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! C ~ INTRODUCTION 

~'h"'var4af rust of barley (PtlOcinia h01'clei OLth.) 3 has had a 
~ati~ sle·t history thus far as an agricultural problem in the 
-::-!",-.......!..=='-- rn 
~ SUI~~ttecl!r publication January 21, ID52. Cooperative investigations of 
J:t!1J Di~on m'eal Crops and Diseases, Bureau of Plant Industry, SOils, and 
Agrieumral ' 'ineering, Agri('ult11l't11 It<'sefu:ell A(lministration, United States 
I'W!par~nt ~Agricultllre; the Division. of Plant Pathology and Botany, De­
=rtment of ,,<ricultnt'e, Uniyersity of l\Iil1nesotn (Paper No. 2572) ; and the 
~iYision of Botnny nnd Plant Pathology, Science Service, Canada Department of 
l:Ilg-rieultnrc (Contribution No. 1083). 
~. • The authors express appreciation of the interest of .T. H. Craigie, of the 

Canada ])pparhl1(>nt of AgrkultUI'p, \Y. F. 11[1111111, of the D llltinion Labortltory 
of Plant Patho]o!;,y, Winnipeg. i\L A. McCall, formerly of the Bureau of Plant 
Industr~', Soils, and Agricultural Engineering, and E. C. Stakman, of the Uni­
Yersity oj' i\Iinuc>sotn, iu the investigation rellOrted here, and of the cooperation 
of lho:;(> who pr"yWC'<l ~(>t'<l (Fe ditTC'I'l'lltial hl)~ts nllll other hn rley vm:ieties, leaf 
rust 1>J)('riI1JPlls .from clifT:el'cnt; Darts of Call1Ulit ana the United States, and other 
essl'ntinl nuU:el'inls and sllpplit's. 

3 J...ess thnn It century ago this rust had not been <listinguished taxonomically 
fl'om leaf rust on wheat, rye. and many wild grasses. Of several Ilames applied 
to it, Pnccinia, rubigo-L'ci'a, (DO.) Wint. was the one used most generally. While 
still considering the leaf rust on IIol'cleu1n spp: an integral part of P. rubigo-vern 
(DC,), Winter (25, p. 2.18) classified it as yaL'. simpZelJ] Kurnieke. In view of 
statements in the standard wOI'k just eefen'ed to and others, Bisby (.1, p. 44) 
c()nclndpd fllat I'lw 1111111(" "silllVle'x" hnd "validity only as a vnriety" until IDriks­
son lind H('1l11ing raised it to slweific rank "in 1804, by whil'll time it had become 
a Intel' homonym * ,. * of 1'. •~illlp'1cl1! Peck, 1881." i\[eallwhile, in 1878, the 
b.inomial 1'. (/lIom(lI(~ Rostr. had been published; and, according to Bisby (.1, p.
44) I "its epithet is to be acceIJted * '" * unless und until an em'1ier eIlitbet 
might be found to have priority." fH(~vPIlROn and .1'0111";011 (:21, p. 37'2) reIlorl.ed 
in ID4.G thnt such an epithet IHld been found by Buchwald-the name Puccini(L 
horrid, Otth. had been published in 1871. This binomial is used in the present 
paper tentatively and as a matter of expediency. 
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United States and Canada. In the United States, although it may 
have been present a8 early as 1899 (5, p. 10) ·1 and by 1911 had made 
its appearance in Iowa, Califol'l1ia, Minnesota, Virginia, and Mary­
land (8, p.ll), it did not begin to cause serious losses llntH about 1935 
(11, p. 21). That year a severe epidemic of this rust occurred in 
Minnesota, with intensities on Mhlsturdi (C. I. 1556) 5 estimated as 
high as 55 percent at St. Paul and 85 percent at ·Waseca. In Canada, 
first collection of this rust was made in 1922. The disease was not 
found again in the Dominion until 1927, when col1ections were made 
throughout southel'll Manitoba and southeastern Saskatchewan (-4, 
p. 83). In 1947 Dickson ('7, 7). 57) reported that "leftf rust .of barley 
occurs extensively in both the winter and spring barley areas of the 
Eastel'll and Oentral United States. In this area the rust is found 
almost every season, and in some seasons it develops in epiphytotic 
form, especially in the southpl'n spring-barley area." 

