four U.S. universities,
one of them the University of Hiinois. Head-
ing the linois project was Dr. R. L. Metcalf.
who pursued the approach of trying to leam
why DDT doos not break down and thus
cumulates through the food chain. He and
his stalf sought analogues to DDT- —sub
stances that were similar, but with differ
ences in their chemical composition that
would correct DD T s shortcomings. They
found that two extra atoms of chlonne in the
DDT molecule was the factor that made il
nonbiodegradable.

AID made a grant to the project. because
with additional funds, the research could be

45

directed to the specific malana-DDT rela-

tionship of special interest to the Agency's
health program. f DDT analogues were to
be useful in malaria eradication programs
in LDCs, they would have to be tested for

specific properties.

With AID support, huts and ponds were con
structed on tllinois property for tests to de
termine the analogues’ etfectivenass aganst
mosquitces, the length of time they would
remain effective inside huts. their tosaonty

to animals and to fish (the degree to which
they would concentrate withun the food

chain) and how biodeqradablo they would be.

Minute quantities of some 30 andalongues
were tested. Scire killed insects effecthvely.
others did not The process of culling the
most promising analoques continued Under
the AID project, the production of leading
analogucs was cut from some 30 steps to
two steps during six months. Several were
produced in farger quantities. The process
may be further refined and—from a cost
standpoint—-the analogue should be roughly
equivalent to DDT.

The inois scientists developed a seres of
biodegradable analogues that incorporate
chemical groups in the basic molecule
which can be converted by enzymes in living
tissues into water-soluble degradation prod
ucts. Animals quickly ehminate these prod
ucts instead of stonng them in it {as they
do DDT). The chemicals still killinsects,
however, because inseaots are not able to
degrade them nearly as efficiently as verte-
brates can.

The best analogues do not appear to con-
centrate in the food cham; vittually all are

broken dowri in a matter of hours. Congse-

quently, the analogues are much less toxic
to fish

Certaan mosaguitons that have developed re-
sistance to DDT were found to be valnerable
to the analogues The chenucal reason for
this was discovered engzymesin the mos
quiloes were ablo to break down DD mole
cules, but they could not cope with the dif-
ferent chemical construction of the ana -
logues. Because there are seomany analogue
possibibtics if inosquitoes should buld re-
sistance to any one of them, n shght chem-
ical change could be made without destroy-
ing the insecticide’s polency



POPULATION
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POPULATION

The possible effects of the world's popula-
tion growing at the present rate have been
discussed by responsible scientists in dis-
tinguished journals. Their sober speculations
sound like a mixture of horror stories and
science fiction. |f population were 1o con-
tinue to double at its current rate of approx-
imately three times a century, there would be
30 billion people on earth in 100 years. Long
belore that time, it is believed, the competi-
tion for the earth’s resources would lead to
global catastrophe.

The apocalyptic potential of population
growth was noted as long ago as 1798, when
Malithus put forth his gloomy theories of the
effects of unbridled human multiplication.
Only recently, has the urgency of such warn-
ings galvanized the leaders of developing
countries to adopt policies of family plan-
ning as a necessary prelude to achieving
national goals.

The dynamics of population growth shape
every aspect of development policy: health,
nutrition, agriculture, education, economics.
Family planning can make important contri-
bution to maternal and child health care
which is an essential part of a sound national
health program. Nalions do not bencfit from
sound agricultural practices and high yield-
ing seeds if population increases outpace
the increased food supply.

Like all AID research, that in the field of pop-
ulation is aimed at solving specific problems
of developing countries. Methods that are
effective in countries where parents are well
educaled about the need for and technigues
of family planning may not be transferable
to LDCs where parents are not highly moti-
vated. Research seeks easy methods that
will be acceptable and effective within the
sociological and cultural environment of
these countries.
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AID research in population focuses on the
general areas of behavioral sciences and
biological sciences. Numerous LDCs do not
have full-scale censuses or complete vital
registration systems; they can only guess at
the true dimensions of their population prob-
lem. AID sponsors descriptive demographic
research to fill this initial need. Similarly
these countries need to know much more
about population dynamics: the factors af-
fecting population growth and distribution
within a given society and the effects of pop-
ulation characteristics and changes on the
society. Once these vital background data
have been compiled, a country is prepared
to launch a family planning program. To de-
sign the best program, population planners
must be able to answer such questions as:

What factors influence parents to have the
number of children they do”?

What are the most effective methocs of edu-
caling people to the need for family plan-
ning and encouraging them to accept birtn
control techniques?

What personnel are needed to spread the
prograrn and how should they be trained??

What evaluation criteria are needed to in-
sure that the program is having the desired
impact?

Operational recearch secking improvernenrts
in the actual conduct of family planning pro-
grams is carried out to answer thesc ques-
tions. Biomedical resear=h is carned out to
develop safe, effective  1d convenient
means of contraception. Great advances
have been made in recent years in the bio
{ogical and medical arces of family plan-
ning. Scientists are hopeful that further
breakthroughs are imminent. AID-sponsored
work progresses on methods of contracep-
tion that would require less constant vigi-
lance on the part of the user, that would be
reliable and inexpensive, as well as free of
undesirable side effects.

The following sections provide a brief de-
scription of some of the projects in the four
areas of research activity—descriptive de-
mography, analysis of population dynamics,
family planning program operations re-
search, and development of improved means
of fertility control.



Descriptive Demography

The first step in approaching a problem as

enormous as world population growth is to

define the problem itself. AID is supporting
an international effort to assure thal subse-
quent programs are grounded in the realily
of statistics: a 5-year World Fertility Survey
began in 1972 under the auspices of the In-
ternational Slatistical Institute, The Hague,

Netherlands.

Many developing countries are hard pressed
financially and in terms of trained personngl
to collect basic census and information; they
need help in collecting dala upon which to
base population planning policy. The World
Fertility Survey seeks to assist between 50
and 60 countries throughout the world in
carrying out nationally representative, inter-
nationally comparable sample surveys of
human fertility in observaice of the U.N.
World Population Year, 1974.

In addition to gathering information on the
age of a woman and her husband, birth his-
tory and survival of all children, pregnancy
history and maiital history, investigators will
explore fertility regulation practices, breast
feeding. attitudes about family size (includ-
ing desire for more children), and such so-
cial and economic factors affecting fertility
as: educational attainment, literacy, occu-
pation and employment status of husband,
family structure and other cultural charac-
teristics.

The basic goal of the World Fertility Survey
is to provide uniform scientific information
that will permit each participating country

to describe and interpret the fertility of its
population. Improved data in this area will
assist national efforts in economic, social
and health planning for development as well
as giving guidance for designing family
planning programs.

The International Statistical Institute is a
scienlilic organization with an elected mem-
bership of eminent stalisticians from coun-
tries throughout the world. During the WFS,
the organization will collaborate with the In-
ternational Union for the Scientific Study of
Population and the United Nations. A profes-
sional staff for the project will run a center

in London where the work of national stafis
in participating countries will be assembled.
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Other projects include one carried out by
the University of Wisconsin to study the re-
lationship between internal migration within
a developing country, urbanization, fertility
and economic development. Investigators
are analyzing the community preferences of
migrants and determining the differential fer-
tility rates and earning capacities before and
after migration and between migrants and
non-migrants.

Research is building upon data collected
several years ago in several Colombian com-
munities and a national sample of large
farms in Chile. Researchers hope to learn
from this study how developmeni policies
affect migrants, their earning capacity and
their fertility—information that will be vatu-
able in national planning.



Population Dynamics Research

Population dynamics research involves study
of the factors affecting population growth
and distribution within a given society and
the effects of population characteristics and
changes on the society. Much more know-
ledge of these is needed as an aid to less
developed cotintries in discovering the best
means for coping with population problems.

A socinlogical study on family planning atti-
ludes and practices was conducted for AID
Ly Harvard University between June of 1969
and September of 1972. Investigators tested
the validity of the conveniional wisdom that
families in areas of high infant mortality have
more children to assure surviving heirs and
helpers and that parents in some societies
prefer sons to daughters and are likely to
continue having children until they produce
a son.

Extensive testing was conducted in two
townships in Taiwan—one with a high level
of infant mortality, the other with a low level.
vidual experience of child loss suggest that
higher levels of infant and child mortality do
give rise to higher fertility. Parents who had
fost one or more children among the first
two or three births tended to have higher
subsequent fertility than those whose early
births all survived. But the families were
ultimately larger where all offspring survived.
On the average, subsequent fertility com-
pensated for about 60 10 70 percent of the
original child loss. The difference in famiily
size between the low-mortality township and
the high-mortality township was negligible.

An attitudinal preference for sons was shown
to have a small but consistent relationship
with fertility behavior and attitudes (at teast
in Taiwan). In cases where all early births
survived, researchers found that the number
of subsequent births was smal'er if at least
one of the early births was male. Part of the
reason may lie in the tradition in Taiwan of
parents paying more money for the marriage
of a son than of a daughter. Therefore, al-
though it is important to families to have at
least one surviving son, there is good rea-
son to avoid having too many sons. Other
studies (nolably one in India) have produced
contrary findings, which indicates that son-
preference may be a complex cultural and
social phenomenon that varies from country
to country.
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In 1972, the Rand Corporation completed a
2-year study for AID tu explecre the differ-
ences in fertility among individuals and
among social and economic groups in de-
veloping countries—1to learn what affects
parents’ decisions on the number of children
they will have. Among other questinns, the
study examined the relationships belween
parental decisions to produce offspring and
the prevailing rate of child mortality and the
relationship to femnale education. The pur-
pose of the study was 1o provide a basis for
countries to better define alternative family
planning program strateg:2s. mchcate their
potential comparative advantages and test
the cost effectiveness of actual operations.

Other projects include an epidemiological
study carried out by John Hopkins University
In Taiwan seeking infurmaticn on pregnancy
loss and how this relates to health, fertility
levels, and other factors.



Operational Research

Research is needed to determine the best
ways of educating or motivating people to
use available family planning services. To
what degree does acceptance of programs
depend upon the communications ability of
clinic personnel or field workers? How much
do side effects of certain contraceptives dis-
courage people from using them?

The answer to these guestions may differ in
countries with significant cultural variances
and where a variety of family planning edu-
cation and health delivery systems exist.

Thke most successful national family pian-
ning programs have benefited from an inte-
gration of research and evaluation activities
with active programs of disseminating advice
and equipment. Field programs provide re-
searchers with valuable information about
what kinds of people are accepting family
planning methods, which methods they em-
pioy, and whether they continue to use

them. Operational research programs serve
1o identify and study problems and give im-
portant clues about what madifications may
be necessary to imp:ove acceptance of fam-
ily planning methods. There are several
means of trying to reach the population—
through mass media, door-10-door visits by
field workers, or appeals by community
leaders, for example. The effectiveness of
various approaches are being evaluated in
different LDCs.

Operational research includes research on
the best methods of education and recruit-
ment of acceptors, development of optimal
staffing patterns, improved training methods
for program workers, and evaluation of the
impact of the program.

From fiscal 1965 to fiscal 1972, AID has pro-
vided $17 million for over 60 technical assis-
tance and operalional research projects in
18 countries in Africa, Asia, and Latin Amer-
ica to meet these needs.

Pilot studies on the use of various fertility
control methods, development of improved
service statistics systems, and testing of mo-
bile clinics and other delivery systems have
been carried out in India, Pakistan, Turkey,
the Philippines, and other Asian, Caribbean,
and Latin American countries.,
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A major objective of family planning pro-
grams is getting the information tc women
who need it at a time when they are most
likely to be receptive. In any population there
is a large group of women who become
pregnant again shortly after bearing a child
or after a pregnancy termination. Character-
istically, it has been found, these highly fer-
tile women are young, in the lower economic
levels, have little or no education, and have
little motivation toward family planning. But
the time they are most receptive to family
planning information is usually immediately
aiter delivery of a child.

AID supported a research project developed
by the Population Council from 1967 through
1971 to explcre the opportunities for exten-
sion of family planning by attaching the
services to malernal postpartum care and
treatment in large public hospitals. The coni-
cept was tested in 111 hospitals in 12 coun-
tries: Nigeria, Thailand, Indonesia, Vene-
zuela, Honduras, Ghana, Hong Kong, iran,
Philippines, Mexico, Colombia, and Turkey.
Studies indicated that maternal and child
heaith centers, as well as hospitals, can pro-
vide family planning information and serv-
ices effectively. Successiul experience with
immediate postpartum insertion of iUDs and
the administration of oral contraceptive pills
before the patient leaves the hospital has
substantially increased the number of women
accepting fertility control programs. In the
majority of institutions, between 10 and 20
percent of women there for delivery of preg-
nancy termination became direct acceptors,
and in some cases as many as half became
active in family planning.

The program collected and computerized
data from all research sites on each woman's
age, living children, sons, education, con-
traceptive and abortion experience, noting
the outcome of postpartum visits and the
degree of acceptance of fertility control
measures. These data are available to AID
and other family planning programs.

in some countries where the research was
conducted, government officials were sulffi-
ciently impressed that they extended the
postpartum program to many or most mater-
nity hospitals as a major component of na-
tional family planning programs. Among
these countries are Colombia. Venezuela,
India and Thailand.



Women who have just had babies at a hospital sign

up to receive oral contraceptives and other family
planning services. Research carried out by the Popula-
tion Council has shown that the post-partum period

What motivates families to make use of the
family planning services available in a de-
veloping country? This was the primary
question investigators from Bowman Gray
School of Medicine (of Wake Forest Univer-
sity) attempted to answer in an AID project
conducted in Costa Rica from 1969 through
1972. Extensive interviews were conducted
in six Costa Rican communities served by
family planning clinics. The interview sched-
ule, consisting of pretested demographic,
psychological and sociological items, was
administered to 1,652 females comprising a
stratified random quota sample.

Findings included recommendations to
arouse greater interest in fertility control,
the means favored by the women inter-
viewed (and why they rejected other meth-
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tinds mothers most receptive to family ptanning.
The concept was tested in 111 hospitals in 12
countries.

ods, including exploration of whether the
reasons were purely subjective or related to
actual side zifects of certain contraceptives),
what improvements in clinic procedures are
necessary o interest the optimum number

of women, where women get their informa-
tion about family planning, and why women
who had been clinic patients dropped out.

Survey data and reports have been trans-
lated into Spanish and published ina 173-
page report, distributed by the Costa Rica
Family Planning Program, Costa Rican sci-
enlists, dociors, and family planning experts
were active in the project from its inception
and are continuing evaluation with other
funaing since the termination of the AID
phase of the program.



Improved Means ot Fertility Control

Since AID began assistance programs for
family planning in 1965, the Agency has sup-
ported only programs that are voluntary and
which seek to make it possible for individ-
vals and families to regulate their fertility

in keeping with their personal desires. Any
research on fertility control technology spon-
sored by AID seecks methods consistent with
the exercise of individual choice.

In the United Stales during the past decade,
increasing numbers of families have im-
proved control of fertility through acceptance
of oral contraceptives and intrauterine de-
vices (IUDs). Persons seeking advice and
assistance in family planning have ready
access to physicians and clinics. As a result,
many Americans have accepled family plan-
ning methods, and national fertility surveys
document increased use of fertility control

in alt strata of society.

in the less developed countries where health
care systems are weak and the people who
could benefit from family planning are often
poorly educated, ferlility control techniques
are needed that are especially adapted to
the Iccal conditions of these countries and
less dependent upnn sophisticated deliy-
ery systems.

