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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, di3ease 
and illiteracy are some of the great impedi
ments to development faced by these coun
tries. The goal of the United States Agency 
for Internalioral Development is to help them 
in their efforts to surmount these obstacles 
and irnp.-ove the quality of thei; lives. To do 
this, the developing countries need trained 
manpower. knowledge anc 3dequate 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 IIlat 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 p.xperience we found that our existing 
body of knowledge, fitted as it was to prob
lems peculiar to the rr0re 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, 
climates 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 costs of capital and labor 
and differences in employment opportunities. 
Therefore, technologies COJld seldom be 
tmnsferred 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 governrnental and private research 
institutions. We have used their resources by 
funding resp-arch projects and in the process 
have strengthened and added to the store 
of competence available. This has been 
particUlarly true in 1I1e case of the centrally 
funded research reported in this publication. 

Iv 



In contrast to AID mission efforts which are 
country-specific. the centrally funded re
search program seeks answers to an array 
of problems which cut across nations arid 
regions. The research project is our unit for 
approaching a problem. And the difficult part 
of rese::arch management is to estimate 1he 
probabilities that a particular approach will 
indeed produce results. 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 reflects our decision to attempt 
breakthroughs in the genetic design of more 
nutritious food grains. 

Our experience to date with AID-funded re
search suggests Ihat it can be enormously 
helpful with a variety of difficult problems, 
Among the highly promising results are those 
reported here to: create new vaccines to 
prevent man's diseases and those of his 
cattle; bring into existence higher yielding 
crop vmieties with better protein to nourish 
his body; design b8\1er systems for carrying 
knowledge to students; discover methods by 
which individuals can plan thp, size of family 
they wish to have, and produce better under
standing of desirable economic and social 
relationships. 

In deciding whether to proceed with specific 
research, AID looks first 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
ect. 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 tir:l8. This does not mean Ihat no 
risks are ventured nor that all efforts are short 
run. There are problems of ,uch importance 
that projects are undertaken even though 
success cannot be assured. 

The research reported here IS carried out 
primarily by U.S. universities and government 
agencies under contr;:1CIS with 1\10. Less 
frequently, LDC L1niversities. private agencies 
and foundations or other internatIOnal de
velopment agencies have beDn chosen 10 
undertake the resea! Jh tasks The contrac
tors are selected on the b,lSI~; of establl~)hed 

competence in the field br:lfllJ I~xploreel 

Many U.S. univerSities !l,lve IOlllJ (~,p(]rIence 

and expertise in areas of knowlc,cfqc th'lt bear 
directly on the needs of ell";nI,'plllCl countries 
In short, AID is able to rely on ~;PCCI,lilSI~; 

who are leaders in their fields 

Whenever feasible. AID P[(JiC:cts ;HI) rm:shed 
with the r8semch and eJeveloprnenl (!UmrS of 
other national am! Internatlollal orq:lIl1znllons 
and the LDCs themselve:; to olJ!nln tl1I: Criti
cal mass necessary, r:r(!qllf'lltly, I\ID helps to 
establish or stren~then rlfl!wljrk ,nr,1I1ljc
ments linking the work of (jr;vcloped <inn 
eJeveloping countries all LOC problr:rns In 
such cases the United St,lIC'~; m;w flnnnce 
only a small part of the 0,/1-[<111 t:ffort but may 
still provide the impetus and ~clentillc skill 
essential for success 

Althougllttre fundamental purr){)se of AID 
research is 10 help solve LDC problems It 
frequentlv rc~;ults In rcwarcls fm th., donor 
Planl aneJ armnal eJlscJse res!:;!" IC/' 'acfors 
discovered in developino COLJf1trle~~ ;II'~ Im

porlantto American farmers when tt1C diS
ease breaks out in the Unlteej Slates Illgh 
protein cereals benefit American c:onsumPrs 
-both directly and by lowerinq the price of 
animal feed. The searcll for s,iff', nt!ccllve 
and inexpensive methods of ((lntrau!ption 
may lelld to discoveries thdt will Vi!,i117C ',Hnily 
planning programs everywhere The sCien
tific breakthroughs ir Identlfylf):; effective 
herbiCides aneJ procJucinq blool'qradable 
DDT reported hero will hav0 univcrslll 
Gpplication. 

This report of the centrally flmelee! 1\10 re
search programs cOI'ers rl[OIf;ct~; underway 
at the time of publication or completed since 
the prior report (The !lID Research Program, 
1962-1971). For reasons of splice the objec
tives and results arc presenteel in summury 
form '-\lith litlle statistical datil or ancillary 
findings. Those interested in ~Jreater detail 
will find the names and addresses of the 
contractors and principal investigalors in the 
appendix of this volume. 
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AGRICULlURE 
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 
ar9 particularly deficient in protein. Ami be
tween 300 and 500 million 0 1 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 developin(:J world. 

Despite a rernarkable 35 percent increase in 
food produc'don over the past dec3de, 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 prcrluction-caused by 
drought, flood, 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 vEJ!ue, hold prornise that some of 
the problerrls may be solved. But these im
provementf, 'nust 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 protein-and the protein 
often lacks the CImino 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 minfed 
areas. But only about 11 percent of the 
world's land is irrigated. In SoutheRst Asia 
the figure is nearly twice a~: high t)ul In that 
region more land is now I1rlgated lil;m aVflil· 
able water supplio!' WOLJld warront In the 
future, most incrc3ses in food procluctlon 
must be achieved under less ieleal conditions 
on the land on which tho majority of people 
In developing countries-and most of the 
poorest farm people--now live rhoy CClnnot 
depend upon growinq crop" which require 
irrigation, such as the Impro'Joe! V;:Hletles of 
wh8at and rice. So AID crop rosearch efforts 
are aimed primarily at improv:nq Hl(! protein 
content and quality and ylele] of vc:rlct,es that 
will grow uflder these less favorable 
condlliorls. 

un other iands where the Tlllnf;]" IS not 
3dequate for food crop production. AID re
search emphaSize's ImproveCI producllon 
from grazing lands. The focu~, up to now has 
been on control of major dlsra~,,;s ancJ pests 
limiting cattle production on tile 'Jost grozlng 
lands of Africa and Latin Amarlco-tsetse 
files, hemoprotozoal diseases, onc! vomp,re 
bats. 

In some cases the rese;m:h IS of 0 very boslc 
nature. But it alvmys has it specifiC OOol--to 
solve a major problem 01 take odvanta~Je of 
new scientific knowledge In order to attempt 
a hreakthrough that should benefltlolCJe seg
ments of the population in the LDes To the 
extent possible, the research IS toilored to the 
needs of the people fac:'lg food (jncj protein 
shortages. I-or example, :mprovm~l 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 me relalively 
plentiful. However, to some 150 million 
people in developing countries. sorghum is 
a staple food. 



AID hClS 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 tl-8 climatic, 
soil and water conditions difterent, not only 
do oiseClses and pest~ flourish ihere that are 
unknown Ifl this country, but the cultural envi
ronments differ and pre~)ent diverse prob
lems ''Vhal does have relevance and can be 
applied is the baSIC scientific methodology 
that work(:d in the U.S aneJ must be applied 
anew, uncJor cntlrclv differcnt circumstances. 
Ifl the LDCs 

The mJin d!scovcrles thClt h:~vs leeJ to pro
duetlorl IflCreLlSes In tho rast decade have 
resulted from close l~ollab(Jrdllo:l between 
SCientists and technlclJrls from tile more 
developed countries anc] nlU developing 
countries, In'/olving govornrnonts {lnd public 
and prlvato agencies. 

Glle IntElnglble achievemont of ltlO work 
already done is the ctlange In perception of 
1:10 pOSSlbilltlCS of organlzeej research shared 
by the developing countries We now share 
the VIOW tlliIt enormous strides can be made, 
that tl18 racc betwr;cn pOpuliltinn Clnd pro
ch.Jctlon is not Ll hopelc~;s contest With famine 
the foregor~e victor And we havc come to 
recognize the Importance of qrowrnq crops 
that will not only produce more fooc! but will 
also help to close the protern (Jelp 

Success in developlllfj hlqtl-ylelcJlng varieties 
With greater nutritive valuo I~; provldrng Im
P8tus and focus to research deSigned to find 
the answers to myni1cj problems plClguing the 
developrng world. AID is concentrating on 
solVing practical problern~; of plant disease 
and production, of irrrgation and fertilization, 
of increased meat prociuction on semi-arid 
and tropical grazing lands. New approaches 
are being taken, becCluse rnnovation is es
sential in solving problems that have per
Sisted for centuries and are increasing at a 
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 annu8! funding for international agricul
tural centers. In addition it has been a lead
ing promoter in many countries of the 
utilization of the improved varieties and new 
technology emnnating from the cenlers. Less 
known, but of equal importClnce, have been a 
nurnber of centrally funded research projects 
at American :.Jniversities 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 at being genetically manipu
lated to improve ihe food value of crops by a 
significant amount. In 1962. the successful 
transfer of high protein from a soft unadapted 
wheat varloty, Atlas, to a hard winter bread 
wheat was reported by a U.S Department of 
Agriculture-Univorsity of Nebraska research 
team. 

In 1963 the pOSSibility of upgrading the 
dietary quality of cereal protein by breeding 
was conclusively demonstrElted by Purdue 
University scientists who discovered two 
genes in corn-opaque-2 and f1oury-2
which IncreascrJ levels of two essential 
amino acids. lysine ;;ncl tryptophan, and pro
moted that cerealte the nutritional equiva
lency of skim milk. 

Recognizing that people rn cJev'Jloping coun
tries require not only more but better food
StUll3, AID has sponsored research in genetic 
Irnprovement of basic foods to Irnprove their 
nutritional quality while at the same time as
sUring high yields, good agronomic charac
teristics, and resistance to limiting diseases 
and insects. 
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Wheat-Improvement of Nutritional Quality 

About 500 million acres of the world's culti
vated lant:l gre planted to wheat. Measured 
in pounds, more wheat is produced than any 
other cereal, although rice is more widely 
consumed. Like ail cereals, wheat is rela
tively low in rrotein; it is also deficient in 
lysine. 

Since 1966 AID has supported research at 
the Univursity of Nebraska to determine the 
optimum varieties of wheat for growin9 in 
LDCs and to develop superior strains through 
cross-breeding. Nebraska has long been an 
outstanding research center for winter wheat 
improvement, contribulin~1 to the quality of 
wheat grown in the U.S. Althouqh the AID 
research will undoubtedly also 'benefit Ameri
can farmers, the emphasis is Ofl 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 lind varieties that 
appeared to have genes that promote higher 
protein content and belter lysine levels than 
ordinary strains. Promising higher lysine 
s?urces were combined with lllrclld'/ f}Xlstlng 
high protein expemnentall'.'lw'lt v,lrlcties As 
qUjc~ly as possible, hybr Id p()p~JI(jIIDns and 
improved lines were nwcJc dvn!lablc to 
developing countries lor c~vdluatlon and lise 

Nebraska resenrchers systern<ltically coordi
nate their eflorts with those of CItv1MYT, the 
leading cantu lor sprinq wheilt research, 
with the United NJtion'~; FaDel And Agricul
ture Organization (FAO) and with plant 
scientists from LOC-:s. To cJcJlcrlTlII!f; which 
lines were adapted to the ViHYIfl~J unviron
ments of LDCs, t1'cir SCI('ntl~;t:, were encour
aged 10 concluclurlifollTl 'fIC'Id tmls on a 
series 01 standard collections of vilrlelles 
distributed by FAG ;ncluc!lllq t1w new 
varietie:; with improved [,rc ,te)11l 

Throu~lh an Inlemaliollal WlIllel Wheat Per
lorrnonce f\Jur,~cry (IWWPN) InvolvlllQ H18 
major winter wheat brcccllf1(l ,;tatloI1,:3 In 
LOCs, the new Irnprowd wheat lines ha'/C 
beon Included In 52 tlIlf,;(~IY :;111"; 111 :J:l 

(;ountries. As a rc,~ult of the IH!tWOI k program, 
loreign coopcrators tlaV() sent morc varieties 
for inclusion In the IWWPN than coulu be 
accomrnoel(lted lor inllllOdlate testmq, In 
1971, it became nece~;sary to set up a pre
liminary screening nursery to identify the 
best entries for inclusl(Jrl in the advanced 
field trials. 

The nurseries 01 1118 IWWPN include the 
most adv<lnced 01 high-protein, high-lysine 
wheats that h<l'le resulted from crosses with 
known tligh-yieldin~l v'lrIeties. Ultimately the 
researchers expect 10 be ahle to regularly 
breed high-yieldln~J wheiltc, With iltleast 25 
percent more protein th,1f1 t11clr corn manly 
cultlvllled ancestors amj with :lIgnilicanlly 
higher lysine levels 

SCf(Jn"Gr~; trom Ill(' Unrvcrsrly 01 Nebraska have 
IJnlocked SOITW of tho Derw\'c rnysterles contained 
Within nrain:. of wl1f!at All'" ~;tlJdyinn characteristics 
of ItHJlISillHJS of strain~; of wheat fror;'] around the 
nlohe. 1t1l'y tHlVO bred ViHlctll]S tllilt not only yield more 
[wr ilCru bUI also f)roclucc wheal of suporior nutritional 
value, The varieties contain more protein and marc 
lYSine, an essential arl1lnO aCid in which most wheals 
arc deficient, 
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Christopher Columbus was looking for India 
when he found J\merL::a. Lowell KI~pper, an 
assislar.t professor 01 agronomy at the Uni
versity of Nebraska, was searching for wheat 
strains with high protein value when he dis
coverecJ an important secret of plant life that 
opens the way 'Ior improved herbicides. 

Working uilder an fI..ID research contract, 
Klepper knew that lhe protein content of the 
same slmin 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 faclor determining the protein content 
appeared to be the amount of n1trogen the 
plant received. Klepper's scientific cUriosity 
led him deeper irlto the secrets of how plants 
convert nitrogen to protein, ur,e of these 
pfocesses tliat scientists recognize without 
fully understanding. 

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 :nto a'Tlmonium 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 ~iRsue because it is reduced 
very rapidly to ammonia. But Dr. Klepper 
learned after testing YO percent of the 
chemical classes of commercial herbicides 
that eseentially all cause a buildup of nitrite. 

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

The traditional method of developing herbi
c!cas has been through laborious trial· and
error processes invol'!inQ extensive scroen
ing of thous2nds CJf chemicals and lengU1y 
field testing. The tech:-:ique developed by 
Dr. Klepper should compress tile tir.le nec
essary for screening anG identification of 
which herbicides are Illost effective for spe
cific weeds. Some tests that previously re
quired months or years may now take only 
hours. 

Anothor advantage Gf his technique is that It 
should reveal the exact amount of herbicide 
necessary to kill a specifis weed, which 
would reduce to a rninimum the effect the 
herbiciae wi!: have on the environment. 

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

The impurtance of these findings can be 
illustrated by the fact that crop losses due to 
weeds are estimated in billions of dollars per 
vear in the United States alone. In develop
ing countries, where crop yiolds often deter
mine whether thousands of men, women, and 
chilrtren wil! 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 f::ldings will lead to more 
efficient use of fertilizer and water, and a 
decrease in en·.;ironmental pollution through 
better herbicide management. AID 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. 
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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 to as high as 
18 percent, depending upon the conditions 
under which it is gro'An. 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 Gountries 
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, to 
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 carne 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 
IJlant'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 waiting for the 
plant to prodUCE: grain. Consequently, In a 
brief period of time, he can select those 
seedlings that show promise of high protein 
content and discard those that do not. 

Corn--Im~rovement of Nutritional 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 
i'l two essential amino acids, lysine and 
tryptophan. 

Attempts to improve the nutritional value of 
maize were considered impractical until 1964 
whpn scientists at Purdue University identi
fied the opaque-2 gene, which markedly 
increases certain amino acids, particularly 
lysine and tryptophan, thus improving Ole nu
tritional quality of the corn. Subs8Cjuently, 
they reported that a secondary genetic char
acter, f1oury-2, was intermediate between 
opaque-2 and normal corn in its Rmino acid 
content nnd had increased quantities of 
methionine, another amino acid essential to 
human and animal nutrition. 

The discovery of the opaque-2 endosperm 
character immediately received wi do 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 plantillg 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: gleater 
3usceptibility to disease, particularly ear rot; 
higher moisture content at harvest: soft 
starch that was unacceptable for local rec
ipes: poor storage quality, 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 chClr
acteristics of maize, and for a breeding pro
gram to overcome the defects of opaque-2. 
Cooperating with other world maize rese~rch 

centers, such as CIMMYT. the Purdue sCient
ists have identified a series of endosperm of 
opaque-2 corn in hard crystalline varieties. 
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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 modifications 
have resulted in no serious loss in the 
opaque-2 nutritional values. Tests with young 
children in Guatemala and Colombia have 
demonstrated that opaque-2 is the nutritional 
equivalent to skim milk wilen fed at an ade
quate level of diel. It can cure kwashiokor, a 
disease resulting from severe protein defi
ciency. when it is the only plotein 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 dnvelopment of a positive test 
for the chemical identification of high-lysine 
opaque-2 maize. Because the new corneOLS 
endosperm opCtque-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, witflout 
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 higl1 lysine content regard
less of the physical appearance of the corn. 

Brazil. one of the most advanced LOCs, is 
utilizing this new discovery; in 1972 some 
400 tons of opaque-2 seed, an amount suffi
cient to plant about 3/4 million acres, was 
produced and distributed. The new crystal
line opaque-2 varieties which have normal 
grower and consumer ar.ceptance, will be 
IIltroduced 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 De 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 sejen
tifir .iournals. 

Corn. a basic food for millions in developing countries. 
IS naturally lolV in protein and deficient in the essential 
amino ilclds. lysine arid tryptophan. AID funded re
search at Purdue has led to the discovery of genes 
that can correct these deficiencies. 
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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 jonal value. They sought 
lines with genetic characteristics that could 
be crossed with hardy lines capable of sur
vival under the climatic and soil conditions 
of LD~s. They confirmed that most sorghum 
varieties contain only about 10 percent pro
teill, 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 arid quality. 
Total protein values may range from 8 per
cent to more than 25 percent from the worst 
to the best lines. 

The p:linstaking analysis 'Jncovered 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 to five annual growing seasons, the 
scientists believe, these lines can be crossed 
with hardy, high-yielding varieties of sorg
hum to 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 shmAJed 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 faulty; or. the 
animals used may not have been good ex
perimental models (digestive systems vary 
greatly in laboratory animals); special toxins 
or other dietary disadvantages in sorghums 
may have cancelled Clny 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 to 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 oetween lighter 
and darker colored varieties of sorghum. For 
many years breedGrs have selected varieties 
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 und 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 to be more resistant 
to grain inspcts in storage. Although white
seeded sorghum IS generally preferred for 
the human diet and yellow endosperm vari
eties are favored by the feeel industry be
cause they have a somewhat better feed 
value. the pigmented varieties constitute by 
far the largest percentage of all commercial 
sorghum hybrids. 

Further tests clearly implicated tannin as tre 
"unknown factor." High-tannin varieties of 
sorghum caused rats to 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 gremer than those for 
rats eating moderate-tannin sorghum. 
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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 10w-tRnnin varieties. 

Milling the tannin is not an insurmountable 
problem. Tannin is contained in an extremely 
thin layer, 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 value 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 !ie 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 (only 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 cmtain 20 
to 35 percent protein, compared with 7 to 12 
percent in ordinary cereal grains. 

Pulses have benefitted Iilt/e, 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 
to 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; important diseases threatening the 
plants were determined along with measures 
to 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 Iran 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 
bealls that yield 20 percent more than the 
previously planted pulse crops. At both cen
ters, scientists adopted a "package" ap
proach of recommerlding 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 
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"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 pulse 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 to 5 months, 
compared with tile 8 to 10 months it takes 
traditional varieties. 

In September, 1969, exploratory research on 
beans and cowpeas was initiated at the 
Federal Experiment Station, Mayaguez, 
Puerto Rico. Here scientists have concen
trated on the developrr,ent 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 selling. 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
lent diseases, and one variety resistant to the 
white fly, have been developed. These are 
being made available to interested ilational 
and international agricultural organizations. 
Project linkages are planned to include most 
of the countries of Latin America. Techni
cians from the project qre providing guid· 
ance and counsel to '_D~s 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. 1\ is 
one of the greatest producers of calories per 
acre planted. 1\ is the seventh largest staple 
food in the world. Unfortunately, its nutri
tional value, in terms 01 a protein crop, is 
very low. In the U.S. cassava is used pri
marily as a basi8 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 
recomme~ldtltions for research to improve it. 

The cassava publication has had wide dis
tribution and is providing guidance as to the 
state 01 knowledge concerning this crop to 
investigators throughout the world. 

Georgia recommended th3t the crop be 
studied with a view toward increasing yield, 
protein and starch quantity, to develop in
creased resistance to drought, insecls and 
diseases, and to modernize processing anj 
fortification lor both human and animal con
sumption The university also recommended 
establishment of germ plasm banks in 
Africa, South America, and Asia, as a source 
of germ plasm for breeders and producers 
throughout the world. 

At the present, world lood organizations are 
stressing the value of cassava as one of the 
primary lood crops lor increasing caloric in
take. Emphasis on improved protein quality 
still centers on legumes and cereals. Never
theless, the potential for cassava, enriched 
either through selective breeding or fortifica
tion, will continue to be explored. The lead
ing centers in the improvement of this crop 
are the international centers in Colombia 
(CIAT-International Center for Tropical Agri
culture), where Canada is financing a major 
program in cassava production and improve
ment. and Nigeria (IITA-Internationallnsti
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 bacteria. 
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A portable table thresher that can Ilundle eitller moist 
or dry rice ~Jrilln In t1w field is bemo tested in the 
Philippines This relatively Inexpensive machine 
separates (Fam from cllaff and straw. combing und 
sheurlnCj Iho flce plant m a way that combines features 
of a cotlon gin and a conventional t1up,sher. Two 
Philippine finns ar,) manufacturmg the machine which 
was develorJed by tile International Hlce Research 
Institute (IRnl). 

Simple farm n,lchinery has been designed by IRRI to 
perform arduouc la~;ks peculiar to rice farmillg. This 
five-horsepower tiller IS used lor weiland plowing, and 
puddling. The tiller, fabricated from locally available 
materials In small machine shops, simplilies repair 
and serviclnJ 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 witil 
rico 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 technology. more in
tensive production practices are ~. 'nerally 
necessary. In many countries of Asia, labor 
shortages are beginr.ing to occur ,n periods 
of peak labor demand. Many farmers are 
finding that they cannot effectively till, plant 
iJnd 11iJrVesttheir crops With traditional meth
ods and take advantage of the new tech
nology. For such farmers rnechC:lI1ization is 
becoming a means of supplernentin~J both 
iJvailable labor and land resources. The rise 
in seasonal labor 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 mara intensive manual culti
vation practices. Ttlis approacll 11as many 
limitations: the high cost of human energy, 
1110 seasonal nature of demand for farm 
labor. the critical necossity for timeliness in 
agricultural operations (particularly in mul
tiple cropping moas), for exarnpie. The po
tential for supplying additional power from 
animal sourr;es is also rather limited. Be
sidos, animals usually compete with humans 
for scarce land resources. 

Tile drudgery of rn2:lual wetland rice farm
ing has driven many farmers to the cities of 
ASia, whore their 1rJ! is no better. Now that 
soed-fortillzer technology is available to pro
duco greater yiolds from the land, highly 
specialized equipment is needed to realize 
the benefits Japan alrP.ady uses spec!8liled 
machinery on small farms. But the equip
me;lt for farmers in LOGs, if it is to be eco
nomically practical, must be tailored to their 
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needs, inexpensive, and manufactured in 
their own country. The equipment is needed 
for the intensified operations of land prepa
ration, transplanting, weeding, harvesting, 
and threshing. Fast and efficient equipment 
for drying and processing is also needed. 

AID cLntracted with the International Rice 
Research Institute (IRRI) in 1965 to develop 
the necessary equipment for the production 
of rice and associated food crops on the 
smal/ farms (5-25 acres) of the Far East and 
South Asia. At its headquarters in L.os Banos 
in the Philippines, IRRI has been developing 
and testing agricultural machinery suitable 
for use and manufacture In the tropics. 

IRRI engineers f()ced the following chal
lenges. The equipment rT1ust b8 easy to man
ufacture in the countries where it is needed. 
The cost to the farmer must be low. Til/age 
implements must be <lble to work in soupy, 
glue-like soil, often under water. Special 
threshing equipment must be developed that 
wi!! handle wet grain so harvesting can be 
done quickly and the field can be replanted 
soon for multiple cropping. 

Throughout the project researchers have 
been obliged to balance mechanical ingenu
ity with economic pragmatism. The equip

ment has to be profitable to both farmer and 
manufacturer. Therefore input-output anal
ysis of all alternative approaches and de
signs is required. The equipmert has to be 
tailored to particular circumstances; simply 
scaling down eXisting eCjuipment would not 
be satisfactory. 

Engineers quickly determined ltlat draft 
tmctors pulling weeders. thresllers or com
bines would become mired in the sticky soil. 
They deSigned small power-drrven imple
ments that would lift tlwmselves upwarr! and 
forward in the process of doing their job. 
For example, they CcHlle up With a power
driven paddle wheel weeder whicll can extri
cate itself from gunky fields <lS it weeds. The 
farmer, who pushes it like Cl large Illwn 
mower, can adjust the <lngle of the rotary for 
depth of weeding, overcoming th0 drag fac
tor and reversing course without damaging 
the rice plants. 

The power weeder is being manufactured by 
two Japanese firms; some 6,000 units Ilave 
been sold, half of them in 1972 Three Philip
pine manufacturers have marketed about 600 
six- and eight-row seedurs for approXimately 
$50 each for seeding pregerminated paddy 
ricf.. seed. 
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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 conventional thresher. 
Three firms in the Philippines are marketing 
the drum thresher Models have been 
shipped on request to other countries for 
testing and evaluation. The table threshers 
are being producecJ by two Philippine firms 
(one of which sold 50 in that country in 19"12) 
and one Australian company 

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

The proJOct has been successful in taking 
some products from the dr2v'':lIlq board to the 
fiele': In as lillie as 1f3 months Not every de
sign accomplishes Its purpose, of course, 
ane some equipment th8t would be very use
ful IS nevertheless uneconomical. 

Machines cuntlllllC! to be developed and 
lested that would solve a number of the rice 
farmer's problelT1~; A rni1chine for spreading 
anhydrous EIIIHnOllin fertilizer in pUddled 
fields wllllOdt loss of nrnmonla or mechanical 
problems has been successfully tested. Simi
lar equipment for Icrtilizcr sprcClding is in 
the work; Olller products include a stripper
Ilillvester comblflC', a multi-crop thresher, a 
centnfugal rniller, clrylll(] and parboiling 
equiprnent,8 multi-hopper seeder, and a 4
to-6 horsepower tiller. 

CoOperi1tlve arrangements for testing ma
chinery, involving qovernments, public insti
tutions, and private companies, have been 
made ill Pakistan, Inelia, Ir:cionesia, Korea, 
Sri LankCl, M8Iaysii1, Bangia Desh, Taiwan 
and Thailand. The ndaptability of the IRRI 
machinery for farming in Latin America and 
Africa is being explored. 

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 numerOLJS weeds grow at phe

nomenal mtes. Under an AID 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 fhe LDCs.
 

OSLJ's field research emphasizes ;ntegrated
 
methods that are expected to result in more
 
complete and economic31 weed control
 
through combining the most appropriate
 
herbicides with labor intensivE' methods. The
 
measures, which inc :ude social, economic
 
and ecolo~Jical com;;derations, are being
 
tested in Contral America, i1nd most recently
 
Brazil; the results may prove valu8ble world

wide. The Latin American research by OSU
 
began in Colombia and the highlClnds of
 
Ecuador in 1967. where researchers tr3ined
 
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
 
praclices and recommended new methods
 
for weed control.
 

The approach proved successful, and two
 
years laler field research was expanded to
 
Central American countries and 11e Ecuador
 
lowlands. Results indicnted that crop yields
 
could be doubled, and costs of weed control
 
reduced by 50 percent or mal e. In addition to
 
protecting food crops, the researchers were
 
able to identify poisonous weeds in pastures,
 
which had been taking 3 huge toll in live

stock, and to find means to destroy them.
 

