PROJECT STATEMENT

:§ﬂWuM£:y

PRUGECT SUMrLY

1.

b.

Suelist cu.

Project Title:

New or Extension:

Contractors:

Lincoln, Nebraska

Principai ’

Investigators:

Durstion:

" Total
- .Estimated Cost:

Funding by Fiscal

Project Maneger:

'_Pfoject Specialist:

2'. Narratlve

'Mayaguez, Puerto Rico

‘Dr. R. A. Frederiksen,

Submitted:
frended:

" October 10, 1972
Novenber 16, 1972

2

Develcpuent nf Jgrnreved, Nigh-lleldling

Sorghum Cultivers
New Prolect

A consortium of three uni#ersities -
@u76P§7q
4 3/- 5’73
wis1-oTh

Dr. 0. J. Webster, Mayaguez, Puerto Rico
Dr. J. D. Eastin; Lincoln, Nebraska
College Station, Texas

The University of Puerto Rico

The University of Nebraska

Texas A & M University
College Station, Texas

Five years (see Note below)

$1,500,000

Years: 1973 - $225,000
1974 - 275,000 /7)
1975 - 300,000 =73 &, ¢ 7
1976 - 375, 000 ~
1977 - 325,000

Charles A. Breitenbach

Semuel G, Litzenberger

During the last three decades a tremendous development has taxen

place in sorghum production in the United States.

The crop is. now. one of

the most rapidly expanding cereal grains in the developing countries as

‘vell.

ROTE:

It is a crop which came from the tropics in the first place.

Duretion proposed by TA/AGR prior to RIGC review,

There

At 1ts8 meeting

on November 13, hovever, RIGC recormended epprovel for three years, with a

consequent reduction in cost to’ $800,000.
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vill be contingent upon an eveluation of progress in the latter hall of
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fect that when cultural practices ere less ad vance& than poscible with
modern farming methods, sorghum is better eble to neerly &chieve its
potential yield than is corn, its closest competitor.

In addition to desiring to satisfy their food needs, the developing
countries today are also interested in expanding their animal production
industries, particularly poultry and swine. 3Battery chicken production
has been introduced as a mecdern production method in & majority of ‘the
developing countries. The principal drawback in most such countries is
the lack of locally grown animal feedstuffs. BAund, as most of the developin

-ngtions are trying to 1imit their foreign 1mportu, they are interested in
expanding sorghum procuction.

A major constraint to more rapid increase in production and utili-
zation of sorghum in developing countries of the tropids is the supporting
production technology. In most cases high-yielding, disease end insect
resistant varieties with improved grain quality are not availeble to the
farmers., While a number of commendeble projects can be cited of sorghum
improvement for the tropics (e.g., the All Indie Coordinated Sorghum
Jmprovement Projent, the A.I.D.-supported East end West Africen Major
Cereals Projects, and the Purdue University Protein Improvement Project),
the work has not been commensurgte with the need for new technology in
developing mations where sorghum is important in humen end animal nutrition.

In large measure, due to recognition of this growing 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 meke an impact in due course, the work of ICRISAT
end of the national research systems of the developing countries of the
tropics can be substantially accelerated.by strengthening relevent sorghum
improvement projects in the United States. .

r
1
a

- Since 1966, A.I.D. has had a contract with Pu.rdue University ( c.,d 1_175)
‘40 dncrease the quantity and quality of the protein of grain sorghum in order
to help reduce protein hunger among the major sorghum-eating populations of
Africa, where about 40 percent of the protein in the humen diet comes from
sorghum type grains. Now it is A.I.D.'s intent to broaden its assistance to

also include work on(in@rov1ng the quantity end quality of the enérgy

# International Crors Research Institute for the Semi-Arid Troplcs.
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{calories) stored in the grain.. To echieve thim, it 1s intended to
meke poximum use of present develomments end lzprevemsnts deing acniev.d
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of germplesm needed to furtler improve the modern Cuy ET&IN crop. At
Nebraska, these factcrs are being incorporated intc the crop to improve

the physiological characteristics which determines the plant type and
organic structure required to produce more end better grain. At Texas,

. nevw factors for resistance to limiting disease and insect pests are being
isolated and Incorporated into the sorghum plant so as to strengthen its
defense mechanisms against these destructive organisms. At Purdue, newly
identified factors for improved grain quality arc being utilizeld to develop
more nutritious cultivars for those who depend on the crop as their major’

source of protein.

, (- With this yroject A.I.D. proposes to supplement, by an investment

for research dirented towards the needs of the trepics, sorghum research
for the temperate wone.-underwey at Puerto Rico, Nebraska and Texas, in
cooperation with the USDA. This investment is designed to expedite the
develomment of ﬁmproveg sorghum populations (improved in yield, grain
quality, disease and insect resistance) and to make them readily availzble
to ICRISAT and developing countries.

In practice plant breeders never succeed in developing the ideal
variety; crop improvement iz a continuing research effort. For this
" reason, it is difficult to precisely determine when U.S. assistance in
this ares should be terminated. Important factors are: (1) actual success
of the contractors in developing populations of sorghum substantially
improved with respeci to the several mentioned cheracteristics; (2) utili-
zation of the improved materials ir sorghum production and research progrems
in developing countries; and (3) research capability in the developing
countries or elsewhere to take over the work under this project. In view
of the slready advanced and relevant programs of the proposed contractors,
the strength of & 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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Yince the inception of that project in 196 , a grezt deal hes been learred
about the nutritional quality of sorghum grain. Unlike corn, no single
factor, such as the "opaque 2" charecter for high lysine has been found to
date in sorghum. VWhere improved grain types (protein content end emino
- acid balence) have been selected, they have been the product of many factors
not the least of which were physiologically induced. It is now known thet
whez high quality protein does exist, its assimilation as a fc' 1 by humans
or : Sced for enimals may be limited by & series of inhibitors " ::luding
the } olyphenols, i.e., tannin pigmente present in the testa, & laypg€ beneath
the seed coat of many bird-resistant sorghum vericties. These pffQlems were
not encountered in breeding for Improved quality in corn.

