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FY ~973
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250,000

,260,000 .: .

750,OQ9. . -
Project Manager: ,Samuel C. Litzenberger, TA/AGF': " - .' .-
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2.' -Narrative

AID has supported this contract research activity at the University of
Nebraska since 1966 to improve the nutritional quality of wheat. Ordinary
wheat provides ample calories but it is relatively low in protein and certain 
essential amino acids. Increasing the protein content and quality of wheat
offers an economical, practical and accepta0le way to improve nutritive quality
of diets where wheat is adapted, particularly when the genetic process is
incorporated with the development of higher yielding varieties underway.

'. -.

. 8EST'AVAILAEi~£ COpy

o •

Uniform International Winterwheat Performance Nurseries \lhich were established
in 1969 and expanded to include 39 locations in 25 countri"ls in 1970 will require
further expansion to improve the network 9f winter and spring wheat breeding
programs in the LDGs. ,/' - -- --

. . ,.
'EvalUation of the USDA world wheat collection of bread wheat (13,000 samples)
has been completed. Screening of the durum varieties (about 3,500 samples) for
protein 'and lysine io nearly completed. Lysine differences from 2.25% to 04.29%
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(lysine percent of protein) have been found among the world collection.
The nature of these differences (genetic and non-genetic) is being
determined in apeoio.l plan-tinge.

Hybrids of different high protein and suspected high lysine wheat varieties
have been made.

Comprehensive analyses from these progenies are under study. Some
hybrid population with superior nutritional qualities were distributed
in South Korea and India for evaluation and selection.

Additional research is required to achieve the following: (1) develop
"Mexican" type varieties with a br08d-base germ plasm and improved protein

," content and quality, (2) develop"technical competence of local breeders so
that they can successfully incorporate new improved varieties into their
programs, (3) develop methods- on enzymatic hydralysis for determination
of value of wheat protein.

This project is closely linked with CIMMYT, Nor:"h"-AfricanRegional
Ac~slerated Wheat Production Project, the FAO and individual USAID Missions.

B. EXPANDED NARRATIVE STATEMENT

1. Project Description Background and Accomplishments

Wheat-- a major food worldwide -- is a predominant element of the"human
diet in the LDCs. L~e the other major cereals, it provides ample calor~es

but ordinary varieties are usually low in protein content and in certain
amino acids, notably lysine. The purpose of this project, approved by the
RAG in May 1966, is to improve the nutritional value of" wheat varieties
produced in the LDCs qy increasing protein content and improving the amino
acid balance of breeding stocks and by incorporating these lines into the
varieties used by farmers." Now in its fifth year, the project is about mid
way in the IO-year time span originally projected and usually required for
such plant improvement programs. Hotrever, considering the progress already
made, a three year extension is now proposed with further review at the end
of the second year to determine the additi.onal time needed to achieve the
"pro~ectrs long-range objective.

Prior to initiation of this project, little was generally known about the
existing genetic variation of protein content and quality among the wheat
varieties produced in various parts of the world. The logical initial
effort, therefore, was a systematic screening of USDA's World Wheat
Colloction for protein and amino acid (lysine) differences to identify
strains with superior protein characteristics. Evaluation of the bread
wheat collection (about 13,000 samples), now half finished, will be com
pleted by the end of this calendar year •

•
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Among the varieties already analyzed, protein content ranged from 7
to 22% and lysine from about 2.3 to 4.3% of the protein content. Numerous
hybrids of different high protein ond 6uspectedhigh lysine varieties b.va
been developed and many have been tested in the field. In 1969, thirty of
the most outstanding winter wheat varieties were uniformly grown as an
international yield nursery and evaluated at 23 sites 'in 16 countries on five
.continents; in 1970, the performance trial was expanded to include 39
locations in 26 countries. One of the 1969 ontries -- Bezostaia -- proved
to be a

O

superior ° genotype throughout the winter wheat producing areas of
.the world. However, varieties possessing Atlas 66 genes for high protejn
developed at Nebraska and field test.ed at the ,same time -- consistently
maintained their protein sUDHriority ovc~ other varieties. Judged by
results to date, tr.e Nebraska project has demonstrated that genetic control
is not only an effective tool to incorporate more and better protein uut
is higluy essential to achieving the desired goals of improving the nutritive
quality of wheat.

Analyzing protein and lysine content of segregating populations

Hybrid populations utilizing primari)y three genetic sources of higher
. protein (Atlas 66 or Frondosa, Aniversario, and P.I. 176217 or Nep Hal)

are being an~.yzed for improved protein content. Of this list, P.I. 176217
and five additional selections of higher than normal lysine content r~ve been
used similarly in hybridization and their progeny are being checked for
improved amino acid balance.

Twenty-six breeding lines, whose grain averages 2 to 3 percent higher in
protein than that of commercial varieties ~der Nebraskan conditions, have
been released from Lincoln' to interested wheat breeders. These breeding
lines will serve as' genetic sources of increased protein in the development
of commercial varieties with agronomic and quality characteristics desired
by growers, the ;.ni.iling and baking industry, and consumers•. At.las 66 is one
o£ the parents of all 26 breeding lines.

Lysine analyses of segregating populations have shown P.I. 176217 to be .
one of the most encouraging parents for improving lysine content genetically.
Five other varieties containing above-normal lysine are also being used in
tho hybridization effort and as resulting selections become sufficiently
advanced they are evaluated for lysine. To date this phase of the project
has not boen extremely fruitful since a ;lumber of ·the higher lysine strains
have not 'bred true', i.e., the recorded value did not continue high under
subsequent tests. Appaxently in some instances environment was the causal
factor ond not genetic. While some such experiences have occurred, it can
be stated that it appears possible to increase lysine through genetic
manipulation. However, it io more complicated than changing the protein
content.

r
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Analyze protoin and lysine determinations rrom IWWPN triala

All dotorminn.tiona from the Docond Intornational Wintor 'Whoa.t Porforxn.o.nol'
Nursery (IWHPN) test will be completed by the end of this year. The
,results nre expected to be published before March 31, 1971. All analyses
have been made on each replication from trials conducted at 39 locations
.in 25 countries. The varietal entries have been the same both years.

Assemble and distribute seed of Thtrd IWWPN test

For the 1970-1971 nursery there are 38 sites and 13 new entries.
Thirty-three varieties will be increased and preliminarily evaluated
for possible inclu3ion in the 1972 nursery. Special disease evaluations
of varieties included in the IWVWN ~re undertaken by Drs. Fuchs (Germany),
Boskovic (Yugoslavia) and Weilentnann (Switzerland) and for winter lJ.a~diness

by Dr. Grant in Canada. Most recent requests for the IWWPN nursery have
come from East Germany, Bulgaria, Czechoslavia and Russia. Since the U.S.
does not have diplomatic relations with East Germany it will not be possible
to cooperate with them•. Of those cooperating ingrowing the first two IWW~~_

trials only France did not wish to be included in the 3rd year's uork.

Provide material and technical assistance to all cooperators as reouired

Travels have been effected to cooperating locations in support of this
wheat activity by Dr. Schmidt to Italy and Turkey anci. Drs. JohIlson to Iran,
Austria, Yugoslavia, Turkey, Afghanistan, Switzerland, Rumania and England.
Through these efforts, addressing the wheat breeders at the ~·key.Conference

in April 1970, by seed exchanges, ~'oviding reports, correspondence, etc,
close contact has been had with cGoperators. This has kept cooperators in
.close touch on progress of the research and on project status. One Korean
research worker is currently at Lincoln to gain practical eXperience in
wheat resea~ch and production. More foreign etudents are expected, although
most training could be satisfied through the regular training programs offered
in wheat research and production at .CIMMYT in Mexico.

"

2. Relativity to AID Objectives

Protein malnutrition is second only to total food supply in the worldwide
problems of LDCs and is consequently a matter of paramount concern to AI,u
.T~e ~utrition results from shortages of high-protein foods and defi~iencies

of protein quality in the foods most widely consumed, among them wheat. . .
These deficiencies can be corrected by several methods. One of the most
practical and efficient means is to improve human diets by increasing tho
quantity and' improving the quality of the protein content of this maj or
cereal food. The applicable key problem area is "Higher Protein Crop
Production ll and ita priority rating is one of the highest.

3~ Anticipated Objectives

The proposed three year extension of the Nebraoknprmject is expected to
achieve the following: (a) a more rapid buildup of indigenous rooearch
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capability in cooperating countries by providing field and luborator,y
experience for more trainees, and increased on-sito u3sistanco to local

·brt:ledoro in inooX'pornting nl!)W improved IIllltoriala into thoir local whcu.t
improvement programs; us well as (b) a broader and more dependable base
for determining tho best method of analyzing the nutritional value of
wheat protein and for selecting the improved protein' sources best adapted
to the environment of individual LDGs.

4. Other Related Research (within/without AID)

There are three A.I.D. centrolly-funded research projects involving
cereal grains that support the same objective as the Nebraska wheat
project; that is, ~proving their nutritional quality through increased
protein content and improved amino acid balance. Purdue University is
the intermediary for the research on the other· two -- sorghum and maize.
In addition to the cereal protein effort, A.I.D. through USDA is responsible
for research on pulses (beans, peas, lentils, etc.) now under way in Iran
and Puerto Rico and lUltil recently in India as welL As a result of these
ongoing research programs, collaborative linkages are being established with
other U.S. universities, the intern~tional research centers, the Foundations,
and local institutions and agencies in the developing nations. These lirucages
will nllow the scientific and research capabilities of each of the cooperating
institutions to be utilized efficiently and effectively, at lower aggregate
costs.

5. Proje~~1rogram

Scope and Methodology

Encouraging progress has been made on all facets of the work required
of the contractor when this project was started; namely: (a) to systematically
evaluate the world wheat collection for significant differences in lysine and
protein content; (b) to establish complete amino a.cid profiles on high lysine
wheat varieties; (c) to test high lysine and other nutritionally promising
lines at different locations to determine the effect of environment on the
stability of high lysine and high protein traits; (d) tp introduce genes
for high protein and high lysine into wheat breeding programs of developing
countries; (e) to combine new genetic sources of high protein with exiotL~g

high protein lines to further raise the protein ~hreshold in wheat; and
. (f) to make available promising materials, when identified, to other countries
and research agencies.

. .

An International Winter Wheat Performance Nursery (lllVIPN) was established
in 1968 with numerous cooperators in the LDGs to aid in identifying agronomico.11y
superior varieties and to serve as a necessary vehicle for exchange and .
evaluation of nutritionally superior new wheat selections. Seed of the first
n~~ was distrib~ted to cooperators in June 1969 and the results have o.1ready
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been analyzed. Seed of the second IWWPN was assembled and distributed
in June 1970, and a t least three more such annual nursery trials will he
n~edod to rouch valid oonolua1ona rvga~d1nB tho porforronnoe ot dit£~rent

strains and varieties of wheat in different environments.

Work Plans

The main thrust of the project during the next few years is
expected to shift increasingly from screening "and identification to

. tho rapid utilization of newly acquired research information and nutrition
ally superior genetic stocks in an expanding program for developing
countries. The nature of the project activities, however, will remain·
as bofore partly in the laboratory and partly in the field. .

~uality LaboratorY

Contintung analyses will be required for protein content and
quality and aminq acid balance to evaluate selected lines from environmental
nurseries in the ~.S. and the annual nursery trials overseasj- to detel~ne

which of the genotypeo used for high~r protein are the most satisfactory
in the protein improvement program; to identify new genetic sources of
protein to achieve higher levels of protein in commercial types, etc.
The number of samples analyzed will be in the realm of 100,000 ~~ua11y.

