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PROJECT AUTHORIZATION AND REQUEST FOR ALLOTr'lENT OF FUNDS 

PART II 

ENTITY OS Bureau 

?ROJECT Control of 3arley Diseases for LOCs 

PROJECT NU1·rSER 331-1312 

1. ! hereby authorize a nS\'i project activity iii :::e "Centre: :7 :~:'"ley 
Diseases for the Lesser Developed Countries of the \·:orld" to 1:. 
implemented by Montana State University, Bozeman, 11ontana. 

4. This three year project was recommended for approval by RAC at its 
March 31. 1918 meeting at a total funding le'lel of S724,~OQ. 

3. This project is based on an unsollcited proposa i from Monta"" 
Stata University. I hErEby determine that this wr.solicjtad proposa l 
is :he product of original thinkingJ has sign1fic~r.t scientific or 
tachnical merit, and \'Iill contribute to AICls r esea rch program 
-" "c"iv"s r, this bas's consi- t - n - ··I it. ". , "'''·'-''-s of ......... :: 10 .. . w" I J .: .. :: .. <., .... ',.. ,,;; : . . .. , • .:1 , ... ,. 

AJDPR 1-4.5301(e), a negotiated contract with the subject contractor 
without consideration of other competitive sources is considered approoriate. 

Enclosures: 
1. Research Project Statement 
2. Memo, Hesser-AA/DS, dated 4/26/18 
3. RAC Recommendations 
4. Memo, ayergo-Darv1n, dated 5/18/18 

Clearances: 
DS/AGR, LHess~rj,1 DF't> Date: ~i'~/7 ~ 
DS/AGR, MMozyns~Date:4Mb4 
DS/PO, RSimpson ~Date:~ 

Ii ~cA.& ,Ln,,,; 
I ailer Levin 

Assistant Administrator 
for Development Support 

,/ ... /?i 

...... __ ._ . . . ~-

--------------------------------~--~------------------------~~~----' 
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PQL ."'1& VI' i!Ji 

DATE: November 15, 1977 

TO Aet.AA/TA, Ms. Marjorie S. Belcher 

FROM: TA/PPU, John N. 

PROBLEM: Your Approval i equested of the Project Identification Document 
(P.l.D.) for Control of -B ley Diseases for the Developing World. 
Proposed Project Begins: FY'78 Proposing Office: TAl AGR 

A. TA/PPU Review: 

1. Does PID adequately Describe and Justify Project? 

Yes. 

2. Funding Adequate? In FY 77/78 Budget? How Compares to FY 77b C.P.? 
Yes. (See memorandum Gunning to Belcher dated 11/15/77) 

3. Are Plans for PP Development! Approval and Project Initiation Realistic? 

Yes. 

B. This PID has been in TA/PPUj staff work is incomplete because of: 
TA/PPU work pressure; Tech. Office work pressure. 

=-----~ Recommend you return the PID for further work prior to your final decision. 

C. TA/PPU recommends the following action: 

X Approval. 
Approval subject to ------ ------------------------------------------------

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

D. AA/TA Action: 

~proved. 
Approved subject to ----- ------------------------------------------

-----Disapproved. 

~·t GV 2 3 1971 
Signature ~ Date 

Attachment: 
Recommendation for Environmental Threshold Decision 



Proposal to the Agency for International Development 

1. Statjstic:ll 

Project Title: 

Ne\'l of E:-:tension: 

Proposed Contractor: 

Principal Investigator: 

Duration: 

Estimated Total Cost: 

Budget by Years: 

Project Hanager: 

2. Abstract and Narrative ~urr~ary: 

Control of Barley Diseases for 
the Lesser Developed Countries 
of the Uorld 

Hontana State University 
Bozer.lan, Hontana 

Dr. Eugene L. Sharp 

Three years becinninc with 
contracting cate estimated to 
be April 1, 1978 

$723,000 (3 ~ears) 

$223,124 (Year 1) 
$230,076 (Year 2) 
$269,800 (Year 3) 

John H. Yohe 

The basic goal cf this project is to i~prove the control of barley 
diseases for the lesser developed countries (LDCs) ~vith particular 
etlphasis on the semi-arid areas of the Horid. Hherc:.ver pos::;ib12 ar:.:! 
feasible this .,.;ill be done by accUiilulation of resistance genc:.s into 
acceptable barley stocks. After the ~arious different sources of 
resistance have been deternined, crosses ~dll be made to incorporatf:. 
these resistance genes into a base of widely adapted but diverse barlEY 
germ plasm including both 2 row and 6 row types. The barley male st~rile~ 
will be utilized to facilitate various crossings for pyrarnid1ag cenes 
for resistance and to establish recurrent selection populations (RS?s) 
for the various diseases. Evaluations will be made on both seedling 
and mature plants (field) and, in both bases, the barley stocks Hill 
be exposed to a wide range of virulences. Selections of the r.10St 
resistant and agronomically acceptable barley types will be repeated 
in several cycles of recombination. Separate RSPs for the various 
diseases will be established where selections will be made for both 
cajor 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 gro~ing areas of the world. 

Barley (Hordeum vulgare) is grown for food in many areas, especially 
where the growing season is too short or the rainfall is not adequate 
for other cereal crops. Substantial populations in the ~1editerran2an 



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

2 

The HStJ-AID barley proposal and program has recently focused on the 
needs of barley eat:i.ng peoplc. The program. Has designed to produce 
populations that were adapted, disease resistant, and high yielding, 
and that had satisfactory quantity <;.nd quality of protein. These 
chal-acteristics coupled Hith hulless grD.in ,:ould benefit 200 million 
of the world's cost impoveri3iled people. 

Within the developing cot:.ntries of the ,",orld, barley is grmm \·7ithin 
all regions, the Niddle East, f.frica, Latin Arr.crica and As::'a. The 
production of barley in the LDCs is tabulated in Table 1. It is 
difficult to obtain estir::ates on the amount of barley directly 
consUI!!ed as a hl!n~an food but'Table 1 lists the best estimates 
available for direct rood consumption based upon information available 
from the USDA Foreign Agricultural Service. 

Barley diseases are often the t:lost li.miting factor in barley production. 
The research proposal in this project is intended to augment and ~ssist 
the eCorts of CD~·rfT as Hcll as LDCs' regio,nal and country pr0srams. 
Emphasis Hill be on ireproving the control of barley diseases for tl:e 
semi-arid areas of the world but the findings should be applicable to 
all barl'~y grOi-:ing areas. Additional cooperative nurseries will be 
established 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 ~orking level coordination 
with CTI-I2'1YT and ICARDA. The diseases listed for study are important 
throughout r;.ost of the barley growing areas of the \.,orld. The 
approach of producing resistant stocks rather than varieties is 
geared to enable CI}~ITT to utilize the superior material in its 
barley breeding program. The methodical assembling and pyramiding 
of major and minor genes for resistance cannot bc done easily at 
CDIHYT or: ICARDA but fits Hell into the developed expertise of 
the barley program at Nontana State University thus resulting 
in a very desirable and \·.'Orthwhile relationship. 



AFRICA 
Algeria 
Egypt 
Ethj.opia 
l,~oro(:.co 

Tur:.isia 

SOtJTH ANERICA 
Argentina 
Bolivia 
Brazil 
Chile 
Colo~bia 

Equador 
Peru 
Uruguay 

ASIA. 
Afghanistan 
China b 
India 
Irc:.n 
Iraq 
Korea 
Pakistan 
Syria 
Turkey 
Yemen AR 

TABLE 1 
Production of Barley in LDCs 

a 
Area Under P·roduction 

(1000 ha) 

800 
44 

991 
2,130 

350 

500 
110 
49 
56 
46 
65 

185 
44 

390 
13,501 
2,941 
1,480 

576 
711 
186 

1,172 
2,700 

180 

Quantity Produced 
(1000 !·IT) 

600 
123 
800 

2,862 
230 

760 
80 
56 
78 
71 
57 

165 
47 

400 
21;000 

3,196 
1,487 

579 
1,759 

130 
1,059 
5,100 

235 

a. Data taken from FAO Production Yearbook, Vo. 30, 1976. 
h. People's Republic of China 
c. Quoted as non-animal feed utilization 
d. Source - USDA Foreign Agri. Sere Aug. figures for 1975-77 

Quantity Directly 
Consu~~d by Hu~an~ 

(1000 HT) 

450 

1,500 
1,475 

265 

80 

175 

375 
-c 

3,025 
210 

1,529 
92 

125 c 
750 c 
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D.. Research Purpose and Oh5ecti vcs: 

1. Purpose: 

To decrease losse3 caused by the major diseases of bar"ley~ particularly 

in the developing countries. 

2. Ob5ectives of the Pro~0sed Pro~ram: 

a. Different sou:='ces of resistance to the I:W .• jOi'" diseases of b~;l.rley 

and linkage relationships Hill b~ dete!'rr:ined. 

b. Barley populations, both 2 row and 6 row, with broad based major 

gene resistance and ~inor gene resistance to specific diGeases 

will be developed. 

c. Resistances to different s:pecific diseases uill be cor:1')ined into 

barley stocks. 

d. Assistance Hill be given in establish.":lent of serodiagnosis pror;rar.!.s. 

for detection of barley stripe mosaic virus'· (BS!;rr) in ba!'lcy 

stocks at the International Centers for barley inprovernent -

Cnn.ffT and ICARDA. 

e. All efforts '\o.'ill be made to develop a simple toxin screening 

procedure for use ~ith the scald disease caused by Rhynchosporiun 

secalis and ~ith other barley diseases. 

C. Significance and Rationale for the Researc~: 

1. The De\·elr.n:lr.1e:~t Proble:::: 

Dise:tses are often the :nost lir:1iting fa~t()r in barley production and 

serifJltsl~' affect prod'..l~tio!1 wherever the Cl"0? is grmm. The losses 

incurred thl'C'L:e;h both re:luced qu:mtity :.l:1U :-J,:!!!.lit:; :1.l"e pa!:ticularly 

imp:n·ta!tt in the lesser de','el,,'ped ~·:)~.:;':.!'ie5 (:,~}.:' ';;) :;;i:';;:e barley often 
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reductions resultinG fro~ diseaGes are often not obvious because the 

sYriptoms I:lay be readily apparent only during specific grm·,-th stages or 

eyen lacking. For the period from 1951-1960 it has been estimated that 

diseases of barley caused. lo~scs equal to 13.5%'01' the t.ctal barley 

production (from Barley: 30tany, C~ture, Winterhardiness, Genetics, 

Utilization, Pests 196,s. AG. Handbco}~ #333, AllS) USDA). !\ .. ':long 25 countries 

from the Middle East & Fa~ East reportin~ on barley at the recent Barley 

Horksnc? in .t1lT'_'li=.n, Jordan (April 1917 ~ \ the Hel::l1.nthospori '.L7: clise:lses, 

rusts, s::Juts, scald u:1d po;.;dery milde\·! vere in the fore.f'r:\:1t as the most 

impol'tant diseas-:.:s recosnized thl'Olle;hc- tt this area. Barley SOI-Tn ~n these 

countries totalled o',rer 22 !:!illion hectares. Tlle amount of barley 

used as hu:na:l food varied from less than 5% to 100% and E.vernged about l,o'iL 

It is difficLlt to c~tain quuntitathre data on the a:.:c:.mt of loss in 

barle:{ :::.ttri butable to s:pcci fic diseases because of lack of detailec! 

experimentation in thiri re£ard. In fact, FAO has recently proposed a 

Plant Protection Program (1917) to obtain such quantitative data. It is 

generally conceded that the losses from plant diseases are greater in 

the LDC's than in the more developed countries and may be devastating in 

some cases. In this regard, it should be r::.entioned that Srivastava (19Tt) 

has pOi!lted out that very fe'.-I of the LDC' s have independent programs on 

barle~". I·rost of the work id th barlt!J" is included along ',:i th a more rigorous 

progr~ on wheat an~ there is therefo~e a serious gap in dis~overy of and 

application of principles and ~ethoJs fo~ i:~roving ba~l~y production. 

