2 - CE.ETE

g3/ /5/8-*?);/! ?0/5

S TP SRty T (T e s CER D T 0 | 1. TRARaaC “iON CCTE - PAF
PROJECT AUTHORIZATION AND REQUEST | [T & aco —_——
FOR ALLOTMENT OF FUNDS  FART ! IR B e SR

. COUNTRY/EMTITY

[ 4. DOCUMENT REVISION NUMBER

SOEL ST 2l
5. PROJECT NUMBER /T augitsy | s lagzainsTics 17, PA0LECT TITLE "Maximuz 40 zharaciwrs)
— {4, SYmBcL EBEEED =]
— - 5 - =g -~ S
231-1318 _| | e = 9 e s =
3. PRQJEC ~ZSTICN TAKIN 3. £E57. PERICD QF IMPLUEMENTATICN
APPROVAL
{"— A d3engvza 1
DECISION O - zisaPBROVED - |
L; CE . SCAUTHOAIZED YRS, - aras,
13, AFPPRTYED SUSSET AID AROACPYRIATED FUNGCS 3022,
T o T
231Ma0y TIIm, CSCE | G () AR | 4, NG FY L <. IR0 ev
A, APBOn. | 3. PRIMARY I d XA ! - " - !
PRIATION [ el PECSE R I ¥ | i f :
i ! CACE I - ‘.la:i'| S.L3AN | F GRANT | = C AN ! SAANT | d e AT ].. SRANT Nl
: | "
- : 2 I - i -~ ’ - -
( (W /A G TS = ] 230 | Edia
vy 1 i & | i ! | l
- [} H ] "
3 | i i i | | - i '
(4) ] l | i | | l '.
TITALS | A=~y 1 | ~ma | i==5s
1 l ¥ 1!(.‘.1.:_.'.‘:'_\:\: {ppy : 2.
- v o, =y Y L'FE AF DangjE=T - WU ST D 3B ANTIENT =L A
L O NCATH PN S ST EY oF SagjEC L
SgA=IaN i | " . -"-'-;'.- A==3ag o€ I
|10. SAANT 3 _SAN | e 33aNT |8 osan DT 3mANT | LSS AN "“.—;a 27 aas g~ :
3 - |
(4 I i : i~ 2 - NZI9ZuEN"AL, '
! ! ! : o _"rg =r :n.::'l-- ! e 1]
tal | { 1 | | i | | '
1a) [ : i x>
4) ! ! =4=.z:" FUNS NG |
I — ' AL T=23IIET =3 : =1
i = 5 =rll, ' i —_—
12, INITIAL PROJECT SUMDING ALLITMEN= aZ5 JE3I=TD 5o
| 13, FUNCS ASSESYESC FOR ALLITVENT
|Fslaclcuensiaz CasTinG: | Ahk n S =
A. APPRCPAIATION i
) C. SAANT i 3. Loan | TYPEC NAME (Chicf. SER/FMN/ESD)
! ¢
(1) | |
(4] | : SIGMATURE
(1) i i
14) | ! DATE
TOTALS | |
14, SOURCESQRITIN OF SOCZS AND SE3VICES D 200 D 941 D LOCAL | [ OTHER ee———

1S. FOR AMENCMENTS, NATURE OF CHANGE PROPCSED

230 =nojact punzuent <o Project 7 951-C330,33 “Inheriiziace Imroonensat =
Zootzia uality aad Ceasesnu ia Sarlay’,
AV AT ADIE DOrpIntT
f “f”‘iﬁrfm S AR h
L g deal i : \
'.L AR S .l { f
[ o o I & ¥ - T
vt L[ DS~ C - o2y ) )
19, AUTHCRIZING [17. ACTIEN SATE | 14, ACTION REFZRENCE ACTION REFERENCE DATE
FOR Q= ®|CE Sy~acL oalil== | (Cptional) x5
Bpa/BIAS e\ | I
USE CNLY | | [ | | i
L] L}

Al 1 39F.A '™.789)




PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMENT QF FUNDS
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ENTITY : DS Bureau
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1. I hereby authorize a nzv project activity in <hs "Contrel o7 Zarley

Oiseases for the Lesser Developed Countriss of the World" to be
implemented by Montana State University, Bozeman, Montana.

¢. Tnis three year project was recommended vor approval by RAC at its
March 31, 1978 meeting at a total funding lavel of $724,00C.

This project is based on an unsolicited proposai 7rom Montana

tata University. I hereby determine that this unsclicitad propese

is %he product of original thinking, nas signiTicznt scientific or

tachnical merit, and will contribute to AID's research oroaram

ccjactives. Cn this basis, consistant with thz 2wovisisas of

AINPR 7-~4.5301(e), a negotiatad contract with the subject contracior

without consideration of other competitive sources is considered approoriate.
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3. Are Plans for PP Development, Approval and Project Initiation Realistic?

Yes.
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X Approval,
Approval subject to

Return for further work prior to AA/TA decision.
Disapproval.

D. AA/TA Action:

,4/"’Z;proved.

Approved subject to

Disapproved.
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Proposal to the Agency for International Development

1.

Statistical

Project Title:

New of Extension:

Proposed Contractor:

Principal Investigator:

Duration:

Estimated Total Cost:

Budget by Years:

Project Manager:

Abstract and Narrative Summarv:

Control of Barley Diseases for
the Lasser Develoned Countries
of the Vorld

New

Montana State University
Bozemen, Montana

Dr. Eugene L. Sharp

Three years beginning with
contracting date estimated to
be April 1, 1978

$723,000 {3 vears)

$223,124 (Year 1)

$230,076 (Yedr 2)

$269,800 (Year 3)

John M. Yohe

The basic gozl cf this project is to improve the control of barley
discases for the lesser develeped countries (LDCs) with particular
emphasis on the semi-arid areas of the world. Whercver possiblez and
feasible this will be decne by accunmulation of resistance genes into

acceptavle barley stocks.

After the various different scurces oi

resistance have been determined, crosses will be made to incorporate

these resistance genes into a base of widely adapted but diverse ba
germ plasm including both 2 row and 6 row types. The barley male s
will be utilized to facilitate various crossings for pyramiding gen
for resistance and to establish recurrent selection populations (RS

for the various diseases. Evaluations will be made on both secdlin
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and mature plants (field) and, in both bases, the barley stocks will
be exposed to a wide range of virulences. Selections of the most
resistant and agronomically acceptable barley types will be repeated
in several cycles of recombirnation. Separate RSPs for the various
diseases will be established where selecctions will be made for both

najor and minor effect genes.

This project should lead to broad

based resistances to the major diseases of barley which will be
effective in the barley growing areas of the world.

Barley (Hordeum vulgare) is grown for food in many areas, especially

where the growing season 1s too short or the rainfall is not adequzate

for other cereal crops.

Substantial populations in the Mediterranean



‘region, the Near East, India, Ecuador, Peru, and Eastern and
‘Northern Europe eat barley.

The MSU-AID barley proposal and program has recently focused on the
needs of barley eating people. The program was designed to produce
populations that were adapted, disease resistant, and high yielding,
and that had satisfactory quantity end quality of protein. These
characteristics coupled with hulless grein would benefit 200 million
of the world's most impoverished people.

Within the developing countries of the world, barley is grown within
all regions, the Middle LEast, Africa, Latin America and Asia. The
production of barley in the LDCs is tabulated in Table 1. It is
difficult to obtain estimates on the amount of barley directly
consurmed as & human food but'Table 1 lists the best estimates
available for direct food consumption based upon information available
from the USDA Foreign Agricultural Service.

Barley disecases are often the most limiting factor in barley productiom.
The research prcposal in this project is intended to augment and assist
the efiorts of CIMMYT as well as LDCs' regional and country programs.
Emphasis will be on improving the control of barley diseases for the
semi-arid areas cf the world but the findings should be applicable to
all barley growing areas. Additional cooperative nurseries will te
establishad in Asia as desired and future potential areas for inclusion
would be the countries of Peru and Brazil in South America.

This project has been developed through working level cocordination

with CODMYT and ICARDA. The diseases listed for study are important
throughout most of the barley growing areas of the world. The

approach of prcducing resistant stocks rather than varieties is

geared to enable CIMMYT to utilize the superior material in its

barley breeding program. The methodical assembling and pyramiding

of major and mirnor genes for resistance cannot be done easily at

CIMMYT or ICARDA but fits well into the developed expertise of

the barley program at Montana State University thus resulting

in a very desirable and worthwhile relationship.