Initiate research on enzymatic hvdro1ysis for determination of
value of wheat protein

Using the chicken egg as a base, enz.ymatic hydrolysis studies
nre currently underway to establish biologically the value of high protein
and high lysine wheat lines. Chemical acid hydrolysis values are relatively
unsatisfactorJ as they do not correlate with actual feeding trials. Enzymatic
determinations will facilitate research by indicating which components are
truly digestible and those that are not. This would also apply to the endo
sperm segment.

B0fore any high protein variety is released it must. be verified that
it also has a. relatively high lysine content, as high protein does not
necessarily mean high lysine. In fact it may be the contrary according to
the studies made to date. Therefore, it is essential that both the protein
content and lysine be checked before releasing to farmers for production.

Field und NurserY

New hybrid combinations will be made between wheat varieties with
the best nutritional and agronomic potentia.l. Distribution of germ plasm
and reacnrch information to AID Missions and wheat researchers ip developing
countries will'be continued. Evaluation und se1oction of high-protein and. .

.0..
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high~quality cr~sses will be made to achieve new levels of higher
protein in wheat. On-site inspection of ~iPN trials and consultation
with AID ~~osions and cooperating personnel will be continued as required.

The combined analytical and field activities will require more
time than previously for data collection, evaluation, report preparation

, and training support: on-the-job, counterpart fu~d workshops. A minimum
of three years of additional research and teclUlical assistance ~~l be
required to achieve meaningful reaults.

'.
Continue pratein and 1"sine analyses of winter and spring wheat lines

The Yuma, Arizona and Davis, California locations are regularly used
.. to factiitato evaluating segregating lines from winter and Bpring cr08ses

and nurseries grown undt:r non':"winter severe environments. The California
location is common to CIMMYT ~here the less-hardy Mexican ~heat varieties
are able to survive without killing. With such an arrangement both
improveQ sprlllg and winter types cun be selected for distribution to the
cooperating 1DCs. About 5,000 samples are exp:.Jcted to be evaluated per- --'-- -. --.-,
year from these tests.

Develop special high protein populations

As is now being developed b,y the sorghum breede~8, wheat breeders
will use the newly discovered male-sterility character in producing a
specj3.l plant population of high protein lines. Into this population
will be incorporated all high-protein and high-lysine cultivars or lines
as they become lmown or are isolated. This live bank of germ plasm wiL.
be maintained by the Nebraska Station as both winter and spring wheat
populations. As a breeding tool this is a new technique•. It will be made
available to all cooperating in this common effort of· improved wheat
nutrition. . .

Determine location of increased lysine and protein in wheat seed

Additional work is planned to determine where the increased nutritional
factors are located and what affect millingwi1l have on its use for bread,
animal feed, etc. While nutritional differences are not expected to be
great, if any, with the newly developed materials when compared with currently
'gr6Wll varieties, should unexpected differences become evident this should .
be made lmown as in many countries not all of the wheat kernel is used in the
same way in all parts of the world. Where it is eaten or utilized in its
entirety there are no problema, but where the bran and germ are removed
and only the endosperm are utilized for bread it must be lmown how much
digestible protein and lysine are alao contained in this component.

• '1
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6. Evaluation of Contractor Competence

Based on performance to date, the University of N6braska is
. uniquely qualified for this projectnctivity. It has general and

specialized laboratory facilities for conductiing basic and applied
research in various phases of wheat chemistry. Its Experiment Station
has ample land for the field propagation of varietal, selections and
breeding lines. The project leaders have had long years of experience
in the required fields of expertise and two of them -..; Drs. Virgil
Johnson and" John Schmidt recently received national citations for their
accomplishments at the University in developing improved vari~ties of
winter wheat.

7. Utilization/Dispemination of Proiect Results (within/without AID)

Reports submitted to AID for distribution internally and to }tlssions,
etc. have routinely listed high-protein and high-lysine wheat varieties

-identified by screening of the- USDA World Collection,: and these values ._
have bo~n made a part of the. permanent record maintained by the Department'b
Agricultural Research Service. . '

Wheat germ plasm identified as having superior nutritionally quality
(higher protein and/or suspected higher lysine) will be distributed as
soon as possible to all cooperating breeders in developL~g cOQ~trie8. Tho
extensive breeding, 'selection and laboratory evaluations will fully support
maximqrn effort along these.1ines. Similarly, results from enzymatic tests

. for protein digestibility which determine the best known genetic sources,
'will be made kno\om to and utilized in the cooperative breeding program.

All research findings will be widely distributed in scientific
journals and at national and international meetings, as has been done
in the past. The availability of superior germ plasm and new analytical
techniques will be made known to other scientists in these publications
and meeting~.

All data relating to protein and amino acid composition of wheat
varieties analyzed by the contractor are put on punch cards and printout
sheets and are made available to all cooperators in other countries, the
International Maize and Wheat Improvement Center (CI}~T) in Mexico,
USDA, the Rockefeller Foundation and other interested agencies and
organizations. '

s. Technical Evaluations (within/without AID)

Thore is a high level of interest, worldwide, in the cooperative
wheat protoin resoaroh effort at tho University of Nebraska. Cooperators
are enthuaiootio about the uoefulnoeo of tho information providod by the
International Winter Wheat Nursery, now in ita aecond year. Al1 are i'amiH.n.r
with the project reports and publications, and some are sanding their own

•
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nationals to the U.S. for stuqywith the wheat group at Nebraska.

The proposed project extonsion will be reviewed shortly with
rogional bureau representatives on the Teclmical Agricultural Sub
corranittee.

9. Participating U.S. Hissions. Foreign Institutions. etc.

USAlDs in cooperating countries where winter wheat is an important
crop are participating directly in NebrasID1's project acti\~ties overseas •

. Among these are: Tunisia~ Morocco (North Africa), Turkey, Pakistan,
Afghanistan (}1iddle East), South Korea (East Asia) and Argentina, Brazil
and Chilo (Latin ~bl.erica).

The USDA, FAO, and C]}~T are expected to continue assistance in
collecting genetically interesting wheat varieties r6r inclusion in the \fol'ld
gorm plasm bank, to assist in dinseminating nursery and breeding stocks
"to interested agencies and cooperators, and to help train teclmical
personnel through the holding of work shops and seminars- for researchers,
breeders, cereal seed technologists r.nd production agronomists. Closer
ties are to be promoted in the future as more selected lires and breeder
seeds and information will be exchanged among cooperators.

r
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PROJECT BUOOET REOUIRFJ1ENTS

..
Salaries and Wages

. Professionals (1.7 man years)*

.. Researeh Associate (Post Doctorate)

Technical (13 emplo~ees) **
Research Assistants (5 grads
and 3 under~rad equivalent)

Indir~ct costs' of abo~e (38:0%)

..

. $26,000

11,000

64,500

25,000

.' 43,890

.i.

~..'

..
. '

Payroll Costs

Sub-total 177,390

. Maintenance and Servicing of
Electrical Equipment . 11,655

Integrater arid 2 head threshers 10,000

Expendable supplies, ch'emicals '8,000

I.
Publications, printing 6,000

,

Computer Costs 2,000

.Shipping 2,000

.. Travel 6,000

Conducting \lork shops and regional sem.i.nars 16,955

Total "t;2/f O, 000
• <

~Includes ono full-time research instructor simultaneously \lorking
on advanced degree

** Actual man-years is equivalent to 9.

",
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Sumrnnr' Conclusions

The University of Nebraska's performance on ~he wheat
improvement research project has been commendable in all respects.
Substantial progress has been made since its inception in 1966
and the results are encouraging. The need for some extension beyond
June 30, 1971 was anticipated when it was initially approved by the
RAC. It is estimated that at least three years of additional research
will be required to achieve its established objective of improving the
nutritional value of winter wheat varieties now produced in the LDCs.

....
".
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PROJECT STATEMENT

Date: September 17, 1973
A. PROJECT SUMMARY

1. Statistical

Proj ect Title:

New or Extension:

Contractor:

Principal
Investigators:

Duration:

Total Estimated
Cost:

Improvement of theNutrit~ona1Quality
of Wheat Through Increased Protein
Content and Improved Amino Acid Balance
.93-1 -1'1- /,gd - .t.;J /)/
Extension - ~hree years I

University of Nebraska
Lincoln, Nebraska 68503

Brofessor Paul J. Ma=tern
Biochemist, Department of Agronomy

Dr. Virgil C. Johnson
Research Agronomist
Department of Agronomy

Started June 29, 1966
Termination Date: June 28, 1974
Proposed extension - ~une 29, 74 to

June 28, 1977

$2,503,614

Obligated through FY 1973
Funds requested for FY 1974
Estimated fund requirement FY 1975
Estimated fund requirement FY 1?76

$1,543,614
320,000
320,000
320,000

Project Manager:

2. Narrative

Dr. Russell Desrosiers

Wheat is a major food throughout the world. When used as a sole source
of food it provides ample calories but an inadequate amount of protein,
together with an imbalance of certain essential amino ecids, especially
lysine. Genetically increasing the content and quality of protein of
the wheat grain offers a cheap, practical and acceptable way to improve
the human diet. This effort is especially valuable if the improvement
in nutritional quality is accompanied by increased grain yield and
resistance to diseases and insects.

I~
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Research has ~hown that the protein levels and amino acid composition
of crops are genetically transmissible characteristics. The University
of Nebraska has identified several important varieties: Atlas 66 from
USA, Frondoso from Brazil and Aniversario from Argentina (high protein);
Nap Hal from India (high protein and high lysine); and Pearl from Sweden
(high lysine); as well as a number of others, as useful or potentially
useful sources of genes for improved nutrition. It continues to evaluate
the world wheat genetic reservoir for additional factors that would
further increase the quality and quantity of protein in wheat. Crosses
have been made among selected high protein and high lysine lines and
varieties having other desired agronomic characteristics in order to
produce superior varieties with improved nutritional ~uality.

The work at Nebraska is directly tied in with CIMMYT, FAO, and, by means
of the International Winter Wheat Performance Nurseries (IWWPN), with
Ministries of Agriculture and National Research Organizations in many
cooperating countries. Also, because of the favorable climatic environ
ment for the simultaneous growth of both spring and winter wheat, under
Oregon conditions, CIMMYT, with Rockefeller assistance, is financing a
special program at Oregon State University to incorporate into their
spring wheats the protein quality improvements now developed by the
Nebraska winter wheat improvement project.

B. EXPANDED NARRATIVE STATEMENT

1. Project Description Background and Accomplishments

~rotein and lysine data have been obtained from 12,600 common wheats and
4,300 durum wheats of the world collection and new accessions are constantly
being analyzed. This information is the best and most comprehensive of
its kind available today, and is of value to breeders everywhere in their
efforts to improve protein and lysine content of wheat. Twenty-six
promising new lines, based on the high protein variety Atlas 66, have
already been developed and distributed for testing and some of these are
already being used in breeding programs in LDCs. Evidence of transgressive
segregation for high protein and lysine between Atlas 66 and the high
lysine variety Nap Hal has been obtained indicating that it will be
possible to increase protein and lysine to levels above those of the
original Atlas and Nap Hal varieties, contrary to earlier beliefs. Seed
of these promising populations has been distributed to wheat breeders
in the U.S.A. and several foreign countries.