P d

Meanwhile, at the University of Nebraska, with limited funding frcm
the Rockefeller Foundation, a team of plant scientists working on the
physiology of grain yield found that sorghum is nore responsive to induced
changes in its physiology than perhaps any other cereal grein cropa/ Not
only Jdo changes Iin day-length, temperature, end availebility of moisture
affect the mality and protein content of the grein, but the Nebreska teem
also found “‘:2t the sorghum plant is potentimlly cupable of storing many

“times more orgy units in the grain than 1s presently achieved by eny of
the sorghum cultivars thus far screened. A large percentage of these
encrgy units could be protein. The problem 1s that an abscission leyer

is formed at the base of each grain, cutting it off from the source of
additional energy upteke while the plant is physiologically youung and thus
8t11l capable of producing and storing additional ~nounts of energy in the
seed. Additional funds are required to extend recearch with ongoing
activities that include certain phases needed to provide answers to
questions relating directly to the developing countries, which would not
be otherwise invthigated.

At Texas A & M, it was found that this crop, long bclieved to be__
_relatively free of diseases end incects i3 in fact highly susceptible.~"
Natural resistance has been identified for the control of & whole series
of pests which are now known to be dramatically reducing grain sorghum
yields in the developing countries, under conditions where chamical
control hardly seems practical and could, indeed, leave undesirable accumu-
lations of toxic materials in the environmen5777
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The most premising source of new feciors frem which to derive
inproved cherecloers in The gorghun plant, ec e whole, end in mrain
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the large percentage of the U.SB. commercial sorphm wericioe. cen -

e relatively few Kafir and Milo introductions frorm ‘Africc. Thnesc were
the varieties capable of flowering and setting seed under the long dey-
length conditions during the growing season of the continentel United
States. By the late 1960s, the germplasm of these sorghums had been so
thoroughly worked that the potentiel for deriving new breeding sdvances
from it had become greatly limited. Almost all releases were becoming
more alike with each new round of improvement. Yet there remained large
‘numbers of sorghum varieties in Africa, the Near East, and Mainland
China that had never been screened as new sources of germplasm because
they would not flower in the U,S. under normal growing conditions.

Currently, the world collection is being meaintained in Puerto Rico.
Promising lines are being converted by the USDA and cooperatving state
workers to populations which wiil 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 germplasm to be introduced
into some of the best cultivars that have been developed over the past
decade. The expanded program promises to produce a host of new sorghum
advances of significant benefit to sorghum~-producing and sorghum-consuming
countries throughout the world.

Each of the major sorghum breeding progrems discussed above, at
- Purdue, at Nebraska, and at Texas, depends on cooperation with the Puerto
Rico program and its USDA-Uhlver51ty relationships for the conversion of

exotic sorghums.

- Coordination and integration of the work in Puerto Rico, at Nebraska,
and at Texas with the existing A.I.D.-financed project for high protein
grain development at Purdue, offers very high 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’ :zapitelize on those advances
for the bepefit of the developing nations, i.e., those advances which moke
3t possible to attain higher production where the growing conditions are

less controlled.

The timing is considered near-optimum to maximize support to the
sorghum work of ICRISAT which is 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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in the damestic egriculivre scenz, Thirvty yesrs ngo, scrghvr vwes juns
taking its plece in American agriculture and bvefore that L% was ecevcely
known, yet today it has essentially replaced corn in the Southern Great
Plains, If what has occurred in the United States in any wey indicetes
what may be possible under tropical conditions from whence the crop came,
then work on this cereal mey prove tc be even more significent in the
third world than has been the case in the development of- the so-called
"miracle" rice ard wheat varieties.

Ji It is considered that the improvement of sorghum offers an out-

- standing opportunity not only for assisting the advanced nations in
duproving their sorghum crop, but as an even rore significant spin-off,
end for a relatively emall investment, inereasing the protein and celorie
inteke, rural employment, and expansion of the livestock industry, thereby
Increasing the GNP of the developing countries.

3. Relation tc Existing Knowledge

Two crops of almost no significance in the United States, a little
over a generation ago, have become among the most important in American
agriculture todey. These are soybeans and grain sorghum. Soyheans hszve
been fermented and eaten for human food as bean curd in China from time
dmmemorial. Sorzhum grain is the indigenous cereal of the majority of
. Africa's population. Both of these crops have been so modified and so
improved by the plant breeders in their new temperate enviromment that
they now have little resemblance to the native strains from which the
modern day crop was derived. Still, in the emepging nations, almost no
carryover has taken place in generdl and our advances in soybean and
sorghum development have not been made availsble. Soybeans, though no
doubt one of man's best sources of high quality plent protein for food,

" remain a relatively anknown crop in most of the tropics. Sorghum continues
t0 be pretty much the same in Africa at this time as was the primitive
cereal from which today's record-setting grain production sorghums were

. developed.

The acreage planted to sorghum is expanding faster in the U.S.
than for any other crop. In many states, it is replacing the production
of corn for animal feed. Thls is because under less favorable conditions
today's improved sorghum varietiec consistently outyield our best U.S.

coxne.
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nov liked by the flocks of grain eeting, migrstory birds that regularly
decimate those varieties of sorghum which lack this proicction. The
tannins have elso been related to —rotective resistance against fungi
in himdd enviromments. As a consequence, sorghum breeders continue to
select for the tannin character even though it has been known for sorme
time that the white grained varieties have better consumer acceptance
end nutritive quality and that theypellow endosperm types are preferred
by the livestock industry.