The approaches prop·.Jsed. i!". this p~'oje~t should. help to') alleviate this 

situation and furnish t·he b:Jllt fur:::. ':lable pr.)51·~::: . . -
Even thouGh qu::.ntit~;l:.i·:"c i:1:"~!,,::;:J.::'on 'J:1 iO:iises c~Ll!:led by specific 

dise~5es of' b:.lt'lt?Y is l:J.!'G~ly !.,'2C~i:1G f01' the LJC' s, ext~·:::.polation can be 
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mad~ from findings fo"!' other al'cas. Uet; motch, cau~ed b~' !!.. teres, 

for exa:nple may resul'C in losses as hiCh as 30% '<::.5 found by Piening and 

Kaufman (1969) in ' .. reste"!'n CaDD.da. Tile £:;r-cai...cst losses "ere also noted 

under low fertility a::d. 0thc!' str-esci co[:~litions'. In .tlw virus dtsea.ses, 

barley stripe mos'J.ic -.~irus (liS!.!'.') :?one. -c:c--~'le:r yclloi., d',Jar f virus (BYDV J 

infection lcvels of lO;~ e.g. r:my result in 3-5% loss in yield. In diseases 

such as th'::: smuts, the!'e is. eenerall:," <::. one for one relationship bebreen 

per cent. infection a!1d per cent )'ielc. ls35. The 2.r.lcunt of actual loss 

for many dise['.scs r::5.~< be influenced bj' 1',-3.ny factors such as initial onset 

In the rustz early in~ection nay result in devastati~g losses but. a hi~h 

se;'e:rity of infe.::cion first developir:.:; e.n.::r the sort douGh stage may be 

of minor consequence. 

In the pas t fC'.r :,'ears, inves trib<itors Sharp, Carrell aLld Eslid: as 

,,·ell as AR3, USDA cO:Jper::l.tor HOCKett h5xe hp.d the opportunity to visit 

the !'liddle East 2.rea ar,d survey SO!!lC of the major ba!'ley grmving areas. 

The)' found th2..t b2..rle:v· diseases "'ere ... -ic.ely prevale:::-: and that they recei ;'ed 

little attention by the local barley breeders. A bet~er appraisal of the 

problems 'Hi th barle:r in the r··!iddle East has been nace via disease surveys 

and collections, contacts with people ".rorking with barley and especially 

during the workshop a!ld toUl'S held in Jordan a.'1d S~rri.:J. ... ,1 April, 1917. 

This resulted in a r:1.u~!1. better idea \o:;lere ba.rley dis~ase Ilurseri,,:s for 

specific diseases zh~"..lld be located t'J 2.chieve suita~lle n:!tural infectio:1. 

This will, of course, lead to a better sar.:plinr. of the vll'ulence pool 

fol' the sp~cinc disea5es c::-~d ivill in turn lea.:1 to i!.:'":el':'l :)!::Cllt of broad 
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in the '?.::"en rev!:aled tha.t these diseases 'Herelimiti!lg barlt'!y production 

to a si;;:1iUcant degree. :·::.:'r'eo·,:er, recent ob~ervations br Dubin (CU'~.f{T-

?erSO:1a} COli'.r.l'-l:dc3.tion) iro South f.r.lcrica ztrongly sue;gest that. barley 

~el:ow dW3.rf is a very serious disease on tha.t continent. 

Co;;t2.ct3 ~,~ith scientists represent.ing J~he ya.:dous iIltc:mn.tional 

orb::.:-,iz~.tions concerned. 'Iiith barley i:ap~'o":e:i',ent also have been r.ost enlightcn-

i:lg. It has becor.le quite cle1'::.r that i·lorrLana pathologist.s involved in the 

AIJ proE;!'mn for irr.provir~g os.rl~y "rill be expected to tar~e an active role 

i:1 the eisease ratings a~i selections within the various nurserjeD in 

t~o L)C's. This aspect is reflected in the travel portion of the ~ud6et. 

There has been much interest and several inquiries from foreign 

st:~:ients regardinG the pC':3ibility of receivins truinine ,.:ith b~'der 

.ii!:sE.ses at !,SU. This cate6':Jry of n.g:!"icultural scientist is in short 

s·.l?ply and .;auld fill definite niches in barley improve::1ent programs 

in the developing countries. An additional budGet for training is tllUS 

2. State-of-t!1e-Art 

?ne diseases of barley are pretty much the same allover the world 

altho~sh the incidence of anyone specific disease may vary in time and 

space depending largely 0:1 lo:::al environmenta.l conditions. The three 

Hel~i~thosuori~~. species attackin~ barley, for example, a~e world-~ide 

i:1 distribution and have been noted allover the globe, where eve!' barley 

is grown, as i:nportant dis~ases Oll this crop. Scald, smuts and ru~ts are 

.also ,,,,ol'ld,;ide in distrib'.lti'Jn although the races or strains may vary 

at .iii'ferent loc~.t· ons. Sources of resistance h:lve bee~ r.etected at a 

n:':':"oer of loc::.tions b'.lt usually these !'e~istt!nces are not broad-ba::;ed 
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and their relationship to other resjsLance sources are gcner31ly un~n0wn. 

Furthermore, the resistant cultivars ere often unsuitable for direct 

utilizat.ion because of oth~r p:lor 8.crono::-.ic traits. There lias not been a 

co:-:certeJ. effort, particuJ.e.rly i:1 th~ LDC' s, to' c.!0:-:1bine diffcr~~:J.t SOlU'ces 

of resistance to 8ive broad-bused resistances in suit2blc b~rley stocks. 

As sto.ted by personnel at C:U·~'.fIT, they have been u3i:J.g all resistant 

me.teria1 p.'failable, but r~.Clcb l7lore is ~~eeded, pc?rticular-ly m3.t~rial that 

has been check~d for resistance and integrated with other genes into a 

usa.ble f,enetic backe;round, Cn:I·IYT is r,ot in a p::.si tion to methodically 

identify, assenble and p::r8~::id r:J.ajor and minor c;e!1es for resistan~e to 

cp..~ley diseases, The prC'!))sed Pl'ogl'2J:l should r;reatly aid Cn:;·liT and 

other interne.t:i.ona1 orga.!1izations i!1 their proGrans for barley ir.iprove­

ce!".t i:t their outreach F:.--os:':=-ms llut it certainly d.oes not imrolve a 

duplication of effort. 

Once a nll.-;-.bcr of resi1Jtance' sotU"(~es h::s.ve bcen iuentified as beine 

different the proble~ beco~es one of cOl7lbining these sources of resi3tar.ce 

by an effective method into useable barley stocks. 

Over the years composite crosses i·rithin barley ha.ve been used ulong 

'With natural selection to cOI:1bine favo~able cenes to advance superior 

barley (Harlan &: i·hrtini 1929). Sorr.e;,rhat more. re~ently) a serie::; of 

"bl'idbe-crosse::;" consistinb of C1'os::;in5 Fl's was utilized to further 

co:nbine serm plasm fron desirable types. Establishr:1.ent of this type of 

co:'.!posi te crOS3 , .. '1 thout male sterility in the popula-tion 'tlaS very time 

consu-r:linc, requireci seve!":l.l ~enel'~ltl::>n:3 and limited the ntU!\ber of 

rec.ombinants. S:me~on (19!:O) fit':5t. descri1'e~l !:\2.1e sterilit:: in barley­

ms~ 1. Sub::;cquently, s·.':::e 2g·sep:!~·nte l.)cl .:"'O!' :::::lle sterility ho.\"e been 
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ic.e::":.::~i~:i. :=.~:.L ::2011:: hu:.e ':::een assic;ned to chrcr.1.Qsomes, Hockett et. al. 

(1963) . 

S~~es~n ::956) ~csc~ibed hi5 U3C of composite crosses and i~plicd 

tha: ::z::::.:.::·al. 5e2.ecticn s:-.:>~ld be relied upon for dc·· .... elopnent of superior-

that ,:;'e':e:i.::;:::-.,==::' of barley resource materials sh::mld be emphasized. The 

ass·.:.::.;-:::!: ',;a5 !:".::.:le tha~ :tields of COJ:\posite. crosses \-;'ould increase ovel-

a 'Oe~: :':. -:;:~ :':'::e due to acclt:lul8.tion of disease resistance and other 

des:'~::.."u~e g~:~e::;. E(,,'.,reve~, Eslick (personal c omr::tL"1icat ion ) ) ,monitored 

CO:!::;:::;5:'-..e '::~:::-:5S=5 sr:::Ji..-n ·...t:".:ier dr:/land conditions in l';,ontana for as lcng 

as 3~ :=~5e.::~~!~e 6e~~~ations and yield increases during this period were 

es ~e:-'-:':'::.ll:! ni2.. Pe2'!1apS yield increases \,i th natura,l selection can 

on:~: '::= realiz.ed. in 5'0::= environr:rents or ,,,hen natural selection is effective 

:7. , ... ou:d. t!1US a?pea.~ ::ncre fruitful not to rely alone on natural 

sele':::':'::;:1 b1.!:' to oake the ~aximum use of male sterility in facili tatine 

and ~:ire'.:!tin~ ~ecurrer.t selection populations of barley. Subsequent 

force~, o~tc~~s5in5 usi~g =ale sterility should result in a g~eat amount 

of ger:e":.ic di-Ier.5it:,.- ar..1 ,dth continued crossing result in the breakup 

Although the frequency of good 

agro_"l.:::::.ic t:;-:;:es ::1:l:t ini t,ially be low, this can be dire'cted in a more 

fa· ... :>ra.":>:!.e C:.l.~:::;::=.e ':J~' li~i tin!; the number or kinds of parents entered intl 

the ?:?~.!1a";i~::. ?arents can be chJsen, both from the standpoint of 

res:'s-:a:!ce5 -::> disease::; 3,:1.1 diverse but wide ~.dapt3.tion. At the same 

~ .. ~- --.- ....... ..:10 ... 
:.,)-.. -,~ .. ~",,::, 

~ ... 
-" 

From 
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by a v~~e ranee of virule~ces for specific pathoBens. ~~~ proposed 

rcsea!"c:: is cssenti3.11J' r.esigllCc. to do just this o.nd I.'1ore detai.ls £'.l'e 

prescnted in the followin~ sections. 

It is intcrl~stinE: t:l::.t a simi.lc.r appro·.'.ch is bcia,s utilized b~r 

Sj nf,:' (:'977) for d:: ..... elop:::.::::" of cold tolerant sorg, 1Uiil. culti vars ,·rith 

early :::2.turity anc1 sr.G!'t s~8.ture. 