The International Winter Wheat Performance Nurseries (IWWPN) have provided
an extremely useful means of rapidly testing the adaptability of new
varieties under a vast array of climatic conditions. TIlese nurseries
are now operating at 52 sites in 33 countries. They have played an
important role in promoting cooperation and the exchange of plant material
and information among the cooperating countries. They ha'Te served to
detect varieties of wide climatic and soil adaptability as, for instance,
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the high yielding Russian variety Bezostaya which has become widely
established in Turkey and neighboring countries as a result of its
superior performance in the IWWPN. The current use of this variety at
Nebraska and other worldwide locations in crosses with lines superior
in protein and lysine also traces back to the continued superior
performance of. this variety at Nebraska over a period of several years.
The Nebraska variety Bolal has also become well established in Turkey
for the same reason. Wheat varieties have been identified which produce
significantly more protein and lysine than other varieties over many
environments. High protein genes from Atlas 66 effectively promote
higher grain protein in a wide international array of environments.
Atlas-derived varieties produce grain with higher protein content than
ordinary varieties under low as well as high soil fertility. Their
protein advantage is normally in the range of 2 to 3 percentage points
or about 25 to 30 percent. Production of high protein grain (14-l7%)
can be achieved from these genetically high protein varieties grown under
high fertility situations, laboratory analysis indicating that they
would provide more of the limiting amino acids than would Opaque-2
maize containing 10% protein. Data from normal feeding tests indicate
that high protein varieties generally produce better weight gains and
feed efficiency ratios than varieties with lower protEin levels. This
increased efficiency is expected to be the same for humans.

A rapid in vitro screening test is being developed for the early identifi
cation of high protein cultivars. A highly important side benefit of
this research haa been the detection of perhaps the major mechanism by
which herbicides kill plants and the usefulness of the oame in vitro
technique for the rapid screening of herbicides, a method which has been
public patented. This research may also be extremely important in
elucidating the mechanism by which fungi and other par.asites kill plants.
An additional dividend of this research has been the discovery that
surfactants tend to be plant specific. In addition to its usefulness
in the wheat breeding programs, it is evident that this line of investiga
tion may very well have important and far reaching beneficial effects on
agricultural development in general, and especially in the fields of pest
and disease control.

Nearly 50 publications have resulted from these investigations and have
been distributed in the LDCs. In addition, the staff has participated
in numerous lectures and workshops.

2. Relevance to AID Objectives

Because of the encouraging results already achieved from the breeding
efforts to date and, considering the importance of wheat to the nutrition
of the world, there is every resson to expect that this project will
continue to make important contributions to the improvement of nutritior~'
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both quantitatively and qualitatively, on a worldwide scale. Excellent
relationships have been established with national research, educational,
and extension organizations in cooperating countries through the IWWPN
program. Through these linkages, established with the network of national
and international research and development organizations such as CIMMYT
and FAD, delivery of new improved varieties and related production infor
mation to the farmers is greatly enhanced (see attached network chart for
details).

3. Objectives

The objectives of this extension of the contract are to accomplish the
following:

a. Develop additional genetically superior lines (nutritionally and
agronomically) from the already identified source materials.

b •. Identify additional genetically superior sources (high protein
and high lysine) through a continuing assessment of new collections of
wheat varieties and related species.

c. Utilize the IWWPN program, both as a means of detecting and
evaluating varieties of broad adaptability to which genes, for high
protein and high lysine might be transferred and as a means of testing
the adaptation and performance of new high protein and high lysine
varieties.

d. Determine the value of new developed wheat varieties in human
nutrition through chemical and biological evaluations of selected
improved varieties.

e. Through research on the nitrogen metabolism of wheat, develop
new and/or improved fast in vitro techniques for the detection of high
protein capability in seedling populations which may have different
enxyme systems.

f. Determine the relationship of soil fertility to protein content
and yield capability through parallel soil fertility studies at the IWWPN
sites.

g. Through the provision of experienced staff strengthen network
capability for work on quality improvement and better dissemination of
information regarding nutritionally superior wheat and its culture.
This will be accomplished through support to the development of regional
quality improvement activities for wheat in Turkey, Korea, southern
Brazil and other LDCs as services are requested.

h. Increase competence of research assistants from LDCs through
on-the-job training and annual workshops held in cooperating countries.

/~
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4. Other Related Research

CIMMYT regularly carries out an extensive international program of research
with non-winter-hardy wheat; i.e., with varieties that are grown as spring
or fall sow~, the latter where the winters are relatively mild and with
little or no freezing weather. This program is primarily production
oriented, however, and has not been especially concerned, except as
influenced by the Nebraska winter wheat program, with the improvement
of protein and lysine content in the grain.

There are three AID centrally-funded research projects (including Nebraska)
involving cereal grains that support the same general objective as the
Nebraska wheat ro ect· that is the enetic improvement of their nutri
~ional quality through increased protein content and improved amino ac
balanc~. Purdue University is the institution responaible for research
on the other two -- sorghum and maize. In addition to the cereal protein
effort, AID is responsible for research on food legt,mes, now underway
in Puerto Rico and, until recently, in India and Iran as well; and the
soybean for food project at the University of Illinois and Puerto Rico.
As a result of these research programs, collaborative linkages are being
established with other U.S. local institutions and agencies in the
developing nations. These linkages will allow the capabilities of each
of the cooperating institutions to be utilized efficiently and effectively.

5. Project Program

Encouraging progress has been made on all facets of the work undertaken
by the contractor since this project was started; namely, a) to evaluate
systematically the world wheat collection for significant differences
in lysine and protein content; b) to establish complete amino acid
profiles on high lysine wheat varieties; c) to test high lysine and
other nutritionally promising lines at different locations to determine
the effect of environment on the stability of high lysine and high
protein traits; d) to introduce genes for high protein and high lysine
into wheat breeding programs of developing countries; e) to combine new
genetic sources of high protein with existing high protein lines to
further raise the protein threshold in wheat, and f) to make available
promising materials, when identified, to other countries and research
agencies.

The work plan for the contract extension is shown in Attachment A.

6. Evaluation of Contractor Competence

The contractor's performance has been outstanding. The contractor's
personnel have demonstrated initiative and originality to a high degree
in devising solutio~s to the problems encountered in the course of the
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research. Two of them have received special awards for their efforts
involving winter wheat improvement in Nebraska. Too, recommendations
have been made that their work be similarly recognized on a national
basis and accordingly rewarded.

7. Utilization of Project Results

The IWWPN have been a very useful vehicle for the dissemination and
utilization of information and genetically superior materials in the
countries where located and in the stimulation of interest in the
program on the part of local research and extension personnel. The
variety Bezostaya has achieved prompt importance in T~rkey and neighboring.
countries because of its outstanding performance in the IWWPN. Superior
varieties into which genes for high protein and high lysine have been
introduced are being tested and released for further trial by cooperating
research institutions.

Results of the research are available to all and reports are widely
distributed. In addition, numerous articles have been published in
technical journals.

A Basic Ordering Agreement is being considered as a possible additional
contract mechanism to enable the contractor to give more direct assistance
to interested countries in the area of extension and information to
facilitate the transfer of results obtained by the project.

8. Participation by U.S. Missions and Foreign Institutions

USAIDs in cooperating countries where winter wheat is an important crop
are participating directly in this project. Among thes~ are Turkey,
Pakistan, Afghanistan, South Korea, Morocco, Argentina, Brazil, and Chile.

The USDA, FAO, CIMMYT and European winter wheat growing countries are
expected to continue their interest in and close cooperation with the
project.

9. Budget Analysis

The budget presented by the contractor is reasonable in the light of the
plan of work. Salaries make up the greater portion of the cost. Overhead,
which is established by university regulation, is within the acceptable
range. The request on a yearly basis is the same as the level of operation
for Fiscal Year 1973.
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10. Internal and External Review

This project has been reviewed frequently by TAIAGR officers over the
past several years. The most recent utilization review was held
May 7, 1973. In each instance, the resulting reports were highly
complimentary and most encouraging for its continuation.

A Summary Report of research findings covering the period July 1, 1966 
December 31, 1972 has been distributed and provides details of progress
made as well as the importance of the different research activities.

This project statement is being presented to the Inter Bureau Technical
Committee prior to formal review by the Research and Institutional
Grants covered September 27, 1973.

II. Proposing Office General Evaluation and Recommendation

The project continues to hold the highest priority among the projects
supervised by the Office of Agriculture and is an integral part of the
program of the Division of Crop Production. It addresses directly, by
improvment of the grain itself, the all important problems of hunger
and malnutrition as well as making a contribution towards the improvement
of the lot of the average farmer.

A three year extension will allow for the realization of important
research in progress and solution of problems directly affecting food
production and nutrition in the LDCs.

Russell Desrosiers, Project Manager

Chief



ATTACffi-lENT A

HlPROVEMENT ON THE NUTRITIONAL QUALITY OF 'WHEAT THROUGH
INCREASED PROTEIN CONTENT AND IMPROVED AMINO ACID BALANCE

Contract No. AID/csd-12GB

Work Plan for 6th Contract Extension

1 April 1974 to 31 March 1975

1. Continue the International Winter Wheat Performanco Nursery and Pre
liminary Nursery to identify varieties with superior performance and adapta
tion characteristics. Obtain analytical data for protein and lysine on all
samples and subject selected samples to a nutritional eveluation. Data
related to fertilizer response, soil type, climate, agronomic factors and
plant characteristics as affecting yield will also be included in the
evaluation. .

2. Continue protein and lysine analyses of promising hybrid populations
to identify lines with superior protein and amino acid properties.

3. Study the influence of soil fertility environment and uheat production
practices on the nutritional value of wheat.

4. Identify differences in kernel components and protein fractions of
varieties differing in protein and amino acid composition.

5. Make new hybrid combinations to achieve improved levals and/or com
binations of protein and lysine.

6•. Continue the study of selection criteria for the identification of wheat
varieties with the highest nutritional value and potential for breeding
purposes.

7. Continue the use of mouse feeding to identify samples which exhibit
differences in protein value.

8. Organize feeding studies on wheat to determine the usefulness and re
lationship of such test animals as the mouse, rat, chick, and humans for
measuring the nutritional value of wheat.

9. Make available to developing countries wheat varieties and lines with
improved productivity and nutritional value.

10. Exchange genetic stocks, experimental lines, and research information
with other organizations engaged in international agricultural activities,
such as CIMMYT, FAG, IAEA, Oregon State University, and Purdue University
to insure most rapid progress in the nutritional improvement of wheat.



11. Continue the enforced hybridization program in wheat involving the
use of chemical male gametocides to accelerate the development of genetic
recombinants with superior protein levels and composition.

12. Compare the influence of nitrogen nutrition on high and low grain
protein wheats.

13. Determine lysine availability and protein digeDtibility using new
available procedures or selected new materials from the breeding program.

14. Screen the dryland wheats in the world collection for protein and
lysine content.

15. Screen and select wheat seedlings segregating for key enz.ymes of
protein synthesis.

16. Evaluate levels of .1n .Y1YQ. and In vitro nitrate reduction of
selected wheats.

17. Make on site inspections of IWWPN nurseries and consult with AID Mission.
FAG, and CIMMYT personnel in developing countries.

18. Study the interaction of surfactants and growth regulations in the
protein metabolism of wheat.

19. Publish research results.



BUDGET ESTIMATE
1 APRIL 1974 TO 31 MARCH 1975

Salaries:

Professional (4.7 man years)
Technical (11 man years)
nesearch Assistants (2 graduate students)
undergraduate Equivalents (3 man years)

Subtotal

Indirect Costs (43.22%)
Payroll Costs .
Laboratory Supplies and Maintenance of Equi~ent

Analytical Laboratory Service Charge
~iological Laboratory Service Charge (Mouse and Rat)
Computer Charges
Publications
Yuma Nursery Costs
Nursery Shipping Costs
Travel

ATTACHMENT B

$63,100
88,000
8,800

15.000
$174,900

75,592
14,000

6,508
7,500

20,000
2,500
4,000
6,000
5,000
4,000

$320,000
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PROJECT STATEMENT

·A. PROJECT SUMMARY

1.. Statistical

. Eroject Title:

New ~ Extension:

ContrRctor:

Genetic Improvement of Productivity and
Nutritional Quality of Wheat

New

University of Nebraska
Lincoln, Nebraska 68503

Prj_ncipal
Investigators:

.Duration:

._---_._.- "- - -. --'--.--~ -----_. -- . __ .~-_ ..