Experience indicales that in LDCs, as in
more developed countries, those official
family ptanning programs or private chan-
nels that offer a wide variety of techniques
are more successful than those relying on
only a few methods. Different mathods ap-
peal to different women. Oral contraceptive
users are younger, on the whole, than those
who prefer IUDs, and a still older group
tends to chocse sterilization.
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In addition, cuitural dilierences seriously
limit acceptance of certain methods, such

as those requiring vaginal examinations,

or those causing side effects cf vaginal
bleeding. Increased bleeding cun be a seri-
ous problem for IUD users already anemic
from parasitic infestations who lack sanitary
supplies and facilities; and decreased lacta-
tion among users of oral contraceplives may
compromise infant nutrition in some settings.

Any new means of fertility control must be
acceptable both to individuals and to go-
ciety; furthermore, they must be adequately
safe, demographically effective, and prac-
tical for use in family planning programs in
terms of administrative ease and reasonable
cost. AlD research is attempting to develop
a variety of means of fertility control which
are suiled to conditions in LDCs.



New Methods of Fertility Control

Simpler, more effective, safe to the user—
these are the results researchers strive for
in developing new contraceplive methods.
If a woman could take a pill once during the
mornith, the method might be simpler to use,
probably cheaper, and overall, more effec-
tive, than the present contraceptive pill,
which requires daily use during exposure
periods.

AID has supported research in three projects
that share the goal of discovering a once-a-
month contraceptive. From May, 1969
through May, 1972, AID contributed to an
extensive program by the National Institutes
of Health, which involved 28 contracts with
university and other research organizations.
Other projects studying the ways that hor-
mone-producing structures work and what
can be altered to affect fertility have been
supported by AID at the Worcester Founda-
tion for Experimental Biology, and at the
Population Council.

The corpus luteum that forms in the ovary
shortly after ovulation (release of the egg)
produces a sex hormone, progesterone,
which is required for pregnancy. If methods
can be found to interfere with the function
of the corpus luteum, the way will be open
to develop a once-a-month contraceptive.

Under another AID conlract, the Population
Council (and seven subcontractors) are also
studying methods to interfere with the corpus
luteum process—without endangering the
health of the woman using the method. Sci-
entists are seeking a safe way to inhibit the
production of progesterone by the corpus
luteum, or to prevent the progesterone from
performing its function.
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Releasing Factor Studies

The reason that the corpus futeum excretes
progesterone hormones is because the brain
has given it a signal {o do so. Releasing
factors are chemical "messengers' that link
the nypothalamus of the brain with the an-
terior pituitary gland, directing the gland to
produce horriones involved in conception.

Tne Salk Institute for Biological Studies i
attempting to develop a new oral contra-
ceptive that would be effective if taken only
once a month. This method would eliminate
most of the side effects of the present oral
contraceptive. The research is concerned
with determining the chemical structure of
releasing factors, particularly the luteinizing
hormone releasing factor (LRF) that ulti-
mately controls endocrine processes neces-
sary to pregnancy. Once scientists have
learned the chemical makeup of LRF, they
will concentrate on synthesizing chemicals
that interfere with LRF activily and prevent
conception.



Prostaglandins

Prostaglandins show promise of a break-
through in contraceptive technology particu-
larly suited to the needs of AlD-assisted pro-
grams in dev2loping countries.

Since fiscal 1968, AID has initiated prosta-
glandin studies which have included re-
search on new means of measurement, new
approaches tc prostaglandin synthesis, stud-
ies of formulation and delivery methodology,
compound screening, studies of the effects
of prostaglandins on mammalian and pri-
mate reproductive physiology, human clin-
ical trials, and a prostaglandins information
service.

This work has been carried out at 18 differ-
ent institutions, either funded directly or
through a program coordinated by the
Worcester Foundation for Experimental Bi-
ology. They have included Harvard, Make-
rere University (Uganda), The Royal Veter-
inary College (Sweden), Oxford, Yaie, and
the Universities of North Carolina, Johns
Hopkins, George Washington University. Uni-
versity of Wisconsin, and Washington Uni-
versity (St. Louis).

Although further testing and development
is necessary, these compounds and their
analogues appear to be very promising as a
means of regulating fertility. However, use
is still hampered by side effects and some
therapeutic failures. It is hoped that new
prostaglandin analogues and improved de-

livery systems can overcome these problems.
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Research to Improve Currently
Available Methods

Safety of Contraceptive Steroids

Oral contraceptives—The Pill—are favored
by more women in developing countries
than any other single form of fertility control.
Cettain steroid hormones are the active
agents in these contraceptives (and in other
experimental methods using injection and
implantation techniques). Although the effec-
tiveness and acceptability of contraceptive
steroids has been proved, minor side effects
have been reported and questions of unre-
ported hazards have been raised. For ex-
ample, women suffering from disease or
malnutrition in a developing country might
experience different subjective side effects
than the relatively healthy American women
tested.

Under an AID contract, scientists of the
Southwest Foundation for Research and
Education are conducting clinical studies of
the metabolism of she estrogenic component
of contraceptive pills on women from various
ethnic backgrounds. Tests are run on various
brands of commercially available pills to
learn whether slightly different components
produce different subjective side effects—
such as nervousness, depression or weight
gain.

i studies reveal that women with heaith or
nutrition problems suffer adverse reactions
to the pills, supplements of vitamins or folic
acid, for example, might be added 1o the
compounds that would negate these effects
wiile still maintaining the contraceptive
effectiveness of the pills.



Developing and Testing IUDs

Intrauterine devicés rank just behind oral
contraceptives as the most important fertil-
ity control methods now used in family plan-
ning programs in most countries. However,
high rates of removal caused by side effects,
spontaneous expulsion. and the incidence
of accidental pregnancy limit the effective-
ness of IUDs in current use

Since 1970 the Battelle Memorial Institute
has been analyzing the physical character-
istics of lUDs—their size, shape and texlure
—and studying side effects that have been
reported with the different devices, such as
pain. bleeding, and inadvertent expulsion.
Battelle seeks to ¢.2velop an improved UD
with minimum side elfects through exper-
menting with new materials and designs
using bioengineering analysis. The research
employs an empirical approach to improving
devices and providing needed ancillary in-
struments, inserters and packaging for LDC
users.

Battelle 1s concentrating on measuring the
wide range of geomeiric and mechanical
possibilities—and comparing their clinical
performance. Both inert and biochemically
active materials are being tested to discover
new materials and devices and to measure
their suitability \n a number of ways. includ-
ing animal testing. Most {UDs depend upon
their shape and texture to perform their
function; some scientists have found that

added elements hke copper and other metal-

lic ions, make 1UDs more effective. Battelle
1S also investigating the advantages of medi-
cated 1UDs

55

The researchers are interested in assuring
the acceptabihty of IUDs in developing coun-
tries as well as their effectiveness and safety.
Battelle makes findings and methods known
to other workers in this field, and collabor-
ates with other contributors and organiza-
tions by exchanging information and pro-
viding technical maternal through newspaper
releases. seminars and lectures. and publi-
cations.



Surgical and Engineering Research

Under a separate contract Battelle has been
asked by AID to develop improved and sim-
plified methods of female slerilization and
reversible male sterilization and means of
fertility control that would be suitable for use
in developing countries (where elaborate
medical faciities are seldom available to the
bulk of the population).

Battelle has come up with devices that would
not require skitled medical personnel, nor
general anesthesia and intra-abdominat op-
erations for female sterilization. One method
1s to occlude (block) the wornan's Fallopian
tubes with tissue adhesives, which can be
applied through the vagina without an ab-
dominal aperation.

Although male stenlization, through vasec-
tomy, 15 avattable in several LDCs, many
men are reluclant to accept the operation
because 1t 1s irreversible. Vasectomy is an
operation that disrupts the vas deferens

(sperm duct) by cutting and tying so that
sperm cannot trave! from the testes. Battelle
has developed experimental plastic vas
valve devices thal accomplish the same pur-
pose as the tying, bul can be removed if the
man later desires o have children. Experi-
ments are being performed on guinea pigs
and small goats.

Related ctudies on reversible slerilization are
being carried out Yy the University of North
Carolina with AID support. Experiments are
being conducted with a special plastic and
steel clip with a loading mechanism that
would occlude Fallopian tubes with greater
safety than currenlt techniques and yet could
be removed.

Instruments have been designed to insnrt

the female clip through a iaparoscope
(which would eliminate the need for hos-
pitalization). Several prototypes of this
equipment were manufactured for research
purposes and are being used in clinical trials.

A US.-trained 1.DC suraeon performs a laparoscope
tubal ligation requested by a 36 year- old mother of
seven. This technique of female stenhization normally
requires ten minutes on the operating lable with

discharge from the hospital the same day and is based
on procedures developed by the Universily of North
Carolina under an AID research contract



Combined VD Prophylactic Contraceptive

Aside from the obvious practical benefits of
a vaginal foam contraceptive that would also
kill venereal disease germs, this form of fer-
tility control would be politically acceptable
in many countries where family planning pro-
grams are best combined with health and
preventalive medicine.

A combined prophylactic/contraceptive
could introduce family planning into regular
venereal disease control and other public
health programs at a mimimum expenditure
of professional manpower and with a high
probability that the substance will be ac-
cepled and used. Such an agent would be
particularly useful for women where clinical
methods of contraception and treatment fa-
ciities are not available.

The University of Pittsburgh is working to
develop improved intravaginal agents with
spermicides to kill sperm and with drug
components elfective in preventing trans-
mission of a broad range of genital tract
infections. Tests for effectiveness and safety
have been conductad with rabbits; field tests
for humans are planned at both U.S. and
LDC sites.
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Simplified Techniques of Fertility Control

In 1972 AID supported a Johns Hopkins Uni-
versity research program to find ways of
simplifying fertility control techniques used
in LDCs. As an inlegral part of this program,
obstetricians and gynecologists occupying
key roles in family planning programs in de-
veloping countries are offered a short-term
training course in the most up-to-date
techniques.

The training program. conducted in a model
-linic setting, instructs physicians from de-
veloping countries in the most advanced
technigues of steritization, contraception,
pregnancy termination, and family planning
clinic management.



Grants for Research on Fertility Regulation
Under the administration of the University of
Minnesota, AID provides a series of small
grants for finding new and irnproved meth-
ods of ferlility control. A scicntific advisory
committee of experts selects, screens and
reviews projects costing less than $50,000
each o be carried out by U.S. and overseas
institutions. Preference is given warkers in
LDCs.

Although the program was started recently,
several novel and promising ideas are being
pursued. Among them: effectiveness of a
hydro-fluoro-carbon compound that traps
spermatozoa when applied intravaginally;
and evaluation of Indonesian herbs believed
to control fertility, to learn if the folk remedies
arc medically sound; the effects of adding
sperin enzyme inhibitors to vaginal foams
and jellies Another project will study im-
proved IUDs.

Under this program, some 20 proiects may
be funded with the purposn of encouraging
and broadening the pool of population re-

search talent in the U.S. and in developing
countries.
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International Fertility Research Program

A major program supported by AID to extend
the availability of a clinical network for field
trials is the International Fertility Research
Program, which was begun in mid-1971,
based at the University of North Carolina.
To determine the safety and effectiveness of
new fertility control methods for use in de-
veloping countries, the IFRP evaluates field
trials on new IUDs, sterilization techniques,
pharmacologic means of contraception, and
other means of fertility control, in a variety
of cultural settings.

Such practical trials shorten the time in
whizh undesirable effects or health risks can
be eliminated. They also demonstrate the
favorable characteristics of new methods.

IFRP has designed standardized study forms
thatl permit side-by-side comparison of dala
collected on various methods of systemic
contraception, menstrual regulation, preg-
nancy termination and sterilization. For ex-
ample, different types of IUDs or steroid pills
can be compared using the same criteria
under similar conditions in the same country.
Program managers collect and evaluate
these data frorn an internationally estab-
lished network of experienced clinicians
conducting collaborative field trials.

Under the program, special studies are in-
itiated to develop new methods to the level
where cnnical trials can be conducted. An-
other important objective of the program is
to train LDC investigators in the use of new
methods.



A similar program with particular emphasis
on IUDs was previously conducted by the
Family Planning Evaluation Center estab-
lished within the Pathfinder Fund. The Center
analyzed performance characteristics of
IUDs from data gathered in more than 100
clinics in 40 developing countries. By study-
ing uniform records through centralized data
processing, researchers have been able to
determine which performance patterns relate
to the IUD users and which to the clinics
where the devices are inserted. For example,
the important category of removals

because of bleeding or pain has been shown
to be closely related to the supportive nature
ot individual clinics providing contraceptive
service, and the effectiveness of devicas is
strongly influenced by cultural and social
attitudes. When advice is given by sympa-
thetic and competent personnel in a clinic
setting that the clients find comfortable, re-
sults are frequently far superior to those ob-
tained through distributing the same devices
in different locations.
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Dissemination of Information

As the amount of funds devoted to research
on fertility control technology and the num-
ber of investigators and laboratories in-
creases, rapid and effective communication
of results and work in process becomes
more important. To meet this need, a new
program for information interchange bas
been established with AID support at the
Biological Sciences Communication Project
of George Washington University.

The Population information Program is pro-
viding a series of organized and indexed
publications containing references, ab-
stracts, and analysis for each of the impor-
tant means of fertility control, including ste-
roidal contraception, !UDs, and sterilization.
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NUTRITION

Malnutrition and associated infection causes
more deaths and destroys the health of more
young children in the LDCs than any other
single disease. Yet health policies frequently
emphasize treatment and rehabilitation rather
than prevention. Developing countries gen-
erally have few public health facilities and a
limited number ot clinics and hospitals. As a
result these facilities are available only to a
fraction of the population and are relatively
expansive per patient. As part of a strategy
to bring needed services to a wider portion
of LDC populations, AID is exploring the
feasibitity of assisting several countries to
establish multi-purpose integrated delivery
systems that would attack problems of nutri-
tion. health and family planning. More food
per capiia and more nutritious foods are

both bhasic requirements for reducing mal-
autrition. Many resources are being devoted
to prodticing more food, but greater empha-
sis is needed on ihe severe nroblem of low
food quality, particularly protein deficiencies
in the diets of the poor.

AlD's research is concentrating on how this
goal can be achieved at a realistic cost; a
concern also reflected to an increasing de-
gree in the programs of the international
agricultural research centers.

Because improved nutrition may not be part
of an LDC government’s national plan, the
responsibility for pursuing nutritional policies
often gets shunted about from one depart-
ment to another. For example, a minister of
agriculture might feel that malnutrition was a
health problem that did not concern his
agency. Although health officials could in-
deed help him identify the nature and extent
of nutritional problems, the agriculture deci-
sion maker could have great impact on low-
cost protein availability through nutrition-
oriented agricultural policies; a pricing policy
that would reward the farmer for growing
high-lysine corn or beans, peas and lenlils
would have widespread effect on improving
the diets of the rural poor.

