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2. Narrative 

During tile last three decad:es a tremendous development ,has taken 
place in sorghum production in the United States. The crop is nov one of 
the most rapidly expanding cereal grains in the developing countries as 
veIl. It is a crop vhich came trom the tropics in the first place. There 

~: Duration proposed by TAlAGR prior to RIGC rev~ew. At its meeting 
on November ).3, hO"tlevcr, RIGC recor.mended approve.! for three_ yearo, vi th a 
consequent reduction in cost to'$800,000. Exte~sion beyond th~t pcricd 
viII be contingent upon an evaluation ot progress in the latter half or 
•• , - ."' ..... ~ VIOA.'r.. For t1.u-ther dete.1l,. sec the ro~egoing Supplement and 
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modern farming methods, sorghuml is better able to nearlY achieve its 
potentiaJ. yield than is corn, j.ts closest competitor. 

In addition to desiring to satisfy their food needs, the developing 
countries today are also interested in expanding their animal production 
industries, partic111arly poultry and s ..... ·ine. Battery chicy.,en production 
has been introduc.ed as a modern production method in a majority of the 
developing countries. The principal dravlback in most such countries is 
the lack of 10caJ.ly grown animal feedstuffs. P.nd, as most of the developinl' 

'nations are trying to limit their foreign imports, they are interEsted in 
expandine; sorghum production. . 

A major constraint to more rapid increase in production end utili­
zation of sorghum in developing countries of the tropJ.Q!L:19,.tl;e supporting 
production technology. In most cases high-yielding, disease end insect 
r~~J:st~:t;; varieties with :ilnproved grain qu.a.lity are not availuble to the 
farmers. While a number of commendable projects can be cited of sorghum 
improvement for trb tropics (e.g., the All India Coordinated Sorghum 
Improvement Proje~t, the A.I.D~-supported East und West Africe.n lvlajor 
Cereals Projects, and the Purdue University Protein Improvement Project), 
the work has not been commensurate with the need for new technology in 
developing nations where sorghum is important in human and animal nutrition. 

In large measure, due to recognition of this gro~dng need for 
sorghum production technology for the tropics, a Consultative Group-supported 
international center (ICRISAT*) is in the process of being established in 
India. While destined to make an impact in due course, the work of ICRlSAT 
and of the national research systems of the developing countries of the 
tropics can be substantially accelerated.by strengthening relevant sorghum 
improvement projects in the United States. ," ... 

: 

// .·,'~!nc,e., 1966, A.I.D. :has had. a ccmtra.ct·.~j,th P~d~e Univer~ity (c~_~:-_~i5}> 
. to increase the quantity and quality- of the protein of E;I'ain sorghum in order 
to help reduce protein hunger among the major sorghum-eating populations of 
Atrica., ~here about 40 percent of the protein in the human diet comes from 
sorghum type grains. ,Now it is A.I.D.'s intent to broaden its assistance to 
also include work on(~proviDg the qUllJlt1ty ana-qulil:ityor"tne"-energy-

* InterDational CrO);·s Research Institute for the Sellli-Arid T:t:'op1cs. 
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(calories) stored :Ul the grain.' To achieve thin, :It-is i~ltellde:d to 
make ~w:lus(, of prc::;elrt Ge·.·clo~l~nt::: (·:.:c.it!:r!'cn.:.!!I::!"lts bd!!g R'~:1~f;'l~J 
in -eb ..... c~cnl l.:.~ r~uc',~,;~ ?':('r 1,c'" .,.->.. ·l lr··.··i·· ",' '.;,' __ ~J. ",'" ('~' j.J''''~;'''~''-'' 

- -'. ... - y-'" ... _ ~'.'" ... ~.'- .... - l _1",;.,..1 "'\~' _ u •. ' _ ........... '-..\4 •..• 

r".1.";:'Cll·.-, ]~I·.~l'''C:.!::j~., f"::-::L/''" i:l ... .i.L .. ;'~.I(·:--.. ·::·l; .. ~·.~:f: :...: .... ,;. .... :.J ',-:~~~;. et;:"''"':;:-i .. ·.r ... ;· ..... 

th·~ Int!jc:r ';::-l;.:~Xl t.·~~·~ .. j.~1~·~;~1: ye: .. c... .. :4..rc!~ :.L ... ~ ~:\;.'..-:rf:::l~.~.~'· 1)t-:!.:':"~ t: .. j~! .... t.=d.-,~.:·,t.;I·).. ~~: .. :. "'::":''';~(J 

Rico, the ,,'o:::-lc co.i.J.ec,:1.o1i oi' sC!'f,bt4. i~' l'~:in..:: 1~\'1L..U1·'.:.::l fc: ~K': ~.u~::o:': '.;f.~ 
of ge:rmpl~SI!J need~d to rurt!~er improve tho tic·de!'::! c!.({ F,:rr:..:!.n crop. J,t. 
Nebraska, thes~ fa~tors are being incorporated into til.:: c:rop to improve 
the physiological c~acteristics which determines the p1B-~t t~~e and 
organic structure required to produce more end better grain. At. Texas, 
new factors for resistance to limiting disease and insect pests are being 
isolated and incorporated into the sorghum plant so as to strengthen ita 
defense Jrechanisms against these destructive orgn.ni6lIlB. At Purdue, neuly 
identified factors for improved grain quality are being uti1ize~ to develop 
more nutritious cultivars for those who depend onthe'crop as their major' 
source of protein~ 

t./With this l'roject A.I.D. I-:..~oposes to supplement, by a.n investment 
for research dire:'!ted towards the needs of the tropiCS, sorghUill research 
for the tempera+.e ~one.-underwa.Y at Puerto Rico, Nebraska and Texas, in 
cooperation with the USDA. This investment is designed to expedite the 
developm.ent of :i.mproye~ sorghum populations (improved in yield, grain 
quality, disease and insect re sistance) and to make them rp.'~dily available 
to ICRISAT and developing countries. 

In practice plant breeders never succeed in developir~ the ideal 
variety; crop improvement ii'; a continuing research effort. For this 

. reason, it is difficult to precisely determine when U.S. assistance in 
this area should be terminated. Important factors are: (1) actue.l success 
of the contractors in developing populations of sorghum substantially 
improved with respect to the several mentioned characteristics; (2) utili­
zation of the improved materials ir. sorghum production ~~d research programs 
in developing countries; and (3) research capability in the developing 
count.ries or elsewhere to take over the work under this project. In view 
of the already fldvanced and relevant programs of the proposed contractors, 
the strength of a number of developing country programs, and the promise 
of ICRISAT, it is believed that our major contribution can be made in the 
five-year period proposed. Continuing support for this project, if any, 
would be expected to be at a much lower level. ' 
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f:>ince the inception of that project in 1966, a gres.t deal he.s been learr..ed 
about the nutritional quality of sorghum grain. UnliY2 corn, no single 
factor, such as the "opaque. 2" character for high lysine has been found to 
date in sorghum. \There improved grain types (protem content end amino 
acid baJ.e.nce) have been selected, they have been the product of many factors 
not the least of 'Which were physiologica.J..:q induced. It is now lmemn that 
wbc~, high quality protein does e:dst, its assimilation as a fc (1 by humans 
or • .:\~ed for animals 'II1E:Y be limited by a series of inhibitors" .,:ludir.g 
the) ':11yphenols, i.e., tannin pigments present in the testa, a .11A.}lf'fbeneath 
the :.;eed coat of lJla.Dy bird-resistant sorghu.."ll varieties. These :r:-rOf/leres were 
not encountered in breeding for iI!lproved qualHy in corn. 