D. Plans ~0 Develop Link~~~s and to Faci}itnte Utilization of Research HCStllts. 

1. CI:·:·:J.":t' : 

Close sooperation "'l-:h CUi.,fY'I i s pla!l!~c(l in de\·eJ.oping barley 

f.to.::}:s ~d th broad-based. re·sistance to specific diseases. Stocks. 

develc:ged at i·iSU ,.-ill be :hanneled into th~ir progrUI!l and \.;111 be used in , 

their crossing blocks. A~ the same time parents from their crostin~ 

block -. .-ill be evo.luC'.tec. to HSU,' s:"'specific cull.\ll:es of .barlev. disease orQani !';ms. 

The r~s'.l.lts of these tes:.s sho',', ,.1 indicate '.·rhich cultivars have best 

p::>ter.tial for resistance to specific diseases. CH1::iYT elite advCl.n:;ed 

harley lines will also be eva.luated to the various majo:r' diseases of 

barley. Ad.vise and assi stance '\-:ill also be given to CINi"lYT personnel in 

setting up their m:n sero.:liac;nosis lab'Jr~tory for det.ection of seed-

borne BS:·fV in their va!'ic:ls barley stocks" 

2. ICf...'RDl\'~ 

Similar to the cooperation with CHNYT barley crossins bl'-,ck parents 

and advanced lines coni.ng fruffi !C.!i..,'qDA will be evaluated to a ,.fide array 

of ,.irulence types ' . .:ithin the r.:.ajo!· di!:iE':lses. B3.rley stocks with 

bro::,.db:l~ed disea:.e res:!. .;;7.2.nce \,i11 301:;0 be sht..:.:l't'ed into their prv,Grar.l 
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Montana AID project will assizt in the disease readings and selections 

within these barley populatio~s" ,It is anticip~ted that trainees and 

erad~3..te stud(~n~s ass:)ciated ,rith the ICAHDA proGn~,;:l '.-rill recci'.'c traininG 

at ~ontana S~atc University related to cooperative barley Drn~rnmR, 

Barley rec'..l.f:::cnt selection populations for the Yariolls r..r~jor diseaser 

""01111 t.e distributed to locc.--,io!1s ' .. !here a high p~'obability exists for 

natural infection with the diseases involved. Locations presently 

im'ol vel are in Gear'8ia, FlQridD.., California anc: .~izona," Other 

te:1tat i ,,'e locations ,",ould be in Horth Da}~ota and :·linn.esot:::." Dr. Rarn.3{;e, 

USDA-fLRS, (University of Ari:?ona) is currently liorking 1.:ith RS? I S for 

re3izta.nce to pCi,d.ery mildew" Assistance i.,"Quld be eiven hi!':l in assuring 

adequate infectio:1 a:ld disseninat1.on. '.Iinter field plots in Arizona 

WO'.'.ld also be utili. zed to obtain b-ro barley generations pel" year, and 

thus accelerate developnent of the desired barley populaticns" This cooperation 

will be et no additional expense to the project, 
4. Other: . (: 

It is proposed to cooperate with other national and international 

organizations (eog. FAO) in furnishing ~esistant barley stocks and in 

training of personnel in both plant pathology and plant ~reeding oethods. 

Additionally several field locations ,vill be utili=ed in !·1o~tana for 

gro'W'i.lg the various RSP' s. Some of' the locations in ... o1 'Ie the various 

research centers of the 140nt3..:ul Agdcultural Experin:ent S~ation ' ... hile 

othe:o locations involve individual Sl'o,,:et"'s fields. '1.'hi5 vrill detect, as 

far as possi. ble, the vr..rious vi!"'..l.ler!:::c i:;enes to the .1i !,:"'e!"ent d.iseases 

and. se:ove to b!"caden the tOe!:iistancC' ba!Je::;. 
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5. Dissemination and Application of Results: 

As technical information becones 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, as 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. In 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 fron these nurseries Inay be uti.1ized at any 
time by the cooperating T..DCs but it is in?ortar.t that the RSPs be continued for 
selection of better disease resistances and iGproved agronomic types. As the 
project advances trainees and graduate research assistants will become available 
for continuing barley inprovement progra::ls in their m·m res,[!ective countries. 
Professional staff on the program will also be available for short term con­
sultation insofar as time and funding pemit. 

E. ~~nagement Considerations. 

No unusual management problems are expected to arise in connection with 
this proj ect. It ~d11 be similar in concept and design to other centrally funded 
crop improvement research projects of DS/AGR. 

Noncontract funded inputs ~.,i11 be substantial. These include time of four 
HSU investigators spending a total 6f12 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 equipm~nt and extensive field facilities. 

The proj ect will be evaluated by a revie~'l and evaluation team visit to 
the campus during the first year of the project, probably during the growing 
season of 1979. In addition, management evaluations ~vi11 be conducted each 
year and technical and manageria1,considerations will be under constant monitor­
ing by the A.I.D. project manager. 

Contractor will clear all manus9ripts 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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Vetermination of and utilization of resistance to specific diseases 

of barley ,·:as forme;:-ly part of an c\'er.::tll p:"oj ect on i:r,pro·d.ng barley 

f0'~ the se::1i-a:dd are2.S of' the .... rol'ld iihich a130 inclt~ded. nutrition and 

d.::."o~~:§;ht stuciies. Fro::! the disease sta!l'ip'Jin t., one of the first appro8.ches 

~as to visit so~e areas of the Niddle E~st and North Africa and obtain 

an indication of the !'.:ajcr problem ·areas. :t.c.ny isolates of specific 

disease organisms ;'ere :ollected at this time and these alons with other 

isolates from the l·jont::.na 3.re~s \·:ere used in e\'aluation and screening 

f:Jl" re3ist~nr.e sourc.::;. Potenti:!.l resiGtunce SOUl'ces liere evaluated from 

the world collection o~ barley. Search for resistance sources were also 

basei on previous rep0rts in the literature and fro~ elite lines 

catulogued ana storeJ by ARS-USDA. As the project developed a broader 

sa::1ple of the viruler.:e pool for ~pecific dise3.seG ~Tas acctunulated and 

fur~her suurces 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 

specially selected translocation. The translocation breakpoint ~ust be 

distal to the resistance gene. This effectively prevents crossing-

over in the interstitial segm~mt and "locks-in" the resistance gene. 

In cases where gene location was not knm·:n, crosses to a series of 

'. t .' ',:l prJ.!.1arj- rlsomlC s '·,as useu. Aberrunt se~reGation ratios indicate on 

w:tich chroli1osor.1.e the gene is loc:!.ted. Once the correct translocation 

is found addit ional r::~!'~:er benes (e. c;. m2.1e sterility, seedl in!; marker3) 

ca:l. be pl:lced in the s::.r:e inte!"!3ti t i:l.2. :J~~;!::ent. Thi.s <lllo'''~ th~ resistance 

L 
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selection population ',ri thout having to Gcrecn for resistance in ev~ry 

cycle of select.ion. In this approa.ch, one must bear in mind that ·the 

patho[:;cn may overcome such resi starlet;;: 1'ollmring mul.:.ltion. Thus, the 

method finds it's best applicability witll resistance genes that have had 

a hist.orY,of st.ability (such as '.lith the "T" eenc in barley for re::;istance 

to st.em rust). 

The scald organisrn, RhynchosD0r'iu;a secalis, is one of the !::a.jOl' 

diseases of barley and resisto~ce eenes have bsen reported at 6 to 10 

loci (Shipton, et. a1. 19"(11), S~veral cult i vars contain the Rh 2:ell~ for 

scald resistance, thought to bc a closely linked Bene complex, .located 

on chromosome 3. Other resi::;tant cultivars contain genes whose locations 

in the barley genome have not· been determined. Recently, (Bocb~IJIla.n et. 0.1., 

1977) using the Betzes primary -trisor:iics showed tlJat the barle::r cul ti var 

Kitchin contained one dominant gene on chl'omosorile UI! conditioning 

resiztance to scald and that the barley cultivar Jet contained 2 

recessive genes on chromosomes 3 and 4 conditioning resista.nce to scald. 

It is well established that the scald orBanisrr., R secalis, is represented 

by many different virulence genes or races (Jackson & Hehster, 1976). 

Recurrent selection populations in which both major and minor Bene 

resistances are being separately accu.'ilulated are u:lder~.rnl by the barley 

research group at NSU. r·la,le sterility is beinG u~ilized to racili tate 

recOI:.tbinations and pyramidinG of the !'esista~lce &e~es. 

Net blotch caused by Pyren0"Onor:J. tere:1 is anothe~: r.:ajo!'· d.isease 

of barley throughout r...a.n:," :J.l·eas of the \, ... ")l'ld. I:'!heritance of resistance 

to net blotch has been attributeJ to ~: l~~~t th~ee cene~, ?t-l, Pt-2 

and Pt-3. Pt-l and ·J't-2 are rep01't~J t:o be cl ... '\s~:':; liake.l, ' .. ::lile Pt-3 is 

inherHed indep!:'n.:lently (K:l~ll :,m.:l BO~':;l~ 10G9). 7i~e pl:lcc::-.~"at of thes~ 
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genes O~1 1 in~:e.E;e r:u:l!ls !':::.s :-:::>t been rC!lor ted. Bocke:lnn.n et ~l (1977) 

USi:;5 3etz.es prinarj' t!"is:::::ics recently reported'that Tifang cont.ainr. one 

r.!aj::>r dO:li!1a:,.t gene for ~esistance on ChrO!;lOSom'~ 3, Barley C.l. 751,8 contaj,r.s 

on~ =.9.jor dO:lins.nt resi3:'a:;~e gene on chro::1osorr,e 2, and C,L 9319 contains 

2 tlo:,_ina!1t i;enez on d"~'::::::3:J::-les 2 and 5. The relationship bet',:een the 

As ~ith the scald disea5~, ~ale sterile facilitnt~d RSP's are being 

deve:o!led for both rnaj~~ a~d~minor ger.es for re~istance. 

1:1 leaf rust, (puc~:':,.ia re~onrlita) Aln.rr:eddine (1965) and R::>ane and 

Starling (1910) reporte~ ~~ree rcsi3t~!1CC genes to be ~ocated on chroco-

so!:!es 2, h :=.r.d 5 re3!lec:':::ely. Location of other resistance genes h2.s 

!1ot :ee'n reported. A :-:,,:,:::::er of resistance SOlU'ces have beer. deter:=lined in 

ou!" labor~tory and ",re a:::e in the process of cletermir.ing their relation-

shi;'2 to each other .. ';.:'::'tio!1ally, both major and minor gene RS?'s are 

bei:;; established. 

i~e "T" gene for 3~e:: rust resistance in barley (chrC1mOSO!:'le 1) 

has been notable for its stability. Attempts are currently under\fay to 

find a brea~ point tra:;5:~cation which will bracket this gene. Pyramiding 

of genes fo'!" steI!l rust !"esistance is also being developed. via I!!:lle-

ste'!"~le facilitated RS?'s. 

Other diseases '~f ::.!":ey are being ::.tudied. This presently involves 

=a:~ly the deter~ir.ati=~ o~ resistance sources and an evaluation of 

~;t~~ds ~u'!" larse sc~~e ~iel4 inoculations. 

3arle:-- stripe !:'l::>~~:'': ':irus (BS1-!V) and barley :tel-1m .... dwarf virus 

( -"""\t;') ... ., .. -.::. . '~"o'-- ')"-::.L~ \: \. ..... ,;:, _ l.,_!-, - "'''"- .... ~:'3e:!.ses of b~rley in I:,.:my u'l't!!1.S of the ,"o!'ld. 