Integration between nutrition programs and
educational programs furthers the aims of
both. A wide variety of projects are in op-
eration to teach mothers the desirability of
choosing certain foods for the family diet,
how to prepare or serve specific foods to
maintain their nutritional value, and the
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causes and preventi.;n of malnutrition. In
several developing countries, mass media
campaigns explain in a simple manner what
available foods will help to build healthy
young bodies. Numerous educational tech-
niques have been employed: research is
neecled to gauge which are the most effective
in bringing about change. Such knowledge
is necessary to permit sound planning of
the educational componeni of rutrition pro-
grams. AlD has initiated an evaluation of
nutrition education programs designed tc
provide some of the answars,

The relationship betwean natrition and family
planning programs is mare subtie. Better
spacing of children feads to smaller families,
more favorable food availatility and tetter
maternal heaith, and these result in better
nutrition. In many LDCs. delivery systems for
food distribution extend into areas that are
not reached by health or family planning
centers. Family planning prcarams are {re-
quently rejected by the populations of de-
veloping countries. However somce evidence
exists that mothers who see their children
visibly improved througir a nutnition program
will place greater confidence and faith in the
program that has provided the nutnitional
benefits and will hecome more receptive to
family planning.

Governments of developing countries are
quick to recognize the need for such tangible
resources as, say, stecl. So they are willing
to commit funds on a priorty basis to the
building of a steel mill. But they may not see
so readily the economic benefits of improv-
ing nutriticn. AID research projects provide
tools for government planners to identify the
the gaps in their current nutritional programs,
so they can set policies which will contribute
to the health and strenath of their citizens.

Research also points to new directions to be
explored-—mnovative approaches that may
overcome persistent problems at a reason-
able cost.

Through an irony of nature, the foods that
are mast nutihous are also the most ex-
pensive. Meal, fish. eggs, and dairy products
are rich in hign quahty protein, the complex
substance made up of a combination of
amino acids that are essential for health and
growth. But these foods are practically un-
available to many people.



In the developing countries of Africa, Asia,
and Latin America, about one-fifth of the
poputation is undernourished-—they do not
receive enough food of any kind and subsist
on far fewer calories than they should. But a
larger proportion, zt least 60 percent, is mal-
nourished, not receiving balanced nutrition
from what tood is available.

A large percentage of the malnourished are
chtidren who need more protein than adults.
Exireme lack of protein can result in such
serious discases as kwashiorkor which
stunts the child's physical growth and may
hinder his mental development. Scientists
have learned that growth and health are
aftected not only by the amount of protein
an individual eats, bul also by the quality of
that protein. The standard diet in many LDCs
contains protein that is deficient in one or
more of the essential amino acids.

Protein malnutntion has been increasing in
recent years. With tha ranid population
growth in LDCs and the need to produce
sufficient zalories. some cropland appears
to have been shifted from pulses o the new
higher yielding cereals.

The agproach AID takes in agriculture, of
breeding plants with inherently better nutri-
tional properties, 15 particularly beneficial in
countries where large partions af the popula-
tion subsist on crops they grow themselves.
In more urbanized societies nutritional fortifi-
caticn s morg effective Supplements are
addec! to the food alter harvesting and be-
fore marketing. effectively improving the
nutrition of masses of people.

Improved food technology. which falls
within the province of nutrition, can also
Improve a country's economic development.
Food processing, moie modern marketihg
techniques, better slorage and preservation
of food, create employment opportunities,
reduce waste and spoilage. and generate
greater income.
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Rice Fortification

More people eat rice than any other single
food—and to many of them in LDCs it is
their primary source of food. Yet rice is not
high in protein, and the protein it does con-
tain is deficient in two essential amino acids
—lysine and threonine. The shoricomings
of rice have particularly deleterious effects
on children, pregnant women and nursing
mothers.

Under an AIC contract, Harvard University is
conducting studies to learn the effect of
fortifying rice with a synthetic rice-like grain
containing amino acids and vitamins and
minerals.

These field studies are designed to deter-
mine if fortified rice will physically benefit
substantial numbers of children and whether
an effective delivery system can be designed
to provide fortified -ice to communities where
rice is the basic food staple.

Tests are being conducled in Thailand
where the residents of some 25 villages are
cooperating. Even if the villagers grow and
eat their ownrice, it is their custom to take
it to the village mill for processing. The
miller is supplied with a melering device
that will add one percent of nutritive supple-
ment to the weight of the rice he husks and
polishas (he is paid a modest subsidy by

the project for the service).

Five experimental groups of villages are
being studied. Children in one group attend
day care centers in villages where the rice is
supplemented with vitamins and the amino
acids lysine and threonine. A second qroup
also attend day care centers in villages
where rice is fortified only with vitamins and
minerals. A third (control} group is tested at
day care centers, but the village rice contains
only placebos. Two other groups do not
attend day care centers—onge group's rice is
fully fortified, the other's contains placebos.
The day care centers were constructed with
AID support as an incentive for villagers to
participate and as a convenient iocation for
measuring the children’s growth and asking
whether they were eating the rice, whether
they had been ill, etc. (The day care centers
AID built to reward village participation
proved so poputar that the Thai government
decided to build hundreds more.)



Although all villagers get fortified rice, only
the children are examined for nutritional
effects. Every 15 days blood tests are taken
from the participating children, weight is
measured along with the circumference of
head, arms and wrists; periodic X-rays of
hands and wrists are taken.

The tests were preceded by a survey of the
marketing and distribution of rice in Thailand
to determine the best method for reaching a
representative sample of the population. In-
formation collected in this survey may be
useful for feeding trials in future research.

It will take some 18 months to determine
whether the children who received amino
acid supplementation benefited more than
those who got only vitamins, or substantially
more than children who received no supple-
ments. Even if the fortification produces
healthier children, problems may be en-
countered in implementation, primarily be-
cause of increased cost. Some kind cf
government subsidy may be required.

Because of the added vitamin, rniboflavin, in-
cluded in the nutrition pellet in the Thailand
trials, rice became yellow when cooked, in-
stead of white. Researchers fearzad that
might diminish acceptance, but the color
change has been found to present litlle
problem. Sometimes the pellet remains hard
after cooking, however; when that happens,
it has been found that Thai villagers simiply
pick the hard granules out of the rice and do
not eat them. A softer granule has been
substituted.

Since the project began, Thailand has taken
steps to establish national policy on nutri-
tion. When the project findings have been
compiled, a conference of representatives
from rice-eating countries will convene to
discuss remaining problems.

63

Improvement of Other Cereal-Based Foods

Under an AID contract completed in 1971,
Johns Hopkins University and the British-
American Hospital in Lima, Peru sought to
establish the amount of lysine that must be
added to wheal flours 1o make them effective
sources of protein for infants. Researchers
also studied whether wheat proteins, with
lysine added but without additional protein
supplements, can be used to satisfy the pro-
tein requirements of infants, including some
who have been rehabilitated from serious
diseases caused by malnutrition (such as
kwashiorkor).

Data obtained from these clinically controlled
experiments showed that lysinc-enriched
white wheat flour, as a sole source of pro-
tein, will support normal growth in conva-
lescing malnourished infants over an ex-
tended period of time.

The findings of the oroject are being used 10
guide wheat lortification programs, particu-
larly in emergency feeding situations such as
occurred in Africa and Asia. Action programs
o improve wheat protein utilization by add-
ing lysine to wheat flour are under way In
india, the Philippmes, and Tunisia. The Pils-
bury Company is also test marketing lys'ne-
fortified flour in the United States

Another AlD-supported project tackles a
problem familiar to American parents who
fed their children cod-liver oil in fruit juice:
how to make nutrients palatable.

Kansas State University in 1967 began to
explore ways to fortify wheat-based products
such as bread, couscous (Morocco) and
chapatis (India & Pakistan) while retaining
their flavor and texture so they would be ac-
ceplable to consumers—and available ata
price consumers could afford. The fortifi-
cants to be added were such low cost
supplements as soy, chickpea, or broadbean
flours, which improve nutritional value.



Surveys and studies, combined with labora-
lory work resulted in a major breakthrough
by the KSU research team. They found that
addition of a dough conditioner, sodium
stearoyl-2-lactylate, allows the incorporation
of significant levels of protein concentrates
without disturbing Ine taste, texture or ap-
pearance of the bread. This chemical is
commercially available and has been ap-
proved by the U.S, Food and Drug Adminis-
tration as a food additive. The mixture has
been distributed by AID's Food for Peace
Program and has proved so popular that in
the first year consumption has grown to
millions of pounds.

Using this conditioner, bread with 12 percent
soy flour has been produced that is practi-
cally indistinguishable from non-supple-
mented white bread in color, loaf volume,
texture and overall acceptability. In tests,

this bread as compared io non-supple-
mented bread has produced a significant
improvement in the growth of small animals.
The technique also works for wheat-based
foods other than bread.

India and the Philippines will be using about
40 million pounds of soy-fortified flour this
year and some 20 additional countries have
requested samples. Commercial bakeries
and food companies from the U.S. and other
couniries have consulted with KSU to
develop ways of marketing the new tech-
nology.

The researchers and their associates have
published 33 papers in U.S. and international
scientific, technical, and commercial jour-
nals and bulleting; some of these papers
were presented during 13 national and inler-
national technical meetings. In addition to
explaining the chemistry and techniques to
overseas visitors to their laboratories, KSU
researchers have given extensive training to
food technologists from India, Colombia, and
Guatemala.

The discovery shows decided promise for
incorporation of a variety of nutritious sub-
stances—coltonseed or sunflower seed, for
example—into many wheat-based foods,
without destroying their appeal to the con-
sumer.
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Wheat-based foods like bread, couscous and chapatis
{being made above) provide the basic nutrition for
rrullions of peopte Unless such foods are ennched,
their nutntional valuc is refatively low. But researchers
learned that adding fortified flours from soy or
chickpea often changed the taste and texture of the
wheat products. Many people would not cat them.
Food technologists from Kansas State University have
discovered a dough conditioner that, when added to
the flour, permitted the addition of nutrients without
disturbing the taste or texture

Millers in Guatemalan villages have cooperated in an
AID project to determine the feasibility of enriching
the “masa’" from which tortillas are made Villagers
bring hme-soaked maize to be milled, it they desire
fortificaton, the miler adds the raquired propartion

of vitamin and protein supplement. The resulting
tortilas are twice as good in terms of ytihzable protein
as unfortified tortitlas. The reseatch project is carried
out by the Institute for Nutrition for Central America
and Panama (INCAP).



Corn Fortification

Related research on corn, another diet
staple, is being carried on in a Guatemalan
Indian village under an AID contract with the
Institute of Nutrition for Central America and
Panama (INCAP). It is designed to evaluate
the nutritional effect on children and mothers
of forlifying corn during the milling process
with lysine, soy (which supplies the needed
amino acid tryptophar), and vitamins. Re-
searchers want to learn if such a fortification
program at tire village level is practical in
terms of cost and management. They also
hope to discover the effect of the fortifica-
tion on the incidence of disease in children
and on intestinal infections.

The work is being done in ccoperation with
village leaders at the test site. Crucial to the
project’s purposes is determining whether
the proposed fortification program can be
carried out at the village level withcut sub-
stantial outside aid or technical assistance.

The local miller is supplied with fortified soy
mixture. When a woman brings her maize

to be milled, the miller inquires if she

wants the maize fortified. If the answer is
ves, he weighs the maize and adds the
required proportion of fortification mixture
during the milling operation. Tortillas pre-
pared frcm this fortified maize have a protein
content of about 12 percent, compared 1o

8 percentin the crdinary tortilla. Interms

of utilizable protein, the fortified tortilla is
about twice as gnod.

After 13 weeks of trials, 40 percent of the
mothers in the community were participating
(the program was promoted particularly for
its value to pregnant and nursing mothers
and pre-school children). The response was
considered remarkably high for a tradition-
bound community. What biological effect the
program will have on tne target population
of the village, and the cost of carrying out
such programs on a large scale, are still to
be determined.
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Infant Foods

An AlD-funded project was iniiated in 1967
in Chile to develop a low-cost high-protein
food suitable for infants and pre-school
children. Under the leadership of Dr. C O.
Chichester, then at the University of Cali-
fornia, a team of Chilean doclors, chemists,
markeling specialists. and food technolo-
gists searched for two specific kinds of
nutritious processed foods-—one type for
weaned infants, another for youngsters eat-
ing sohd adult-type foods.

They developed a mixture of wheat with
various ollseed meals and fish protein con-
centrate that can be heat processed o
produce an acceptable food in ane step.
Some of the products are nutritionally sunt-
able substitutes for milk in the diets of
children, and they cost less than nulk. Chife
is one of a number of countries where cow’'s
milk is in short supply aad therefore ex-
pensive. The processed foods were clini-
cally tested by the melatolic unt of the
University of Chile to make sure that field
tests of acceptlability to children could be
safely conducted.

Other advantages of the low-cost food are.

it has a long shelf life. and 1t 1s easy to trans-
port. The government made plans 1o produce
several of the products tested and o incor-
rate one or more into the national school
and pre-school feeding programs. Chile has
a nationally announced goal in nutrition.
These foods, cdesigned by Chileans, are
expecled to contribute toward meeting that
goal. The experience gamed through this
project. it1s beleved, should lead to broad
application in other deve,oping countries
faced with shortage of cow's milk for children.



Using Coconut Protein

Coconuts are grown in many tropical coun-
tries. But they are harvested in a manner that
destroys much of their nutritive value. The
traditional way of preparing coconcuts for
food is to husk and split them in the fields
and leave them out in the sun to dry into
copra—coconut meat plus oil. Sometimes
simple hot-air dryers are used to hasten the
process. These primitive techniques result

in vast wasle of the coconut’s valuable nu-
trients; proteins are spoiled beyond recovery.
Most coconut growers in developing coun-
tries are primarily interested in coconut oil,
anyway, the food potential is secondary to
them.

Texas A&M, with AID support, has developed
a process for recovering the protein of coco-
nuts for human use in ways that would be
practical in LDCs. Although the most
desirabie place to work on such a process-
mng method would be in some developing
country where coconuts grow, the university
has outstanding facilities for developing oil-
seed technology plus experienced investi-
gators interested in the problem. After pre-
liminary laboratory work, the research team
may move to an LDC iocation for further
testing.

The research team is enthusiastic about its
progress. It has developed and tested on a
laboratory scale a new process for handling
coconuts that appears o offer major ad-
vantages over the traditional methods, not
only for the preparation of human-grade
protein in the form of a milk substitute, but
also tor the production of coconut oil. This
breakthrough in processing may be particu-
larlv timely: The U.S. Food and Drug Ad-
ministration has raised serious questions
about the quality and safety of coconut
products being imported into the U.S., which
could adversely affect coconut growers over-
seas if they did not neet more stringent
standards.
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The Texas A&M team developed an aqueous
process of extracting the oil from fresh co-
conuts, Previously, it had been believed that
solvents were needed, that water alone could
not extract the oil and protein substances in
a way that would permit separation. A pilot
plant has been designed for performing the
process, which would have several advan-
tages for LDCs. The piant could handle small
quantities economically; there would be no
danger of explosions (as when solvents are
used). Because fresh coconuts are used, the
oil is of a better grade than that derived from
copra. The protein derived from the coconut
has nuiritional characteristics similar to those
of non-fat dried milk. It can also be used di-
rectly as a beverage. The project's next step
will be to sponsor a demoristration of the
commercial viability of such a plantin a
coconut-producing country.