.. Professor P. J. Mattern
Biochemist
Department of Agronomy

Dr. V. A. Johnson
ReRearch Agronomist (ARS)
Deyartment of Agronomy
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--- ~-'--'---'.-.... - -_.- -- -- _._ .

December 1976

Total Estimated
Cost:

Proposed Extension Period:. 1 Apr 75 .- 31 Mar 78

Funds Obligated Through IT 75: .
Funds Requested for FY 76:

.Funds Required for FY ·77:
Estimated Fund Requirement for FY 78:
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535,322
550,322
566,222

Project Hanager: Dr. Russell Desrosiers
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2.' ,Narrative

. Wheat is a'major food throughout' the world. It ranks in' importance with rice
as an efficient provider of both calories and protein. Genetically increas~ng

the content ana quality of protein of the wheat grain offers an inexpensive,
practical and acceptable way to improve the human diet. For maximum value the
improvement in nutritional quality must be accompanied by high grain yield and
resistance to production hazards like diseases and insects. Full utilization
of available genetic variability for protein and lysine in the world's wheats
could provide the protein needs of an additional 400 million people. Coupled
with anticipated ad~ances in wheat productivity the number of people accommodated
could be substantially higher than 400 million.

Research has sho~ that 'amountof protein and-its amino acid modification are
gene~ic traits that are amenable to modification by breeding in food arid feed
crops. The University of Nebraska in cooperation with the Agricultural Re-
s,earch Service, USDA, and with major financial support since 1966 from the
Agency for International Development,U. S. Department of State, has identified
a number of wheat varieties with high potential value as genetic sources of high
protein and elevated level of lysine. High.protein varieties include Atlas 66
and Atlas 50, U. S. varieties derived from Frondoso (Brazil). Aniversario 
(Argentina~.Nap Hal (India), and Nebraska Male Fertility Restorer. The most
promising genetic sources of elevated lysine are Nap Hal (India) and f. !. 13449
(USA). Crosses among these and other varieties have produced experimental lines
with levels of protein and lysin~ significantly higher than the parental varieties
and much higher than ordinary varieties of wheat. More than 100 lines under
irrigated test conditions at .Yuma. Arizona since 1973 have averaged 17% protein
an~ 3.5% lysine. This represents an approximate 40% increase in protein and
20% increase in lysine. Such lines can be expected to possess superio~

nutritional value.

Prior AID-supported research o[~ the nutritional improvement of wheat at the Uni
versity of Nebraska has been coordinated with wheat 'research activities in ARS,
FAO, CIMMYT, and Oregon State University. Through establishment of an Inter
national Winter Wheat Performance Nursery (IWWPN) network, effective cooperative
relationships have been established with Ministr1es of Agriculture and National
Research Organizations in approximately 40 cooperating countries. The proposed
research is an outgrowth of this prior research supported by AID since 1966.
Cooperative r~lationships with LDC's and international organizations will be
fostered and enlarged to provide for orderly movement to and local evaluation
of nutritionally promising segregating populations and experimental lines in
LDC's. There will be emphasis on exploitation vf already-identified genes for
high protein and lysine in the development and use of productive, agronomically
acceptable varieties in LDC's. The direction of research will be shifted and
its scope broadened,to include investigation of basic physiological processes
that contribute to imrroved nutritional value and productivity of wheat including
nitrogen metabolism. photosynthetic efficiency and associative symbotic nitrogen
fixation.

B. EXPANDED NARRATIVE STATEMENT

'I
/

.I
!,

I':I .

1. Project Description Background nnd Accomplishments

>uc:cess of .:.-esearch efforts to genetically improve the nutritional quality of
~heat depends on ~xistence of g~netic variation for protein and lysine. Protein
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and lysine data were obtained on 13,000 common wheats, 3,400 durums, and 673
spelt wheats in th~ World Wheat Cnllect10nmainta1ned by the USDA, Agricultural
Research Servite and new accessions to the Collection continue to be analyzed.
The information is the best and most comprehensive of its kind available in the
world, today. Seed of nutritionally promis1ngvariet1es in the Collection has
been made available to most countries in which wheat is an important crop and
is of much value to breeders in these countries for genetic improvement of wheat.

Twenty-six high protein lines se1ecteu from crosses of Atlas 66 with hard red
winter varieties we~e publically released as elite germplasm. Seed has been
distributed for te~ting and is being used in breeding programs in LDC's. A new
high protein variety NE 701132 also derived from Atlas 66, is undergoing seed .
multiplication for nistribution in 1975. NE 701132 combines high protein con
tent with high yiel~, disease resistance, and excellent agronomic traits. Its
production on all of Nebraska's wheat acres could contribute as much as 900
railroad boxcars of additional protein in a single year. In those LOC's where
it is adapted NE 701132 could provide significant additional protein l~r human
consumption. - --- .

Transgr,essive segl'egation for very high protein and h'igh lysine was demonstrated
in crosses involving Atlas 66, Na~ Hal and CI 13449. This provides evidence of n

different genes for high protein nthe parent varieties that function additively
to produce new high levels of protein and lysine. Two hundred eighty high
protein-high lysine lines from these crosses were distributed to breeders at
26 different sites in LOC's and other countries in 1974, for :ocal agronomic eval
uation and use in Lreeding programs. Known genetic variability for protein in
wheat suggests that grain protein content can be increJsed by as much as five
percentage points.· Accumulated performance data from Nebraska and the JWWPN
indicat,e that it should be possible to accomplish this without sacrificing yield.

Seed fractionation studies of Atlas 66, Nap Hal. and fL 13449 have shown the
high prltein effect to reside entirely in the endosperm of Atlas 66 and largely
in the endosperm of~ Hal. The high protein effect, therefore.-rs trans
missable to white flour milled from these varieties and is not lost in the milling
process. The high lysine effect was found in the endosperm of CI 13449 but in the
aleurone of~ H~. Research at Nebraska has shown that high quality prote~n can
be extracted from the aleurone and' its addition to the white milled flour to
achieve much elevated nutritiomil qua'lity may have commercial feasibility. Although
much wheat is consumed as whole wheat flour in LOC's, there is a strong trend
toward the use of comnercia11y milled white flour by the urbun populations of
these countries. High protein-high lysine effects that reside in the e~dospenm

provide much more flexibility of utilization than would similar effects in the
less dige~tible bra~ fraction.

Small animal bioassays conducted at the University of Nebraska have c~nfirmed

that increased protein c(mtent in wheat grain im/=-foves its nutritional value.
~igh protein varieties fed at 56% grain in the diets consistently produced sig
lificant higher weight gains and FER values in weanling mice than lower protein
rarieties. At higher levels of grain in the diets, all varieties produced
Icceptablc weight gains Jnd simila~ FERs. Somewhat reduced PER values of the
Irotein from the high protein varieties was more than offset ~y their additional
Irotein when equal quantities of grain were fed. This increased efficiency is
!xpected to be the sarr.efor humans. This is being tested for selected parental
'arieties in cooperative small animal and human bioassays conducted at the
niversity of Ncbl4 ilska and the British-American Hospital in Lima, Peru in 1974
ut not yet analyzed and summarized.
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The International Winter Wheat Performance,Nurseries (IWWPN) organized by the
University of Nebraska and the ARS in 1~69 provide an extremely useful vehicle

. ,for rapid alid e"fficient testing of new varieties on a worldwide basis. They
have been equa11y as effective in promoting cooperation. ir~proved communication.
and exchange of useful new gennpl asm amon9, \'iheat breeders throughout the worl d.
They are now grown at 57 sites in 35 countries and have served to identify va~

rieties with outc;tanding adaptation to widely differing conditions of climate
and so11. The high yielding Russian variety Bezostaya 1 has become widely es
tablished and is r.ontributing to il.creased ''/heat production in Turkey and
neighboring count~ies as a result of its superior performance early in the
IWWPN. The high yielding variety Bo1a1, develope~ in Nebraska, also has become
established in Turkey and is contributing to its wheat production.. .

Bezostaya 1 and other varieties whose performance superiority has been demon-
. strated iry the IWWPN are being widely used in LDC and other breeding programs.
They are being utilized prominently by Nebraska in crosses with high protein-
high lysine wheats to combine high productivity and broad adaptation with superior
nutritional value. Testing of high protein Nebraska v?rieties in the IWWPN has
established the stability and usefulness of high protein genes in'a wide array of
international wheat production environments.

Atlas 66 derived varieties produte co~~arab1e yfelds ~f g~~in with higher ~~o
tein cont~nt than ordinary var·ieties under 10\'1 as well as high soil fertility.
Their protein advantage in Nebraska and international tests is in the range of

'. 1.5, to 3.0 percentange points or about 20-30 percent more protein than com
parably yielding varieties in'the same tests. Production of high protein grain
(14-17%) can be ~chieved from these already available Atlas-derived wheats grown

, under high soil fertility. Laboratory analyses indicate that. with 17% protein,
they W111 provide more of all of the essential amino acids, inclUding lysine,
'than an equal amount of Opag~e-2 maize with 10% protein.

A rapid in vivo lab~ratory screening test invol ving nitrate reductase aSSilY is
being perfected in the Nebraska laboratory for efficient early identification
,of cu1tivars with ger.etic potential for high grain protein. A highly importa~t
spin-off f."om this research was the discovery of the major mechanism by \'/hich
most, if not all, herbicides kill plants and the associated development of a
rapid efficient laboratory technique for identification of chemicals with her
bicidal properties. The method has been public patented. The research may also
contribute to elucidation of mechanisms by \'ihich fungi and other pat~logens damage
or kill plants. An added dividend f,"om this research was the discovery that many
surfactants used in conjunction with herbicides are plant specific a~d a key to
successful destruction of weeds without damage to the crop specie involved. It
is evident that this line of investigation may have important and far reaching
beneficial effects on future agricultural development especially in the fields
of pest and disease control.

I

More than 50 pUblicaticns have resulted from these investigations and have been
distr'jbuted in the lOCls. Higll protein-high lysine ...,heat ge,"mp1asm has been
distributed to geneticists. breeczrs, and agronomists throughcut the world. The
staff has orgdnhed two international wheat conferences and has participated in
numerous otherwol-kshops. The Nebraska 1aboratory has prov; ded important
analytical service for many lDC's.
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'g. Strengthen wheat research in LOG's through distribution of gennplasm,
-hybrid populations. adva~ced lines, and research information to the
lDe's and international organizations; organize and participate in
regional, national, and international wheat worksho~s and conferences;
make on-site inspec~ions of cooperative nurseries and special plantings;
encourage and accept qualified students and young scientists from de
veloping countries and the USA for graduate study and special training
in wheat genetics, breeding, and production at tne University of

"Nebraska.

4. Plan of Work

a. Genetics and Breeding

Est1ma~,ed Portior. of Total Effort

30~

This'must be a continuing research activity to assure achievement of'the ob
jectives of the project on Nutritional Improvement of Wheat. The following
lines of rese~rch will be pursued: .

New hybrid cJmbinations involving the most recently identified
'. genetic sources of improved nutrition will be made. The best
. spri ng and wi nter wheats from forei gn countri es and the USA will ,-
serve as re~iplent genotypes.

Appropriate selection criteria and field and laboratory evaluation
techniques will be utilized to identify populations and lines with
best.agronomic and nutritional potential.

Screening and ~election will be made at production sites in
.Nebraska and Arizona under favorable and unfavorable cond1tiolls
of soil moisture, soil fertility, temper&1ture, and other pro-
duct; on factors.. '" .

Large scale enforced genetic recombinations' will be induced in
composite popu~ations using chemical male gametocides.