© Until recently it had been widely believed that corghum grain
as a wvhole was less nutritive than corn as regards availeble protein for
conversion to enimal tissue. The livesteck industry resclves the problem
by adding greater gquantities of protein supplements to standerd retions
when sorghum grain is employed than when corn is used. In the feed
industry, this is no different than the fortification with vitemin A
vwhen corn is used, although this is not considered necessary when yellow
"corn serves as the ‘concentrate. '

) Research under the A.I.D. contract with Purdue has demonstrated

that when non-tannin sorghum grein is fed to rats it is equal to most
" standard varieties of corn in achieving weight gains. During the past
year, these results have also been confirmed at the CIMMYT¥* with the
vole end at Washington State University with the chick. In every case,
the temnin-free grain proved to provide significantly greater weight
_ gains than vhen animals are fed the brown, bird-resistant types. Further

pursual of this result hes demonstrated that when th: brown pigmented
layer of the bird-resistant grain is polished off, “he remainder of the
cereal has about the same nutritive value as non-tannin sorghum grein.

_ .. Work uncdertaken in the analytical chemlscry laboretory in conjunc-
tion with these feeding trials has shown that wemy sorghums do have as

high a percentaege of high-quality, assimlilahle protein as do most varieties
of corn. The inhibitory effect of tennin on the utilization of the pro-
tein is being studied as are methods of wemoving the outer layer (polishing)

for human consumption.

* International Corn and Wheat Improvement Center, Mexico.
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developinz correspondingly supcricr verieties for ilic Trovics end pubiremics
through the use of existing knowledge &nd plent pepuletions derived froum
the conversion program. Sorghum is much better able to reech its mosimum
potential yield capacity then corn under the rustic farming cenditions of
most developing nations. Now with our present knowledge of inhibiting
factors in sorghum protein utilization, there is every reason to believe
that the productioxn of sorghum can add more and better protein and eddi-
tional calories to the protein hungry nations of the third world then would
have been possible in the past.

4, Relatlon to Other Research

This project is not intended to be different Ifrom other research
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, cnd the work on physiology
of yield at Nebraska. By a mnderate additior=l investment, A.I.D. intends
to meke the reseerch of these improvement progrems eppliceble for use in
 the developing nations. This work is to be fully coordinated with the
work on protein improvement whick A.I.D. has financed at Purdue. At a
later date when the ICRISAT has become functional in Indie end assumes
ite responsibility as an international center for sorghum and millet
research, it is expected to take on parts of the work now included under
the proposed consortium .for sorghum develorment. When this happens,
'activity under this project will be reduced accordingly.

: In any case A.I.D.'s contribution in sorghum research will be
dIrectLy coordinated with the ICRISAT and its outreach programs, end with
CIAT,* CIMINT, 1ITA* and IRRI¥ where sorghum is already included in the
"erops Bysﬁnnsf program. The efforts of this project will complement
those of ICRISAT and the worldwide linkage network and will help to make
it more effective in its role to serve the world in sorghum gnd millet
improvement. Even when ICRISAT can assume full responsibility for coordi-
nating the worldwide research network, it is believed that & program in
Puerto Rico will still be essential or peeded to coordinate the work on
this crop from the United States with that of the troples and subtropics.
Financing of the Puerto Rican element could possibly be provided through
ICRISAT as a substation for the Western Hemlsphere.

# CIAT - International Center for Tropical Agriculture, Colombia;
JITA - Internaticnal Institute for Tropical Agriculture, Nigeria;
IRRI - International Rice Resecerch Imgtitute, Los Banos, The Philippines.
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at Puerto Rico for new germplasm, it is considered that the consortium
contract can integrate the overall research into a single network with
Puerto Rico the focal point. :

. A.XI.D. funds provided to the Unlversity of Puerto Rlco during
the initial 12-month period will be used to evaluate new improved germ-
plasm from exotic sorghums available to sorghum breeders eround the world.
The UFR will also assist in the maintenance and processing of ‘the world
collection of sorghum varieties.

Funds provided to the University of Nebrasks during the same
period will be devoted to reseaxrch on the physiological characteristics
which control increassed grain production in the tropics and subtropics.
A.I.D. contributions will serve to support investigation on the soil and
climate conditions which have prevented higher yields being achieved in
the warmer and more moist latitudes.

A.I.D.'s initial contribution to Texas A & M Univers*tv
will be limited to research on resistance to sorghum plant and seed pests
end diseases prevalent in the tropics and subtropilcs.

b. Program of Work

Detailed work plans for each of the three cooperating institu-
tions are presented in Attachment A. Puerto Rico will serve as the focal
point for the tropical sorghum improvement program; Texas A & M will
specialize on limiling diseases and insect pests of sorghumj end Nebraska
wlll concentrate oa the physiology of grain yield improvement. These
three institutions, together with Purdue which provides needed research
dn the ijmprovement of protein content and quality, constitute an integrated
team. Their combined efforts will make it possible to cepitalize on the
tremendous advences being achieved in sorghum development in the U.S. and
their transfer to developing natlons where sorghum is especially impartent
both for human nutrition and animal-feed.
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pest and disease resistence in the firsu inglence, exd to otiein favoreblic
physiological factors (superior plant type end rcot systems}, to ircreace
grain production in the second instance. The processing of new meterials
not previously screened prcvides high promise for the isoleditnioffdésitedd
germplasm for the tropics. This would not be the case if the screening

vere to be undertaken only on American gerzplasn.

e e

The conversion program in Puerto Rico consists in crossing exotic
sorghum varieties having desired characteristics with standerd Americen
varieties. Generally, the exotic types tend to be extrexely tall and they
will not flower in the tong days of the continental U.S. growing season.
By the time they hzve been backcrossed for four generations withr the U.S.
parent, they are r:duced to normal stature end reedily flower uvnder long-
day conditions; in !l other characters, however, they should maintain
the desired fuatwr  of the genotype of the exotic variety.