Scientists from the Philippines and Thailand
were recruited to join the Texas A&M re-
search team. Nine scientific paoers based

on the research have been presented at
meetings of professional groups suci as The
Third International Congress of Food Science
and Technology, the Institute of Food Tech-
notogy, the American Association of Cereal
Chemists, the American Chemical Society,
and the Chemical Society of the Philippines.



Effects of Proteins and Calories
Upon Humans

Nutrition is a developing science. Many
questions remain to be answered. Basic
knowiedge about the amount and quality of
food that people need for health and growth
has been gained largely through recording
the effect on small animals—because their
life and growth span is much shorter, re-
sults can be gained in a briefer time period.
But specific research is needed to learn the
effects of nutritive intake on people under the
stress conditions that prevail in LDCs, where
there often is not enough food, or where the
food available is of low nutritional quality.
Research seeks to learn whether the require-
ments proposed for specific population
groups will be sufficient under existing life
conditions. In addition, it is important to
determine it specific nutritional fortification
programs (such as amino acid supplemen-
tation) that scientists find successful in
animal experiments are transferable to
humans.

For example, it has long been observed in
animals that there is competition among the
metabolic mechanisms for scarce nutrients.
The body will use proteins from tissue for
erargy when caloric reserves are depleted
and energy requirements are greater than
caloric intake. Calorie-restricted diets are
prevalent in some developing countries. AID
is supporting a research project conducted
by the Massachusetts Institute of Technology
to determine how critical prolein-calorie
relationships are in humans.

The project will simulate the type of diet
common in LDCs in a controlled environ-
ment (at MIT) to answer two questions;

How well can protein be utilized by the hu-
man body when calorie intake is sub-
optimal?

How well can a protein supplement to a
wheat-based diel be utilized when presented
with or between meals?
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Tests were conducted with healthy, young,
male adult volunteers. Resulls indicated that
persons fed basically wheat diets, whether
with restricted calorie intake or with ade-
quate calories, did not utilize protein as well
as persons fed more balanced diets. Lysine
corrected the deficiency when given with
adequate calories, and the amino acid pro-
duced a small increase in protein utilization
by those people fed an inadequate calorie
wheat diet.

Other results indicated that the time the
protein supplement is taken, whether with
meals or between meals, is not critical. Spac-
ing of eating proleins and carbohydrates
was found insignificant. But the information
substantiates the thesis that the quality of
protein is important in nutnition, with or with-
out adequale caloric intake. The experi-
ments, originally limited to wheat. will be
continued with other cereals and legumes
deficient in specific essential amino acids.
Findings could well form the basis for wide-
spread AID food fortification policies and the
seleclion of food grains for human
consumption.



Clinical Evaluation—New Protein Sources

Another AlD-supported project takes up the
problem of what dramatic steps can be

taken to improve the conditions of those who
are suffering the effects of a nutritionally poor
diet. Obviously, these people will not

through some stroke of magic have access
to meat, rnilk, eggs, and fish. But some
available sources of protein have not been
used to improve their overall nutrition.

Feeding tests with animals point the way to
potential human foods that may be beneficial.
Human tests are still necessary.

The British-American Hospital in Lima, Peru,
1s testing the effects of some non-traditional
sources of protein (which could be made
available at low cost) for infants being re-
habilitated from severe protein and calorie
malnutrition. The protein sources fed these
children as supplements to cereal grains in-
clude cotton seed, soybeans, and peanuts.
Evaluation of their effects cn humans is a
critical preliminary to any large scale pro-
gram of distributing such food supplements.

The children entering into the feeding ex-
periments are in the course of recovery from
diseases associated with matnourishment,
and appropriate safeguards are maintained
10 assure the experiments will not be harmful
o them. The protein quality of the experi-
mental food mixtures is being compared with
the quality of cow’s milk. The products are
fed as the unly source of protein for periods
ranging from 4 to 12 months.

Studies showed that certain soy products,
cottonseed protein, fish protein concentrates
-—balanced mixtures of these materials with
cereals—can be comparable in effectiveness
1o cow's milk under such circumstances. The
project has also demonstrated procedures
and limits for determining and evaluating the
protein quality of unconventional foods. Re-
sults of the studies have already been used
by AID in the Food For Peace Program and
by UNICEF in planning emergency feeding
programs. Experimental results have also
been made available 1o the private food and
drug industry and have stimulated develop-
ment of new, inexpensive high-protein foods.
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Maternal Nutrition and Pregnancy

Another group of people who have special
nutritional needs are pregnant and nursing
mothers, For many years it was taken for
granted that the mother’s diet would not af-
fect the growth, hehavior, and overall health
of the infant she was carrying. However, in
recent years, studies have suggested that
there may be a relationship between the
mother's diet and the infant’s health. Labora-
tory animal studies have shown that the diet
of the pregnant animal influences the size of
the offspring at birth, as well as its health
and vigor during early life.

AlD signed a contract in 1971 with Johns
Hopkins University to determine if diets sup-
plemented with nutrients provided to human
mothers during pregnancy and lactation
would have a measurable effect on their
children. Tests were planned for measuring
birth weights, growth rate, neuromotor de-
velopment and susceptibility to infectious
diseases. The project continues work begun
in Taiwan under an carlier program in 1967
that was jointly funded by the U.S. Navy,
Johns Hopkins, and the Rockefelier Founda-
tion. Research is being conducted under
cooperative arrangements with Taiwan gov-
ernment officials and scientists.

By its design, this project will not reveal
results for another year—the children have
tn be examined over a period of time and
compared with children of mothers who did
no! have special diets during the critical
periods of pregnancy and nursing. These
findings could have profound results on
feeding programs by demonstrating to gov-
ernment officials the importance of prenatal
feeding programs.



Malnutrition and Work Capacity

So far the projects discussed have been di-
rected toward improving the nutrition, and
thus the general wellbeing, of individuals.
But few planners are swayed to institute
potentially expensive programs purely on
humanitarian grounds. !f a link can be proved
between the stale of an individual's nutrition
and the amount of produclive work he is able
1o do, then by extension a relationship is
established between the nutritional status of
workers in general and the productivity of a
nation. Such a demonstration could elevate
the position given nutrition in the economic
priorities established by the governments of
developing countries.

Under an AID contracl, the Medical College
of Wisconsin is conducting tests to confirm
the relalionship between proper nourishment
and work capacity. Research on the physical
work capacity of malnourished human aduits
is not new, bul previous projects were lim-
ited o subjects with experimentally induced
malnutrition. The wide differences between
the effects of induced malnutrition and
chronic malnutrition indicate that they must
be considered and treated separately; ex-
perience gained through experiments with
induced malnourishment may have no ap-
plicability to dealing with those who have
been malriourished for most of their lives.

Cooperating with the Universidad del Valle
in Cali, Colombia, the research team has
conducted physiological experiments with
workers in a nearby sugar cane plantation
and mill. Workers have been classified ac-
cording to their states of relative nutritional
health. Researchers examine and measure
the subjects’ work capacity in relation to their
nutritional status, as well as comparing their
output with their work capacity. Such vari-
ables as the effect of protein depletion over
an extended period of time on the amount
of work an individual does are measured.
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This sugar cane cutter is also working for science. The
contraption he wears measures his protein depletion
and reveals other biological changes. The study con-
ducted by the Medical College of Wisconsin is de-
signed to determine the relationship between proper
nourishment and work capacity and to mcasure how
debilitating chronic malnutnition is to laborers.

Research conducted under this project tends
to confirm what has been suspected for
some time, but the findings undergird theo-
ries of the economic importance of nutrition
on productivity. Work capacity is substan-
tially reduced in undernourished individuals.
The worse his nutritional condition is, the
more his work capacity is diminished.

As nutrition improves, the capacity of an in-
dividual to do physical work grows-—even if
he has been living under sedentary hospital
conditions during the preiod when protein
was being replenished in his system. It was
also found that poor nutrition affects a per-
son's maximum work capacity, but that he
may perform much less demanding physical
work as well as a better-nourished person.
The study emphasizes the need for good
nutrition if a person is to realize his {full labor
potential.



EDUCATION
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EDUCATION

Developing countries place education high
among their national priorities. The commit-
ment of LDC governments is reflected in the
relatively high portion of gross national prod-
uct devoted to educational programs, an
allocation that has expanded significantly

in recent years.

Education does not lend itself to dramatic
research brzalithroughs of the kind some-
times achieved in the so-called “‘hard sci-
ences,” but research can produce findings
about education of great social importance.
Education is affected by a variety of cultural
and political forces beyond the control of
educators. Through experimentation, case
studies and analytical evaluation of the
results, researchers learn which educational
approaches work best in different contexts.

AID views education as a vital instrument in
improving the quality of life for people in
developing countries. The Agency's ap-
proach in its program of research has been
to focus on major educational development
needs. Seeking results that can be applied
quickly to real problems, AlD supports re-
search conducted in developing countries
and encourages collaboration between U.S.
and L.DC scholars.

To give cohesivengss to its research and
other innovative programs—instead of dif-
fusing resources on disassociated projects—
AlD has determined tc concenirate on a few
carefully selected problem areas. These are
non-formal education, educational technol-
ogy, and education economics and analysis
In each area, AID has commissioned re-
search "“mapping’’ surveys of what is known,
what is usetul, and what should (and poten-
tially can) be learned.

While these blueprints for research were
being drav'n, AID made grants to U.S. uni-
versities tu develop resources for carrying
out projects directed to key problems: to
Florida State and Stanford Universities in
educational technology, and to the Universily
of California at Berkeley to study the financ-
ing, costs and efficiency of education and
trainin¢. programs.

Although leaders in developing countries
have succecded in building better traditional
educational systems for far larger numbers
of their people than ever had access to
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education before, they realize that important
requirements are unmet. For example, they
see the need to expand educational oppor-
tunities. In most developing countries, there
are many people who have never been to
school and significant percentages of their
youth cannot be accommodated in existing
formal educational facilities. One way 1o
meet this need is through non-formal m2ans
of education.

Experience in both developed and develop-
ing countries has shown that non-formal
educaticn can be much more than an inferior
substitute for academic instruction. It can
reach large numbers of people where they
live and work, introducing them to knowl-
edge and skills without removing them from
their normal environment. Non-formal edu-
cation should be established in a systematic
way and coordinated with a country’s formal
education so that a national learning system
results. Of course, the problem of delivering
non-formal education s more complex—and
the solution will be closely tied to develop-
ments iri the area of educational technology.
Non-formal education research is expected
to take the form of evaluation of experimen:s,
studies of full-scale trials conducted by LDC
institutions and supported by U.S. univer-
sities under contract to AID for development
of this area.

Another need-—a continuing one—is to find
ways to irnprove the effectiveness of learn-
ing, whether in formal school systems or
through non-formal education arrangements
Research in educational technclogy is
directed to this nced

Educational technology is defined as a sys-
tematic way of designing, carnying out, and
evaluating the total process of learning and
communication. It encompasses hurnan
teachers and teaching tools—television,
films. radic, computers, and more traditional
means such as textbooks and visual aids.

As educational technology 1s brought to bear
on existing learning systems, it can be used
to stimulate retorm and renovation, as it has
for example in I Salvador and South Korea.
A growing number of countrics are making
firm, long-term commitments to educational
technology as a major instrument of devel-
opment. The experience of these countries
will be helpfui in establishing a knowledge
base upon which other LDCs can build.



Another area where research can contribute
to more efficient educational systems is
through improved analysis of the sector,
leading to clear diagnaosis of deficiencies
and better planning. Such research includes
investigation of new funding sources and
less costly ways of providing education.

Although LDCs have been increasing their
mvestment in education, the disparity be-
tween educational needs and resources
continues to widen. The basic problem is by
no means one of resources alone. Too often
funds are wasted on archaic systems with
subject matter and methods of instruction
which contribute ittt to social and eco-
nomic developiment.

The role of efficiency 1s often overlooked in
considenng educational finance—the less
efficient 2 system s, the more funds must be
raused for any given level of operation. As a
first step toward deveioping a program
twhich includes research) for quiding LDCs
in hinzocing education in an efficient manner,
AID commissioned a report from Harvard
University to provide decisionmakers with a
clearidea of the known methods for financ-
ing education, and for reducing costs, to-
gether with an evaluation of their advantages
and disadvantages

When the surveys of the state of current
knowledge in these key problem areas have
been completed and analyzed, AID will con-
centrate researrh projects on the areas
where further development of new data are
needed. Two recent projects described he-
low are not necessanly representative of the
future directions of AID research in educa-
tion, although they contain elements of the
principles behind contitiuing efforts in this
sector. The overnding criterion for judging
future research possibilities is: the probabil-
ity that the research will facilitate changes in
education that make it significantly better,
cheaper, or available to a wider number of
people in LDCs within a reasonable period
of ime.
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Effectivenes and Cost Efficiency
Of Instructional Technologies

Many developing countries have concen-
trated on establishing a system of instruc-
lional television in schools and have ignored
the potential of less complex and expensive
technologies, such as radio accompanied by
printed and illustrai.v¢ material. Relatively
few countries have explored ways to use
television to extend education beyond class-
rooms.

Under an AID contract, Stanford University's
Institute of Communications Research exam-
ined the experience of developing countries
with broadcast and supplementary material
for instructionai purposes. Investigators con-
sidered how such media mixes can be man-
aged more efficiently and applied more se-
lectively to produce concrete educational
improvements for both in-school and out-
of-school popuiations at acceptable costs.

The researchers conducted case studies of
three uses of media for education, which
they characterized as "platforms of knowl-
edge” for future policy and research:

— The intensive use of classroom television
as an agent of comprehensive educational
reform. dlustratled by major projects in Amer-
ican Samoa, EI Salvador, and Niger.

-— The use of radic and television combined
with correspondence study 1o ertend educa-
tion beyond the school, the co cailed “open

school" pattern represented by many differ-

ing projects around the world.

-— Applications of radio (sometimes aug-
mented by visual aids) for different kinds of
instruction, other than the "open school," in
developing regions of the world.

Particular study was given Mexico’s system
of secondzry erfucation through television

to supervised groups in villages that have no
secondary schools. Researchers gathered
comparalive data from the televised educa-
tion system and the traditional Mexican sec-
ondary system on student ability and achieve-
ment, student and teacher attitudes, teacher
observations, costs, and dropout and reten-
tion rates.



A pilot project to use radio in primary schools
in Mexico was also studied. This instruc-
tional system is designed to transform rural
3-year schools into complete 6-year
primaries. Teachers assuine responsibility
for more than one grade, and the radio les-
sons are keyed closely to centrally prepared
student workbooks.

The Stanford project is expected to advance
the state of knowledge about the compara-
tive costs and elfectiveness—and the over-
all educational effects—of systems using dit-
ferent instructional technologies that vary in
cost and administrative complexity. Findings
should provide guidance to LDC educational
policy makers on optimal mixes ot media and
human instruction within their budgets.