The Latin American research conducted by
 
Oregon State University provided a model for
 
integrated field studies that should build a
 
body of knowledge on weed control in the
 
tropics.
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New melhods of IfrlljiltlOll and Improved fl'llillzcrs 
tlave made food ClOp:; flourish II' peHls (·f Lalln 
Arnerlcn UnfolllJllJtc-ly, weeds also ,)ro\'/ faster The 
AID-Ore~)on Stn!,' LJllI\prslty weed conlrol prOjeCI 
provides a 1110del for Inh~rJI,Jlcd field studies that will 

Having established a workClble means (f 
gathering dClta on herbicides specif:c te 
various plClnts and conditions, the 0le90n 
center requested several international agri
cultural organizations to supply SUCil data 
fro 11 developlllC) countfll::s where they oper
ate In turn the Center would shme informa
tion It hr'!d cuil0cted elsewhere, For example 
the findings from VilrlCJUS regions of Colombia 
on how rllfferont ClOpS responded to vmious 
methods of weod control (takinq into ilccount 
the variants of soil, temperature ilnd rainfall) 
were sent 10 CllFlcllllurill cnemlcal companies 
in the United Slilles, Europe, ilild Japiln 
through a new product and rractices re
search program 

Under Ihe project. numerous pamphlets and 
bulletiils hClve been issued, along with three 
major publications expected to have wide
spread applicability: "Herbicide Use and 

COlllribute SICjlllf:c,II1:ly tn ,JIJrOIlOllllst:; knuwledge 01 
weed COlllrol III till' !IUpW::, TIll' nrol,-,CI wilrk:, Closely 
\\ntr, rCSC3rC~1t.~r:~ if) ~cvprai LdtHl AnwrlCarl CdulllrtcS 

10 Ilnd ItH'l must Inl_~:q)pn:.;:\~'e but effectl'.,'l: n1L,nh)(Js of 
cultural crlf'lflllCJI and t)l,lloqIC~lj L(-;r~lr;)1 ()r \"h~l'(1s 

Nomenclil!ur(: Inde~ " which Inclllrles tClbles 
of geneJ'lc ilnd trilcJe '~;1I1WS for herhlcldes, 
plus il guide to herhlclde uSClqC' for 68 mCllor 
food and fiber crops: "Weed RC'seilrch 
Methods MClrllJal," ;1 prilcllCill hilndhook with 
emphaSIS all (~SlilhIIShlllq now wC'od control 
prorl!ClmS Ihat illso describes sucC(~ssful 

rnl:thods I'OW In usC', ;)Il(! "MilnuClI of Pesti
Clele Appllciltlon" which rloscrlbcs small 
~;c(lle pestlcldo ,Inri herbicide equipment 
;]vilililblt~ throllCjholil the world The Center 
d,Slil::Olltes a periodiC ncwslelter--"Infoletter" 

-to weed SCientists In more than 100 
countries 

As a clemlnqllousc for ,nforrnation on 
weeds, pestiCides and herl)icldes, the Center 
collects data from field trials in other coun
tries, keeps abrcilst of improvements and 
modifications in chemicill control methods 
and corresponds with some 3,400 scientists, 
agronomists and agricultural agents, 
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Tropical Salls and Water Management 
Posing [1 vast challenge to the agronomist 
are some 2 billion acres of potentially arable 
land in the tropics. Native tropical vegetation 
gives L'/ldence that some giants will g,ow on 
tllis land, but it remains uncultivated for 
several reasons. Among the reasons are un
favorable £]eographic location, lack of mar
kets. soil rlcidity, limited soil fertility, and lack 
of knowledge of implOved soil and crop 
management prnctices. 

1rapical soils pose special problems to 
farmers that are not solved by research 
on the largely temperate zone soils of the 
developed countries. Natural forces seem 
to conspire to recuce the fertility of tropical 
soils. ~jeavy rainfall may cause leaching of 
vital nutrients from the zones reached by 
plants' roots. Surfaces of H-r, tropical soils 
are scorched by the sun, and the prE;dom
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 sllch as 
nitrogen, phosphorus, potassium, sulphur, 
calcium, and magnesium. 

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

NAS Review of 5011 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 bGJrd produced a comprehensive state
ment of th8 current state of knOWledge about 
the composition and types of tropical soil. 
Among the higillights cf this report is a com
parison and cross refer~nce of French, 
United Nations (through 1110 FAO), and U.S. 
(Depaj·tment of Agriculture) schemes of soil 
classification. Collating and comparing this 
information permitted tile authors to identify 
practices developed under each classifica
tion system that couid be 3pplied to culliva
ti'Jn 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 other significant practical problems 
relating to management of soils in the tropics 
that reqUire further research were pinpointed: 
soil temperature relationships and soil water 
conservallon techniques, for example The 
research conlirmed th<1t reliable methods for 
predicting soil acidity, liming and ion ex
change have different Significance in the 
tropics thEIIl 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. 
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Factors Limiting Soil Productivity 

At Cornell University, since June 1969, 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 (" rap yield 
from these soils and yet maintain them in 
proper condition. Until recently, field re
search was based mainly in Puerto Rico, with 
laboratory and greenllouse 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 hov/ do lime 
and phosphorus interact in the soil? What 
are the residual effects of phosphorus? 

Experiments established that post-planting 
applications of nitrogen fertilize~s are superior 
\0 pre-planting applications. A surprisingly 
high level of inorganic nitrogen was found In 
the typical clayey sOlis of Puerto Rico, .-.lJld 
laboratory methods were found to evaluate 
the capacity of such tropical soils to supply 
nitrogen to cultivated crops. The toxic effects 
of aluminum in the soil solution on root 
growth of c;orn and sorghum were confirrned 
In laboratory and greenhouse tests, It was 
found that calCium in the soil solution plays 
an important role in minimizing aluminum 
toxicity 

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

Economics of Soil Management Systems 

Under a companion project, North Carolina 
State University is studying the economic 
implications of different soil rnanagemcilt 
systems in Latin America, to incrcJse the 
utility and acceptance of agronoml~,\s' rcc
ommendations based on soli cl3ssilicatlon 
and analysis. The North Carolina soil exrerts 
worked closely with colleagues from IDCs, 
concentrating the reseiHctl on thes8 geo
graphical areas: the Campo Cerrado of 
Brazil, the Peruvian selva in the upper 
Amazon Basin. and the 3fCas of Cenlr;ll 
America rich in soils derived from vl)lc,mic 
ash. 

The research team's first slep W;"IS to conduel 
and publish a complete review of lile IlterJ
ture on soil rese3rch in tropical LCltJn Amor
ica dUring Ihe 13s1 eJec3de. ResIJlt~; WI~I() 

studied to discover knowleuCjl) CFlPS A UHf '0
phase mC'thod of correldlinq the results uf 
soli tests with actual plelnl rcspol1~~I.~ to fl:r
lilizers was developed after ~;oils Wf~rl1 

analyzed. 

The next step was to ueterlJ1lfl(' the 11~i11111ILJ'll 

number of field nl)Servoltl()I1S l1ecc~;solIY lor 
maklrlg soil rnal1J(jprnenl recOIl1J1WnddtltJns. 
The fewer the observatlollS 1')qUlfl)<! to pro
ducr satisfactory results, the f.1sler tile /;lr1d 
can be made proeJuctlvc, tile ~.JlIllplL'r the 
procos3, ami tile lower the cost:; 1\ :;\11''1111

lined pr,Jceefure of soli C 1tlSSlfIC,l!1C111 WOldt! 

be particularly valuaolc ifI Inl1lOtc~ ;Hl~olS rlw 
researchers found tll3t It Ic, po~;~;rI)le tt) Iflakn 
soli management recornlllC'nd;ltIOI1~;un 1118 
baSIS of some dozen Cll;Jr,lc\J~rlsIIL:, uf ':nll 
(such as texture. dep\ll of ~;oll, rlf<lilldtJ8 of 
area. and acidity) 

TIle team COndlJcted IJltonslve I t~~;c~clrcll lido 

the ~;oils of the eastern sfopc~; of 111(; Peru
vian lllountalJls, runnlJlg down to tile l'In';ill 
of the Amazoll niver, eX3r1l111l1lC) i1!llJ dl~

scribing ttw salls of the fOle:;t-cOVI)lf_'11 i1II';1 

The value of tillS work lies Ilot Oilly III tlll~ 

potential aqflculturiJl oClwfl! II) \110 fY:IJplo 
who mi(jhl seek 10 cultivdte tll;lt p,lItll: 11lar 
part of South Americ;) (which itsolf COVI~IS 

an area eqUivalont to tllo ~jouthoastC',n 
United States), but In tile similiHitlos of tllosa 
soils 10 others covered lly tropic;)1 forests. 
These include soils of the Congo basin in 
Africa, much of the Mekong basin In Asiil, 
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In ttH' JIJrlljlt) ,11t)a~; 'II ttlP tropl' ~, now beinq 
0PPlwcj to 1,lIl11illll, laml r:leanng practices r:an have a 
dramatic ('ffect on subsequent crop yields, Research 
III PurlJ cilnvlllccd r~orth Carolmu State University 
ilgronornlsts lhat "~;Iash and burn" methods of land 
clearmg, used by tropical farmers for centuries, are 

oltlm mow effective than usinCj heavy equipment. The 
tQP ptlOtQCjraph shows the fullur, more even stand 01 
nce aclHeved on land cleilred by "slash ilnd burn" 
methods, compared With a mechanically cleared area 
In the same region, below, 
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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 recommp,ndations, drawn from 
their technical knowledge and the experI
ence of local farmers and investigators. One 
of tho findings that should have broad appli
cation deals with land-clearing practices. For 
many yems, farmers used the "slash and 
burn" nlethod of clearing the land for culti
vation, which was believed by many agrono
mists to be inefficient and wasteful. Experts 
claimed that heavy equipment should be 
used Instead. Preliminary findings from the 
N.C project suggost thnt ~;lash-(1nd-burn is 
often the best method, although investiga
tion of alternative means of land cleming 
continues. 

Another aspect of the study has boen rnore 
efficient growmg of certain crops m the soils 
of the high plains of Peru. Work to date has 
concentrated on potatoes, but corn, rice and 
beans will also be studied, It was found that 
when farm~rs followed all recommendations 
pertaining to fertilizers, selection of varieties 
of potato, disease control, and timing of 
planting, the par hectare return to the fmmer 
could be increased an average of $769 net 
per year If, in addition, the fmmer would 
submit a soil sample for testing and follow 
the recommendations receiveej, he would 
earn an additional $94 dollars net per year. 
Such Cl soil test would cost the farmer $5. 
The significance of this increClsed income 
becornes Clpparent when one realizes that 
aver::>ge annual income m this area of Peru 
is arv md $200, 

Soil test recommendations are based on data 
collected by Peruvian investigators over a 
1a-year period, at 22 separate sites. 

Water Management 

As part of a research package designed to 
increase crop production AID has sponsored 
two projects examining water management 
practices-one in Latin America nnd one m 
Asia-to develop cmd introduco improved 
methods. 

Because vJi1ler ~;lIpplle)S eHe 1I1111tceiln Illany 
of these aroas, tlw amollnt that is avnil3ble 
must be used in un innov;ltlve way, :t1ong 
with improved plnnt vmi(~til'~;. morc fertilizer 
and pesticidos, if the Innd I~; to proejuce 
maximun: yields of food crof)s 

Utah State IS cxplonn~l on-farm w3tnr man
agement 111 H1C mid ami sub-hurnlej 13nds of 
Latin Amenca; Colorado State University 
seeks to devolop on-fc:rm water delivery sys
tems in Pakistnn. The rescnrch under these 
AID contracts will be applicable in prlllciple 
to other semi-arid lancls. 

Some 200 million hectmes Clf land are pres
ently being imgatoej III the world, 40 percent 
of the land lhnt could be Imgatod. In Latin 
America, approxllnntely 7.8 million Ilectacres 
nrc boing Irrignted. The qovcrnlnonts of these 
countries have plans to mOle them double the 
amount of II ngated laneJ III order to meet 
tlleir increaSing domestic food requirements, 
develop export potential, 3nd provide ern· 
ployment for rural workers 

Such an increase ill pro(jllctrvc lanel would 
be a genuine ()conomlc bOOll 10 the coun
tries. To reach tillS qoal, r(~~;cilrcl1f,;rs have 
concentrated all stuclym~l lww vmlor C3n be 
efficiently used on the COUlltrl(~S' farms: and 
on Imming local aqronoflllsts 3nd anncul
tural educators. 

Many new mCiE; llre cominq undor Irrigation 
wlwre (lata IS n(~()dt)(J to dnterlllinc crop water 
reqUirements, water nppllcatlon rates, and 
drainage reqlJlremcnts 
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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 
simulate the hydrology of an area. This tech· 
nique has been used elsewhere, but it was 
new-and useful--to Colombian engineers. 
One Irrigation project in Colombia was used 
as a pilot tJrojectto model the effect of 
alternative management decisions on the 
water table in an area susceptible to water
logging. 

to"' 

Arid ilnd semi-ii lid ianrj In LellHl ·'\merlcil can 
produce a bounty of fOOlJ crops UIl,;er proper Irriga
lion Researchers from Ulilh Stille University arc 
carrying out rescarcll to deternllne the best methods of 
on-farm water ll1anaqclTlcnt Ht're a member of the 
research team IS checking tilt! watcr 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 calculalin(l crop water requirements. In 
another experllnent III EI Salvador they 
learned that on hl\]hly porous '/olcanic soils 
using trickle Irrigntion instead of traditional 
furrow irrigntiun can result in water savings 
of up to 75 percent. 

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 
!?x!ension service. 

•Advanced irrigation methods increased 
corn production in the Zapotitan valley of EI 
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
nificantlyincreaslng 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 10 legislators and administrators 
of other countries on ways to deal with the 
control of water. 

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 roots-and the plants die. 

The research team found that application of 
phosphate fertilizer serves to combFlt the 
deleterious effects of saline water. If phos
phates are used, production of some crops 
can be increased even Ii ttlO water supply 
contains what was once considered a dan
gerous level of sail. Part of the value of this 
demonstration is that f<:Jrlllcrs formerly had to 
go to great trouble to drain off all salty water; 
now they can turn it inlo a productive re
source, The application 01 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. 
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Colorado State University sCientists workln\l 111 

Pakist'3n have found ways to improve POOl wheat 
stands :JUC!l as this one which Ila5 beel1 affected bll 

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 bene· 
fits of water management techniques to 
interested Pakistani farmers and legislatorG. 
Increased yields and irr.proved water use 
efficiency on these plots Sl10W conclusively 
the advantages of land levelling. 

Seminars to disseminate project findings 
have beon held under the auspices of the 
Pakistan Agricultural Research Council. In 
addition, Pakistani farmers have participated 
in field plot activities. Two motion pictures, 
narrated in English ami Urdu, were produced. 
They are designed to motivate farmers to 
improve their lands, and to train technicians 
to levelland for efficient water management. 
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sallf',e Irrigation water They learned that application 
of phosphate fertilizer will offset the depresslI1g Ill
tluence 0' the high level of salt 111 till} Irrlgallol1 waler 

Under the proJect, a broad look at :\slan 
water management projects has resulted. 
again centered nn Pakistan where the on-site 
research occurred. Ways of obt3ining an effi, 
clent allecation of water were studiod. Em
phasis was placed on tho best means of con
veying. delivenng and applying W2!er 10 the 
farms. It is expected Ihat the research will 
supply additional supporting data for the 
verification of the prlflciples, which carl be 
applied fa U.S. agricultural problems also. In 
certain meas of the U.S .. for example, the 
problem of soil and wClter salinity IS cen
stantly increasing and becoming a greater 
source of concern Although the Situation is 
more acute in Pakistan, techniques devel
oped could 110lr! to reclaim thousands of 
acres of productive land in the U.S. that are 
now thleatenod With becoming agriculturally 
worthlt;ss. 
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Tailoring Fertilizers for Rice Production 

Plants are not gluttons. They can absorb only 
as much nutrient as they need at one time, 
and can nu mom store the rest than a human 
could eat ai/the food he needs fcr a week 
at one huge meal. For many years the fer
tilizer applied to rice paddies lacking total 
water 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 SOllthwest Asia, and in most of the other 
rice-growing areas of developing countries, 

Under c A.ID contract. scientists from the 
Tennessee Valley Authority developed a 
meth'od at providing inundated rice plants 
with the amount of nitro;;}en fertilizer needed 
-at the time the plant could make use of 
the nutrient. 

The fertilizer chosen is urea, which is rich in 
nitrogen a:ld substantially less expensive 
than other fertilizers. Uniform small particles 
of urea arc sprayed with molten sulphur to 
produce pellets ranging in size from a small 
"0" to a capital "0". 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 
pil:s" of antihistamines. The water in the 
paddies dissolves the protective covering of 
the sulphur-coated-urea (SCU) at varying 
rates 

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
facl,ure than uncoated urea, but it is twice as 
benefici11to 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, fertilizer had to be applied 
frequently during the rice-growing season, a 
particularly arduous task because the pad
dies were flooded. Naturally, a large supply 
of fertilizer had to be kept on hand by the 
farmer. With SCU, he can apply the fertilizer 
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 to rain-fed paddies subjected to 
intermittent flooding. The most impressive 
returns came from the rain-fed fields. Tests 
on sugar cane in H?waii showed that 250 
pounds of SCU pruduced crops that would 
require 500 pounds of standerd ur(~a. Other 
crops that would appear to bene!il from SCU 
(besides rice and sugar cane) are plantains. 
African yams. and cassava-all of which 
have long wowing seasons and require 
nitrogen at 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'3a was Fl 17 percent net increase. 

An addilional benefit of sulp! ~r-coated urea,t;.;~ .J1 1
besides its SIO'N rliS30lution rate and superior
 

RfCIJLAR CL AY- SULFUR-COATED 
[OAT[IJ lJ.Rfl1 UREA 

AFTER 6-W[[KS OP!# EXPOSURE/Una;; 

Sulfur·coal'3d urea (SCU) is a parliculmly etticient 
fertilizer for rice paddles, developed by tile Tennessee 
Valley Authority and tested broadly in Asia under AID 
lunding The tiny pellets release n,trogen al a slow 
ralt1. prOViding the fight amount when tile plant can 
buslusc II. As illustrnled. SCU i~~ more durable tilan 
traoillonal urCJ fertilizer; it resists tlUmidily, will not 
cake and is hetler for slorugo and Ilandling. SCU also 
provides sulfur that many soils luck 

storage 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 tl1em Mexico, 
Taiwan, India, and Iran. The only known 
commercial production to date is in 
England. 
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Hock phosphate, foumj extenSively around the world. 
IS potentially nn :nexpenslve source of the plant 
nulrient phosp~lOrus. However Ihe renclion of crops to 
rock phosphntes has been unpredlctnlJle Scientists 
ollhe Tennessee Valley Authority developed a lest 

Cooperation was established with an 
advisory committee 01 experienced rice 
researchers, sOlne 01 whom tested the fer
tilizers in their own programs in various parts 
of the world, Included were representatives 
of IRR!, 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 &n inexpensive source of phos
phorus for crops, But the reaction of crops 
to rock phosphates is unpreGictable-some

thnt will predlclwilh ~Iccurncy It .1 particular depOSit 
I~; useful for ,J(lrlculluro If !lle Impurities that impede 
the phosphalc'~; <lellon ,ue pari 0' tho crystal structure 
(figIIIl ttwy cannol be utilized by ttle plants 

times it works. sometimes not-and no one 
knew why, 

TVA investigators determined that the value 
of rock phosphate depends upon whether 
calcium carbonate is an integral part 01 the 
chemical compound or whether it is merely 
adhering to the rock phosphate The re
searchers developed .1 test lhat reveals the 
relationship of the calrlLJIn embonate c,mtent 
to a sample of rock phosphate. Now pro
ducers of fertilizers call predict with accu
racy if a parliculm deposit of rocl< phosphate 
is in a form useful for agricultural purposes. 
This knowledge will make more quality 
~8rtilizt'r available at low cost. 
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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. • 

AID is engaged in research to increase the 
productivity of these animals. Our emphasis 
is on grazing animals because cattle can 
produce protein in the form of milk and meat 
on land that is unsuitable for growing crops 
for human consumption Many of these 12nds 
lack rainfall: others suffer from floodin 8 , 
inaccessible terrain, infertile soils. They offer 
little possibility for producing grains, but 
because of the vast areas involved can make 
an important contribution in the production 
of anirndl protein, Gnd to a lesser extent in 
providing draft power where there are nearby 
crop lands. 

,~. 1'" ..~~," 

Vampire bats cause loss of blood, deatll and disease 
to thousands of cattle In Latin Amvrlca, resulting in 
losses estimated at $250 million a year 

Bats, Rats and Noxious Birds 
Vampire bats. those repulsive 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 world'v'iide. 

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 ttle Fish a:1d 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 :_05 Banos, Philippines, for rat 
control; at Palo Alto, Mexico, for vampire bat 
cor,tro!, ami at Palmira, Colombia, for bild 
control. 

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

Tile species of vampire bat doing the dam
age III Latin America is Oesmodus rolundus. 
The surnaille comes from his bloated ap
pearance after supping on blood, his sole 
dlel. Even If the bat does not transmit rabies. 
he can wreak havoc Cattle that survive a 
bat's bite rnay suffer 1035 of blood, mal
nutrition, myiasIs (a disease cGused by mag
Qots); thiS results Irt less meat and rnilk and 
animals are Illore prone to olller infections. 
Bals may also be a leral carrier of the Vene
zuelan equine encephCilomyelitis virus that 
killed thousands of horses In Mexico, Central 
America and the United States in 1969-71. 

After studylllg tile habits of 1118 vampire bat 
and the way in which hiS body functions, 
researchers came up With two methods of 
control. Both Illr]thods employ a blood anti
coagulant. ordinalily used for human heart 
patients, that is ingeniously geared to the 
peculiar, specialized physical makeup and 
behavior of the 3-inch, 1-ounce flying 
mammal. 
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TllP US Fish c!':lj Wildllf,' SprVIC", :Jr1clc: <In <I(')rc!e
rnenl w,n, AID '1i15 develop'",! ec:JilJ~I"ally sound 
rnelilOds of c(,tr()YII1~1 the prtedatl.,r,; Her" <I cClpturcd 
vamp"p b<ll I:~ pqlJlpped \\'1111 it cJevlep to send a radiO 
SI~lniJl ThfOUqll 1111' IJ~;P of ('q:Jlp;nent such as thiS the 
Investigators studied IIIP 11aLlIt" of It,,; b<lls and II1uS 
wele able to devI',(' IIIC In,"an,; to d"stroy them 

In one mettlod, the antlcongulant IS injected 
into the rumen of cattle, one of their four 
stoma:h compartments, It is then absorbed 
Into the cow's blood stream, The bat bites, 
lApS the blood. and the anltcoagulant 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 sale source of toad, 
contains no vitamin 1< necessary for blood 
clotltng, he cannot tolerate the anticoagulant. 
It prevents clotting of lhe bdt'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 IS based on the bat's 
predlleclton for preening a'ld cleaning itself 
and other bats. Fine nets are set up near 
carra led or tethered callie. When the bats 
have been caught in ttlese nets, men wearing 
protective garments smear the bats' back 
with anti-coagulant mixed with petroleum 
lelly. Then they are released to return to 
their domiciles-usually caves. mineshafts 
or wells-wllere they contaminate the enltre 
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 bClt bites on nearby 
cattle by 95 to 100 percent. 

These methods are far more effecltve than 
vaccinating cattle or attempting to shelter 
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 Ule end of 1974. 

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, reproDuctive or social
psychological systems of tile rats. Rats. like 
noxious birds, may tend to reproducc faster 
If their herds or Ilocks me reduced in size 
Their hydra-like charactellstlr. makes control 
programs based on killing rats ineffecllve 

The project began by consldellng use of (l 
chemical compound that would sterllic male 
rats-similar 10 tfle model used to control the 
MeXican screw-worm in the United States 
and tsetse tiles in West AfIlC(l. Studies of 
rats' sex lives rcvealed tllal even if only 10 
percent of the normal male rat population 
remamed unsterJilzed, the broeding habits of 
the females are so aggressive that the mas
sive sterilization would have virtually no 
effec! on lhe number of pregnant female 
rats. 

Approaches belllg tested Include drugs that 
would produce such social-psychological 
stress In tile rats that they would become in
nlbJled about sex, or developmg sexual at
tractants tllat would lure large numbers of 
rats to clestruction A Similar psychological 
approach IS used for noxious birds-minute 
quantities of a special ball cause a few birds 
to Issue distress signals that drive the birds 
away trom their feed 

Different methods of control are needed for 
those birds that migrate and Ihose tllal re
main m one region KnOWledge gained in 
studying control measures for one species of 
bird IS valid for other species. For this reason, 
lhe reseClrch on all these vertebrate pests is 
supported by an II1lerdlscipllllary research 
unit As marc IS learned at vertebrate pests' 
pecullarilies and Iile-styles, sCientists are 
belter able to deVise methods of eliminating 
their hazardous and destructive practices. 
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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 trypanosomes which, 
when transmitted to mammals, parasItize the 
blood and produce sleeping sickness in man 
and a fatal disease known as nagana 
In cattle. Eradication efforts based on clear
Ing and burning brush or applying insecti
cides are expensive and only partially 
successful DruCj(3 agC:llnst animal infection 
arc available, blJl a massive innoculation 
program is impr;lctical. Because of the size 
of the problem, AID contracted with the U.S 
Department of Agriculture to develop meth
oos to control or eradicate the tsetse fly. 

After pre-testinG several known methods the 
research team decicJed 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 che,nlcal which will have little or 
no effect on tho enVIronment. Encouraging 
results have been obtained. 

The technique IS based on knowledge of the 
mating habits oi tho tsetse fly. The female 
mates only once and deposits fullgrown 
maggots, not eggs. At the height of the mat
II1g season, sterilized males are released to 
mmgle with the wild 1J0puiation (w~.ose den
sity can be measured) with a ratio of approxi
mately three sterilized males to each wild 
male. For the next 18 months quantities of 
steri!zed males are released at 2-month in
tervals until the ratio favors sterilized males 
by 15-1. When they predominate to this 
exlent, extermination of the species in that 
area is assured. 

The resemchers also succeerled in rearing 
the tsetse fly in captivity, which previously 
was difficult to do. Of course, large quantities 
of flies arc rt::quired for sterilizatinn and re
lease to control wide areas of infestation. 
Now. productive self-sustaining colonies of 
tsetse fly can be reared in cages housed in 
temperature-humidity controlled rooms. As 
an alternative to rearing flies, researchers are 
experimenting with various allractants which 
would lure the flies to chemosterilants placed 
in fly-infested areas, 

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. FAa, UNOP, 
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 hi[lhly successful in isolated test 
sites. After 15 months, the tsetse fly popula
tion has been reduced by 94 to 99 percent. 
In these tests the technique was also more 
econornicalthan spraying, cledll ,g brush, or 
destroying game, 

The researctl s~lould have significant impact 
on the economic welfme of LDCs. For ex
amplE:, In Africa ttlere IS land where humans 
can neither live nor work because of the 
Infestat/on of tsetse flies; on this grazing land 
some 120 million head of catlle could be 
raised. Meat production per year is estimated 
at $800 million minimum; mill< and hide 
production would add an additional $400 
million. 

rtle tmy t"else fly has rendered some four mil/ion 
square fillies of [lotentlally productive !nnd in Africa 
an ngricultural wasleland. The fly causes sleeping 
Sickness In IllJmans and 1I1e fatill nngnna in livestock. 
AID has sponsored a IHOjCct With the U.S. Depnr:menl 
01 Aqrlcullure to erndicnte the tselse fly by breeding 
~;teril() males and releasing them to matp fruitlessly 
With the rnonognmous tsetse femnles. The sterile flies 
bred m caplivity must be mnrked before they are 
releasod among the wild popUlations. so scientists 
can evaluate the effectiveness of the technique. 
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Hemoprotozoal Diseases in livestock 

Livestock, 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 
parllcularly severe in Latin America, where 
they have been responsible for 50 percent 
of animal losses in some areas. 

In June 1968, AID contracted with Texas 
A&M University for research to determine the 
causes of Ihese diseases and to develop pre
'/entive and immunization methods. Prelimin
ary surveys indicated Itlat altitude and cli
mate playa decisive role in Ihe incidence 
of the disease. No cases of chronic Infection 
are found above 5,000 feel of eievallon. Be
low about 1,000 feet in tropical areas, in
fection with two or more of these diseases IS 
so rapid that preventive steps must be taken 
within l~le first few months of an animal's 
life to be effective. A variety of ~nsects were 
studied to determine which onl;S 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 net 
monetary returns. 

Research teams ha'ie had some success in 
obtaining immunity by injecting live virulent 
organisms into calves and moderating the 
effects of live parasites by treatment with 
antibiotics. Certain drugs appear to be 
specific for particular organisms. so different 
drugs must be used 10 prevent dlfferenl 
varieties of bloodstream diseases. Prctectinrl 
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 Ihe 
same number of antibodies, nor the same 
degree of lasting protection. 

Control of ticks and other insect vectors hilS 
also been tested as a supplementary meas
ure and appears promising. On the basis of 
early results a three-pronged attack on th(~se 

diseases seems possible: vaccination, cura
tive treatment, and control of ticks. 

The importance 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 InfecteJ 
areas. Even though a keen demand is pres
ent for U.S breeding stock, buyers and Im
porters are reluctant to Import US cClttle 
into infected areas. PremunllCltion anrJ vac
cination techniques perfectccJ tllrough tl1 :s 
research project should (l"orCOJm~ tillS prob
lem and pernllt Increases In US exports. 

One of the fTWIJ1 obsldCI,"; to "fllclI'lll call1[' f1rocJlIcllon 
In tlw low ailltlld() ar(,<I~; of !tl" Ir()pIC~; I~;'l Cjrollr of 
dl~;eases of !till hlood Slrt!ill!1 (11l'rJlOl!rcllo/O;ll dl~
eases). Texas I\&M University lIdS Ilad ~;OJlI') success 
In o!Jtalnino irwnllllily by 1I1lectlllq Ilv" orn<lnlsms into 
calves and thell rllucJl'ralinn the £'ffpcl" of the parasi!os 
by trcatfllunt With <Il'ltibiolics. 

25 



Survey and Analysis of Cattle Feeding 
Systems and Nutrition in Tropics 

For lives:ock 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 tropicS because of lack of 
food or beC211se of the low nutritive value:; 
of feeds and forages. 