~ se~~dia~~Jstic tt!G:, i;~eloped at MSU, is beine used for testin~ either 

~ .. ": "Io' •• "" •• ....... - - .. " t:te presence of B3~~. It C~:l 
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det.ect signi ficnnt levelG of the virus. Evaluation of the Clt:r!.ff'l' 

crossing block mat~rials has sho"i>11 that several of the barley lines 

contained th~ virus. 

Greenhouse. laboratory and field methods have been developed for 

sen·enine· o<tts, barley and \·,heat foc tolera.nee to BYDV. Sim.ilar 

metlw:h; ",ill b'2 used for th i s proj ect . 

1. General ;':-2t hod s : 

In this ... ror}~ nale ste:dlity i·:ill be used to obtain multiple crossings 

and to pyr.::u:lid Genes for !'esistance ~,i thout the ne~essity of l:l<!kint:: 

labo~'ious hand pollinations. Initially the investigation Hill involve 

detection of rcsistance genes ""i thin the ,·,arld collection anft other sources 

py evaluation a8ainst a ilide range of virulences Hithin the specific 

pathogens. 'fhe isolates of the pathoGens ,.,ill include many cultures 

from North Africa, the ~·1iddle East and from more local sources. Seedling 

trials ~.rill be conducted in controllcd enviroru:1ent char:bers or in the 

greenhouse. Field plots "'ill be established at semi-arid site5 - both 

in r.!ontana and in the :·1iddleEast ar:d will serve tc identify resistant 

sources under natural infection conditions. After a nucber of resistant 

sources have been identified, they iiill be pyra:nioded into selected barley 

stocks containing t;erm plasm from ~.;idely diverse but adaptea cultivars. 

The more resistant selections ilill be s::1.\'ed in e:!.ch generation and 

recycled to further pyramid resistance genes anJ selections .;ill also 

be made to improve the general agronomic base. (See Fi~~re 1 for the 

general procedure for develop::lent n!' R3P'::; lTith :.lbease resistanc.~). 

The RSP'n ,.:ill include s~para.te popala.t10ns ro~ b;:,:h 2 ro~ ana G rO·,1 

http:Simi).ar
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Fie;urc 1. Proc~llure tot' cl·.)·:"lon::le:r~ c';: RSP I S ',:i th d:i Gense rcsiGtnnce 

Step 1. Male ste~i12 line x broadly adapt~d 2 or 6-row varieties (about 15) 

Step 2. 

.... ,.,-

.1: ,.,-
RSP F.., 

c. 

.... 

Fl 

F 
,/ 2 

x 

Fl 

F2 
-- ... 

. ~ . e;ro\m l.I'l Ar::. zon:.:!. ....ri nt er 
~/ 

sec:! b'J..l :~cd to for':l RS? 

cultiv~~s containing desired resistance 
..J/ 

e;ro~.'Yl in Arizo!w . ,.;inter 
.,f/ 

seed. b'..l2..}:ed to form I\SP R_( res) 

planted in dise3se nurseyy and susceptible plants 

distributed to ~ .... orlcl ..... ide 

for reco::!oinntion (seed f!'om ::1. s. nurseries for screening 

plants is harvested) 

RSP R nlantei in disease - . 
nursery and susceptib~e p13nts discarded 

/ 
! ~ 

-rebulked,to begin another cycle 

- sent to Arizona for'reco~bination 

Note: Additional germp1asrn can be added by returnine; to Step 1· or Step 2. 
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ba:t.'J.e~! D.!1cl ~·:ill a.lso i:l.::lucle Scp'J.l"atc population" fnr mnjor U!1d. minor 

g~ne rCBista!1ces. 

The L1ethc~3 used :'o!' determininz r::aj:n" ger:e resistances have been 

eo; .,.:-:.­c-'. C,"" The 9!"!.re:1ts for pClpulat:ion~ con~:ernecl Hith minor 

~·;ill ce selected fro!:! cultivCtrs l-ihich have little 

resis~?.r:::e e!~fe.:::' ,·:he!: non-ccmbined ITith shd.lar i.'c8...:!tin,::; culti'.'a.rs. 

of t~esc sele:~io~s will sho~ an additive rc~~tion for Ercater resi3tnnce 

r:;:'i1is :::c~!1()d ha3 rcsult'2d in 2. useful resista:1cc. to 

str!~e rust o~ ~~eat ( C)·h •• · ......... t· ,,1 -L97") ". d .• ,,_~.J ~ • '0;.;._.. 0 ..... 1 appct.!"S 

to b~ feasible fo~ S~~2 barley dise~ses. 

to a nu:::be:c speci fic diseases Ifill 

cli~~e~e~t. TIlese re~istance sources will be cutalosu~l rc~~~din~ their 

ef::'e.:::'ivc ~:re2.5 Emd t::e specific patlw;:;cn cu] -Lures the:r are effective 

<,.':;:3.2:-,5::. ~ilC~' can al::::> D':' pla.ced in a nation8.1 stort:c:e fc.cili. ty for 

;.,~ the sa::;e tir:!c, r::any cultul'e~; of specific di:.:e3.sc 01'ganis!U3 

".-ill oe cl8..:;::;i:~iec1 f\)~ ';iru10nce .senes or at least the virulence O'oups 

to ~~~~~ they bC~0n~. ~f~c.::tive!ineffcctivc formulas will be determined 

http:selecz.ed
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cul t.ures along .,i th iclc·rtt i fying fOr!:lulo.::; and oth~r p':!TtinGnt data on 

area of collee tiOll Hill be deposi ted i·Tith the A .. rnericHn T;rpe Culture 

Collection ;..'here they i.rill be readily available for other scicnti3ts 

working with diseas~E of barley. 

3. Dise3se; in relatio~ to RS? dev~lon~~nt. 

",·here d-2~iel ov::ent of tl!e RSP' sis ~;ell undcn"D.J". (Sec i; jy:c tah le .:;i ven 

i:1 T:lbl'~ 2.). In oth"2~ c~::;cs, U.'Jl'e 1':.m:lalllcntal info!'l1l:J.i;ion is rc.-:;.uired on 

such ite::::: ,,5 inoculu.::: inc:::c2.SC, l['..q~c scale inr.;culnti0:·, 1~.ctlY1L1E and on 

. ~. 
Spe21i..!c 

to :12.P' sis in cycle 2 (1978) for 6 rmi h3.rlcy contrd.ni!1,; accu::-,ul3.tcrl 

ste~ile lir!-= \·j:JS first. crossed ~;:i..th 15 '~idely ad.apted 6 1'011 typ,::s and the 

Fl Has g~.Ji.1! dU!'ir.t; t:1C ...... intel' in Arizona. The F 2 seed ',;o1s then b'J.l.t~ed 

to !'or::l t!l':' RSP. to n. 

cont.:lini:1U se'!e::-~l r.::.l~h.1;" ~enes (Rh genes) for i.jc:.lld !'esist2.nce. 'l'he 

( :~; ,. ~T' r,') ".) • _ ... ~ .• t... ... 

ilL' ~h:! succeeding step, 

http:underw.ay
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t~~ ~~?~~~t!o~ w~s plen~e1 in a disease nursery at Bozeman, Mt and 

S·.!s::~;:,,;i ble p::a~ts ',;:~e discarded. ~L'he seed arising from the resistant 

p~~~~~ in t~is n~rsery ~as split into two groups. One group of seed 

',:a3 ::~.strib·.:te:! to \To!'l:' ~-:ide nurseries ',[here it war; screellcd fa:!" resj.Gtance 

t~ ~~t~ral ~~~ection ~it~ scald. The seed harvcsted from the resistant 

p:a=!s i~ the wo~ld wi~e ~t~se~le3 1S rehulked for another cycle of 

re:::::-:~ ::'~::lti:::: l:-! .:'.rizcr:3. ::.:::1 so the process continue::;. The second grollp 

0:" i3 ";0 Arizona for further recombination and seed is 
\ 

:;l:'!le .... J..o .. ~-:'c-: ::J ..., ... ___ _ and planted once aGain in the diseaSe 

. .:.:::: :-:":"-::e;' 0:" Cj·c}.f.:s C::':-. ':::::.- con-:l~ctc;d as desired or until bro:;,d brsed. 

=e:-.: :'::-. t:-:C! ,J-:;:~~ t!::-~e ?3?' s for this disease a::'e as sho',·:n in 7able 2 

r:S?'s is P!'occr;:Jing ~3 sho',m in Table: Z. , 

caused by ?l1c~inia 

~~?'s have been ini:ieted for both of th~sc rust diseases and are 

..... ,­..... ~ .. ' r. .. ~ 5~.lituble :.:':.:iO:'::' is yet a .... ailablc pyrc;: .. rnidine; of minor genes 

http:3Te-...an
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for resistance. Various cethods are beinG inves~icuted that might 

increase infection on susceptible c0~trols to ncar 100~. If successful, 

minor bene RSP's could then be initi8.ted. Hhere fC<.lsible, chemical seed 

treat~e~t compounds can also be used for effec~ive control. 

Ea!·ley. Ycllo~, <li-re..r:' vi!'ns -

S'~=e sources of resis"!:.n.n:::e or t01eraI1ce have been identified but 

furt;.e~· fundar..en tal v .. od~ is req1.l1 reG. on aphid transmission studies l.l!Jiof3 

diffe~~nt strains of the virus. PZ'elininary RSP's ~!ll be initiated in 

1970. 

is one of the thr~8 dis~a3es of barley c~used by 

speC2CS. It oftclI OCCU1'3 Oil t.he S2.!i' • .:::! It:2.vCS \·:ith net blotch (P:;renophara 

+er; - - 1-I-J"·'·_.J·\. ··C'.....,o··,·" ....... .l·~ .. ·.=.s) !f~~ .... 'r·'" s',.,r·u ..... r·- ""'!'l'"" b'" e ..... co'·l'" con-"'l,c'°.a-l ~ .;:;, - • ';:! .•. ,_:.:...1.1.,., J. _l.A .. ' .... _. '-' ,."~.,,.:. oJ .... ,,"' ... ., "'"'J ~ .:..."'- J J ..... "'." •• 

with ~~e latter, particularly with the spot type s~~pto~ of 'the net 

~ajor g~ncs for resistunc~ 

are bei:1g identified and. ESP's Hill be initiated in 1978. It i!J est-ir::n.ten 

that ~inor gene RSP's can be started the following year. 

Bacterial streak, Bact.erial blii;ht, Helr.linthosp~z·i t.un stripe a~d 

Drylc.:";d root l'ot are caused by X:?nt~o::1Onn~. tr8.!1s1uce:1s, Pseudc!::ona.;; p}'~insae, 

minth:-s:lJrill!:! sat.i V".l.":i and Fusa.ruil:J. roscw:!, rcspccti vely. 

co:~si.:!erablc r:lore fll!'1d::-.:::e~ta.l ir:f"l·i::::>..t.ion is requi.reJ bc::'~)l'e RS?'s C::tl1 

http:Hl21n'.hs
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tn;.:e te(!hr.i~1.tes ha.ve been established RSP's may be initiated as estimated 

i:-: ':'able 2· It 

It shoul~ al~o be emphasized that additions to the agronomic ba~e 

0:- :!"esistanc2 b?se r.1:ly be added a.t any time during the recycJ.ing of 

a~y ~~ the ~5?15. 

Unuc!' tc:.s cates,)r:r,' screening, for resistar,ce to specific toxins, 

the single gene transfer system and allele 

tes~i~~ ~ill be consi~ered. 