Beginning Science Curricula
For English-Speaking Africa

Educational Development Center, Inc., a
leader in creating new science curricula
(along with improved teaching methods and
materials) in the United States, was com-
missioned by AID to assist 10 English-speak-
ing African countries in developing and test-
ing a new approach for primary school sci-
ence instruction.

The new curriculum emphasizes scientific
inquiry and thinking, as opposed to rote
learning of scientitic facts. The content
focuses on subject matter related to such
major problems of developing countries as
sanitation, nutrition and health. It also is
designed to provide a solid base for further
scientific and technological edugation for
students who go forward to secondary and
higher fevels.

While the project had prominent research
aspects, it also had strong operational em-
phasis from its inception, in 1965. As ma-
terials and teaching techniques were devel-
oped, participating African countries were
encaouraged to incorporate them in their
primary school systems.

In general, African primary students had no
science in their curriculum. As part of the
project, scientific development centers were
established near the schools, including dis-
plays of five and mounted animals, and other
natural objccts. Primitive screntific instru-
ments were produced at low cost, such as a
crude microscope made of a stick and a
picce of glass, which sold for 14 cents.
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Conferences and workshops were conducted
for African teachers and educators and a
number of U.S. representatives. Curricule
were adopted by seven countries; rmaterials
were tailored to the particular environment,
topography and animat and plant life of eacl
country. In some countries the environment
was simitar enough to pernut adoption of
almost identicat curricula. Additionally,
teacher guidebooks were developed in
teacher training colleges, in-service work-
shops and by individual classroom in-
structors.

Since 1970, when the essential research was
completed, the project has been continued
through technical assistance funds. Beporls
and materials from the project have been
widely disseminated in the U.S. as welt. They
have helped educators in many disciplines
who are interested in introducing the prob-
lem-solving method of science instruction.
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SCIENCE AND TECHNOLOGY

Many developing countries are recognizing
the important role of science and technology
in achieving their national goals. As a group,
LDCs have increased their financial support
for research and development efforts to the
point that it now exceeds 0.2 percent of their
gross national product. Aimost every Latin
American country and more than half the
developing countries of Africa and Asia have
national science planning bodies or scientific
research coordinating committees. Many of
them are directly linked to economic plan-
ning agencies. But they lack experience in
how to develop policies that will expand their
science and technology capabilities :ffici-
ently—and at the same time make gouod use
of their existing capabilities. Even when
science and technology resources are rela-
lively plentiful, there are invariably major
problems in bringing them to bear on prior-
ity development concerns.

The eminence of the United States in ad-
vancing the frontiers of science and technol-
ogy is widely acknowledged. AID research
has contributed to strengthening the scien-
tific and technological components of pro-
grams in health, agriculture, nutnition, popu-
jation and education. Some of the needs of
developing countries lie beyond the scope of
these programs, or involve several disci-
plines; and AID is prepared o consider these
problems, too.

AID has also collaborated with interna-
tional agencies, such as the UN Develop-
ment Program, helping to fill gaps in scien-
tific or technological research.

in changing their traditional methods, the
developing countries often turn to “'off-the-
sheli'" technologies, even those which are
unsuited to their economic and social condi-
tions. Thus, important development oppor-
tunities are sometimes fcregone because
countries are unable to devise their own
technology or to adapt one from foreig
sources that best suits their situations. Some
of these technologies from advanced coun-
tries come with built-in mechanisms or time
elements that hinder modification or adapta-
tion. Some siluations require innovation, not
simply adaptation.
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Among the conzequences of choosing inap-
propriate technologies have been wasting
scarce capital, particulaily foreign exchange,
increased unemployment, a lack of incentive
to develop their own industrial skills at the
rate required, and over-accelerated urbaniza-
tion.

AlD can make a substantial coniribution to
developing countries in overcoming thesc
problems by strengthening institutions and
training local personnel so they will be aware
of the a'ternatives which exist to meet their
specific needs. Although selection of tech-
nologies is largely a matter for private entre-
prencurs, LDC technological institutions can
exert a benign influence through their ettect
ori government econromic policies, by mak-
ing possible through technical and manager-
ial solutions the opening of new exports and
local industry. Generally, AID sponscers col-
laboration between U.S and LLDC technologi-
cal institutions that work with local private
industry, as well as government industry.

Such institutions would include governmental
bodies for formulating national scicnce anc
technology policies, determining priorities
and implementing decisions in this ficld; uni-
versities, which can orient science and engi-
neering courses to paiticular national devel-
opmenlt needs; and industrial service institu-
tions, which can choose the technotogies
most suitable to the country’s cconomic and
cultural circumstances. Particular attention is
paid to stimulating commercially viable
small-scale industry, which tends to use
more [abor and less capital per unit of
output.

AID has sponsored a number of workshops
and seminars where LDC engincers, scien-
tists and government administrators are in-
formed of recent developments of potential
interest to them and discuss the organization
and costs required to apply them. Through

a contract with AID, the National Acaderny of
Sciences gives program direction, suggests
research possibiliics and guides new initi-
atives of particular benefit to developing
countnes through the initial stages of these
meetings and cooperative studies. The Ara-
demy also conducts bilateral workshops on
science and technology pricrities, and on the
coupling of science with development and
manpower.



Three other areas where U.S. science and
technology expertise can undergirc LDC
efforts are natural resource development, re-
duction of public investment costs and im-
provement of housing construction.

Many developing countries have neglected
or wasted assels by failing to assess and
manage the vast wealth of indigenous natural
resources. More than 70 percent of the
world's timber is in the tropics, for example;
recent oil discoveries in Nigeria, Indonesia,
and the Middle East illustrale the unrealized
energy potential of the developing countries.
Fhere is no qgeological reason why a dispro-
portionatc share of the world s major metallic
ore bodies should continue 1+ be found only
in the more developed countrics of the world,
LDCs can capitalize more effectivesy on

their natural reources base only if rapid

and inexpensive techniques for identifying
and appraising natural resources can be
made available. Also needed are improved
techniques for managing natural resource
developments, including intearated land use
planning, conservation of renewable re-
sources, and pollution abatement and con-
trol.

Because developing countries. like the rest
of the world, are experiencing a trend toward
grealer urbanizalion, they are obliged lo in-
vest heavily in public works, housing, trans-
porlation, communications and energy devel-
opment. Even a modest technoloyical con-
tribution to reducing short- and long-term
cosls can have a significart impact on the
national budge? for these activities. One area
where guidance can enable doveloping
countries to realize savings 1s in the reduc-
tiont of foreign exchange costs by greater use
of indigenous materials. increasing job op-
porlunities may be opened up in the manu-
facturing of the raterials required and in
construction aclivities.
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National savings brought about by a selec-
tive reduction of the costs of economic in-
frastructure could release public revenues to
be applied for other development needs. AlD
concentrates on those activities that relate
directly to ti.; quality of life for the mass of
the population, such as walter and sewage
for low-income areas, low-income housing
and rural development,

Research can play a key role in utilizing
science and technology to advance eco-
nomic and social development. Because
technologies that suit developed countries
are often not easily transferred to LDCs,
specialized research is often necessary in
the context of prevailing situations; for ex-
ample, labor costs may be low but there may
be a shortage of skilied manpower.

Two of the first AID science and technclogy
research projects are described below. They
arc not totally representative of what is ex-
pecled 1o be the rnajor focus of the research
program in this area when it reaches maltur-
ity. Examples of other areas of investigation
that are contemplated include: practical
methods for detecling mineral deposits in
tropica! areas, and research on the develop-
ment of binders for indigenous maierials to
provide low-cosl roofing in tropical areas.
Both projects have potentially far-reaching
impact.



Design, Siting and Construction

Typhoons, hurricanes and earthquakes take
a devastating toll in developing countries;
losces of thousands of lives and tens of mil-
lion of dollars occur each year. Much of this
loss is from structural failure of housing and
other buildings, or from poor siting. AID con-
fracted with the U.5. National dureau of
Standards to make preliminary studies and
formulate recommendations to alleviate this
severe problem through improved design,
construction, and siting.

In carrying out the study, NBS researchers
took into account economic and social con-
ditions prevailing in developing countries,
the availability of technology to effect rec-
ommenced changes, and the overall practi-
cality of suggestions. They sought to identify
the cultural and socio-economic constraints
and to examine the structural alternatives to
existing dweliings withi a view towards
greater resistance to severe windstorms and
earthquakes.

The report compiled by the NBS researchers
discusses the structural performance of
buildings typical of developing countries
under earthquake and windstorm conditions.
Suggestions for improvements to mitigate
elfects of these phenomena on buildings are
presented on a systematic basis, classified
according to whether the cause of the de-
structior. is related to the structural conlig-
uration or acrodynamic features of the build-
1 o 1o its foundations. walls, frames,
et Boors or roofs.
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It was found that considerable improvement
of the earthquake or windstorm resistance
of structures widely used in LDCs may be
achieved by relatively sirnple measures.
These incfude, for example, horizontal brac-
ing of certain types of roofs over adobe
masonry houses, rational distribution of
openings in shear walls, provision of ade-
quate walls or frames to withstand con-
centrated seismic load action, reinforcement
of critical areas susceptible to being over-
stressed, and strengthening of connections
at critical joints. For typhoon-iesistant
construction in such countries as the Phil-
ippines, special stuagies on the distribution
of extreme wind speeds and in the aero-
dynamics of full scale buildings and of
reduced-scale models are required.

The NBS sludy also presents recommenda-
tions on the siting of buildings to reduce the
destructive effects of earthquakes and wind-
storms. Traditional and industrialized meth-
ods of housing construction are described,
and the current state of construction tech-
nology in LDCs is examined. Suggestions for
upgrading these methods specifically for
protection against hign wind and earthquake
forces are included.

The study suggests that much of the devas-
tation from natural disasters could be avoided
if countries would establish and enforce ap-
propriate building codes and requlations to
prevent unsafe design and construction For
examLle, most of the developing countries
affected by earthquakes do not have build-
ing codes that include provisions Jor earth-
quake resistant design or construction. How-
ever, bullding codes should not restrict tech-
nological innovation.



Devastation hke this can be prevented or minimized.
Under an AID contract, the U S National Bureau of
Standards has studied housing construction and siting
m developing countnies afflicted by typhoons, liurri-
canes and earthquakes. The Bureau found that the
collapse of this house i Peru duning the 1970 earth-

New developments in building materials offer
the people of LDCs the opportunity to con-
struct safer houses at a price they can afford.
For example, new processes to stabilize
adobe, which can be produced in vast quan-
tities at low prices, make it superior to many
other mate ials in structural, architectural,
thermal, and acoustical properties. It can
even be made to look better than ordinary
adobe, which was rejected by many house-
hoiders in Peru and Turkey as "less noble”
than brnicks Deterioration of bamboo used as
reinforcing reds 1in adobe walls can be pre-
vented by specific chemical preservatives,
which can be manufactured in developing
countries. Much progress has been made in
the United Stales and Europe in designing
sturdy prefabricated houses; these tech-
niques could be adapted to LDCs.

The research report points out that new con-
struction methods using common materials
such as jute fiber, reinforced concrete with
vegetative or plastic components, and light-
weight structural sandwich systems now
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quake was due to the absence of sound horizontal
tic-beams, a weakness that can be corrected with
inexpensive malterials. The Bureau has made general
recommendations on siting of buildings, construction
designs using tocal materiafs and inspeclion methods
to detect the danger of scvere damage.

being used in the United Stales, could also
be produced for low-cost housing in devel-
oping countries. Improved production meth-
ods and equipment could result in lower
costs and better quality of these materials.
National research institutions can play a sig-
nificant ruie in developing technical improve-
ments that will mitigate earthquake and
windstorm effects.

The NBS study recommends institutional
action that governments can take at various
levels, and discusses the role of the private
sector and international groups. Priorities to
be emphasized by governments would de-
pend upon the specific needs of the devel-
oping country.

One of the major recommendations of the
study is being implemented in a new 3-year
research project by the National Bureau of
Standards entitled, *'Design Criteria and
Methodology for Construction of Lower
Cost Housing 1o Resist Typhoons and
Hurricanes”



Mosquito Genetic Control

Mosquitoes are carriers (vectors) of a wide
variety of debilitating and fatal diseases in
many developing countries of the world.
Among these diseases are malaria, yellow
fever, dengue (breakbone fever), filariasis
and hemorrhagic fever.

Health authorities have traditionally concen-
trated on impeding the transmission of mos-
quito-borne diseases through use of chemi-
cal insecticides. However, these are proving
to be an inadequate tool—both technicaily
and ecologically—for effectively controlling
these disease vectors. Not only is it plainly
impractical to spray every veclor breeding
ground and habitat with chemicals, but some
insects are developing resistance to many of
the most common insecticides. In addition,
the environmental hazards associated with
the use of chemical agents such as DDT
have been well publicized over the last few
years. As a result there is worldwide interest
in non-chemical methods of insect control,
including the possibility of breeding insects
with genetic weakness which would interfere
with the reproductive cycles of their off-
spring.

Under an AID contract, scientists from the
University of Notre Dame's Vector Biology
Laboratory, in coope:ation with colleagues
at several East African institutions, have
begun a program of research, field tesling
and evaluation in Kenya to determine whether
genetic control of mosquitoes is technically
and economically feasible. Work is being
done on the Aedes aegyp!/ mosquito, whose
genetic, prysiological and bioromic charac-
teristics are already well known io the Notre
Dame scientists. In 1967, they discovered
that this spr:cies is monogamous (which
gives greater control in breeding experi-
ments). Since this particular research proj-
ect began in 1971, the investigaters have
demonstrated that Aedes which reside in
native villages do not appear to mix with
jungle-breeding Aedes, a critical finding in
terms of the design of any control program.
Although it had tong been know that Aedes
aegypti is a vector of yellow fever, dengue,
and hemorrhagic fever, the Notre Dame team
has recently discovered that it is also a car-
rier of filariasis (which causes e'ephantiasis,
a major disease in East Africa).
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The project was conceived and designed as
a model for biological control of mosquitoes.
Specifically, the scientists are attempting to
cripple the mosquitoes genetically by intro-
ducing parlial sterility through chromoesome
translocations—a method developed at Notre
Dame by which a latent, lethal and self-per-
petuating "'Achilles’ heel" is bred through
successive gencrations of this mosquiito

At the field testing site in Kenya, the native
Aedes are studied along with laboratory-
raised mosquitos to determine the ecology
of the natural popuiations, with emphasis on
population dynamics and reproductive bi-
ology. Particular attention is given to the
solution of certain technical problems which
have constrained past biological controt
techniques—mass pioduction and release of
altered mosquitoes that remain compelitive
within the natural populations. At the same
time, genetics of East African populalions are
studied in the laboratery to discover which
among ceveral currenily available transfor-
mation mechanisms afford the most efieclive,
least expensive means of control.



DEVELOPMENT ECONOMICS
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DEVELOPMENT ECONOMICS

Economists concentrate cn the most effec-
live means of allocating resources o pro-
duce goods and services that contribute 1o
human welfare. They are concerned with
learning how to increase the growth and ex-
pansion of resources, how to harness im-
proved machines, technologies and trained
manpower 1o achieve economic goals. Rapid
economic and social changes have becn
taking place in recent years—changes that
atfect the structure of each country and the
people who live there.