OwinS to intensifi.ed epidemiCB or dwarf leaf rust on barley, plant 
hreeders in both the United States and Canada began work on devclop­
111,ent of resistantv!ll'ieties. This resulted in n, pL'essing need for 
further studies of physiologic races of the rLlst and their distribution 
in N Ol'th America. A rev ie,," of the literatme on the sllbject :~orceflllly 
indicated to the writers the urgent llecd for rcinterpretation and codifi­
cation of the accumulated data on this rust, which, in some cases, w~re 
confusing if not conflicting. Studies designed to meet this need 
were undertaken at the Federal Oerenlllust HeseH,rch Laboratory, St. 
Paul, Minn., and the Dominion Laboratory of Plant Patholog¥, 'Yih­
nipeg) Manitoba. Laboratory work involved in the project wr~ 'carried 
out during the per.iodl!J40-49 at St. Paul and c1ming the perintl1930­
49 at 'Vinnipeg-. Most, if not a11, of the btu'ley varieties tlm,t at one 
time or another had been used-either in North Americ:a, in. Europe, 
or in Austmlia-as diifel'ential hosts for determination 0:!k(>hysio­
logical specializ· .tion in this rust were assembled and were ~.iected 
to hlOculation with hundreds. of collections of dwarf IMf rllst 
received from. various paL'ts of the United States and Canada. On the 
basis of results of this work and of pub.1ished andullpublished findings 
of other ill"vestigfttors, the writeL's haYe prepared dichotomolls keys 
for the identification of physiologic r:tccf' of the rust. This publi­
cation presents these keys and also data on the frequency of o('cuL'I'ence 
of the l'tlces isolated in the United States and Canadll during the 
study years lllld on JllutatiollS that occUlTed in the course of the 
laboratory work. 

EARLIER WORK O~ PHYSIOLOGIC SPECIALIZATION 

Evidently sensing the latent threat of dwarf leaf rnst to the baL'Iey 
crop in the United States, MaillS (13) undertook the study of possible 
physiologic specialization in this fungus a quarter centllL';V ago. On 
the basis of the l'eactions of Oderln'uckeL' (C. I. 9,W) hlld othot' barley 
varieties, he demonstratl.'cl the existence of at least two physiologic 
races of PUMinia lwrcZei in this cOllntry. In ID~7, 'Yatel'house (B3) 

• ri:nli(' lHlIllhel's in llHl'entlIPf;('f; l'pfl'r to Li{praf:ul'(> Cited, n, Ht 
Co "0. 1." rc.i'(>I'S t.o H('('esHiPll lI11llliJt'I'S of the Dil'i:,;illn of (,pl'('1l1 ('rops and 

Discnses. 

• 


• 


• 


http:intensifi.ed


",_. 

• -1 
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reported his results of testing an Australian culture of dwarf leaf 
rust on II number of barley varieties and hybrids. Analyzing these 

• 
results, Malns (14-) later suggested that the Australian culture con­
stituted a third physiologic race. Independently of the aforemen­
tioned rcselLrcliel's, Brown and Newton (4-) reported in 1020 the isola­
tion of two barley leaf rust !'aces in Canada. In 1931 Erovm (13, 3) 
reported hlentificatjon of a third and a fourth I'ace or horelei in 
Canada. Also jn 1031 Hey (9) published on the identification of eight 
different physiologic races of barley lettf rnst in Germany. The barley 
varieties he usecl as differential hosts l1lclnded none of those thereto­
fore used by investigators. In 1032 Mains und :Martini (15) reported 
on the reactions of a great lH[Ll1Y barley varieties in both greenhouse 
and Held. In 1033 Hhse1l11Orn (10) pllblishec1 an aC('ount of it bttr1ey 
leaf rust race ill Argentina seemingly di Ifcrcllt from the previously 
knmvll races. 

