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Dr. 0. J. Webster, Mayaguez, Puerto Rico
Dr. J. D. Eastin, Lincoln, Nebraska

The Uhivers1ty of Nebraska
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Five years (see Note below)

$1,500,000

Years: 1973 - $225,000
1974 - 275,000 o)
1975 - 300,000 - 273 ©,
1976 - 375,000 i
1977 - 325,000

Charles A. Breitenbach

Samuel ¢, Litzenberger

During the last three decades & tremendous development has taken

place in sorghum production in the United States.

The crop is now one of

the most repidly expanding cereal grains in the developing countries as

well.

KOTE:

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

Duretion proposed by TA/AGR prior to RIGC review.

There

At its meeting

on November 13, however, RIGC recormended approvel for three years, with a

consequent reduction in cost to $600,000.

Extersion beyond thet pericd

will be contingent upon an evaluation of progress in the letter half of

- duded vear,

For furthey detall, sec the foregoing Supplement and
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In addition to desiring to satisfy their food needs, the developing
countries today are elso interested in expanding their snimal production
industries, particularly poultry end swine. Battery chicken production
has been introduced es a modern production method in e majority of the
developing countries. The prineipal dravwback in most such countries is
the lack of locally grown animal feedstuffs. And, as most of the developing

-nations arc trying to limit their foreign imports, they are interested in
expanding sorghum production,

A major constraint to more rapid increase in production and utili-
zgation of sorghum in developing countries of the tropids is the suprorting
production technology. In most cases high-yielding, Giseac= end insect
resistant verieties with improved grain quality are not availeble to the
farmers. While a number of commendable projects can be cited of sorghum
dmprovement for thke tropies {(e.g., the All Indie Coordinated Sorghum
Improvement Projent, the A.I.D.~supported East and West Africen Major
Cereals Projects, and the Purdue University Protein Improvement Project),
the work has not been commensurate with the need for new technology in
develop:mg nations where sorghum is important in humen and 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
" Yndia. While destined to make an impact in due course, the work of ICRISAT
and of the national research systems of the developing countries of the
tropics can he substentizlly accelerated by strel.gthening relevent sorghum
improvement projects in the United States.

. Since 1565, A.I.D. has had a contract with Purduc University (esd-1175)
"$0 increase the quantity end quelity of the protein of grain sorghum in order
. to help reduce protein hunger among the major sorghum-cating populations of
Africa, vhere aboul %0 percent of the protein in the human diet comes from
sorghum type grains. HNow it is A.I.D.'s intent to broaden its assistance to
also include work on inmproving the quantity end quality of the energy

* International Crors Research Institute for the Semi-Arid Tropics.
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of ge*xm&&sm neecéed To “ur,her improve the modern Gy c;ain crop. At
Nebraska, thesc factcrs are being incorporated intc the crop to improve

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

. new factors for resistance to limiting disease end insect pests are being
isolated and incorporated into the sorghum plant so as to strengthen its
defense mechanisms agrainst these destructive organisms. At Purdue, nevly
identified factors for improved grain quality are being utilized to develop
more nutritious cultivers for those who depend on the crop as their major
source of protein.

With this project A.I.D. proposes to supplement, by sn imvestment
for research dirented towards the needs of the trepics, sorghum research
for the temperate wone-underwey at Puerto Rico, Nebraske and Texas, in
cooperation with the USDA. This investment is designed to expedite the
development of Jmprovea sorghum populations (improved in yield, grain
quality, disease and insect resistance) and to make them readily availzble
%o ICRISAT and developing countries.

In practice plant breeders never succeed in developing the iceal
variety; crop improvement is 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) actual success
of the contractors in developing populations of sorghum substantially
dmproved with respect to the several mentioned creracteristics; (2) utili-
zation of the lmproved materials in sorghum pr: ::ction and research progrems
in developing countries; and (3) research cape. ity in the developing
countries or elsewhere to take over the work w. _r this project. In view
of the anlready advanced and relevant programs c: 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
" Pive-year period proposed. Continuing support for this project, if any,
would be expected to be at a much lower level.
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Protein end Quelity and Coatent in Scrghum biccoior (L) Moernen" (FID/esl-1175).