Meanwhile, at the University of Nebrasl:a., with limited funding f:;:ocm 
the Rockefeller Foundation,' a team of plant scientists 'Working on the 
physiology of grain yield found that sorghum is Dore responsive to induced 
changes in its physiology than perhaps any other cereal grain crop.v" Not 
only Jo c!la.nges in day-length, temperature, Eilld availability of moisture 
affect the n,:.:llit;r and protein content of the grain, but tt~~_Nf{b_res!r..a teem 
also found • '.':.t th~ sorghum plant is potentially c~pa.ble of storing l'!lB.llY 

-times more '!orgy units in the' gr'ain than is prezently achieved by eIl:,f of 
the sorghuIIl cultivars thus far screened. A large percenta.ge of these 
energy unit-s could be protein. The problem i;; toot an abscission ~er 
is formed at the base of each grain, cutting it off from the source of 
addi tionaJ. energy uptake while the plant is physiologically young and thus 
still capable of producing and storing additional n~ounts of energy in the 
seed. Additional funds are required to extend research with ongoing 
activities that include certain phases needed to provide answers to 
questions relating direct~ to the developing countries, which would not 
be otherwise inves~igated • 

.At Texas A & M, it was found tha.t this crop, long believed to.Pe_ 
relative~ free of aiseaseB and incects i~ in fact highly susceptib2e.-/ 

'Natural resistance has been identified for the control of a "",hole series 
of pests which ar~ nOW' lmown to be dramaticaJJ.y reducing grain sorghum 
yields in the developing countries, under conditions where ch,~cal 
control hardly seems .practical and could, indeed, leave undesirable accumu­
lations of toxic materials in the enviromnenq 
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The nlo:;t premising source or nc;..' fector:;: frcm which to derive 
ilt~:,:o"ed chE:..:""~('~;l:r~ i:. -~,hf-' ::;D~b~\!:r. plc,~j"':', [!s c. .... hc.le, ~d in ~'u:L:l 
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Until co!:pctXl:.tiVL 1)" ;"1~~t::Jt~" 'tb·~~ ~c:w--:r ~'.:L!.:. s;:, .~ :,' if. i' ~ (..:~' .. '~.;'''''';~~ .: .... ' c :) .... ~:.~ .. :.. :,,', 
the large pe;t"centage of the U.S. cor.rll~!'c:itl.l. f·::>::,rh'.:.:': ·:r~~::iLt.;;.~;;_· c~_.,· ~:'-:"('J: 

a. relatively few Kafir and }alo introciuctions fro!: 'A:'ricc.. ':'j-J.!':;s~ 'h'Dl',;, 

the varieties capable of flowering and setting seed under the lO::1G de .. y­
length conditions during the growing season of the continental United 
States. By the late 1960s, the germplasm of these sorghums had been so 
thoroughly worked that the potential for deriving new breeding advances 
nom it had become grea.tly limited. Almo£t all releases were becoming 
more alike with ea.ch new round of improvement. Yet there remained large 
. numbers of sorghum varieties in Ai'rica, the Near East, and Mainland 
China that had never been screened as new sources of ge~lasm because 
they would not flower ~n the U.S. under normal growing conditions. 

Currently, the world collection is beir~ maintained in Puerto Rico. 
Promising lines are being converted by the USDA and cooperating sJ~te 
workers to populations which will normally flower in the U.S. and which 
can thereby be crossed onto the elite American grain sorghums: This con­
version program is allowing a vast new array of serroplasm to be introduced 
into some of the best cultivars that have been developed over the past 
decade. The exp~~ded program promises to produce a host of new sorghum 
advances of significant benefit to so~ghum-proc.'lcing and sorghum-con,uming 
countries throughout the r70rld. . 

Each of the major sorghum breeding programs discussed above, at 
, PurdUf~, at Nebraska, and at Texas, depends on cooperation with the Puerto 

Rico program and its USDA-UDdversity relationships for the conversion of 
exotic sorghums. 

Coordination and integration of the work ~ Puerto RiCO, at Nebraska, 
and at Texas.with the existing A.I.D.-financed project for high protein 
grain development at Purdue, offers very hi~~ odds of producing spectacular 
advances in improving the quality and yield of sorghum over the next five 
years. The objective of this project is to' ,~apitilize on those advances 
for the benefit of the developing nations, i.e., those advances 'l-lhich make 
;!~t possible to a.ttain higher production where the growing conditions ore 
less controlled. ' 

The timing is considered near-optimum to maximize support to the 
sorghum 'Work of ICRISAT which io Just being initiated. It will facilitate 
establishment of viable links between the contractors and ICRISAT and 
between the contractors and sorghum improvement projects in the developing 
countries. 
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1.'1 the dCJ:T.les~.:;ir. cv-icu.l"ture scen~. :'r.irt:r yef:.'::D t;J.gc, Sc!r.~;;,~::: \-,c:.c .;"::1," 

tak:iJlg its place in American 8{.:,'Ticult'we unci bei'o~'0 thut ~.J.~ wen scc·c(;.l~,r 

kno" .. n , yet today it has essentia.lly replaced corn in the Southern Gre:a:-. 
Plains. If what has occurred in the United Stutes in ~v way indice~es 
what EaY be possible under tropical conditions fram whence the crop CUi.~, 
then work on this cereal may prove tc be even more significant in thc 
third world than has been the case in the development of· the so-called 
"miracle" rice and wheat varieties. . , 

J~ It is considered that the improvement of sorghum offers an out-
, standing opportunity not only for assisting the advanced nations in 
~roving their sorghum crop, but as an even reore significant spin~off, 
and for a relativeJ,y small investment, increasing the protein and calorie 
intake , rural e.r::J.ployment, and expansion of the livestock industry, 't;l:lereby 
increasing the mn? of the developing countries. 

3. Relation tc Existing Knowledge 

Two crop:::: of almost no significance in the United State£:, a little 
over a generation ago, have become among the most important in American 
agriculture today. These are soybeans and grain sorghum. Soybeans have 
been fermented and eaten for human food as bean curd i4 China from time 
immemorial. Sor~hum grain is the indigenous cereal of the majority of 
A+rica's population. Both of these crops have been so modified and so 
1Jnproved by the plant breeders in their new temperate environment that 
they now have littJe resemblance to the native strains from which the 
modern day crop was derived. StilJ., in the eme~gillg nations, almost no 
ca:rryover has taken place in general and our advances in soybean and 
sorghum development have ~ot been made available. Soyberu1s, though no 
doubt one of man's best sources of high quality plant protein for fooe, 
remain a relati-ge~ llmknown crop in most of the tropics. Sorghum continues 
to be pretty much t.he san:e in Africa at this time as was the primitive 
cereal fram which today's record-setting grain production sorghums were 
developed. 

The acreage plnnted to sorghum is expanding faster in the U.S. 
than for ~ other crop. In many states, it is replacing the production 
of corn for ani~ feed. This is because under less favorable conditions 
todai's improved sorghum. varietie'c consistently out yield our best U.f.). 
corn. 
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In the U.S., at i"irst., some r€~ist&.n~f:! "'as ey.ert~d s.ge.inr.t. the 
~c of sOTghu:~ :ill e.~-:u..l rr. 'tiO:H~. Nc..'·" 'O(~CCu.sc ir. r:m'!',; ('_""ee.r. f;creb:.',~ ca.n 
be pt"oducec:' ~1Jt~t:.}"~:." ·,,~!~Eu~ co'rn: l-:u;u 't1(.l(;C;.u:.~r'! r:l+::,,~t;. i~~ l~1~:.:':-:'j F-~~(:·,~t :t iJ[~ 
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tcmlili in -ilK: sutC"U:t~...!I:':011G l[:;{cr. 1:i.J is b:Lttc;:!' iJ:: t,l::'S".;(: (:J1G. ~;!"lL':-:-::":';;'n:: 
not llked by the flocks 01' grain eatinG, mibTS.to:::y birds -r.h(;.t r€:c;'.llarJ.y 
decimate those varieties of sorghum which lack this protection. The 
tannins have also been related to'7rotective' resistance against fungi 
in hmn1d enviroIllllents. As a consequence, sorghum breeders continue to 
select for the tannin character even though it has been lmown for so,"lle 
t~.me that the white grained varieties have better. conSUI!ler acceptance 
and nutritive quality and that thew-ellow endosperm types are preferred 
by the livestock industr,y. 