• 

In a\yareness of the pioneering endt,ttVors of her l)rcdecessors, 
Ronsdorf (18), in 1034, published results Iron1 tests she had made with 
Heis differential hosts plus 1 additional barley variety. She had 
succeeded in isolating a ninth race from, German collections. Stakman 
and coworkers (20)· pointed out the followiug year that, owing to 
the use of different test varieties for the determination of physiologic 
races of leaf rust 0'£ barley, comparisons of races isolated in different 
countries were extremely clime-nIt if not nltogetller impossil}le. In 
the same year, Ronsdorf (19) reported 011 the reactions of 15 barley 
varieties obtttined from Mains to 5 Germ.an physiologic races of leaf 
mst. She found these barleyi" inadequate for differentiating the 
races s1le was studying, although ::lome of them hacl served as adequate 
difl'erelltials in Mains' tests. Ronsdorf then made 3 single-spore 
isolations from a barley leaf rust collection she had obtained from 
Mains. Subjecting the 3 1l10nOspOrolls cultures to a test On 11 German 
test varieties, she found them to be of 2 physiologic races. On the. 
basis of these results she concluded that the barley varieties Hey and 
she had selected as differential hosts for the dwarf leaf rust were 
superior for that purpose to those used by Mains. 

After testing a number of dwarf leaf 1'1l5t. colleetions on tlle set 
of c1iliel'entials used by Hey llml Ronsdorf, Stl'aib (.:3:3) cOl1eludec1 
in 1036 that of the 11 varieties thus used only [} W(,I'O essentia1. 
Adding to these 1 South .A.medcan vaTiety and 4 varieties previoUflly 
used by 'MaillS allcl ?llar6ni. and using thi~ set of 10 as dil£erentials, 
Straib sLlce-ce(iNl in isolating 14 dilferent races from 124 collections. 
Only 4 of the 14 races l'csemblE'dl'aces previollsly found in Germany. 

• 

Strai.b's further emletl.\'ors to identtfy clwl1xf]eaf rust 1'11.ces in Europe 
Ly use of bnrley Yari('tieG so used in the rnited ~tates wer(' no more 
:::uccessful than those of Ronsdol'f. lJshw J.l: Yarieties ofbal'1ey previ­
ously 11scd by Mains, Htrnib difl\'l'cntiatctlonly l\, few of the 1:) physio­
logic races tN;ted. Browll, at the Dominion IJaboratory of Plant 
Pai'hology, 1YiJlnipeg, Manitoba, used the same H: harley varieties in 
t(>stin~ HCamldial1 lNtf rust taces. His I1npublished results indicate 
tllttt these l'flces wcre, in certain respects, c1ill'el'entiable by some of the 
vari('ties he usee\. Brown al~o b?stecl 4: of the Canadian races on 10 
blu'ley Ylll'it'ti('s ns('d by St1'llib ar,d suC('~edNl in det(,l'lllining only 3 of 
the J'uees. 1Vnte1'llOuse (24) l'epol'ted in loaS that the Kinvel' barley 
vHriety poss('ssed differentiating properties for dwarf leRf l'USt in 
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f 
Australia, and that by use of this variety he had ascertained the ex­
istence of at least 2 physiologic races of P1lCoinia lwrdei in that coun­
try. \Vaterhonse made tests with a number of the varieties used by 
Mains, but found them of 110 value as difl'erential hosts in Australia. 
The dIfferential varieties tlsed by German workers had not been avail ­
able to \VatOl'hOllse. D'OliVeira (16') isolated 11 llew physiologic •
races from dwal'f leaf rust collections obtained in Grcnt Britain, 
Portugal, and Spain. He used as differential varieties 7 of the 10 
hosts chosen by Hey, the 1 added by HOllSc1or:l', and 2 of thoRe l1sed by 
Mains. .Johnson and Ne'wton (19, p. 358) concluded in 1946 that be­
caUSe "cWrerent groups of differential hosts were used by North 
American and Eurol)(>un workers, it is not possible to make any com­
parison between the races present in the two continents." This ob­
servation, corroborating the one by Stakman et a1. quoted above, might 
well ]Hlye included Anstl'alia. 