Research is needed that can describe an
economy, how it works, and thal will serve as
the basis for predictions. Food supply, popu-
fation growth rate, health and educational
tevels, and international trade performance
are frequently factors in the cquation in ad-
dition to unemployment rates, labor supply.
tand use stalistics, productivity rates and
capital resources.

Economic research provides tools for social
policy. t can reveal, for example, how and
why goods and services are distributed
among classes of people and among the
seclors of an economy. On the basis of this
knowledge, economists can predict that cer-
tain industrial policies may lead to smaller
increases in employment than could be at-
tained with alternative policies—even though

those who do work witl enjoy higher incomes.

Developing countries confront complex
problems when they seek to convert national
income growth into improved welfare for the
mass of their citizens. Population growth in
many countries continues at rates only
slightly less than the rise in national income,
so that even though the income pool is
widening, the number of claimants on the
pool is growing almost as rapidly. Many de-
veloping countries have been disturbed by
persisient and sometimes increasing in-
equalities in income distribution and the
widespread unemployment that has often
accompanied national income growth.

AID supports <uliaborative research belween
American and LDC cconomists thal analyzes
existing econornic structures n developing
countries, revealing io policymakers and
planners of those countries allernative
courses of action—with an indication of the
probable consequences of following each
path.
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Resources Allocation and
Development Policy Studies

Since 1962, members of the Cenler for In-
ternational Affairs at Harvard have acted as
advisors to 10 of the 50 new nations that
have emerged since the late 1940°s. The
Cenler has provided expert advisors to
LDCs requesting assistance: the advisory
groups were funded by non- AID sources.

AID began a research project with the

Center in 1967 that has forged Iimkages be-
tween the Agency's foreign assistance ef-
forts, the LDCs’ requests for advice on policy
and planning problems, and the accumu-
lated research and advisory capabilities

of the Center.

Through the Center's celforts AID and the
developing countries have been provided a
common backyround of rescarch against
which policy dialogue can take place.

Research by Center personnel in Golombia
was incorporated o decisions by the na-
tion's leaders un tax reforn and foreign trade
policies, as weil as on an altered allocation
of educational expenditures. A comprehen
sive and imnovative approach to ransporta-
tion costs and benefits was developed by the
Center and used in several Colombian trans-
portation nvestment decisions--a  project
that AID was being asked to finance

Studies the Center conducted for Ghana
analyzed the effects of economic pories
under the Nkrumah government prior to 1966
compared wih those of successor govern-
ments which moved the cconomy toward
greater reliance on the market mechanism.
Lconomists concluded that Ghar had done
better under pohcies that reflecteda levels of
supply and demand tharn under the Nkrurnah
policies of direct controls and allocations.
The controls contained severahmperlec-
tions that had scnc as cconomic effects.
Through the Center's efforts, AlD and the
Although the report was prepared for the
government of Ghana, it contains ilmplhca-
tions that import controls may be an ineffi-
cient, high-cost inatrument of economic
policy for other African courtries, too.



Planning models constructed by the Center
have been used for economic planning on a
nationwide basis in Pakistan and Korea. One
of the computerized models is being used by
Korea 1o assess ils investment plans for steel
and petrochemicals.

The Center has produced comparative stud-
ies of the economic systems of Taiwan,
Greece, Korea, Turkey, Jamaica, Honduras,
Guyana, Japan and Thailand to analyze the
cffects of new financial institutions and poli-
cies upon their economies,

Under the AID contract, the Center has
achieved an integration of field experience
and analytical work that contributes to an
approach to development policy heavily
grounded in practical experience. During
1972, the research produced 15 economic
development reports, 10 journal articles and
three books. The approach to development
policy, and specific research findings, have
been the basis for discussions with AID and
other donor agency officials, special semin-
ars for U.S. officials at Harvard, and have
contributed to enhanced graduate training of
U.S. and LDC students.

A developing country’s economic and social
plans, combined with the policy decisions

to carry them oul, have far-reaching effects
on the rales of growth and the welfare ot the
people of the country. The work of the Cen'er
has focused on collaborative work with ex-
perts in the developing countries to provice
factual information and an mstitutiona!l base
from which AID and the LDCs can develop
economic and social plans and policies that
promote the goals of growth and human wel-
fare. The impact of the research will depend
largely upon the extent to which the govern-
menis of developing countries chaose to
employ the new economic perspoctive pro-
vided by the Center's experts.
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Unemployment Problems
Of Developing Countries

The creation of productive jobs for people in
LDCs is an essential part of economic de-
velopment. The number of jobless in LDCs

is usually high, and many people work in
jobs that add littie to the nation's total output.
In the name of economic development, LDCs
often pursue policies that encourage jobs for
machines, not for men and women. Foreign
assistance o these LDCs may inadvertently
encourage a program of development that
gives too little attention to job creation as a
part of the process of increasing national
productivity.

Production technologies of the developed
world have evolved in response to condi-
tions of labor shortage and abundance of
capital. These are not the conditions that
prevail in developing countries. Conse-
quently, different technologies and aiterna-
tive processes of creating jobs are needed to
increase workers' productivity and stimulate
national output in LDCs. Development is fre-
quently hampered by an inadeguate under-
standing of the problems, which makes it
more difficult for ‘zaders to determine what
policies they should pursue.

Under an AlD-financed research contract,
members of the Economic Growth Center at
Yale University are working with scholars
and government officials in Colombia, Korea,
Taiwan, Pakistan, Brazil, India, Crile, Kenya,
Ghana and Zaire to seek a better under-
standing of the policies and programs that
will best increase production and employ-
ment simultangously. The Yale work provides
AID and the LDCs with a better picture of the
problem and the options open to the LDCs,
taking unique situations into account. Fifteen
studies are beiny writterr on various aspects
cfthe problem; ten studies in individual
countries, and five sectoral or cross-country
studies related to employment in agriculture,
education, industry-services labor absorp-
tion, choice of technology and transfer of
technology. A final study analyzes and syn-
thesizes the methodologies and results of
the component studies to indicate policy
alternatives for AID and LDCs in dealing

with unemployment problems.



The kind of findings the Yale work develops
—and their usefulness—is illustrated by a
single-country study. In Colombia, the econ-
omists found that small farms tend to use
capital, land and labor more efficiently than
large farms, the reverse of some orthodox
economic understanding. These findings
suggest that the government of Colombia
can best increase its agricultural outnut, and
also widely distribute these gains among its
people, by appropriate measures to encour-
age small farmer activity. The latest Agrarian
Reform Decree in Colombpia reflects the
substance of this research.

The Colombia and Zaire studies also suggest
that officially measured unemployment fig-
ures may be misleading in some urban areas,
reflecting a larg. number of relatively skilled
and affluent pcopte who are unwilling to ac-
cept jobs in lower paid o1 lower status cate-
gories. To the extent that this kind of situa-
tion prevaits, the une.nployment problem
especially in urban areas takes on a different
dimension than ordinarily assumed and
should not be equated with the poverty prob-
blem. The solution may lie in tailoring poli-
cies for the “‘underemployed,” instead of
exclusively for those with no jobs at all.

83

Several studies indicate that new nations
may benefit from policies and periods of
trade restriction that only gradually change
toward freer trade and more hiberal policies.
During the early phase of development, when
an LDC encourages agriculture for export
and uses trade restrictions to encourage
home production of consumearimports, the
system sacrifices employment opportuniies
in favor of the rapid development of domes-
tic industrial capacity. In later stages of de-
velopment, when a wider range of expotts is
encouraged by moving to more reahshic ex-
change rates and other measures, this con-
flict need not exist. The studies suggest that
new entiepreneurs develop management
skills during penods of subsidization and
trade protection. Export-onented pohicies
then force them to become more inngvative
in combrining labor and mactunes n produc-
hon processes 1o take advantage of the rela-
tive scarcily or abundance of those factors
to increasec output with favorable effects on
employment.

Another part ot the overall swudy indicates
that the "‘green revolution™ in India---the in-
troduction of new agricultural technology -
has apparently increased the demand for
fabor rather than displaced it. The full im-
pact of new farninrg technology on the rela-
tionship between empioyment and produc-
tivity 1s not clear. But econonusts believe
that grealer understanding of these relation-
ships is essential if the benefits of agncul-
turar change are to be shared cqutably.
Findings of the Yale researct: have been
widely disseminated among Al and other
development agencies, LDCs, and the aca-
demic community. AID s formulating quid-
ance 1o direct more altention 1o the employ-
ment opportunities that alternative kinds ol
foreign assistance may encourage.



Foreign Exchange Controls

Governrnent control over the use of foreign
exchange by its citizens is a policy tool cormn-
monly used by LDCs. What happens to a
nation's cconomy, partigularly the rate of
savings, investient allocations, research
and developrent inancing, and commerce,
when fureign cachange controls are adopted
or removed e not by understood by econo-
mists. The Hatonal Bureao of Leonomic Re-
search, Now fork, under an AlD-financed
rescarch contract, hiay engaged scholars to
prepare analyticul case studies i 10 LDCs
(Brazd, Chile, Colomtbaa, tgypt, Ghana, India,
stael, Finhppines, Turkey, Korea) of the im-
pact ol exchange control iberahzation on
the process of coonomic development. Four
ol these studhies are being conducted or co-
authored by scholars from the countries they
examme. Some degree of collaboration with
LDC scholars was involved i all studies,
These book length studies have been sub-
stantially completed, and several should be
avalable during 1973,
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The research has three objectives: to de-
velop a common anatytical framework for
studying exchange control liberalization;
within that framework to examine the impact
of exchange liberalization in individual coun-
tries, and to identify econornic principles that
appear 1o apply generally to most of the
countries studied. A summary paper will
contain the rescarch findings.

Cach of the countnes studied has undergone
significant shifts in its exchange control pro-
gram in the past. Some have increased re-
stnctions, and some have reduced them. Be-
causc the common methedology was de-
veloped and applied to each country study,
policy recommendations on the management
of foreign exchange can be formulated
which will not only be of direct use to policy-
makers in the countries studied, but will
have broad applicalions in developing coun-
triess in general.

The rasearch gives insight into the ade-
guacy of analytical tools in estimating the
impact of econonmic growth on different for-
eign trade policies. Also, the research is
clartfying the chiferent results EDCs atlain
when they move toward more liberal trade
palicies and the rcasons ior these differ-
ences. However, there is clear cvidence that
factors outside the control of the countries
which have tried to tineralize their foreign
trade he~ had sigmificant efiects on the
success of these etforls,



income Distribution

During the past decade many developing
countries have made substantial gains in
production and economic growth. However,
evidence mounts that large groups of people
have not shared proportionately in the bene-
fits of this economic growth. In fact, some
economists argue that increasad equality in
the distnibution of income 1s Incompatible
with rapi+ 2conomic growth objectives

But a process by which the rich get richet
and the poor gel poorer :s not the goal of
developing countries—or of AID. The gov-
ernments of most developing countries do
not seek this result because, among other
things, it tends to weaken political stabiiity
and intertere with long-range national
growth.

AID is supporting research by senior econo-
mists and political scientists from Rice Uni-
versity in collaboration with colleagues in
Colombia, Malaysia and Turkey o explore
the ways that the distribut:on of gains from
development are related 1o the development
process. A study of the problem of inequit-
abte distnibution of the fruits of cconomic
growth nvolves the interaction of several
disciplines: nolitical science, sociology and
economit -

Rescarch reports will be published in local
fanguayces and will address three salient
features of the growth and distnbution prob-
lem: the impact that a particular distribution
of development benefits has on future
arowth; the efficiency of government paolicics
in influencing income distribution, and the
effect of socio-political and regional groups
on development policy (including the com-
position and outlook of such special interest
groups and how they influence the distribu-
tion of benefits).
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import Substitution

Many of the nations that have emerged since
World War Il have encouraqed the growth of
domestic industries 10 produce consumer
goods that formerlv woremported | ke the
United States inits early yens these coun
tries have employed tindts guotas and tor-
aign exchange rostrctiongs to protect and
foster than “mfant mdustoes  \Whithan hinuts
this widely acceptod poley ctamnont subsi
tution can be an effective dhov oot evpand
the mdustry and econonue aresth of dovel
oping countries But a pord aoves whoere
such pohcies and proacte s hocomoe conn
terproductive

An extended study of the nnpact obimport
substitution pohicies on many DO was con
ducted by Wilhames Colleqge under an AID
contract, from 1960 theongh 1977 The study
demonstiated that over Hee fong tun exces
sive reliance on such pohores created sig
nficant pace distortions o the 1.DC ccono
mies, reduced the rate of savings i many
countries, blunted the rowth of cxport i
dustries, and encotiraaed the sabsttution of
machines for labor im countries with huge
unemployment and undercmployment prob
lems This reaearch signals an urgent need
for pohicy change to encotane export d
versifrication in many LDCs they are to
develop a balanced cconomy that producoes
qoods for c xport as weli as producing some
qoods formerly imponted

The Williamea research focuses on matters

of greatimportance to Al and 1o the de-
veloping countnes, UGS assistance is geared
1o encouraging LDCs to help themselves: to
cxportinorder t bhuy needed imponts; 1o
develop and mobilize savings for mvestiment
q pew plant and the social services required
for growth and welfare This research has
helped clarify points of agreemert and con-
flict between LDC policies and goals.



Wilhams preparcd 47 recearch papers,
ranging from short memoranda to book-
longth studies, which have been made avail-
able 1o ascstance agencies and the govern-
ments of developing countnes as objective
and untrascd inlormation for theairindepend-
ant poliey decisaons The indings have been
relensed at a e uhien anoancreasing nuame-
ber of LD have tormed coonamac planning
caommssions, and the countnes are produc-
e more skdled coonomists and admainistra:
1o Both gencral and speeific studies on
Hrasl formed part of the rationale for AID
program loan neqgotiations m 1967, for ex-
atnpic Anothes Willioe Study was influential
in evaluating Palaatiays third 5 year plan,
and an analyas of Palastan's growth and
cacens capatity waes ased by the Pakistan
Planming Commisasion and the AID mission
there The Board of Invesunents of the Philip-
prnes used effective rtates of protection and
shidow prices of foreign exchange based
on studies that grew ditectly from the Wil-
hams project Conferences between AID and
local government officils nave been held in
South Amenca and Africa to explore the im-
phcations of the studies Tor future policy and
rescarch actions by developing countries.
Korea and Faawan are further examples of
countnies which mn the 1950's encouraged
local production of nnport substitutes but
shifted policy toward export promotion in
the 1960's

The ulimate duect infiuence of collaborative
aconomic research on the basic decisions of
sovereign governmoents abroad is difficult to
appraise The studies emphasize important
considorations that a number of governments
have chosen to take into account. However,
decisions on trade policy by LDCs reflect
complex social and economic variables. AID
officials have been encouraged by the subtle
shifts in trade policy among LDCs and the
potential for interaction of this rescarch with
these changes.

The results of the studies have contributed to
an academic consensus that import substi-
tution policies of the 1.OCs should be re-
evaluated. Many developing countries are
laking a new look at their trade policies with
a view toward liberalization. In part, at least,
this may be attributed to the work under-
taken by Williams College on problems
associated with import substitution.