. Since the incepticn of that project in 1566, a grest cesl hes been lesrned

about the nutritional quality of sorghum grein. Unlike corn, no single
fector, such as the "opaque 2" character for high lysine has been found to
dat: in sorghum. Vhere improved grain types (protein content and emino
acid balance) have been selected, they have been the product of many factors
not the least of which were physiologically induced. It is now known theat
vhere high quality protein does exist, its aseimilation as a food by humans
or g feed for animals may be limited by & series of inhibitors including

the polyphenols, i.e., tannin pigmente present in the testa, a layer benezth
the seud coat of many bird-resistant sorghum verieties. These problems were
not encountered in breeding for improved quality in corn.

Meanwhile, at the University of Nebrasks, with limited funding frcm
the Rockefeller Foundation, a team of plant scientists working cn the
physiology of grain yield found that sorghum is nore responsive to induced
changes in its physiology than perhaps any other cereal grain crop. Not
only do changes in day-length, temperature, and availebility of moistuire
affect the quality and protein content of the grain, but the Nebreska teem

" also found that the sorghum plant is potentislly cmpable of storing many

times more energy units in the grain than is presently achieved by eny of
the sorghum cultivers thus far screened. A large percentage of these
energy units could be protein. The problem is that an abscission leyer
is formed at the base of each grain, cutting it off from the source of
additional erergy upteke while the plant is physiclogically young and thus
sti1l capable of producing and storing additional amounts of energy in the
seed. Additional funds are required to extend research with ongoing
activities that include certain phases needed to provide -auswers to
questions relating directly to the developing countries, which would not
be otherwise investigated.

At Texas A & M, it was found that this crcp, long believed to be
relatively free of diseases end insects is in fact highly susceptible.
Netural resistance has been identified for the control of a whole series
of pests ‘'hich are now known to be dramaticelly reducing grain sorghum
yields in the developing countries, under conditions where chemical

"control hardly seems practicel and could, indeed, leave uncdesirable accunu-

lations of toxiec materisls in the enviromment.
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the large percentage of the U.S5. comucrcial sorgho vericiic. on
g relatively few Xafir and Milo introductiiocus fror Africz. Theco yere
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 grrmplasm of these sorghums had been so
thoroughly worked that the potential 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 remsined 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.

n o oy

Currently, the world collection is being meintained in Puerto Rico.
Promising lines are being converted by the USDA and cooperating state
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 germplasm to be introduced
into some of the best cultivars that have been developed over the past
decade, 7The expanded progrem promises to produce & host of new sorghum
advances of significent 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 progrem and its USDA-University relatiorships 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
advanch in improving the quality and yield of sorghvm over the next five
years., The objective of this project is to’capitelize on those advances
for the benefit of the developing nations, i.e., those advances which maie
1t 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 Jjust being ‘initiated. It will facilitate
establishment of viable links between the contractors and ICRISAT and
between the contractors and sorghum improvement projects in the develcping

countries.

/” -
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known, yet today it has essentially replaced corn in the Scuthern Gres:
Plains., If what has occurred in the United States in any wey indiceies
what may be possible under tropical conditions from whence the crop cume,
then work on this cereal may prove to be even more significant in the
third world than has been the case in the development of the so-called
"miracle" rice and wheat varieties.