Evidence was fou1ld in cul'lier research that physiologic races of 

P1lCcillia hOl'clei Ol'igiwlte thl'ough hybl'ic1izntion in the upcial st!lge and 

throngh mutation ill the lll'edial stage. D'OliveirR (16') solfed two 

knmnl races oJ leaf l'ust of barley Oil O),llithoga!llllu 1l1nocllahmu aild 

obt.ained six ne\\' ph?sio]ogie I'aces tlu'ongh this operation. "Then he 

crossed two known !'a(,('S ':n additionnllH'w ]'tll'e resulted. So far these 

seC'111 to be the only illSltlllC'es Oll l'econl of pro<1u('ljon of new P. hOl'dei 

mces thl'Ough selting ancl Hrlifi"ial hylwiciizalioll. 


In the earliel' works Oil physiologic' s)l('('ialization 0'1' the (}wal'[ 1eaf 

rust pathogen, it was nssnl11('(l that the pnrasitic ht'lul\'iol' of race:; in the 

lIJ'cdial stage l'elllnil1('(l ('Ol1stnllt exct'pt fot' minor fludnatiolls c(tused 

liy ellyil'onl11('nt:tl clt:Ul!!('s. How(>yer, when Hons<lorJ' (18) mude tests 

with two raN'S obtnillPCl from Hey l'lte llt'ha,Yjol' of tIH'Re, rHces was 1'ery 

difl'cl't'nt hom what it was in Hpy:s tests, under similar cultural con­

ditioJls. She oll'el'('(l no explHllatioll '1'01' the <1iffel'('11ees. Stl'aib 
 •

. (£2) doubted that Honsclor:f had the same culturcs Hcy had workod 
with. D'Oliveira (Hi) wasthr first to recognize ancll'C])<H-t [l,mutation 
in :t I'acc oJ' (1warf leaJ rust of bal'le~'. 'rIll' 111 nUltionhc :1'olln<1, i 11 !l 

rat'(' ('oll('<"tNl in Enp-Jan(l wh it'll he (\('si:.rnate<l rueo 14, was :t radical 
cilangt' in ('0101' and :tl::o a change in parasitism. D'Oliveirag!lve the 
r(,~ldtant rael' t11l' 1l1lmbet' :2:1. ~ruhlti()n lIIay ('xplain the Housdod 
J'('snlt:; j llst Jl1PlltiOll('(l HIH11l1ay :l('('onnJ fot' ('pl'tain discrepancies in the 
pnthog(lllil' lwl!rt\'iOl' of physiologic 1':1e(';:; o'/: the dwarf led rust 
reported by nIni ns and ~[al'tini (1/;) and others. 

COORDINATION AND CONSOLIDATION OF PHYSIOLOGIC RACES 

~Llll'h of nil' (liflit'lIlt.v ('Il('OUlIl('l'r.d in id('ntif~'ing phy::;iol(wie rHecs 
of PI/I'('inin }/lJl'd,i :-(\'111:- fl'olll illP !"pnsitivily of tllt' ()l·:.rallis~l to the 
bio[j(' nnd physic·al t'llyil'(JIlIlH'111 in whi(,h it j" ('ulhu·('(l. ~Io(h,t'nle 
:tll(l l'('lati\'('I~' ('ollslalll I('111 Ill'l'at Ill'l' a[\(l g(lod lierht an' impol'i::mt. 
'I'll<' wl'itPl's lw\'(' found that n lell.lJwrntlll·(1 fllId:u::ting al'oult(120" C. 
is almo,.:t iclPH I fo)' llOl'lllttl dt'y('lopwl'llt (l r Lmdl'Y leu r l'\l~t, and ('hat 
in lil" ~\ralli!olJ:\-l\[jI\1l(,H)j:~ tll'l'a Ntrly :;]ll'illg 1ll](1 fall pl'od(]e opti- • 
ml1lll lig-llt ('ollditi()ll~. Thrifty secdlingf> 1 to 11i~ wl'('k~~ oW \\'PI'(> 