The conversion process consists of the following steps. An improved
North American variety is crossed with & selected exotic variety in Puerto
Rico in October. The hybrid seed is harvested in February and the subsequent
generation is immediately planted again in Puerto Rico. The second geners-
tion is harvested in May and sent to a cooperating instituticn (Purdue
University, Nebraska, or Texas A & M) for immediate planting. There the
plant populations are screened for two fectors, reduced stature end the
ability t¢ flower under the long-dey growing season of the continental
U.S. Sec "rom these plantings which possess the above characteristics
are harve. .4 in Sentember and the selected lines are again returned to
Puerto Ric: and planted. The lines are backcrossed for the second time
4o the exotic variety. This process is repeated for four years. Each year
for the four years, the backcross to the exotic variety is planted in Puerto
Rico, and the following generation is planted in the U.S. where selections
dre made for early flowering and short stature. At the end of this con-
version process, the resulting seed may be considered genetically uniform
for a majority of the exotic variety's charecteristics, although converted
in stature and in flowering capacity to a U.S. sorghum type.
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The new factors once identified and isolated 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 germplasm for improved
_nutritional quelity, increased grain yileld, and disease and insect resistance.

" T. Researcher Competence

- The three organizations selected as ccoperating institutions in
this project are already highly competent in their respective fields.
No other institutions are undertaking similer research for the tropics
. and subtropics., The USDA serves as a cooperator in each instance to
support both state and federal programs. As such, the USDA would indlrectxy
provide support to the consortium's effort.

. The USDA is the egency which has the control of the world germplesm
. collection of sorghums and, as such, was responsible for initieting the
- conversion program at its tropical experlmental stetion in Mayaguez, Puerto
Rico. This work by its very nature must be continued under short-day
conditions and the University of Puerto Rico, with USDA cooperation, is
well. prepared to assume responsibility for it and for meking the meterials
in the conversion program availeble for use by developing countries.

The University of Nebraska is the only institution working on the
physiology of yleld in sorghum and its research has already proven that
the sorghum plant is capable of producing considerably more grein than
has been achieved until this time.

Because Texaes 1s a major sorghum producer, the stateids vitally
interested in sorghum improvement. Texas A & M has a superb program in
the selection of sorghum cultivars for resictance to diseases and insect
pests and its work is already being employed by the private sorghum
breeders to improve their commerclal varicties.
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8. - Contritution to Inctitution Building

One of the funckions of the consortiun trerren in gerghum researdh
wil\l be to train students trom the developing nstions where sovghur pro-
duction ic assuming wportance and to send them home prepaved o izl
the informybion they have learned to amprove the production of the crop
in their own coumtries. I4 i3 expecied iket after treimng 15 the program
these men and vomen will returs 4o their nationz=l agriciliuril Gevelcrment
institutions and become the cooperetors with whon a strengthened inter-
~ natlonal npetwork of sorghum ectivities will operete.

Both the University of Nebraska ard Texas A & M are eslreedy training
some forelgn students in their sorghum research programs. Under the stimulus
of the proposed contract, it is expected that more studerts from the develop-
ing nations will be encouraged to study there. '

_ Special training for foreign students in various aspects of sorghum
research and sorghum production will be emphasized et the University of
- Puexrto Rico. The University shares a comen languzge and culbtural heritage
with the Latin American republics and is able to relay to those ccuntries
the highly developed agriculturel technology of North America without
encountering barriers imposed by a different language and tradition.

: The Island of Puerto Rics, though camparetively smzll in area, has
e varied range of soil types and climutic conditions representing many of
those found throughout the tropics and therefore provides an agriculturel
laboratory in which students from other tropical. countries will find con-
ditions similar to their own. Participantis working irn the sorghum progran
will, as a consequence, find that as they learn specific measures and prin-
ciples developed in Puerio Rico these will have broad applicebility at home.

More important than the similarity of culture and that of the ecology
t0 a large number of developing nations throughout much of the world,
however, is the fact that here the student will find a most modern university
at vwhich to study and 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 each 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 major scrghum growing areas of the world.
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" 9. Utilizetion Plans

LX) O L . JCI S SR ST S
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Lhis prodest WL o ndllinllen end ome o avedlolie la 4 vniees o
Tne meEtbied ot etillrouion B TG SWdi. &8 fel D0aEL LrEa ;
AcL.D s contract viih Purdue Unuversity Jor whe dev¢lopzars of eorphirs
with dncreesed eveilebility of high cuslivy rproteln. The new moteriglc
end technigues will be provided to interested coopzrators Ter trédl end
testing purposes in the sorghum progrem throughout the world, With the
_direct ineclusion of Puerto Rico in the A.I.D.~assisted sorghun development
effort, speciel emphasis will be placed on conducting the iaitiel triels
there. Only the more promising materials will be included ir the tests

with developing countries,

RO A N K

Of course, in many instences, it will not be possible to use the
new materials or techniques directly in the cooperating cowntries exectly
as they have been received; however, the adeptive research required to a
render them useful in a given.country should be relstively simple. Gen-
erelly, if only a special character needed incorporaticu, it would require
such well-known breeding methods as the backecross technique to transfer
the new factors, isolated by use of the comversion program, into the
preferred verieties of a specific country. This requires the type of
breeding program which participants who have studied and been trained
in Puerto Rico and returned home will be prepared to undertake.