Yield tests of promising nutritionally improved lines will be
conducted and selected lines will be advanced to the International
Winter Wheat Perfonmance Nursery for international evaluation of
their productivity and adaptation.

b. Chemical and Physical Characterization of Nutritionally
Improved W~eats 20%

Wheats have been identified that possess improved protein and lysine levels on
a whole kernel basi~. Location in the k~rnel of the improved protein-lysin~

level~ is an i~Dortant consideration since it hill determine the degree to which
the effects are transmissable to milled flo~r. High levels of protein and/or
lysine in the bran fraction would require that they be biologically available
during digestion of whole grain or through a comr.erc1ally feasible extraction
process. Best usage would be made of high protein grain that possesses tra
ditional' food proce<;sing properties. These include endospenm hardness and the
amount and types of protein and starch in the grain.

r
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2. Relevance to AID Objectives

Wheat is the most efficient producer of both calories and protein among the
food cereals. Wheat, consumed as whole wheat flour, can produce enough pro
tein from an acre of land in one year to satisfy the protein needs of one per
son for 877 days. This compares with 654 days for rice, only 130 days for beef
or hogs, and 185 days for poultry. Development and full use of genetically
high protein productive wheats with improved amino acid balance would signifi
cantly increase its nutritional value and could provide protein for as many as
400 million additional people. Combined with anticipated advances in yield,
the number of additional people accommodated could be substantially more than
400 mi 11 ;on.

Because of the encouraging results already achieved from the breeding efforts
to date, there is eve~y reason t~ expect that this project will continue to
make highly important contributions to nutritional improvement on a worldwide
basis by increasing yield and improving wheat protein both quantitatively and
qualitatively.' The excellent relationships already established by the Nebraska
ARS group with national research, educational, and extension organizations in a
large number of c(Joperating countries through the IWWPN network provides the
necessary vehicle for rapid evaluation and use of improved wheats from the pro-~

ject. This together with effective linkage with international resear~h and de
velopment organizations such as CIMMYT, FAD, and IAEA will enable early delivery
to and utilization of new improved varieties and related production information
by farmers in LDC's (see attached network chart for details). .

·3•. Objectives

. a..Deve10p by established genetic and breeding procedures hybrid pop
ula~ions and experimental varieties with genetic potential for high
productivity and improved nutritional value for evaluation and se

.1ection in national breeding programs and in interrlational performance
trials. !

b. Characterize th~ quality properties of nutritionally improved wheats
through chemical and physical studies to provide a more reliable bas~s
for prediction of biological value.

··c. Identify agronomically and nutritionally superior broadly adapted
wi nter wheat va"ri eti es and study the infl uenceof soil and envi ron
mental factors on yield and quality of the varieties in the
I1i'ternationai Winter Wheat Performance Nursery.

d•. Study the }'oles of nitrogen metabol ism and photosynthetic efficiency
in increased productivity and improved nutritional value of wheat to
enable improv~d efficiency of selection for these complex traits.

e. Determine the potential and limitations of nitrogen-fixing micro
organisms for increased nitrogen utilization by wheat and enhancement
of its productivity and nutritional value by means of studies of .
associative symbiotic nitrogen fixation. .

f. Verify the biological value of·a limited number of promising high
protein-high lysine advanced wheat lines by means of rat bioassays.



,.

Screening techniC1ues to mE:!asure processing acceptability of nutritionally im
proved wheats in LOC's are needed. Wheat from LOC's that exhibit extremes in
processing acceptability would be useful standards for development of screening
tes ts.'

Laboratory research will be undertaken to:

Identify differences in kernel components and protein fractions of
varieties with improved nutritional value.

Utilize avaiiable procedures to measure chemically available lysine
in high protei~-high lysine varieties and subject those with high and
low values to small animal feeding trials for correlation of chemical
data with bioassay data.

Obtain wheats from LDC'$ that represent extremes 1n processing accept
ability for food use, analyze for hardness, and determine protein and
starch properties assodatedwith acceptable processing quality in these

. countries. . .

c. Internation~l Evaluation 15%

Ongoing Research

Evaluation in the International Winter Wheat Performance Nursery and in special
plantings of the best new experimental lines and varieties developed in Nebraska
and elsewhere will ccntinue. To assure maximum utility of the IWWPN, the
Nebraska group will closely coord·inate this important activity with the Inter
nation~l Spring Wheat Yield Nursery and with other international and regional
nurseries. It will encourage enlarged dialogue with CIMMYT, FAD, and ~t~er

international org~nizations in an effort to find the most effici~rt and effec-
.tive future managewent of these nurseries and to avoid duplication of effort
and unnecessary compp.ti tion. Only through sucrl diuiogu~ ~an the 'I egltlmate
interests of,all groups be understood and assured and the goal of more pro
ductive and nutritious wheat for hungry people most rapidly achieved.

Additional nursery sites in LOC's as 'well as in the People's Republic of China
and the Republic of South Africa will be arranged to provide more thorough
worldwide performance evaluation of new varieties. New lines and varieties
submi t ted by these countri es for nl~1PN eva1uati on wi 11 rrov; de an important
new source of wheat germplasm for continued improvement of wheat.

I New Research

Comprehensive study of the influence of 5011 and environmental factors on the
yield and quality of varieties 1n the IWWPN will be undertaken at selected
nursery sites. Soil chemical and physical factors that may influence yield
and quality of wheat will be measuted and correlated with performance, quality,
and plant analysis data to uncover useful relationships and interactions be
tween varieties and production factors that would provide a sound basis for
continued improvements in yield and quality.

Nebraska personnel will at'range for ini t1a tion of necessary sampling pro
cedures and experimental details with cooperating agronomists at selected
test sites to assure proper collection of data and reliable soil samples.
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AID'Mission and CIMMYT personnel and facilities will be utilized, wherever
appropriate, to assure liaison and proper shipment of soil and plant samples
to the Nebraska laboratory. Seed samples from each nursery site will be analyzed
for protein and lysine content and selected samples will be subjected to nutri
tional evaluation.

d: . PhYsiological Studies of High Yield and High Protein
Nitrogen Metabolism 15%

.' .

Continued prrigress ~n increasing the "genetic potential II for higher protein
content and improved orotein quality in ~Jheat demands improved understanding
of the enzymatic processes associated with uptake, reduction, and translocation
of nitrogen~ This area of res~arch will be expanded.

Laboratory and field studies will be continuea to:

Identify wheats that are most efficient in taking up and reducing
. nitrate under optimal and suboptimal nitrate environments ~nd elu

cidate the processes involved using established techniques for
. measuring nitrate content and nitrate reductase activity in leaf

and stem ti ssue.

Identify wheats capable of synthesiziny large amounts of vegetative
protein. .

,

. 'Identify wheats with greatest capacity for translocating large amounts
of vegetative protein to tbe g~ain for final protein synthesis using
newly developec instrumentation for measurement of true protein in
vegetative tissue and in the grain.

Plant Loss of N~trogen

Haximum utilization of available soil nitrogen by the wheat plant is essential.
Measurements of plant nitrogen frequently suggest unexplained losses of nitrogen
from the plant system..

Reseal'ch \'Iill be initiated.to determine how, when, and where nitrogen
escapes from the wheat plant and what factors influence the magnitude
of this lo~s. Special transp~rent, gas-tight chambers will'be con
structed to maintain environnental control and monitor nitrogen. .

Photosynthetic Efficiency

[ncreases in productivity and protein content of wheat are inextricably tied
to improved photosynthetic efficiency of the wheat plant. Light interception,
)lant size, leaf type, leaf arrangement, and plant physiological responses to
lay and night temperatures in relation to existing or new management practices
Ire involved. \

;ignificant contin~~d yield advances 1n wheat should be possible because wheat
5 phenotypically a C3 type species. As such, leaves will be light saturated
It high intensities and any mechanism that results in light distribution within

canopy sho~l d be bennfi ci a1~ ..-c' - • - .

r
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Wheat matures in an environment in which day and night temperatures are in
creasing. The eff~ct of these increasing temperatures on photo efficiency as
reflected in quantity and quality of grain produced needs to be established.

Research will be initiated in the laboratory and field to:

. Characteri ze photosynthetically active radi ati on '(vi si bl elight)
interception efficiency and distribution patterns by wheat canopies
that vary phenotypically ~nd utilize this information for more effi-

.cient genetic selection of productive new wheats and development
improved manhgement systems.

Evaluate photosynthetic efficiency as influenced by different com
binations of day-night temperature effects on night respiration and
the balance between photosyn~hesis and photorespiration during the
day.

Investigate wheat plant senescence in relation to phytohonnone changes
. to establish the opportunity for extending the period of active photo
synthesis in the wheat plant to make it more productive.

e~ Associative Symbiotic Nitrogen Fixation 10%

~ssociative symbiotic nitrogen-fixing relationships between specific micro
organisms and cereal. grasses have been demonstrated by Dr. Dobereiner in Brazil.
They have the potent1al for bping extremely important in the nitrogen utili
zation of wheat and enhancement ~f its productivity and nutritional value.

Drs. Kl,epper and Klucas of the University of Nebraska have visited Dr. Dobe
reiner's laboratory and have established excellent communications with her
which can lead to meaningful future cooperative research in nitrogen fixation.
Such research is promising because (a) large numbers of $amples can be surveyed
using acetylene r~duction assay for nitrogen fixation, (b) Dobereiner has dem
onstrated the existence of nitrogen-fixing relationships in certain grass
ecosystems, and (c) the area of microbial genetics of nitrogen-fixing systems
has not advanced sufficiently to permit transfer.of nitrogenase genes fro~ one
microorganism to another and develop partially constitutive nitrogen-fixing
microorganisms.

The following research activities will be undertaken:

Samples consisting of rodts of the various wheat species and forms
plus the surrounding soil will be collected throughout Nebraska and
surrounding states initially and from wheat production sites in de
veloping countries, as opportunity permits in the 1975 crop season.
Samples will te assayed for acetylene reduction (nitrogenase activity).

Wherever feasible, the assays will be done 'in situ because of the
sensitivity of nitrogenase activity to environmental changes.
Greenhouse experiments will be included to extend the research.

When and if positive samples are found, location (intra or extra
cellular), identity, and efficiency (N2 fixed/carbon source con-
sumed) of the nitrogen-fixing microorganism(s) will be determined.
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If positive re~ults are obtained. microbial strain selection for
maximum nitrogen fixation will be initiated and the best strains

. utilized to develop constitutive mutan~s that will form nitrogenase
in the presence of fixed nitrogen. Required technology for this
activity already exists. '

If negative results occur, specific microorganisms that associate
with wheat forms will be sought. An attempt will be made to trans-

·fer the genetic information for nitrogenase into the microorganisms.

Close communir.ation in the form of sharing of information and bio
Jogical material, will be established and maintained with Dr. Dobe
reiner and coworkers. Dr. Dobereiner will be invited to the University
of Nebraska for a 2-week period at an appropriate time in 1975 for'
consultation and information exchange.

f.Nutritiona1 Evaluation 52:

Data from an international cooperative study in.which grain of wheat varieties
differin~ in protein and lysine content was the ~rotein source in bioassays
involving adult, adolescent, 'and child human subjects, weanling mice,rats,
and chicks will be analyzed, correlated, and published in 1975.

Consistent with recommendations of the nutritional experts who met in Mexico
in 1974, short term bioassays involving the rat as the test animal will be
substituted for the weanling ~ice heretofore used for evaluation of new high
protein wheat strains. )

. Select~d advance lines with high protein and/or high lysine capabilities will
be evaluated and the bi oassay resul ts corre1 ated \'/i th chemi cal 1aboratory data
to identify the most promising nutritionally superior lines.

. . .

g•. Informati on, Germpl asm Exchange, Technical Assi stance,
and Trainin.9. 5%

. Make available to developing countries, genetic stoc~s, populations, wheat
varieties, and lines with improved productivity and nutri~iona1 value.