Patterns of Participation
In Modernizing Societies

As underdeveloped socities begin to mod-
crnize, people find that old associations be-
agin to fade and new ones emerge. The
inportance of the tnbe or the clan may give
way to farmer associations, urban groups
or labor unions And the governments of
developing countries find that this s a chal-
fenging penod as men associate in new
ways 1in order to adjust and contribute to
development and modernization, and at the
sarne time to compete for and share in the
agains from growth

AID wents to encourage and assist techni-
cally etfective development projects, but it
also wants this assistance to foster wide and
sigmificant participation of men and women
in the process.

There has been wile research on how asso-
ciations change and how participation cf the
[tle man 1s affected by acceleraled develop-
ment. AID supported a project by Harvard
University tc help close this knowledge gap.
Many forms of social and economic partici-
pation are susceplible to influence by gov-
crnmental policy and economic aid pro-
grams. Belter understanding of these rela-
tionships should increase the effectiveness
of assistance agencies and LDC govern-
ments in providing popular participation in
achieving development objectives.

Harvard has prepared independent studies
which represent a wide range of approaches,
including cross-national analysis, intensive
country casc studies and detailed examina-
tions of spccific social sectors within specific
countries. Case studies have been prepared
on Pakistan, Colombia, Kenya, Turkey, the
rural sector of Vietnham and Mexico City.

Unlike the majonty of AlD-supported re-
search projects, which are designed to help
solve a specific problem, the Harvard project
is expected to contribute broadened general
insights into a diversity of economic, political
and social problems and to stimulate new
approaches to making informed policy
decisions.



Comparisons of Per Capita Income

Important foreign assistance decisions by
AID, the World Bank, and other doncrs are
based on calculations of per capita national
income These agencies have recegnized
that calculations and comparisons are faully
In many ways. For example, comparisons of
per capita income among tncia Japan, In-
donesia and the United States fail to repre-
sent the reai differences in standards of hv-
ing. They suggest that the real difference
between India and the United States, while
still substantial, 15 closer to tenfold than
twentyfold.

AlD-financed rescarch bv the University of
Pennsylvania, with suppoit of the Ford Foun-

dation and cooperation of the United Nations,

has improved the techniques {or estimating
national inceme and product. A manual in-
corpcrating the findings of this research can
be used by LDCs to nmprove the collection
and interpretation of national income data.
A permanent unit estabhished within the
United Nations i1s applying the product of
this research in collecting, compiling, and
publishing country data

87

Effocts of the Food for Peace Act

To learn more about the economic and so
clal dovelopment impact of food ad shup
ments made by the U5 ALD prograim to
LDCs under the Food tor Peace Act of 1966,
ALD supported rosearch by towa State Ung
vorsity 1o analy e the nugor considerations
mvolved m oxtendimag food ard o other conn
tries over the nent decade Noe atodies
tocused on the Tong term needs e pros
pects for food ard ander LHS Pabihie Law
480 programs cnd anaby ced planning, as
well as econonue dand socui eltects o tood
arch import, on the conntires tecewag them
Indir was selected as the nation to be
studied i depth

The resudts of the rescareh have beenvalu
able to policymahers i AID aod T DCs who
are chatged with projecting the fotare needs
for food ard by countrios, desiamng oplinnnm
disttbhution programes to dimish the adverse
effects of imports on domestic production
quantities and poce lovels to be charged for
food aid stupments The study alao assesses
the effects of ponabte welt help  condiions
imposed on recipient countnes the reporl
has been widely distnibated 1o AID agnicul
tural officers and to the World Bank and
other donor agencies
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RESEARCH PAPERS AVAILABLE
Over the past 10 years the research projects
that are br:elly descrnibed in the repont

have produced nearry 2.000 docuntants.
These include routine progress reports,
theses, dissertations, journal art:cles, mono-
graphs, books, etc A tabliography of these
documents has been compiled and s being
edied for final pnnting This bibhography
will be available to researchers throughout
the world and provide access 1o older docu-
ments no longerin print through the National
lechiical information Service of the Depart-
ment of Commerce. in addition to the bibli-
ography of rescarch, a quarterly journal of
abstracts has been imttiated 1o announce
current documents Even though these doc-
uments will be avalable for purchase from
NTIS on a permanent basis, we encourage
rescarchers in the developing nations to
correspond directly with the contractors
currently engaaed m AID-funded prejects for
copies of research papers

For your mshtutions to be placed on the
dhstribution hist for both the research bibh-
ography and the AID Research Abstracts,
write to

ADDS

Technical Assistarce Bureau/RIG
Agency for International Development
Department of State

Washigton. D C 20523

The following information 1s requested for
inclusion m the distnibution system

Name
Position and/or title
Institutional sub-division
(e g. office, department, college. etc.)
Strecet address or Post Office Box
City. Postal Zone, State. Country
Field{s) of rescarch being pursued
Field(s) of research information desired



APPENDIX
Catalogue of Centrally Funded Research Projects 1971-1973

Page in
Text

Titip

AGRICULTURE

Improved Parts any Faee vy Methpos

Improvement ~f Nytnitionagl
Quality of Wheat «C50D-1208:

Inherntance and Improvemaaint
of Protein Quaity an.t ¢
tent 1n Maize (CSD 280

Inhentance and Improvement
of Protein Quaiity and
Content of Sorghum Vi.gare
(CSD-1175)

Improvement of Gram
Legumes (Puisesy Pro-
duction in Puerto Rico
(PASA RA-AJ-3-00)

Preparation ot a Ptan for
Onentation of Resenrch on
Cassava (CSD-2447)

Research on Farm FEgupment
Power Requirements o Pro
duction of Rice and Assoc
ated Food Crops inthe far
East and South Asia (CHE #34
and CSD-2541)

Control of Weeds in LUCs
(C30D-1442 and AID:CM/ta-
C-73-23)

Contractor and

Foncpat investigatot

Uniy of Netiracka
Lincon Nebraska
Dr PautJd Mattern

Purdue thevorsity
Research Foundation
Catayelic Indianag
O b Bauman

Purdue Univorsity
Research Foordgation
Latayette indiana
Dr J D Axteil

Agncultural Research
Service

Us Dept of
Agnculture

D Julio Bird

Univers:ty of Geongia
Athoens Georgia
D Hendershott

IRRI

L os Banos
Phihppenes

Dr AU Khan

Oregon State Univer
Corvallis, Oregon
Dr Staniey Miller

Tropical Soils and Water Management

14

Determination of Research
Needs of Soils of the
Tropics (CSD-2505)

National Academy of
Sciences

Washington, D.C.

Dr. Joice Torio

89

“Approved
{(Varation andg
Funding

660 630 7Y
SR REUR]
to 3-31-74

630 T0 6 307N

FROV 812
o 33174

i 40.606-6.30.75
31 667,390
th 331 74

O 63030 73
384672
o 63073

H30 6 12 1
S84 3hh

£-28/65-1.28 74
51166 366
10, 1.28/74

G/30/66-3/31/76
$1,998,272
o 3/31/74

6/30/69-6/30/72
$124,200

Resaarch Sies
Jand Covpehing
Counttios

Int Mase and Wheat
Improvement Center
Moxico, Worldwide
Rosearch Network

int Marze and Wheat
Improvement Centoer
Mexico ol
Coiombyia,
Guaternaln Nugena
\elnam

Waotidw e BRenearn b
Netork

lran In fi
Wortldwide Hesearch
Network

CIAT Colombha

The Phitippanes
Pakistan,
Bangtade- b india,
Tawan Fhantand
Indone o Koo
Solanka Malaysa

Colombia, Louador,
{1 Selvacdor, Panama,
Honduras,
Giuntenala,
Hicaragua, Costa
flica, Braal

Researchers from
England, Belgrum,
France, Nigena
contnbuted arhicles



Page in

15

16

17

22

24

25

26

Text Title

Contractor and

Principal Investigator

Tropical Soils and Water Management

Soil Fertility Requirements to
Obtain Efficient Production of
Food Crops on the Extensive,
Deep, Well Drained but
Relatively Infertile, Acid Soils
of the Humid Tropics
(CSD-2490)

Agronomic-Economic
Research on Tropical Soils
(CSD-2806)

Water Management Research
in Arid and Suo-Humid Lands
~—Latin America (CSD-2167)

Water Management Research
in Arid and Sub-Humid Lands
—Asia (CSD-2162)

Tailoring Fertilizers for Rice
(PASA RA-QA-5-69)

Livestock

Contro! of Vertebrate Pests
(PASA RA-ID-1-69)

Research on Sterility Methods
of Tsetse Fly Control
(PASA RA-1-00)

Research on Hemoprotozoal
Diseases of Food-Producing
Livestock in LDCs {CSD-1947;

Survey and Analysis of
Problems of Cattle Feeding
Systems and Nutrition in
Wet/Dry Tropics of Latin
America (CSD-2498)

Cornell University
Ithaca, New York
Dr. Matthew Drosdoff

N.C. State University
Raleigh, N.C.
Dr. C. B. McCants

Utah State University
Logan, Utah
Dr. H. B. Peterson

Colorado State Univ.
Fort Collins, Colorado
D:. W. D. Kemper

National Fertitizer
Development Center
Tenn. Valley Authority
Muscle Shoals,
Alabama

Dr. D. McCune

U.S. Dept. of Interior
Denver, Colorado
Dr. N. J. Kverno

Agricultural Research
Service

U.S. Dept. of Agric.
Gainesville, Florida
Dr. D. Dame

Texas A and M Univ.
College Station, Tex.
Dr Fred D. Maurer

University of Florida
Gainesville, Florida
Dr. J. H. Conrad and
Dr. L. R. McDowell

90

*Approved
Duration and
Funding

6/30/69-3/31/74
$1,126,846
to 3/31/74

6/30/70-6/15/75
$748,360
o 3/31/74

6/28/68-3/31/76
$2,226,071
to 11/27/73

6/28/68-3/31/76
$2,042,649
to 11/30/73

7/1/68-3/31/73
$466,500
to 3/31/73

4/5/67-6/30/77
$2,790,720
to 6/30/73

6/14/63-6/30/76
$1,5672,870
to 6/30/73

6/30/68-6/30/76
$1,362,731
to 3/31/74

6/30/69-9/30/73
$519,011
to 9/30/73

Research Sites
and Cooperating
Countries

Brazil

Brazil, Peru,
Guatemaia,
Honduras, Nicaragua,
Costa Rica, Bolivia,
Paraguay, Colomoia,
Venezuela, Ecuador,
Panama, El Salvador

El Salvador,
Colombia, Chile,
Brazil, Ecuador,
Bolivia, Guaiemala,
Henduras, Venezuela,
Panama

Pakistan

The Philippines,
India, Mexico,
Colombia, Thailand,
Srilanka, Brazif,
Afghanistan,
Indonesia, Kenya,
Vietnam

Mexico, Brazil, The
Philippines,
Colombia

Tanzania

Int. Center for
Tropical Agric.
Colombia, Ecuador,
Peru, Guatemala

Regional Research
Networks throughout
Latin America and
Carlbbean



Page in

Text

Title

Agricultural Economics

26

27

29

30

K}

31

33

Rural Development Analysis
Agricultural Sector Planning

Models (CSD-1557)

Adapting and Testing of

Agriculture Simulation

Model to Sector Analysis

(CSD-2975)

Analysis of Capital Formation
and Technological Innovation
at the Farm Leve! in LDCs

(CED-2501)

Impact of New Technology on
Rural Emptoyment and Income

(CSD-2805)

Agricultural Diversification
and Trade in Latin America
(CSD-3283 and CSD-3632)

Agricultural Diversification

and Trade in Asia
{PASA RA-AJ-13-71)

Employment Generation in

African Agricutture

{CSD-3306 and CSD-3625)

HEALTH

37

38

38

39

Malaria Eradication Research

Worldwide Programs
{PASA RA (HA)-7-00)

Central America Malaria

Research Station
(PASA RA (HA)-2-67)

Thailand Malaria Operation

Research
(PASA RA (HA)-1-70)

Malaria Immunity and

Vaccination (CSD-1432)
succeeded by CSD-3689

Malaria {mmunity and

Vaccination (CSD-3689)

Contractor and

Principal Investigator

Michigan State Univ.
East Lansing, Mich.
Dr. Glenn L. Johnson

Michigan State Univ
East Lansing, Mich.
Dr. Glenn L Johnson

Ohio State University
Cotumbus, Ohio
Dr. David H. Boyne

Cornell University
lthaca, New York
Dr. J. W. Mellor

N.C. State University
Raleigh, N.C.
Dr. R. L. Simmons

Economic Research
Service

U.S. Dept. of Agric.
Dr. L. J. Atkinson

Michigan State Univ.
East Lansing, Mich.
Dr. Carl K. Eicher

National
Communicable
Disease Center,
US.PHS. (HEW)
Dr. George W. Pearce

National
Communicable
Disease Center,
US.P.HS. (HEW)
Dr. G. M. Jeffery

National
Communicable
Disease Center,
US.P.HS. (HEW.)
Dr. William Chin

University of lllinois
Urbana, lllinois
Dr. Paul H. Silverman

Univ. of New Mexico

Albuquerque, N.M.
Dr. Paui H. Silverman

91

*Approved
Duration and
Funding

6/30/67-6/30/71
$402,325

6/21/71-6:30/74
$685,000
o 3/31/74

€/30/69-3:31/74
$1,306.290
to 3/31:74

6/30/70-12:31/73
$499,991
o 12/31/73

5/1/71-3/31/75
$218,352
to 3/31/74

5/1/71-3/31/74
$172,394
to 6/30/73

6/15:71-6/30/75
$349,596
lo 12/31:/73

1/17/62-6/30/72
$5,064,822

3/1/67-6130,72
$2.185,218

8/29/69-6/30!72
$444,639

6/30/66-6/30/72
$1,948,502

7/11172-6130/75
$773,223
to 3/31/74

Research Sites
and Cooperaling
Countries

Nigeria, Korea

Nigeria. Korea,
The Philippines,
Colombia, Brazil

Brazil

India

Mexico, Guatemala,
El Salvador,
Honduras

The Philippines

Nigeria. Sierra Leone,
Ghana, Malawi,
Ethiopia

Worldwide Research
Network

E! Salvador.
Nicaragua, Honduras,
Costa Rica, Panama,
Brazil

Thailand

U.S. Research Project
has trained personnei
from Ghana, Nigera,
West Cameroons.
Israel, Guatemala.
Pakistan, Peru,
Taiwan



Page in

Text Title
HEALTH
40 Serologic Diagnosis of

41

42

43

44

Malaria (PASA RA (HA)-5-68)

Walter Pump Application tor

LDCs

{CSD-1434 and CSD-3305)

Development of Methodology
for Determination of Optimal
Design Capacities ot Smali
Water Supplies (CSD-2494)

Measurement of Nutrient Loss
Due o Malabsorption
(PASA RA-HA-9-69)

Inter-American Investigation
of Mortality in Infancy and
Childhood (CSD-1431)

POPULATION

48

48

49

49

World Fertility Survey
{CSD-3606)

A Study of Fertility Rates and
Earning Capacity of Rural
Migrants in Latin America

(CsD-2863)