To determinp the nutritive value of livestock 
feeef:;, fodder, and agriculturi11 by-products 
In Latin Americ;:l~ tropics, the University of 
FloridCl, spcr~ored by AID, began a research 
project in J\pril, 1969. Working with some 
200 agricultural specialists from Latin Amer
ICCln unlverSlllos, ministries of agriculture, 
and private Industlles, researchers gathered 
eXlstlnn IIlformatlon on the nutritive value of 
a variety of livestock feeds as hay, grain, 
silage, and forQgc, grown or used in the 
areas. CurlllQ the first stages vi the project a 
record system was deviseu, translated into 
Spanish and Portuguese, and used in nutri· 
lion laboratOries to describe and record 
chemical anc! bibliographical data on feeds. 

Prolect personnel visited 27 countries in 
Latin J\mellca and the Caribbean to explain 
the project to other researchers. In June. 
1972, lt1C first edition of "Latin American 
Tables of Feed Composition" was published, 
summarizing 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 
throUgtl Improved nutrition. Furthermore, the 
feed tables have aideel greatly in identifying 
and describing feed-stuffs for which data 
was seriously limited or lacking. 

Prolect personnel developed estimating pro
cedures to gauge the nutritional value of 
specific feeds from certain areas not re
ported The technique appears to be Ilighly 
reliable as a temporary measure, pending 
more ngorous ann lysis of the feeds. The 
prolect is also seeking to apply standard in
ternational names to the feeds and to Identify 
Ihe ecological conditions needed ,or their 
production, so that farmers can choose 
better feeds for specific conditions. 

Agricultural Economics 
The goal of AID research in agricultural eco
nomics is to obtain a broader understanding 
of the agricultural sector in less developed 
countries. The research consists of investi
gat,ons of the structure and relationships 
within tll0 agricultural sector of such ele
ments as: trade, market factors (inclUding 
land, capital, and labor), impacts of techno
logical change (Witll emphasis upon income 
and employment), and public investment, 
and of tile interrelationships with other sec
tors of l~e 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 activities also 
streng'flen the analytic capability of LDC 
Illstitutl )ns and provide training for their per
sonnel. 

Gov2rnments must make plans and reach 
decisions concerning the agricultural sector. 
This task is complicated by rapidly changing 
lechnology, shifting social conditic\ns. 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 techncdoglcal Innovation. What Will be 
the effects of government pricing policies, of 
allocations of Investment and research re
sources? Do government policies make 
available the necessary knowledge to the 
farmer? 
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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
catfJd 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, indica!
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 
researcfl informs them of probable effects of 
the various measures they may take. 

AgricLdtuml policy IS based on what has hap
pened in the past and projections of what is 
likely to occur in 1110 future if certain courses 
of action are taken. AID research is designed 
'0 develop and teach the most modern ana
Iytisal techniques that can be used in this 
process. 

AgricUltural Decision Models 

One method of tackling complex agricultural 
economic problems on a broad scale is 
through construction of mathematical rrvd
els, operated by computers in suCtl a way 
that variable afJrlcultural anel economic "in
puts" produce alternCltlvo "OLItputS", or re
sults, For ex;]mple, in agncullurClI produc
tion, such factors de; ttl(' Quantity ZinC] quality 
of seeds. fertlllzcr and wClter useeJ to grow 
crops are variClbl"s that must be considered 
in their relationship to wenttler. minfi111 and 
soils. VariCllions In these inputs will directty 
affect the outcomes of crop production. price 
levels ancJ exrort earnings. 

To learn If deCISion models \'Ioule! IJC' a prac
tic;]1 approClch to s(llectlr1~l opl l murn policies 
for developing countries tilat dcSIIc furltler 
Qgricultural development .:It ;] rGClsonQble 
cost. AID in 1969 estClblished Qresearcll 
project with MicilirJan StAte University. A 
model WllS developed to use empirical datCl 
from Nigeria In lrlitiQI tests. Under (J further 
contract in 1971, MSU is testing, ilpplying 
and further developing tile model under field 
conditions. 

The model is being tested in I<orea, ClS well 
as in Nigeria /\nother gvc;! of the research 
is to learn If parts of tile model are useful in 
other countries. 

MSU has cJesclibeelthe cl181lenge: "A reason 
frequently given for using .:l systems ap
proach in attacking problems of develop
ment is the complexity of thC) proL;ems under 
investigation Developrllfmt proh:<Jms gen
erally involve attempts to Clttaln a relCltively 
large number of objectives with rQIi1tively 
few means. While 1l1Gdern sGciety is usually 
taken as the 1'~;lmClto in compleXity, the 
growth of i-l re/iltivoly loss-eJove/oped eco
nomic system is also complex. InterClctions 
within and among traditional. transitional. 
and the modern economic sectors must be 
considered." 
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In Nigeria the simulation exercise was pre
ceded by an In-depth analysis of the total 
nqrlcultural production and market systems. 
This seclor analysIs WClS in turn dependent 
upon the il'/iJlI~lb"ity 01 (] substantial body of 
technICal d"lil uncJ stlJdleS of production and 
rnarkutlnfl f,,:; the; KOrUi1rl model was built, 
ClnCllysls of ViHICJlJS p,HtS of the i1(]ricultural 
system proc(:r:decj :~ilnultiJnoously. Tllis 
prnccss \Vil~, ;lidccj by tI)("l fact that sarno 
pnrts rn()dlJl(:~; of thc, model~; \Voro Cldapt
ilblo fl()111 IJlqC)lld 10 I<mea 'Nlth only minor 
1I10clillG1111 "I'; [von wilma substClntial adap
!3tlOll Wil:; 1':qIJlrcd or new modules were in· 
troducod, tho (;/[lprlonce qained in construc
tlnq tho NIW:r1iJl1 Illudel W3S put to good use 
,'I Korea 

Tlw rnolH tliJS IJool1 usod to predict the 
, 'Jw;oqucnr:r;~; Cif i1cJherlllq to KoreiJ's 5-year 
:",tf1 ;,ssurl1lnq :;lInilar plans eiJcil succeed
",q fl'ln \W:IIO, , thrnllqh 1990 It has also been 
I Jr;l 'd tll (";11 mnte 1hr, cffr:c Is of plan modific3
I,rm'; (,unlelllplilt(:d hy l<orrf<l11 WJlicymilkors. 
/, IImri ';I:t of rJrf>rlwtlon:; Wd~) bilscd on poli
r:IOS r!1'~"qnC'rj to I JpW) the l<oreJ,Hl economy 
10 worlrj \r;Hlr' 11\ ;lfjflCU\\UI;i\ proelucis (the 
modoI frJlr~c,I')t qrr~il! !Ir'lldl!C; to food con
SIJlners ,11 :;Iql' ,f'r:;lflt (J)sts to food pro
r!lJf:r:I<;) r-Ilrthr:r rJrr:rllct"H1~) worr) modeled to 
',PiHeh for "'1,1'/:' to I,-'rltwf' prndur-crs' costs. 

Thp Il1or!.:lln'~ ;t!:;CI l!r,r'll f:Kp;tnr!r;c! to pro
elw:c rnorr' rJet"r!I)r! If1fOrrn;l!lon ilbout food 
slJnply food rJr:ln;Jnrj Ihe qr<llil rn"rkoting 
"y~;lcrn thl) II\,r:';!n('f' ',N:!OI ;lI1rl tics with 
rl0n-:1QrlCultIJr;-JI "'~lt(lr" 0, thr; r:r:onomy. 

Thl) projecl 11;-1~; IIlarlr, 1'1/0 other ilnport<Jnt 
contrlhution'; 1\ complllr'r :;oftWilrrJ collec
tion 11;IS been :;tart(:c! IIlat Ciln l)e used world
WI(k' for iHHlcultlJrdl lJ1orlr:llllC) 1\ tr<Jininfj 
proqr;llll 11;1~; Iwerl cJC'~>lIIII(~cJ, wnicl1 includes 
10 month:; rllJllr!ffqreo Ir;1minlJ for ocono
rnl~;\~; ;mel O\!H:r:, worY-mll on Ihe model and a 
? loLl woek tr,lInmq COIHse for proarClm 
"l rj Inm 1st ra tors 

Training personnel in the country that plans 
to UE'e the model is a critical part of the work. 
The variables will chClnge In years to come, 
Although Ihe model points out possible 
natl1S. CI wrong decision can be serious. The 
people usmg the model must be aware of the 
consequences of not keepina it current or of 
not fully undcrsl<1llelina the results of a po"~y 

decision. 

In Nlgerl;) the pnllcy and programming ac
tivities are proc:ccdm~J under the direction of 
,I comJTllttee establlshcrl by the Niyerian gov
ernmel11 cornpflsed of both government and 
aCddernlC stafl III Korea, tho local support 
has buel1 orqarlllod pllJTliHily Within the Agfl
culturill [conomlcs fiesearch Institute In the 
M,I1I:,try ()f I\qrlC1Jlturr' a~; wollas With stafl 
partlclpllllOI1 fr')111 othcr l<orCdrl lIgencles 

1\ ser,onrj r)(Jal of Sllcl) rc:~;earch IS the publi
cation 01 fln~;r'l" ,mel techl1lqucs that NIII 
(:nal)l!' ottlH:; to carryon the work Some 20 
pr(Jfr'~;slonilj paper:; qrowlllg out of the MSU 
fHOject Ililve tJeen published 
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Capital Formation and 
Technological Innovation 

This stucJy conducted by 01110 State Univer
Sity, foclJses on the collection and analysIs 
of farm clat8 wille II Ilils tJI!r:?n assembled on a 
larCJc (]nouqh sCdll~ 10 'iupport IJroacJ gener
aillatlall~; anel C!'.)nerate snrT1f: Ic!OEiS of thl: 
effects nf ["illll,d,l ilqrl::ullural policy over 
the pilSt two cjl:clc!e" hJUr ilttrd)ulWi of tile 
policy arc 1e:leviHIl wtleat prlci'o; supported 
at nearly tWice 1111' wurlej lev·}1 rc:slrlcted 
quotas on rneClt exports 1llllltc;rJ Jt!I;1 1 1'0n to 
research In ilClrlculturClI t0ctlrlulorJy iJnd ne~l
Cltlvely pTlccd c;qJdal ilJl'Cause-,f low Inter
est rates that elo not 'eflect clepreclatlCJIl of 
currency I 

ftle study shows lilL1I Increased capital IS 
accumulating In Clqrlculture In one drca of 
the coulltry In wt-IIC II wheat ilcl(:?aqe IS l'X 

panc!ln(,j rapidly However much of Ih", C8P'
tal IS In tile form af 1lI3chllll:ry ami \','hetl1er 
ttlcre IS il IH;I cdpllal fUllnat,oll hac; "01 1)'':(;11 

eslabl,slll]cj WIW:1t production I~; ('XOiH1(1'IH1 
rapidly umler the stllliulus of hlC]ll prc)cjllC'l 
pllces ,1I1c! low u1Pilal prier.::" Mast uf Ii,,
IIlcrcasc; In productlOIl I,; 1"q~ld"l('clllY illl 111 

crease III aClr:ilqr' SCline of HllS II1r:redS0 

COlnes frolll ,l(JCj,llC! to ~;I/I' of IIVI:VICIUJI 
farms, either tlY f('lillllfi 01 !lUyl"Cl 

Lilrqer farrncrs dll' L,~,p:lIlejlllll 1]1(1[(' 1;llll,IIV 
tll,ln srnall')lw:o 111 fac:1 ::Ulllf' :;111,111(11 nll(;'; 

ilre <j(!ttlllq uut of f)l()CjUctl()ll[ IllS (",!'Ji!ll 
sion of larrWI lJliI'ldllorlS I,; <l IUIIc:I,Oll ,J! 
scale ilT'iJ flrlil!H:ldl PU\Vl I illlCI not of ,,If'CI 
ellcy l'1('I:,llISI' ld II", Ilrqlll'l (lisl', 1)1 :,lIlall 
10,IIlS ami till' l'l\V 1!1!l'II,c,t 11Itl',,; ,I dlSIHOf1Cll 
tIOllil!I' Sll<lIC' Id 1:1(' CII'elll Cjoc'; 10 11Irqor 
OpcrdtOI:; TIll' :Illllllll' 0'11:;11 I!JIJ!I()fl :'lluation 
IS !JC'(;OIT1I1IQ slc',lclllV Illllll~ dlsl(illc'cl 

All anilIY:;I~, of (jilLI ffir ,"\(' Il'Ulll'l 1>1 til,' 
c'OlHltry sllmv:; lil,ll I,!llur prllclllI,lt'JIIV tnCOllle 
dlSlillJutlCHl ,lIHJ fllll'lqll C'i:'!l;lli(!f' l)diilllU' 
would (lll !1I' ,'/qlilf,C,l!ltly IlllfHCJ'Ic!cl ,f meal 
P'WU:; Wt'II' <11111\','1'(1 III fill up to 1111' world 
Illarkp\ levt'l ;!fIiJ whe':!1 IJlICl'~; were ;lllowod 
to 1<111 to world Il'wls 

[xcopt by IInpllcalion the research results 
do not Irlcludo an estimate or analysis of 
aQllcult1ll0 '; CC)ntrlbutlon to qf'noral oco
nOllllC growth of till' country Tile Impllcil 
tlons are tililt not onl\' IS ilqrlculture 110t COIl
IlillutmCj UtfJllill fl" I IC-Ilcr,l I qro\Vth but that 
,llso aqrlcultllll: 'liay 1iC' l!';IIlCI liP rapl\i11 
(jlrC'ctly hf'l ailS" IIWi 1'111'11''',1 rirtc"; to f,lIflll'rs 
Illdy be' ;lltr;tcIIllCl I'dplt-II Into f;1I111 !;l,rrl\' 
II'(justrloS to SUfJr,(lrt til(! ,nC'ffl('IPnl wh0;rt 

IwJu",try 

Under lill' IHCJ;,!tl el.l!.l h;li; bCt'n (i,dll'I't,'1I 
lilrouqh 2 000 iI(·taill'r! :;I!III ,n\('!\ d'\\', ,'C,R 
,nterVIC'WS Wlttl <I'C;lrll~dll 'I', (,11;11111 ','IPrltl"; 
ilne! ~)OO SOI:ln~CJ(Ii(,dl":I"I"i"\\':; Til.' ;1I1dl 
ySt,i IS has,'rj Ii'l IIIC":" ,J.d,1 1'111'; tI:c' iI,lld 
frolll ~)S·ll!lll"\ "':,"; (' " JiI~"'(II'l lC)G'-, 11'111." 
dll (,illli"r c()'lilill 1 i1 11 I" nr 1.'11 Fillil] 1,":0! 
dalil il;wo ()("'11 C'" lilll'.'I'e!11111 1111111' 'e(]l,lIlS 
1\11 orClillll/ill:C\l-,,'1! ':elll'l11C' I'd', 11("'11 Ilc;r'cl 
':,111('11 i1110\V'~ I,i' el ,',r!"'(l IC'CII(1I1;11 11i'11:1 Illtn

"

16 ('c·II" Inrl1li'rI tlY ,I C'(l~;S rl:I:~<;rI!I'allC,l
 

svslolll Ir1volv,nCl I'JlIl I;l'ln c~i.'(' (lI,lllPIIl(I:~ 

,1 neJ fOUl fa 1111 tVPC' 11IOIIIlI!11l'; 

P"rnarv It'cl:rnl1!I''1(j~l!I()''i;!t)f l'I"Clle<;<; '!II!,' 
'111l 1101ll the study:,("" 1'-1 stlenClttlt"l !J,ra
/il '; ,1qIlCIJ!11I1i11 Pc!lICd!I(l1l ill 1111' t;IClIl sellOol 
;H1C! Ilfllvl"Sl!y Iny,)1 til ilH"casC' :lclilclIlllIlal 
resl'(]reh ('<ill:l!)li,lll'S of II'llvprSlt,e,; ilm! otller 
IIH;I:tIJtl(1Il:~ dllel 10 cll'\'I"OIl 1.'clll'oloC!11 al 
('()'l1pel.'rlCt' II, ttlC' liPid I'd ,lqllclII1I11l' wlthlll 

1'1.' Clllil]"Y 

111(' stucJy dif,llllC'd ttlO vd:ldlly 01 Sililting 
pUI,Cy ('l11pll;ISl:' of the 13'iIZtll,lll DOVl~lfllllcnt 

cnlo a~lliculturdl p"Jduct,ull a:ll1 away from 
drtd'CI,I: prlCIIll) pellelt'S II furtl1CI conVinced 
Icaucls uf ttll: :1'11.\1<:ldI1(,0 01 :'(;l'I\IIl~J new 
d I,(j 'l11p I UVI.:! 1 ;HI" ,,: u Il L.r d! ICelll' 0 'lJ(ry 

I,VL' [)Id:illdll ~1f1IVel',II!I"; ttlL' Celltldi f3ank 
,mel till.' ~,1111<;II I IJI i\, jl (,uIIUII; Ilave .III DOC' 

'''v(l!vvll I': Ill., ,;IUily ,lfOllel \VItti j'VI' U S 
UIlIVI'I"I!IC:; 111",ult', ,HI' dIS'~I'lllln<tll'cJ br .JelC! 

Iy 1I11UU~ll II!Sl'd!1 11 flute:i '11 LIlCjllstl illl(j 

POIlll~ILJCSe 
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Impact of Technology on
 
Employment and Income
 
To learn the economic Impact of new agri
culturaltGchnology, AID contracted with 
Cornell University to study ItS effect in India. 
Economists studied farms of varYing sizes 
and learllecJ 11l;lt nlthough the new technol
ogy urually Increased natlonalmcome, It 
amJravatc(J it tendency toward unequal dls
tntJutl(H: ,d InUJlI1l: most of Hie added 
IflCO[1W Wt~rlt 1(1 trio lill~ler landowner, but 
InCOrTlU~, uf :iW lallJ'~ majority of farmers in
creased little' ,JI nut at cJil Such Income dls
panty creates social, political ancJ economic 
tensions that a ~JovCrrllTle')t must consider In 
cJeveloplng Its t~conornlC poliCies 

There IS also ttw question of incentive. If 
greater productlorl produces no benefit for 
the smaller farmer. I)() will not go to the extra 
trouble requlrecJ amJ the countrys overall 
growth rate will be slowed. 

The Cornell study seeks to leJrn what the 
actual effc!ct of new tecllnology has been 
and to develop recommendations for ECO

nomic poliCies that Will accelerate produc
tion fhe objectives are to crente a broad
ened base of rural employment opportunities 
nnd greater oartlclpiJtlon of rural people In 

Income flrowth ) tw studies me being con
ducted 111 lndw W:tll a view toward therr ap
plication In a rlUmber of ASian countries. 

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 nnd seeds 
alor,g with tt18 material reqUired to nOLJrlsh 
them as tile baSIS of the proJections. The 
model will nssess the Impact of Vi1r10US poli
cies on tllO food mmket and on the labor 
market. Pr01lmmary fllldings indicate that 
when a IOw-1I1comc coul1try like India makes 
major efforts to commerclalllC food produc
tion Increases. tho small farmer and lower 
Iflcome populatIOn must be given a stake Ifl 
l'lCreaslllg production If a nation Wishes to 
accelerate ItS economic growth rate. 

The findings indicate that Iflcreaslnq the 
small fiJrlner's :ncorne cnn Ilave rewarding 
Ifldrrect effects on the total economy. With 
more Income. people buy and eat more. Tc 
rneet thiS (jemand, domestic production IS 
stimulated ThiS has a "snowball" effect on 
Increasing net aggregate na\lonal income, 
which jfl turn causes increased demand for 
other products and creates employment 
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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. some projects 
go beyond that POint. These arc designed to 
help countries thai <lre already progressing 
In development to qam momentum Dnd travel 
further down the path towilrd modernization 

Recent technological l)reakthroughs and ad
ditional improvements In farm practices have 
made pOSSible a substantial Increase In toad 
grain production in a number of countries. 
In many of the more advanced LDCs. <lQrI
cultural officials must now choose amo~g 
policies and progrwns to arriv8 at the best 
adjustment to ctlan~Jes In production tech
niques, supplies. domestic i:lnd international 
demand - a/l of which affect fnrm prices 
and costs. Ttley arc under pr0:;sure from 
consumers and from other governmental de
cIsion makers 

Even thougrl these 'Jff1C131s hilve suffiCient 
poliUcai motlvalian to choose the optimum 
economic poliCies, they often IZlCk ildequat0 

information upon wtllct110 b3se H18lr ctlolces 
As a result. tllerc rnay be delays In making 
crilical deCISions for a natlon'~, Zlgrlcullural 
development ,- or a f<:lilure to rnak(, ilny de· 
clslon at a/l. 

AID IS supportlnQ two research projects 
where American researchers ,HC collilt)orat
Ing With hos1 country colle;lQLlr~S 10 make rig
orous, objCcllve anillyses appr (lISlllq the 
consequences of alternative Llc;CS of rc' 
semcil, i1~Jllcullural ,1I1cl flndllclal rcsou'ces 
They ilre jOlrltly (je~,I(Jnlng plLlIHlIIHl tools thilt 
computefl/c aQrlcultur,ll illlcJ \~C()IlOlllIC sta
tistiCS T1lP~;c olfc~r POIIr:Y'lJal\L'I~; leallstlc 
agricultural prorluctloll ,trIC! lilillketlr1q (llter
natives at f(lllll rC~1I01li11, IJ,ltICJrlill (lnd Inter
national levels Tlwy take IIlt0 "ccounl the 
effecl of cilLlnges In production techniques. 
supply anel price upon new pallerns of crop 
and livestock producti~,m 

North Carolina State University IS wOrktnll 
With agencies and indiViduals In MeXICO: 
Guaternaltl. EI Salvador. anel HondurCis on 
ISSUCS of markets and trade The Economic 
ReseZlrctl SerVIC:e uf the; LJ S Dep,lItlllcnt 01 
Agllculturc (:oOIJ(!rdtc's \\,,'1 dqr,clJltlirdl 
aqencles In the Pll:llpplr1o~. II 1';~;lIl'; c,f 
trade and new typo~ uf crop .. 'lill Illlqllt lw 
produccrl ccollulT1lcllly , 

The IOilltly cnllcclvc'd prllj(!ct III l_dtl'l /\IllC' 

Ica wrll eXClIIlIlli' tilt' (lJ~;t,; rl'tllillc; [,oltlt'· 
necks, and eflect~; of V:1110US c;clentlflc ,H1C! 
technICaIHl()Vdtl(J:l~; dO, tlH'y lel:llt· 1(1 ('xoorl 
opportunities fur ~;eler:tr;cI CIOP~; III dUI!H:~tIC 
and external mark.)t~; rill? Inforlliiltl()'1 wrll 
Identify tile L,dlll /\rn\'i IC,1I1 I,'TOII', lJc~;1 illJI,' 
to compete lor wl1,ll ('lldflC!E',; \\'l.llilti III [1cr 
essary to Iliakc tlll'lli C:\)IIl~:('tlliVI'1 (I[1c!1'/1l1 
prOVide <:1 (lLJlde fu, lli 1111 plllJl1C dl!(! p' IV.l!c' 

Investment cJCCI,)IU'l~; pilrllcul:l'ly wher(' 
bottlenecks or I1ICJll (:0:;1,; (Ire' expt:ctecl 

If the palllcq)dtlllCi r:l!llnlIICS call f'Xp(l11c1 ('\ 
porls of selcctee! UliPS ltH'y wl!1 lH:lif'f'l il) 
creatlnq lobs, obttllllln~1 ll('cc,;~;afY !cIlI'lll!' 
exchanqe dnl! Imp'UVIl1Cj InCOIllC' c!I::;t,'llll 
tlon At the ~;llrnc tlille' w'orldwlc!c cpocc'ry 
shapPc'ls wuuld ~It~t il liloelcfl'l "JIll 11 , dllli 
greater qUelllllly 01 WIIlll.·r v('qcLd 11,': ,It In\\,pr 
prices 

TllO pWjl'l:t ';('eks 10 1":11 11 ,\l11Icl1 vC'qctdlllcs 
In whlcl1 CUIJl11rll.'s ~;I1()\\, tll(~ qrt:,llc's'l pron1lse 
for expolt prumotlon li":;carch("~; <:llso Will 
antllyze th., Ilost way:; tl' ilcl1l('Vt' the ~loals 

- for exaillple, WllOlI)cr major elnpilasis 
should be placec! upon Illcreil~;ed !,HIll-level 
procluctivily. Illstltutlonill developrnent m<ll

ket expolt management or Inilrket access 
and contacts 
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Tho devolopment 01 new agricullurallechnology has 
Increased food production and national income in 
India However. Ihe income has nol been broadly dis
tributed; large landowners have benefited greatly, small 
farmers much less. Economists from Cornell University 

" .....- t l 
have analyzed pallerns 01 income distribution and 
employment to suggest guidelines for economic policy 
in light of agricullural advances. Findings indicato Ihat 
growth roles oro sustained bosl when tho small larmer 
has a stake in increased 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 ir. eco
nomics and agriculture. Information is being 
collected from farms on farm production, 
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
culture 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 projectlf!ill indicate the type 
of changes from rice into other crops that will 
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 into account not only 
economic circumstances within the Philip
pines but the relationships to markets and 
production in other countries. 

Generating Employment in 
African Agriculture 

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

Under an AID contract, researchers from 
Michigan State U:liversity are werking closely 
with scholars from a number of African uni
versities to examine how trade, woge, flscnl 
and pricing policies affect the expClnslon of 
production and employment in major ir'lfJOrt 
and export crops. The research IS boing con
ducted in Nigeria and Sierra Leone, but re
searchers from Ghana, Malawi. EHlIopla (and 
possibly other African countries) will parti
cipate. 

Researchers will study the way farms ilctu
ally operate in tropical Africa. How could 
more workers be used to produce more 
marketable goods? What rural actiVities be
sides farming might produGe more Jobs) 
What policies could the governments set 
that would increase em~loyrnent and o8nCllit 
the country as a whole? 

Migration and other aspects of labor supply 
are also tJeinn studied. Fr('m this proJCct will 
come i:1 nc:work of African scholars I:nked 
With eacll other and Witll other, arounrj the 
world specialiZing m employment research 
International cOllforances and workshops 11m 

planned. African economists ('mel agncliitumi 
economists will be tramed. given pracltcal 
experience workinfl on d critical problem 

Michigan State, H,e I'\ID contructor. plays a 
major consulting rolf~. but each country study 
is the responsibility 01 an institution In that 
country. The design, both in concept and 
methodology, WJS worked out l11 economists 
from MSU. Sierra L8one, anel N\gc~na. so Itl<lt 
the two cOllntry ei:Jrts will add up to one 
study. Ethiopian economists twvo kept cur
rent with the study and Illay jom in the ro
search. 

Because the research focuses on a problem 
of high priority to African fjovernments, be
cause much of it is bein~J conducted by Afri
cans, and bee· use it increases the capabili
ties of African institutions, it is anticipated 
that the results will be sought and used by 
these governments. 
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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
mu~ physical and psychological adjustmer,t 
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 agncultural techniques he 
employs. An individual will not derive maxi
mum benefit from eating 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 
a~d are plagued by diseases unique to that 
climate. Delivery of existing health services 
is far less adequate in the LDCs than in 
countnes 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
tan:ina~ed.with humEln [)ody wastes, causing 
a high inCidence of Ir~tcstinal diseases that 
could be prevented. 

AID seeks to proVide the missll1g ingredients 
in the health programs of developing coun
tries. Research projects are designed to 
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 

with such groups and supplementing their 
work. AID research often results in findings 
that ca~ be used by these organizations or 
by the governments of the L.DCs for planning 
new programs or enhancing existing pro
grams. 

Through a combinalion of rl'search and tech
nical assistance programs in health. AID 
focuses on control of important communi
cable diseases in developing countries, im
pr~ved health plunning, adequate delivery 
of nealth serVices, and providing a healthy 
environment. The aqency takes an II1tegrated 
approach towards preventlrlg disease on a 
comprehensive baSIS rather than a categol'l
cal approach of cdtempUng to eradicate 
single diseases EmphaSIS IS placed on pre
ventll1~f disease Illstead of Simply curing it 
once It Ilas spread Delivery services are 
plannec!, combining such traditional pro
viders of medical service 3S healers alld mid
wives \,vlth the flndll1gs of Western mediCine 
Until a suffiCient numl)er of health profes
Sionals can be tralllcd, reliance IS placeej on 
para-medical personnel 

ReseEHch In ilealtil plClfllllWJ shows develop
Ing cC'untnes the most effective ways of ap
proactlll1g their national problems For ex
ample, before making a survey of tho causes 
of Infar.t mortality, some countl'les had no 
conception of the extent to which rTlCllnutrl
tlon contributed to the deJths of children 
under five by le1vlng ttlem defenseless 
before sucil ordll1arily harmless diseases 
as measles 

DUl'lng the past 20 years. developing coun
tries have produced Cl greatly IIlcreased 
number of trained national health leaders 
Tiley ilJve established more II1stl;utlons. Re
search prOVides them With the tools they 
need to Improve the quality of life 111 their 
countl'les 
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Malaria Eradication 

Malaria is one of man's most ancient and 
most stubborn enemies. Hippocrates I,oted 
various forms of the fever in the fifth cen
tury B C: he attributed the disease to drink
Ing stagnant marsh wat~r. Less than a cen
tury a~Jo did sCientists discover that malaria 
IS caused bv a one-celled parasite injected 
Into a person's bloodstream by the Anoph
eles ~nosqulto. 