Exchange genetic stocks, experimental lines, and research 'information with
other organizations engaged in international activities, such as CIMMYT, FAD,
IAEA, Oregon State University, and Purdue Unive~sity to insure most rapid
progress in the nutritional improvement of wheat.

Make on-site inspections of International Winter Wheat Performance Nurseries
and consult with AID Nission, FAO, and CIMMYT personnel in developing countries.

Publish research results in uppropriate reports, bulletins, and scientific
journals.
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Provide technica" assistance in wheat breeding, production, laboratory develop
ment, nutrition and training on request from developing countries in which there
are AID Missions via a Basic Ordering Agreement approved in 1974.

Encourage and accept qualified students an, young scientists from developing
countries for graduate study and special training in wheat breeding and quality
improvement at the University of Nebraska wherever necessary financial arrange
ments can be made.

Provide assistantships to qualified students from the ,USA for graduate training
in wheat improveMent to ijssure technical expertise for future assistance to
developing countries.

5. Other Related Research

CI~~YT regularly carries out an extensive international program of research with
nonwinterhardy wheat; i.e., with varieties that ,are grown as spring wheat or fall

.'sown; the latter where the winters are relatively mild ~nd with little or no
,freezing weather. This program is primarily ~roduction-orientedJ however, and
_has--llOi-baen ~e.s.~dQnJ".~.Qnce:a],~d, eX~~p'E as 1~f1u~n<;:eJ;Lb.Y.J-t1g~g6raska:ml)t~r,
""W'fl'eat_ prpgram, with the improvemeiit"()f ,protein and lysine content in the grain•.
~~.' _'.. .. _, .• • , :r • -I••• , .c..~ ••.• -. .-.-",~ _r • -_. ' ••' ~ .. ~.,,, ',- .' ~ - ~ HL...

'There are three other AID centrally-funded research projects involving cereal
_ grains that support the same general objective as the proposed Nebraska wheat

project; that is, the genetic improvement of their 'nutritional quality through
increased protein content and improved amino acid balance. Purdue University
,is the institution responsible for research on sorghum and maize and Montana
State Univer~ity for that on barley. In addition to the cereal protein effort,
AID is responsible for research on focj legumes, now underway at the University
of Puerto' Rico ar:d, until recently, in India and Iran as \'/ell; and the soybean
for· food project at the Universities of Illinois and Puerto Rico.

6. Project Program

This proposal is an outgrowth of research conducted in a predecessor project
initiated in 1966. Encouraging progress was made on all facets of work under
taken by the contractor; namely, (a) to evaluate systematically the World Wheat
Collection for significant differences in protein and lysine content; (b) to
establish complete alnino acid profiles on high protein and hi.gh lysine varie
ties; (c) to test high nutritiona11y promising lines at different locations to
determine the effect of environment 011 the stability of high "protein and high
lysine traits; (d) to introduce genes for high protein and high lysine into wheat
breeding programs of developing countries; (e) to combine new genetic sources of
high protein with existing high protein lines to further raise the protein thres
hold in wheat; and (f) to make available promising materials, when identified, to
other countries and research agencies.

7. Utilizatioll and Dissemil1at"ion of Re<;earch Results

The HMPN has been a highly u~eful vehicl(~ for the dissemination and utilization
of infomationand gf.:netically superior materials 'in the countries where loca'ted
and in the stimulation of interest in the program on the part of local research
and extension person'lel. The Russian variety Be~ostaya achieved prompt importance
in Turkey and neighboring countries because of its outstanding performance in the
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IHHPN. Superior varieties into which genes for high protein and high lysine have
been introduced are being test~d by cooperating research institutions. A new
high protein productive variety is being released to Nebraska farmers in 1975.

Results of the research are available to all and reports are widely distributed.
In addition, numerous articles have been published in technical journals. '

Two highly successful International Wheat Conferences have been held and a third
con~erence has been organized for 1975. An International Winter Wheat Conference
was held in Ankara, Ttlrkey, in 1972. An International Wheat Conference, aimed
principally at the Latin American countries, was held in Porto Alegre, Brazil,
in 1974. A Winter Wheat Conference will be held in Zabreb, Yugoslavia, in
June, 1975. These conferences have done much.to stimulate interest and promote
ne\'1 !'esearch among the scientists of the developing countries and to assure the
early,delivery of research results. .

Graduate degree' and nondegree programs at the University 'of Nebraska are avail- .
able for the training of scientists and technicians from developing countries.
. .

~ Basic Ordering AgrEement has been developed as an additlonal mechanism to
enable the contractor to give more direct assistance to interested developing
countries in wheat research and development.

- . 8~ Participation by U.S. Missions and Foreign Institutions

USAIDs in· cooperating countr1es where winter wheat is an important crop are
pal·ticipating directly in this project. Among these are Turkey, Pakistan,
~fghanistun, South Korea, Morocco,' Argentina, Brazil, and Chile.

fhe .uSDA, FAD, CU1MYT, other international and national research institutions,
and European winter wheat. growing countries are expected to continue their
interest in and clos~ cooperation with.the project.'

'. 9. Development cf Linkages

fhis project has well developed linkages with the USDA; other U.S. universities;
International and Regional Research Institutes, including CIMMYT, FAO, IAEA,
~LAD, and the East African and North African Wheat Programs; and numerous
1ational research institutions. (See Attachment B.)

10.. Budget Analysis

rhe budget presented by the contractor is reasonable in the light of the plan of
1ork. Salaries make up the greater portion of the cost. A copy of the budget
is included as Attachment A. .

lie Ecological and Environmental Consideration

\
I

/

~6 adver~e environmental impact is foreseen as a result of this project.

12. Sec~ion.li3 Considerations
. .

rhe Agency has no.evidence that the Univ~rsity of Nebraska discriminates against
lomen in the seledtion of staff. Women occupy both professional and subprofessional
lositiol1s at the University in or closely related to this project.
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13. Internal and External Review

.The proposal for ext~nsion has been reviewed by both the Interbureau Technical
Committee and the Research and Development Committee. Approval for extension
was unanimous in b~th instances.

14. Proposing Office General Evaluation and Recommendation

The project continues to hold the highest priority among the projects supervised
by the Office of Agriculture and is an integral part of the program of the
Division of Crop Production. It addresses directly, by improvement of the grain
itself, the all important problema of hunger and malnutrition.

The pr0posed changes in the work plan of the project are sound and can be ex
pected to make extremely important contributions to the .technology of wheat pro-.
duction and, thus, to the alleviation of hunger in the world, as well as to the
improvement of the lot of the small farmer.

Approval of the project is recommended.

~~.~~
Willard H. Garman, Chief
Crop Production Division, TA/AGR

Leon F. Hesser, Acting Director
Office of Abriculture'
Bureau for Technical Assistance

r
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DETAILED COST ANALYSIS
First Year

(Excluding Administrative Costs)

ATTACHMENT A

)

Genetic Improvement
8. Genetics and Breeding
b. Laboratory Activities

."

April 1. 1975 to
March 31, 1976

"$ 6,268
. 4,342
"·11.216

N.C•
N.C.

25,000
. 82.612

'," 14.,459

Professionals
; . ~

J." Stroike . .33
K. Wf1he1mi .33
P. Mattern .50
J. Schmidt i" --

V. Johi"ison

'GraduateAssist~nts 5
Technicians 9.0 "
Ho~r1y .2.25

Total Salary

'. Payroll Costs

Maintenance, lab supplies
Analytical Service Charge
Computer .
Publications
Yuma Nursery Costs
Shipping Costs
Travel

$14.684

$ 6,500
10,000
. 1,000 .
"1.000
4.000 "
1,000
2,000

. t

\ .

$143.897

14.684

j 25,500

$184,081

)
/
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..
Genetic Improve~nt (Cont.)

c. Internhtiona1 Evaluation
Origoing Research .

Professional FTE

J. Stroike
K., Wilhelmi

.HourlY

.66

.66

2

$12.536
8.684,

12.150

Total Salary

Payroll Costs

Yuma IWWPN Nursery Costs
: Shipping

Computer
Aoalytical SsrvfceCharge

.Publications ~

Tmve1

Proposed Research (R. Olson)

Materia1snnd Equipment
for Field Operations

Maintenance. Laboratory
. Analyses. and Supplies

Travel

d. Nutr1tiona1 Evaluation

Small Animal Fees

$3.225

$ 1.000
4,000
1,500

. 2.500 .
3.000
6,000

$ 2.000

5.000
·8,000

$33.370

3.225

$18"000

$54.595

$15.000

$15.000

17
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PhYsiology

'a. Nitrogen Metabolism (L.

Technician
Student Labor

Payro',l Costs

Klepper)

$10,000
5,000'

$ 1.477

. $15,000

1.477

)
I

500
SOD

'3.000
2,700
6,000

4,500
',000

.' .
Equipment~ Drying OVen $
Foliage Grinder
Protein Analyzer
Colorimeter (probe type)
Growth Chamber
Supp1ies~ Maintenance.

and PublicatiQns
Travel.

ill.z100

$44,677

'b•. Nitrogen Loss (G. Peterson and D. Sander)

Research Associate .

Pay,'oll Costs

. Pro~osed Gas Collecting ,
, .ChamuE:rs . $25,000
Supplies 1,000
Travel .. , _000

c. Photosynthetic Effic1~ncy (M. Clegg)

$1.4 ~OOO

819

j27,000

$41,819

.)

Technician
Graduate Assistants
StUdent Labor

Payroll Costs

Growth Chambers
Maintenance. Supplies,

and Publications
Travel

$10~000
9,000 '
3,000

$22,500

',500
_, ,000

$22,000

·1.287

$25,000
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Symbiotic NitroJen F1xation(R. Klucas and A. V1daver)

Research Associate
Technician

Payroll Costs·

.Maintenance, S4Pplies
Ship~ing Samples
Publications
Travel

$12~750
10,080

$ 4,000
1.000

300
2,500

.:

$22,830

1,233

.$ 7,800

$31,863
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ROMANIA
RUSSIA
SWEDEN
SWITZERLAND
UNITED KINGDOM
VUGLOSLAVIA
SPAIN
PORTUGAL

NEBRASKA UNIVERSITY
(Wintcr·h<Jrdy bre~d

and durum wheat)

OREGON STATE
liNI"ERSITV.

(CombinCJtion of
winter & spriug
wheat)

CIMI'JIVT~.'

(non·wintc:,·h~lely
brend ,"In,1 c.lurum
wllea,)

MinncsotiJ
Missi~sippi

North CLirclina
Okr"homa
Washinoton

u.s. STAle UNlvenSITtEZ

· CONSULTAilVE GnotJP ONtNTER"NATIONAl
AGnlCULTURAL RCSEARr;H (CGIAR) a;

Ari:on\l
Catiforn::J
Cofor~do

Cornell
K~nSi::;

->0-

~
. ~~ I;AWP ;..~D~] ~/'

-->- AFRICA A::>IA & NEAR EAST ," LATIN AMERICA ....;;;..;;.~..;.....;;;. _

KENYA } CYPRUS . JOODAN ARGENTINA AUSTRIA
TANZANIA . EGYPT LEBANON BOllVIA BULGAR'A
TUNISIA INDIA S.l\UOI ARABIA BRAZIL CZECHOSLOVAKIA
SUDAN ~ IRAN TUfl.KEY CHILE FINLAND
MOROCCO· IRJ\O Nonl ti AND COLOMOIA FRMJCE
LIBYA ISltAEL SOUTH YEMEN ECUADOR GEnMI\NV
ETHIOPIA JAPAN SYflIA· GUATCMAlA· HUNGARV
rJlGEniA . PAKISTAN PARA~UAV ITALY .
SOUTH AFRICA NEPAL Pl::IlU NETUERI.AND$

I Konl;A UnUGUAV POLAND
: AFCHANISTAN MEXICO

11' AID IS SUOVIN APART IN ORDER TO INDICA7'E FUNOII';~ lINI<AG[~ TO v.~. nE!;EARCH Ir..STlTUTIONS. I AID ALSO CONTRIllUTES THROUCH BILATERAL ARRANCE.
- I MENTS 10 INDIVIDUAL COUNTRY PROGRAMS. OTHEII DONOR MC;MIlERS OF Cl;IAR HAVE connest>ON.DINQ ADDITIONAL FUNDING LINKAGES.