) There shculd be no difficulty in disseminating improved populations
or varieties of grain sorghum or supporting cultural oractices. In many
developing countries, international end natlonel agencies elready exlst
which are willing and able to incorporate these advances in thelr respective
crop improvement programs. ., Because of the success the crop has attained
in the U.S., there is a tremendous interest in extending its production
in the developiug countries. Experience has shown that when farmers are
provided, by their research and extension services, with new crops vhose
production is dramaticelly better than the varieties they heve been accus-
tomed to, the transition to their use 1s rapid and sells itself.

10. Budget Analysis

, The budgets presented for Puerto Rico, Nebrasks end Texas
A & M in Attachment B are each for a one-year (12 month) period. During
the second year, aggregate funding will be increased 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 Texas A & M budget will be
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increased from $50,000 to $75,000 to allow for the assignment of an ento-
mologist to the project staff end thereby expend tre work in screening
and developlng ropulaiiors for ¢n=ect recistance, The Universiity of

Fuerto Rice's budget will elso be iucreesed in ihe secend oo, rom
$101,000 ¢ Saﬁi,’ﬂu_ T arlow for Ahe exnlouveent i three nadi Lomal
researoh sonlstnons (o Lo cooriiaed fron e loping tomiurips

“ b ~ ~ :

<X arterunl ol riterner fdesjew

e ——— e ¢ e ata SO R P

The proposal was reviewed by the Inier-Bureeu Tecanicel
Committee end subsequently revieved and epproved by RIGC. RIGC specifi-
cally requested assurance of appropriate lirks with ICRISAT. To this
end TA/AGR has already contacted the Director of that Institute and a
reply is enticipated in advance 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 19T1.

12, Proposing Office General Evaluaticn

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

. a. Sorghum's tremendous expansion, during the last decede, 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
countries.

b. There is enormous interest in incréasing the production of
sorghum in a majority of these countries.

¢. 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 will increase rural
employment, is economical to produce, and as an animal feed will assist
in the development of animsl industries.

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

_e. The work to be accomplished will serve as.a valueble contri-
bution to the program in sorghum development contempleted by the ICRISAT -~
the new International Crops Resesrch Institute for the, Semi-Arid Tropies.
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. It will sdvence the develnpment of the sorghum crop until such time as
the consortium of world donors can essume responsibilit:y for =11 or
parts of the ICKISAT progrem in Indiuz end its cutrewscr or linkere 120--
grems.

Avtacheenho:  efs

Omer Je Kelley, Diréctor
Office of Agriculture

Samuel C. Litzengirger
Project Specialist
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Article I - Statement of Work
A. Cbjectives o
The principle ovjective of this project zs to develop and ma:
availchle tg LDCs high-ylelding varietie; of sorghun with irprovéd'nutri‘ionali
velue end rultiple fé istance to prevalent dloeases &l d insects and improved
cultural practices for the tropics and subtropics.
/"//d " Cﬁ?;/
/

Wit b th*s prodect A I D p;oposeo to supplewg,tg\by an lnves.mett

for research directed towards the needs of the tr0pic§3‘sorghum researcn

for the texperate zone.
This invesiment is designed to erxpadite the development of improved
sorghun populaticns (improved in yield, grain quality, disease and insect

resicisnce) andtn make tham reeiily eveiiehle for nse dn ﬂnVn’ﬁﬂ*pv

cogntries.

The world collectign of sorghum will bé evaluated for new sources
of gerﬁ plasm needed to fﬂrther inprove this crop for the trobics and sub-
trbpics. | |

The improvement of sorghum offers an outstending op?ortunity not
only for assisting the advarnced nations in imprd#iné thair sorghun chp,
but ap an even rore significant s .-off anJ for a relatively amall .
iﬁvesfmcnt;iénc:easing‘Hic'profeﬁn and calorie inf&%c) rurat employment;
and expansion of the | ivestock fndu's.hy, thereby (ncreasing the GNP of the
developing countries..

B, Worx Plsn
| For ; period a hnrninnfter set forth in ihe Schedule, the Contractor

ghall nnke rxkt]nb4n nnd enploy fte receareh and developrent facilities and
W ﬁ\—'—\v
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a research and, development prosram directed toward the @evelopment of an

e e—

improved high-yielding sorghum cultivars project. The Contractor's scope
of work shall include the following:
1, Incérporate yellow endosperm lines into a Nebraska-developed

random-mated population. Yellow endosperm lines are being incorporated

into good yielding germplasm in current random gating populations because
of 1) potentially highér food value, 2) extensive vigorous root systems
wbich may function in a water stress avoidance capacity and 3) offer potentisl
for gain in seedfsize.

T 2. De&elop suilable selection technique§*gg§;§fégding mgfhdds
for ﬁbé with random-mating populations destined for the tropical environ-
ments., Grein yield, when grain nundber and size are not limiting, is a
fug;tion of plant metabvolic gfficiency and lerngth of the grain filling
period. Pérticular emphasis vwill be placed on determining what the correla-
tion i3 betveen length of.the.graiﬁ filling period and the yield of grain.
A random mating population sﬁall be selected and evaluated for variability
in length of grain filling period. .
| 3. Evaluale the utility of zoil bedding as a limited tillege

. e ae s Lo} st s i e ettty . RSN T kS
droner e an tptansd aoldg dniiialiy wnd or owunh soils laTtes,

praotive
Jse o such practices on wet soils nay produce hatter stands and groWwing
conditiqps as well és'rcducc the number of tilleyre operations requircd.and
subseouently reduce eypense, Hoprfully, water loss will be lessened as
the tillage 1is decreased. Waen goil is wet sorghum planted on beds may

have better root anration.
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L, Develop scrgeqing,&échniqueq_ggp}ipablg_;Q“rqgggmfgggiggwpgpulg-

tions for stress tolerance and strés;p;Qgiggaqg,mggtggisms. A simple heat
te#t vill be uﬁea to evaluate gcrmp!asm'from many’sonrées 1nc1udiné popula-_
tions for heat end droughf tolerance.