Throughout the world there are probably 
more cases of malarlCl than of any other in
f('don I\s many as 2 billion people live 
unrJcr r:ondltiOlls condUCive to malaria: in 
many trorlcClI countries. malaria IS Cl major 
hlllelrar ,~e to ch~'mlopment Even when the 
diseCl~je IS not fCltal It saps the vltalltv of its 
VlctlfTlS rTlClklnCj an already difficult struggle 
for survival even harder. Malaria IS prevalent 
III less dev0101J8cJ r:ountries throughout Cen
tral and South America. North and Central 
AfriCil. (lncj Ifl the Middle and Far East 

No r:omr1etely satISfactory method of eradi
CCltlflrj the dISeClS,! In all countries has been 
found Some techniques that seemed prom
ISlllg because of their success over a short 
period of time hClve become less effestive 
when. for nxample mosquitoes have devel
orGd reSistAnce to certain pestir,ides. 

AID. worKln~J With Hle World Health Organi
zation ;:lIld other groups, conlillues to partic
Ipate In Cri1dlCQtion rrogri1ms, Including 
worldwide reseClrch to develop new and im
proved tecllnolo~lies for preventing transmis
Sion of miliaria parasites c:HId specific re
:]Ional projects tailored to the climate and 
the type of mosquito transmitting the in
fection. 

AID tlaS Q!SG embarked on a research proj
ect that could provide a significant supple
mentto erndicalton programs. A vaccine for 
the prevention of malaria is being sought. 
None has ever been developed for a para
sitic r:Jiseasn. and many doctors question 
whether such C1 vaccine can be developed. 
AID has supported the research because the 
magnitude of a breakthrougll in this scien
tific area would be so great that the risks 
seem justifiable. 

Vaccines have bee" successful in protecting 
against diseases c:3used by b3cterifl or vi
ruses ranging fror,l cholera to yellow fever. 
But malaria is a parasitic disease caused by 
a tiny protoplasmic unicellular animal crliled 
a plasmodium. 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 carrYlllg blood to the brain may be 
blocked, resulting in death. 

It has been foune' that a person who has had 
malaria does not develop solid immunity to 
further attacks for at least 10 years This 
finding has IIlcreased 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 body for only a 
short time. 

The seorch for a miliaria vaccine is an arduous lask 
reqlJlftr1q \'I()~k 0[1 a rlllniscale If the Vlork IS slJccessful 
It Will be the !Ir~;t wlr:<:mr: deve'loped lor a P;HilSllic 
dl~;ease ';lJcll w; mal,ma Here a ~;Clfmtl!;t Vlorkinfj on 
thf) AID [VOlect at Ihe University of New MeXICO dis
sects the ~;allvilry fjiands of an /lnoplJ(Jlo~ mosquito 
which has led on an anlfnal mlocted With malaria. 
The fjlands will be prepared for antigen Injections 
or used to mlrlct other test animals. 
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Worldwide Research 
Research sCientists have not been marking 
lime while seeking to discover ways to 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 T<3chnlcal Development Labora
tOrlf~S (TOll of the Center for OIS0aS0. Con
trol, run by the US Public HCf)lth Scr'jlu~ in 
Atlanta, Georgia Here a contlfluous quost 
has been carricel out for the: most efficient 
and praclical ways of preventl:1Cj transmiS
sion and freeing (cQlons of malaria 

TDL has been Instrumental I, I developing 
and testing new insecticides, In evaluating 
their efflf.lency nnd 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 
eXIsl. They do nOl all /IJve the same reaclion 
to speCific pestiCides 

Although DDT was first sylltheslzed In 1e74, 
Its use agamst mosquitoes was not def1lon
strated Ifl ttle Unlteej States until the 1940s 
DDT revolutlOnlzoeJ the attack on malaria 
because It prOVided an economical sub
stance wrllch would remn:n effective If 
sprayed on ,>urfaces about every SIX months 
TDL developed I1CW test rnethoci~; Zlnd specl
fic8tlons to bp used Ifl the c;urveiliance of 
stored DDT powders. Between 1955 alld 
1971, some 824 million pounds at DDT pow
der were boughtuneler specifications dra!tcd 
by TDL. The Lnboratorles redeSigned and set 
new standards for packaglnq DDT poweJer 
that made Ilandllng and storaoe more effi
cient With 25 percent reduction In shlpPIrl~l 

costs and less chance that the Ir1Sectlclc!e 
would be damaged In trims" 

Because some species of AnopIJele:; seerneel 
to develop resistance to DDT, TDL has con
ducted extensive Investigations to find other 
Inseclicldes, along With chemicals that will 
destroy mosqUitoes' larvae and eggs, that 
might be used as nllernatives to DDT More 
than 800 such experimental compounds Ilave 
been evalual8d in the !aboralory and In the 
field to find those that would kill the most 
mosquitoes at a reasonable cost. 

Among the nlternative insectiCides tested by 
this research are malathion and dlchlovros 
(DDVP) ExtenSive research on IIle chemiS
try, analytlcn! methodology ;mel :ormulatlon 
of malathion resulted In a sounet base for 
developing spcu!lr:atl,jl:c.; for [)lJrCllaslIlq, 
storln~l arhl USlllq trl(' rllPi!lIC;11 tel control 
mosquitoes The I,Vi.' i I fkalth Orqanl:'alioll 
iWHG) approv('rj 11l,li,l!!:::!'1 ,1'.;1 sut)s!illite 
for DDT So (:mlll(:r't lid:, ("'/'n TDL'::; worK In 
the field IIwt \'vHO d"Slijll;lti:iI It ;j r;i}lltc:r for 
the eva!uatlon anrj k:;tlrHJ \)1 WI\\, Insr;c!l
cldes 

The work has Ilot only I\;suilec! 111 bettc;! 
chomlcal3, but ab) ill [JIJtter ',':.1ys to apply 
them Throllilh (:,pcllrnent;ltlofl, rOL devel
oooel Irnpruved Iyp,;,; of sprayel allel nozzle 
eqLnprnen t that ~He \'/Iclely used till ()LJghout 
the world Til(: nonl,:::; cost little rnore to pro
ejuce JncJ reqLJlfe If:S~; Insect,clcje tu prOVide 
effec-tlve protectlolllllsiele how;es The ,j[lray
mg equipment prOVides ;1 more ,m!forrn 
"pray over <1 breurJ iHeil ils part" la~;t longer 
than those at sprayer,; formerly usec! 

TDL has eXperlll){:ntf~rJ wilh rClleJerlrlCj male 
mosquitoes sterile throuut1 Wit: of cilenlO
sterllants ThiS technlqUi) has PIOVt)c! suc
cessful In controlllnCj tsetse flll~~j ullcJer an
other AID r('search projC'ct i wu ,;ub~;t<1nces 

stlOW prOrllIS() of hCIrl<] effective III ~;terlllzing 

male fll0sqllltoe,; r:ncoliraglnlJ results have 
.1lso been obLllncc! frorn studlcs which eval
Ilate the action of certain hormollCS on larvae 
licveloplnent 

Another rnetllori Iwhlch 11<10, 11K't With Ilnllted 
succcs,;) attr:mr>ts 10 tm:ecJ am! foster natural 
predators of tlw Illo:;qlJilo rUIHFll. nerna-' 
torio. anej prot%all PiHilsltes trlat In fnr:t 
anophellrle lillVaf) h3VC! lwen ISlllilteel ilncJ 
stUrJlCcJ With a Vl0W ff) uficouraC)lfl(j their 
orawth In nri~as whel.-) vector~: ;He: prevalent 

In addition to puIJllc;lllnq r<'flOrt:, on sl~Jnlfl
cllnt flflolngc;, TDL tlas cOllsulterJ with IIldl
vleluill countnes requestJn~] aSSI~;t3nce on 
chenv::al tcstlnq, mosquito rearlrJ~J, equlp
menttcsting, rnosclLJlto reSistance:, and locnl 
inscctlcieJe formulation procedures Provid
Iflg such solutions to i/nrnecJlafc problems 
has led frF'quently to traming nationals to 
deal with similar problems in tho future. The 
project has assisted LDCs in finding both 
long-range and short-term solulions to ma
laria eradication problems. 
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AID has sponsored research into the malaria 
control problems peculiar to Central Amer
Ica by establishing a research station there 
(CAMRS) that IS one of the few of its kind 
In the world Although what is learned at 
CAMRS rTl;]'! well be applicable in other 
world rcqlon~; (Iflcludlng ttTe United States). 
th.; slal,on was founded In 1968 In San Sal
vador to iIlVl'stlCllltc the causes of antima
limal proCiriHfl failures at 3pecific locations 
1'1 Cenlral !Ifllerlca and to find practical 
m0.1ho~js of oVI:rrornlnrj these failures The 
hasI (1',tJntry [/ SillVildor provided facilities 
<lnrj tJ,JilrJlr,ll:. awl mony situations for field 
trlal~, ~;Iurjles h(iV(' been conducted In Nlca
raqua Honduras Costa Rica, Guatemala, 
Panafllrl ,llId Brazil i1S well 

Centr:ll Amr'rlCil hilS been the site of some 
of the most trout1lescrTIe problems in eradi
catJllC) rnUlarlil CAMRS IS tryillg to learn 
what I'colo(jlCill (,lCtorS present obstacles to 
methods th;]l hilVe been effective elsewhere 
lIs SCientists collect i1ncJ Isolate different 
paraSitiC str(lI!,S of disease organls~ls that 
the mosquitoes transmit to man. These have 
been sent 10 tho CDC labor()torles of the US 
Put>llc HC<llttT '3rrvlce where the organisms' 
Iife,p(ltterns are studied along with their 
sensitivity or reslstJnce to the commonly 
useo antl,rnalarla drugs 

Trmjltlonal ancJ Irtr1uvatlve means of mosquito 
conlrol ,1[(; evaluateej (It CAMRS. Sorne adap
tatl(Jn~; iJncj Improvements of claSSIC methods 
II<lvC [leNI developed and techniques in
volvlfl(j d10ITlOstoril<lnts. mosquito cliseases 
and preclntors ilno t1orrnonal Imvlcides are 
belrlrj eV(lItJAlerl experimentally Particular 
emphilsls IT(lS bern placed by the scientists 
of CAHRS on romhlnlng multiple measures 
ill a Slnqle onsliluC]ht. or L1Slnq them In logl
ral succession 

To assure thnt thiS work will not proceed in 
<l VaCIJlHn CAMRS conducts studies of the 
<lltltude,. of th; populntion the program IS 
deSigned to iTld They evaluate the response 
of the peoplc! III ttle region to sce what types 
01 proqrarn~; iHe: 11l0st effective and to devel
op eclUCCltICH1il! techniclUcs to encourage the 
populiltion to ilccept the programs And co
operate in maklflQ them ~)ucccssful Some 
improvements III ilntlmalaflCl methods that 
mc developed at CAMRS arc used by the 
governments of the Central American coun
tries The statlon's activities are coordinated 

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 to countrywide coverage by 1965, 
with a resultant decrease in malaria cases 
from 3.6 million to 70.330, The rrogress 
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 to this question is important not 
only to the people of Thailand and that coun
try's eradication effort. but also to other 
LDCs where Similar conditions exist. So 
under a contract with AlD. the Center for' 
Disease Control of the Public Health Service 
began research from Septemb8r 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-carrYlllg rTlosqui
toes: IIlcreaslllg refusal of occupants to allow 
thell houses to be sprayed: growth of straills 
of malaria parasites Ulat had become resist
ant to chioroqullle, the principal drug used 
to cure UTe disease: and the movements of 
rural populations. 

The primary vector of malaria III Thailand. 
TMORU confirmed. IS the Anopheles balaba
cens/s. TMORU found a high Incidence of 
falclparum malafla that is resistant to chiaro
qUllle Surveys III six areas of Thailand 
showed resistance rates from 63 percent to 
94 percent. After experimenting with a num
ber of altornative drugs. the rosearchers rec
ommended the use of sulphur-methoxine
pyrimethamille as the standard treatment for 
falclparurn malafla In Thailand. This standard 
was adopted by the Thai government. Find
Ings With significance for the worldwide ma
laria eradicalion program are disseminated 
by WHO and other Illternational, regional, 
and nalional programs. 
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The Quest for a Malaria Vaccine 
AID undertook a contract with Dr. Paul H. 
Silverman of the University of New Mexico 
(when he was at the University of Illinois in 
1966) to Jevelop a vaccine tor malaria II 
was acknowledged to be "long-shot re
search" Now there IS definite evidence that 
immunity Cii.l be produced with killed vac
cines There are stil' some difficult problems 
remaining to be solved. but they are largely 
ot a technological nature rather than those 
reqUIring the need to establish new princi
ples of science 

The cause of malana IS well known The 
Anopheline mosquito bites a person and in
lects sporoziles. the Infecllve form ot the 
protozoa. into his blood The number of 
sporozltes any mosquito may Inject IS highly 
variable but never enough of the lillie para
sites me planted In anyone person to cause 
an Immune reaction. Furthermore the sporo
zlte does not linger In the blood stream long 
enough to Induce Immunity In I(~ss than an 
hour. It has entered the tissue of the liver. 
where It IS no longer available to the bodys 
Immune system 

The secret lies In taking sporozltes that have 
been weakened by ultra violet or X-ray or 
killed by freeze-thaWing or careful dehydra
tion and Introoucing them Into the blood
stream In a state In which they cannot be 
transformed Into the stage that Invades the 
liver Dr Silverman explains "We have here 
In malana Immunity a situation which con
trasts sharply with the expl lence of micro
biallmmunologlsts It appears that It IS pos
Sible to Induce a better Immunity to rralaria 
by artificial means than that which normally 
occurs as a result of exposure to natural 
tnfect,on .. 

The work done so far indicates Ihat the ,deal 
malaria vaccine should contain matemll (an
tigens) from both the Infective and the blood 
stages of the parasite. As one can imagine. 
extracting these minute matenals IS pains
taking work So far the technical ability to 
produce the required antigens In adequatr 
qurlntities is lacking, and there has been (1 
shortage of resources and facilities to tost 
antigens adequntely In monkeys and mell 

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 (1 he31lhy 
condition until oocysts (the developing 
stages of malaria In the mosqUito midgut) 
and sporozites have developed. then manu
ally dissecting out the infected mosqUitoes' 
salivary glands ond prepanng them for anti
gen injections or uSing them for the Infertlon 
of mammals" 

The variety of culture factors to l)c tested IS 
enormous Many types of physlo-ch()mlr:al 
incubation conditions need to be 0\anllnerj 
to find the opt,mol envlronfllent for the PiHO

site to replicate ond Illetarnorphosc~ thrclugtl 
Its vanous I,fe-cycle stages Onr0 the nara
site can be made available under laboratorv 
conditions. testing facilities for pmnates ;.He 
necessary The most ef(ccllvC' method of Im
munizing must be deternllr1cd as wf'lI as the 
post-vacclnatlofl effects. How murh v(1r:clne 
will be required? What IS \tv; best l\lflCP What 
kind of adjuvants (substcHlces that enhance 
antigenic activity) stlOulcl be Illlxecj With the 
antigens? These are some of tilr' Clllcstiors 
ttlat must be answered 

If thiS research succeeClS lile world s most 
epidemiC dlseaSf' flllfltll be reduced 10 a 
negligible level SlonillCilllt resources now 
used for m;:Jli1na SUrJpresslorl and treatment 
would be freed tor other uses Finally. suc
cess of tillS rese;:lrCll would ope'l1 up POSSI
bilities for tile InHTlUnlz3t,on control of other 
major p3raSltiC cJlseases. which so far are 
not subject to ,rnrnun,zat,on procedures 
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Serological Diagnosis of Malaria 

At be51 it will be sp,veral years before a vac
cine is forthcoming to prevent malaria. In 
the meantime, worldwide eradication efforts 
continue. 

The eradication procc'ss relies basically on 
two steps: spraying every home and building 
in infested areas to kililhe mosquito that has 
fed on d 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'electlon of malaria 11as depended 
on microscopic blood examination, which is 
tlme-consumln~J A more rapid and accurate 
detection procedure is needed. The serologi
cal (blood serum) diagnostic technique that 
IS 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 ami less 
costly than microscopic blood examination. 
In serologic diagnosis, the blood sample is 
tested by c!lemical and physical reactions 
that are readily procluced 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 
to be solved. 

Research focused on two tests, the Indirect 
Hemsgglutination (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 !luman plasmodium species. They also 
developed a standard method of collecting 
finger-prick blood specimens on filter paper. 
A major drawbvck 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 

II :] rnillilr'a vlcl:m IS nol 'dcnlllll'd alld cured. Iw 
'('1l1ilIJl:; il ~;(}IHCI! 01 Illlcclildl fo' lI,p 1'11111(' community. 
TillS PPilCf! Corp!; volunl(~pr WllO \Vork~; ovllh ;1 malarlil 
"JHilYIIHj ~p,lm III Thililillld IS till-.1I1q [)Iood silmples to 
';pp II rnalallil I~; rrpspnt in ttle 1'i1lar]l' Undpr an AID 

conlrart. tt1(~ US Pllbllc HPillth Service has developed 
an ilccuratc chelnlcill blood serum diagnostic rro
cedure thilt Will Identify malilria rnore qlllCkly and at 
less cost than the microscopic blooe! examinations 
used In the past. 
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has a wide range of applications in malaria 
programs. It can be employed to measure 
how much malaria exists in an area, and to 
d~termine 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. 
~nd it can be used as a screeninfJ mechan
Ism to detect potential carriers of malaria 
parasites in blood donor programs. 

Under the contract. the laboratory developed 
a new and vastly improved technique to de
tect the presence of malaria In humans using 
the IFA tes\. 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 mal::lria accurately. In developing 
the technique. the scientists learned more 
about the nature of malaria. 

Many laboratories hav·3 now adGpted 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 ttlat the Mato Grosso mea, thought to 
be highly malariOUS, had a low Incidence of 
the disease, and a costly spraying program 
was discontmued. 

Safe Water Supplies 

Sometimes health research can benefit an 
enormous number of people in the LOCs 
even if it does not address itself directly to 
medicine Pure <.innkmg water, which almost 
everyone takes for granted In our country. 
IS in short supply In much of the world. Pol
luted water can produce tragic results. 

Perhaps as many as a billion people living in 
developing countries arC' without adequate 
supplies of safe water. Contaminated water 
exposes them to a variety of intestinal dis
eases ttlat annually ellfect about 500 million 
people. killing as many as 10 mll:lon of them. 
About half of that number are children. 

Tile rural ~opulatlon of less clovellJped coun
tries usually depend" upon \~(>lls and ground 
water supplies for their drinking water. These 
wa~er sources can become contaminated 
easily If Ihe waler IS oblalrlecl by dlrecI clip
ping or by a rope and bucket TillS problem 
can be overcome eaSily by uSing a hand 
pump over Ihe well But Ilot just any ha~rl 

pump would do the job In fact. AID recog
nized that no hand pU'I,p Jrl eXistence IS 
sClllsfaclory under the rugged condlt'ons 
prevailing in most LOCs. 

Battelle Memorlallnstllute. Columbus. OhiO. 
took on ttle task of deSigning a pump that 
woulj be so rugged ;t could stand u~ under 
Climosl continuous use (as much ClS 18 hours 
p8r day Ifl some parts of the world). Be
CZluse re[Jalr fac;illtles arn rare .vllere the 
pump would be usee! ancl maintenance vir
tually nil. the pump was to have few parts 
:md few POints of wear. And allhough the 
materials that went Into the pump I{acl to be 
cxtrrmely durable. they also hocl to be inex
pensive. It was Important lIlattl18 pump 
could be manufactured In the counlfles 
wtlere It woulel bo useeJ and made available 
to poor communities ell el price Ihey could 
afford (preferably r~o more than the equiv
alent of ten dollars) 

Battelle deSigned n PLJII1P tha: is simple and 
rugged, With a mlflimum number of moving 
parts and lew clements. such (lS nuts, bolts. 
or tl,:eaded fasteners. ne design incorpo
rated inexpensive and corrosion-resistant 
cylinders (In(J plastic pipe or black steel with 
epoxy coating. TIlE) pump can be mnnufac
lured In small foundries using few power 
tools 
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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 to test the pump under 
field conditions to learn what unanticipated 
problems would ilrise in a small rural com
munity. Under another AID contract, initi
ated in ,June, 1971, B8ltelle began a 2-year 
field test of the design to learn what modifi
catJons of 1118 pump experience would 
dictate. 

Each pump will be Inspected by local per
sonnel four times a yem Reports on the 
pump's condition anc! perform8nce will be 
sent to the researchers for evaluation. 
Should any pump break down, it will be sent 
back for a detailed eV81uation of what went 
wrong All test pumps will be evaluated at 
tl-je end of the test period in any case. 

Tests have begun as planned In Thailand 
<lnd Nlgeri8. Through a fortuitous circum
stance, Bangia Dash officials learned of the 
pump <1t a time when they faced a severe 
water supply problem They requested per
mission \0 have three firms there manufac
ture some 160,000 pumps (A third country 
had been sought for the tes!, but plans had 
not includerj SUCll massive prorjuction). With 
support from UNICEF, the three Bnngla Desh 
manufacturers nrc proceeding and the re
searchers Will i~ave an opportunity to com
pare their products <1nd dr8w 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 me encouriloed For example, Ihe 
pumps In Thailand sll hioher off the ground 
than those In NlgeJrl8, because it is custom
ary to carry W<1ter in containers on the head 
In Thailand 

It IS expected that the pump may be used 
tn the United States Ifl national parks where 
they would be heaVily used during the tourist 
season, or on Indian reservEltions which are 
genemlly Ifl remote areas withot;t access to 
municipal water supplies. 

Another AID research project sought to find 
the most effiCient and economical ways of 
designing community water supplies for de
veloping countries. The project. conducted 
by the University of North Carolina, deter

mined the amount of water consumed by 
households in small communities as related 
to environmental, social and economic vari
ables and to 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 te 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 3t that time and had been used. 

ThiS rU'l'led comrnunlty walr,r pump In [Jan11I,HJesh is 
used vlftually round-ttw-clock b:1 ttle Villager,; II was 
deslgneu by ttw Battelle Institute 10 be maue locally 
Ir1 LDC~;. U:'ln11 InexpenSive black pi;Je maue corrosion 
resistant Wltt1 an epoxy COiltlnrj. and d mlJllrnum of 
paris vulnerable 10 IJreilkeJown Battelle pumps arc also 
being lesleu In Thailand, whem JIIlnor modifications 
hilve bp.en made to meet local conditions 
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Study of Malabsorption 
The person suffering 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 to 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 m31absorption is a significant 
source of malnutrition among some people 
In th8 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 thC) importance of malabsorption 
In poor nutrition but applying lhese tests in 
community studies is not without difficulties. 

The primary test for measuring malabsorp
tion is to compare the quantity of a particular 
substance that an individual ingest:: against 
the amount he excretes 

Studies were cOflducted under the contract 
In Iran, India, and Puerto RICO, Absorption 
of nitrogen (3S a measure of protein). fat. 
and xylose (an easily detectable cryst2liline 
sugar) were tested, Some of the study sites 
reported poor nitronen obsorplion i-at ab
sorption was found to be low in the Indian 
test group Xylose malobsorptlon and poor 
absorption of vitamin B12 were observed in 
Puerto Rico, where about half ttle rural pop
ulation showed abnormal intestinallunclion. 

In the course of tile study, a discovery was 
made that may be beneficial to several de
veloping countries. In 13 villages of the 
Shiraz region of Iran. it was found that the 
villagers had been depleterl of such mineral 
elements as zinc and calcium. oven 1I10UQh 
their diets cont<:ilned an ilbunrfilnce of these 
minerals. Key to the problem IS tllolJ{)ht tJ 
be that their food staple, whole wheal. con
tains an excess of the cereal con~;lltuent 

called phytatc, which IS normally removed 
in the milling process. ExperllllCnts SIJngest 
that the phytate ltl tho villagers' bread had 
an adverse effect on ZIflC and coburn ab
sorption. depriVing the people oCitln9 1118 un
leavened whole wlwat breacl of ttlcse miner
als, As a consequence, rickets and othor 
bone diseases were prevalent In llle area. 
along Wlttl reldreJallon of growll1 ane! ~;exual 

development I1nc! Ifon defiCiency iHWrlllt!

all suspected to be the result 01 11I\JI1 phytate 
Intake. It was 'earned ttlC1tthe situation eiln 
be rectified by USing more refined flour In 
preparing the unleavened breaej IIw villagers 
favor; by leavenllig tne brc(lel dnugh. or by 
fortlfylllg the wheat 110111" With ad led min
erals. 
Aside from ttlO flndlflgs In Iran, however, the 
project's results did not confirm unequivo
cally ttlat the relalionshlp between malab
sorplion, malnutrition, and health in the 
areas is a serious problem bearing on food 
supply. 
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Inter-American Investigation 
Of Child Mortality 

Certain healttl problems are so overwhelm
Ing In some parIs of the world that it is diffi 
cult to net a t\andlo on how to begin to solve 
thern. The appalllrig mortality rate of infants 
am! childlen up to five years old--whlch 
iHnOUl1t~; to twll the cJeaHl rate in some de
veloplflq courltrle~;--IS such a problem. The 
COlJntrl(~s ;He) v/ell aV/l)re of the overall sta
IlstlCS, but they seldom have adequate spe
cifiC heal!!1 data upon which to base an allo
cation o~ resources. 

10 what (j'::qrc() IS malnutrition responsible 
for these dcat/l~;. or Iflfectlous (jlseases? 
What I~; the Irlt(~rrc;latlonsllIp) What social. 
ol1vlron rnental, cHid econornlc concJitions 
corq)/fO 10 cause thiS excessive number of 
deaths') To ilf1Swc:r these questions in Latin 
Arner!CiI. wiler(! ttJ() problem is purlicu/ar/y 
SeVI)rl:, the Pan I\rnerlcan Health Organiza
tion (PAI-{O). under il'"l AID research contract, 
beqan a cornpre[wnslvo survey and data 
COl/CCll011 program III Juno, 1966. 

PAHO \Vorke(! wilh p()r~;onn()1 nnd If1Stltu
tlons III till; olGht U".Hltrlus l)el11g studied. so 
ttlf! leCllTllqlJe~; cuulct be !ecJrnnd und con
tlnUl,d by locall\I',J!th of II cia Is after the proJ
c>ct (;ndr)(j :~() tln l 111 1; ~('~;(~arch might bene
lit tJOtll rnl~ct:.-;;!1 LiJuca'ItJn and ilp,alth pro
rJr;Hrl~; dll (,! 1111' r'i(w;cts except one well) 
ct(:ltdilpwi III :;ri,uuls 01 rncdlCIf1C' and public 
he Iltll In i,( Ji1a!)()ldllon With ItlOsn responsible 
Ir .. ddvery of tll'dlttl SfJr\'Ices 

f OUltO(;I) !(!:III1!; r:Oll1po<,ocl of a leaelor (the 
fHI1\ClpaluJllabor;ilor) at lew;t two local 
physiclitl1!;, two publiC 111;alltl llIuses or 
~;OCliJi worl·cr~,. dlllj il ~;ucr('tiHIClI staff 
lJilltJCW(J Ilil01111i1!1011 In tlll~ 1)lrJht countries 
about ();If 11 dl!dltl Iii d ';lllld unrlr;r five. Facts 
i1!JOlIl tlw lillll,,;', !';d.J11111 to dUillh (mclucJmo 
detilll:. of till: lillth. l)(r;,\O) II~ectln(). wr!;,trlrng. 
fOCJd:. ilddt)r! 10 tile dl(d ilncl r!wcJlca/ atren
tlCHI If'(J;IVCr!). Iw,toly uf prr;qn,mcy ilnd pre
Ilatul cart! for Ihl' Inolt)!)!, dUrlIoqraphlcs of 
1111; pill('III'; iHill (ltI'l;r Illl~llll)r:r!; 01 tile how;e
huld, illid hOll!,IIIIJ (JlllclilIOW;, WI;rf) col
lectr;rj HIJport~; 111r:liHlurJ hO<3pltal or cliniC 
lecolrl:; ,lIld Iril('IVI('W~; Witil phy~;iciCln~; when 
the child hill! !J(!CII IJlVI:!1 rncrJlc;1I ;lttOl)tlon. 
III addltlun lI\kIVICWUI~; viSited the !lomc to 
otJtilin il~; many f;ICls us possible about the 
fatal illness. 

Field investigation also included probability 
samples-visits to homes at random to com
pare the health and circumstances of sur
viving children in comparable situations. 
This technique was new to most 01 the areas 
where the program was conducted and pro
vided valuable experience for local teams. 

TllO findings of tile study have convinced 
some 01 the countries participating to re
direct their health programs. For example. 
the early discovery tilat many children in 
Recife and La Pal. Brazil, were dying 01 
mons/es leileJ 10 rl)nssive vaccination of all 
children 8 months 10 3 yeilrs old. Various 
national programs Clie pl,ll1ned or underway 
in several countries of the region. The im
portance of improvln~l 1110 quality and hand
ling 01 clinlcnl records as well as reporting
 
of lmtlls ClncJ deatlls was dcrnonstlClted to
 
Latin Arnerici1n health officials. The level of
 

pedliltrlc patlloloqy 11as also Improved sub

stantially SIl1CO tho projoct benan
 

One of the stU(jy's rnost Importnnt findings
 
IS the seriousness of nutritional deficiency In
 
the countries surveyed ond the high propor

lion of deaths in childhood III Wlllch nutrl 

tiona/ deficlonclcs were a contrlbutlno cause.
 