. - Until recellt~ it had been wide~ believed that corghum gra.in 
as a whole "·.3.S less nutritive than corn as regards available protein for 
conversion to enjmel tissufJ. The livestock indur,tlj' resolves the problem 
by adding greater quantities of protein supplements to standard rations 
when sorghum grain is employed than when corn is used. In the feed 
industry, this is no different than the fortification '-lith vitamin A 
when corn is used, although this is not considered necessary "Then yellow 

. corn serves as the ·concentrate. .-

Research under the A.I.D. contract with Purdue has'demonstrated 
that when non-tannin sorgh~ grain. is fed to rats it is equal to most 

. standard varieties of corn in EI.chieving weight gains. During the past 
year, these results have also been confirmed at the Cll-1l-1YT* wit!l the 
vole and at Washillgton St~te University with the chick. In every ca.se, 
the tannin-free grain proved to provide significant~ greater weight 
gains than when animals are fed the brown, bird-resistant t~s. Fu.rther 
pursual of this result has demonstrated that when tlv.: bro"l-Tn pigmented 
layer of the bird-resistant grain is polished off, the remainder of the 
cereal has about the same nutritive value as non-t'.:UUlin sorghum grain • 

. ' Work unc!ertclken in the a.na.lytical ch~f".(;ry laboratorY in conjunc­
tion with these feeding trials has shown that ~ sorghums do have as 
high a percentage of high-quality, assimilahle protein as do most varieties 
of corn. The iDhillitory effect of tenn;!n on the utilization of the pro­
tein is being studied as are methods of ·removing the outer J.a¥er (polishing) 
for human consumption. 

* International Corn and Wheat Improvement Center, Mexico. 
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through the use of exist:i..l1g ]mowledge and plant popuJ..c.tions derivc:d l":rC!:l 
the conversion program. Sorghum is much better able to reach its nm:.dlnum 
potential yield capacity than corn under the rUGtic far:n1ng conditions 01' 
most developing nations. Now with our present knowledGe of inhibiting 
factors in sorghum protein utilization, there is every reason to believe 
that the .productio::.. of sorghum. can add more a."1d better protein and addi­
tional calories to the protein hungry nations 01' the third world ths-~ would 
have been possible in the past. 

4. Relation to Other Research . 
This project is not intended to be different :!'ro:u other resez,l'ch 

projects underway in the U.S. Rather, it is intended to ride "piggy 
, back" on the research of the conversion program in Puerto Rico, the pest 

and disease resistance program of Texas A & M, and -:.he ~:ork on physiology 
of yield at Nebraska. By a moderate additional investment, A.I.D. irl"Gends 
to me.ke the rese~~ch of these improvement progr~s applicable for use in 
the developing nations. This work ia to ~e fully coordinated with the 
work on protein improvement 11hich A.I.D. has financed at Purdue. At a 
later date when the ICRISAT has became functional in India and assumes 
its responsibility as an international center for sorghU!:l and millet 
research, it is expected to take on parts of the work now included under 
the proposed consortium .for sorghU!Jl development. When this happens, 
'activity under this project will b~ reduced accordingly. 

In any case A.I.D.'s contribution in sorghum research will be 
d:i.rect~ coordinated with the ICRISAT and its outreach progrllI!ls, end vTith 
CIAT, * Cm.fYT, IITA* and IRRI* where sorghum is already included in the 
"crops aysrems" program. The efforts of this project vrill complement 
~ho,se of ICRISAT and the worldwide linkD.ge network and will help to m~re 
it more effective in its role to serve the world in sorghuJU and mil.let 
:ilnprovement. Even when ICRISAT can assume fuJJ. responsibill,ty for coordi~ 
nating the world~~de research network, it is believed thnt ~ program in 
Puerto Rico will still be essentio.i or needed to coordinate the work on 
this crop fram the United Sta.teD with that of the tropics and subtropics. 
Financing ~f the Puerto Rican el~nt could possibly be provided through 
ICRISAT as a substation for the Western Hemisphere. 

* CIAT - International Center for Tropical Agriculture, Colombia; 
.IITA - International Institute. for Tropical ft .... r;riculture, Nigeria; 
IRRI - Internntional Rice Research InGtitute, Los ECnos, The Phili~pines. 
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as well as the project ~t Purdue depena en the scrgh~ cc~vcrEion prG~'~~ 
at Puerto Rico ~or new eermpla~, it is considered that the consortium 
contract can integrate the overall ret;earch into a single network with 
Puerto Rico the focal point. 

, ' 

A.I.D. funds provided to the University of Puerto Rico during 
the initial l2-mo~th period will be used to evaluate new im~roved germ­
plasm from exotic ~orghums available to sorghum breeders around the uorld. 
The UPR will also assist in the maintenance and processing of the r70rld 
collection of sorghum varieties. 

Funds provided to the University- of Hebraska. during the samE: 
period will be devoted to research on the physiological characteristics 
vhich control increased grain production in the tropics and subtropics. 
A.I.D. contributions will serve to support investigation on the soil ~~d 
climate conditions whicll have prevented higher yields being achieved in 
th~ warmer and more moist latitudes. 

A.I.D.'s initial contribution to Tey~s A & M University _ 
'W1ll'be limited to research on resistance to sorghum plo.nt and seed pests 
and diseases prevalent in the tropics and subtropics. 

b. Program of Work 

Detailed work plans for each of the three cooperating inntitu­
tions are presellted in Atta.chment A. Puerto Rico "'ill serve as the focal 
point for the tropical sorghum improvement programj Texas A & M wilJ. 
specialize on limiting diseasen and insect pests of sorghum; and Nebraska 
'Will concentrate 0:1 the physiology of grain yield improvement. These 
three institutiOllS, together with Purdue which provides needed research 
on the improvement of protein content and quality, constitute an integrated 
team. Their combined efforts will make it possible to capitalize on the 
tremendous advances being achieved in sorghum development in the U.S. and 
their transfer to developing nations where sorghum is especi~ impcrtent 
both for human nutrition and a.nimaJ.'-feed. 
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6. Reree.rch Meth~solor;~ 
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pest and disease resiGtance in "Gi1e f:i.r~1:. :L"1r.:~e:.ct:, l~;':i i·.c ("t:-,t.J~;! ~'e.Y::·:rt.'.J::"~~ 

physiological factors (superior plant tYJ?C e..!1d reot r::ystr;;;;:s); to ir~c::,ee..se 
grain production in the second instance. ~le p~ocessing of new meterials 
not previousls" screened provides high promise for the isol.e;t"'~lo...4fdOOd.terld 
germplasm for the ~ropics. This would not be the case if the screening 
were to. be undertaken only on .A!nerican ger.zIJ?1asm. 