!I' THE DONOR MnlOERS SUPPORTING CIMMYT ARE CGlAIl. FonD fOUr...:>ATlO."l. qO:KEFl::LLEn fOUNDATION. GERMANY, UNDP'AND IBRD. OTHEn CG1AR DONORS
, 'NCLUDE CElGIUM. DENMARK, FRANCE. JAPAN. KEllOGG FOUNOATlON, NETHERLAr"DS, UORWAV. SWEDEN. SWITZERLAND, UNITED KlNCOOM.. ALL COIAR

Pl.EPt.~BEnS AilE POTENTIAL FINANCERS OF OPERATlr~G LINI(AGES WITt-liN THE NEIWORt:. .

.ITeA~ATIOrJt.l

:NTErl-

'EG~NAt.

'ROG!lAMs

:r-:OIVIOUAL
:OU~~TP.I:;S

£Va:LC~EO

~l!'JTaY

: ,/STITUTIOX:;

THE LINKS "(TV/eEN CIMMYT AND Ttll: INDIVIDUAL COUNTRIES fAKE THE FO'.... OF INFOP.MATION AND MATEP.IALS EXCHANGE. THE CONDUCT OF SEMUIARS
AND ViORKSllOP'';. COOPERATIVE RESEARCH PHOJCC1S, ADVI50nv licnVICCs ANt' TR.\ININC.

ALAD ALSO SHIVES SEVERAL AfRICAN COUNTnIE5.

BEST AVAILABLE COpy

.. ~. - .._--_ .•... _.
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Informal Minutes of ~search and Development Committee Meeting
Hel~ on" March 18, 1975

Project: Genetic Improvement Gf Productivity and Nutritional Quality
of Wheat .(extension), 3 years, $1,651,866

Contractor: University of Nebraska

Project Manager: Dr. Russell Desrosie~s, TA/AGR

Dis~ussion Highlights:

Dr. Erven Long commented on the background of."AID-supported research
on the nutrit~onal improvement of wheat at the University of Nebraska.
The proposed research is an outgrowth of this prior work with focus on:
(1) basic physiological processes that contribute to improved nutritional
value and productivity of wheat, and (2)" coordination ~ith the research
activities and the outreach of CIMMYT. "

Dick Birnberg, NESA, askp.d about the selection of Nebraska rather than
CIMMYT for this work. Dr. Long commented that with the focus on protein
and lysine analytic w·)i.·k, the laboratory resources of the University are
essential as is their extensive experience with research in winter wheat.
Sam Litzenberg~r, TA/AGR, added the information that CIMMYT tends to be
oriented towards production aspects.

Project approved without objection.

TA/RIG:WSchaefer
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PROJECT SUMM.ARY

126.

P2SEARCE (Onc:o.i11~)-8

o
Major Type of Activity: Key' Problem Area - Higher~Protein Crop Productio~

Project Title: Improvement of the Nutritional Quality of i'1hcat Th.l'ou~h

Incrcnuccl Protein Content und Improved IImino Acid Balance

Contractor: University of Nebraska

Contract Number: AID/csd-1208

Contractor Liaison Officer:
'"Title:

Dr. Paul J. Mattern
Associate Professor, Department of Agronomy

. Project Number:
Present:

931-17-130-471
73-3102718 .

6/29/66 Termination Date 6/28/71

Comments: Ext~nsion for another 3 to 5 y-ears is anticipated.'

$ L~91+,077

."193,500
. 250 ,000

275,000

o

o

BUdget: a) FUnds obligated· through }~ 69
b) Funded for FY 70
c) Funds, requested for FY '71 : •
d) Estb~ated fund requirement VI 72:

i

TA/AGF Project Hon:Lt9r: Dr. Scuuuel Litzenberger

Pu.'t'pose: v..Jheat is a major fOod v70':ld1'ride. It provides ample calories hut is
10vr in protein and certain essential' amino acids. Increasing the protein content
and quality of wheat offers a cheap, practiqal a.nO. acceptable "ray to improve the
nutritive quality of diets in vlheat gro\'ring areas, parl:;icularly "rhen the genetic
process is incorporated ,·lith the higher yielding genetic Vlorkunder vray.-

Description o~ Activit~: Research has shown tha~ protein levels and the anlino
acid composition of' crops are ge11etically transmittable characteristics. The
University of Nebraska identified AtlaS 66, a winter .v:hea.t, as a source of
high-protein germ plasm, It also is evaluating the ",orld 'lheat collection
for other high-protein so~rce materials. These are crossed w~th high-yielding
varieties to produce high food value materials of greater yield and "rith
higher total protein. The work at Nebraska is tied in vlith CD'RiIYT j.n Mexico
and uith a cros s:- section of wheat trials and demonstrations vTorld~·ride.

Accomplishments:: Rapid progress is being made in combining protein·Genes '\'lith
other desira"ble traits, to produce ne,;" strains for '\'lOrld,;·[id,e testing. In 1959
improved ,,[in-LeI' v:heat varieties ,'rere Grovm and evalt19.ted at 23 sites in 16
.countries; in 1970, ne-..l iJnproved strains ,,,ill be evaluated at 39 sites in 25
countries. }'rom i 3 to 5 years additional research is projected to achieve
delivery of imp:coved ",inter 'Irheats for cormnercial grmrth in many natiol'l.s.
This project ~s exp~cted to have a major ~,pact on world protein n~eds.

'.
Future Plans: Superior variet.ie s with high prot.ein and high lysine ·'developed
and· tested un(.er this p~oject "lill be made available to whea~ breec.lel"S in the
LDC s • Univcrs ity of Neb:caske. technical personnel '\-rill also help the local
breeders j.ncOl'porate these improved materials 1nto local breeding programs.
'i'he Univers:i:t~· estinates that· breeding pro,,~rams 'can increase the prot.ein.
content. of vih, ?-ts by 1.5~25%" \'lithout depress~ng yields.

TA/AGF: M.Gall::.:7/l5/70; revised 8/5/70 BEST AVAILACLE COpy
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~.'he "Tork 8.t rIebrasl:a is tied 'in "rith CUJl'11Y'1' in l~exico a.wl "Tith P. CJ:'OSf:

section of l,heat trials nnd clGmonsti.'ationsI'Torldid c1.c. It is AHDS I content.ic·n
. that tbe ultimate Eolution to the '\'iOl'ld r S pl'otoin problEm lies in thcron-ce
being folloued.

. .. '.

' ... i'O···.,~,··; J""";'b',' 931·,17-130·.lI'{l '
'.' e. .1 ~. ~ ~. ..l._. '- .~ ,~,., ~•.~ .=~ ~. ~'.,," p. ~_~~~YJ~'_"~-.-""'~"~~.,.~'-'.,-,._.,~.~-......,,~.~_.~:., • .,•• •"-"....._ ••~~•••••: ..-Il ~·..~~-~ ...,~- ..,,"
·S-Cm:t.:lllG J)at,8_.",~,,~L~~L~~'_"'?'"~"~~N~., ..._•. ~.__~_.1.'e:r:lil:bHlt.ion D~,t8"._~!.?§lT:!:.~~~~_ _~_~_._._...._."

. lb.i:~~; of' Con:i:,).>ad·m: ({.\).~"••,3!~:~~~~:·'!~~~!.._~~~.n~~:~.:~~l:?~~~._u ....,~ .....""'J"_'''_''':_~~'' v._,.._,_:._.~=_ ...
C;~" ".".~(.,~ }';"';',"'1:1'" f C',' CSD..12Cld . .,,'..llr l·. J t- . ~J: ••I' \).0 I ~V"';C'_ -::.;_• .:>1'"'-.-.•...-.~.'"".t' .• .l'L.6l.-" 7'Oo.'- __ •.I'~. __ ~_- __ '"'''' ••, _...,. ' , ,~~ -...> __..- ,~ _:L-~ _ ...

c:()()Pa",:;,'i:-~.ng Sl}·:mDm:· (fJ ).~,~E.f.!g:~X2~~."2:AO~.£r.!Sl_.~.?~~.?~:-~li'£L~ t:_.~~:::....£~~?2~l~2·:~:Lnf; 0..(:~lDLp:!:·.~·~::,
. Project Sur2;:a.ry (RAC). vihC:D.t nu:csm.'i (;,':' ..
JJ;'i:.~ of l~;I:i}L~>_.~/.§.§~.,.~..~__~.~P3.to Approved ,,~c);!!.)_~.._?-.L~6 ~__~~.r:vo.J.uQt:ton De.i..o V':-YC:.lJ.Ji(

Purpose: vlheo;G is a 1Yl;:~jor food. '·7o:clchride. l,'Jl1eat p:covides cuuI)le calo~cles au·t.,
'" Is-j:O:;~i-'ill p:C'otein a:1cl. cei.'tdn essential Cl.:mino 8.cic1s. Incre["siD~ the protein
,content and qm'.li t.~'f of "rh8£'::'-. offers a chel:"I) > practical and accel./(.:".bJe '·i2.y to
. j Jnp:eove the llutl'it.iV0 qual:i.t~r of diets in '1..118 viheat gro\Tine; a:C(:E"S, p8.l'tic1J.J.E,,:,:'1~[.

vThen the gellc~t.ic process is incorpO}:e.tec1 "lit11 the higher yielding gc;net.ie \:oi'k
unc~erml.Y·· .

~ .' . Doser-ir/cion of Activit;,": Resc£1.x·ch h[.'.8 sho;m that IJl'ote:i.n levels ,:ald C,("iiino ["c:}c1,
~ cODwos-ftTon-c;:f='crc,ps"£n'e gcnaticaJJ~- transldtt,tble chnracteris·L;ics. The

·~ . Univei.'sity of HcbL'Lskci. ie1E:nt:i.riecl I~tlas 66, a '·TS.ntcr \',heat, as a sou:ccc of lLtch
. ~. }.rotc5.n gellll plasm. The Un:'l.versit~r of Hcln'asl:a is EI,lso eval'l'.atine; the iwrlc1.
.~

~: vTheat collection :rOT ot.her high p:cotein sm:trce mateTioJ.s. ~.'l1esc are CTOS8E~cl.

~'. viith high-~TieJ_cling varic'cies to pi.'ocluce high food valUE: Dl3.teri[i,ls of g:co<l.tcr
. r- . yield cmd. "iith highzr total protein.rn . .

,. Cl
a

· '''l)
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!:c;!?~:s'£~~_~XL'n~E:~.~: High protein mlCl hiGh lysine rrateri8.ls he.ve been ideni:,ifi~6..
anel. proven to be her:Hable chCl.:cact.eristics. Crosses \lith high··yielding
varieties have been made Emd are 1.mdcr test. Interm.tiomJ. Hinter Whee,t
Nurseries he.ve been csta.b},ishcd un:1er this project for tes'Glng selectee1 ,'rinLer
vTheat lne.terials in 23 locations in 16 c0W1tr5.es. CIf.li.fiT is testinc; crosses
Viith spring tYJl2 1-The-p.ts devcJ.oI;cd under this project.