In four projects u~;!nu data lor the age group
 
6 months through 6 years, Irwestlgalors
 
found nutrrtlor1al (jeficlency to be the under

lying cause If1 10 percent of t~lC death::, a
 
contrrbutory cause In 31 percent. and a con

sequence of the lJl1Clerlying cause III 15 per

cent. A tot31 vI 56 percent GI the deceased
 
children had severe nutritional deficiency.
 

The lasting slqnlflcancc of the inter-Ameri

can investigation project Ilc;s not 111 the spe

cific findings (althoLJ~lh they dlellcad to im

mediate action to solvc short-ranqe tlealth
 
problems) hut In demonstratll1~J the value of
 
thiS methodology to health officials in par

ticipating countries.
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For many years the main tool in malaria 
eradication has been the pesticide DDT. It 
has many desirable features: it costs Clbout 
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 2~e awme of the drawbacl< of 
DDT's persistence, which prolongs its life 
in living tissues and makes it an objection
able environment pollutant. DDT is not bio
degradable; traces of the toxic chemical 
remain in the ,ystems of insects, fish, and 
animals exposed to it. For example, in Lake 
Michigan scientists have found that the 
water contains .000001 parts of DDT per 
million. yet fish taken from the lake contain 
10 paris per million and heiling gulls that 
eat these fish retain 100 rlJrts per million. 
The concentrAtion of DO r in humans in India 
is estimated 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 that some 
strains of mosquito, pCJrticularly in Central 
America, have cJevelopeel resistance to the 
pesticide. This was CJ primary reas~n for the 
search for alternatives to DDT conducted by 
the U.S. Public Healttl Service under the 
AID-sponsored worldwide malaria eradi
cation ~rojecl. 

Because DDT is widely used to kill insects 
other than Anopheles mosquitoes, a number 
of ecology-conscious organiz]lions have 
been searching for alternatives to the pesli 
cide which would be biodegradable. Among 
them was the Rockefeller Founei3lion, whicll 
supporlad research in four U.S univerSities, 
one of them the UniverSity of Illinois. '-lead
Ing the III;nois project was Dr. R. L. Metcall. 
who pursued the approach of trylflO to leam 
Why DDT cio,'s not breilk down dllll thus 
cumulates ttllou~Jh lIl(; lood (:II:lln. fie ,1I:d 
hiS staff sought In,lIo(luu~; to urn--sub 
stances lIlat were sirlilliH, hul With dilfel 
ences in Iheir CllOlllicill eOlnpo~;ltion tllat 
would correct DD f'~, silortc()lllino~; 1110y 
found lilat two nxtril iltOllls of cillOil/w III tl10 
DDT molecule W;l!, the factor thatlllade It 
nonbiodearadllbll~ . 

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

directed to the specific malaria-DDT rela
tionship of special mterest to the Agency's 
health program. If DDT analogu(;s were to 
be useful in malaria eradication programs 
in LDCs, th8y would have to be tested fOl 

specific properties. 

With AID support, IlUts and ponds were cali 
structed on Illinois property for tC'!;ts 10 do 
termine the 8nalo~Juc~,' ctfoctlvellC~~;:; (j(jil'nst 
mosquitoes, the lonuth of tml(; tl1r~y WOIJld 
remain effective InSide hut~; tllell toxlCIly 
to animals and to fisil (tile deDrc\) to which 
they would concentrate wililill the food 
chain) and how biodeOlilciahli: Ilwv woul(~ be. 

Minute quantities of sarno :10 anidiYllle'~,
 

were tested. SCJlr'e killed In3(;C\~; t'ffcrllvely.
 
olllers did no~ Tile process of cullll1l1 the
 
most pronllsi,lg i1naloljuos con\ll,u(~(j Und()r
 
the AID project. the production of 1(:adlnCj
 
analogues was cut from SOlnr: :30 ~jtcp:; to
 
two steps during SIX montlls Scvoriil wow
 
produced in lar~lor quantities. The process
 
may be furtiler reflneel and-~frorn il (;0:;\
 

standpoint---the analogue should be rou~Jhly
 

eqUivalent to DDT.
 

The illinOIS sClentl~;ts developed a ~;erlos of 
blOdegri1dable analoquf;~; lila! Illcorflol ate 
chemical rJrl)ljps in 1I1e 1)(1sIC rrlnleClJle 
which call be cOllv(;rtocl by ellzymes III IIVIIH) 
tissues IIlto wat(;r-soluble cJcqril(jiltlwl prod 
ucts Anllllais qlw:kly (~llllIlllilt() th(~~;(' PICHj 
uct. trlstoac! uf tjtorlnq tlloln In fZit ias tlley 
elo DDT) TllD ChCJllIC,lls ~;till k:lIll1lsuct; 
11Owever, becausl: IIIs('t:ls art; Ilut i1bl(~ to 
degraele them IWillly as effiCiently d~; velte 
brates can 

TIle best (1ndloque~; do not appeiH to COil 
contratn In til(; food ellalll, Virtually i111 dIP 

broken down In ,1 Jllatter of 11OlJfS. Con~;e

quently, tlw dnilloql J()S an: IlllJch Ic't;~; tOXIC 
to fish 

Certam ITlt)t;: iU1tOI II; Itl,lt hilvr~ clc:vt'lopcr! re
SI~)tdI1C(' to I)/)I '."1 'It' fOl/llrJ 10 I)I~ vllllwrable 
to Ill!' ilililltJijlJi':, r 1111 CIII'JllICdl Il'dl;lIl1 fOf 
tlw; Wdt; tll:,II)VI~li'd 1'll!VI'1f'~; ill th(~ 11iOS 

qUltllt~!; WI'I" oillill !O 1)f('i1~, drlWl1 [)i)! mole 
cIJII;::, but tllily cOlJlcI 111'1 Clll)l~ wl'll \l1f' dlf
felent CII()111IC;ll cont;trlJcllllll lil 1111' ;lIlll 
10nIJe~: 131'('dlJ:;() 1111'1\( dl(' :;l; Illdll'l dlldloqlJe 
possibilltll't;. If IIl1lt;qIJI\lWI; t;IHllJid IWlld r'.!
~;ist,lnce to .lIlY OIH! of UHIIlI. ;1 ::IHJht chem
Ical Ch,1I1Clf) cOIJld bll rllildtl WltlloUt destroy
;ng tile Jrls('cllclde'~; potency 
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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 sturies and 
science fiction. If population were to 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 
before 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 
Malthus put forth his gloomy theories of the 
effects of unbridled human multiplication. 
Only recently, has the urgency of such wwn
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. Nations do not benefit 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 
educated about the need for and techniques 
of family planning may not be tr:msferable 
to LDCs where rarents are not highly moti
vated. Research seeks easy methods that 
will be acceptable and effective within the 
sociological and cultural environment of 
these countries. 

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 neRd. Similarly 
these countries need to know much more 
about populalion dynamiCs: the factors af
fecting population growth and distrlbulion 
within a given society and the effects of pop
ulation characteristics i.1nd changes on the 
society. Once these Vital background data 
have been compiled. a country is rrepared 
to launch a family planning program To de
sign the best program, population planners 
must be able to answer such questions as 

What factors influencp. parents to have the 
number of children Hwy do'? 

What are the most effective methocs of edu
cating people to the need for family plan
ning and encouraging them to accept blrt;, 
control techniques? 

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

What evaluation criterra 3rc needed to In
sure that the program IS havlllg the desired 
impact? 

Operational rec8mch seeking improvements 
in the actual rJnduct of family planning pro
grams is carried out to answer these ques
tions. Biomedical resowr;h IS cmrred out to 
develop safe. effecti'Jc ld convenient 
means of contr<1ception. Great advances 
have been made in recent years In the blO 
laglcal and medical arc2s of family plan
ning. Scientists are hopeful that furthnr 
breakthroughs are imminent. AID-sponsored 
work progresses on methods of contracep
tion that would require less constant vigi
lance on the pmt 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. 
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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 that subse
quent programs are grounded in the reality 
of stutistics: a S-year World Fertility Survey 
began in 1972 under the auspices of the In
ternational Statistical Institute, The Hague, 
Netherlands. 

Many developing countries are hard pressed 
financially and in terms of trained personnel 
to collect basic census and information: they 
need help in collecting data 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 samr1e surveys of 
human fertility in observance of the U.N. 
World Population Year, 1974. 

In addition to gathering information on the 
age of a woman clnd Iler husband, birth his
tory and survival of all children, pregnancy 
history and mal ital history, investigators will 
explore fertility regulation practices, breast 
feodlng. 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 bC'lsic goal of the World Fertility Survey 
is to provide uniform s:;ientific 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 
scientilic orqanization with an elected mem
bership of eminent statisticians from coun
tries throughout the world. During the WFS, 
the organization will collaborate with the In
ternation81 Union for the Scientific StUdy of 
Population ,wd the United Nations. A profes
sional staff for the project will run a center 
in London where the work of national staffs 
in participating countries will be assembled. 

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 nationdl sample of large 
farms in Chile. Researchers hope to learn 
from this study how development policies 
i'lffect migrants, their earning capacity and 
their fertility-information that will be valu
able in national planning. 
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Populatlon 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 cOllntries in discovering the best 
means for coping with population problems. 

A sociological study on family planning atti
tudes and practices was conducted for AID 

/.Jy Harvard University between June of 1969 
und 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 
lost one or more children among Ihe 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. subsoquent fertility com
pensated for about 60 to 70 percent of the 
original child loss. The difference In family 
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 relalionship 
with fertility bellavlor and atlitudes (at least 
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 (notably one in India) have produced 
contrmy findings, which indicates that son
preference may be a complex cullural and 
social phenomenon that varies from country 
to country. 

In 1972. the Rand Corporation completed a 
2-year study for AID tu explore the ditfer
ences in fertility among individuals and 
<imong social and economic groups in de
veloping countries-to learll what affects 
parents' decisions on the number of children 
they will have. Among olller questlols. the 
study examined the relationships between 
rarentnl deciSions to produce offspring and 
the prev3i1l1lg rate of child mortality and the 
relationship to female education The pur
pose of t~le study was to provide 11 basis for 
countrie0 to better define (}Itematlve family 
plrlnnlng program strateg:~s. ili(llcatr Plelr 
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 Infurmation on pregnancy 
loss and how this relates to health. fertility 
levels. and other factors. 
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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 
dopend upon the commur.lications 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 questions Illay differ in
 
countries with significant cultural variances
 
and where a variety of family planning edu

cation and health delivery systems exist.
 

The most successful national family plan
'lIng 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
ploy, and whether they continue to use 
them. Operational research programs serve 
to identify and study problems and give im
portant clues about what modifications may 
be necessary to imp:'Jve acceptance of fam
ily planning methods. There are several 
means of trying to reqch the population
through ma3S media, door-to-door visits by 
field workers. or appeals by community 
leaders, for exam[1le. 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 operational 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. 

A major objective of family planning pro
grams is getting the information to 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 
after delivery of a child. 

AID supported a research project developed 
by the Population Council from 1967 through 
1971 to explore the opportunities for exten
sion of family planning by attaching the 
services to maternal postpartum care and 
treatment in large public hospitals. The con
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 
health centers, as well as hospitals, can pro
vide family planning information and serv
ices effectively. Successful 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 
t.lata from all research sites on each woman's 
age, living children, sons, education, con
traceptive and abortion experience, noting 
the outcome of postrartum 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 suffi
ciently impressed that they extended the 
postpartum program to many or most mater
nity hospitals as n major component of na
tional family planning programs. Among 
these countries are Colombia. Venezuela, 
India and Thailand. 
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Women who have just had babies <It a hospital sign 
up to receive oral contraceptives and other family 
planning services. Research carried oul by the Popula
tion Council has shown that the post-parIum 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 plannin~ clinics. The interview sched
ule, consistinC) of pretested demographic, 
psychological and sociological items, was 
administered to 1,652 females comprising a 
strFItified 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

finds mothers most receptive to family planning. 
The concept was tested in 111 hospitals In 12 
countries. 

ods, including exploration of whether the 
reasons were purely subjective or '"13lated to 
actual side sffects of certain contraceptives), 
what improvements in clinic procedures are 
necessary to 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 in a 173
page report, distributed by the Costa Rica 
Family Planning Program. Costa Rican sci
entists, doclOrs, and family planning experts 
were active il the project from its inception 
and Are conLnuing evaluation with other 
funolng since the termination of the AID 
phase of the program. 
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Improved Means of 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
uals and families to regulate their fertility 
in keeping with their personal desires. Any 
research on fertility control technology spon
sored by AID seeks methods consistent with 
the exercise oi individual choice. 

In the United States during the past decade
increa~ing 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 accepted family plan
ning metrlOds, and national fertility surveys 
document increased use of fertility control 
in all strata of society. 

In the less develofJed countries where health 
care systems are weak and the people who 
could benefit from family planning are often 
poorly educated, fertility control techniques 
are needed that are especially adapted to 
the local conditions of these countries and 
less dependent upon sophisticated deliv
ery systems. 

Experience indicates that in LDCs, as in 
more developed countries, those official 
family planning programs or private chan
nels that offer a wide variety of techniques 
are more successful than those relying on 
only a few methods. Different mJthods 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 choose sterilization. 

I~ ~ddilion, cultural differences 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 serio 
ous problem for IUD users already Clnemic 
from parasitic infestations who lack sanitary 
supplies and facilities; and decreased lacta
tion amon.g users of oral contraceptives may 
compromise infant nutrition in some settings. 

Any new means of fertility control must be 
acceptable both to individuals and to !:o
ciety; furthermore, they must be adequately 
safe, demogmphically effective, and prac
tical for use in family planning programs in 
terms of administrative ease and reasonable 
cost. AID research is attempting to develop 
a variety of means of fertility control which 
are suited to conditions in LDCs. 
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New Methods of Fertility Control 

Simpler, more effective, safe to the user
these are the results researchers strive for 
in developing new contraceptive methods. 
If a woman could tal<e a pill once during the 
morlth, 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 bebn 
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 contract, the Population 
Council (and seven subcontractors) are also 
studying methods tn interfore 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. 

Releasing Factor Studies 

The reason that the corpus luteum excretes 
progesterone hormones is because the brain 
has given it a signal to do so. Releasing 
factors are chemical "messengers" that link 
the hypothalamus of the brain with the an
terior pituitary gland, directing the gland to 
produce horn ,ones Involved in conception. 

The Salk Institute for Biological Studie~; is 
attempting to develop a new oral contrt.l 
ceptive that would be effe,:tive 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 relc8sing 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 wlHl LRF activity and prevent 
conception. 
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Prostaglandi ns
 

Prostaglandins show promise of a break

through in contraceptive technology particu

larly suited to the needs of AID-assisted pro

grams in de'aloping 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

Icaltrials, and a prostaglandins information
 
service.
 

This work has been carried out at 18 differ

ent institullons, either funded directly or
 
through a program coordinated by the
 
Worcester Foundation for Experimental Bi

ology. They hE:ve included Harvard, Make

rere University (Uganda), The Royal Veter

inary College (Sweden), Oxford, Yale, and
 
the Universities of North Carolina, Johns
 
Hopkins, George Washington University. Uni

versity of Wisconsin, and Washington Uni

versity (St. Louis).
 

Although further testino 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.
 

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. 
Certain steroid hormones are the active 
agents in these contraceptives (and in other 
experimental methods using injection and 
implantation techniques). Although the effec
tiveness and Flcceptability 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 J=oundation for Research and 
Education are conducting clinical studies of 
the metabolism of the 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. 

If studies reveal that women with health or 
nutrition problems suffer adverse reactions 
to the pills, supplements of vitamins or folic 
acid, for example, might be added to the 
compounds that would negate these effects 
while still maintaining the contraceptive 
effectiveness of the pills. 
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Developing and Testing IUDs 
Intrauterine devices 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 etfects, 
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 IUDs-their Size, shape and texture 
-and studying Side effects that have been 
reported wllil the cWerent devices, such as 
pain, bleeding, and Inadvertent expulSion. 
Battelle seeks to L ?velop an Improved IUD 
with mHlIrllUm Side elfeets through experi
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 ar.d packaging for LDC 
users 

Battelle IS concentrating" on m8asurlrlg the 
wide range of geometric and mechanical 
possibilities-and comparing tlleir clinical 
performance. Both Inert and biochemically 
active materials arc being tested to discover 
new materials and deVices and to measure 
their suitability In a number of woys Includ
Ing anlmaltestln~l Most IUDs depend upon 
their shape and texture to perform their 
function, some sCientists Ilave found that 
added elements like copper and other metal
liC Ions, make IUDs more effective. Battelle 
IS also Invesligatlng the advantages of medi
cated IUDs 

The researchers are interested in assuring 
the acceptability of IUDs Irl cfeveloplng 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 organlza· 
tlons by exchanOI!lg Information and pro
vldlrlg technical matenal through newspaper 
releases. seminars and lectures. and publi
cations. 
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Surgical and Engineering Research 

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

Battelle has corne up willl devices that would 
not require ~;killecj medical personnel, nor 
generClI aneslllesli1 ancl mtra-abdominal op
erations for female sterilization. One method 
IS to occlude ([Jlock) the woman's Fallopian 
tubes With lissue ildhesives. wtlich can be 
applied throuat1 the vorJina without an ab
dam mol oreration. 

Allhou~Jh male sterilization, through vasec
tomy, IS Clvoilable In several LDCs, many 
men aro reluctant to accept the operation 
because It IS irreverSible. Vasectomy is a~ 

operation lllat disrupts the vas deferens 

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

Related studies on rever.:;ible sterilization are 
being carried out 'ly 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 current techniques and yet could 
be removed. 

Instruments have been designed to insn.rt 
the female clip through a laparoscope 
(which would elirllinate the need for hos
pitalizC1tion). Several prototypes of this 
equipment were manufactured for research 
purposes and are being used in clinical trials. 

AU S.·llailH'd IDC ~;IJf<1f"lIll'l'rf()rrll~;;j IdjldIO';iiJl"C dl';ch;II!1P 110111 Oil! IHlSjlltal Ille sall1e day anu if, uased 
Iuuilllrqalion II'qllf~;Il'd ill' a :Hi \,l~dl 1>l1I 11101111'1 01 Ilil jlrllcedlllP~; developed b'{ Ihe UllIVcISity flf North 
l;(!ven Ttll~; !l~CllIliqlJfl of ff!nlal,~ ~;II'lill!;jII()n IIIJlrnaily Carolina Linder an AID ref,careh contract 
rIl<1uilf!S len IIIII1Ulef, on Ill" 0JIt'liltlnq l;jlll£' wilh 
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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 
preventative medicine 

A combined prophylaclic/contraceplive 
could introduce family planning Into regular 
venereal disease control and other publiC 
health programs at a minimum expenditure 
of profeSSional manpower and with a high 
probability thCitthe substance will be ac
cepted and used. Such an agent would be 
parllcularly useful for women where clinical 
methods of contraception and treatment fa
cilities are not available. 

The UnMlrslty of Pittsburgh is working to 
develop Improved intravaginal agents with 
spermicides to kill sperm and with drug 
components effeclive in preventing trans
miSSion of a broad range of genital tract 
Infections. Tests for effectiveness and safety 
have been conducted with rabbits; field tests 
for humans are planned at both U.S. and 
LDC sites 

Simplified Techniques of Fertility Control 

In 1972 AID supported a Johns Hopkins Uni
versity research program to find ways of 
simplifying fertility control techniques uspd 
In LDCs. As an integral 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 
-::Ilnic setting, instructs physlClrJns from de
veloping countries In the most advanced 
techniques of sterilization, contraception, 
pregnancy termination. and family planning 
clinic management 
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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 fertility control. A sci(ntific advisory 
committee of experts seiects, screens and 
reviews projects costing less than $50,000 
eacllto be carried out by U.S. and overseas 
Institutions. Preference is given workers in 
LOCs. 

Although the program was started recently, 
several novel and promising ideas are being 
pursued Among them: effectiveness of a 
hydro-fluaro-carbon compound that traps 
srerrn<ltozoa when applied intravaginally; 
,mel nvnlutltlon of Indonesian herbs believed 
10 control fertility, to learn If the folk remedies 
,He rnnellcally sound; the effects of adding 
sperm enzyme Inhibitors to vaginal foams 
nnel ![)Ilies !\nother project will study im
proved IUDs. 

Under this progrum, some 20 projects may 
he funded with the purposn. of encouraging 
ami broadening the pool of population re
search talent in the U.S. and in developing 
countries 

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 rreans of contraception, and 
other means of fertility control, in a variety 
of cultural settings. 

Such practica/trials shorten the tirne in 
whi:;h undesirable effects or health risks can 
be eliminated. They also demonstrate the 
favorable characteris!ics of new methods. 

IFRP has designed standardized study forms 
that permit side-by-side comparison of data 
collected on various methods of systemic 
contraception, menstrual regulation, preg
nancy termination and sterilization. Fa,. 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 fron an internationally estab
lished network of experienced clinicians 
conducting collaborative field trials. 

Under the [Jrogram, special studies are in
itiated to develop new methods to the level 
where clinical trials can be conducted. An
other Important objective of the program is 
to train LOC investigators in the use of new 
methods. 
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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 provirJing contraceptive 
service, and the effectiveness of devices 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. 

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 has 
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, IUDs, 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 at clinics and hospitals. As a 
result these facilities are available only to a 
fraction of the population and are relatively 
exp2nsive per patient. As part of a strategy 
to bring needed services to a wider portion 
of LDC populations, AID is exploring the 
feasibility of ;l~;sistinq ::;everal countries to 
establish mUltl-purposo integrated delivery 
systf;rW3 :hat would attack [Jroblems of nutri
tion. fll'iJJlh rJnd family planninq. More food 
fwr ca~)I\a and more nutritious foods are 
both basic requirements for reducing mal
nutrition Many resources arc being devoted 
to rllodllcing more food. but greater empha
sis is needed on the severr ,roblem of low 
food quality, particule.trly pl0tein deficiencies 
in the diets of the poor. 

AID's research is concentrating on how this 
goal can be achieved i1t 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 healtll officials could in
deed help him identify the nature and extent 
of nutritional problems, the agriculture :jeci
sion maker could have great impact on low
cost protein availability through nutrition
oriented agricultur(ll policies: a pricing policy 
that would reward tl18 farmer for qrowi;lg 
high-lysine corn or bC(lns, peas and lentils 
would have widesprcad 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 "alue, and the 

causes and preventi.m of m.3lnutrition. 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 
needed to gauge which cHe tile most effective 
in bringing about change. Such knowledge 
is necessary to permit sound pl(lnning of 
the educatIOnal componc'll of nutrition pro
grams AID has inlti(lteci an evalulltlon of 
nutrition education pro~Jrams dcsigned to 
provide some of tile '1rlswors. 

The relationsilip b(:two2n r~dtntlon ;-Incl family 
planning programs is [rlOre subtle Belter 
spacing of children Ir;-lcJs to sm;-ll18r families. 
more filvorable food avalli1bilitv anc~ cetter 
maternal he;-llth. ClncJ tflnse result in belter 
nutrition In mimy LDCs. ciellvery ~;ysterns for 
food distribution extend ililo ;-Ir(~;-IS tll(lt ;-11'0

not reached by heClI!ll or f;-llllily plimnllirJ 
r.enters. F;:nnily plClnnlnCl prcqr,IITls :110 lrc
quently rejeL~ed by the poplililtiOI1S "I de
veloping countries However ~"Clrnc OVIC!tJilCO 

exists that mothers who S0C' tll0,ll Cllilclren 
visibly improveci nH()ur;il a rwllillon proqram 
will place greater confic!enc() anci t;llth In the 
program that has provlcJed the nutritional 
benefits and Villi becJll1e nlorc receptive to 
family planning. 

Governments of cJevelopinu countries are 
quick to recognize the need for slich tangible 
resources as. say, steel So they Clre Willing 
to commit funds on a priority b~lSis to the 
building of a steel mill Gill they rllay 110t sec 
so readily the er:OllorlllC 1)()lleflts of InlfHOV

ing nutriticn. 1\10 resei1rch proj(~cts provide 
tools for government plClllners to identify the 
the gaps in their current nutritlon(l! proqrams. 
so they can set poliClf;s which will contribute 
to the health and strenqth of their citizens. 

Research alse) pomts to now directions to be 
explored--llinovatlve approaches that may 
overcome persistent pr(~blen1s at a reason
able cost. 

Through an Irony of nature. the foods that 
arc :Too:;! rut, illous i1re also the most ex
pensive. Meat. fish. eqgs. and deWY products 
are rich in high qUClllty protem. the complex 
substance made up of C1 combination of 
;:lmino acids that arc essential for health and 
growth. But these foods me practically un
available to many people. 
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In the develolJing countries of Africa, Asia, 
and Latin America, about one-fifth ot the 
population is undernourished-they do not 
receive enough food of any kind and subsist 
on far fewer calones than they should. But a 
larger proportion, 31 least 60 percent, is mal
nourished. not receiving balanced nutrition 
from what lood is available. 

A large percentage of the malnour:shed are 
chilcJren who need more protein than adults. 
Extreme lack of protein can r8'.3ult in such 
serious diseases as kwashiorkor which 
stunts the child's physical growth and may 
hinder his mental development Scientists 
have learned that growth and health are 
allected not only by the amount of protein 
an individual ealS, but also by the quality of 
that protein. The standard diet in mtlny LOCs 
contains protein that is deficient in one or 
rnore of the essential amino acids. 

Protein malnutntion has been increasing in 
recent years, With the ra:Jid population 
Cjrowth in LOCs f1ncl the r,eed to produce 
sufficient "~alone~), some croplf1nd appears 
to have Geen shlfleeJ from pulses 10 the new 
higher yle!rjlnCj u:reals 

The approacr-I AID lalws In aoriculture, of 
brrodlnq plants wilh Inherently better nutri
tional properties, IS partlculi1rly beneficial in 
countries whure IArqc portions or the popula
tion sulJSlst on crops thuy grow themselves. 
In more urbani7crJ societies nutritional fortifi
r:atlOn IS more: offcr:tivn Supplements are 
addec~ to the food after ~1arvestjng and be
fore mark(~ting, effectlvoly ImprOVing the 
nutrition of masses of people. 

Improved fOOd tedmology. Wllich falls 
within the province or nutnlion. can also 
lillprove a country's economic development. 
Food processing, mOi'O modern marketi~g 
techniques. better storage and preservation 
of food, create employment opportunities, 
reduce waste and spoilage. and generate 
greater income. 

Rice Fortification 

More people eat rice than any other single 
toad-and to many of them in LDGs 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 shortcomings 
of rice have partiCUlarly deleterious effects 
on children, pregnant women and nursing 
mothers. 

Under an AID contract, Harvard University is 
conducting studies to learn the effect of 
fortifying rice with a synlhe!ic rice-like grain 
containing amino acids Hnd 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 desigl1ed 
to provide fortified 'Ice to communities where 
rice is the basic food staple, 

Tests are being conducted in Thailand 
where the residents 01 some 25 villages are 
cooperating. Even if the villagers grow and 
eat their own rice, it is their custom to take 
it to the Village mill for processing. The 
miller is supplied with a metering device 
ttlat will add one percent of nutritive supple
ment to the weight of the rice he husks and 
polishes (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 
d'ly care centers in villages where the rice is 
supplemented with vitamins ,md the amino 
acids lysine and threonine.A second group 
also attend day care centers in villages 
where rice IS fortifHxJ only with vitamins and 
minerals. A third (control) group is tested at 
day care conters, but tho Village rice contains 
only placebos. Two other groups do not 
attend day care centers-one 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 (Jnd as a convenient location for 
measuring 1/10 r-hilclren's growth and asking 
whether thoy were ef1ting the rice, whether 
they had been ill, etc. (The day care centers 
AID built to reward village participation 
proved so popUlar that the Thai government 
decided to build hundreds more.) 
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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 th:; population. In
formation collected in this survey may be 
useful for feeding trials in future research. 

1\ will take som'3 18 months to determine 
whether the children who received amino 
acid supplementation benefited more than 
those who 90t 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 of 
government subsidy may be required. 

Because of the added vitamin, nboflavin, in
cluded in tile nutrition pellet in the Thailand 
Inals, rice became yellow I'.'hen cooked, in
stead of white, Researchers fear8d that 
might diminisll acceptance, but the color 
change has been found to present little 
problem, Sometimes the pellet remains hard 
after cooking, however: when that happens, 
it has been found that Thai villagers simply 
pick the hard granules out of tile 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 rir,e-eating countries will convene to 
discuss remaining problems. 

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 wheat flours to 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, Includir,g some 
who have been rehabilitated from serious 
diseases caused by mainutrilion (such as 
kwashiorkor) . 

Data obtained from these clinically controlled 
experiments showed that lysine-enriched 
white wheat flour, as a sole source of pro
tein, Will support normal growth in Gonva
lescing malnourished Infants over an ex
tended period of time 

The findings of the orolcct are being used to 
guide wheat fortification programs, particu
larly in emergency feeding situations such as 
occurred in Africa and Asia. Action programs 
to improve wheat protein utilization by add
ing lysine to wheat flour are under way In 

India. the Philippines, and Tunisia. The P,!ls
bury Company is also test marketing lysI'1c
fortified flour In the United States 

Another AID-supportncJ project tackles a 
problem familim to American parents who 
fed their children cod-liver oil in fruit juice: 
how to make nutrients palatable 

I<ansas 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
ceptable to consumers-and available at a 
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. 
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Surveys and studies, combined with labora
tory work resulted in a major breakthrough 
by the KSU research team. They found that 
addition of a dough conditioner, sodiur.l 
stearoyl-2-lactylate, allows the incorporation 
of significant levels of protein concentrates 
without disturbing the 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 lt1at is practi
cally mdlstingulshable from non-supple
mented white bread in color, loaf volume, 
texture and overall acceptability. In tests, 
thiS breacl as compared \0 non-supple
mentec] bread has produced a significant 
Improvement In the growth of small animals. 
The technique also works for wheat-based 
foods other than bread. 