The conversion program in Puerto Rico consists in crossing exotic 
sorghum varieties having desired characteristics with standard American 
varieties. GeneraJ...J.y, the exotic t;y:pes tend to be extrereels" taD. and they 
will not flower in the oong days of the cont:;'nenta.1 U.S. grouing season. 
By the t:i.Ine they h::',ro been backcrossed fe~ foPI' EC!ncro,tions witr. the U.S. 
parent J they are :r'.,. Ciuced to normal stature and rcadilJr £'lo;;er t'.nder lonz­
day conditions; inll other characters, however, they should mair.tain 
the desired .fe.atw- of the genotype of the exotic variety. 

The converd.on process consists of the follOWing steps. An imprO"lcd. 
Nort·h American var~.ety is crossed with 8. selected exotic variety in Puerto 
Rico in October. The hybrid seed is har\rested in February and the subsequent 
generation is immediatels" p4J,nted again in Puerto Ri(!o. The second g:mere.­
tion is harvested in May and sent to a cooperatin~ institution (~~due 
University J Nebraska, or Texas A & M) for :!.nllnediate planting. There the 
plant populations are screened for two factors, reduced stature end the 
ab:Ui ty tel flower under the long-d~ growing season of the continental 
U.S. Sec.···"rom these plantings vrhich possess the above characteristics 
are harve. . d in Se:!;ltember and the selected lines are again returned to 
Puerto Ric: and planted. The lines are backcrossed for the second time 
to the exotic variety. This process is repeated for four years. Each year 

.for the four years, the backcross to the exotic var~ety is planted in Puerto 
Rico, and the following generation is planted in the U.S. where selections 
are made for early flowering and short staturc. At the elld of this con­
version process, the rcsulting seed may be considered genetically uniform 
for a majority of the exotic variety's characteristics, although converted 
in stature and in. flowering caps.city to a U.S. sorghum type. 
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Nebraska, and re::;isWlcC to disease end i!lsect peS-CG €:.l'C eq).':;cia-' 'y 
sought by Texas A & U. 

The new factors once identified and 1solated can be incorporated 
into an improved sorghum variety used by any country in the world, either 
temperate or tropical. The objective of this project is to develop and 
make available to developing countries superior germplasrn for improved 

, nutritional quality, increased grain yield, and disease and insect resistance. 

7. Researcher Competence 

The three organizutions selected as ccoperating institutions in 
this project are already highly competent in their respective fields. 
No other institutions are undertaking similar research for the tropics 

, and subtropics. The USDA. serves as 0. cooperator in each instance to 
support both state and federal programs. As such, the USJ1.\ would indirectly 
provide support to the consortium'o effort. 

The USDA is the agency which has the control of the world germplasm 
collection of sorghums and, as such, was responsible for initiating the 

, conversion program at its tropico.l experimental. station in Hayagt1ez, ?uerto 
Rico. This work by its very nature must be continued under short-d~ 
conditions and the University of Puerto Rico, with USDA cooperation, is 
well prepared to assume responsibility for it and for mek1ng the materials 
in the conversion program available for use by developing countries. 

The University of Nebraska is the only institution working on the 
physiology of yield in sorghum and its research has already proven that 
the sorghum plant is capable of producing considerably more gr~in thnJl 
has been achieved until this time. 
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B • . Cont,.ib"'.t:i.on. to Ir.~t.i tl.ltion Buildin~ 

One 0' tile. func.+:i-on6 of ttic, cn:·,!-o:!'tj'..t:r: j:·:'t:o::.;.,r..: :iJ1 ,~,~*' 'rt:5~ar!Ch 
Win .. " ~o train. &tw"IKh t'~ ttle d~,ef.opf",. netlO~ where 6o'(f3h~~~D" 
_h.cn a aSSWhlh1 :I .... ,~rh.hee and to se'hd thUY\ heme prf:pal't~ to I ... .i . .:._:~.: 
the. 1rderm~~i.C)t'l they ~ve. learnetl to llrp'tove tht P,-Oth."~hM of tilt t.'rop 
in the:Lr 0'10,,) COlL"1trJeG. J:t" is e)::pcc~.,eti i.:-:1:'1; afur' tre~""I\~ IS the' pr08r~ 
these men 6.1'ld "remen ,;ill returr:. 'Lo their na.tion.~..l ag:':! c;;.l-uu:':'=":" OE:Vl,;:'Cp:nfJl .. i: 
institutions and become the cooperators '\lith whon a strengthc:-.ed inter­
national network of sorghum activities ""ill operate. 

Both the University of Nebraska and Texas A & M are already tra;tning 
some foreign students in their sorghtnn research programs. Under the stimulus 
of the proposed contract, it is expected that more stude~ts from the develop­
ing nations will be encouraged to study there. 

Special training for foreign students in various a5pects of sorghum 
research and sOI'ghtnn production will be emphasized e.t the Un:l.versi ty of 
Puerto Rico. The University shares a COm!Ilcn language und cultural heritage 
ldth the Latin American republics and is at Ie to relay to those ccuntri.C:s 
the highly developed agricultural technology of North America without 
encountering barriers imposed by a different language and tradition. 

The Island of Puerto Rico, though comparatively sm.:.U.l in area, has 
a varied'range of soil types and cl~tic conditions representing many of 
those found throughout the tropics and therefore provides a.n agricultural 
laboratory in which students from other tropical countries will ftnd con­
ditions sj rni1ar to their own. Participalrbs "lor'king in the sorghum progran 
Yill, as a consequence, find that as they learn specific measures and prin­
ciples developed in Puerto Rico these will have broad applicability at home. 

More important than the sj rni1 arity of culture and that of the ecology 
to a large number of developing nations throughout much of the world, 
however, is the fact that here the student will find a most modern unive:r.sity 
at which to study ~md experience the impulse of a country which has undergone 
the transition from primitive agriculture to modern farming' methods in a 
relatively few years. 

At least once ee.ch year a workshop will be condUcted, in cooperation 
with ICRISAT, for technical and administrative personnel of the developing 
nations in a different specialty. The locations of the workshops will be 
rotated to include maj or sorghum growing areas of the world. 



lEST AVAILABlE COPY' p. l! 

9. Utilize.tion Plans 
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-with incref:.sed e.Y4:.~lF.:.bil::Lty of hiG:1 c;':llf..:..li-c? r:::r'otc-::~.. :.Fh(; :18\1 !:!!lte:~itG.::. 
end techni~ues 'rI:ill be provided to inter€:l3ted cooperators for trbtJ.. anel 
testing purposes in the sorghum program throughout the world. With'the 

.direct inclu8ion of Puerto Rico in the A.~.D.-as6isted sorgh~ development 
effort, special emphasis will be plac€:d on conducting the ini tie.1 trifi1.ls 
there. Only the more promising materials will be included in the tests 
Vith developing countries. 

Of course, in ManY instances, it will not be possible to use the 
new materials or techniques directly in the cooperating cOlmtries exp-ctly 
as they have been received; however, the adaptive research required to 
'render th~m use:fuJ. in a given, country should be relatively Simple. Gen­
erally, if only a special character needed inc~rporF..tiCll1, it lTould require 
such well-lalOWll breeding methods as the backcross technique to transfer 
the new factors, isolated by use of the conversion program, into the 
preferred varieties of a specific country. This re~uires the type of 
breeding program which participants who have studied and been trained 
in Puerto Rico and returned home will be prepared to undertaJr.e. 