TABLE 1
Production of Barley in LDCs

a , Quantity Directly
Area Under Production Quantity Produced Consumad by Humane
(1000 ha) (1000 MT) (1000 MT)
AFRICA
Algeria 800 600 450
Egypot 44 123 -
Ethjopia 991 800 1,500
YMorocco 2,130 2,862 1,475
Tunisia 350 230 265
SOUTH AMERICA
Argentina 500 760 -
Bolivia 110 80 80
Brazil 49 56 -
Chile 56 78 -
Colombia 46 71 -
Equador 65 57 -
Peru 185 165 175
Uruguay 44 47 -
ASTA ,
Afghanistan 390 400 375
China b 13,501 . 21;000 -c
India 2,941 3,196 3,025
Iran 1,480 1,487 210
Iraq 576 579 -
Korea 711 . 1,759 1,529
Pakistan 186 130 92
Syria 1,172 1,059 125 ¢
Turkey 2,700 5,100 750 ¢
Yemen AR 180 235 -

a, Data taken from FAQ Production Yearbook, Vo. 30, 1976.

b. People's Republic of China

c. Quoted as non-animal feed utilization

d. Source - USDA Foreign Agri. Ser. Aug. figures for 1975~77
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To decrease losses causad by the major diseases of barley, particularly
in the developing countries.

2. Objectives of the Proonsed Program:

a. Different sources of resistance to the major diseases of barley
and linkage relstionships will be determined.

b. Barley populations, both 2 row and G row, with brozd based major
gene resistance and minor gene resistance to specific diseases
will be develcred.

¢. Resistances to different specific diseases will be combhined into
barley stocks.

d. Assistance will be given in establishment of serodiagnosis prograns.
for detection of barley stripe mosaic virus (BSHV) in barley
stocks at the Internaztional Centers for barley improvement -
CIMMYT and ICARDA.

e. All etrforts will be made to develop a simple toxin screening

procedure for use with the scald disease caused By Rhynchosporium

secalis and with other barley diseases.

Significance and Rationazle for the Research:

1. The LCevelonnent Problam:

Diseases are oiten the most limiting factor in barley production and
seriously afltect production wherever the crop is growm. The losses
incurred through both reduced guantity and quality are particularly
important in the lesser daveloped cou;tries (L 2'3) since barley often

constitutes the main crop that can te srown in the drier areus. Furthermore,

—

it is one of the umain staples o feed and Jood in these areas. Yield



reductions resulting from diseases are often not obvious because tﬁe
syoptoms nay be readily apparent only during specifiec growth stages or

even lacking. For the period from 1951-1950 it has besn estimated that
diseases of barley causcd losses equal to 13.5% of the tctal barleyl
production (from Barley: 3otany, Culture, Winterherdiness, Genetics,
Utilization, Pests 1983. A4z. Handbook #3383, ARS, USDA). Among 25 countries
from tre liiddle East & Far East reporting on barley at the recent Barley

Workshep in Amman, Jordan (April 1977, 'the Helminthosporium diseases,

rusts, smuts, scald and powdery mildew were in the forefront as the most

L

important diseuses recognized throughce it this area. Barley sown in these
countriss totzlled over 22 million hectares. The amount of barley
used as humaan food varied Trom less than 5% to 100% and =veraged about L0%.
It is difficult to chtzin quantitative data on the amcunt of loss in
barley zttributable to stecific diSeases because of lack of detailed
experimentation in this regard. In fact, FAO has recently oroposed a
Plant Protection Program f1977) to obtain such quantitative data. It is
generally conceded that the losses from plant diseases are greater in
the LDC's than in the wmore developed countries and may be deQastating in
some cases. In this regard, it should be méntioned that Srivastava (1977)
has pointed out that very few of the LDC's have independent programs on
barley. Host of the work with barley is included along with a more rigorous
program on wheat and there is therefore a serious gap in discovery of and
application of principles and methods Tor inmproving barley rroduction.
The approaches proposed in this project should help to alleviate this
situation and furunish the inpul for z viable progran.

Even though quantitative information ou iosses cuused oy specific



made from findings for other arcas. llev Blotch, caused by H. teres,
for example may result in losses as hizh as 30% zs found by Piening and
(<)
Kaufman (1969) in western Canada. Tue greailest losses wvere also noted
o
under low Tertility and cther stress conditions. 1In the virus diseases,
barley siripe mosaic virus {B3iY) and tarley yellow dwarfl virus (BYDV)

Y I \ / d )
infection levels of 107 e.g. may result in 3-5% loss in yield. In diseascs
such as tho smuts, there is generally:z cne for cne relaticonship between
per cent inTection and per cent yield lzss. The amrcunt of actual loss
for many diseases may dve influenced Ly rany factors suck as initial onset

-

In the rusts early infaction may result in devastating losses dbut a high

;_J

severity of infection first developing after the soft dough stage may Se
of minor consequence.

In the past Tew vears, investigators Sharp, Carrcll and Eslick as
well as AR3, USDA cooperztor Hockett have had the orportunity to visit
the Middle East area and survey some of the major barley groving areas.
They found that barley diseases were wicdely prevalert and that they receivad
little attention by th2 local barley breeders. A bstter appraisal of the
problems with barley in the Middle East has been mads via.disease surveys
and collections, convacts with people working with tarley and especially
during the workshop and tours held in Jordan and Syria .a April, 1977.
This resulted in a much better idea where barley disszase nurseriaes for
specific diseases should be located t2 achieve suitable natural infectien.
This will, of courss, lead to a2 better sarpling 5? i{he virulence pool
for the specific diseases and will in furn leail to fevelopmeut of broad

based resistances in fhe barley stocl pupulatioes

have received very Iittle attention in fhe Mididle Zust 4o date, Visits



in the aren revezled that these diseases were limiting barley production
to 2 significant degres. L-‘eo"er recent obgservations by Dubin (CILGYT-
ersenal Comnunication) in South America strcnély spggest that barley
veliow dwarfl is a very serious diseuzse on that continent.

Contacts with scientists representing the various iuternational

orgznizations concerned witha barley inprovement also have been nost enlighten-

ing. It has becone quite clear that llontana pathologists involived in the

A

1 for improving berléy will be expected to take an active role
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in the éiscase ratings ari s ectlons within the various nurseries in

[ &)

tr2 L)0's. This aspect is reflected in the travel portion of the Ludget.

here has been nmuch interest and severzl inquiries from foreign

students regerding the pc:zibility of receiving training with barley

diceases at MSU. This category of agricultural scientist is in short
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inite niches in barley improvement programs

e

n the developing countries. An additional budget for training is thus
Trooosed.

2. State-of-the-Art

|

ine diseases of barley are pretty much the same all over the world
although the incidence of a2ny one specific disease may vary in time and
spzce depending largely on lozal environmentzl conditions. The three

Helnminthosvoriun species attacking barley, for example, are world-wide

[N

in distributicn and have bzen noted all over the globe, where ever barley
is grown, as important discases on this crop. Scald, smuts and rusts are

2ls0o worldwide in distribution although the races or strains may vary

n

t different locat oans. Sources of resistance have been detected at a

o

ninder of locations but usually these resistences are not broad-based



2nd their relationship to other resislance sources are generzlly unknovn.
Furthermore, the resistant cultivars are often unsuitable for direct

utilization because of otner poor agroncmic traits. There has not been a
concerted elfort, particularly in the LDC's, to combine different sources

resistance to give troad-bosed resistances in suitable barley stocks.

T
74}
m
ct
{a
ct
]

ed by personnel at CLMMIT, they have been using all resistant
mzterial available, but ruch mere is needed, particularly material that
has been checkad for resistance and integrated with other genes into a
usable genstic background. CIMYT is rot in a position to methodically
identify, assemble and pyraxid major and minor genes for resistance to

tarley diseases. The

g

oy

(9]
on

ssed program should greatly aid CIMMYT and
other internaﬁ nal organizations in their programs for barley improve-
ment in their outreach programs but it certainly does nbt involve a .
duplicaticn of effort.

Once a number of resistance sources have been identified as being
different the problem becomes one of combining these sources of resistance
by an effective method into useable barley stocks.