Inella and the Philippines "viii 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 
countries 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 intornational 
scientific, technical. and commercial jour
nals and bulletinS; some of these papers 
were presented during 13 na!ional and inter
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 dlscovtHY shows decided promise for 
incorpora!lon of a variety of nutritious sub
stances-cottonseed or sunflower seed, for 
example-Into many wheat-based foods, 
Without destroying their appeal to the con
sumer. 

Wheilt·based foods like bread. couscous and chapatis 
(being made above) provide t\le basic nutrition for 
rr,lIllon~ of peoplp Unless sucil foods ,He enriched. 
tlleir nutritional valul IS relatively l:1w. But researchers 
learned that addll1(J fortified IloLlrS from soy or 
Clllckpea often changed tile tastc and texture of the 
wllCal producls. Many ~~eople would not eilt them 
Food technologists from KansJs State UniverSity have 
discovered <J dough condllioner that, when ildded to 
Ihe flour. permitted the addition of nutrients without 
disturbing the taste or texture 

Millers in Guaternalan vlllaijes !lave cooperated in an 
AIO project to determullJ tlll~ feaSibility of enriching 
tile "masa" from wl1lcll torlillil~; ilrc mad!! Villagers 
lmng IlnlC-sna)lcd mal!c' to be mllird. il they desire 
fortification, 1110 rnllirr adds tile f':qulred proportion 
of vltarnll1 and protein supplcment. Til£' resultll1g 
torlitlas arc tWice ns good 111 terms 01 utilizable protein 
as unfortified tortillas. The research project is carried 
out by the Inslitute for Nutntion for Central America 
and Panama (INCAP). 
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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 fortifying corn during the milling process 
with lysine, soy (which supplies the needed 
amino acid tryptophan). and vitamins. Re
searchers want to learn if such a fortification 
program at the 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 childrfol~ 

and on intestinal infections. 

The work is being done in cooperation with 
village leaders at the test site. Crucial to the 
projeci's purposes is determining whether 
the proposed fortification program can be 
carried out at the Village level Without 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 
yes, he weighs the maize and adds the 
required proportion of fortification mixture 
during the milling operation Tortillas pre
pared frem this fortified maize have a protein 
content of about 12 percent, compared to 
8 percent in the c..rdmary torLlla In terms 
of utilizable protein, tt18 fortified tortilla is 
about twice as G"'Jd. 

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 nJrsinq mothers 
and pre-school children) The response was 
considered remarkably high for a tradltlon
bound community. What biolo~ncal effect the 
program will have on tile target population 
of the village. and the cost of carrying out 
such programs on a large scale, are still to 
be determined. 

Infant Foods 

An AID-funded project was initiated In '1967 
In Chile to develop a low-cost high-protein 
food suitable for Infants and pre-school 
children. Under the leaderstlJp of Dr. C O. 
Chichester. then at the University of Cali
fornia, a team of Ctlilean doctors. chemists. 
marketing specla/lsts. and food techn%
gists searched for two specifiC kmds of 
nutrllious processed foods-,-one type for 
weaned Infants. another for youngsters eat
Ing solid adult-type fooels. 

They developed a mixture of wheat With 
vanous oilseed meals and fish protem con
centrate that can bi: heat processed 10 
produce an accc~Jlable food In one slep. 
Some of the products are nutritionally SUit
able substltu:es for milk Irl tile diets of 
c11Ildren, and they cost less than milk. Gillie 
IS one 01 a number of countries wtler0. cow's 
milk IS In shorl supply a.ld therefore ex
pensive. The processed loods were clini
cally tested by the melat,ollc unit of the 
UniverSity lJf Chile to make sure that field 
tests of acceptability to children could be 
safely conductE:d 

Other advanlages of tl18 low-cost food are 
It has a long shelf life, and IllS easy to trans
port. The government made plans to produce 
several of tile proeiucts tested and to IJlcor
rate one or more mto the natlollal SCllOOI 
and pre-scllool feeding programs Gilile has 
a nationally announced goal In nutrition. 
These foods. ceslgneeJ by Glllleans, are 
expected to contribulC toward meeting tllal 
goal. The experience galr1eei tilroUgtl tillS 
prOlect. It IS believed, stlOuld lead to broad 
application In other deve,opmg countries 
faced With shortage of cow's milk for children. 
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Using Coconut Protein 

Coconuts are grown in many tropical coun
tries. But they are harvested in a manner that 
destroys much of their nutritiv~ value. Tile 
traditional way of preparing coconl,;ts 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 waste 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 ~o 

them. 

Texas A&M, with AID support, has developed 
a process for recovering the protein of coco
nuts fo~ human use in ways that would be 
practical in LOCs. Although the most 
desirable place to work on such a process
Ing 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 rre
Ilminary laboratory work, the research team 
may move to an LOC location 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 to 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 for the production of coconut oil. This 
breakthrough in processing may be particu
larly 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 'leet more stringent 
standards. 

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 LOCs. 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. Th0 protein derived from the coconut 
has nutritional chdracteristics 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 dJmonstration of the 
commercial Viability of such a plant in a 
coconut-producing country. 

Scientists from the Philippines and Thailand 
were recruited to join the Texns A&M re
search team. Nine scientific paoers based 
on the research have been presented at 
meetings of professional groups such as The 
Third International Congress of Food Science 
and Technology, the Institute of Food Tech
nology, the American Association of Cereal 
Chemists, the American Chemical Society, 
and the Chemical Society of the Philippines. 
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Effects of Proteins and Calories 
Upon Humans 

Nutrition is a developing science. Many 
questions remain to be answered. Basic 
knowledge 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 
fooJ 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 if specific nutritional fortification 
programs (such as amino acid supplemen
tation) that sr.ientists 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. 
Tho body will use proteins from tissue for 
energy when caloric reserves are depleted 
and energy requirements are greater than 
caloric intake. Calone-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 protein-calorie 
relJtionships 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 diet be utilized when presented 
with or between meals? 

Tests were conducted with healthy, young, 
male adult volunteers. Results 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, I~; not critical. Spac
ing of eating proteins and c:lrbohydrates 
was found insignificant. But the information 
substantiates the thesis tl1al the quality of 
protein is important in nutntion. with or with
out adequate caloric Intake. The experi
ments, originally limi1cd to wheat. will be 
continued with other cereals and legumes 
deficient in specific essential amino acids. 
Findings could 'Nell form the basis for wide
spread AID food fortification policies and the 
selection of food gr;:lIns for human 
consumption. 
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Clinical Evaluation-New Protein Sources 

Another AID-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, tllese people will not 
through some stroke of magic have access 
to meat, r,lilk, 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, 
is testing tile 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. 
EvaluRtion of their eff0cts on humans is a 
critical preliminary to any large scale pro
gram of distributing SUCll food supplements. 

The children entering into the feeding ex
periments are In the course of recovery from 
diseases associated with malnourishment, 
and appropriate safegutlrds are maintained 
to assure the experiments will not be harmful 
to them. The protein quality of the experi
mental food rlllxtures IS being compared with 
the quality of cow's milk. The products 3re 
fed 3S the unly source of protein for periods 
ranging from 4 to 12 months. 

Studies stlowed thut certain soy products, 
cottonseed protein, fish protein concentrates 
-balanced mixtures of IIlese materials v"ith 
c8reals-can be cornr1,HablG in effectiveness 
to cow's milk under :;11(:11 circumstances. The 
project has also demonstrated procedures 
and limits for determining and evaluating the 
protein quality of unconventional foods. Re
sults of the studies Ilave already been used 
by AID in the Food For Peace Progl'8m and 
by UNICEF In planning emergency feeding 
programs. Experimental results have also 
been made available to the private food and 
drug industry and have stimulated develop
ment of new, inexpensive high-protein foods. 

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. Lebora
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. 

AID 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 oarlier program in 1967 
that was jointly funded by the U.S Navy, 
Johns Hopkins, and the Rockefeller Founda
tion. Research is being conducted under 
cooperative arrangements with Taiwan gov
ernment officials end scientists. 

By its design, this project will not reveal 
results for another year-the cllildren have 
tn be examined over a period of time and 
compared with children of mothers who did 
not 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. 
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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. If a link can be proved 
between the state of an individual's nutrition 
and the amount of productive work he is able 
to do, then by extension a relationship is 
established between the nutritional status of 
workers in general and the productivity of a 
nation. Such a demon.::ltration could elevate 
the position given nutrition in the economic 
priorities established by the governments of 
developing countries. 

Under an AID contract, the Medical College 
of Wisconsin is conducting tests to confirm 
the relationship between proper nourishment 
and work capacity. Research on the physical 
work capacity of malnourished human adults 
is not new, but previous projects were lim
ited to 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 malnourished fm most of their lives. 

Cooperating with the Universidad del Valle 
in Cali, Colombia, the research team has 
conducted physiological experiments with 
workers in a nem.by sugar cane plantation 
and mill. Workers have been classified ac
sording 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. 

This sugar cane cutler is also workinCj for science. TllO 
contraption he wcars llleaSLrCS hiS protein depletion 
and reveals other biological ct1anges. T11(' study con
ducted by ttlO Medical Colle~lC of Wiscon~;in is de
signed to detcrmine the relationship between proper 
nouristlment and work capacity and to flii!aSure how 
debilitating chronic malnutrition is to laborers. 

Research conducted under this project tends 
to confirm what has been suspected for 
some time, but tile 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 lhat 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. 
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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 brf.ml'.throughs 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 whicll educational 
approaches work best in different contexts. 

AID views education as a Vital instrument in 
improving fhe 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, AID supports re
search conducted in developing countries 
and encourages collaboration between U.S 
and LDC scholars. 

To give cohesiveness to Its research and 
other innovative programs-instead of dif
fusing resources on disassociated projects
AID has determined to 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 useful, and what should (and poten
tially can) be learned. 

While these blueprints for research were 
being dravn, AID made grants to U.S. uni
versities tv develop resources for carrYing 
out projects dlwr:tt'd to key problems' to 
Florida State and Stanford Universities in 
educational technology, and to tile University 
of California at Berl<eley to study the financ
ing, costs Llnd effiCiency of educ(ltlon (lnd 
trainine, progrcHTls. 

Although leLldors in developing countries 
have succorded in building better traditional 
educational systems for far larger numbers 
of their people than ever had access to 

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 to 
meet this need is through non-formal ffi8ans 
of education. 

Experience in both developed and develop
ing countries has shown that non-formal 
education can be much more than an inferior 
substitute for academic ins!ructlon. 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 ',vith a country's formal 
education so that a national learning system 
results Of course. the problem of delivering 
non-formal educ~ltion IS more complex-and 
the solution will be closely tied to develop
ments in the <,,rca of educational technology 
Non-formal education research is expected 
to take the form of evaluation of experimen:s. 
studies of fl':l-scale trials conducted by LDC 
institutions and supported by US univer
sities under contract to I\ID for development 
of Ihis area 

Another need-a continuing one-Is to find 
ways to irnprove thp. effectiveness of I02rn
ing, whether in fornal school systems or 
through non-formal educalion arrangements 
Research In educalior,al technology is 
directed to this need 

Educational tecllllology IS defined as a sys
tematic \'/iJY of deSigning, carrYing out. and 
evaluatlllg the total process of learning and 
communication It oncompasses human 
teachers and teachln~l tools-teleVISion, 
films, radlc, computers. and more tradllional 
means such as IcxtLJoof\~; and vlsunl aids. 

As educational lecllnolorJY IS brougtlt to bear 
on eXlstlllg learnlrllJ ~Jyst(~ms. II can be used 
to stlnlUlate reforrn ;md renovation, as It has 
for example III FI Salvador and South Korea 
1\ growing number of countrlcs are mnklng 
firm, long-term commitments to educational 
technology as a major Instrument of devel
opment. The expcllence of th~se countries 
will be helpful in establistling a knowledge 
base upon which other LDCs can build. 
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Another area where research can contribute 
10 more efficient educational systems is 
through improved analysis of the sector, 
leading 10 clear diagnosis of deficiencies 
and belter planning. Such research includes 
Investigation of new fL!n~ing sources and 
less costly ways of providing education. 

I,lthougll LDCs have been incleasing their 
Investment in cducQtlon. the disparity be
lweon eelucdtlonal needs and resourcos 
continues to '.·;icJen The bdsic problem is by 
no means one of resources alone. Too often 
funds me wasted on archaic systems with 
~;ubJect matter :lllrl methods of instruction 
':lhlch rontnblJte Illtle; to ~;oclal and eco
'10lTlIC devolc,plnent 

file role of effiCienCy I~; often overlooked In 
l;onslcJmlng erJucatlollal j:nance-the less 
effiCient a ~;ystelli I';. tll(; more funds must be 
rellsed for elfl! (jlvell lovel of operdtion. As a 
first stlo[) toward cJoV(;iOPlllfj a program 
Iwhlch IIlclucles re~;()arc:ll) for guiding LDCs 
III fir::;, 1L:lnU crJlJCatloll In an officient manner, 
(liD comnw;slonceJ (j report from Harvard 
UllIvef:,l\y to P'(JvlrJe de,clSlonrnakers with a 
clem Ideel of til(; known mothods for financ
Ing educatlorl, ;j/lrJ for reduclllQ costs, to
qether With all evaluation of their advantages 
and dlsaelvanta~w~; 

When the surveys of the state of curr8nt 
knowledqe In these key problem areas have 
been comr/etod and analyzed, AID will con
centrate researrll projects 011 the areas 
where further dovelopnwnt of new data are 
needed. Two recent proJocts cJescribed be
low oro not neces~;~lrIly reprosentative of the 
futuro dlrcctlons of AID research in educa
tion. 31lhouqh thoy contain elements of the 
princlplo~; IJohincJ contll,lJlnq efforts in this 
soctor The overflr!lnq crlt(;[IOn for Judging 
futuro researcll pOc;~;lhilltio~, IS the probabil
Ity 1I1at the rc~;eurcil will facilitate changes in 
education that make It Significantly belter, 
cheaper. or avarlable to Cl wider number of 
people in LDCs within a reasonable period 
of time. 

Effectivenes and Cost Efficiency 
Of Instructional Technologies 

Many developing countries have concen
trated on establishing a system of instruc
tional television in schools and ha'/e ignored 
the potential of less complex and expensive 
technologies, such as radio accompanied by 
printed and illustrm;"e 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 11esearch exam
lIled the experience of developing countries 
With brondcast and supplementary material 
for instructional purposes Investigators con
Sidered IIOW such media mixes Ciln be man
aged moro efficiently and applied more se
lectively to producc concrete educational 
lIilprovements for both In-scllool and out
of-school popuiations at acceptable costs. 

Ttw rosearcllPr~; conclucted case studies of 
three uses of media for education, which 
thoy chllracterizecl as "platforms of knowl
ed~Je" for futuro poliCY and research' 

- The int8nslve use of classroom television 
ilS iln a~Jont of camprohenslvc educational 
reform, illustrated by major projects in Amer
Ican Sdmoa, [I Sulvddor, amJ Niger. 

-- The use of racflc; ,md telGv;sion combilled 
with correspondencu study (0 ey\cnd educa
tion beyond the school, IIle ::;0 cdlled "open 
school" pattern represented by many differ
Ing projects around the world. 

-- Applications of radiO (sometimes aug
mented by visual aiel,,) for different kinds of 
Instruction, other thdl1 the "open school," in 
developi;lg regions of the world. 

Particular study was given Mexico's system 
of seconcJ2'y erlucfltlon lI1rough television 
to ~;upervlsccl ~Jroups Ifl Villages that have no 
secondary schools. Researchers oathcred 
compeJratlve eJata Irom the televiseel educa
tion system Lind tho traelitional Mexican sec
ondary system all studer It ability and achievp.
ment, student Lind tedcher attitudes, teacher 
observations, costs, dnd dropout and reten
tion rates. 

72
 



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 aSSUllle responsibility 
for more than one grade, and the radio les
sons are keyed closely to centrally prepared 
student workbooks. 

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 ltle 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 rate 
learning of scientific 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 education for 
students who go forward to secondary and 
higher levels. 

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 AfncLln countries were 
encourugocJ to incurporote them in their 
primary school systems. 

In ganowl, Afncnn IJnrnary students had no 
sCience In their CUrriculum. As pmt of the 
proicct, sciontllic development centers were 
established nom the schools, including dis
plays of live anclmountecl alllln()ls, und other 
natural objects. Prlnll!lve sClontlfic instru
ments were produced at low cost, such as a 
crude microscope mnde of a stick and a 
piece of glass, which sold for 14 cents. 

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

Conferences and workshops were conducted 
for African teachers and educators and a 
number of U.S. representatives. CUrrlCUl2 
were adopted by seven countnes; matenals 
were tailored to the particular enVironment, 
topography oncJ animal and plnnt life of each 
country. In somo coun!lIes the environment 
was slmilm enough to pOmll! adoptIOn of 
almost identical curricula Additionally, 
tencher gUidebooks were developed in 
teacher traming colleges, In-service work
SllOpS and by individual classroom in
structors. 

Since 1970, when the ossenll21 rosearch was 
completed, the project Ilas been continued 
througi. tec~lr1lcal assistance funds. Reports 
nnd materials from the project Ilave been 
widely disseminated In the US. as well. 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 aild 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. Almost every Latin 
American country and more Ulan half tile 
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 :fficl
ently-and at the same time make guod use 
of their existing capabilities. Even when 
science and technology resou~ces are rela
tively plentiful, there are invariably major 
problems in bringlrlg 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, nutrition, popu
lation and education. Some of the needs of 
developing countries lie beyond the scope of 
these programs, or in'/olve several disci
plines; and AID is prepared to 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
shelf" technologies, even those which are 
unsuited to their economic and social condi
tions. TtlUs. Important development oppor
tunities am sometimes foregone because 
countries are unable to devise lheir own 
technology or to adapt one from foreig: 
sources that best suits their situations. Some 
of these technologies from advanced COurl
tnes corne with built-in mechanisms or time 
elements that hinder modification or adapta
tion. Some situations require Innovation, not 
simply adaptation. 

Among the con::equences of choosing inap
propriate technologies have been wasting 
scarce capital, particulally foreign exchange, 
increased unemployment, a lack of incentive 
to develop their own industrial skills at the 
rate required, and over-accelerated urbaniza
tion. 

AID can make a substantial contribution to 
developing countries in overcoming these 
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
IJrenGurs, LOG technological institutions can 
exert a beniqn Influence through their effect 
on government economic poliCies. by mak
ing possible through technical and man:lger
ial solutions the opening of new cxports i1nd 
local industry. Generally. AID sponsors r.ol
laboration between U.S and LOG tectl:1ologi
cal institutions that work witll local private 
industry. as well as government industry. 

Such Institutions would include ljovernmontal 
bodies for formulating nationill sCience ane 
technology policies, detnrmlflinq priollties 
and implementing deciSions In this flold. uni
versities, which can ortent sCience and engi
neering couro('s to partlcul::Jr nillional devel
opment needs; ilfld Inuustllal service institu
tions, whish Cfln choose the technologins 
most suitable to the country's economiC and 
cultural circulTlstances. Purllcular attention is 
paid to stimulutmg commcrcially Viable 
small-scale industry. which tends to use 
rnorf labor and less capit,ll per lInlt of 
output. 
AID has sponsorecln nurnbrn of workshops 
and seminars where LOG cilCJlrwers. sCien
tists and govcrnrnc'lt aclminlstrntors are in
formed of recent developments uf potential 
interest to them cHid discuss the Drqanlzatloll 
and costs required to apply them. Through 
a contract With AID, the National Academy of 
SCiences qivos program dtrCctlOfl, suogests 
research pOSSibilities and qUiclos new initi
atives of particular benefit to (Jeveloping 
countries througtl tho Inltlill ~;taDes of these 
rneetlnD" ,mel cooperatlvl~ studios The Ar,a
demy also conducts bilcltcral workshops on 
science ami tcctliloloqy IHlorlties, and on the 
coufJllng of sCience With development and 
manpower. 
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Three other areas where U.S. science and 
technology expertise can undergird 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 assets by failing to assess and 
manage the vast wealth of indigenous natural 
resources \i1ore than 70 percent of the 
world's timber IS In the tropics, for example; 
recent 011 discoveries in Nigeria, Indonesia, 
ilnd the Middle East illustmte the unrealized 
(!nergy potentii'll of tile developmg countries. 
rhere is no qeolo~}Jcal reason why a dispro
rortional(: stEHO of the worlcJ s major metallic 
ore bodies should c,mtinu8 I!j be found only 
irl the moro cievclopcd countrlos of the world. 
LOCs can capitalize more effectively on 
thpir natural rcourCC!S base onl)' If rapid 
and inexpensive t8chlllQU8S for identifying 
ami appmlsmg natural resources can be 
rnade available. Also r.eaded are improved 
\(;ChnlqLJes for managing natural resource 
(ieveloprnonts, InclUding Inte0rated land USE: 
planning, conservation of renewable re
sources, amI polll,tion abatement and con
trol. 

Because cieveiopmt] countries, like the rest 
of tile world, are expcnenclrlq a trend toward 
qreater urbanization, they me obliged to in
vest heavily 1[; publiC works, housing, trans
portation, COmmlJrllcations and cnGrqy devel
opment. Evon a modest technological con
tribution to ree!uclllfj stlOrt- and long-term 
cosb can IlilVo a sl~Jnlflcar" impact on the 
national blJ(Jqe t lor thuSI! actlviliC'~;. One orea 
where glJl(J,lIlCe C;lII cn;1l1lc dcvolofJinq 
countries to loailio ~)avll1gs IS III 1110 reduc
tion ot torei~ln exchan(Je costs by greater use 
of IndigenollS materials Inclei'lslIlg lob op
portunities rIll1y be oper:ecJ up III the manu
facturing of tile materials required and in 
construction 8.ctivities. 

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. AID 
concentrates on those activities that relate 
directly to I,.,; quality I)f life for the mass of 
the populatiorl, such as water and sewage 
for low-income areas, low-income housing 
and rural development. 

Research can playa 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 LOCs. 
sp9cialized research IS often necessary in 
the context of prevailing situations; for ex
ample, labor costs mal be low bulthere may 
be a stlortage of skilled manpower. 

Two of the lirst AID sCience and technclogy 
research projects are described below. They 
arc not totally representative of what is ex
pected to be the major focus of the research 
program III this area when It leaches matur
ity. Examples of other areas of investigation 
that are contemplated include: practical 
methods for detecting mlnerClI deposits in 
tropical areas, and research On the develop
ment of billders for indigenous maierials fo 
provide low-cost roofing :n tropical areas. 
BottI projects have potentially far-reaching 
Impact. 
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Design, Siting and Construction 

Typhoons, hurricanes and earthquakes take 
a devastating toll in developing countries: 
losses Of. thousands of lives and tens of mil
lion of dollars occur e2ch year. Much of this 
loss is from structural failure of housing and 
other bUildings, or from poor siting. AID con
tracted with the U.S. t'.lational Bureau of 
Standards to make preliminary studies and 
formulate reco:TImendations to a!leviate 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-economis constraints 
and to examine the structural alternatives to 
existing dweliings with a view towards 
greater resistance to severe windstorms and 
earthquakes 

The report compiled by the ~ms researchers 
discusses the structural performance of 
buildings typical of developing countries 
under earthquake and windstorm conditions. 
Suggestions for improvements to mitigate 
effects of these pllenomenCl on buildings are 
presented on a systemCltlc basIs. classified 
according to whether the cause of the de
structlor is related to the struct~ral config
IJratlon Of Clerodynamic features of the build
'q ClI tG lis foundations. walls. frames, 
.;);,"1 I,oor::;. ur roofs. 

It was found that considerAble improvement 
of the earthquake or windstorm resistance 
of structures widely used in LOCs may be 
achieved by relatively simple measures. 
These Include, for example, horizontal brac
ing of certain types of roofs over adobe 
masonry Ilouses. rational distribution of 
openings in shear walls. provision of ade
quate walls or frames to withstand con
centrated seismic load Jction, reinforcement 
of critical areas susceptible to being over
stressed. and strengtheninq of connections 
at Critical joints. For tYfltloon·resistant 
construction in such countries ns the Phil
Ippines. special stUdies 011 the distribution 
of extreme Wind speeds ancJ In the nora
dynamics of full scale bUildings and of 
reduced-scale models are rcqulree! 

The NBS study also prcsf:Jnfs recommenda
tions on the siting of bL1ildings to reduco the 
destructive offects of earthquakes Jnd wind
storms. TrJditionn! ,md Industrli1llled moltl
ods of housing construction are eJnsCribed, 
aneJ Itw current StLltO or COl1~tructlOIl te(;l1
nology in LOCs IS exarnlrlocJ. Suggostlons for 
upgradtng tl1oso methods specifici1lly for 
protection il(]illnSt hi~Jll wind and earthquake 
forces are Includcc!. 

The study suggests that rnucr of the devas
tation from naturill disasters could be avoided 
If countries would establish i1nd enforce ap
propriate hlJilcJInO codes ilnd regulations to 
prevent unc;ilfe deSign ilncj cons"tructlon For 
exam~le. most of tl10 developing countries 
affected by earthquakes do not have build
ing code:; that Include prOVISions :or earth
quake resistant cleslgn or construction. How
ever, bUilding codes should not restrict tech
nological innovat;on 
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1l"ViI!;taIIOIi like 11l1!; can be pfl>venlcd or minimized. 
lJlldl'r ilf1 AID conlrilcl, tile U S Nalional Bureau of 
Stand;uns Ila!; !;tudIPc! housinq construction and siting 
"I develollirHI COUlltflCS afll,clcd by typhoons, I,urrl
l.oIIlC!; ;uld (!;uflH1IJakf'!; lilt! [3urCiJU found thaI the 
I 011 iIp:,1' 01 till!; 1l0lJ';(~ III P(~rlJ dUflflq the 1970 earth-

New developments in bUilding materials offer 
the people of LOCs 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 qUem
tities at low prices, make it superior to mar,>, 
other mate ials in structural, architectural, 
thermal, and acoustical properties. It can 
even be rnade to look butter than ordinary 
adobe, which was rejected by ma:lY house
t10iders In Peru and Turkey tlS "less noble" 
than bricks Deterioration of bamboo used as 
reinforCing rods ITl adobe walls can be pre
vented by speCific chemical preservatives, 
which can be rnanuftlctured in developing 
countries. Mucll progress has been made in 
the United Stilles and Europe in designing 
sturdy prefabricated houses; these tech
niques could be adapted to LDCs. 

The research report pOints out that new con
slructlon methods using common materials 
such as jute fiber. reinforced concrete with 
vegetallve IJr plastic components, and light
w\:~ight structural sandwich systems now 

'i11akp WilS due to Ihe ilbsence of sound horizontal 
III" bcnrns, a wenkness thnt cnn be corrected with 
IIwxpelisive mnlerinls. The Bureau has mnde general 
recommendations on siting 01 buildings, construction 
designs uSln(J local materials and Inspection methods 
to detect tllP danger of severe damage. 

being used in the United States, 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 playa sig
nificant rUle in developing technical improve
ments that will mitigt'lte earthquake and 
Windstorm effects. 

The NBS study recommends institutional 
action that governmt;nts 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 iile specific needs of the devel
oping cOL'fltry. 

Ono 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 
Methodolo(:')Y for Construction of Lower 
Cost Housing to Resist Typhoons and 
Hurricanes" 
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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 technically 
and ecologically-for effectively controlling 
these disease vectors. Not only is it plainly 
impractical to spray every vector breeding 
ground and habitat with chemicals, but some 
insects are developing resistance to many of 
the most common insecticides. In addition, 
the environmental h:.izards associated with 
the use of chemical age,lts such as DDT 
have been well publicized over the last tew 
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',"otion with colleagues 
at several East African Institutions, havG 
begun a program of research, field testing 
and evaluation in Kenya to determine whether 
genetic control of mosquitoes is technically 
and economically feasible. Work is being 
done on the Aedes aegyp!i mosquito. whose 
genetic, physiological and biof1omic ch3rac
teristics are already well knowrl io the Notre 
Dame scientists. In 1967, they discovered 
that this spucies is monogamous (Which 
gives greater control in breeding experi
ments). Since this particular research proj
ect began in 1971, the investigators 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 il had long been know that Aedes 
aegypti is a vector of yellow fever, dengue, 
and hemorrhagic fever, Ihe Notre Dame team 
has recently discovered that it is also a car
rier of filariasis (which causes e'enhantiasis, 
a major disease in East Africa). 

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 partial sterility Ihrough ChlOlllOSOIllQ 
translocations-a method developed at Noire 
Dame by which a latent, lelhal and sullper
petuating "Achilles' heel" is bred through 
successive generations of this mosquito 

At the field testing site in Kenya. the nalive 
Aedes are studied JIrJng Witll laboratory
raised mos\llIitos to determine the ecology 
of the natural populations, with emphasis on 
populalion dynamics and reproductive bi
ology. Particular attention is given to the 
solution of certain technicJI problems which 
have constrained past biological control 
techniques-mass production and mlcase of 
altered mosquitoes thai remain cornnetitive 
within the natural populations At the same 
time. genetics of East African populations are 
studied In the laboratory to rliscover which 
among Eeveral cuw;ntly available trc:nsfar
mation mechanisms affard the most effective. 
least expensive means of control. 
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DEVELOPMENT ECONOMICS 
Economists concentrate c", the most effec
tive means of allocating resources to pro
duce goods and services that contribute to 
human welfare. They me concerned with 
learning how to increase the growth and ex
pansion of resources, how to harness im
proved machines, technologies and trained 
manpower to achieve economic goals Rapid 
economic and social ci'1anges have bei:n 
taking place in recent years-changes ttlal 
affect the structure of ench country and the 
people who live there. 