There shculd be no difficulty in di8senllnnting :Unproved populations ,or varieties of grain sorghum or supporting cultural. uractices. In lI11llJy 

developing countries, international and national agcn~ies already exist 
which are willing and able to incorporate these advances in their respective 
crop improvement programs •. Because of the success the crop has attained 
in the U.S., there is a tremendous interest in extendil".g its production 
in the develop1llg countries. Experience has shown that when formers are 
provided, by their research and extension services, with new crops whose 
production is dramatically better than the varieties they have been accus­
tomed to" the transition to their use is rapid and sells itself. 

10. B1ldget 'Analysis 

The b~dgets presented for Puerto Rico, Nebraska and Texas 
A' & M in Attachment B are ea~h for a one-year (12 month) period. During 
the second year, aggregate fWlding win be increa.sed from $225,000 to 
$275,000. The University of Nebraska's budget will remain about the same 
as in the 'first year, or about $75,000. The Texan A & J.f budget will be 



BEST AVAILABLE Copy . 
p~ 14 

increased trom $50,000 to $15.000 to allov for the assignment of an ento­
molo~ist to th~ project staff end thereby exp~~d t~e work in scre~ninG 
and developing ropula:~ior.s for im:ect :rer.:! stl.l.:]CC. T),<;.: ~::iyers:' t~· of 
Puerto Ricc'::; ~',l~I!I~"~ ~dll E.l:;~) "t~\. i:Jcr'E£.:.ce-:'l in tt.t'! i:t'(·v:;~. ;'':'''':', ~':rOI:: 
~~lCl,OOC' 1t, ~:::.:.:::,:r:()(;, t,r. ;.i~.jc".~ 1',," t:1'~ ~;tT.l:'JY:~'C::"/t'c~, :i.!"ti' ,_~_0.~, _':"':,] 

The prllposul wus rt~vie ... ed by the Inter-Bureau ':'tc~niceJ. 
Committee end subsequently re'viewed and approved by RIGC. RIGC specifi­
cally requested assurance of appropriate lir.ks with ICRISAT. To this 
end TA/AGR has already contacted the Director of that Institute and a 
reply ia anticipa.ted in advan{~e of the RAC meeting in January, 1973. 

The basis for this proposal was included in the justification 
for extension of the protein improvement contract with Purdue, approved 
by both the RIGC end the RAC in 1971. 

12. Proposi.ng Office General Evaluation 

This proposal is given a very high priority by TA/AGR because 
of the following reasons: 

a. Sorghum' 8 tremendc)us expansion, during the la.st decade. in 
the area of cultivation and use as feed in the U.S. vividly projects what 
it is capable of achieving in agricultural development of developing 
countried. 

b. There is enormous ':lnterest in increasing the production of 
sorghum in a majority of these c()untries. 

c. The increased- production of improved sorghum varieties can 
increase the protein carbohydrate intake in the human diet where it con­
stitutes a major staple of the food intake. It vill increase rural 
employment. is economical to produce, and as an animal feed will assist 
in the development of animal industries. 

d. The proposed three-university consortium will coordinate their 
respective efforts very closely with the wo~k being done under A.I.D. 's 
existing contract with Purdue and, together with it, will Dlake a package 
of impr6vements available as a unit to be incorporated in the crop in 
developing countries • 

. e. The work to be accomplished will serve as.a valuable contri­
bution to the program in sorghum development contemplated by the ICRISAT -­
the new International Crops Research Institute for the. Semi-Arid Tropics. 



BEST AVAILABLE COpy . p. 15 

. It will advance the devel~pment of the sorshum crop until such time as 
the consortium of world donors can. e.SSlI.!:l° rerpollsj.bi:!.it:; fo!' all or 
parts of t.he ICE';!SJl.T proh!'llli1 in IliUiu. e.r.u i tG (jutre~ ~:- ~::: l:!.nY~:'f,;e le·o·· 
~EUII3. 

. ' OJner Jolley, Dil' ctor 
Office of Agriculture 
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Article I - Stote::,cn"t of Wcr', 

A. C'bjecttve~ 

The principle objective of thi s project i,s to develop end t:B::e 

avai-lo·ole to LDCs high' yielding varietieo of sor~huIil with it:proved nutritional . . 
value end ~ultiple resista~ce to prev~lent diseases and insects and icproved 

for research directed to\mrds the needs of the tropic~~ sorghum research 
/' 

for the te=perate zone. 

This invest~cnt is designed to expedite the dev~loE~ent of i~proved 

sorghU!Il 'POP'llations (improved in yield, grain quality,dise~se ana. insect 

cou:1tries. 

The world collection of so~gh~ ·Jill be evaluated for new sources 

of germ plasm needed to further improve this crop for 'the tropics and sub-

tropics. 

The i~prov~ment of sorgh~ offers an outstanding opportunity not 

only for assisting the advap.ced nations in improving th~ir'sorgh~~ crop, 
~ . 

but ap an even ~o~~ si~nirica~t spin-off, and for n rclativ~ly ~all 

ill~~stment.;~IlCr-eaS~11fj ~. rrotc!ln and artorte ~t1take-) rural ElI'f'lOll1&'ot; 

1)nJ e,xpar1$ i om of the. 1 rve5i:oc~ ""dJ~h-11 ihe.l'eb¥ L OCl'if9S \ I1fJ 1he {,t(p 0(': Ule. 

cleve1 "P1i'¥J tDUntriez .. 

B. UClr~ 'PV.m 

For a Pl!riou 03 hf'!reJnofter- cet forth in '-he S('h~6ule. the Contractor 

thoU mroL\';1'! Il\:~illlll~": nll.1 t:::lpln:/ It:: 
~ 

ollfl ,Jt}·.f(:lor~r.t:nt; rill": 11.1 tll~:: an,l -------
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. 
,ers~~~~l at the level. of effo~t hereinafter set forth, and shall perform 

a re:;p.orch end, dcvelor;::ent pro;:;ra:ll dire'cted toward the develop::tent of an 

improved htgh-yieldin~ sorghum cultivnrs project. The Contractor's scope 

of wor~< shall include the following: 
. . 

random-mated population.. 
------_ ... 
into good yielding gerr:l'plasrn in cllrr~nt random mating populations because 

of 1) potentially higher food value, 2) extensi ve vigor~us root s~rstems 

which may fUnction in a water stress avoid~nce capacity and 3) offer potential 

for gain in seed·size. 

" 2. Develop sui table selection techniqu-:s and breeding methods 
. . ..... --~ .. --- .. - -. --

for Ube ,ri th ranc1o:.l-n1llting l)Opulations destined for the trol'i~~1:._~!!Y;ron-

mentz. Grei:1 yield" w!1en gl"ain nu."!l.oer nod size are not liwiting, is a 

function of plant metabolic efficiency and leneth' of .the grain filling 

period. PBrticular e!llphas'is ",ill be placed 0:1 determining what the correla:-

tion is bet",een length of. the grain filling period and the yield of gratn. 
. . 

A rando~ roating population shall be selected and evaluated for variability 

in length of grain filling p~riod. 

PI'" ~.t" i ,'" 

contli.ti..:ms liS ',/'=!ll ~s I't:!ducc the nnmbr:r of tillcr:e op~rD.tions r(~~uirc;d tl:ln . . 

tub sr:out:!ntly reduce: eyp,!n:.(!. Hopr: rul' J, .,:ntcr loss "rill be lessened o.s 

the t1.l1or;\1 Is dcc:reasp.cl. When- coil is "lP.t sorchwn planter} on beds m".y 

hQV~ b(:ttf.'r root or:TaUon. 
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4. Develop st'reeninr, ~_p.chn~ Q.ue~ __ ~:i'p).:C'llb_~_e ~o r8~_~?m-_~_~!nb J)c:>pul~-

tions for stress tolerance and stress 8voidan~~~&~t~~~s.ms. A simple heat 

test 'tlill be us~d to evaluatc GCr.:'lpl a~:n fro:n n!1n:r' soarces includi.nS papula-

tions for heat end drought tolerance. 