'.
·E~ttJ~-'~.~.2::.e;.etE.: Supc;riol' varieties \-lith hj.gh protein and high lys:i.!ie cleveJor:;d
and .testc(1 uncle:e t.his progra111 ,Jill be Ilmde a.vailaulc to \'Iheat breedel's in the:
I.J.DCs. F\rcthenne>re, the University (If :rofebr:::~.skD, \-iill f).f>sist the local b:','c<2.dcrs
to incol'poi'ate thCf~~ improved lnatei.'ie.lf> i.nto local b:cccc1ing pl'ogrDlrts. ~'he

Univer;;ity of Neb1'2,-sk~t cstiI!'2.teG thfJ,t brecohl~; prcg::"C'/flS can increase the
protein contc:nt 01' -~Thcats by 1)-25~j ~';ithout dqn:c:ss:i.r.Z yields.

It is &ntic:i.})~i,t~cl the,t the contract vrill be extelic1ed foj,' another 3 to 5
years ancl the.t th2::~e 'will be an in:::l'enr.cd lro:ck load in f,etting the
a·pIll'ovecl lll:i.h:r:i.r:,lr. into LDC bl'c;:cding progl'CJI1C. ,.. as- Y3
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PROJECT SUMMARY

Major Type of Activity: Key Problem Area - Higher-Protein Qrop Production

Project Title: Improvement of the Nutritional Quality of Wheat through
Increased Protein Content ana Improved Amino Acid Balance

Contractor: University of Nebraska

Contract Number: AID/csd-1208

Contract Coo:...d~.nator: Prof 0 Paul Jo Mattern
~itle: Biochemist, Department of Agronomy

Project Number: 130-471

Project Duration: Started. 6/29/66 Termination Date _..,;6+1....~8""f-1zt") ...., __
liT

Comments: A three year extension was approved by RIGC (Octo 22, 1 70)
and R~C (Jan. 28, 1 71)

.. .

70:

73:
. TA/AGF

Dr. So

Budget: a) Funds obligated through FY
b) Funded for FY 71
c) Funds requested for FY 72
d) Estimated fund requirement

~A/AGF Project Manager:
Dr. Co A. Br~i~enbach

FY

$ .681,577
243,057
275,000 ~

280,000

Project Specialist:
Co Litzenberger

Purpose: vfueat is a major food worldwide. It provides ample calories but is
low in protein and certain essential amino acids. Increasing the protein content
and quality of wheat offers a cheap, practical and acceptable way to improve
the nutritive quality of diets in wheat growing areas, particularly when the
genetic process is combined with the selection of cultivars with higher grain
yield.

DescriFtion of Activity: Research has shown that protein levels and the amino
acid composition of crops ar~ genetically transmissible characteristics. The
University of Nebraska identified Atlas 66 as well as several other genetic
sources of high-protein germ plasm. It is ~lso evaluating the world vmeat
collection for other high-protein source materials. These ~re cros~ed vdth
high-yielding varieties to produce superior varieties with higher total protein.
The work at Nebraska is directly tied in with CIMMYT in Mexico and vdth a
cross-section of uniform wheat trials, seminars, and dem6nstrations worldwide.

tV\,w(u.~
Accompiishments: Protein increases in_wheat as large as 25% have already been
achieved by breeding. Atlas 66 has been the main genetic source. At least two
genes condition protein level in this variety, one of which is liru~ed'vdth a
gene for leaf rust resistance. Rapid progress is being made in combining
these and other known sources for improved protein with other desirable traits
'for worldwide testing. In 1970 improved winter wheat varieties to produce
new s~rains were grown and'evaluated at 38 sites in 24 countries; in 1971 the
Fourth International nursery will be evaluated at 44 sites in 27 countries.
To date more than 16,000 entries of the USDA world wheat collection have been
analyzed for protein and lysine. From 3 to 5 years additional research is
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projected to achieve acceptance of improved winter wheat varieties for com
mercial production in developing nations. This project is expected to haver
major impact on world protein needs.

Future Plans: Superior varieties .uth high protein and high lysine developed
and tested under this proj~ct will be made available to wheat breeders in the
LDCs. University of Nebraska technical personnel will also help local
breeders incorporate these improved materials into local breeding prpgrams.
The project has recently initiated a program of mouse breeding tests to
better measure the biological value of the high protein varieties as ~
Vitro laboratory and chemical tests appear inadequateo

TA/AGF:CABreitenbach:SCLitzenberger::revised 6/17/71
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October 30, 1978

ACTION MEMORANDUM FOR THE DEPUTY ASSISTANT ADMINISTRATOR FOR FOOD AND
NUTRITION, DEVELOPMENT SUPPORT BUREAU

FROM DS/AGR, Dean F. Peterson ~~~;t~
SUBJECT: Extention of the Project 931-0471,11, Improved Nutritional

Qual ity of Wheat - University 'OTNebraska (AID/ta-C-1093) at
a Cost of $90,000 for One Year

Problem: Your approval is needed for a one year extension requiring
FY 1979 funds of $90,000 for the subject project.

Discussion: An international winter wheat evaluation network was initiated
by USDA/SEA/FR (formerly USDA/ARS) and the University of Nebraska in
1969 as a component of Contract AID/csd-1208 (Improvement of .the Nutritional
Quality of Wheat). The evaluation network was continued after 1974
under Contract AID/ta-C-1903 (Genetic Improvement of the Productivity
and Nutritional Quality of Wheat).

The evaluation network is comprised of two nurseries:

:A. A replicated International Winter Wheat Perfonnance
Nursery (IWWPN),

B. A High Protein-High Lysine Observation Nursery (HP-HL
Observation Nursery),

New improved winter varieties and experimental lines from winter wheat
producing countries are evaluated at the IWWPN. Selections and advanced
lines, with new and unusual combinations of genes for high protein
and high lysine from the USDA-Nebraska wheat protein project are distributed
in the Observation Nursery ·for local evaluation and use by wheat breeders
in developing countries.

The evaluation network has the enthusiastic support and active participation
of wheat breeders and agronomists from every major winter wheat-producing
country except the People's Republic of China. Through the network, finn
linkages have been established for dissemination and delivery of useful
new wheat germplasm and research information to developing countries.
These lines are used either for crossing with local lines or following
a performance evaluation released as varieties for commercial production,

John M
Rectangle



r

2

This project received a nine month no-new fund extension through
December 31, 1978 to provide sufficient time for the USDA and the University
of Nebraska to obtain non-AID funds to continue the research elements of
this project after December 1978. Following further discussions with
USDA and the University of Nebraska that they would provide FY 1980 funds
to continue the evaluation nurseries, AID was requested to provide $90,000
to fund the evaluation nursery element of the project through December 31,
1979, at which time USDA and the University of Nebraska will assume
management and funding responsibility. Funds from this project will
assure retention of skilled technicians at the University of Nebraska and
the Quarantine Center at Yuma, Arizona whose services are necessary
for successful management of the network. Such funding will avoid dis
ruptive temporary discontinuation of the network while new funds are
sought.

Work to be" performed under this one year funded extension will include
assembling and distributing experimental wheats from the Nebraska program
which possess new unusual £ombinations of genes for productivity, high
protein and high lysine in an International High Protein - High Lysine
Observation Nursery. Wheat samples will be disseminated by the contractor
who will also supervise the evaluation of new improved wheats from
cooperating countries in the International Winter Wheat Performance
Nursery. See Attachment A, Work Plan and Attachment B, Budget Summary
for more specific details.

Recommendation: That you sign the attached PAF for a one year extension
costing $90,000 for the subject project.

Attachments:
A/S

Clearance: ~I
as/po. RSimpson~aate:
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ATIACHMENT A

WORK PLAN

A. New improved winter wheat varieties will be solicited from countries

cooperating in the IWWPN network. Seed of candidate varieties will be

propagated under quarantine at Yuma, Arizona to provide the seed quantity

necessary for their inclusion "in the IWWPN and establish eligibility for

issuance of U.S. Phytosanitary Certificates to accompany IWWPN seed shipments.

B. Seed of IWWPN entries will be processed. packaged, and distributed to nursery

cooperators together with field books and data reporting forms. Performance

data and seed samples from cooperators at each IWWPN site will be processed,

subjected to quality laboratory computer analyses. interpreted and assembled

into appropriate preliminary reports and published full reports by the

project personnel at Lincoln, Nebraska for international distribution to

wheat scientists.

C. Existing experimental lines of wheat in various stages of development

from the USDA-Nebraska wheat protein improvement project will be advanced as

appropriate in field selection nurseries at Lincoln, Nebraska and Y.uma,

Arizona. Laboratory protein and lysine analyses will be performed to identify

those lines that possess the most effective combinations of genes for

productivity, agronomic traits, protein, and lysine. These lines will be

entered in the International High Protein-High Lysine Observation Nursery

for distribution, local evaluation, and use by breeders and agronomists in

developing countries. Seed samples from harvested rows at each test site

will be analyzed for protein and lysine in the Nebraska Wheat Quality

Laboratory and the results of the analyses will be distributed to cooperators

in appropriate reports and publications.
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D. Project supervisory personnel will make on-site visits to testing

locations as their work schedules pennit for consultation with cooperators

and evaluation of nursery materials.

E. Large numbers of request~for high protein-lysine wheat germplasm

and research information are received by the USDA-Nebraska wheat group.

These will be processed promptly as received to enable the requesting

scientists to utilize the materials and information without unnecessary delay,

urt.,vr
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BUDGE'! SmJMARY
January 1, 1979 - December 31, 1979

Salar:1.es

Professional (1 scientist) - - - -

Technical (1 laboratory technician)

Hourly labor (field and laboratory) - - - - -

Salary subtotal

OPerational Costs:

Nursery increase plantings (Yuma, AJ:izona)-

Supplies (field and laboratory) - - -- - - - -

Computer charges and publication costs - - - -

Travel (domestic and foreign nursery sites)

Operational subtotal

Total salary and operational costs

Administrative charges

Total

AITACHMENT 8

$21,000

13,500

15,000

49,500

10,000

5,000

5,000

7;500

27,500

77,000

13,000

90,000

50
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This amendment increases the funding level of the subject project by $90~OOO (an
. increase from $3,887,000 to 3,977,000 and extends the life of the project by one-year

(an extension from January 1, 1978 to December 31, 1979). This funding will only
provide for the continuation of the winter wheat evaluation nurseries as specified
in·the previous project documentation. This ~ill provide the time required for
the University of Nebraska. and USDA to negotiate out~ide (non-AID) funding for this
ac.tivitity on a continuing basis."

BEST AVltlL./',flLE COpy

5/
15. AUT1ol0;'I1:I"lC

,.~" OFFle:;; S.,.lA(lOI.,,"C/ j:lIA. S

17. Ae~IGH 0'" ~~

""01 00 YY
I I IU. AC~IOH ~e:F'!>le;Ne!

(Orr,_.,)
ACTION ~e:l"e:i'le:HCe: :'A"",

I ...... I 00 I Y v !



DRAFT

PROJECT AUTHOlUZA!ION AND REQUEST FOR ALLOTMENT OF FUNDS

PART II

Entity

Project

Project Number

DS/Bureau

Improved Nutritional Quality of Wheat,
University of Nebraska

931-0471.11

I hereby authorize FY 1979 grant· funding of $90,000 for a one
year extension (through December 31, 1979) of the subject project
for the purpose only of continu:f..tigothe winter wheat evaluation
nurseries. This will provide the time required for the USDA and
University of Nebraska to negotiate outside (non-AID) funding for
this activity on a continuing basis.

The A.I.D. funded research portions as currently approved for
this project will have been completed by December 31, 1978.

Tony Babb
Deputy Assistant Administrator

for Food and Nutrition

Deve10pmentrH1Sp.art, Bur~ /

~~-~~
Clearances: j{J
~~~~~~oz=~~:'W( .

DS/AGR: DPeterson ~ II/~tZ'1
DS/PO ' MR. ch i 1 . (" '" .,,) I . I··• e c g I../~ ., _~_.__ !, ~ , I.

DS/PO: RSimpson _

Reference:
Action Memo - Peterson to DAA/FN/DS dated
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