It hn.s b2;;::: shOl.-n by' Auriol, et al. (1977) that resistance to the 

::ep2.~'::.te ?,;c:".-::t:'-:: entities regu.~3.te these t~·:o phenoH:ena. Even thou.:;h tr,e 

!·esis-;;a.nce ':;) 7.;,e toxin is not 100% cO!Tel8.ted ·,·;ith resistar.ce to th0 

:f·.t:",!:·.~~, it ·.·r·~:.J.].::' be ulti::l3.t~lJ' desir.3::11e to eli:::ir.nte toxin susceptibility 

fr.:::: cO::11ie~'ci2.1 l)arle:::,' c"Jltivars in ordel' to re-:i .. :ce crop loss. Since 

the t~~ ge~e3 ::.re lin~ed, it is conceiva.ble th2.t a simple toxin screening 

pr~ce~urc ~ay be successful in acquiring lines that are also r~sistn.nt 

to the fung~s. Ideally, the toxin screening procedure w~uld involve 

t~e of the synthetic to:·:in (pr0p:::.red by or5anic Che!ilical mean3) 

;- -
- I •• ~ ap?2.i:ation to either see::,. yOU:1e; plants, or separate young 

:'e::.··:~s in :·e::;:. t'.l1~s. \·':orkc.ble meth'Jds h3.ve be~n developed. to synthcsi~e 

S:;'C:-; cOinpou;lis. '·le i.fO • .tld ul ti!1latelj' select the best method for to:-:in 

2.:1:' t~~:in e.:l~logue syr,,!;hesi ~, and d~velop the m,')st effec t i '.'c screeninG 

te~~::ique, S~~h procedures c0uld then be co~pared ~ith scald inoculatio:1 

teS:3 in tt~ ~~cenhouse. 



The serod.iaS!'1lJstic technj que for BS;,!V is II double diffusion technique 

in agar gel using sodium douecyl suJ ~~ate as a de i:5l'£l.d.i ng agcnt for the viru~. 

This test could be use'cl for detection of BSl·!V in embryos O~ leaveG. 'l'bc 

tcchnique was developed at 110ntana St~te University a~d a manuscript 

in ... :hich it and its application aloe c:.c3cribed, i·;ill s(.)on be subr.-dtted to 

the jOUl-nal "Ph~r-' ... op~tholoiY" for possic:!.e publication. It i.s envisioned 

that bu.rley '.1or}~ers at the iqternatio!l'J.l centers ~·;,JlIld be provided \rith 

the neceszary reactants, including c:.n:iscra, fer the !Jerodiasnosis of 

BS~W in barley. Trainin~ workers in ~his tech~iqL!e could. be done at 

Briefly, the tec~niquc is a si!::pl::: l.~:)tii ficc.tio:1 of an j,!~':!lIlnocliffu:.;ic,! 

net hod. developed by n2.!i1i· ton (1965) i:-: ' .. :hic:h sodiu::! dode(!yl sulfate is 

su'bGti tuted for leonil S.; deter5ent. PaIJ2r disks - 6 1!"..'il in dla::!';)tcr - ({!"e 

pls.ced on the r..,~C!ill:n compr:ise.j of 0.6:~ l;oble ('.gar, 0.1% SDS 8.r.d. 0.1;: ::;0di.''':::l 

azide (all \.r!v) in 0.05 1-1 sodiu.::! b02"8.~e buffer, p;;8.0. I\OO:tt 1.0 r:.l 

of oedit.L"!1 is di3pe::nsed per plate. 

\\'11en testine:; ba:-1ey se~d lots, er:;oryos are sepCl.rated from the en·:lo-

sperms rather eesily. Seeds are covered ~ith water, dehull.ed in a 

from the s'.mllet1, c2hulled endo3per::ls ".:Jy a mcte.l 1"011 ing pin. E;nbr~loR a~"e 

reco"re:"ed thr(,1uch u sieve having rou::d hole perforations 1/8 of un inch 

in di:!.::!ctel·. D:.b!'yos are tr2.nSfel-rei to u Petri dis:t contG..ining distilled.. 

\Oiat~t·. ;··!ext, e~:;b!':;os a~~ placed on filter pape!' di:Jl~s lyi nc in un e:nbryo 

pl-eSG, '..:etted \dtll distilled \!ater, anl~ then crus;wd. S:;.b:::c'1ucntly, the 

Re~cti0ns c~n be ."'. l"c:d .: .. Ill'S. l:·'..te~-. 

http:a:niser-.Lz
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Similarly. this tcch~ique c~n be apnlied to testine barley plantn in 

all £ro\·rth stages, except fully !nature. In this case, leaf sap. obtained 

by the vise-Grip pliers :r.ethod, is substituted for c::luryos. 

Hhen selectine; tl)r a !':iultitudc of traits in se~rcbati.ng P.Jpul:::.tions, 

each additional gene to be selected for requires doubling the ;opulation 

size, co~versely each d~sired cene present in a ho~ozygous con~ition hnlves 

the necessary population size. 

CertG.in genes l'equi::-r: an ur.G.~te a!1:'Junt of lallor, expertise: nnd risk 

to esta.ol ish in the ho r:1'J:yg'.Jl.Is cond iti-:'ln in a popu.'i.ation. Ger:~s fO!' 

Seejliug reaction ~ay not be the s~~e as ~~ture plant rcspon~e. 

T!".e vi::'·\Il:~r:.:::e r.~cE::s~!J.r:.· for seLection r.!?:r D'Jt be present and. r:-:.lst uc 

intr-oGucC(: to an ~~cu !"-=p~escntinG SO!:lC dCcSree of h:!z~rd. The p2..thoe;cn 

large quantities ~ay be nccessa~y. Depcndonce O~ natural infec~ions, 

artifi.:i2.l inocalatiot15 for field. infections C2.n frcquer:tly result in 

di5appoint~ent and slow a prosrn~. 

'" ~1f' ~, ...... 

t!:3. t ,: il.l per::!i!.; 

Bene vithout eV2.1'.l::>.:' ... i!1G fo!' tlF~ prese:1ce ~")~' th~ dcsi:'e:J alle.!..es. 

marker Gene in an int~r5:iti~~ sc~~cn~, 
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that does not cross-over ~ith the trans::cation breakpoint (detcnnincd in 

translocation crosses, Susc~?tible x res:stant), and induce a na.rker r;en~, 

prefel';J.oly a lethal) in the interstiti~_ sCGment of the tra.nslocation. 'l'he 

syste\:l al;,;o recluires (pre Ce:':::.bly) scve!"::;.:' "donor" p3.rcnts homozygous 

for the gelle to be tra!1sfcr:'cd. 

A tl'~nslocati0n het~ro=r:otc as est~~!ished above (recognized by 

, ... 'l't)' ,. h ", 11 d';" , t '1 ser:n-svc~'::, 1 Y IS crossen -:0 a. .o::'.';,zyc,:·.:.s CLOnor nu~ne ser.!l-S erl e 

F I' s con.:'inlled into F 2 w11c:'e only cOri'.}lL:': s-ly fertile pl2..nts D.re selected. 

Gones tru~sfcl'rcd. 

Once the syste~ :s est:::.~:ishcd it 12 ~ood ~or all time: and can be 

used by 2..nyonc that C2..n r:I:J.~:-:: n cross an·:: 5.1stiusuish bet,·;een fertile and 

1. Det.crl!li:1~· SCCll'CeS 0: resi~t?nce 

2. Allele test, to avoid. clu9licat;iC';~ 

3. Assi5n non-al.lelic senes to ch.!';':-:;".:lSOlr.es ,dth pri;n~'.1'Y trisomics 

4. Determine sui table iden ti fied t!'~:1s1ocati0r. (sor.!C 500 nre available) 

5. If necess2..ry indu.::e lcthal genc in intel'::ti tial scgrae-nt (He have 

done this .ti th ab..:'ut 20 tl"2.DSlo;::2.:.ions) 

6. Develop a suitable "donor". 

7· Check the system to Gee that ,",orkinr: properly. 

p.m.nipul.'lte ~;ever:=!.l of th .. ~ dis~:tse l'eSb~'1:1t r.~nes in this r::anncl'. 

http:ne;-cK.Jh
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5. Selectio~ Fressures 

?!i~ough:Jut the disease .... .'ork the emphasis is on acclL1iulation of genes 

fo~ ~e3istance in an outc~ossing population. The second step is to eet 

thes9 s~nes ~e!l distributed in the population and the third step is then 

to a;',~:::":: ratr,er SeVC1"C selection pressure for resistance to increa.:>e the 

fre~.:e:!::::r of f~ll l'esist2.;-~":. genes in trlc population. For exanple, a 

r:nr~:..::-.'..::: '-:Jf th::~e cycles ''J:~ selection q,nd reco:::.bination a.l"e required to 

py:rc-.::-':'::' eiGht (3) resist2..~t loci into one plant. 

oJ::-~ce this is acco:::p:"ished then one can tl:~.'n to il~ip!"ovc:::ent of the 

POY'''::2.-:.i?n fc!" Sencn:.l e.€!"'J~0:-:11C type .... 'ith l~ss risk of' losing sl)!'::e of the 

?~~bablr the ~ost cbvious i~provenent would be to eli~inate ~olcred 

me::: o:~ defi:li:'c :::at'.lri:.y .Groups (perh,3.ps 3). ' .. n1cn introducing the resistant 

t;e:-.2S ::-:to tl:e ~'JD'..Lla.t i.e':: both vv11 (6-rov) and VVi i cenot:rpes ,[ere 

t\,,ra ::C·,.' types, pa.rt icula:::ly the V'li i ge!'1otype should be el iminated from 

Shattering resistance can be improved by delayed 

har·r~s":.s in An.zo!1a. Sie'ii!15 on a 612 or 7/64 11 sie'le C2.n assure that the 

see: '.,·ei ght ~:or.,?~"'ne:1t 0: ~rield is adequ::ttc. Other population i .... prover::ents 

ce:.:-. be :::ade. It should. be er..ph2.size.i that ir:.p!"o'rements of aGron,');::ic 

.... 
" .. !lC pop~lation shoulJ at no ti~e put the pop~lati0n through 

a "::<::::'le-:1;:'c::" thaT. i'c'.!;'d !"cstl'ict the lU1ci.e!'lyinr; genetic oase and 



26 

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. Screening nurseries: 

Most of the screening for disease resistance will be done in controlled 

environnent chambers using seedling barley plants and a wide array of virulences 

for the different disease organis~s. 

The RSPs will be gro~m in several locations ldthin 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 r.equired or requested, and assist in the selection of the desirable barley 

types. 

7. Training: 

It is deemed advisable to have a separa.tely funded program for training 

and therefore a sep~rate budget is submitted for this aspect. Such people are 

particularly in short supply in the de"eloping 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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~vo approaches are proposed. In one case graduate research assistants 

would be accepted fro~ 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 Hould not work tmvard an advanced 

degree but would participate in a six month training period, They would receive 

training in laboratory and field Hork primarily with barley diseases, They 

~\Tould spend the bull~ of the time at HSU - Bozeman, but ~,Tould also be involved 

with the i'linter plots in Arizona. The trainees would receive training in 

luboratory and field including culturing and methods of increasing inoculum, 

inoculation techniques for both seedling tests in controlled environncnt chanbcrs 

and for maturing plants in the field. They would also receive training in work­

ing with RSPs from the standpoint o£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 teclmiques and materials required for serodiagnosis for BS~W, 

8. Linkages: 

The linl~ges involved in this project have been previously described 

(Section D) and include Cn~ITT, ICARDA, FAO, and other national and state 

organizations, 

II. Proposed Barley hTorkshop. 

The Barley Horkshop held at Anunan, Jordan. April 24-28, 1977 and the related 

field tours served a very worthwhile purpose. It ~vas a useful educational 

experience for all countries involved and resulted in a much better understanding 



28 

of the inportance 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 !'~iddle East location, to be. selected later, Similar to the previous \"ork­

shop, it is proposed that it be sponsored cooperatively \vith the international 

centers such as CIHNYT and I CARDA , 

The financial assistance required for such an undertaking is given in the 

last year of the proposed budget.~ The a;',ount requested Hould be required mainly 

for furnishing travel assistance to foreign and national scientists with 

priI:'.a.ry interest and e~:pertise in improvenent of barley Hith empha~is on barley 

diseases. 