5. Investigate survival meéhan};mg q?éfgyive_inAgpviroqmentglly stressed
plants in thé more ﬁarginal crop production.areas-of. the tropics. An attempt
shallte mde to develop additional screening methods.

* 6. Develop screening methods for early season coolﬁtoleraﬁce growth
capabilit . Germplasm_de%elopment’shall be éoordihated'wiﬁh CD2MYT.
| 7. Conduct analysis of energy requirements ;f sorghuns for the
developrnental étages-including the periods ffom.plantihg to panicie initiation,
najicle initiation to ploom., and to physiological maturity.

8. gupiish results in appropriate jdurnals and/or circulars.

9; At least once each year the contractor will. meet with other AID
financed institutipns involvéé in sorghum improvement to review results,
exghange inféfmétiqn, ete, |

C. Reports

During the first year of operation, the contractor Shall provide, six
months after the initi;tion of the project, 100 copies of a seml-annual Substan-
tive Progress Report describing wbrk'perforhed and an outline of the work to_

) ) .
be prrformed during thz next six-moaths period. Therenflfer, the contractor

o [RSUCUTRNE TR 3 RN . e H M . ' - y
shall vrovide v Annual Prosreas Tepoct (100 eonian! hie ab the oad of wash

chinnn e year,

Bepinning  February 12, 1974 the contractor siall suomit at fhe end of

-~

cneh G-monih prriad 6 copies of a fiseal report showing actual crpenditures
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during the reporting period and f'rm estimated expenditures during the.reﬁainder
of the fiscal rcporting perfod for the project.

The contractor shall sutmit uron request by AID/W, copies of progress
reports and related technical information to cooperating institutions and

plant breeders.

Article IT - Technical Directfons

Performance of tne work hereunder shall be subject to‘the tecnnical direc-
tions of the éognizant A.I;D. Scieﬁtific/Technical Office indicated on the
Cover Page. As used herein, "Technical Directions" a;e directions to the
Contractor which fiii in details, suggest possible lines of inquiry, or, other-
wiée complete the general scope of the work. "Technical Directions" must_bé

within the formz of dhie condwent and chel) wnat chanre ar madify them in anv wav.

Article ITI - Level of Effort

A. The level of effort for the performance of this contract shall be 65
total man-months of direct labor.

B. .The estimated composition of the total man-months of direct labor is

as follows: . .
No. -Man-=¥onths

Professional (Plant Physiologist) 2
. \,/{». .

lon-Professionals (Technician, Graduate '
Researchr Assistant, Undergraduate Assistant) 41

e

S
",‘_"f ":» T T S T T A FA R RRTE old
A The efteebive date 2 Lhis contraclt is the exacution dato by Lhe.Conirvont-

ing Officer ani the estimated completion date is December 31, 1975.

BEST AVAILABLE COPY



<5

B. In the evcnt.that the Contractor fails to furnish the level of effort
set ‘forth herein’ for the spectfisd term, then ‘the Contracting Officer may
réquire the Contractor to continue perférmance of" the work beyond the estimated
éompletton date until the Coutractor has furnished the specified level of |
effort or until the estimated cost of the work fbf such period shall have

been expended.

Article V -~ Fstimated Cost

Tae total estimated ccst of this contract to the Covernment is $160,000.

" Article VI - Budpet
The Contractor may not exceed uhe grard total set fbrth in the budvet here-
under. However, within tile grend uo,al ‘he Contracuor nay. alaust 1ud1vidun1

line item amounts as reasonably necessary for the performance of this contract.

Budget
=/ "’7 A
‘Firm Budget ~ Pdrm Budr ,
Cetegory : 2/12/71,  to 12/31./7h 171775 to. 1:/31/75 Total
Salaries & Wages $26,400 |  $31,357 . $ 57,757
Fringe Benefits - 2,427 .2,885 5,312
Travel and Per Diem 1,000 2,500 3,500
Equipment 26,013 15,876 41,889
Otner Givect Costs 2,020 2,000 - . L ,Co0
Sunoent aeh oo 6,500 | 10,600
Svoraon.d ’ "l/.zfo ?0.33% 37.55§
§r0m $81,000 160,000

P g —
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Article VIT - Costs Roimﬁursab?e to Contractor

The Urited States dollar costs allowdbie under the coatract shall be limited
to reasonsble, allocable,'and necessary costs determined in accordance with the
Clause of the General Provisions of this Contract entitled "Allowable Cost,

“and Payment,"

Article VITI - Fstablishment of Overhead Rate

Purcuant to the provis?ons of the (Clause of the General Provisions of
this contract entitled "Negotiated Overhead Rateé," a rate or rates shall be
esteblished for the period beginﬁing July 1, 1973 and éﬁding Jﬁne 30,.197h._
Pending establishmenf of' final overheau rates for the initial period, provisional.
vayments on account of allowable indirect césts shall be made on the basis
of the fellouimg nogetiated miovisicnal rales svblled to lhe béée(s} wisi cli

are set forth below:

On Site (Yome Office) - 65% , Salaries & Yaszes 7/1/73 - 6/30/74

(Rate) | (Base) (Period)

Article IX - Personnel Compensation

A. Limitations
Compensation of personnel which is charged ss a direct cost under this

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

Article eptitled "Costs Nelmhurgable s Contractor," and the Caneral Provigion

" . . . o -~
gt onturr A lenlle provi mions of

prtifiol YALLowsm e Sonto and oo
thin rontrach dut subaeet Lo the follawiag edditional specifiod understandines

which set limits on items which otherwise would be reasonable, allocable, and

allouahle,

'BEST AVAILABLE COPY



1. Aggrovuls

Salaries and wages may not exceed the Contractor's established
poltcy gnd practice, including the Contractor's established pay scale for
?qutvalent classification§ of employees, which will be certified to by ‘the
Coqtractor, ror may any individvual salary or wage, without approval of the
Contractiﬁg Cfficer, exceed the employee's current salary or wage or the highest
rate 6f annual salary or wage received during any full yéar of the iimediately
preceding three years, prévided that if the wor“-is to be performed by employees
serving overseas for a period in excess of one year, the normal base salary
may be increased in.ncéordance with Contractor's established policy and practice;
but not to exceed 10 percent of base U; S. séla:y excluding benefits. There
is a ceiling on reimburssble salaries and weges peid to & person employed
directly under the contract of the maximum salary rate of FSR-1 (or the.equivalent
daily rate of the maximum FSR;I salary, if compensation is not on an annual
basis), unless advancg writfén approval is given by the Contracting Officer.