Research IS needed tllat car descrttle an 
economy, how it works, lind Ihat will serve as 
the basis for predictions Food supply, popu
lation growth rate, health and educational 
levels, and internEltionnl trade performElnce 
are frequently factors in tht: equation in ad· 
dition to unemploynlent riltes, labor supply, 
land use statistics, rrociuctivity ratC's and 
capital resources, 

Economic research provides tools for social 
policy, It can reveal, for example, how llnd 
why goods and servic(~s 3rc distributed 
among clnsses of people and among the 
sectors of an ecollomy. On the basis of this 
knowledge, economists can preelict that cer
tain industrial policies may lead to smaller 
increases in employment Ulan could be at
tamed with alternative policies-even though 
those who do work will enjoy higher incomes. 

Developing countries conlront complex 
problems when tl1ey seek to convert national 
income growtll into improved welfare for tt,e 
mass of their citizens, Population growth in 
many countries continues at ri1tes only 
slightly less than the rise in national income, 
so that even though tllO income pool is 
Widening, the nUfl1[)er vf clQilllnnts on the 
pool is growing almost as rapidly. Many de
veloping countries hElve been disturbed by 
persislent and sometimes increasing in
equalities in income distribution clfld the 
widespread unemployment that I13S often 
accompanied national income growth, 

AID supports c:ullaborEltive researcll between 
Americnn ann LDC economists that ;ma!yzes 
eXisting econornic structures In developing 
countries, revealing io policymakers and 
planners of those countries alternative 
courses of action-with an indication of the 
probClble consequences of follOWing each 
path. 

Resources Allocation and 
Development Policy Studies 

Since 1962, Iller.lbers of the Center for In
ternalional /\lfalrs at Harvard have acted as 
adVisors to lOaf the 50 new nalions that 
have oll1cr~lod SlnCl' ti)l~ latl.' t9-10's The 
Center has plllvlclecJ f.";pcr t l1ClviSOI s to 
LDCs requcstillu ;lSSI~;t;lI1CC: the adVisory 
groups wew funded by nOll· AID ~,Llurces 

AID begJn a resc;lIcll prowct Ivllil tile 
Center In 1967 th,lt IldS ILlI~Jf.'d 11I1 1;,lg05 be
tween the Agency's forl'lun d~;~,;~;tllflClJ ef
forts, the LDCs' requests for ;lclvic(~ on poliCy 
and planillnq plCll1lel11~" ,111c1 the l1ccumu
lated research ;1Ild adVisory (,dpnbilitlo5 
of the Center 

Through lIw C('rll()r'~; clIlJrt~ AID dnclthe 
developrng COlIlltiIOC; havl! lJOl:1l prOVided J 
cOlllmon backUlound of ru~;O;IIr,1l :l~]llillst 

which poliCy dlJloiJlIo C,lll t~JI\c pl:1CU 

F~esearch by COllier pm~unrl('1 In l,olomblll 
was IIlCOrpOli1\(!l! IIl!O decl~;low; by tllo na
tion's leaelers U:l tax leforlll clllCj forulon trElde 
poliCies, as weil,l~i 011 illl iillerod i1l1ocalion 
of eciuciltloll;ll cxpe!ltJlturos /I curnprOIH;rl 
slve and IrH1UVal1Vl! dPPIU;ICll 10 tlilfl~;porla
lion costs ,lIlel b(;llt:fil~; was clovolop(;l! by tile 
Center and used 111 several Colomblarl trans
portatlOJl Invnstrnont decisions-a project 
that AID was boinU asked to linance 

Studies the Center conducted for Gllwla 
illlalyLed lile affects of Or.OIlOll1IC v'I'r:res 
under tile Nkrllrl1ah qovernrnonl prior to 1966 
comparecJ Willi t110~;O of :;lICCeci:;or qovern
ments W~lIC'l rl10vud til(; uconorny towarcj 
qreater rellal1co 011 thu markol rnecllwlIsm. 
Economrst:; corlcilldocJ tllat Glial' llil(j dono 
batter undor PUIICI()~; thal rcfluctuc! lovels of 
supply and dell1;lIld tlll.lr I unclor llle Nkrurnah 
poliCies of direct curdlols ilnd aliocatlCHls, 
The control~; COf)lall1Ur! sevOlllllrnporfec
lions tllal had ~;er",J~; (JCOIlOIl1IC effects. 
Throuqtl tI)() C(;rltc(~~ eflorls, AID and the 
Althougrl the report wa:; pruparpcI for the 
government of Ghana, II containS IInpllca
tions that Irnpo,l controls may [wan ineffi
cient, high-cost In~,trUll1ent of oconomic 
poliCy for other African courtrlOs, too, 
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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 to assess its investment plans for steel 
and petrocl)emicals. 

Tho Center has produced comparative stud
IOS of the economic systems of Taiwan, 
Greece, KoreLl, Turkey, JamLlica, Honduras, 
GUyLlnCl, ,Japan (Jnd Thailand to analyze the 
effects of new fin<:mclal institutions and poli
cies upon their economies. 

Under the AID contract, the Center has 
(Jchlev()d <:HI Irltegrallon of field experience 
and aniilytlcJI work that contributes to an 
approacll to development policy heavily 
~lrounded In practical exporience. During 
1972, tho resoarch produced 15 economic 
dcvcloprnen\ reports, 10 journal articles and 
three book~; The L1pproach to development 
poliCy, and specillc rcsemct) findings, have 
been tll0 bnsls for discussions with AID and 
other donor agency officiJls, special semin
ars for U.S ofliciJls at Harvard, and have 
contributed to enlwncocf graduate trailling of 
U.S. and LDC students. 

A developing country's economic and social 
plans, combined with the policy decisions 
to carry them out, I1<lVO far-rP.aclling effects 
on the rates of growth nnd the welfare of the 
people of the country. The work of the Cen'er 
has focused on colinborativE' work with ex
ports in tho devoloping countries to provice 
factual information nnel ;-,n Institutional base 
from which AID and tllO LDCs can develop 
economic anel SOCial plnns ane! policies that 
promote tho goals of nrowth ane! human wel
fare. Tho Impncl of the research will depend 
largely upon tho oxtent to Wllich th,] govern
ments of developing countries cl)')ose to 
employ the new economic persp..:ctive pro
vided by the Center's experts. 

Unemployment Problems 
Of Developing Countries 

The creation of productive jobs for people in 
LDGs 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 little 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 to these LDCs may inadvertently 
encourage a program of development that 
gives too little attention to job creation as a 
part oi 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 alterna
tive processes of creating jobs are needed to 
IIlcrease workers' productivity and stimulate 
national output in LDCs. Development is fre
quently hampered by an inadeqJ3te under
standing of the problems, which makes it 
more difficult for :carlers to determine what 
policies they Sllould pursue. 

Under an AID-financed research contract. 
members 01 the Economic Growth Center at 
Yale University 3re working with scholars 
"lIld government officials in Colombia, Korea, 
Taiwan, Pakistan, Brazil. India, Cr.ile, Kenya, 
Ghana and Zaire to seek a better under
standing of the policies and programs that 
will best increase production and employ
ment simul\;,neously. The Yale work provides 
AID ,Hid the LDCs with a better picture of the 
problem and tile options open to the LDCs, 
taking unique situations into account. Fifteen 
studies arc bcin(J written on various aspects 
cf the problem; ten studies in individual 
countries, and Lye sectoral or cross-country 
studies related to employment in agricultLJre, 
education, industry-services labor absorp
tion, choice of technology and transfer of 
technology A final study analyzE'S and syn
thesizes the methodologies and results of 
the component studies to indicate policy 
alternatives for AID and LDCs in dealing 
with ulwmployment problems. 
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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 
capi\al, land and labor more efficiently than 
large farms. the reverse of some orthodox 
economic understanding. TI1ese findings 
suggest that the government of Colombia 
can bost increase its agricultural output. and 
also widely distribute these gains among its 
people. by appropria~e measures to encour
3ge small farmer activity. The latest Agrarian 
Reform Decree In Colombia reflects the 
substance of this research. 

The Colombia and Zaire studies also suggest 
that officially m(~2sured unemployment fig
ures may be m,c;lo,iding in some urban areas. 
reflecting R larw: [lumber of relatively skilled 
and affluent D80ple who are unwilling to ac
cept jobs in lower paid or lower status cate
gories. To the extent that this kind of sltua· 
tion prevails, 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
bJem. The solution may lie in I<lilonng poli
cies for the "underemployed." instead of 
exclusively for those with no jobs at all. 

Several studies indicate lilat new nations 
may benefil from poliCIes and periods of 
lracle restriction that only gradually change 
toward lreer trade LInd more liberal policies. 
During the early pllL1se of development. when 
an LOC encourages agrlcullum for export 
and uses trado rcstrlcllons to cncoura~le 

tlOme production of consulllcn Ill1port~;. lile 
system sacTlficcs ernploymont upportunlties 
In favor of tile rapid dovelopllll'l1t III dl)l1leS· 
11(; industflal capacily 111 I,lk~l ~;t;l~W~; of do· 
velopment. whcn il wldcl lan~w of l'\port~, IS 
encouraged by 1110VIl1~lto ;1101l~ I cillistlc ex
change rates ilnd otlll'r Jl1eilSllll~~'. lhl~; con 
fllct noccl not eXist flw s\uLlIQ~; ~;U~H]Cst lhal 
flew entleprc'wurs develop l1lilllilqernont 
skills dUTlnu pC'llods or SUlJSIt!l/ilt'l)rl ilJld 
trade prolectlorl. Export-oriented p:)lrclCs 
trwn torco tllem to IJCCOllll' mOIC' InnCiviltlve 
In COl11brnln~] labor and rnaC~lIncc; In produc
tion processes 10 take QdVL1I1til~W of tlw rela· 
tlve scarcity or abundancc of lhoso l11ctors 
to InCr83S0 output Wlttl f,lVorablc effects on 
employmont. 

Another pari of tllC overall study Indlctltes 
that the "green revolution' In Indld--the In· 
traduction of now aqrlcullural loclll1olo,:JY 
hCls apparenlly Incrcasoej tile clCf11ClncJ fe'r 
labor rather thill1 displaced II Thc full 1111

pact of new farl11l1~U teclmoloqy on illL! 101(1
tionshlp betweurl erl1pioyrmmt ;lncj pruduc 
tlvlty IS not cleiU Gut ecorliJllw;h bel love 
that greater uflclerstal1(fln~J uf these relation
ships IS esscntlal II tlw bcneflt~; of agrlcul
tUrdl chan(.Ju are to be ~;I1i1reclIJqllllal)ly. 

Findlllgs of 1110 Y;llc~ rl~~;I)i1rcI1 IltIve been 
Widely dlsscmlllatcd illllCH1CJ AID nnd othor 
development <lgCI1C:C';, L.[JC~;. lind the aca
demiC CUrTHnurllty. AIr) IS formulating gUI('j
ance to ellrcct moro dllentloll to Iho employ
ment Opporturl111CS that alternative killds of 
foreign assistance may encourage. 
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Foreign Exchange Controls 

Government control over the use of foroign 
exchrHlgo by It:, citizens IS a policy tool com
monly w;od by LDes, What happens to a 
nation'~; f)C(.Jnorny, partl(~ularly the rate of 
~;i1VJ[IUS, Invuslrll':ril illiocatlow;, research 
iJllrJ uf:'1(:loprllcllt flllilllclrHJ, amI comrnerce, 
wtwn ft)rf)lf)11 (:IJ,tlilfl(jf: ('{)ll!fol~> ilre adopted 
fj( WrrJUVf:f1 I:, {IU! tiJl;llJ(ldur~;loodby econo
rrllsts I til! r );I\IOllid 1~llr(:;lu of Lconornic 80
~;e;lJclI, I,jr:v/(olk, IHld"r ,If I AID-financed 
re~;()ar(;tl f,o!l!rilcl, Ilij:, f:nfFlfjr:d :;clwlars to 
prrlpitrc ilriidylll;dl Cil:;r: :,turllf:S III 1r' LOGs 
!Uuwl, Ctillu, (;o!r)r Iii Jlil , I:qypt, Cllilna, India, 
1~,r;H:I, f-'llillfiPIIH!:;, IIJlkt:y, I<or,c;}) 01 tho irn
JJill;1 uf f:tr;llilllqU contffJ! lilJuriJI:;itt,on on 
IlIf: JHUCI:',:; uf I:COI'OlilIC dl;vr:lopllwnl Four 
of ttWSf] :,!Urll!.:; iHi: IJl;lllq (;(jflductec.J or co
i1ullllm:d I)y r;clloli":; froln tllU countnes they 
eXallllf](: ~_;()/lIU doqwc of collaboration with 
LDC ~;CIIO!iH:; Wd:; IIlVolvf]el In ;i11 studies, 
rilese book Ir:IHjlil :;lurJle:; tlave been sub
stantlilily COlllplulucJ, ;H~d several should be 
avallaLJlu flllrll1q 1!J7J. 

The research has three objectives: to de
velop a common analytical framework for 
studying exchange control liberalization; 
within that framework to oxamine the impact 
of exchange liberalization in individual coun
trie~, and to Identify economic principles that 
appelH to apply generally to most of the 
countries stud,erJ A summary paper will 
contain the research findings. 

[ach of tile countries studied has :Jndergone 
significant sillft~; In its excllQngo control pro
\Jram In tile past Some have Increased re
striction:;, and some IIave reduced them, Be
cause tile cornman nwtllOdology was de
veloped and applied to each country study, 
poliCy recommendations all the management 
of for8ign exchange can be formulated 
wtlich Will not only be of direct use to policy
makers in tll() countries studl8d, but will 
have broad applicalions In dcvelopmg coun
trrw; III general. 

The rcsemcil qlves Iflslgllt Into tile ade
quacy of analylleal tools in estimating the 
Impact of econOflllC gl OWtl1 on different for
eign tr8de poliCies. Also, tllO research is 
clarifying the (illfurent results LOGs attain 
when they move tov/are! 11IOr(~ liboml trade 
poliCies Gnd tho r(;,IC~ons :or t1wse differ
ences, However, ttlOlO is clollr eVidence that 
factors outSide tile control of the countrres 
whicll ha'/e trleeJ to Iinofalizc their foreign 
trade h2'" !lad slgl1lficllnt effects on the 
success of t!lese 8florls. 
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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 slwred proportIOnately In ttle bene
fits of HllS economic ~vowlh In fact, some 
economists argue ttlJt IncreilSt'cj equality III 
the distribution of Ir1como I~; II1compCltiblo 
with ra.wJ aconomlc qrowtll obJoctives 

But a process I)y which the rich qot ricllOl 
and the poor ~wt poorer :s not the GOill 01 
developin~l countrres---or of 1\10, Tlw gov
ernments of most dcveloptr1g cGuntries do 
not seek HllS result [JecCtuso, ilmonq oHler 
things, it tends to weaken political stability 
and interfere wiHl lonq-mnge nallonal 
growth, 

AID is supportllllj rese,lreh by :;oniol econo
mists and poillicill sClenlists from Rice Uni
versity In collClboralion wiHl colleilqups in 
Colombia, Miilaysia and Turkey to cX[llore 
the ways trlat HlC distrrbut:on 01 gams from 
do,,"'loprnent are related to the development 
process, A study of the problem of Inequit
able distribution of the fruits of economic 
growth Involve~; the Interaction of ~;everal 

diSCiplines rJolltlcal science, sociology ,md 
economiC, 

Research reports will be published In local 
langua~1os and Will address three salient 
fentures of the growth and distrrbution prob 
lem the impact that a particular distribution 
of development benefits has on Iuture 
growth; the efficiency of government pollel'.::; 
In IIlfluenclnn income dlslributloll, and tile 
effect of socio-polltical and reOlollIJI qroup~ 

on development policy (lIlcluUlnn the corn
posillon and outlook of such speelQl II1terest 
groups and how they inl/uenee ttlO distribu
tion of benefits), 

Import Substitution 

~v'any of tile nations tllat hnve (\IllN9l'd SII1CC 
World War II haw L'l1cour;lqod lilt' (1Iowtl1 of 
domestic industrres to prodUCt' Cll11S11ll1l'r 
goods that formL'rly Wl'/(' II11J 1nlll'd I lI\t' ttH' 
United Stiltt'~; 111 Ib I'drly Vt':W; ttl.':;t' COllll 
trll~S llilYt' t'111pll1Vt'd \.111 11:; qlIt 1i,I:; ,1IllI for, 
t'IQlll":ch:l:1qt' 11':;tll,'\I,1I1:; t" l'II'I"I't ,IIHI 
h~stl~r th~'" "1ll1.1Il1 IlltiIJ';1111 H, '\\'1\111111111111:; 
till,; \'mft~l\, .wel'plt'l j 1,\,111 \ 1,1 ,I1!1 "I :;lIh:;11

" 
tullon rim hi' ,llll'if, '1'11',\' Ii, ''. ( I ' I" /1; 11 II 1 
til!: "l(fu;~trv ,1Ilc!I'I"'II\IIIII" ,11,,:,11111/ ,1"v('1 
opillq ,~111Intlll':; r111t ,11"'1111,1111'.''',1''111'11' 
:;lJCIl pol\('lt,:; dllllll,l\ til (H, 111'1,'1111' ,"1111) 

tl~rprodllct iVI' 

1\11 exlel1dl'd :;tlldv Ilj 1111'11111',1\ I, '11I11pnl 1 
sub:;ll!rlllilil p<ll\('\(':; I II! 11"111\ I I', 'I, W,I:; C(111 
ducll~d hy Wrlll.!II):; (:\ I!!"ljl' II/HII'I ;Ill 1\11l 
lontl;lct, fll )111 1~If;.j 111/. lli, III I ')!;'IIH' :;IlJdy 
(lt~/l)()ll:;tl;ill'rlII1,il I 'v, 'I II,>' i, '11l1 11111 ('\<:t'~; 

:;rvp Icl"IIIl:I~ (HI :;11111 1"1111 I,':; 1:11';lIt~rI :;'(j 

IllfiC,1I11 pile£: rll~,I()III\lIl" III 1111) IDC 1,(:lirH) 
Illle~;, Il~dlJt:(~dllll' 1,1\, ,Ji :,d'/IIIIj:; 1I1111ollly 
coulllrl(::;, Idlllllt',J III,' ;lttwlll ,d 1'''IHlIl III 
dw;trt',::;, ,1I1d >,'11('111/.1(\(1<1 IIH' ::lIl)::ldllli<1I1 of 
1ll;lclllfH~~> for Lill". III cOl/lilr II~:; \'/1111 11I11j" 
Illlemployllll'lil ,did 111Ir!1'11'llIpl"VIIII'111 proh 
lern~ Tlw; 11;:,1'.11111 ::1'111:11:; ,III IJlqt:liI lIf'f'rI 
for pullcy 1'11;1/1'1''',10 ()IIUIIJI:lqC' 1~"J1Ilil r!1 
vt'I:;lfIC;ltio[1 ill 111:111'/ 1.1)( ::; If 1/11')' drt~ to 
dev(dtJp i11.l!'I/1l:I'd I'CI1llillJly III:d plodllces 
qood'; 101 I ":pOI! ,I'; Wld, ,I'; Plotllll:lllfj sornn 
qoorf~; IOlll1f'rly IIIIiHl/II'r! 

ItH; Wlllldlll:; 111';I':lfr:ll fOClI';I'~; Oil Illallnr~} 

III (jrt',t1 illlportilllU) lrl All) ,lIld 10 1Il(~ d()~ 

velopl11f) CO\lIl\rlf~,:;, U~~ :1:;::J::\dIlU, i~; !j['),]forl 
tl) CIlCOUr:ltjllltj IDC>; to IHdp tll(~ln:;[')lve~; to 
I,/poll in Older In 'JlJy rHI(,r!r,r! irl1porl:;, tn 
Ili:Vldop ,1IHf lIIohlll/l' ';,Ivillq:; 101 IIlvw;lrnnflt 
,'1 flew plant i1l1rJ 11Jt) ::oclill ~;t,'lvic((:; mrllJlfed 
for growll1 and WI)lrilrr~ nw; Ir,~;cilreh hilS 
helped clarify rOlllt~: of ,1QII:CIllfH't ilJld con
flict between LOC policiefj ,mel ~JolJls 
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Williams propnrorJ 47 research papors, Patterns of Participation 
ranging from [;hort trlomoranda to book In Modernizing Societies 
IOrlfJth studiOS, which have boen made avail
ablo to il';',I~jtanr;r! <I(}fJnClI!~; ;:lnd tho govern
rnont~i of dw.n:loplrI(j r;ourltrl(:~> a~; objective 
<lnd urlt;I:J~j(;d Inl'!frll,ill(H1 for thf:" IIl(Jepend
IHlt pUIII,,! dl~{ 1',llirl', I t11~ flrlrJlfHrj tla'le been 
r(dl:"',I~IJ dl d Ilflll~ '1/111~n ,HI H",I(:,l~;lf)q num
I)(!r III 11J(:~,lld/l: !'irrlll!rj 1~1,'jll(JfIIIC plannlrHJ 
UHnrnl·i~,IOII'., ,lfld tI\l~ CliIHI!rll:'; ,HI: produc
InlJ rrHHI; ~J IlIprj 1:(,I!fIIJrrw,t:; ,Hid ,HJmlfw;tril 
IfW; !.loti I Il':rll~rdl ,lfld ',P(;Cr!II; ~.IlJ(lle~; on 
IIrd/1i forrrlf'd p,lfl fJl tllf: r;i1lfHI,t1o for /\ID 
pro(jl<HIIIII;1f1 1ll'qlilliilllJlI', Ifl '1Jfil, for ex
,Hflpil~ /',11111111'/ WillliuII', ',Iudy W,t:; IIIfluentlal 
1I11:V"ItJiillll'/ 1';1I'I',ldll", 11111d l 

) '1f,:r plan, 
<lnd ,HI '1IIdly',I'. 01 1',1I'1'.ldll':; IjrfJwlh ,md 
('/U::.'; I.iqlill,ll'/ I//il', I)',f'd hy 1IH: flilkl:;tan 
fll,lflfllnq (;llrrllfll'i'ilfill ,lfld tlH: /\ID ml~;';ion 

tlll'lf: 1111' I\lliUr! 01 IrIVf::,1JII(:nl:; of tho Philip
pHil:'; 11'.I~d 1:111' .. 11'11: lilli':, ul prolflction amJ 
:;11,11" I'll pr ILl !:; (J1 lorl'llll I l!XLII;lIl(jO t,a~;ec! 

Oil :;tlldlf'~. tll,ll IIII'W rlll,~(;tly ',0m the Wil
IllllIl:; proJ.~r:1 (;()IlII~rl!Il(:(::; I)(!twc~(;n /\10 llmJ 
IOLlll qovl:rrlllll'11I (JII":liil:; ililVI~ been held In 

~;OIJtll /\rl"'II<::I ,Hlri /\f,lca to I~xploro the im
pIIC,ltIlHl'; of tlH: :,IUrlll~:; 111I IUtlJrfJ poliCy and 
rn~;uarl:il ;H:tIOll:; hy rlllv(:loplflq countries. 
KorO,1 ,Hid I illWill1 ,If I' furtlwr eXilfllples of 
COIJrl!r,,·:; Wille.tl III till! 1~)~)()':; ('i;couranod 
local P'lldlJ(:IIOII of IInpor I :;tJh~;lllul('s bllt 
~jillfterl poliCy tOWilfri I'XfHHI prornotion in 
Iho lqGC),~; 

fl)(! ultllllale rI,,(~cl "lIlllelIC(~ of collaborntive 
,·'conOl1l1C w:;(!alcll Oil til{! ha:;ic eleci~;ions of 
soverolqrl qOV(:lfll'wril:; ahroad i~; difficlllt to 
i1PP,,"~;e !Ill' :;IUell(!:, l'lllpll,t:;i/e imporlant 
comilc!ela!roll:; 111<lt a IllJrlll.ll~r of qovernments 
havo ChO:,I!1l 10 Iilk" mto accoullt. However, 
deCISIOIl:; un Irilel(~ poliCy by LDC:; reflocl 
complox ~;oclill ,IIHI (~COI10lllIC variables. /\10 
offiCials have boell OIlCOLJInood by the subtle 
~;tlifts In track policy ,11110119 LDCs and the 
potential for Interaction of this res(;<:Hch with 
these clwnons 

TIm result[; of till: ~;tIJclios hnve contributed to 
an acaelpmlc con:;onsus that import substi
tutioll p,JIICIl!~; of tlw LOCs should be re
evalunted. Many developing countries are 
taking a new look nt tlwir trade policies with 
a view toward liberalization. In part, at least, 
this may be ilttributed to the work under
taken by Williams College on probl(Jlns 
associated with import substitution, 

As underdeveloped socities begin to mod
ernize, people find IIlat old associations be
(jln to fade anej new O'les emerge The 
IInportance of 1110 trtbo or the clan may give 
way 10 farmer (Js~·,oclallons, urban groups 
or Inbor lJllIOnS (,mj the governments of 
rJf!'/I!loplnq (;OlJntrleS find lila! IhlS IS a chal
II:nqlllC) PI;1I0rJ iJ:; men a~;~;oclale 111 new 
wrJy~; III order 10 ilC!JlJst ()nd contribute to 
(jevelopml!nt (lncj Il10cJernlzatlon, and at the 
:;;Hnl~ tllr1() to compete for and share in the 
qi1ln~; from fJrowth 

/\ID w;:nt[; tn encourage and asslsttechni
cally etlc!ctlve development ProlOctS. but it 
al~;o w,lnt~; thiS asslst,lrIce to foster wide and 
~;I~JllIllr:;lflt partiCipation 01 men nnd women 
III the process. 

Tt10re has been L.tie research on how asso
Ciations chnnqe ilnd how participation of the 
little man IS affectecl by accelerated develop
ment. /\10 supported a project by Harvard 
University te help close this knowledge gap. 
Many forms 01 social and economic partici
pntion me susceptible to influence by gov
ernmental poliCy and economic aid pro
grams Bettor lJndorSI,lfldin~J of these rela
tionships should increa~;e the effecliveness 
of assistance agencies and LOC govern
ments in providing popular participation in 
achieving development objectives 

Harv3rd has prepared independent studies 
which rerresent a wide I3nge of approaches, 
Including cross-national analysis. intensive 
country cnse studies and detailed examina
tions of speCific ~~cial sectors Within specific 
countries. Case studies have been prepared 
on Pakistan, Colombia. Kenya. Turkey. the 
rural sector of Vietnam and Mexico City, 

Unlike the maJorrty of /\ID-supported re
search projects, which are designed to help 
solve a speCific problem, the Harvard project 
is expected to contribute broadened general 
Insights into <:1 diversity of economic, political 
and social problems alld to stimulate new 
approaches to making informed policy 
decisions. 
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Comparisons of Per Capita Income 

Important foreign assistance decisions by 
AID, the World Bank, and olller done's are 
based on calculations of per cllplta nlltionlll 
Income Tt1Cse dgcncles hllve recognized 
that calculations and cLlmparlsons aT(' li:wlty 
In many ways For example, Cl'f1lparISons of 
per capita Incomo among India Jap;lI1, In
doneSia and ttw Unlteej States fdd to repre
sent 1110 real ddfcrl'ncl's rn ~;tal1dard~; of liV
Ing They sumll~~;1 tl1;lt tile real dlfferl~l1ce 

between India ,mel tile United Statl's, wIllie 
stili substantllll, I:; clo:;l'r to tenfold ttlan 
twentyfold, 

AID-frnal1ceel rese;m;llllV ttlO Ul1lvelslty of 
PennsylvanlLl, WI til suppurt elf ttle Ford f-oun
diltlOIl am! coOperatlOIl of Ille U!lIted Nations, 
has Improved ttw teclll1lqLws lor ustrrnalrnl1 
national 111C0l11e al1d pruducl A manualrrl
corprrattrlU ttH: fllldlll(Js 01 till:; researell C,ln 
be usee! by LDC~; 10 lI11pruve ttw collectlol1 
and Iflterpreliltlull of IldtIOll;!1 IIlCOIlW data 
A permanent LJIlII u:;llIbll:;hUd wltt11n tile 
United Natlom; IS applylllg the product of 
this research In collectlnu, compiling, and 
publishing country data 

Effects of the Food for Ponco Act 

r0 learn moll' al1l'ut till' t'Cl'r1l1111I" .\l1L1 :il' 
cia I (1t'vl'k)~'mt'llt 1I11~'.lL·1 ,'I I,','d ,lid :;llIp 
f1H'l1ls ll1.ll1l' [,\ till' ll~; ·\1[1 ~11"'1I.\l1l hI 
LDC:i lJIhit'! lilt' I \','d 1,'1 1\'.It", ,\,""r I~h;l;, 

;\ID SlJP1','II.'d 1,,:;.',11,'11 h 1,'\\,\ :;1.111' lll11 

vl'r:;llv h',lfl.~I\-,., :iI.' 111,11,11,','11';1<1"1,1111'11:; 
II1\'OIVl'd 1I1.'\I.'lllllll\l I"t'd ,lid I,' ,'1111'1 ""~I/I 

tril'S ,'Vt'l til,' 111'\1 tI.',-,ltI,' t'j" It , :,!lltlll"; 
fOl'lI:it'd (111 lilt' 1,\,1\1 t"IIIIIII','d', ,11'11 ~'I,,:; 

pech Illr f"lld ,lid II/II lt' I ll:; l'ltl'llt 1,11\ 

·180 pll1ql,lIfl:; ,11111 ,\11,\1 .. .',,,1,,1,1111111"1 ,1:; 

1\'011 .I:; l'(',l/ll'llll, ,I/,tI :",,'1.\1"11"1'1:; "I "'lId 
did ImpL1II:, ,'11 lilt' ,',11111111.':; Il""lll/ltl 111""' 
lI1dl;\ Wd:; :;.'I.','I,'tI ,I:; \II., 11,1111'111,111,' 
:;Iudlt'd III d.'plli 

lilt' rt':>l:lt:,." lilt' 1":,1',11,'11 11.\1" h.,.'lllJdlll 
dtll(' II) pOIIl'yll1.II\I'I'; 111,\11) ,l/ullllC:; 1\'11t. 
.Ill' 1'll;lI<jl'd 1\'1111 ~'It\ll't'lllItlll\I' 111111/.' III'.',!:. 

for food dltlllV l'IlII/IIIIl':;, ,1t':;t']III11q "1'11/1111111 
(listltlllltlllil pr",]I,JIII:; hI tllllltfll:;11 1/11' ,1<lV.,!:,!, 

I'ffecl:; of IIflpllll:; ,1/1 tI,IIIIt':,llt' pl"IItI,llll/l 
qU,llltllll"; ,lIlll JI'I'I' 11'1'1'1:; I,' II.' t'!1. II ljl'd I'll 
load lIld :;lllplllt'III:; III., :;llltiV ,tl',iI ,1:,:>1";:;1':; 

ttlO nffnct:; 011111:,;11)1" ""II 111'lp' III/Itltllllll:; 
Imposud Oil rt'I'lplt'1l1 ,',Itllillll':; lilt' II~Jl()lt 

has t)el~ll wl(ft:ly 11r:;lrlllllll'tl to All) .Iljllclli 
turnl offlcl'r:; dlltl 1111111' WIlIid 1\;1I1k ,1I11! 

other dOllor d(jr'I1C It I:; 
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RESEARCH PAPERS AVAILABLE 
Over the past 10 years the reseDreh prOjects 
that lire br:efly descrlbe:d In the r(:~(,rl 

have prrJcJuv:cJ ne:arly 2.000 d(jcun~ents. 