Over the years composite crosses within barley have been used along

with natural selection to combine favorable genes to advance superior

barley (Harlan & Martini 1929). Somewhat more, recently, a series of
Y ¥,

-

"bridge-crosses" consisting of crossing Fl's was utilized to further
coxmbine germ plasm from desirable types. Establishment of this type of
coxposite cross without male sterility in the population was very time

consuning, required several generations and limited the number of

~

recombinants. Suneson (19:0) tirst described male sterility in varley-

“

mss 1. Subsequently, same 23 separate locd



e
£
14
]
ot
(B

i and many have teen assigned to chromosomes, Hockett et. al.
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Suneson (1935) descrivad his use of composite crosses and implied
that nztural selsctiicn should be relied upon for developnment of superior
bzrlsy <:p2z.  Ze (Suneson 1963) ~Iat*r summarized his work and advocated
hat ZavelcTmans of barley resource materials should be emphasized. The
assumition was mzde that yields of composile crosses would increase over

a verizi ¢l tize due to ezcunmulation of disease resistance and other

desirztie ganss, However, Dslick (personal communication), monitored
comzssita oressss grown wider dryland conditions in lontana for as leng
as 33 consszutlive generations and yield incrcases during this period were
essanzizlliy nil, Parhzps yield increases with natural selection can

only ta reziized in some environments or when natural selection is effective

TL would thus apvear zcre fruitful not to rely alone on natural
selactizn but to make the maximuu use of male sterility in fac111tat1nv
end 3directing recurrent selection populations of barley. Subsequent
forces, outersssing using mele sterility should resu;t in a great amount
ol ga2netic diversity ard with continued crossing result in the breakup

-

tanlished linkage blocks. Although the frequency of good
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agronsmic tyTes may initially be low, this can be directed in a more

favoradie cutzome by limiting the number or kinds of parents entered inte

resissancas 2o disezsas and diverse but wide adaptation. At the sane

time undesirzdle tyres oan de roguad from the population and the better
S2n2Trpas c2an Ta reoyelad Tor Turther ss2iection and improvement. onm

th2 3lis2cze standpoing, It is iwmportant that the barley 3SP's be challenged



by & wiie rangs of virulences for specific pathogens. The proposed
research is essentially d=signed to do just this and more details ave
presenta2d in the following sections.

It is interesting thzi a similar approich is being utilized by

~

Singh ({2977) for develep:zznt of cold tolerant sorgium cultivars with

ecarly maturity and short stature

Plans o Dewelon Linkazss and to Facilitate Utilizution of Research Resulis.

lose sooperation wish CIMYT is planned in developing barley

stocks with brozd-vasei resistance to specifiic diseases. GStocks
developed at lSU will bte chauneled into their program and will be used in
their crossing blocks. A the same time varents from their crossing
block will be evaluated to MSU's-specific cultures of barlev disease oreanisms, .
The results of these ﬁesﬁs sho'..d indicate which cultivars have best
potential for resistance to specific disezses, CIM{YT elite advanced
barley lines will also be evaluated to the various major diseases of
barley. Advise and assistance will also be given to CIMMYT persomnel: in
setting up their own serodiagnosis laboratory for detection of seed-
borne BSMV in their varicus varley stocks.
2. ICARDA:

Similar to the cooperation with CIM[YT barley crossing bluck parents
and advanced lines coming {rom ICARDA will be evaluated to a wide array

of virulence types within the major disecses. Barley stocks with

o
'
0
K
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ed disease resistance will also be shunted into their oprosram

as Jeveloped. Recurrent selection populations for specific disease

resisiance to diseases will be prown at Aleppo, Svria and at other locations

within the area of ICARDA's responsibilizy and key personnel on the
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Montzna AlD project will assist in the disecuse rezdings and selections
within these barley populations. It is anticipated that trzinees and

graduate students associated with the ITARDA program will receive training
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O cooperative barlev oproprams

3. Otner U. 8. Tnstitutions:

Barley recurrent selection populations for the various major diseaser
would te distributed to locawicns where a high probability exists for
natural infection with the diseases involved. Locations
involved are in Georgla, Florida, C2lif ornla and Arizona. cher
tentative locaticns would be in Horth Dakota and lMinnesotz. Dr. Ramage,

USD4i-ARS, (University of Arizona) is currently working with RSP's for

resictance to powdery mildew. Assistance would be given him in eassuring
adequate infection aud dissenmination. Winter field plots in Arizona

world 2lso be utilized to cobtain two barley generations ver year, and

thus accelerzte develonﬂ nt of the desired bzarley populaticns. This cooperation
Zill be at no additional expense to the pro;ect.
. ther:

It is proposed to cooperate with other national and international
orgenizations (e.g. FAO) in furnishing resistant barley stocks and
training of personnel in both plant pathology and plant breeding methods.

Additionally several field locations will be utilized in Mortana for
growiag the various RSP's. ©Some of the locaticns involve the various
research centers of the [ontana Agricultural Experiment Station while
other locations involve individual grower's fields. “his will detect, as

far a2s possible, the various virulence jenes to the diflerent diseases

and serve to brecaden the resistance bases.
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5. Dissemination and Application of Results:

As technical information becomes available from the project it will be
published in the form of reports to A.I,D, in recognized technical journals, etc;
copies and reprints of these will be distributed to a mailing list of barley
workers in developing countries, Additionally, azs mentioned in previous sections,
barley stocks will be supplied to the international centers each year with
descriptive information on their relative disease resistance against the virulence
pools evaluated, 1In visiting and evaluations of the RSP nurseries each year,
methods and results to date will also be discussed with the local barley co-
operators involved. Barley stocks from these nurseries may be utilized zat any
time by the cooperating T.DCs but it is importani that the RSPs be continued for
selection of better disease resistances and improved agreonomic types. As the
project advances trainees and graduate research assistants will become available
for continuing barley improvement programs in their own respective countries,
Professional staff on the program will also be available for short term con=-
sultation insofar as time and funding permit,

E. Management Considerations.

No unusual management problems are expected to arise in connection with
this project, It will be similar in concept and design to other centrally funded
crop improvement research projects of DS/AGR,

Noncontract funded inputs will be substantial, These include time of four
MSU investigators spending a total of 12 man/months per year on the project,
Also there will be cooperation by other staff members, office, and laboratory
facilities, as well as use of equipment and extensive field facilities,

The project will be evaluated by a review and evaluation team visit to
the campus during the first year of the project, probably during the growing
season of 1979, 1In addition, management evaluations will be conducted each
year and technical and managerial considerations will be under constant monitor-
ing by the A.I.D, project manager,

Contractor will clear all manuscripts proposed for publication with the
project manager, and will submit an annual report within 45 days of the close
of each contract year,
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Pwoiact Backeround Neoscrivtion:

Determination of and utilization of resistance to specific discases
of varley was formerly part of an cverall project on improving barley
the world which also included nutriticn and
arousznt studies. TFrom the diseass standpoint, one of the first approaches
was o visit some areas of the Middle East and Morth Africa and obtain
an indication of the ma2jor problen areas. lany isolates of specific
disezse organisms were collected at this time and these along with other
isoiztes from the liontzna areas were used in evaluation and screening
for resistance sourcas. Potential reSistﬁnce sources wers cvaluated {ron

the world collection o barley. Seerch for resistance sources were also

£

o
B

zsei on previous reoorts in the literature and from elite lines
catelogued and storad by ARS-USDA. As the project developed a broader
szmpie of the virulence pool for gspecific diseases was accumulated and
Turther sources of resistance were evaluated.

In the earlier studies, the line of approach was to place a major
resistance gene in an agronomically adapted population by the use of
specielly selected translocation. The translocation breakpoint must ve
distal to the resistance gene. This effectively prevents crossing-
over in the interstitial segment and "locks-in'" the resistance gene.
In cases where gene location was not known, crosses to a series of
primary trisomice was used. Aberrant segregation ratics indicate on

waich chromosonme the gene is located. Once the correct translocation

o

is found additional marker zenes (e.;. m2le sterility, seedling markers)

gl

e

can be placed in the sare interstitial sepment. This allows the resistance

fene, in combination with the translocation, to be adled to o recurrent



~13-

selection population without having to screen for resistance in every
cycle of selection. In this approach, one must bear in mind that the
pathozen may overcome such resistance ollowing mutation. Thus, the
method finds it's best applicability with resistance genes that have had

a history of stability (such as with the "T" genc in barley for resiétance
to stem rusi).

The scald organism, Rhynchosworiwn secalis, is one of the major

diseases of barley and resistance geneé have boen reported at 6 tc 10
loci (Shipton, et. al. 197h). Several cultivars contain the Rh gene for
scald resistance, thougnt to be a closely linked gene complex, .located

on chromosorie 3. Other resistant cultivars contain genes whose locations
in the barley genome have not been determined. Recently, (Bockelman et, al.,
1977) using the Betzes primary “trisoriics showed that the barley cultivar
Kitchin contained one dominant gene on chromosone Eh conditioning
resistance to scald and that the barley cultivar Jet conﬁained 2
recessive genes on chromosomes 3 and U conditioning resistance to scaid.
It is well established that the scald organism, R secalls, is represented
by many different virulence genes or races (Jackson & Webster, 1978).
Recurrent selection povulations in which both major and minor gene
resistances are being separately accunuluated are underway by the barley
research group at MSU. lale sterility.is beings; utilized to facilitate
recombinations and pyramiding of the resistance jenes.