5. Inve::;Ugate survival mechanisms operative in~!'1vtrorM'"!lentall.y stressed, 

plants in the more marginal crop production -areas--of. the tropics. An attempt 

shallbe nade to develop additional screening ~ctr.ods • 

. 6. Develop screening methods for early season cool tolerance growth 

capability. Germplasm development shall be coordi'nated' with CD-!?·riT. 

7. Conduct analysis of energy requirements of sorgh~~s for the 

developmental stages including the perio~s from, planting to panicle i.nitiation, 

~~nicle initiation to bloom. and to physiolo~ical maturity. 

8. Publish results in appropriate journals and/or circulars. 

9. At least once each year the contractor ,nll.meet with other AID 

financed institutions involved in sorghum impr~vement to review results, 

e~chenge information, etc. 

C. Reports 

During the first year of operation, the contractor shall provide, six 

JrI~nths after the initiation of the project, 100 copies of a. se:ni-annual Substan~ 

tive Progress Report describing work performed and an outline of the wor~ to . 
. . 

be p'rfo!"r:,::d dUrl;1r:: :'h~ next. ~:x-:r.O:1t!l$ Tlf!::riod. Thl~r(,Il!'i:pr, the c:ontrllcto':" 

Dc:r~tnnl"!!. ?~bruary 12, 1974 t.he contractor :.r:'lll :;I .. fn:ni.t_o.t ~hp. p."nd of 
, . 

(:I1I:h 1j-ll1onl.h pl!!'I(lt'J 6 C'oplr.:. of n fl:;r.~l rr~ll~rt sho\"in(~ n('tufJt cY.{lenrlltlJrcs 
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durinG the reporttng ~eriod and fIrm estimated expenditures during the. remainder 

of the fisC"81 reportinF; 'Period ~or the proJect. 

The contractor shall s'~bmi.t upon request by Aro/W, copies of progress 

reports and related technical information to cooperating institution~ and 

plant breeders: 

Article II - Tc~hn:col Direct:ons 

Performance of the wor~ hereunder shall be subject to the technical direc-

tions of the cognizant A.I.D. SCientific/Technical Offi~e indicated on the 
. . 

Cover Page. As used herein, "Technical Directions" are directions to the 

Contractor 'Which fill in details, suggest possib,le line's of inquiry, or, other-

wise complete the general scope of the work. "Technical Directions" must be 

Article III - Level of Effort 

A. The level of effort for the performance of this contract shall be 65 

total ~an-months of direct labor. 

B. The estimated 'composition of the total man-month~ of direct labor is 

as follows: 
No. ·}.~an~ll;onths 

Professional (Plant Physiologist) 24 
",,---.~~. 

i!on-Pro:"~ssion~ls (Techni cian, Gr'lrjll=lte "--", 
Pe,"(Ja' .,..,,:, .' ,.,,:. sf- .. "t IJ·n,·I .... ~'r{.-l· ... ""at·;:.\ -"1' ~t"""'t) "1 ., ~ __ '-'I. I"'\. .. ~ ... '"'''''''''1 •• r:;:"':'J Uu __ ... 1:)11" .:t .;.A.. ..,. 

".:"= : .~':'" : I· _ ~ ,.· ... .' .. ~.,·i .,: . :.!.",.,,~, ~I"'::' ____ ....... __ ... ..a.---o_._ 0_0_. ______ . ____ . 

inr..Offt.c:er nni the cnti,motr.d completion elate is Dcrt:mbr.r 31,-1975. 

BEST.AVAILABLE COPY 
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B. In the e'lent that the Contrer.tor fails to furnish the level ot' effort 

s~t 'forth her('i.n' for the sped fi.~d te~, then 'the CO!1t~actin~ Officer may 
, , 

requlr~ the Contractor to continue perfonr.ance of'the wor'( beyond the esti!l'sted 
, , 

cOlnpletion date until the Contractor has furnished the speCified level of 

effort or until the estimated cost of' the work for such period shall have 

been expended. 

Article V - ~sti~~ted Cost 

The total estimated ccst of this contract to the Gov~rnme!1t is $160,000. 

Article VI,- Budeet, 

The Contractor may not exceed the grar.d .total set forth' in the budget here- , 
" ... ' .... . , 

under. However, wi thin tile grenG total t,he Contractor ,:;lay. adjust ir .. d i vidual 

line item amounts as reasonably necessary for the per!ol~ance of this contract. 

Cater-ory 

Salaries & Vla.fies 

Fringe Benefits 

Trnvel nnd Per Di,em 

Equipr.1e~t 

.. ' . .. :vr..'r::..,~·.t 

Firm Budget 
2/12& to 

$26,400 

2,427 

1,000 

26,013 

2)OJO 

I, ,''''''',\ 
'" r - .. 1,.1 . 

l'l, it:O .. ----
. $79.J.P()O , 

Budget 

.2,885 

2,500 

15,876 

2,000 

(: .(i-: .. ) 

~O ?,"":: 
• J ":' 

~al.tOOO 

Total 

$ 57,757 

5,312 

3,500 

41,889 

4 coo t , 

3'1. 51~? 

$1.60.000 

-

,&EST AV(IJ~ COPY 
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, ' . 
The United states dollar costs: allowable under the c(\~tract shall be lim! ted 

to re8so~!lble, alloceb1e, lind nece:~serJ' C('lsts detp.rr.:ined in accordance ,nth the 

Clause of the General Provision.s of this Contract entitled "Allowable Cost, 

and Pa;Y'lllent." 

Arti.cle VIII - FstabHshment of Ov"?rhe~d Rate 

Pursuant to the provisions of, the r.lause of the General Proyisions of 

this contract entitled "Negotiated Overhead Rates," !\ rate or rates shali be 

est~blished for the period begi.nning July 1, 1973 and endj.ng June 30, 1974. 

Pending establishment of final overheati rates for the initial period, provi.siona:!. 

payments on account, of allo"Kable indire~t costs shall be made on the basis 

are set forth below: 

On Site (Hoille Office) , 65~ 
(Rate) 

Article IX - Personnel Co~uensation , 

A. Limitations 

Salaries Be ~'i09p;es 
(Base) . 

7/1/73 - 6/30/74 
(Period) 

Co~pp.nsation of personnel which is charged as a direct cost under this 
. 

contract, like other costs, will be reimbursable in accordance with the Schedule .. 

which sr:t l.imi,tn 0:1 ! tem:; 'tihich ot.hr.M1lse \-IQuld l)(~ rellsonoblc, ollocoble:, and 

allo."llh le • 

BEST AVAILABLE COPY 
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\.. Approvols 

Salaries and ~aties rn9Y not ex~eed the Contractor's established 

policy and practice, 1nclu~t~~ the Co~tra~tor's estoblishe~ pay scale for 

equtvalent classifications of employees, which will be certified to by 'che 

Co~tractor, nor may llny individual salary or wage, wi thout approval of the 

Contracting Officer, exceed the e~ployce's current salary or wage or the highe~t 

rate of annual salary or 'Wage received duri.ng any full y~ar of the i~.m\?diately 

preceding three years, provided that if the worJ:· is ~q .be performed by employe~s 

servi.ng overseas for 8 period in ex~ess of one year, the. normal base salary 

may-be increased in.~ccordance with Contractor's established policy and pr~ctice; 

but not to exceed 10 percent of base U. S. salary excluding benefits. There 

is l\ cc5 Ung on rei..mbursSJ.ble salar:.es a~d wages paid to a perso~ employed 

dire~tly unde~ the contract of the maximum salary rate of FSR-l (or the equivalent 

daily rote of the rnaxirnltm FSR-l sale~, if compensation is not on an annual 

b'asis), unless advance writt"en approval is given by the Contracting Officer. 