2. Salaries During Travel

Salaries and wages paid while in travel status will not be reimbursed
~ for & travel period greater than the time required for travel by the most direct
and expeditious air route,

2. Return of Overscas Frolayvees

Selaricg and vaecss nadd Gooaa senloyes zervi o, ouertaass why g

Y e -y . ';. . ¢ . " ) s . . REE D wyae

Al g-anrved, vy Lhe Coatrazior for kigtoniuct or a2rurity roagons Yhil Lo N
eveat he reimbursed for a prriod which exteads beyond the time required to

return him p;bmptly Lo-his poiat of origin by the most expeditious nir'route

plus arrrued vacation lenave.
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L, Merit or Promotion Increase

Merit or promotion increases may not exceed those provided by the
Contractor's_established pélicy_and ractice., With respect to employees performing
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 employee's completion of each t?elve month
period of satisfactory services under the contract. Merit or prcmotion increases
exceeding these limitations.or exééeding the maximum salary of FSR-1 may be
granted only with the advance written approval of the Contractf;g}Officer.

5. Consult;nts | | ; |

ilo compensation for consultants ﬁill be reimbursed unless their use
tnder tht ceniract has
end if such provision has been made or approval given, compehsation shall not
exceed, without specific approval of the rate by the Contracting Officer, {1)
the current compensation or the hignest rate of annual compensation ;eceived by
the consultant during any fulljyea? of the immediately pféceeding three years

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

is less.

Note: The @aily rate of a Foreign Service QOffice Class 1 is determined by dividing

the annual galary by £40 Javs,

. 0 » ’ . -~ . . "
S0 Nnied Coarter oA Deanerehise Taoniey Tlicaats

PO - e o mon —-

iic compenzaltion for third ccuntry or Cooperatine Country nationals
wlll Ve refmbursed unless their use under the contract is authorized in the
Schedule or has the prior written approvel of the Contracting Officer. Salaries

and wapres vatd to such persons may not, without specific wriiten approval of the

BEST AVAILABLE COPY
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Contracting Officer, exceed either the Contractor’s established policy'andrprcctic|
or the levellof saleries paid to equ{valént p-rsonnel by the A.I.D. Mission in
the Cooperating Country; or'the prevailing rates in.the'Codperating Countfy,‘és
determined by.A.I.D.! paid to perscnnel of equivalent technical competence,
7. Work Week

:a. Fonoverseas Employee. The work week for the Contractor's nonover-
seas.emﬁloyeés shall not be less than the .established pracﬂice of the béﬁér;ctof.

b. . Overseas Empioyee. 'The work week for yhe.Contractor's overseas
employeéé shall not be less than 40 hours and shal; be schgduled to.coincide
ﬁith the work week for those émployees of the A.I.D. Missioh‘and‘the Cooperating
Country associated with the work of this contract.
B. Definitions

As usea perein, tne terms “Selaries,” "Wages,” and "Compensation" mean
the periodic remuneration received for professional or technical services rendered
exclusive of overseas differential or other allowances associated with overseas
service, unless 6therwise stated. The term "compensation" includes payments for
personal services (including fees and honoraria). Tt exciudes earnings from

-sources other then the individual's professional or technical work, overhead or -

other charges.

Asticle ¥ - Yedifiontiong Lo the Tneral Prevrizions

-

Tha Yliosing alieraticons loave Bon mads 1n che Seneral Provisioas of this
contraczi:
| 1. Delete Clauce o, 9 entitled "Limitation of Funds"” and in lieuw
thereof insert the followlng:
"9, Linltition of Cost

BEST AVAILABLE COPY
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(a) . It ic estimated that the total cost to the Govermment, exclu-
sive of fixed fee, for the verformance of this contract will not exceed the -
estimated cost set forth 1h.the Schedule, and the Contractor agrees to use his
best efforts to perform.thq work specified in the Schedule, and all obligations
under ﬁhis contfact within such estimated cost. If at any time the Contraétor
has reason to believe that the cost which he expects to incur in the performence
of this contract in the next succeeding sixéy (60) days, when added to all costs
previously incurred, will exceed seQeﬁty-five percent (75%) of the estimated
cost thén set forth in the Schedule or if at any fime,.the Contrartor has reason
.to believe thatnﬁhe-fofﬁl cbst ;6 fhé'céﬁérnmént,_éxclusivé of any fixzed fee,

* for the ﬁerformance of this contract will be substantially greater or less than
the then estimated cost thereof, the Contractor shall nectify the Contracting’
bfficer in vrit{ﬁg to.thét'effect, giving the revizsed estimate of such total
cost for the performance of this contract.

| . (b) The Goyé}nment shall not be obligated to reimburse the
Céntractor’fbr costs incurred 'in excess of the estimated cost set forth in the

Schedule, and the Contfactor shall not be dbligated to continue perfbrmahce under

o

the contract or to incur costs in excess of the estimated cq;t.éet forth in the
Schedule, unless and until the Contracting Officer shall have notified the Contractor

in writing that such estimaicd cost has been'increased and shall have specified

in such rbien o voviced asbimeted cost vhich ahall theraypan conshitule the

.
estimated 2090 ol goerlurmmanes of Litleg conbract, “len ans? Lo Lhe extint Liab Lthe
o

esbimated cost rat Fortn in Lhe Schiedule has been increaszed, any cocis incurred

by the Contractor in excess of such estimated co;ﬁ prior to the increaze in

estimaled ecost chall be alloswable to the same extent as if such costs had been

incurred ofter such increase in estimated cost.
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2, DNotwithstanding, Parsgraph (c) of Cleuse No. 17 entitled "Govern-
. ment Property,” title to each item acquirei by the Ccntractor pursuant to
this Contract shall pass to and vest in the Contractcr upon completion of

this Contract.