Net blotch caused by Pyrenovhora teres is another major disease

of barley throughout many areas of the
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to net blotch has been attributed to 2t least three
and Pt-3. Pt-1l and ‘Ft-2 are reported to be closely linkad, while Pt-3 i3

inherited independently (Kuan and Boyd, 19G9). The placement of these
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geries on linkage maps hzs n0ot been revorted. Bockelman et 2l (2977)
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sistance on chromosom= 3, Barley C.I. 7548 contains
one =2jor dominant resisiance gene on chromosome 2, and C.I. 9319 contains

2 dominant genes on chrcmssones 2 and 5. The relationship betwsen the

wo resistance genes Touni on chromosome 3 is currently being investigated.

As with the scald disszs2, iale sterile facilitated RSP's are being

developed Tor toth majior zndiminor genes for resistance.
In leaf rust, (Puccinia recondita) Alomeddine (1965) and Roane and

Starling (1970) reporiei three resistance genes to be located on chromo-
somes 2,4 2nd § respectively. Location of cther résistance genes has
not teen reported. A rniwzer of resistance sources have been deternmined in
our lzboratory and we ars in the process of determining their relation-
ships to each other. Ailitionally, both major and minor gere R3P's are
beins established.

The "T" gene for s32= rust resistance in barley (chromosome 1)
neen notable for its stability. Attempts are currently underway to
{ point transiscation which will bracket this gene. Pyraniding
of genes for stem rust resistance is also being developed via male-

sterile facilitated R32's.

2erley are being studied. This presently involves

o

zmeinly the determinzticn of resistance sources and an evaluation of
mathods for large scals Tield inoculations.
Sarley stripe moszi: virus (3SMV) and barley yellow dwarf virus

F N

varley in many oreas of the world.
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A seradiagnostic test, 2a2veloped at MSU, is being used for testin,

ambryds or leaves ¢ Tarisoy {or the presence of B3MV. It can easily
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detect significant levels of the virus. BEvaluation of ths CIMMYT
crossing block materials has showm that several of the barley lines
contained the virus.

Greenhouce, laboratory and field methods have besen develoned for
screening oats, barley and wheat for tolerance to BYDV. Similar
methods will be used for this project.

Project Desisn and Methods:

1. General ii2thods:

In this work male sterility will be used to obtain multiple cro

2]
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and to opyramid genes for resistance without the necessity of meking
laborious hand pollinations. Initiélly the investigation will involve
detection of resistance genes within the world collection and other sources
by evaluation against a wide range of virulences within the specific
pathogens. The isolates of the pathogens will include many cultures

from North Africa, the Middle East and from more local sources. Seedling
trials will be conducted in controlled environment chambers or in the
greenhouse. Field plots will be established at semi-arid sites - both

in Montana and in the Middle East and will serve tc identify resistant
sources under natural infection conditions. After a number of resistant
sources have been identified, they will be pyramided into selected barley
stocks containing germ plasm from widely diverse but adapted cultivars.

The more resistant selections will be saved in ezch generation and
recycled to further pyramid resistance genes and selections will also
be made to improve the general agronomic base.. (Sce Fisure 1 for the

general procedure for developnent of R3P's with disease resistance).

The RSP's will include separate popitlations for both 2 row and & row
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Figure 1. Procadure for dovslonment ¢f BSP's with disease resistance

Step 1. Male sterils line X broadly adapted 2 or €-rovw varietics (about 1%5)
Fl groun in Arizonz winter
N/
F? seed buiked to form RSP
/ “
//
Z - :
Step 2. R3P F, <~ X cultivzrs containing desired resistance
© v
Vd
Fl grovm in Arizona winter
S
F2 seed bulked to form RSP R (res)
’/
.-
,/
Step 3 5P R__(res):C planted in Jisease nursery and susceptible plantis

) 4
RSP R growm i Arizona distributed to world wide
for recombination (sc=d from n.s. nurseries for screéning

plants is harvested)

v

RSP R__ planted in disease

nursery and susceptible plants discarded

3

-rebulked‘to begin another cycle

- sent to Arizona for recombination

Note: Additional germplasm can ve zdded by returning to Step l or Step 2.
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barlieyr and will also include separate populations {nr major and minor

The nethcds used for determining major gene vesistances have been

1=

given previcusly. The parents for populations conccerned with minor

gene rosistances will te selected from cultivars which have little

~

It is expacted that many
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of thnese selegtions will show an additive reuction fov greater rezistance

[}

nod nzs resulted in a useful resistance to

) 3 - . R ) - 7~
strive rust of whezat Puiccinin striifornis (Sharo et: 2. 1978) end appears

2 Narr nlage hany Tos vagigtanco courcaos oand virwWloeoneo wonl:
Lo ST DA O LCD TesS15TANnC e souTeas and VITULCNCS O

VYaricus resistance sources to 2 nwiber of specific diseases will
b2 daiermined throughout this project. Thes2 will include entries from

the worad colliaction of Tarley as well as Trom othar sources evzluated

A% the same tinme, many cultures of specific disease organisms

ct

ied for wvirulence geones or at least the virulence groups

$o whish they deleons. Effective/ineffective formulas will be determined
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ifferenvials. At pressent, all cultures are
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oeina lyovhilized for long terwm storage and Tutur
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cultures zlong with ide
area of collectinn will

Collecticn where they will
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ntifying formulas and other pertinent data on

ba deposited with the American Type Cultiure

~

be readily available for other scientists

vorxing with disczases of barley.
3. Diseases in relztion 1o R3IP develmprant.
Resecrch cn severzl barliey dis=2ases has advancod to the point

whers da2velopument of ti
in Tabls 2). In other
such itenz as inocculun

well underiay

(Sec time tahle ziven

rore fundamentzl information is required on

scale incenlatinyg methnds

—apt

giseases will latar teocome combinzd within B3P's to give o wide spectrum
of Jiseazn recizstantes, The stazue of develovment of resistance for
the specilic diseascs follows.

Scaldé caused by Ruvnchesporiun secalis.

Date in Tavle 2 shows thot develoupment on this discase in regard
to RSP's is in cycla 2 (1978) for 6 row barley conbtaining accumulabed
najor gencs. To reitarate the complete develepmont (Figuse 1), a male

4.

widely adapted 6 row types and the

Fl vas grown during ihe winter in Arizona., The F2 seed was then bulked
to form th2 RSP. The ROP T, was then cressed Uo a numbver oF cultivars

1]

nes) for

g several major zencs (Rh ge S resistance. The
resistance sources were deternined by metholds outiined in Jectien F.

(o]

T 1 of this latter cross was again orown in A and the Fo seed
was again bulked to fovit RSI o actuaily 807 Res in this case.  That
iv, 2 roaurrent selection povnlation Mor rezaistanee (Fivst R) o
Rhvushoansrinn seonlis (next two lottors = rs). Tiolhe succeeding step,
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ease nursery at Bozeman, lit and
suscartible plants were discarded. ‘he sced arising from the resistant
Dilants in tais nursery wzs split into two groups. One group of seed

w23 Alsitridbutad to worli wide nurseries where it was screened for resistance
iztural infection with sczld. The seed harvested from the resistant
DignTs in Lhe world wids rnurseries is rehulked fTor another cycle of

icn in Arizeonz znd so the process continues. The second groud

- S0 Arizona f{or further recombinaticn and sced is
harvastad from male sterile plants and planted once again in the disease
ners rssistant plants are swved for further recycling,
any namter of gycles can e conducted as desired or until brezd besed

223 of azcsztatle agronovnic traits are obtained. Develor-

w2% 3loich - caused Ty Pyrencphora teres.
Naceat -t EAE 1Y S —-Qu! ey - 39 "o . 3 meas .
Sevelopment of the four BSP's is proceeding os shown in Table Z.

e s Lo hy av3 Leoal rust caused by o AT n raminig P rinia
o et Jdov,, 200 LTRs T°A8C causea J sdacoinin F,---‘lAl...u, ruceinlia
L R, manvman Serale-
TeconNalTR, rasnlc.ivesy.
el ) D P 1. LR P & D PR IS L -
R3P's hzve been iniztiazted for both of thece rust diseases and are

zahniguses have vean esiablished for working witn the major gene

R3T's wai ono suitable neihod is yet available pyramiding of minor genes
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for resistance. Various methods are bveing investigated that might
increazse infection on susceptible controls to near 1005. If successful,
minor gene RSP's could then be initizted. Where feasible, chemical seed
treat=ant compounds can also b2 used for effective control.
farley Yellovw dwar{ virus -

Sor2 sources of resistance or tolerance have besan identified but
Turthsr fundamental work is reguired on epnid transmissicn studies using

nitiated in
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differont strains of the virus. Pre

1976.

spacies. It often occuwrs on the samz leaves with net blotch (Fyrenophora

teres = Helminthnsporium isres) and the sywptons may Le easily confused
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are vaing identified and ESP's will b It is estimated
that =minor gene RS8P's can be started the following year.