2. Salaries Durln~ Trayel 

Salaries and wages paid while in travel status will· not be reimbursed 

for a travel period gr~a.ter thlln the time required for travel by the most di.rect 

and expeditious air route. 

return hlm promptly to·his poi.at of or1ein by the most ~Y.}lp.ditioUG nir route . . 
plun l\,I'r'I'Ur.d vl'.lf'Qtfon l~llvc. 

BEST AVAILABLE Copy 
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.4. }·:crt t or Pror.!ot i,on Incrp.~tie 

Me~it or promotion incrcases msy not exceed those provided by the 

Contractor's establishcc! policy and practice. With respect ~o E:mployees performi.ng 

work overseas under this' contract, one merit or promotion increase of not more 

,than 5~ of the employee's base salary may, subject to the Contractor's established 

, policy and practice, be granted .after ernployee's completion of each twelve month 
I 

period of satisfactory services unrier the contract. :·Ierit or promotion increases 

exceeding these limitations or exceeding the maximum ~alary of,FSR-l may be 

s~anted only with the advance written approval of the Contracting:Officer. 

5. CO!1sult~nts 

Ho co!!!pensation for conSUltants will be reimbursed unless their use' 

end if such provi~ion has been m~de or approval given, cOffipensation shall. not 

e~ceed, without specific approyal of the rate by the CO:1tracting Officer, (I) 

the current comp~nsation or the highest rate of annual compensation received by 

the c~nsultant during any full. yea.r of the inunedi1.tely preceeding thr.ee years 

or (2) maximum caily salary rate of a Foreign Service Officer Class 1 whichever 

is less. 

Note: Th~ daily rRte of Il Foreign Service Office Class 1 :I.:; determined by ~tvirHng 

(" ' .. "hi~·"~ (\ .. 1:·!~.~,,·t "'t~.: ':'r',ou'~r,:,~,~~'~ ::--u.::.t:,··.· ·~"\t,~t·.~;."\.l.C; --_. __ ... _-_ .. -._ .. _- '._-"'---'''- ---.-
iio \~on:rp.:1.;;'!~-;(j:l for thir:t country or Coo'Per?t.i.n~: GOl~ntrJ national!: 

wll1 be re~ . ..,bur:;~d unlc:os their usc under the contract is Buthori?ed in the 

Schcdnlc or hn:; t.he priot' ."r1 ttcn a"pprov~l of thc Contracting Officer. ~~1.arip.s 

and W.lr,C3 !)r\!rJ to ::u,:h pcr::on:; rnn,V not, "Ithout. speclr~(" written opprovsl of t.he 
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Contraetinr. Of~leer, exceed eithp.r the Contractor's ,established policy and prccticl 

or the level of salaries p3id to equivalent p.:-rsonnel by the A.I.D. mssion in 

the Cooperating Country; or the prevailing rate's in the' Cooperating Countt-y, as 

determined by A.I.D., paid to personnel of equivalent technical co~petence. 

1. lTork, ~'Teek 

'a. I':onoverseas Employee. 7he ",'Ork week for the Contracto:!", s nonover-
, , J 

seas,employees shall not be less than the ,establiGhed pr~ctice of the Contractor. 

b., Overseas ~~loyee. 'The work week for th~, Contractor's overseas 

employees shall not be less than 40 hours and shall be scheduled to coincide 

'With the wor!{ week for those employees of the A.I.D .. Mission and the Cooperating 

CountrJ' associated with the ·..rork of this contract. 

B. Definitions 

J\S useu gereln, 'tne -terns "Salaries," '11ages," and "Comoensation" mean .- . -. 
the periodic re~uneration received for professional or technical services rendered 

exclusive of overseas differential or other allowances associated with overseas 

service, unless otherwise stated. The term "comp~nsation" includes payments for 

personal serVices (including 'fees and honoraria). It exclu~es earnings from 

. sources' other then the individual's professional or te,chnical 'Wo,rk, overhead or ' 

other charges. 

A~ti!!1.e·;( .. '':cri!.fi.cn~I!.(~·~ t..-, t, .. ~ :; :r~~:~111. ~c"rt:-::():1:-: ---_._--, 

(.'on !:.rac t : 

1. Ilcletc Clllu~e ;'10. 9 cn'ti tlcd "Limi tat1.on of Funrls"and 1 n' 1i eu' 

~hereor 1n:wrt the foll o\lJ.n~: 

"9. I.i,t:'IU,rittO!1 of Co::t 

iE§f AVAILA~LE COP'l 
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(a) , It is estimated that the total cost to the Government, exclu-. 
sive of fixed fee, for the perfornance of this contract vill not exceed the ' 

estimatcd cost set forth in the Schedule, ~nd t~e Contractor agrees to use his 

best eff9rts to perform ~h~ work specified in the Schedule, and all obligations 

under this contract within such estireated cost. If at any time the Contractor 

has rcason to believe that the co~t which he expects to incur in the performance 

of this contract in the next succeedi~g sixty (60) d~vs, when added to ~ll COGts 

previously incurred, will exceed seventy-five percent (75~) of the estimated 

cost then set forth in the Sc~edule or if at any time, the Contrartor has reason 
-

to believe that the total cost ~o the Govermnent, ,exclusive of any fixed fee, 

for the performance of this contract will be substantial~ greater or less than 

th~ then estim!l.te::l cO,st thereof, t!1~ Contractor shal~ nctif".r the Contract~ng' 

Officer in vriting to' that 'effect, giving the revised esticste of such total 

cost for the perfo:c:r.ance of this contract. 
" 

, (b) The Govermnent shall not be obligated to reimburse the 

Contractor for costs incurred '·in excess of the estimated cost set forth in the .' . 

Schedule, ~nd the Contractor shall not be obligated to continue perfo~ance under 

the contract or to incur costs in excess of the estL~ated cost .set forth in the , . 

Schedule, tL~less and until the Contracting Officer shall have notified the Contractor 

in '..rrj ti:1F. that sur.:h (:sti.!:1~-:c:d cost. hI).:;: been" incrC?!lseti and shall hn.y~ :::necified . -

'"' " - ,~"' ...... ,\ .... ,., f' '. '<. :.. ... " I, •• " "t ..., .... ~ .... ~ .".1_.1, .•• ,\.' .. (1 ... J.l,,\.O "~'."" !.-_ • 
f -, ) • 
II'.r:11 tln~. ~\."I 

csttT:lntr;c1 (:o~t r~t fo,til in L:lC :1cl'ir:!rJo.llc has her::n i:1cr~:l:l?d, IlI:Y CO::t.3 j ncu!'l'c.] 

by the Cont~Qctor tn eXCC3S of cuch esttmotcd co~t prIor to the increa:e In 

1. nr.urr(:,j oi'tcr ::llch IJlcreu:;c 11\ r.ctilliatr.d· co!>t. 

iilf AVAl~BLE COPY 
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2. l;otwlthstanding, Pnrngraph (e) of Clause No. 17 entitled' "Govern­

. ::lent ?roperty, 1° title to each item acquirp.1 'by the Ccntractor pursuant to 

this Contract shall pass to and ""-est in t!:e Contractcr UpOil co:npletion of 

this Contract. 