I. Time- Phat:ed ~'~ork Plan: 

Once the necessary fundamental work has been conpleted on handling of the 

cultures for inocuhl!TI increase and methods of inoculation and disease rating, 

various sources of resistance to the specific diseases can be identified using 

cultures representing different genes for virulence. The expected time sequence 

developnent in terms of male sterile facilitated RSPs is given in Table 2·and 

the various steps and cycles are explained in Figure 1. Step J., 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 \'lOrk plan signals the initiation of 

effective RSP development. As illustrated in Table 2, several niseases 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, 



29 

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 developnent of the RSPs. 

The SDS serodiagnostic test can be used, along 'vith roguing, to develop a 

control progr.3.m for BSl!V at ICARDA and/or CH!HYT. Initially, the. program ":Quld 

be confined to a limited number of breeder stocks. Later, however, the program 

could be expanded to include all important stocks. Roguing symptomatic plc:.nts 
, 

fron breeding stock in field plot~ would eliminate all severe and mode~:ate 

strains, and some mild strains ofBS~W, but no latent strains of the virus. 

Serodiagnosis, on the other hand. would detect all strains, including those 

strains "hich v.'Quld not cause readily visible symptoms. The anticipated time 

sequence development for the. establishment of an effective control program for 

BSrV is given in Table 4 and the different steps and substeps are explained 

in Figure 2. 
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7able 2.. Ti~e phased ',·:ork plan::>. 

8 ,..,.,1 ~ .... r.,.;. __ 1978 1979 1980 

Cycle 1 -------------2 

Cycle 1 -------------7 

Cycle 2 -----------~ Cycle 3 

Cycle I -----------7 Cycle 2 

Net :.::>tch 

~2_-~~~~~;~~~~.~~.j~o~r ________________________________ ~C~y~c~le 1 ---------------> 
2-~o·,·: ::lin!)!" Cycle 1 ---------------~ ,. 

Cycle 1 -----------z Cycle 2 

Cycle 1 -----------~ Cycle 2 

Cycl~ 1 -------------7-
C~:c Ie 1 -------------.., 

Cycle 1 Cvcle . 2 -------------7 

6 .,. .... ""lnor -. -,', ... :. Cycle 1 -------------~ 

Le~f rust 

CYcle 1 -.------------ ... ~ v 

Cycle 1 -------------'),. 

Cycle I ------------7' Cycle 2 

C:rclE' I -------------7' 