Bacterial streak, Bacterial blight, Helminthosporium stripe and

Dryland root rot are caused by Xanthomonas translucens, Pseudenrionas svringae,

Helizinshesrorium graminews = Pyrenophora graminea and a complex of Hel-

minthosvoriwe sativum and Fusaruim roseun, respectively.

nese diseasos have come wder investigation guite recently and
considerable more TMundanental information is reguired be

with difference virulence groups are required

to identify resistance sources and suitable techniques for large scale

inccduwn production, and inoculabtion nesd to bo estadlished. Once
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have been established RSP's may be initiated as estimated
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It should a2lso be emphasized that additions to the agronomic base

¢or resistance base may be added at any time during the recycling of
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Under tnis category, screening for resistance to specific toxins

tne 2ZMV serodiagnosis program, the single gene transfer system and allele

et al. (1977) that resistance to the
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2runcnosporiin toxin is linked Lo resistance to R. secalis, but thot two

separzte genstic entities regulate these two phenomena. Even though ihe

rasistance T2 :he toxin is not 100% correlated with resistance to the

[N

Tangis, it wouwlld be ultimately desirabnle to el

wu

mirate toxin susceptibility
frim ocommarcial barley cultivars in order to reduce crop loss. Since
tha YWD genes zre linzad, it is conceiveble that a simple toxin screenin
procéiure zay e successful in acquiring lines that are also resistant
to the fungus. Ideally, the toxin screening procedure would involve

the use of the synthetic toxin (prodzred by organic chemical means)

and iws apvlication to either sced, young plants, or sepzrate young

A=
-

Fe

Zezves In test tules. Workable methods have been developed to synthes

such compowtds. We would ultimately select the best method for toxin

and toxin aunalogue synthesis, and develop the most effective screening
technigue., 3Such procedures could then be conmpared with scald inoculation
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The serodiagnostic technique for B3V is e double diffusion technique
in agar gel using sodium dodecyl suliate as a degrading egent for the virus.
This test could be used for detection of BSMV in embryos or leaves. The
technique was develcoped at lMontana Stzte University and a manuscript
in which it and its application are cescribved, will scon be submitted to
the journal "Puyiopatholozy

for possitle publication. It is envision=d

that barley workers at the international centers would be provided with

[N

the necesszary reactants, including entisera, for the serodiagnosis of

yilotials

BSiY in barley. Training workers in this techrique could he done at

t L

either lontansz

L 3 T - J R | F .
ate Universiyty or ot ithe caniers.
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nethod developed by Hami ton (1965) in waich sodiwm dodecyl sulfate is
substituted for leonil SA detergent. Paper diskc - 6 mm in diamster - are

placed on the mzdium comprised of 0.65 Noble azar, 0.1% SD3 ard 0.1% =zodiun

azide (all w/v) in 0.05 1 sodiwa borate tuffer, pi8.0. Avout 1.0 ml

lots, embryos are separated from the endo-

sperms rather easily. Seeds are covered with water, denulled in a

Waring blendor, and sonaked in water overn
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from the swoilen, dahulled endosperms Ty a2 metzl rolling ovin. Embryos are

n

recoverad through a sieve having round hole perforations 1/8 of an ineh

in diameter. IEmbryros are transrerred to a Petri dish containing distilled,

~

watavr., text, enbryos are placed on {ilter paper disks lying in an embryo
presz, wetted with distilled water, and then crusiied. Subsequently, the

sia and erushed enbryos are transierrved
Reactions can be reonld 2% hrs. later. Infectad euorycs produce vrecipitzition

lines in the a;ar wediuwm betwveen the enoryo and antiserws Jdisks,
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Similarly, this technique czn be apvlied tc testing barley plants in

a

all growth stages, except fully mature. In this case, leaf sap, obtained

by the vise-grip pliers method, is substituted for embryos

When selecting for 2 multitude of traits in segrezating populztions,
each additional gene to be selected for requires dou the rzopulation
size, conversely each desired gene present in a homozygous condition halves

Certzin ge2nes require zn undue amount of labor, expertise, and risk

[y

to esztablish in the homozygous condition in a popuiation. Genes feor

or selection 2y not be present and must be

e

arvificizal inoculations for field infections can fregquently result in

disappointuent and slow 2 progran.
Considarable progress nas been made In genetic oyitens that will permit

gene transfers that establish o populatiosn homeosysous Tor a selected

gene without evaluating for the nresence of
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that does not cross-over with the transiccation breakpoint (determined in

translocation crosses, suscoptible x resistant), and induce a marker gene,

preferabiy a lethal, in ths interstitia. segment of the translocation. The
system also requires (preferzbly) severzl "doneor" parents homozygous

for the gene to be transferred.

«

A trzuslocati heterozyzote as esturlished above (recogznized by

o

semi-sterility) is crossed <o a hompzyscus "donor" and the seni-sterile

R

(ll

h

F_'s con“inued into F, whers only completely Tertile plants are selected,

These plants will Lz normzl cytologically and homozyzous for the gene or

SR

1. Determine scurces o

2. bhllele test, to avoid duplication

3. Assign non-2lielic g2nes to chromosomes with primary trisoniics

i, Determine suitable identified translocaticn (some 500 are availubie)

-

5. If necessary induce Zethal gene in interstitial segment (We have
done this with aboui 20 translcczzions)
6. Develop a suitable "donor"
P

7. Check the system to see that it Is working proverly.

8. PRelease the stocks for general use throughoub the world.

2
=
|4
c*

h

It is propoased to do this with nev-vlotceh, scald, stem rust, leaf
and other diseases as time povmits. LU {s now posaibvle to

manipulate several of the disease resistzut genes in this manner.
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Tnroughout the disease work the emphasis is on accumulation of genes
for resistance in an outcrossing population. The second step is to get
thess genes well distributed in the population and ithe third step is then

to a2rsliy rather severe sa2lection pressure for resistance to increase the

'

.

frecienzy of &1l resistan® genes in the population. For example, a
ninimez of three cycles o7 selection and recombination are required to

pyraezii eight (3) resistant loci into one plant.
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porulziion for general agzronomic type with less risk of losing some of the

LRy Y

Prcobably the rost covious inmprovement would be to eliminate colored

-

emmz z2nd smodth awn tiyrss. A second improvemant could be the esiablish-

genes irnto the populaticn both vvIT {6-vrow) and VVii genotypes were
introduced simultznasusly. The populations should be purified to these
two rcw types, pariicularly the xz_i_genot:‘é should be eliminated from
wlation. Shattering resistunce can be improved by delayed
har+=3<s in Arizona. Sieving on a 6% or 7/64" sieve can assure that the

seel w2ight component of yield is adequate. Other population improvements
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cen b2 nmz2de. It should ba emphasized tha mprovements of agronomic

potentizl or the population should at no time put the population through
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estrict the underlying genetic base and

r7 oshoulld heo recogniznad at the underlying 15 parentzi varieties
for fhe 2-raw populatin and the 15 Jor the O-row population were selected
for wile adartniion, prardiculariy in the mideast.

definite maturi<y sroups (verhaps 3). When intrcducing the resistant
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If in the selection for disease resistance in the target countries it
is also possible to select for desirable plant types then adaptation should be
improved,
Much of the final population improvement, particularly in the final stages,
should be done under the conditions, i.,e,, in the country, where the varieties
are to be selected,

6, Ecreening nurseries:

Most of the screening for disease resistance will be done in controlled
environment chambers using seedling barley plants and a wide array of virulences
for the different disease organisas.,

The RSPs will be grown in several locztions within the United States and
at foreign sites., A tentative listing of nursery locations for the RSPs is
given in Table 3. These nurseries are a very important part of the overall
proposed program as they will serve to expose the barley populations to a wide
range of virulences and the seed from the resistant plants will be used for
recycling in the RSP flow sheet illustrated in Figure 1, Investigators
associated with the Montana A,I,D, project would visit many of these nurseries,
as required or requested, and assist in the selection of the desirable barley
types.

7. Training:

It is deemed advisable to have a separately funded program for training
and therefore a separate budget is submitted for this aspect, Such people are
particularly in short supply in the developing countries, MSU has had many
inquiries concerning the possibility of having training in developing resistance

to barley diseases including the plant breeding aspects involved.
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Two approaches are proposed., In one case graduate research assistants
would be accepted from foreign countries on the same academic basis as required
for resident students, They would be assigned thesis projects relating to the
A,I,D, proposal for improving barley for the semiarid areas of the world.