Y+ It is considered that the improvement of sorghum offers an ouvi-
- standing opportunity not only for assisting the advanced nations in
improving their sorghum crop, but as an even xore significant spin-off,
end for a relatively small investment, inereasirg the vrotein ead celorie
intake, rural employment, and expansion of the livestock indusiry, theredy
Incereasing the P 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 today. These are soybeans and grain sorghum. Soybeens hezve
been fermented end eaten for human food es bezan curd in China from time
immemoriel. Sorghum 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 emsrging nations, almost no
carryover has taken place in generdl and our advances in soybean and
sorghum development have not been made available, Soybeans, thcugh no
doubt one of man's best sources of high quality plent protein for focg,
rerain a relatircly unknown crop in most of the tropics. Sorghum continues
to be pretty much the sare in Africa at this ti - as was the primitive
cereal from which todey's record-setting grain ;.roduction 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. This is because under less favorable condilions

today's improved sorghum varietiec consistently outyield our best U.be.
corn.
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not liked by the flocks oi grein eating, migretcry birds thet reswlorly
decimate those verieties of sorghum which lack this proiection. The
tannins have elso been related to protective resistance egainst fungi
in hemid enviromments. As a consequence, sorghum breeders continue to
select for the tannin character even though it has been known for same
time that the white grained varieties have better consumer acceptance
and nutritive quality and that theyyellow endosperm types are preferred
by the livestock industry.

Until recently it had been widely believed thet corghum grain
as a whole was less nutritive than corn’es regerds available protein for
conversion to eninel tissue. The livestock industry resslves the oproblem
by edding greater cuantities 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
when corn-is used, although this is not considered necessary wnen yellow
"corn serves as the concentrate.

Research under the A.I.D. contrect with Purdue has demonstrated
that when non-tannin sorghum grain is fed to rats it is equal to most
ptandard varieties of corn in achieving weight gains. During the past
year, these results have also been confirmed at the CIMMYTH* with the
vole and at Washingtca State University with the chick. In every case,
the tannin-free grain proved to provide significantly greater v.:izht
gains than when animals are fed the brown, bird-resistant typec.. rurther
pursual of this result has demonstrated that when the brown pir ..unted
legyer of the bird-resistant grain is polished off, the remsinder of the
cereal has about the same nutritive value as non-tannin sorghum grain.

. . Work undertaken in the analytical chemistry laboretory in conjunc-
tion with these feeding trials has shown that meny sorghums do have as

high a percentage of high-quality, assimilable 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 xremoving the outer layer (polishing)

for human consumption.

* International Corn and VWheat Improvement Cemter, Mexdco.
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through the use of existing knowledge and plent pepwletions derived from
the conversion program. Sorghum is much better able to reach its maximum
potential yield capacity then corn under the rustic farming conditions of
most developing nations. Now with our present knowledge of inhibiting
factors in sorghum protein utilizetion, there is every reason to believe
that the productios of sorghum can add more and bettar protein and eddi-
tional calories to the protein hungry nations of the third world than would
have been possible in the past.

4., Relation to Other Research

_ This project is not intended to be different from other resezrech
‘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 diseace resistance program of Texas A & M, and the wo:i: on physiclogy
of yield at Nebraska. By a moderate additionzl investmen' /A.T.D. intends
to make the research of these improvement progroms epplic. o for use in
the developing nations. This work is - be fully coordinawc:d with the
work on protein improvement vhich A.I. . has financed at Purdue. At a
dater date when the ICRISAT has become -nctional in Indie and assumes
its responsibility as an intermational. ¢anter for sorghium and millet
research, it is expected to take on paris of the work now included under
the proposed comsortium for sorghum developrment. 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 vrograms, and with
CIAT ¥ CIMMYT, IITA* and IRRI¥* where sorghum is already included in the

“"erops sysbems progrem. 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 and millet
dmprovement. Even when ICRISAT can assume full responsibility for coordi-
pating the worldwide research network, it is belicved that a program in
Puerto Rico will still be essentiel or nseded 4o coordinste the work on
this crop fram the United States with that of the troples and subtropics.
Financing of the Puerto Ricen element could possibly be provided through
ICRISAT as a substation for the Western Hemisphere.