Determinants of Family

Planning Attitudes and
Practices, Phase Il
(CSD-2478)

Fertility Determinants—
A Theoretical Inquiry

(CSD-2533)

Contractor and

Principal Investigator

National
Communicable
Disease Center,
US.PHS. (HEW)
Dr. Irving G. Kagan

Battelle Mem. Inst.
Columbus, Ohio
D. W. Frink

Universily of North
Carolina

Chapel Hill, N.C.
Dr. D. A. Okun

U.S. Public Health
Service

Dept. of Health, Edu-
cation and Weifare
Dr. J. M. May

Pan American Health
Organization
Washington, D.C.
Dr. Ruth Putfer

Inlernalional
Statistical Institute
The Hague,
Netherlands

M. G. Kenda!l &
E. Lunenberg

Univ. of Wisconsin
Madison, Wisconsin
Protessors

William Flinn,
Eugene Havens,
Marion Brown

Harvard University
Cambridge, Mass.
Dr. David M. Heer

Rand Corporation
Santa Monica, Calif.
Dr. Paul T. Schuitz

82

*Approved
Duration and
Funding °

4/1/67-12/31/72
$403,473

6/30/66-4/30/74
$117,690
to 4/30/74

6/30/69-6/29/72
$40,000

5/9/69-6/30/73
$146,906
to 6/30/73

6/30/66-3/31/73
$1,175,556
to 3/31/73

6/30/72-6/30/77
$1.043,000
to 6/30/74

8/25/70-6/30/74
$400,000
lo 6/30/74

6/30/69-9/15/72
$120,877

1/5/70-6/30/72
$326,500

Research Sites
and Cooperating
Countries

Nigeria, Bangtadesh,
Nepal, Ethiopia, The
Philippines, Brazil,

El Salvador, Haiti,
Indonesia,
Afghanistan

Bangladesh, Nigeria,
Thaifand, Laos

Guatemala

Iran, India

Argentina, Bolivia,
Brazil, Chile,
Colombia, E}
Salvador, Jamaica,
Mexico

Netherlands,
England, Worldwide
Research Network

Colombia, Chile

Taiwan

U.S. Research



Page in Contractor and
Text Title Principal Investigator
POPULATION

49 The Epidemiology of Johns Hopkins Univ.

Outcome of Pregnancy in Baltimore, Md.
Diverse Cultures in Selected  Dr. Paul Harper,
Countries (CSD-2246) Dr. L. P. Chow,

Dr. John Kantrer,
Dr. Rowland Rider

Population Council
New York, N.Y.

Dr. Bernard Berelson
and Dr. Gerald

50 Evaluation Studies of an
International Postpartum
Family Planning Program
(CSD-1565)

Zatuchni

51 Utilization of Family Planning
Services (CSD-2512) of Medicine

Wake Forest Univ.

Winston-Salem, N.C.

Dr. Clark Vincent,

Dr. David Evans,

Dr. Carl Cockrane,

Dr. Clay Honey,

Dr. Fleetus Gobble,

Jr.
53 Research into the Corpus Nat. Inst. of Health,
Luteum Function N.I.C.H.D.

(PASA RA (HA)-8-69) Washington, D.C.
Center for Population

Research

Worcester Foundation
for Experimental
Biology

Shrewsbury, Mass.
Dr. Edward Klaiber

Population Council
New York, N.Y.
Dr. Sheldon J. Segal

53 Research For Development
of a Once-a-month
Contraceptive Pill (CSD-2169)

53 Conlraceptive Development:
A Method to Prevent
Pregrancy by Direct or
Indirect Anti-Progestaiional
Activity (CSD-2491)

53 Development of Inhibitors of
L-H 3eleasing Faclor as
Contraceptive Agent
(CSD-2785)

54 Prostaglandin and Other
Contraceptive Research
Development (CSD-2837)

Salk Inst. for
Biological Studies
San Diego, California
Dr. Roger Guillemin

Worcester Foundation
for Experimental
Biology

Shrewsbury, Mass.
Cr. Edward Klaiber

54 Prostaglandin/Human Makerere University
Reproductive Research Kampala, Uganda
(CSD-3300) M. M. Sultan Karim

3

*Approved
Duration and
Funding

5/1/69-7/31/72
$224,958

6/30/67-8/31/71
$600.000

Bowman Gray School 6/30/69-11/30¢72

$393.471

5/7/69-5/6/72
$1,562,752

6/30/68-2/28/73
$207,375
to 2/28/73

6/30/69-6/30/74
$3,000,000
to 6/30/74

6/30/70-5/31/75
$4,448,139
to 5/31/75

6/30/70-9/1/73
$2,980,000
to 9/1/73

6/30/71-6/30/74
$821,538
to 6/30/74

Research Sites
and Cooperating
Countries

Taiwan

Nigeria, Thaiiand.
Indonesia, Ghana.
Hong Kong, Iran.
The Philippines.

Mexico, Colombia.
Venezuela, Honduras,
Turkey

Costa Rica

U.S. Research

U.S. Research

U.S. Research

U.S. Research

Sweden, England

Uganda, Singapore



Page in

Text Title
POPULATION
54 Studies on Synthesis of

Prostaglandins (CSD-2965)

54 A Study of the Side Effects
and Mechanism of Action of
Prostaglandins (CSD-3160)

54 Research on Safety of
Contraceptive Steroids
(CSD-2821)

5

95 Development of IUD and
Controlled Release
Contraceptive (CSD-2819)

56 Surgical and Engineering
Research on Means of Fertility
Control (CSD-3152)

56 Research on Reversible
Sterilization (CSD-2504)

57 Combined VD-Prophylactic
Contraceptive (CSD-2822)

57 Simplified Techniques of
Fertility Control
(CSD-3627)

58 Program "¢ Applied Research
on Fertility Regulation
(CSD-3608)

58 international Fertility Research
Program (CSD-2979)

59 Family Planning Research
and Evaluation Center
(CSD-1573)

NUTRITION

62 Improvement of Rice by

Fortification With Synthetic
Amino Acids and Vitamins
(CSD-2170 and CSD-3291)

Contractor and

Principal Investigator

Univ. of Wisconsin
Madison, Wisconsin
Dr. Charles Sih

Washington Univ.
St. Louis, Missouri
Dr. Arpad |. Csapo

Southwest Founda-
tion for Research and
Education

San Antonio, Texas
Dr. J. W. Goldzieher

Battelle Mem. Inst.
Richland, Washington
Robert G. Wheeler

Battelle Mem:. Inst.
Seattle, Washington
Dennis J. Prager

University of North
Carolina

Chape! Hill, N.C.
Dr. J. F. Hulka

Univ. of Pittsburgh
Pittsburgh, Penn.
Dr. John C. Cutier

Johns Hopkins Univ.
Baltimore, Maryland
Theodore M. King

Univ. of Minnesota
Minneapolis, Minn.
J. J. Sciarra

University of North
Carolina

Chapel Hill, N.C.
Dr. Elton Kessel

Pathfinder Fund
Boston, Mass.
Alfreda Goldsmith

Harvard University
Cambridge, Mass.
Dr. 8. N. Gershoff

94

*Approved
Duration and
Funding

6/30/71-6/30/74
$227,725
to 6/30/74

6/30/71-6/30/74
$301,406
to 6/30/74

6/30/70-9/30/73
$995,426
to 9/30/73

6/30/70-6/30/75
$1,132,230
to 6/30/75

6/30/71-12/31/74
$1,029,792
to 12/31/74

6/27/69-6/26/72
$213,763

6/30/70-6/30/75
$719,284
to 6/30/75

6/30/72-6/30/75
$3,507,451
to 6/30/75

5/30/72-6/30/75
$3,349,523
to 6/30/75

6/30/71-6/30/74
$4,906,000
to 6/30/74

6/30/67-6/30/73
$1,483,000
lo 6/30/73

6/30/68-6/30/75
$498,110
to 3/31/74

Research Sites
and Cooperating
Countries

U.S. Research

U.S. Research

Mexico

Collaboration with
physicians in India,
Egypt, field test
planned in LDCs

U.S. Research evalu-
ation studies planned
in LDCs

Information exchange
with physicians in
India, Singapore,
Thailand, Egypt

Field trials—Jamaica,
Guatemala

Clinical training for
family planning
personne! from LDCs

Twenty studies by
overseas and U.S.
institutions

Worldwide Research
Network

Worldwide Research
Network of over
40 countries

Thailand



Page In

Text Title
NUTRITION
63 Lysine Enrichment of Wheat

63

65

65

65

66

67

68

68

69

Flour (CSD-1805)

Improvement of Nutrient Value
of Cereal-Based Foods
(CSD-1586)

Corn Fortification with
Amino Acids (CSD-3357)

Effects of Extrusion
Processing Variables on
Nutritional Quality of
Inexpensive High Protein Food
Mixtures (CSD-1587)

Development of infant and
Preschool Foods Based Upon
Indigenous Protein Sources
(CSD-3646, formerly
CSD-1587)

Coconut Protein Products for
Use in Foods (CSD-2804)

Caloric Intake and Protein
Utilization (CSD-2808)

Clinical Evaluation of New

Protein Sources to Prevent
Malnutrition

{CSD-1433 and CSD-2946)

Influence of Maternal Diet on
Olfspring (CSD-2944)

Malnutrition Effect on Work
Planning (CSD-2943)

EDUCATION

72

Studies of Low Cost
instructional Technology
(CSD-3284)

Contractor and
Principal Investigator

British-American
Hospital

Lima, Peru

Dr. George Graham

Kansas State Univ.
Manhattan, Kansas
Dr. William J. Hoover

Inst. of Nutrition

for Central America
and Panama

Apdo. Postal 1188
Guatemala City

Dr. Leonardo J. Mata

Univ. of California
Davis, California
Dr. C. O. Chichester

Univ. of Rhode istand
Kingston, R.I.
Dr. C. O. Chichester

Texas A and M Univ.
College Station, Tex.
Dr. Karl F. Mattel

Mass. Inst. of Tech.
Cambridge, Mass.
Dr. N. S. Scrimshaw

Britisn-American
Hospital

Lima, Peru

Dr. G. C. Graham

Johns Hopkins Univ.
Baltimore, Maryland
Dr. Bacon F. Chow

- Medicat College of

Wisconsin
Milwaukee, Wis.
Dr. G. B. Spurr

Stanford University
Stanford, California
Dr. Wilbur Schram

95

*Approved
Duration and
Funding

6/20/69-6/30/7T1
$132,032

6/30/67-3/31/75
$930,457
to 11/30/73

9/15/71-9/15/76
$278,700
to 3/31/74

6/30/67-12/31/71
$223,273

71/72-3/31/74
$109,706
to 3/31/74

6/15/70-3/31/74
$501,327
to 3/31/74

6/15/70-3/30/74
$334,932
to 3/30/74

6/27/66-6/30/76
$466,383
to 3/31/74

6/1/71-6/1/74
$160,500
to 12/31/73

6/30/71-6/30/75
$128,797
to 3/31/74

6/15/71-12/31/72
$239,563
to 12/31/72

Research Sites
and Cooperating
Countrigs

Peru

Training of tech-
nologists from india,
Colombia,
Guatemala, Pakistan,
Morocco

Guatemala

Chile

Chile

The Philippines,
Thaitand
U.S. Research

Peru

Taiwan

Colombia

Mexico



Page in

Text

Title

EDUCATION

73

SCIENCE AND TECHNOLOGY

77

79

DEVELOPMENT ECONOMICS

8t

82

84

85

85

86

Beginning Science Curricula
for English-Speaking Tropical

Africa (CSD-772)

Design, Construction of
Locally Planned Structures

to Withstand Earthquakes and
Storms (PASA RA/CE-9-71)

Mosquito Genetic Contro!

{CSD-3159)

Comparative Studies of
Resource Allocation and

Development Policy
(CSD-1543)

Employment and
Unemployment in the

Developing Cor  es

(CSD-2492)

Exchange Cu atrol
Liberalization and

Development (CSD-2783)

Distribution of Gains, Wealith
and Income {rorn Development

(CSD-3302)

Import Substitution and
Economic Policy in Economic
Development (CSD-2475)

Participation Patterns in
Modernizing Societies

{CSD-2502)

Coniractor and
Principal Investigator

Educational Develop-

ment Center, Inc.
Watertown, Mass.
James L. Aldrich

National Bureau of
Standards

Dept. of Commerce
Washington, D.C.
Dr. E. O. Pfrang

Univ. of Notre Dame
South Bend, Indiana
Dr. K. S. Rai

Harvard University
Cambridge, Mass.
Dr. Joseph J. Stern

Yale University
New Haven, Conn.
Dr. Gustav Ranis

Nat. Bureau of
Economic Research
New York, N.Y.

Hal B. Lary

Rice University
Houston, Texas
Dr. James W. Land

Williams College
Williamstown, Mass.
Dr. Paul Clark

Harvard University
Cambridge, Mass.
Prof. Samuel
Huntington

96

*Approved
Duration and
Funding

2/17/65-6/30/71
$2,736,962

5/1/71-6/30/73
$110,570
to 6/30/73

6/15/71-6/30/76
$244,000
to 3/30/74

5/31/67-12/31/73
$1,931,786
to 12/31/73

6/30/69-6/30/74
$993,520
to 6/30/74

6/29/70-6/30/74
$546,300
to 6/30/74

6/15/71-6/30/74
$557,114
lo 3/31/74

12/31/64-9/30/72
$356,329

6/27/69-12/31/72
$390,469

Research Sites
and Cooperating
Countries

Kenya, Tanzania,
Uganda, Zambia,
Nigeria, Sierra
Leone, Ghana

Turkey, Peru

Kenya

Ghana, India,
Pakistan, Indonesia,
Korea, Liberia,
Nigeria, Colombia,
Argentina, Taiwan,
Greece, Turkey,
Jamaica, Honduras,
Guyana, Thailand,
Japan, Malaysia,
Bangladesh

Colombia, Korea,
Taiwan, Pakistan,
Brazil, India, Chile,
Kenya, Ghana, Zaire

Brazil, Chile,
Colombia, Egypt,
Ghana, India, Israel,
The Philippines,
Korea, Turkey

Malaysia, Colombia,
Turkey

Colombia, Mexico,
Jamaica, Brazil,
Nigeria, East African
Region, Pakistan,
The Phiiippines

Kenya, Colombia,
Pakistan, Turkey,
South Vietnam,
Venezuela, Mexico



Page in
Text Title

DEVELOPMEMNT ECONOMICS

87 Comparison of Indian Real
Per Capita Income and
Currency Purchasing Power
with the U.S. (CSD-2481)

87 Growth and Development of
Food Aid Shipments Under
the Food For Peace Act
of 1966 (CSD-2163)

“In liscal year 1973 AID obligated a total of $8.444.300 for cenlrally funded research

Contractor and
Principal Investigator

Univ. of Pennsylvania
Phi'adelphia, Penn.
Prot. Irving Kravis

lowa State University
Anies, lowa

Dr. Earl Heady and
Dr. Leo Mayer

97

*Approved
Duration and
Funding

6/16/69-6/30/72
$31,433

6/29/68-8/31/72
$330.000

Research Sites
and Cooperating
Countries

India

India
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