In the other approach the trainees would not work toward an advanced
degree but would participate in a six month training period, They would receive
training in laboratory and field work primarily with barley diseases, They
would spend the bulk of the time at MSU - Bozeman, but would also be involved
with the winter plots in Arizona. The traiuees would receive training in
laboratory and field including culturing and methods of increasing inoculum,
inoculation techniques for both seedling tests in controlled environment chambers
and for maturing planis in the field, They would also receive training in work-
ing with RSPs from the standpoint of plot techniques, disease ratings and
selection of the better disease resistant and agronomic types. They would be-
come familiar with the major barley diseases including those caused by fungi,
bacteria, and virus, Training would also involve various methods of hybridization
and techniques and materials required for serodiagnosis for BSMV,
8, Linkages:

The linkages involved in this project have been previously described
(Section D) and include CIMMYT, ICARDA, FAO, and other national and state
organizations,

11. Proposed Barley Workshop,

The Barley Workshop held at Amman, Jordan, April 24~28, 1977 and the related
field tours served a very worthwhile purpose. It was a useful educational

experience for all countries involved and resulted in a much better understanding
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of the importance of barley for the LDCs and of the problems involved in
increasing barley production,

It is proposed that another Barley Workshop be held in the spring of 1980
in a Xiddle East location, to be selected later, Similar to the previous work-
shop, it is proposed that it be sponsored cooperatively with the international
centers such as CIMMYT and ICARDA,

The financial assistance required for such an undertaking is given in the
last year of the proposed budget., The amount requested would be required mainly
for furnishing travel assistance to foreign and national scientists with
primary interest and expertise in improvement of barley with emphasis on barley
disezses,

I. Time-Thased Work Plan:

Once the necessary fundamental work has been completed on handling of the
cultures for inoculum increase and nfethods of inoculation and disease rating,
varicus sources of resistance to the specific diseases can be identified using
cultures representing different genes for virulence, The expected time sequence
development in terms of male sterile facilitated RSPs is given in Table 2-and
the varicus steps and cycles are explained in Figure 1, Step 1, crossing of
male sterile lines to broadly adapted barley cultivars, can be done at any time
but the use of these stocks for introducing resistance germplasm can only be
undertaken after completion of the initial fundamental studies, Therefore, the
entry of "Step 2" in the time-phased work plan signals the initiation of
effective RSP development, As illustrated in Table 2, several diseases are
well along in RSP development, Other diseases, recently considered, are in
the fundamental development stage and a time sequence is given for the estimated

sequential development,
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The work design is also open ended in that new sources of desirable
agronomic types or new sources of resistance germplasm may be introduced at any
stage in the development of the RSPs,

The SDS serodiagnostic test can be used, along with roguing, to develop a
control program for BSMV at ICARDA and/or CIMMYT, Initially, the program would
be confined to a limited number of breeder stocks, Later, however, the program
could be expanded to include all important stocks. Roguing symptomatic plants
from breeding stock in field ploté would eliminate all severe and moderate
strains, and some mild strains of BSMV, but no latent strains of the virus,
Serodiagnosis, on the other hand. would detect all strains, including those
strains which would not cause readily visible symptoms, The anticipated time
sequence development for the establishment of an effective control program for
BSMV is given in Table 4 and the different steps and substeps are explained

in Figure 2,
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Table 2. Time phased work plans.

Scali 1978 1979 1980
2-row major Cycle 1 ——————e—mmm—mm S
2-rvow nipor Cycle 1 ———om—mmmeee=
f-rowr major Cycle 2 ——oeeeeea-- > Cyvcle 3
Geroe minor Cycle 1 —m—ccee—aond Cycle 2
Net nlotch

Cycle

Cycle 2

G-row minor N2 Y N — > Cycle 2
Stam rusy

2-r2w maior Cycle 1 ~——mmmmmmeme >
2-rgcw wminor Cvcle 1 ————emmmmemee -
6-row majcr Cvcle 1 Cvele 2 wmmmm—mmemeee »
6-rcw minor Cvele 1 —mmmmmcome—m e >
Le2i rust

2-row majior Cvcle 1 cmmmmmmmmm e >
2-row minor Cycle 1 ——mm——mmeme o
b-row melar Cycle 1 ——mmommeemee 7 Cvcle 2
6-row ninor (o2 T e —— -
Covarad Smut

g=2 2w a1 Cvele 1 ——memmmcmaeae - aps
2=y minﬁ{ - —_—

S-vow nataw Crelo 1 Crela 2 mcmmmmemeee o >
C=vouw minoy -




Yellov dwarf

2~row major

31
Table 2 (con't)

1978 1979

Cycle

2-row minoxr

6-row maijor

Cycle

6-row minor

Yanvhomonas

2-royw najor

2-row mincr

6-row rmajor

6-rov ninor

Spot Blotch

2~r0w major

cycle

o - S g o

2-rov minor

6-rov major

Cycle

G-row nminsr

Pseudnoinonas

2-row najor

2-row minor

6-row major

E-row minor

Strive

2~row mzjor

.
2-row minor

6-rov majior

6-rov rinor

Dryland Foot Rot

2-vow major

2-row minoy

G-row majar

6-rov minor
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Table 3+ Teantative List of Disease Screcning Nurseries for 1978

Contacts Scald MNet bloteh Leaf rust Stem rust

Bozeman, T Bockelwan, Sharp v/ / Y Y
¥t. Benton, (T H. Eznford

Y Y
Hartran Y Y
Y Y

Sidney, I Clenn i
Conrad, -t Supervisor,

Sattelite Res.
Stz.

Experirent, GA 3. Cunfer

Quinc:/' ’ LN

o
(4
Q
3
2
J>
X
~

(‘D‘
w
ct
[¢]
&
o
‘v
us)

~ -~ ~ ~ -~

liicoller, Tmaisia . .. . Y Y
Dierbi,
H. Stoetzar

Aleppo, Syrie J. Srivastava v/ v/
Mfakura, ¥esaya G. Kingma Y v/ 4 v/
Sacha, Ecypt Ali Manscor v Y Y

, France Mike Gleason v/ "4 v
(Carziil Ssed Co., Ft. Collins)

Rabat, Morocco  G. de Smet v/ "4 "4



Table 4,

BSMV
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Time ohased worx plan.

1978

tep 1



Fig. 2.

Step 1.

a.

Step 2.
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Procedure for development of a BSMV Control Program.

Initiate the program.

Eliminate the virus from breeding stocks.

1. Rogue symptomatic plants from field plots.

a.

Train foreign barley workevs to recognize disease
sympioms.
Serologically verify presence of B3MV in some plants

of Kkey breeding stocks.

2. Establish a central clearing laboratory for serodiagnosis

of all seed lots moviaz among breeding progranms for freedom

of BSNV.

a., Train foreign barley workers to use the serodiagnostic
test developed at 13U for the detection orf BSAMV in
embryos or seedling leaves.

b. Supply cssential reactants (antisera, known antigen

preparations, etc.) to the foreign barley vorkers.

Review the progran.

a.

Inspect breeding stocks in field plots for occurrence
or nonoccurrence of symptoms caused by BSLV.
Spot check by serodiagnosis randomly selected seed

LV,

(2]

lots of breeding stocks for the presence of B

0
[¢]

Report findings, including possible reconmmendations

for improvement in the contrdl program.
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Contrastor Internal Manzzerment and Facilities:

1. ILocal Research Organizations Involved
a. Dept. of Plant Pathology
Montana State University
Bozeman, loantana 59717
Principal Investigator: Dr. Eugene L. Sharp
Xey Project Personnel: Dr. Thomas W. Carroll
Dr. Donald E. MMathre
Dr. David C. Sands
Dr. Altert L. Scharen
Dr. Gary A. Strobel
b. Dept. of Planmt & Soil Sciences
Departaent Head: Dr. X. C. Feltner

A2y Project Personnel: rofessor R. F. Eslick

Zey Project Cooperator: Dr. E. A. Hockett
ARS, USDA Rarley breeder Geoneticist

sntana Agricultural Experiment Station

Dean & Director: Dr. Jonan A. Asleson

Agricultural Experimcnt Station
Zastern ltontana Research Center
didney, lMontanao

Directer: lMr. Glenn P. Hartman

Facilities Tor the droposad investigation includzs several
coantrollilsd enviranment chamders, dew chambers, inoculation towers,
isolation zreenhouses, lyophilization apsaratus and standard
labovaieory Tacilities Jor virus, bacterial and fungal cultural
studies. Adeguate space for locz2l field plot work is avoilable
2t the izriculturz) Zxueriment Stavion field research farm lecated
a Tew Kilomaters rrom the cuanmpus.
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K. Key Project Personnel:

Eugene L. Sharp (Principal Investigator)

B.S. Major: Botany University of Idaho, Moscow 1949

M.S5. Major: Plant Pathology  Iowa State University, Anes 1951
Minor: Crop Breeding

PhD. ‘Major: Plant Patholozy Iowa State University, Ames 1953
Minor: Crop Breeding

b. Experience:
Research Plant Pathologist, Fort Detrick, Frederick, M3. - 1953-1957

(2 years with U.S. Army Chemical Corps. Biological Lab.)
(2 years as civilian employes)

Ass't Prcfessor of Flant Pathology, Mont. State Univ., ~ 1957-1952

Assoc. Professor of Plant Pathology, Mont. State Univ. - 1062-1967

Professor of Piant Patholcgy, iontana State University - 1867-present
zad, Plant Path., iontana State Univ. - 1973-prosent

Prcfessor & H ,
Von Humbolt Senior Scientist Awarde=z
c

hweig, Federal Republic of Germany - Cet. 1975-Qct. 1975

¢. Princivzl Publications:

Bockelman, H. E., E. L. Sharp and R. F. Eslick. 197T Triscmic
analysis of genes Tor resistance to.scald and n2t blotch in
severesl barley cultivars. Can. J. Bot. 55:21% 2 21:C.

Sharp, E. L. and H. E. Bockelman. 107T. tilizing recurrant sslection
populations for disease resistance in barley. roceading
of Barley Workshop, Amman, Jordan. Apr. 24-28. (In Pres

Robbelen, G. P. arnd E. L. Sharp. 1977. Mode of inheritance, inter-
action and application of genes conditioning resistancs to
yellow rustv. Advances in Plant Brezding. Sunu7&ment 9 to
Journal of Plant Breeding. Paul Farey Berlin and Hambursg.

150 pp. (In Press).

Sharp, E. L. 1976. Broad based resistzance to stripe rust in vheat.
Fourth zZuropean and lediterranezn Cereal Rusts Conference.

Interliaken, Switzerland. 5-10 Sept. 159-161.

Sharp, E. L., . K. Sally and G. A. Taylor. 1976. Incorporation
of additive genes for stripe rust resistance in winter wheat.
Phytopath. 60.,94_,9(,

Sharp, E. L. 1973. Wheat. Chadter in 3Sreeding plants for diseass
resistance - coucepus and apolicaticon. EBEditeor R. R. Hlelson.
The Fennsylvania State Jduiversity Press, University Pork and

London. 110-131i.

Amount of time on project - 25%



37

X. Koy Project Personnel:

Thoras W. Carroll

e. =Zducation:

B.8. Horticulture Calif. State Polytechnic Coll. - 1954
1.8, Plant Patholozy Univ., of Calif., Davis - 1962
PhD. Plant Patholozy Univ. of Calif., Davis - 1965

b. ZEZxperience:

Postdoctoral Research Plant Pathologist, Univ. of Calif.,

Devis 1965-1966
Asst. Prof. of 3otany, Montana:State Univ. 1966-1969
Assoc. Professcr of Potany, Montana State Univ. 1969-197k
Professor of Plant Pathology, lontanz State Univ. 197lh-present

¥cleal, F. H., ¥. A. Berg, and T. Y. Carroll. 1976. Barley stripc
nosaic virus data from six infected spring wheat cultivars.
Plant Dis. Red® 60:730-T733.

'1

Carroll, T. W., and D. E. Mayhew. 1976. Cccurrence of virions in
developing ovules and embryo sacs of varley in relation to the
k)
seed transmissibilityy of barley stripe mosaic virus. Can.
J. Bot. 5%:2.97-2512.

Carroll, 7. W., and D. E. Mayhew. 1975. Barley stripe moszic virions
associated with syindle microtubules in barley cells under-
going micressorozenesis. Proc. of Third Internaticnal Barley
Genetics Swymposium. p. 525.

sleyhew, D. E., and 7. W. Carroll. 197hk. Barley stripe mosaic
virus associated with spindle microtubules. Science 185:957-958.

Carroll, T. W. 195 9 Electron microscopic evidence for the presence

£ barley stripe mosaic virus in cells of barley eumbryos.

Vlrolosy 376k 9‘657-

Melleal, F. M., and T. W. Carroll. 1968. Wheat strezk mosaic in
twelve varieties of spring wheat. Plant Dis. Reptr. 52:201-203.

Amount of time on projzet - 2054,
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K. Key Project Personnel:
Robert F. Eslick

a. Education:

B.3., WVashington State University - 1939
M.S. University of Wyoming ~"194h2
University of Wisconsin ~ 1948
Oregon Stute University. '~ 1956

b. Experience:

Student Asst. Washington State University 1935-1939
Grad. Asst. University of ¥Wyoming 1939
Instructor University of Hysming 19ko-19h2
Asst. Prof. Colorado State University 1942-1946
Assoc. Prof. liontana Statz University 1946-1956
Professor Montana State University 1956-~present
c. Princioal Publications:
Ullrich, S. E. and R. F. Eslic¥. 1977. Inheritance of the shrunken
endospernm character, sex2c, of Bomi Riso mutant 1508
and its association with lysine content. BCil:66-73.

Jarvi, A. J. and R. F. Eslick. 1975
in barley. Crop Science 15:3

Ramage, R. 7. and R. F. Eslick. 1975. Translocation Linkage
test - T2-Ta x male sterile genes. BGHS:L6-48.

Eslick, R. F. and E. A. Hockett. 1974. Genetic Engineering as
a key to water-use e1;1c1ency. Agric. Meteor. 1h4:13-23.

Ferguson, Hayden, R. F. Eslick and J. K. Aase. 1973. Canopy
temperatures cof barley as influenced by morphological
characteristics. Agron. J. 65:425-428.

Pomeranz, Y., R. F. Eslick and ¥. S. Robbins. 1972. Anino acid
composition arnd melting and brewing performance of high-

amyloée and hiproly barleys. Cereal Chewm. 49:620.

d. Amount of time on project - 20%.
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Ke:r Prplent, Personnel:
Donald E. iathre
a. =duzsaticna:
3.S. 3otany Iowa State University - 1960
PhD. Plan® Pathology University of Calif., Davis - 1964
b. ZIZxvariencsa:

isst. Prof. of Plant Pathology, Univ. of Calif., Davis - 1964-1967
Restonsible for soil-borre diseases . of cotton.

Asst. Prof. of Plant Pathology - 1967-1969

issce. Pref. of Plant Piathology - 1969--1972

Professor of Plant Pathology, iont. State Univ. - 1972-presant
Responsible for soil borne disesases of wheat and barley

¢. Zrinciole vublications:

wathre, D. E., R. H. Johnston, and C. G. McGuire. 1977. Cephalosporium
stripe of winter wheat: Pathogen virulence, sources of
resistance, and effect on grain quality. Phytopathology 67:1142-1148.

rlington, L. C., T. ¥. Carroll, and D. E. Mathre. 1976. Enhanced
susceptibility of barley to ergot as influenced by barley
stripe mosaice vwirus infection. Plant Disease Reporter.
60:534-587.

athre, D. E., and R. H. Johnston. 1976. Presence of dwarf and
cormon smut in lMontana wheat. Plant Disease Reporter 60:580-583.

“athre, D. E., and R. H. Jonhuston. 1975. Dispersion of loose srnut
in foundation parley secd fields in a semnizrid climate. Plant
Disease Revorter 59:979-931.

Mathre, 2. E., and R. f. Johnston. 1975. Cephalosporium stripe of
winter wheat: Infection processes and host response.
Thytopatholesy 65:12h5-1?h9.

lunfer, 5., D. E. Mzthre, and E. A. Hockett. 19TL. Factors
influencing the susceptibility of male-sterile barley to
ersot. Crop Science 15:19%:-196.

ouant o time on project - 155.
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Kev Project Personnel:

David C. Sands

a. Education:

A.B. Botany Pomona Collage - 1963
PhD. Plant Pathology Univ. of Calif., Berkley - 1969

b. Experience:

N.S.F. Postdoctoral relijiow to C.3.I1.R.0., Div. of Soils,
Adelaide, Austrziia.

Asst. Plant Pathologist, Connecticut Agr. Expt. Stn.,
Nev Haven, Ct. 1970-1976

Asst. Professor of Plaant Pathclegy, lMont. State Univ. - 1976-

1969-1370

¢. Principle Publications:

Sends, D. C. and L. Hankin. 1976. Fortification of foods by Termenta-
tion with lysine-excreting mutants and lactobacilli. J. Agriec.
Food Chem. 2h:120L-1106.