# CIAT - International Center for Tropical Agriculture, Colombia; '
IITA - Internaticnal Institute for Tropical Agriculture, Nigeria;
IRRI - Internctional Rice Kescexch Institute, Los Banos, The Philippines.
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meny the work st Durdue, Since the Nebresks and Texsar rescered proprers
as well as the preject et Purdue depend on the scrghum conversion promran
at Puerto Rico for new germplaecm, it is considered that the consortium
contract can integrate the overall research into a single network with
Puerto Rico the focal point.

A.I.D. funds provided to the University of Puerto Rico during
the initial 12-month periocd ill be used to evaluate new improved germ-
plasm from exotic sorghums available to sorghum breeders eround the world.
_The UPR will also assist in the maintenance and proce551ng of the world
collection of sorghum varletles. ,

Funds provided to the University of Nebrasks during the same
period will be devoted to research on the physioclogicel charecteristics
which control increased 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 Universwty
will be limited to research on resistance to sorghum plant and seed pests
end diseases prevalent in the tropics and subtropics.

b. Program of Work

Detailed work plans for each of the three cooperating institu-
tions ere presented in Attachment A. Puerto Rico will serve as the focal
point for the tropical sorghum improvement program; Texas A & M will
specinlize on limiting diseases and insect pests of sorghumj and Nebraska
will concentrate oa the physiology of grain yield improvement. These
three institutions, 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 cepitalize on the
tremendous advances being achieved in sorghum development in the U.S. and
their transfer to developing natlons where sorghum is especlally impartent
both for human nutrition and animal feed.
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pest and disease resistence in the firet inglence, end w0 otieiu favorebls
physiological factors (superior plent type end rcot systezs}, to increzcne
grain production in the second instance. The processing of new materials
not previously screened provides high promise for the isolexlpnioffdésiswd:
germplasm for the tropics. This would not be the case if the screening

were to be underteken only on American germplasm.

The conversion program in Puerto Rico ccnsists in crossing exotic
sorghum verieties having desired characteristics with standard Americen
verieties. Generally, the exotic types tend to be extremely tall and they
will not flower in the dong days of the continental U.S. growing season.
By the time they hzave been backecrossed for four generations with the U.S.

- parent, they are reduced to normal steture and reedily flover wider leong-

day conditions; in all other characters, however, they should mairtain
the desired fwatures of the genotype of the exotic variety.

The conversion process consists of the following steps. An improved
North American variety is crossed with a selected exotic variety in Puerto
Rico in October. The hybrid seed is harvested in Februery and the subsequent
generation is immediately planted again in Puerto Rico. The second genera-
tion is harvested in May and sent to a cooperating imstitution (Purdue
University, Nebraska, or Texas A & M) for immediate planting. There the
plant populations are screened for two factors, reduced stature end the
gbility to flower under the long-dey growing season of the continental
U.S. ©Seed from these plantings which possess the above characteristics
are harvested in Sentember and the selected lines are again returned to
Puerto Rico 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 variety is plented 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 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 flovering cepacity to & U.S. sorghum type.
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‘ The new factors once identified end isolated cun be incorporated
into an improved sorghum variety used by eny country in the werld, either
temperate or tropical. The objective of this project is to develop and
make available to developing countries superior germplasm for improved
nutritional quality, increesed grain yleld, end disease and insect resistance.

T. Researcher Competence

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

. The USDA is the egency which has the control of the world germplacm
collection of sorghums and, as such, was responsible for initieting the
conversion progrem at its troplecal experimenteal station in Maoyaguez, Puerto
Rico. This work by its very nature must be continued under short-dey
conditions and the University of Puerto Rico, with USDA cooperetion, is
well prepared to gssume responsibllity for it end for meking the meteriels
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 bhas alreedy proven that
the sorghum plent is capable of producing considerably more grein than
has been achieved until this time.

Because Texas is a major sorghum producer, the stateiis vitelly
interested in sorghum improvement. Texas A & M has a superb program in
the selection of sorghum cultivars for resistence to diseases and insect
pests and its work is already being employed by the private sorghum
breeders to improve their commercilel varieties.
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national network of sorghum activities will opereate.