J. Add the "Price Stabilization Cr""tification" ,which i:. attached 

. hereto and ~~de a part here~!. 

leST AVAILABLE Copy 



SUPPLEMENl' ro PROJECT ~* 

l0.'.&"". G, 19~ 

~"\'c:1"..1T~." ,.·f ~f'';P','·r'\.~·. r.~("·,,'.'~,,·'·:: 10 t-.··· .. ·c. ,., •. -.:,.~ .••. ~.'~ yr' \\I.\,,;,} 
--.-=~--.:. .:.::" .. "": .. :- .::-=;':"".: . - '-.,: '-'--.: = '.~ -.:.. ~::;7 -::::- -,:. -~ ~ ':: ..::-~:.. ='::-~~~::'-M \I 

. . , \ 
With this project A.LD. pro,?OSeS to supplene.'1'c, by a relatiwly 

small investnent, research underway on tei:tperate zo."le sorghums at the 
Universities of Puerto Rioo, Nebraska am Texas A & H, with USn.2\. 
c:ooperatian, so as to direct their research findings to;..ra:,..d "t:.OO nee<;1s 
of the t.rcpics. This investm:mt of $225,000 in 1973 which would 
progressively increase to a peak of $375,000 in 1976 is intended to 
expedite the developrent of inP~vr" ;)lant. p:)pulations and related cultural 
practices in developing countries ",',. ~:e sorghum is especially inportant ' 
both for hl.lITkm nutritio."l and ani.nuJ, i:c'ed. It \-;ould also nake critical 
research findings available to ICIUSAT and its outreach programs, and to 

, ~, IITA and IRRI where sorghum is already includ8-d L'1 the "crops 
SYStens'1 P-T"OgTams. Unifonn 'testing, trai."1.i..'1g of research and proc.uctic.'1 
personnci, and the planning and e.>..Tcliting of specializel \-''Orkshops 
would also be integral parts of the OJOrdinated programs with interested 
cooperators • 

'J.b.is project is not intended to duplicate or greatly alter Q.'1going 
sorghum research projects in the United states and Puerto Rico. Rather, 
it is intended that it ride "piggy reck" on research results fran the 
f?OI'ghum conversion p....'I"Ograrn in .Puer-...o Rico, the pest and..disease resist4.i " 
ance program of Texas A & M, and the physiol<XJ'1 of yield inprove>.rre.l1t 
project ;tt Nebraska - 'ailstarted "·1rl stir1 being fillimCed fron pr.i:vate, 
state and federal sources other than A.I.D. These three institutions, 
together with Purdue which provides needed research on the :inprovarent of 
protein content and quality under another A.LD. ontrac'.:, depend on t.'Ile 
sorghum conversicn program at Puerto Rico for new gemplasm. The proposed 
consortium arrangerrent will serve to integrate. the overall research into 
a single network, with Puerto Rico the focal point. 'lhus, 'by its noderate 
invesblent, A.LD. \'.Quld be able to make the research of tJ:'lese integrated 
inprovenent program:; applicable for use ~ ,developing nations of the 
~ics and su0tropics. 

At a later date wl'al ICRISAT has becare functional in India and is 
able to assurre its leadership role as.an international center ior sorghum 
and millet research, it is m<peCted to take on parts of the work nCM 

*'ihe detailed Project statement, dated O::tcbe.r 10, 1972 \\'CiS 

presented for RIG:: discussion at the October 26 rreeting, prior to 
fonnal review (Xl November 13. The purpose of this supplemmt was 
to clarify points raised during the ~..I 26 rreeting. 
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inclootri urrl,:..rr th~ proposed ~~~~r.:.iu''', for ~org:r..!'j, ~e\'clo;:nc::t. \Ii:,~ 
tJus J~.t€:~:i~ht:!~ .. tJ:!. cr.-+~:;.\;r.~'t.~.' lln::Ji .... i.· tJl:!-~ ?::'~~_!.E. •.• ::~ 'n'; 7.: V:.\ ~."'.:C~:'~~~ 

. acco..±,n-::),~'. 

h'Vel! wre-, ICJ\IS?1' cr.r a.SSUlll~' f.ull re~"p..T6ib,:.~:,i .~'! ~;.)::.: cJO~L "l;;.''':''';.r,c; 
the worlo'v.-ide re5er..r.c'l network , it is bclie\re~l tLz:,t C,' S01."gh'l.l.ll p~"':!:'am -
with Puerto Rico will still be esse.'1tial to inte<r-ate u.s. research .into 
a smgle ne~rk and to coordinate the work an t.tlls crop with that of the 

. tropics and subtropics. At that tiJre, financing of the Puf'..rto Rico 
elaxent rould paoesibly be provided through ICRIE'AT as a substatiqn for 
the ~'1este.rn H~ere. 

It is A.I.D. 's .intent that tlns consortium project will supplerent 
and be coordinated \';i.th the \o,Urk done at Purdue (tmder A1D/csd 1175). 

_ 'lb.e .funds provided to the University of Puerto Rico during th:l i.rritial 
12-.rronth period ",d.ll be ured to evciluate reH inproved gentplasm from 
exotic sorg!rums available to sorghttn breeders around the \<,?Orld. The 
University also will assist .in the nainte..."1al1ce and processing of we 
world collection of sorghum varieties. 

Funds provided to Nebraska will be devoted to resea.rcll on the 
p..lotysiolo:rical characteristics which control increaserl yield in the tropics 
an] subtropics. A.LD. contributions will serve to support investigations 
C' )il am climatic factors which will favor attamnent of higher yields 
ll, ~he warner aIrl nore noist latitudes. 

Contributions to Texas A & M will be l:iJn:i.ted to :cesearch on 
resistance to scrghum plant arx1 seed peStS--ai1d -diseases pre\ra1entm'the 
tropics and subtropics. 

The research rretOOdology to be E!1p1~d in this project will be 
that regularly used as standard practice by plant breeders in the irrprove­
n:ent of cereal ~s. Texas A & M and Nebraska will screen new 
materials fran tbe worldwide ge:mplasm collection of sorghums in Puerto 
Rico for new genetic factors needed for increased disease and insect 
resistanC·3 in the first instance, and to obtain superior plant type aOO 
supporting root systems to .increase production in ~ s~d instance. 
The processing of rlf!M materials not previously Sc:reene:l for the tropics 
provides high prani.se for isolation of desired gentplasm for tha developing 
countries. . 

'!be ccnversion program in Puerto Rio::> cx::msists of crossing selected 
exotic tropical sorghums with standard Arrerican varieties. Generally, 
the exotic types tend to be extremely tall and will oot flCMer in the 

BEST AVAILABI;£ COPY 
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1~1 ecys c;. t!'~e (.':..~"J'.;..irl~~ttj t::. ~. g::o .... ·i.r.r; SI:;d!.:i<?J",. By "t~1(.:.. t:Jh: ~!1':"\': :-.;;"'.11:: 

l).~·· ... boc.~~(~"\)~S(?r:: ~:·~).r j.C'~l:- ~e~h==;~t ~.cr:\:; \0,.:;' ~ .. !: Lt...-: i;. ~.:.. ~~.!~~:-.~ .• -:..' tr·,t; :.: rr.!:~· 
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features of tho ge.."1otYP2 of thE;: €Y.Otic variety. AA::~r by nevi'1£' tbe 
segregating populations betwee..'1 10:lg-and short-day end..ro."1:-rents during 
the back.crossing process, plant populations relatively insensitive to 
day-length can be developed for developing oountries, such as has been 
done with "l~r.an" wheat 'aril the IRRI "miracle". rice varieties. 
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