Sands, D. C. and L. Hankin. 1975. Ecology and physiology of fluores-
cent vectolytic pseudomonads. Phytopathology 65:921-92k,

Sands, D. C. and L. He

rk 197k, Selecting lysine-excreting
mutants 01 lactcb
piol

n.
illi for use in food and feed enrichnent.
8:523-524.

Sands, D. C. and A. D. Rovira. 1971. Modifying the virulence an
host range of weed patliczens. 1l Proceedinss of the Thir:
Internnt*o 21 Conference on Plent Pathogenic Bacteria, "a;enln;en.

Sands, D. C., . U. Schroth and D. C. Hildebrand. 1970. Taxonory

of phnytoratnogenic pseudomonzds. J. Bacteriolegy 101"9-23.

Sands, D. C. and A. D. Rovira. 1970. Isolation of fluorescent
pseudononads with a selective nedium. Applied Microbiol.
20:513-51%,

Amount oI time on project - 20%.
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w. %27 Project Personnel:

Albert L. Scharen

e. Ziucation:

3.8. Agronony Univ. of Wyoming, Laramie - 1952
1.S. Plant Pathology Univ. of MNebraska, Lincoln - 1956
PnD. Plant Pathology Univ. of HNebraska, Lincoln - 1960

. Zxpaiience

Researcn Plant Patholozist ARS-U3SDA, Beltsville, Md. - 1960-1972
Research Plant Pathologist, Mont. State Univ., Bozeman - 1972-present

c. =2Zrincivle Publications:

Scharen, A. L., and J. M. Krupinsky. 1977. Detection and accunula-
tion of resistance to Septoria nodorum in wheat. Phytopathology.
(In press).

Xrupinsky, J. M., J. C. Craddock and A. L. Scharen. 1977. Septoria
resistance in wheat. Pl. Dis Reptr 61:632-636.

Zyal, A. and A. L. Scharen. 1977. A quantitative method for the
inoculation of wheat 'seedlinzs with pycnidiospores of Sevloria
nodorun. Phytopath. 67:71i2-T1lh.

Scharen, A. L., J. W. Bergman and E. E. Burns. 1976. Leaf diseases
of winter wneat in Montana and losses from them in 1975.
Plant Dis Reptr. 60:656-630.

Scharen, A. L., and J. M. Krupinsky. 1973. The efrect of age on
virulence of Seutoria nodorun spores on wheat. Plant. Dis.
Reptr 57. 363-306.

Arupinsky, J. M., J. A. Schillinger and A. L. Scharen. 1972.
Resistance in wheats to Sevtoria nodorum. Crop Science
12:528-530.

o

Amount of time on project - 15%.
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K Key Project Personnel:

Gary A.,Strobel

e. Education:

B.S. Botany Colorado State University - 2960
(with honors)
PhD. Plant Pathology Univ. of California, Davis - 1962

b. Experience:

Assist. Prof. of Plant Pathology, lMont. State Univ. - 1962-13%7
Assoc. Prof. of Plant Pathology, Mont. State Univ. - 1987-197

Professor of Plant Pathology, Mont. State Univ. -~ 197:i-z

A.A.A.S., American Society of Plant Physiologists, American Society
of Biological Chemists, American Pnytopathologicel Socievy.
Has served on editorial boards and various committees for
these organizations.

c¢. Princival Puhlications

Kenfield, D. S., and Gary A. Strobel. 1977. Biochemical astact
plart disease resistance and susceptibility. American Chemi
Society (in press).

Hachiias, A., I. Barash, K Solel, and Gary A. Strobel. 1977
Purirication and chara cterlzatlon of a phytotnxin produ
by Phoma tracheinhila, the cau l agent ol ial-secco c¢i
citrus. Physiol. Plant Pabhol. lh -157.

Strobel, Gary A. 1976. Phytotoxins as tools in studying plant
disease resistance. Trends in Biochenmical Sciences 1:257-25%.

‘Strobel, Gary A. 1977. Bacterial phytotoxins. Ann. Rev. licroxizl.
31:205-22%.

Strobel, Cary A. 1976. Toxins of Plant Pathogenic Bact and
Fungi. Plaut Bicchemistiry Serics, Phytochenical So

Academic Press, 135-152.

teria
ciety

Strobel, Gary A. 197h4. Phytotoxins from plant parasites. Anr
of Plant Physiol. 25:5Lk1-556.

Amount of time on project - 15%.
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L. General Project Appraisal,

This project has been given high priority by the Crop Production Division
and Office of Agriculture, In addition to the need for developing barley
populations carrying broad levels of resistance to specific diseases which
will be useful to LDCs, the strong support to be provided CIMMYT's and
ICARDA's barley disease breeding program is considered essential,

Internationally, less research and breeding work have been conducted
with barley than with any of the other major cereal crops, In the United
States, only two universities have any significant research in progress on
population improvement on this crop and only one (Montana State University)
is devoting more than one full-time equivalent research scientist's time

to the crop,

The proposing institution has a strong staff with excellent experience
in most of the developing countries with whom they will be working., Equip-
ment needed for the proposed project is available with the exception of
expendable supplies, etc, Facilities available include several controlled
environment chambers, dew chambers, inoculation towers, isolation green-
houses, lyophilization apparatus and standard laboratory facilities for virus,
bacterial and fungal cultural studies. TField facilities and equipment for
breeding nurseries, screening lines and introduced germ plasm, and con-
ducting agronomic trials are available at the Agricultural Experiment
Station field research farm located a few kilometers from the campus.,

The proposal is sound in design and cost estimates are appropriate in
the level of effort intended, The project is not a high risk activity,
Sources of genetic resistance to the diseases in question are known and
ready for inclusion into the recurrent selection populations, The technical

knowledge and capability is available and this in turn assures rapid,
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specific outputs which can be achieved for each of the objectives, The
probability for success within the three year contract period is almost
one hundred per cent,

A detailed review of the project should be conducted at the end of
the second project year to assess progress and to determine the need for

possible extension,

M. Environmental Considerations,

Since this project involves:only controlled experimentation on small
plots, and is therefore of limited scope and under strictly controlled
conditions, it has been determined that it will not result in a major
federal action which will have a significant effect on'the human environment,

Therefore, an Environmental Impact Statement or an Environmental Assess-

ment will not be required.

N, Women In Development,

This project will provide equal opportunity for women, both for women

participants from the LDCs and for potential women professional staff,

0. Contract Cousiderations,

1, Identification of the contracts or grants that will be needed to
implement the program: N,A.

2. Description of services and supporting goods to be included in
the proposed scope of work of each contract or grant: See

Work Plan,
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4y

54

6.

7.
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The proposed procurement agent: A.I,D, Washington.

Proposed method of procurement: Noncompetitive procurement

based on predominant capability,

Inderendent government cost or price estimates: Subject to

negotiation by SER/CM,

Special Terms, required waivers, etc,: None,

Scheduled dates for award and coantractor start up: N/A,
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Contract Budget and Life-of-Project Cost

Inputs

1.
2.

9.

Salaries

Fringe Benefits
(13.5%)

Indirect Costs
(52.0%)

Travel & Per Diem

(a) Domestic

(b} International
Equipment

Materials & Supplies
Publications

Other Direct Costs
(Repairs, Maintenance

& Comm)

Training

10. Totals

Qutputs

Project Design & Method

G-1 = General Methods
(includes fundamental
studies)

Year 1

87,658
11,834

51,736

2,400
13,000

8,000
4,400

800

1,300
41,996

223,124

36,769

Regearch Portion

Work Work Work
Months Year 2 Months Year 3 Months
102 96,595 108 102,331 108
13,040 13,815
57,010 60,396
3,000 3,000
15,500 16,000
2,000 3,000
3,400 3,700
800 1,000
1,300
24 37,579 24 65,258 24
126. 230,224 132 269, 800 132
27,741 14,318

TOTAL

286,584
38,689

169,142

44,500

13,000
11,500

2,600

3,900

144,833
723,148

78,828

72

9y



P, Contract Budget and

Inputs

G2-Germplasm Bank
for resistance
sources and virulence
pool

G3-Diseases in
relation to RSP
development

G4-Special procedures
(toxins, serodiagnosis
gene transfers)

Training of young
RDC scientists
(Barley Research)

Life-of-Project Cost (Cont'd)

Year 1

42,384

44,920

57,055

41,996

Work

Months Year 2
41,611
59,142
64,151
37,579

Work
Months Year 3

Work
Months

30,477

105,339

54,408

65,258

TOTAL

114,472

209,401

175,614

144,833

Work

Months

LY
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