3. Add the "Price Stabilization Ce~tification" which is attached

-

"hereto and made a part hereof.

BEST AVAILABLE COPY



SUPPLEMENT TO PRQJECT STATEMENT*
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With this project A.I.D. proposes to supplement, by a relatively
small investment, research underway on temperate zone scrghums at the
Universities of Puerto Rico, Nebraska and Texas A & M, with USDA
cooperaticn, so as to direct their research findings towand the needs
of the tropics. This investment of $225,000 in 1973 which would
progressively increase to a peak of ‘“375,000 -in 1976 is intended to
expedite the development of improvr ' »lant populations and related cultural
practices in developing countries w.. re sorghum is especially important
both for human nutrition and animal ieed. It would also make critical
. research findings available to ICRISAT and its outreach programs, and to
.CIMINT, IITA and IRRT where sorghum is already included in the “crops

systems" programs. Unifomm testing, training of reseexrch and producticn
personnel, and the planning and expediting of speciaiized wcrkshops
would also be integral parts of the coordinated p*ogram with interested

cooperators.

. This project is not intended to duplicate or greatly alter ongoing
sorghum research projects in the United States and Puerto Rico. Rather,
it is intended that it ride "piggy back" on research results from the

sorghum convers:.on program in Puerto Rlco, the pest a.nd dJ.sease resist= -
project at Nebroska —— all started =4 still being fmanced fram private,
state and federal sowrces other than A.I.D. These three institutions,
together with Purdue which provides needed research on the improvement of
protein content and quality under another A.I.D. contract, depend on the
sorghum conversicn program at Puerto Rico for new genmplasm. The proposed
consortium arrangement will sexrve to integrate.the overall research into
a single network, with Puerto Rico the focal point. Thus, by its moderate
investment, A.I.D. would be able to make the research of these integrated
mprovenent programs applicable for use in developing nations of the
tropics and suat.mplcs. _

Atalaterdatewhen ICRISAThasbeccme functicnal in India and is
able to assume its leadership role as.an international center for sorghum
and millet research, it is expected to take on parts of the work now

"~ *Ihe detailed Project Statement, dated October 10, 1972 was
presented for RIGC discussion at the Octcber 26 meeting, prior to
formal review on November 13. The purpose of this supplement was
to clarify points raised during the October 26 meeting.
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Ever: wneli JCRISAEY can assuws Fuil responssbliily for coomxiinzuir
the worlawide research network, it is believes thet & scxrchun program
with Puerto Rico will still be essential to integrate U.S. research into
a single network and to coordinate the work on this crop with that of the
" tropics and subtropics. At that time, financing of the Puerto Rico

element could pogsibly be provided through ICRISAT as a substation for
the Western Hemisphere. ,

" It is A.I.D.'s intent that this consortium project will supplement
and be coordinated with the work done at Purdue (under AiD/csd 1175).

_ The funds provided to the University of Puerto Rico during the initial
12-month period will be used to evaluate new improved gemmplasm from

exotic sorghums available to sorghum breeders around the world. The

University also will assist in the maintenance and processing of the

world collection of sorghum varieties.

: - Funds provided to Nebracka will be devoted to research on the
physiological characteristics which control increased yield in the tropics
an! subtropics. A.I.D. contributions will serve to support investigations

-»11 and climatic factors which will favor attaimment of higher yields
in -;:he warmer and more moist latitudes.

Contributions to Texas A & M will be limited tc 'esearch on
resistance to scrghum plant and seed pests and diseases prevalent in the
tropics and subtropics. _

The research methodology to be amloyed in this project will be

that regularly used as standaxd practice by plant breeders in the improve-
~rent of cereal crops. Texas A & M and Nebraska will screen new

materials from the worldwide germplasm collection of sorghums in Puerto
Rico for new genetic factors needed for increased disease and insect
resistanc= in the first instance, and to cbtain superior plant type and
supporting root systems to increase production in the second instance.
The processing of new materials not previously screened for the tropics
provides high promise for 1solat10n of desired germplasm for the developing
countries.

The conversion program‘in Puerto Rico consists of crossing selected

exotic tropical sorghums with standard American varieties. Generally,
the exotic types tend to be extremely tall and will not flower in the

BEST AVAILABLE COPY



-3~

lopg Ceys ol the amiinentsl U.L, growins seasa:. & Yhe Ume e hesa
e, boouorunsed Tor iovrr generitions with the: U8, paxest, ther eqxe
reducel Lo nomRt statw ard reat: by flowsr unde: Iong-dey convaltdans;

- 3in all othev chavacrerisiics, however, they woria retsin the desiyen
features of the genotype of the exotic variety. And, by noving the
segregating populations between long-and short-day enviranments during
the backcrossing process, plant populations relatively insensitive to
day-length can be developed for developing countries, such as has been
done with "Mexican" wheat ard the IRRI "miracle" rice varieties.

TA/AGR: SCLitzenberger:sad
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