Cycle 1 -------------7 

2-!' .. "':.; ::~i !"'i,:,!1 
~~~--------------------------------------------------------------

C~el~ ~ -------------~ . 
.. . . 
c· - ~. -: ..... ; :-:: ':. t!· '!' 
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Table 2 (con 't) 

Yello\l d,·;arf 

2-rm: ma.1or Cycle 1 ------------~ 
2-row min('l;" Cycle 1 

6-row r:1a.ior Cycle 1 ------------..!J> 
6-rOl-l mi:1'Jl' Cyc]e 1 

2-1'0'''' ma.; or Cycle 1 

2-ro ..... mi nc. '!:' SteD 2 

6-r.:m r.:n.i ::J!' Cycle 1 

6-1"O-.' ::linor Step 2 

SDJt Blotch 

Cycle 1 --------------~ ----
C,vcle 1 

Cycle 1 --------------~ 
CyclE) 1 

Ps 'Cud O::\o:1<:!.S 

2-ro~ .. " r.!a.1o~ Cyc 1 c 1 

2-ro~·r r:!inor Sten 2 

6-ro' .. : r.!3.jo~ Cycle ]. 

6-ro',·, mi!'1::Jr Sten 2 

Cycle 1 

Steo 2 

6-ro~ msJor Cycle 1 

6-row cinor Stec 2 

Cycle 1 

2-r.:n: r:!in·"I!' Sten 2 
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Table 3- Tentative List of' Disease Screening Nur~cries for 1978 

Conta~ts Scald Net blotch Leaf rust Stem rust 

Bozer::an, :.jT i3oekel:~a!1 , Sharp .,I .,I .,I .,I 

Ft. Benton, ~rj\ .. ~ H. H=.nford .,I .; 

Sid..rJer, .~ Glenn n:ll:" t:-:-.an .,I .,I ... ~ 

Co~ra:i, .,t:"7" Superviso::", .,I .,I .0'.:. 
Sattelitc Res. 
St9.. 

EX?f~::--i!7.e!1t , Gft B. CLL'1fer .,I 

Quine;; , 'C' .. R. D. Barnett .,I 
- !I. 

Stoc k "'.:>:1 , CA 1!K, \';e5te~n ? .B. I 

IZr:li~, 71.\!·ke:t 
., Der:lir}:an .,I I r . 

liicoller, '.:'u.'11sia. :>.i erbi , 
.,I .; .,I 

H. Stoetzer 

Aleppo, S~lria J. Sri -tc?S "ta-.. "a .,I .,I 

r!oJ:ura. , ::e:1ya G. King~a I .,I .; .; 

Sacha, E£:'''!l~ Ali I·ar. soor .,I I .; 

, France 1,like Gleason .,I .,I .; 
( Cargill Seed Co. , Ft. Collins) 

Rabat, !;:orocco G. de c:: ... o+ 
L..i ••• _"" 

.,I .,I .,I 
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Table 4. Ti::e phase::l 'II'or:' plap.. 

1978 

Step 1 

1979 

Step 2 
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Fig .. 2. Procedure for dev(!lopment of a BSMV Control Program. 

Step 1. Initiate the progran. 

a. Eliminate the virus from breedinc; stocks. 

1. Rogue SJ'lT.ptoPlatic plants from field plots. 

a. Train foreign ba.rley Horke1.·s to recognize diseaGe 

symptoms. 

b. Serologically v~rif'y preaence of BSrW in some plants 

of key breeding stacks. 

2. EstabliGh a central clearinG labor~tory for serodiaenosis 

of all seed lots mo':i:12: a:n.ong breeding progrums for freedom 

of DS!·~'. 

a. Train foreign barley workers to use the serodiaGnostic 

test developed at i;!SU for the detec tion of BS!,!V in 

embryos or seedlin~ lenves. 

b. Supply essential reactants (antisera, kno~m antigen 

preparations, etc.) to the fordgn barleJ" \-rorkers. 

Step :2. Revie~·r the progra!l1. 

a. Inspect breeding stocks in field plots for occurrence 

or nonoccurrence of sYl':!l)tons caused b:l BS;·i"!. 

b. Spot check by serodir..Sl1 I1::;is rarll.l.0!T1~Y selected seed 

lots of breedinG stock::; for the prese!1ce of BSi·[v. 

c. Report finl1inss, inr..::ludinf, p05si ble rF.:cOi:l::1endations 

for improvement i:1 the C.J1'!tl'.Jl prof,;l'am. 
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J. Cor.tra.:tor In"!: -=~i:=,.l !·~·.tn~.:::e::-.c:lt and Jo'aci lit ies: 

L Local Rcseal'ch Ort:;anizations Inyolved 

a. Dept. of Plant Pathology 
!·~Qnt3.na. Sts.!;.e Vni versity 
Bozel:m.n, L·:-:mtana 59"(17 

Principal Investigator: Dr. Eugene L. Sharp 

Key Project ?ersonnel: Dr. Thomas W. Carroll 
Dr. DonK!d E. M~thre 
Dr. David C. Sands 
Dr. Albert L. Scharen 
Dr. Gary A. Strobel 

b. Dept. of ?lant & Soil Sciences 

~epc.rtment Heau: Dr. K. C. FeltnEr 

Key P~ojec~ ?crsonnel: Professor R. F. Eslick 

Key Project Cooperator: Dr. E. A. Hockett 
ARS, USDA Barley breeder GcnQticist 

c. :·;·'Jnts.:la Asr:'cul1:t:.ral E:9~rir.:ent Station 

Jea.'1 e: Dire~t;)~: Dr. Joha:l A. Asleson 

d. ?esearch Ce!:.:'e:rs - 1;:on t:ln.'l 

Agricultu:!'C!.::" 2xpeTiI:1Cnt Stati::'lll 
:::asterri !·:.:m:a:1a p.ese<l2'ch Center 

Directcr: l·t!'. Glenn P. Hart.man 

~. Grants and :ontracts Office 
l;~Qntana State U:1i·ie:rsit~' - Eoze:no.n 

Director: ?~of. Theodore Williruns 

2. Availa~le facil~~ies: 

F".ci:ities ~~or t:le proposej i!westit;atiorl include several 
cO:ltrol:~:.! e!1';i1'c,:::::e:l:' cha..r:~el'~, .J.cu cha:nbers, inoculo.th':1 to~·:e1'5, 

isolnt.i(l': ;reenh':J'.Jses, ~y(lphi li:::.tio:: :!.P?o.r:l.tus and stand.al·d, 
1~bol'~1::-r:; :~~t:ili tie3 :'o!' vi rus, bactc~'i8.1 (lnd !'unsal cul turo.l 
studies. Ade,:pate 59~~e f'v1' L.1~3.1 !'ie1d pl~')t \:Ol'k ir. a\'a.ilable 
at th~'! .':.f:~icultur£!.!. ~:\pel'i::lcnt S':?tion fjl~l~l l'esear.:h farm loc::.t·,;j 
a fe\~ ki2.:r::eters f~·':~ the C:.l:l:p~.l£3. 
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K. Key Project Personnel: 

Eugene L. Sharp (Principal Investigatorj 

6.. Educ8.tion: 

B.S. 1·13.j or: Botany University of Idaho, ?<1oscO".r 1949 
1951 ~t.S . 1.13.j or: Plant Pathology IO',fa State University, f.J'Je3 

Ivtinor: Crop B!'~eding 
PhD. '1~3.jor : Plant P3.tho106Y Im:a State Universi.ty, f~es 1953 

l'o!inor: Crop BreedinG 

b. E>:perience: 

Research P1a~lt ?atho).ogist, Fort Detrick, Frede!'ick, ;,!d.. - 1953-1957 
(2 years with U. S .. ~my Cher:lico.1 CC'l~'ps. Biological L-:J.b.) 
(2 years as civilian enployee) 
Ass't Prc.fessol' of ?lant Pa.tiwloG'Y, :,~ont. State Univ. 
Assoc. Professor of Plant P['. th·,'):!.ogJ', !·iont. State Uni v. 
Profc3sOl' of ?l.:lnt Pa tho1 'J,s,y, :·:,:,ntnn?:. S'cate Uni verslt:r 
Pre. fcssor ~ Eead, Plant Pa.th., l-bntan.:l Sta. tc Uni v. 
Von H1.unbolt Seniol' Scientist AH3.rdee 

- 195'f-1962 
- 1962-19G~( 

- 1973-p!"',::sC:1t. 

Bl·atl..i1SC~1.·!eig, Federal nepubLic of Ger:::a:w - Oct., 1975-0ct. 1976 

c. Princinel Publicatio:1s: 

Bockelman, H. E., E. L. Sharp and n. F. Eslick. 1971. Trisc~i~ 

analrs!s of r;enes for resista.nce tO,scald and net blotch in 
severcl barley cu1tiva.rs. CUll. J. Bot. 55:21h2-21~8. 

Sharp, E. L. a:1d. H. E. Bockelma.n. 1977. Utili zin:::; recurl'~l!t se1~ct.ior. 

populatio!1s for cliseas(:! re~;isLnnce in ba.r1ey. Procee.iin,:,;s 
of Bar1e~ .. ~':0r}~shop, A!l..':mn, Jorda:1. Apr. 24-28. (In Press). 

Robbelen, G. P. and E. L. Sh~~,rp. 1977 . i~ode 0 f inhed ";[l~ICe, in ter­
action a~d application of Genes conditioninG resista~ce to 
ye110i," rust. Advances in Plant Bi.·ezdinb. Sllpple;~:'2:1t 9 to 
JourI13.1 ot Plant Breeding, Paul Parey Be'c1in a:ld Eal::b~';,·::. 

150 pp. (In Press). 

Sharp, E. L. 1976. Broad b:tsed re~ist::!nce to stripe rust in ,,;heut. 
Fourth ::uro:::lean and l·:edi terr<1ue2.n Cereal :\ust::: Confercnce. 
Inter1aken,-Swltzerland. 5-10 Sept. 159-161. 

Sh:lrp, ,E. L., !;'" K. Sa11~' a.nd G. A. Tn.ylor. 1976. 
of additive £~nes for stripe rust resistance 
Phyt ~. 6r -91 -9~ op~.vn. 0:" .1-, (. 

In~or'P:>ration 
in ~,"int~r wheat. 

Sharp, E. L. 1973. Hhe:lr.. ChaI)'ter in 3reeclinD pla:1ts for dis<:!ase 
resist:mce - conc'~pt.::; :=on:' 2.I'.pl iC:lti.on. Editor r-;. R. HeL3.)n. 

The Fen:1s:,-lvo.!lio. St~~'tc ~ni';el';;)it:-- Pl'e~s. lIni'!e~'dt:r ?:'1!'}: a:1.J 
Lond~")n. 110-131. 

Amount ot' tii:1C: on pl'Oj ect - 25~ 
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K. Key ?r.J~ct Pe!'sonncl: 

Tho!:!as H. Carroll 

a. ~d'...lcation: 

B.S. Horticultu~e 

!,~. S. Plant Fat h'Jlogy 
PhD. Plant Patholo;r 

b. Z:,:,!:>p.rience: 

Calif'. State Polytechnic Coll. 
Univ. of Calif., Davis 
Uni'l. of Cafi f., DaviD 

Postdoctoral Research Plant Pathologist, Univ. of Calif., 
Da\ri:; 

Asst. Prof. of 30tan::, 1·10ntana,Stute Univ. 
Assoc. Professor of ~otlny, Montana State Univ. 
?rofessor of PIa::-: ?3.tholc,(;y, !·~:::nt3.tl3. State Univ. 

c. ?~incio~l Publica~ic~s: 

- 1965-1966 
- 1966-1969 
- 1969-1974 
- 197h-present 

:.;cl·!eal, F. II .. , 1 .. : .. r:. •• Berg, and ri'. H. Carroll. 1976. Barl.ey stripe 
r:losaic virus da.ta from six infected spring ,·rheat cult.iv:.lrs. 
Plant Dis. ~~p~~. 60:730-733. 

Carroll, T. H., and D. E. !·'i3.yheH. 1976. Occurrence of virions in 
developi!:G :Jv'..tl~s and er.1b~'Y.J suez of b~rlejr in relation to the 
seed t:!.'un.::;:::issi bili t;.>J of ba~ley stripe mosaic virus. Can. 
J. Bot. 5~:2~~97-2512. 

Carroll, T. W.) and D. E. Mayhew. 1975. Barley st~ipe rnos~ic V1rlons 
ascociaten ,dth spindl~ nicrotubules in barley cells under­
going reicrcsparo5cnesis. Proc. of Third International Barley 
Genetics Sy:::posiu .. :n. p. 525. 

:·Iayhe\·i, D. E., and. T. \of. Carroll. 1974. Barley st d pc mosaic 
virus associated with spindle nicrotubulcs. Science 185:957-958. 

Cal'roll, T. H. 1969. Elc':.:tro:1 microscopic evidence for the presence 
of barley 5t~'ipe r.:osaic virus in cells of barley embryos. 
Virology 3T:6h9-657. 

• :.!cIfeal, F. t.!., a."1d T. H. Carroll. 1968. 
twelve varieties of spring wheat. 

~llieat stre~k ~osaic in 
Plant Dis. Reptr. 52:201-203. 
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K. Key Projc~t Personnel: 

Robert F. Eslick 

a. Education: 

B.S. 
H.S. 

Washington State University 
UniYersity of Hyolllin3 
University of WisconsIn 
Oregon St~te University 

b. Experience: 

Student Asst. 
Grad. Asst. 
Instructor 
Asst. Prof. 
Assoc. Pro f. 
Professor 

\'lashington St?1:.,:, Unh'ersity 
Urliverr.ity O!~ :':j"G:i~in6 

Unive~sity of Wyo~in~ 
Colorado Stute University 
[·iontana Stat.·2 University 
~·lontana Stat~ Uni ven;i ty 

c. Princ i Dal P'.lblic~~t iO~IS : 

- 1939 
- ~19112 

- 19118 
- 1956 

1935-1939 
1939 
1940-19112 
1942-1946 
19h6-l956 
1956-pre~ent 

Ullrich, S. E. nnd R. F. Eslic~. 1917. Inheritance of the shrunken 
endosperc ch~racter, sex3c, of ao~l Riso ~utant 1508 
and Its nssociation with lysine content. BGN:66-13. 

Jarvi, A. J. and R. F. Eslick. 1975. Sh!'unken endosperm mutants 
in barley. Cro~ S~ie~~e 15:363-3G6~ 

Rama5e, R. T. and R. F. Eslick. 1975. Translocation Lillkace 
test - T2-Ta x male ster He Genes. BGN5: 1:6-1:8. 

Eslick, R. F. and E. A. Hockett. 1974. Gene'tic Enginee!'inf, as 
a key to water-use efficiency. Agric. Net~or. l4:l3-23~ 

Fergason, Hayden, R. F. Eslick and J. K. Aase. 1973. Canopy 
temperatures of barley as influe:1ced by morphological 
characteristics. Aeron. J. 65:425-428. 

Pomera.nz, Y., R. F. Eslick and ;;'. S. Robbins. 1972. Ar.lino ac id 
compo~ltioll and mnlti!l2; a!1d brei·:in2: perforl:1flnCe of hie;h­
amylose und. hiproly bal'leys. Cereal Chel:",. !19:620. 

d. Amount of time OT'! project - 20;'. 
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.. ~ Ke;r ?~o.~ect, ?e~:sonn~l: 

DonaJ.d E. i·iathre 

a. =:d~:nt'icn: 

b. 

3.S. 30t?:1Y Io",a State Uni Yersitv . . 
?hD. ?la:::'· Pathology University of Calif., Davis 

- . .:..:r'Jerlence: 

.:'sst. P~of. of Pl<!.nt Pathology, Univ. of Calif., Davis 
Res:;:')n~ible for 50il-borr.e diseases of cottO!1.. 

Asst. PrQ~. of Plant Pathology 
·~ss~c ':) .. ,...:> of' P~a,..'t Pa"t'holo- r :". v • .;..:. -".:. • _ _.J.. L" oJ 

- 1960 
- 1964 

- 1964-1967 

- 1967-1'969 
- 1969·-1972 

?rofess,')~ of Plant Pathology, j·:ont. State t::1iv. - 1972-prcsent 
Responsibl~ for soil borne diseases of wheat and barley 

c. ?~~!1.ciole u~blic~ti0ns: 

:·:a~h2'e, ~. E., R. h. Joh:1ston, and C, G. ~·!cGuire. 1977. Cephalosporium 