Both the University of Nebraska and Texas A & M are elreedy treining
some foreign students in their sorghum reseerch programs. Under the stimulus
of the proposed contract, it is expected that more students from the develop-
ing nations will be encouraged to study there.

Speclal trairing for foreign students in various aspects of sorghum
research and sorghum production will be emphasized et the University of
Puerto Rico. The University cheres a commoen languzze ard cultural heritage
with the Latin American republics and is atle to relzy to those ccuntries
the highly developed agricultural technology of Worth America without
encountering barriers imposed by a different language and tradition.

The Island of Puerto Rico, though comparetively smell in area, has
a varied range of soil types and climetic conditions representing meny of
those found throughout the tropics end therefure provides an agricultural
laboratory in which students from other tropicel countries will find con-
ditions similer to their own. Partic1panﬁs vorking in the sorghum progran
will, as a consequence, find that as they learn specific measures end prin-
ciples developed in Puerto Rico these will heve broad applicability et home.

More important -than the similarity of culture and that of the ecology
to0 & 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 which 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 yeer a workshop will be conducted, in cooperation
with ICRISAT, for technical and administrative personnel of the developing
nations in a different speclalty. The locations of the workshops will be
rotated to include major sorghum growing areas of the world.
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9. Utilizetion Pluns
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end technigues will be provided to interesied ccopcrators for tridl end
iﬁgZing purposes in the sorghum progrem throughout the world. With the
*ect inclusion of Puerto Rico in the A.I.D.-asscisted corghun development
effort, special emphasis will be placed on conducting the initiel triels
there. Only the more promising materials will be included in the tests

with developing countries.
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Of course, in many instances, it will not be possible to use the
new materials or techniques directly in the cooperating cowntries exectly
as they have been raceived; however, the adsptive recearch recguired to
render them useful in a given country should be relatively simple. Gen-
erelly, if only a special character needed incorpcration, it would regquire
such well-lnown breeding methods as the backeross technique to transfer
the new factors, isolated by use of the conversion program, into the
preferred varieties of a specific country. This requires the type of
breeding progrem 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 practices. In many
developing countries, internationsl and nationsl agencies already exlst
which are willing and &ble to incorporate these advances in their respective
.exop improvement programs. . Because of the success the crov has ettained
-in the U.S., there is a tremendous interest in extending its production
in the developing countries. Experience has shown that when farmers are
provided, by their research and extension services, wlth new crops whose
production is dramatically better than the varieties they heve been accus-
tomed to, the transition to their use is rapid and sells itself.

10. Budget Analysis

The budgets presented for Puerto Rico, Nebraska 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 fron $50,000 to $75,000 to allow for the assignment of en ento-
.mologist to the proJect steff end thereby expend itlLe work in sereening
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The proposzl wes reviewed by the Inter-Buresu Technicel
Committee end subsequently reviewed and approved by RIGC. KIGC specifi-
cally requested assurance of appropriate lirks with ICRISAT. To this
end TA/AGR has mlready contacted the Director of that Institute and a
reply is enticipated in advance of the RAC meeting in Jenuery, 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 and the RAC in 1971.

- 12. Proposing Office General Eveluaticn

This proposal is given a very high priority by TA/AGR beceuse
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. vividiy projects what
it is capable of achieving in agricultural development of developing
- countries. :

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

c. The increased-productlon of improved sorghum verieties 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 economicel 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 work being done under A.I.D.'s
existing contract with Purdue and, together with it, will meke a package
of improvements evailable 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 Resesrch Institute for the Semi~Arid Tropics.
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- It will advance the develomment of the sorghum crop until such time as

the corsortium of vorld denore can essume respousibilizy: "ov el or

parts of the ICIZOLT progrem In Indiu exdé its cuitreecr on Iinlere oo
gTEDS .

Attaonuerdo: el

Omexr J. I{“llc_y' D:Lrector
Office of Agriculture

-
Samuel C. Litzen¥irger ' |

Project Specialist