Tt1e:,(J Include roullne progru,-,~) reports, 
the:;us. dlssertiltluw,. jourrlal arl:cles, mono
fjrl.lrh:J, bool"i. I~tc I, blbllof]raphy of these 
dacurnenl:; hil:, been compiled ami I:, being 
edited for fmal pnfltlWJ Ttw; blbllo~lrJphy 

will be aV;lIlalJle tu researcher" throuqhout 
the world and provide ;Ieer:s:; to older docu
rnents flU IOflCJI~r If1 prmt Ihrough ihf~ National 
1echnlCal1r1furrrLlll(Jn ::i(:rvlce of the Depart
ment of COrnrll(JrCU 1'1 addillorl to tllf: blbli
ooraptly of r(~~;I;arcll. a quart!;r!y )'JLHflill of 
abstracl~; hi]:, hf;C'1I millilled 10 announce 
current (j'JC1HI\I:nl:; f:vcn tllO[Hlh tll(;se doc
ument(; willlw ;W;J1ldble frn rJlJrchil:',c from 
N TIS on a p'Jrmaflf;11t bil:;I~;, we erlCouri]~Je 

rese;Hcher:; In tI\I; dl:vnlopllHl nations to 
correspund (Jlr(;clly wilh the contractors 
curwntly enfjaqf;r! In /\ID-flmrJeri rHOjects for 
corm::; of re~;edrr;h parer~, 

for your In~;tllljtIOII" to be) placcej on the 
dlstrilJullorl 11~;t for buth the rescarch blbli
oqraphy ilnd tile AID rlcsearch Abslracls, 
write 10 

ADDS 
Tc:chnlcal A:;~;lstlllC(; !3urcllu/RIG 
Ag(:rICY for Inlerniltlonal Development 
Departl1lf:nl of Stille 
Wastllrlqlon D C ?O~)?:J 

rtw folloWlrlfj Irlforlllillion I~~ requested for 
II1cluslon III the dl',!rlllution syslem 

Name 
PaslllcHl ,lIlcl! 01 title 
Instltutlolldl std)-dIVISlon 

(0 n ' of lice. dl'p,lrlrTH;nt, college. etc) 
Street ,Hjdres~; 01 Post Office Box 
City. Postal lone;, Slate. Country 
rleld(s) 01 r(~~;Cdrcll being pursued 
Fleld(s) of research Information desired 
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APPENDIX 
Cataloguo of Centrally Funded Research Projects 1971·1973 

• "P~"(\VoL1 

[',l l ,I",-1/1 <111(1 

FlI'l(IH1~l 

Ii ,'~) lil' G 30 7·\ 
SI ',.jJ lil,l 
f,.) ]'31, '·1 

fi -Ill 7n ,; .10 7~, 

:?H(HB1;? 
t,J -I 31 7·1 

Ii 10 GG-fj 30, 7~ 

~,1 ()liU90 
III ,I J 1 7·1 

I~ :H) I',J I. JI) .' J 
$;' n·l·, ti 7.' 
10 t; J() 13 

fiJI) fi·l ) ,J 1 7 I 

'jiB,1 Ji>f, 

fil8/oG 1.2lJ 14 
'51 166361j 
If) 128174 

G/301GG :3,31/m 
$1,998.272 
to 3/31/74 

6/3U/69-6/30/72 
$',?4,200 

Ilt'~:liVCtl SIlos 
,1fl,1 C,'0p<1! '111"0 

C,1I,nl' lOS 

IIlI 1\1.":,, 1H1d Wllt,,,t 
Irnpll'Vl'I11,'nt CI'ntl 1l 
Maxll'" W",Il!\\ld,' 
Ih'tJOdlC!! ~Jt<tl\'''1-. 

Inl M'lI.'t' dlhl WIIl'.ll 
Irl1l"l'Vt'l1H'lll l:,'lllt'l 
"'h'\ If " 1I',I,'i1 
{ \)i,1!ll!li,1. 

lllJ(ll"'lLI!d Nlqt 'lId 

\ 1\'lrl.l11l 

v'i"ild\\I,J" Il"',,',JI, h 
~~t,'I,,\I)fr. 

1'.111 III j',1 

Wdr Id\~ l,jl' IlI~~;"arcll 

Network. 

CIA T CIllorn!J1ll 

rlll'I'III'lIiI"'lf,'!, 
Pal<.l!;lilll, 
l3anqladl"" I"dlil. 

Till'" " 11 111,1I1"",j 

Indlllll' ,,,I 1<;"If'oI 
~;r'I,lfll<.oI M"I.lY:,'iI 

eOIOlnIHa, Lr;u;](jllr, 

r I ~J,~"',HJur, l'ilrlillf1il, 

I-Iondllf.l', 
(Jlldl(~nldlil, 

tJ,CiH,lqlJil. Costn 
FlrCil, Urn/II 

!1eseiHcllUr!, from 
Englilnd, Bel(JIlJrn. 
France, NigolliJ 
contllbutod f11llcles 

Pagl' In 

Text T,t'(' 

AGRICULTURE 

3	 Improvement ·'f Nf,!r ,1":)['1,1 
' 

Qualitv of wrW,l! ',eso" ;'08 ' 

5	 Inhl'T1tance and Imrrc',', 'nWi'l 
of Protem Quality 'W', 1(: "! 

lent In Malle (CSU,28U" 

7	 Inheritance ]r1(1 IrnprUVI'lllonl 

of Protem OUi1lily ilnd 
Conlent of Sorq~HJnl Vli'THP 

(CSO·11751 

9	 Improvcmr,'111 I" \.Ji(j'1l 

Legumes \r'lJI';l",! I'rr) 
duct Ion In Puer10 H,co 
(PASA Fll\-AJJ·OO) 

9	 Preparation of :J 1"<111 '01 
Ollentatlon of Re:,i):IIUI w, 
Cassava (CSD-2·1 ' 17) 

11	 RescarcllLHl Fllrn: hlllrllrTli':lt 

Power Rcqu,remcrll:, I 'I f'", 
duct Ion of Rice and /\';:;url 
ated Food Cror:; In fI'l! f.lr 
Ellst and fjotltll 1'1:,1;] Ie,!) 1':\,1 
and C~iD-25,ll ) 

12	 Control of Weeds In LUC[; 
(CSf)-1442 and AID'CM/tll 
C-73-23)	 Dr Stanley Miller 

TropIcal Sods ami Water Management 

14 Determination of Research Natlonill Academy of 
Needs of Soils of the Sciences 
TropiCS (CSD-2505) Washington, D,C 

Dr Joice Torio 

'.','rTlr,lcltH ,Hh1 
Fr'ilr:'i'.l' l'lVI1~;ti~).lh" 

tJn~\ \"f Nt)tl~.l~~kd 

[_,'ll',)'" ~Jl't)'a:;".1 

Dr f';llJ' ,I "'1.1!!t'ln 

Pur,lu.' Ur' ,1"';"V 
rlC:;C.lrdl r OW1li"t'lln 
Lal,l,l'!;,· IIhh.lIld 

[1: l f [JilUIll,1'1 

f"Hdlit' UI""I'lsIlV 
Hese'l!dl f ,H,["!:l!r,"l 
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Tropical Soils and Water Management 

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

Cornell University 
Ithaca, New York 
Dr. Matthew Drosdoff 

6/30/69-3/31/74 
$1,126,846 
to 3/31/14 

Brazil 

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

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

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

Brazil, Peru, 
Guatemala, 
Honduras, Nicaragua, 
Costa Rica, BoliVia, 
Paraguay, Colombia, 
Venezuela, Ecuador, 
Panama, EI Salvador 

17 Water Management Research 
in Arid and Sub-Humid Lands 
-Latin America (CSD-2167) 

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

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

EI Salvador, 
Colombia, Chite, 
Brazil, Ecuador, 
Bolivia, Gua,emala, 
Hcnduras, Venezuela, 
Panama 

17 Water Management Research 
in Arid and Sub-Humid Land~l 

-Asia (CSD-2162) 

Colorado Slate Univ. 
Fort Collins, Colorado 
0:. W. D. Kemper 

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

Pakistan 

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

National Fertilizer 
Development Center 
Tenn. Valley Authority 
Muscle Shoals, 
Alabama 
Dr. D. McCune 

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

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

Livestock 

22 Control of Vertebrate Pests U.S. Dept. of Interior 4/5/67·6/30/77 Mexico, Brazil, The 
(PASA RA·ID·1-69) Denver, Colorado $2,790,720 Philippines, 

Dr. N. J. Kverno to 6/30/73 Colombia 

24	 Research on Sterility Methods Agricultural Research 6/14/63-6/30/76 Tanzania 
of Tsetse Fly Control Service $1,572,870 
(PASA RA-1·00) U.S. Dept. ot Agric. to 6/30/73 

Gainesville, Florida 
Dr. D. Dame 

25	 Research on Hemoprotozoal Texas A and M Univ. 6/30/68-6/30/76 Int. Center for 
Diseases of Food-Producing College Station, T'3x. $1,362,731 Tropical Agric. 
Livestock in LOCs (CSD·194 7J Dr Fred D. Maurer to 3/31/74 Colombia, Ecuador, 

Peru, Guatemala 

26	 Survey and Analysis of University of Florida 6/30/69·9/30/73 Regional Research 
Problems of Cattle Feeding Gainesville, Florida $519,011 Networks throughout 
Systems and Nulrit;on il) Dr. J. H. Conrad Clnd to 9/30/73 Latin America and 
Wet/Dry Tropics of Latin Dr. L. R. McDowell Caribbean 
America (CSD·2498) 
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Agricultural Economics 

26 Rural Development Analysis Michigan State Univ. 6/30/67-6/30/71 Nigeria, Korea 
Agricultural Sector Planning East Lansing. Mich. $402.325 
Models (CSD-1557) Dr. Glenn L. Johnson 

27 Adapting and Testing 01 Michigan State Univ 6/21171·6,30/74 Nigeria. Korea. 
Agriculture Simulation East Lansing, Mich. $685,000 The Philippines, 
Model to Sector Analysis Dr. Glenn L Johnson to 3/31/74 Colombia, Brazil 
(CSD-2975) 

29 Analysis 01 Capital Formation Ohio State University 6/30/69·3/31/74 Brazil 
and Technological Innovation Columbus. Ohio $I,306.2HO 
at the Farm Leve! in LDCs Dr. David H. Boyne to 3/31/74 
(CSD-2501) 

30 Impact of New Technology on Cornell University 6/30/70-12 /31 :73 India 
Rural Employment and Income Ithaca, tJew York $499,991 
(CSD-280S) Dr. J. W. Mellor to 12/31/73 

31 Agricultural Diversification N.C. State University 511/71-3/31/75 Mexico. Guatemala. 
and Trade in Latin America Raleigh, N.C. $218.352 EI Salvador, 
(CSD-3283 and CSD-3632) Dr. R. L. Simmons to 3/31/74 Honduras 

31 Agricultural Diversification Economic Research 5;1 /71-3/31/74 The Philippines 
and Trade in Asia Service $172.394 
(PASA RA-AJ-13-71) U.S. Dept. 01 Agric. to 6/30/73 

Dr L. J. Atkinson 

33 Employment Generation in Michigan State Univ. 6/15/71-6/30/75 Nigena. Sierra Leone. 
African Agriculture East Lansing, Mich. $349,S96 Ghana, Malawi, 
(CSD-3306 and CSD-3625) Dr. Carl KEicher to 12/31 :73 Etriopia 

HEALTH 

37 Malaria Eradication Research National 1/17/62-6/30/72 Worldwide Research 
Worldwide Programs Communicable $5.064.822 Network 
(PASA RA (HA)-7-00) Disoase Center, 

U.S.P.H.S. (H.E.W.) 
Dr. George W. Pearce 

38 Central America Malaria National 3/1 /67·6/30/72 EI Salvador. 
Research Station Communicable $2,185,219 Nicaragua. Honduras. 
(PASA RA (HA)-2-67) Disease Center, Costa Rica. Panama. 

U.S.P.H.S. (H.E.W.) Brazil 
Dr. G. M. Jeffery 

38 Thailand Malaria Operation National 8/29/69-6/30/72 Thailand 
Research Communicable $444.639 
(PASA RA (HA)-l-70) Disease Center, 

U.S.P.H.S. (H.E.W.) 
Dr. Wiiliam Chin 

39 Malaria Immunity and University of Illinois 6/30/66· 6/30/72 U.S. Research Project 
Vaccination (CSD-1432) Urbana. Illinois $1,948,S02 has traineri personnel 
succeeded by CSD-3689 Dr. Paul H. Silverman from Ghana, Nigeria, 

West Cameroons, 
Malaria Immunity and 
Vaccination (CSD-3689) 

Univ. of New Mexico 
Albuquerque, N.M. 
Dr. Paui H. Silverman 

7/1/72 ·6/30/75 
$773.223 
to 3/31/74 

Israel, Guatemala. 
Pakistan, Peru, 
Taiwan 
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HEALTH 

40 Serologic Diagnosis of Nallonal 411/67-12/31/72 Nigeria, Bangladesh, 
Malaria (PASA RA (HA)-5-68) Communicable $403,473 Nepal, Ethiopia, The 

Disease Center, Philippines, Brazil, 
U.S.P.H.S. (H.E.W.) EI Salvador, Hail!, 
Dr. Irving G. Kagan Indonesia, 

Afghanistan 

41 Water Pump Application for Battelle Mem. Inst. 6/30/66-4/30/74 Bangladesh, Nigeria, 
LDCs Columbus, Ohio $117,690 Thailand, Laos 
(CSD-1434 and CSD-3305) D. W. Frink to 4/30/74 

42 Development of Methodology University of North 6/30/69-6/29/12 Guatemala 
lor Determination of Optimal Carolina $40,000 
Design Capacities of Small Chapel Hill, N.C. 
Water Supplies (CSD-249~) Dr. D. A. Okun 

43 Measurement 01 Nutrient Loss U.S. Public Health 5/9/69-6/30/73 Iran, India 
Due 10 Malabsorption Service $146,906 
(PI\SA RA-HA-9-69) Dept. 01 Health, Edu to 6/30/13 

cation and Welfare 
Dr. J. M. May 

44 Inter-American Investigation Pan American Health 6/30/66-3/31/73 Argenllna, Bolivia, 
01 Mortality in Inlancy and Organization $1,175,556 Brazil, Chile, 
Childhood (CSD-1431) Washington. D.C. to 3/31/73 Colombia, EI 

Dr. Ruth Puller Salvador, Jamaica. 
Mexico 

POPULATION 

48 World Fertility Survey 
(CSD·3606) 

In/erna/ional 
S/atistical Inslltute 
The Hague. 

6/30/72-6/30/77 
$1.043,000 
10 6/30/74 

Netherlands. 
England, Worldwide 
Research Network 

Ne/herlands 
M. G. Kendall & 
E. Lunenberg 

46 A Study of Fertility Rates and 
Earning Capacity 01 Rural 

Univ. of Wisconsin 
Madison, Wisconsin 

8/25/70·6/30/74 
$400.000 

Colombia, Chile 

Migrants in Lalln America 
(CSD-2863) 

Professors 
William Flinn, 

to 6/30/74 

Eugene Havens, 
Marion Brown 

49 Determinants of Family 
Planning Attitudes and 

Harvard Univer')ity 
Cambridge. Mass. 

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

Taiwan 

Practices, Phase " Dr. David M. Heer 
(CSD-2478) 

49 Fertility Determinants-
A Theoretical Inquiry 

Rand Corporation 
Santa Monica, Calif. 

1/5/70·6/30/12 
$326,500 

U.S. Research 

(CSD-2533) Dr. Paul T. Schultz 
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POPULATION 

49 The Epidemiology of 
Outcome of Pregnancy in 
Diverse Cultures in Selected 
Countries (CSD-2246) 

Johns Hopkins Univ. 
Baltimore, Md. 
Dr. Paul Harper, 
Dr. L. P. Chow, 
Dr. John Kantner, 
Dr. Rowland Rider 

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

Taiwan 

50 Evaluation Studies 01 an 
International Postpartum 
Family Planning ProgrClm 
(CSD-1565) 

Population Ctluncil 
New York, N.Y. 
Dr. Bernard Berelson 
and Dr. Gerald 
Zatuchni 

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

Nigeria, Thailand, 
Indonesia. Ghana. 
Hong Kong. Iran. 
The Philippines. 
Mexico, Colombia. 
Venezuela, Honduras. 
Turkey 

51 Utilization of Family Planning 
Services (CSD-2512) 

Bowman Gray School 
01 Medicine 
Wake Forest Univ. 

6/30/69-11/30/72 
$393,471 

Costa Rica 

Winston-Salem, N.C. 
Dr. Clark Vincent, 
Dr. David Evans, 
Dr. Carl Cockrane, 
Dr. Clay Honey, 
Dr. Fleelus Gobble, 
Jr. 

53 Research Into the Corpus 
Luteum Function 
(PASA RA (HA)-B-69) 

Nal. Insl. 01 Health, 
N.I.C.H.D. 
Washington, D.C. 
Center for Population 
Research 

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

U.S. Research 

53 Research For Development 
of a Once-a-month 
Contr'lceptive Pill (CSD-2169) 

Worcester Foundation 
for Experimental 
Biology 
Shrewsbury, Mass. 
Dr. Edward Klaiber 

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

U.S. Research 

53 Contraceptive Development: 
A Method to Prevent 
Pregrancy by Direct or 
Indirect Anti-Progestalional 
Acllvity (CSD-2491) 

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

6/30/69-6/30/74 
$3,000,000 
to 6/30/14 

U.S. Research 

53 Development of Inhibitors of 
L-H I~eleasing Factor as 
Contraceptive Agent 
(CSD-2785) 

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

6/30/70-5/31/15 
$4,448.139 
to 5/31/75 

U.S. Research 

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

Worcester Foundation 
for Experimental 
Biology 
Shrewsbury, Mass. 
Cr. Edward Klaiber 

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

Sweden, England 

54 Prostaglandin/Human 
Reproductive Reoearch 
(CSD-3300) 

Makerere University 
Kampala, Uganda 
M. M. Sultan Karim 

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

Uganda, Singapore 
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POPULATION 

54 Studies on Synthesis of Univ. of Wisconsin 6/30/71-6/30/74 U.S. Research 
Prostaglandins (CSO-2965) Madison, Wisconsin $227,725 

Dr. Charles Sih to 6/30/74 

54 A Study of the Side Effects Washington Univ. 6/30/71-6/30/74 U.S. Relle.arch 
and Mechanism of Action of St. Louis, Missouri $301,406 
Prostaglandins (CSO-3160) Dr. Arpad I. Csapo to 6/30/74 

54 Research on Safety of Southwest Founda 6/30/70-9/30/73 Mexico 
Contraceptive Steroids tion for Research and $995,426 
(CSO-2821) Education to 9/30/73 

San Antonio, Texas 
5 Dr. J. W. Goldzieher 

95 Development of IUD and Battelle Mem. Inst. 6/30/70-6/30/75 Collaboration with 
Controlled Release Richlcmd, Washington $1,132,230 physicians in India, 
Contraceptive (CSO·2819) Robert G. Wheeler to 6/30/15 Egypt, field test 

planned in LOCs 

56 Surgical and Engineering Battelle Mem. Inst. 6/30/71-12/31/74 U.S. Research evalu-
Research on Means of Fertility Seattle, Washington $1,029,792 ation studies planned 
Control (CSO-3152) Dennis J. Prager to 12/31/74 in LOCs 

56 Research on Reversible University of North 6/27/69-6/26172 Information exchange 
Sterilization (CSO-2504) Carolina $213,763 with physicians in 

Chapel Hill, N.C. India, Singapore, 
Dr. J. F. Hulka Thailand, Egypt 

57 Combined VO-Prophylactic Univ. of Pittsburgh 6/30/70-6/30/15 Field trials-Jamaica, 
Contraceptive (CSO-2822) Pittsburgh, Penn. $719,284 Guatemala 

Dr. John C. Culler to 6/30/75 

57 Simplified Techniques of Johns Hopkins Univ. 6/30/72-6/30/75 Clinical training for 
Fertility Control Baltimore, Maryland $3,507,451 family planning 
(CSO-3627) Theodore M. King to 6/30/75 personnel from LOCs 

58 Pl'Ogram·.i t Applied Research Univ. of Minnesota 5/30/72-6/30/75 Twenty studies by 
on fertility Regulation Minneapolis, Minn. $3,349,523 overseas and U.S. 
(CSO-3608) J. J. Sciarra to 6/30/75 institutions 

58 International Fertility Research 
Program (CSO-2979) 

University of North 
Carolina 

6/30/71·6/30/74 
$4,906,000 

Worldwide Research 
Network 

Chapel Hill, N.C. to 6/30/14 
Dr. Elton Kessel 

59 Family Planning Research Pathfinder Fund 6/30/67-6/30/73 Worldwide Research 
and Evaluation Center Boston, Mass. $1,483,000 Network of over ' 
(CSO-1573) Alfreda Goldsmith to 6/3'J/73 40 countries 

NUTRITION 

62 Improvement of Rice by Harvard University 6/30/68-6/30/75 Thailand 
Fortlflcatlon With Synthetic Cambridge. Mass. $498,110 
Amino Acids and Vitamins Dr. S. N. Gershoff to 3/31/74 
(C80-2170 and C80·3291) 
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NUTRITION 

63 Lysine Enrichment of Wheat 
Flour (CSD·1805) 

British-American 
Hospital 
Lima, Peru 
Dr. George Graham 

6/20/69·6/30/71 
$132,032 

Peru 

63 Improvement of Nutrient Value 
of Cereal·Based Foods 
(CSD'158G) 

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

6/30/67-3/31/75 
$930,457 
to 11/30/73 

Training of tech
nologlsts from India, 
Colombia, 
Guatemala, Pakistan, 
Morocco 

65 Corn Fortilication with 
Amino Acids (CSD·3357) 

Ins\. of Nutrition 
for Central America 
and Panama 
Apdo. Postal 1188 
Guatemala City 
Dr. Leonardo J. Mata 

9/15/71-9/15/76 
$278,700 
to 3/31/74 

Guatemala 

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

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

6/30/67-12/31/71 
$223,273 

Chile 

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

Univ. of Rhode Island 
Kingston, A.1. 
Dr. C. O. Chichester 

7/1/72-3/31/74 
$109,706 
to 3/31/74 

Chile 

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

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

6/15/10-3/31/74 
$501,327 
to 3/31/74 

The Philippines, 
Thailand 

67 Caloric Intake and Protein 
Utfllzation (CSD-2808) 

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

6/15/70-3/30/74 
$334,932 
to 3/30/74 

U.S. Research 

68 Clinical Evaluation of New 
Protein Sources to Prevent 
Malnutrition 
(CSD-1433 and CSD-2946) 

British-American 
Hospital 
Lima. Peru 
Dr. G. C. Graham 

6/27/66-6/30/76 
$466,383 
to 3/31/74 

Peru 

68 Influence of Maternal Diet on 
Offspring (CSD-2944) 

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

6/1/71-6/1/14 
$160,500 
to 12/31/73 

Taiwan 

69 Malnutrition Effect on Work 
Planning (CSD-2943) 

Medical College of 
Wisconsin 
Milwaukee, Wis. 
Dr. G. B. Spurr 

6/30/71-6/30/75 
$128,797 
to 3/31/74 

Colombia 

EDUCATION 

72 Studies of Low Cost 
Instructional Technology 
(CSD-3284) 

Stanford University 
Stanford, California 
Dr. Wilbur Schram 

6/15/11-12/31/72 
$239,563 
to 12/31/12 

Mexico 
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EDUCATION 

73 Beginning Science Curricula Educational Develop· 2/17/65-6/30/71 Kenya, Tanzania, 
for English-Speaking Tropical ment Center, Inc. $2,736,962 Uganda, Zambia, 
Africa (CSD-772) Watertown, Mass. Nigeria, Sierra 

James L. Aldrich Leone, Ghana 

SCIENCE AND TECHNOLOGY 

77 Design, Construction of National Bureau of 5/1/71·6/30/73 Turkey. Peru 
Locally Planned Structures Standards $110,570 
to Withstand Earthquakes and Dept. of Commerce to 6/30/73 
Storms (PASA RA/CE-9-71) Washington. D.C. 

Dr. E. O. Pfrang 

79 Mosquito Genetic Control Univ. of Notre Dame 6/15/71-6/30/76 Kenya 
(CSD-3159) South Bend, Indiana $244,000 

Dr. K. S. Rai to 3/30/74 

DEVELOPMENT ECONOMICS 

81 Comparative Studies of Harvard University 5/31/67-12/31/73 Ghana, India, 
Resource Allocation and Cambridge, Mass. $1,931,786 Pakistan, Indonesia, 
Development Policy Dr. Joseph J. Stern to 12/31/73 Korea, Liberia, 
(CSD-1543) Nigeria, Colombia, 

Argentina, Taiwan, 
Greece, Turkey, 
Jamaicll, Honduras, 
Guyana, Thailand, 
Japan, Malaysia, 
Bangladesh 

82 Employment and Yale University 6/30/69-6/30/74 Colombia, Korea, 
Unemployment in the New Haven, Conn. $993,520 Taiwan, Pakistan, 
Developing Cor ,es Dr. Gustav Ranis to 6/30/74 Brazil, India, Chile, 
(CSD-2492) Kenya, Ghana, Zaire 

84 Exchange C, dtrol Nat. Bureau of 6/29/70-6/30/74 Brazil, Chile, 
Liberalization and Economic Research $546,300 Colombia, Egypt, 
Development (CSD-2783) New York, N.Y. to 6/30/74 Ghana, India, Israel, 

Hal B. Lary The Philippines, 
Korea, Turkey 

85 Distribution of Gains, Wealth Rice University 6/15/71-6/30/74 Malaysia, Colombia, 
and Income from Development Houston, Texas $557,114 Turkey 
(CSD-3302) Dr. James W. Land to 3/31/74 

85 Import Substitution and Williams College 12/31/64-9/30/72 Colombia, Mexico, 
Economic Policy in Economic Wi/liam'3town, Mass. $356,329 Jamaica, Brazil, 
Development (CSD-2475) Dr. Paul Clark Nigeria, East African 

Region, Pakistan, 
The Phiiippines 

86 Participation Patterns in Harvard University 6/27/69-12/31/72 Kenya, Colombia, 
Modernizing Societies Cambridge, Mass. $390,469 Pakistan, Turkey, 
(CSD-2502) Prof. Samuel South Vietnam, 

Huntington Venezuela, Mexico 
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DEVELOPMENT ECONOMICS 

87 Comparison of Indian Real Univ. of Pennsylvania 6116/69·6/30/7~ India 
Per Capita Income and Philadelphia, Penn. $31,433 
Currency Purchasing Power Prot. Irving Kravis 
with the U.S. (CSD-2481) 

87 Growth and Development at Iowa State University 6/29/68·8131/72 India 
Food Aid Shipments Under Ames, Iowa $330,000 
the Food For Peace Act Dr. Earl Heady and 
of 1966 (CSD-2163) Dr. Leo Mayer 
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