stripe of winter wheat: Pathosen virulence, sources of 
resistance, a:1i.l effect on crain quality. PhytopatholoE::Y 67:1142-1148. 

JarlinGt:)::, 1. C., T. H. Carroll, and D. :::. i-bthre. 1976. Enhanced 
suscep~i oil1 t,y of b.:l"Tley to erc;ot as influe~!ced by bal'ley 
st~iFC ~osaic virus infection. Pla~t' Disease Reporter. 
6a:534-587. 

·:.~athre, :). E., an(L R. H. Jah!1st.:>n. 1976. PreSC!1.ce of ch;arf ::!.!ld 
CO!7"_':i.):1 Sf.'ltlt in i·:ontan3. · .. ;heat. Plant Disease ~eporter 60:)80-583. 

:·~thl'e, :>. E., a~1d R. H. ~Toh:1StC'!1.. 1975. Dispersion of loose Sr:1ut 
in foundati·::m barley seed fields in a se::ti2.l'itl clir.l2.te. Plant 
Disease Reporter 59:979-931. 

:·i3.thre, ). E., ~,nd R. !-!. JOh:1s;;'on. 1975. Cephalosp.Jrium stripe of 
wi::"te!' i'i!leat: Infecti'):1 prucesses 2.nd bos~ l'e::;pon::;e . 
.,h'--o"' ... .Lh)l~-·r 0'5'1°)11, 1",I,Cl ... ,. •• , ..... !:' ... ,",." _t..J£JJ .:. .. -"-_':::'·'otI. 

:unfel', 3., 9. E. ~i2..thl'e, a:1d E. A. Hockett. 197!;. F'actors 
i:l!'luencinL~ t:le susceptibility of nale-ste::i:'e barley to 
e~F.ot. C!'op Science 15:l9!~-196. 

"tine ~n project - 15~. 
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K. Key Project Personnel: 

David C. Sands 

a. Education: 

A.B. 
PhD. 

Botany 
Plant Pathology 

b. Experience: 

Pomona College 
Univ. of Calif., Berkley 

N.S.~. Postdoctoral fellow to C.S.I.R.O., Div. of Soils, 
Adelaide, Aust~alia. 

Asst. Plant Pathologi:.~, Connectic~t Agr. Expt. Stn., 
NeH Haven, Ct. 

Asst. ProfessOl' of Pl:!:1t Pathology, r·lont. State Uni v. 

c. PrinciDle Publications: 

- 1963 
- 1969 

- 1969-19'(0 

- 197()-1976 
- 1976-

Saucls, D. C. and L. H:-.::.'·dn. 1976. Fortification. of foods b:r fermenta· 
tion with lysin~-excretin6 mu~ants and lactobacilli. J. Asric. 
FOud Che::l. 2h:l~04-1106. 

Sands, D. C. anJ L. Hr-~~:~in. 1975. 
cent ncctolytic :;Jseudomonc.ris. 

Ecology and physiolo,gy of flllo~es­
Phytopatholo.s:r 65:921-924. 

Sands, D. C. a.ll:! L. H:::.!"".}:in . 1974. Sclecti nf; lysine-exc::"cting 
mutants of lc.c~.o'::;:1.c:i.J..li for use in food and feed enricn::1eut. 
Applie,l l·iiCl'obiu: 28: 523-52:~. 

SanUG, D. C. and A. D. Ro\'ira. J.971. ['lo::lifyin!3 the virulenee and 
ho~t r:mr,e of He~d pat!lci;ens. liT P~oceed i.o.:;s of the Third 
Inter!'\~t lona 1 Co:. :~erence on Ple:.ut PathOGenic Bact':?ria, ~·lo..seninl:en. 

Sa.n~ls, D. C., 1·1. l!. Schroth and D. C. Hildebrand. 1970. 1'a.xonomy 
of phytopat.hosen ic pseudornona.Js. J. B3.cter iolot:Y 101"9-23. 

Sands, D. C. and A. D. Rovira. 1970. Isolation of fluorescent 
pseUd0::10:13.ds ,d th a selective r.1.edi urn. :\pplied 1·iicrobiol. 
20:513-51~. 

Amount o;,~ ti:ne on proj ect - 20%. 

http:H.-.k.in
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~. K~7 Project Personnel: 

Albert L. Scharen 

2.. ':::~·.lcation: 

B.S. Agronony 
!.:. S. Plant Pathology 
PhD. Pla.nt Pathology 

Univ. of Hyoming, Laramie 
Univ. of Nebraska, Lincoln 
Uni v. of Nebras'}~a, Lincoln 

- 1952 
- 1956 
- 1960 

Research Plant Pathologist ARS-USDA, Beltsville, r·Id. - 1960-1972 
~esearch Plant Pathologist, I,ront. State Univ., Bozeman - 1972-present 

c. ?ri~ciule ?~blica.tio~s: 

Scharen, A. L., and J. H. Krupinsk:{. 1977. Detection and accumula­
tion of resistance to Scptori~ nodoru!!1. in ",heat. Phytopatholo;:r. 
(In press). 

:C::-upinsk:r, J. 1'1., J. C. Cradd(Jd~ and A. L. Scharen. 1977. Septoria 
resistance in wheat. Pl. Dis Reptr 61:632-636. 

=:yal, A. and A. L. Scharen. 1977. A quantitative method for the 
inoculation of wheat 'seedlicgs with pycnidiospores of Seotoria 
nodoru::l. Ph;;rtopath. 67:712-714. 

S~haren" A. L., J. H. Bergman and E. E. Burns. 1976. Leaf diceaces 
of .... ·inter ~,!heat in t-';ontana a!ld losses from theJ:'l. in 1975. 
Plant Dis ~eptr. 60: 636-690. 

S~haren, A. 1., and J. I". Krupins}:y. 1973. The effect of age on 
virulence of S::;-:Jtoria nOdO!'lt:-:1 spores on ",heat. Plant. DIs. 
Reptr 57. 363-366. 

I~lpinsky, J. M., J. A. Schillinser and A. L. Scharen. 1972. 
Resistance in ~...r.eats to Sentoria nodorum. Crop Science 
12:528-530. 

';\=;'Y":':-~-: of tine on project - 15%. 
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Project Persr:mnel: 

Gary 1\ • • Strobel 

Education: 

B.S. Botany 

PhD. Plant Pathology 

Colorado State Univ~rsity 
(wi th honrJl's) 

Univ. of California, Davis 

- 1960 

Exnel'ience: 

Assist. Prof. of Plant Pathology, r~ont. State Uni v. - 1963-1)£-:-
Assoc. Prof. of Plant PatholoS'/, r,~ont, State Uni y. - 1967-:'91: 
Profeszor of Plant Path910gy, robnt. State Uni y. - 1971.-:::--::.::-=:::::; 
A.A.A.S., A:nerican Society of Plant Physioloeists, American So~ic:';~' 

of Biological Chemists, fll!1erican Phy~opatho1oe:i,cal Societ:.·. 
Has served on editorial boards and various c:ornmitteer.; fo::­
these organizations, 

c. Princi~~l Puhlicatio~s: 

Kenfield, D. S., and Gary A. Strobel. 1977. Biochemical as~ects =: 
plant disec:.se resis:~ance and susceptibility, American Che:;-.i.~=.l 

Society (in press), 

-Uach;:!ias, A., r. Barash, A, SoleI, and Gar:r A. StrobeL 1977. 
Purification and char8.ctel'ization of a phytotrJxin procl:.;.ce': 
by Pho!l'i3. tracileinhil8., the c3.u:::al agent or' r·ial-secco c.lsep.se :f 
citrus, Physiol. Plant Pathol. 10:141-157. 

Strobel, Gary A. 1976. Ph:(totoxins as tools in studyin,5 nla:1t 
disease resistance. Trends in Bioche:::.ica1 Sciences i :2!.;-7 -25::. 

Strobel, G~ry A. 1977. Bacterial phytotoxins. Ann. Re ...... I·:icrobi~::'. 

31:205-224. 

Strobel, Gar:{ A. 1976. Toxins of P13.:;.t Pathor,enic Bacteri::!. a~c. 
Fungi. Plant Biochemi ::;tr:-" Se!'ics, Phytoch~r.:ic2,l SOl.!iety. 
Academic Press, 135-159. 

Strobel, Gary A.. 1974. Phytotoxins from plant parasites. 
of Plant Physiol. 25: 51~1-566. 

Ann. 

A.r:i;:-'.mt of ti!:,e on proj ect - 15~. 
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t. 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 icprovement on this crop and only one (Hontana 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 l-lhom they will be vlOrldng. Equip­

ment needed for the proposed project is available with the exception of 

expendable su~plies, etc. Facilities available include several controlled 

environment chambers, del\T chambers, inoculation tm,ers, isolation green­

houses, lyophilization apparatus and standard laboratory facilities for virus, 

bacterial and fungal cultural studies. Field 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 knOl\Tn 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 pr.ogress and to determine the need for 

possible extension, 

H. Environmental Considerations. 

Since this proj ect involves ,!only controlled experimentation on small 

plots, and is therefore of limited scope and under strictly controlled 

conditions, it has been determineu that it ,~ill not result in a major 

federal action Hhich 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 Developmen~. 

This project \~ill provide equal opportunity for women, both for women 

participants from the LDCs and for potential \~omen professional staff. 

0, Contract Considerations. 

1. Identification of the contracts or grants that ,·lill be needed to 

implement the program: N.A. 

2. Description of services and supporting goods to be included in 

the proposed scope of \V'ork of each contract or grant: See 

Work Plan, 
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3. The proposed procurement agent: A.I.D. Washington. 

4. Proposed method of procurement: Noncompetitive procurement 

based on predominant capability. 

5, Inderendent government cost or price estimates: Subject to 

negotiation by SER/CM. 

6. Special Terms, required ~vaivers, etc.: ~. 

7. Scheduled dates for award and contractor start up: N/A. 



P. Contract Budget and Life-of-Project Cost 

Research Portion 

Work Work Work Work 
Inputs Year 1 l-fonths Year 2 Months Year 3 Months TOTAL Months 

1. Salaries 87,658 102 96,595 108 102,331 108 286,584 318 
2. Fringe Benefits 11,834 13,01,0 13,815 38,689 

(13.57.) 
3. Indirect Costs 51,736 57,010 60,396 169,142 

(52.07.) 

4. Travel & Per Diem 
(a) Domestic 2,400 3,000 3,000 8,400 
(b) International 13,000 1~,500 16,000 44,500 J:-. 

0\ 
, 

50 Equipment 8,000 2,000 3,000 13,000 

60 Materials & Supplies 4,400 3,400 3,700 11 ,500 

7. Publications 800 800 1,000 2,600 

8. Other Direct Costs 
(Repairs, Naintenance 
& Comm) 1,300 1,300 3,900 

90 Training 41,996 24 37,579 24 65,258 24 144,833 72 
100 Totals 223,124 126. 230,224 132 269,800 132 723,148 

Outputs 

Project Design & Method 
G-1 = General Methods 36,769 27,741 14,318 78,828 
(includes fundamental 
studies) 



P, Contract Budget and Life-of-Project Cost (Cont'd) 

Work Work Work Work 
Inputs Year 1 Months Year 2 }1onths Year 3 Months TOTAL Months 

G2-Germplasm Bank 42,384 41,611 30,477 114,472 
for resistance 
sources and virulence 
pool 

G3-Diseases in 44,920 59,142 105,339 209,401 
relation to RSP 
development 

G4-Special procedures 57,055 64,15i 54,408 175,614 
(toxins, serodiagnosis 
gene transfers) ~ ..., 
Training of young 41,996 37,579 65,258 144,833 
RDC scientists 
(Barley Research) 
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3. Germ pla.:;m ballit - both ref>j s tnncc 
sourccs nnd pl\thoGen virulencc types. 

~. Data on reaction of cntrie:; in unifor/ll 
tests to sevel'nl diseases. 

Increo.:;c,l productivity of barley and 
well-being of people tnvolved in 
the I,DC'n 

C'lnJilions ,Ioai~"ill indicolc pu'pose has b.:.l" 
ocl.icvr.J: End "I :Hojoc:1 slalu:. 
fiarley G lod.:; incorporntcd into brl.rley 
hre('eJj nl; proGrams 1)1' tRrcet areas 
rer.1l1tin~ in better dioense protect'ion 
and improv(!d barley production. 
Sero,Un8nonj 5 rout.incly used rJr 
tenting necd lots for DSMV. 

MaOlliludo 01 O.'lpuls: 

FOUl" popull1 I;.iono for each disease 
Virus-frec h:o.rley need ot:ocks 
Catn.l;1/\ of I',,~f alnnce gcne 

conlh 1 n" 1.1 olin 
CntnlfJr, of vIrulcnccs rcpret.ented 

in thc '/arioun dinease s. 

ft - .... -------------------------·:-(-n-'r.-'-o'-n-cn-Ia-'-ig-n-:j' ~I'O~I (Type ond Quo;ality) 

Cowltry ntatir.l;ics f'ro/ll Hininterien 
of Acric1l1tllJ'c 

USAID reports 

On-site Obsel'vHtiono 

I.DC rcporln 

Contractor rcports 

On site e"aluatiOlls 

Contractor reports and on-site. 
obcervations 

Rccipient COllntriED 
r,i ve priol'ity to foo(l 
producLion. 

--I' AS;"llll'lio:ls 10, achic"in!? I'l"j":C: 

SelecLion procedur~n nrc 
adeCJuate 
Diversity of germ p1:1o/ll 
is prescnt 1n starLinG 
nl:o.terials 

.. Gr.nelical nsolllnptiolls al'e 
corl'r.cl.. SelccLlon 
I'I'occc1l1rl'B or r-lIccc[wful 
('111.1'1"11 nrc nvailnhlc for 
Lr:nLfnr,. 

I 

\.ooperalors cOffiplctc 
sowine of e~peri/ller.lnl 
n1.'lt.cl'1.als. 
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1\) D financial' SUpPOI·t; technical help &: 
fncilitics pl',wId,~d Ly H'j\l, Alii :0. IDC's 
p IbvIr'le 10gis ticnl GlInpol't III r,N~' s. 

/

A1D reports, on-site ohservllt1ons & contrllci ."HU;, I,/ln~ !,., ,·'r.·.·i,l,,:J ;"I"JH: 
tor reports correspondence with LIlC coop ern "pprovnl of pr(lposol. Adequate 

I
tors. pcrsonn,,! Qvailobl(! for contractcr 

I :and lnt Center 1nlr.aaeR. 