:1'(111)(1 to 1l(' a IIlOSt dl'Hil'nbl(' medium 1'01' den 1'1 \' dplini ng eli/rel'pnL 
ini'l'('tioH t:n1ps, tllHl s]wing uarlt',)'s w('l'e IH'dpi'l'cd as cliffl'l'entin1 
hosts. Homozygous dilfel'pntiaL hosts, Hlllnifesl:ing ltolllogelleOllS jn­
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fection types ancl reacting consistently under a reasonable variety 
of conditions, are essential. Essential also are lucid description and 

• 


• 


• 


classification of the various infection types, so that the types may 
be discerned and differentiated readily. 

Through inoculation tests with aU barley varieties previously re­
ported as differentials, it was found that some of these varieties were 
not entirely adequate as such, some could be used interchangeably, 
some were essentjal and some critical, and others possessed auxiliary 
differential properties. Varieties found essential to keying out all 
authentic races of barley leaf rust thus far recorded in the literatme 
or otherwise reported numbered 16. Of these 16 varieties, 9 were 
found to be critical for identification of outstandingly important races 
consolidated with races of lesser import.ance. The 16 varieties re­
quired for the identification of all authentic races are as follows: 

Speciale, C. T. 7536 (Hey's "Hordcum 'Vulgare spcciale"). 
Re!m 1, C. T. 5051 (Waterhouse's uReka 1" aud Hey's uAustralische Recka"). 
Sudau, C. I. 6480 (Hey'S "Sudan" or "Aegyllti!:'che Sudan"). 
Cruzat, C. T. 6482 (Straib's "Hordcmlt hexa8tiah1tJlt pyramidatllm Kcke."). 
Chilcan D, C. I. 14:::3 (~Iains' "Chilean D, C. I, No. 1483"). 
BOliYia, C. T. ]237 (~Illim;' "BOlivia, C. T. No. 12fi7") . 
Oc1erbrucker, C. 1. H40 (:i\Iains' "Oderbrucker, C. I. No. 040"). 
Quinn, C. r. 1024 (:i\Iaills' "QUinn, C. I. No. 1024"). 
Egypt 4, C. T. 6481 (Runsdorf's "Aegyptische 4 zeilige"). 
Club l\Inriout, C. 1. 2(;1 (l'I\nins' "Club l\fariout, C. 1. No. 261"). 
Samaria, C. 1. G40!{ (Hey's "Samaria 4 zlg."). 
Berg, C. I. 6486 (Hey's "Friedrichswerther Berg W.-G."). 
Gold, C.!. IHG (~lains', also Brown's, "Gold, C. I. No. 1145"). 
Lechtaler, C. T. 6488 (Hey's "Lichtis Lechtaler"). 
Austral, C. 1. (J483 (Eltraib's "~\ustra]jsche 2-zeilige"). 
Kluver, C. T. 2361 (Waterhouse's "Kim·er"). 

The 9 differential varieties found to be critical in the identification 
of the, racial complexes into which the ingredient raceS of. badey leaf 
rust ",pre consolidated are 8pecin,le (C. T. 7536), Helm 1 (C. T. 5051), 
Suda II (C. T. 6489), Bolivia (C. T. 1257), Oderbl'llCker (C. T. 9!0) , 
Quinn (C. T. 1024), Egypt -± (C. T. (481) , Gold (C. T. 1145), and 
Lechtaler (C. T. 6488). All 9 varieties possess the spring growth 
habit. For this reason they .are most suitable for studies conducted 
in the North Central region of the United States and in the 'Vestern 
Provinces of Canadn. Their usefulness as biological reagents in other 
parts of the world remains to be proved. 

It became necessary to redefine the various infection types and to 
reco!lstitllte the existing reaction classes,in order to facilitate ready 
and certain recognition of different physiologic races. Thus, infec­
tion types 0, 1, a11(1 2 were incorporated. into the resistant class (R), 
and infection types X, 3, and "1 into the snsceptible class (8). The 
mesothetic ('lass (M), as snch, ,,"as abolished. The new definitions 
follow: 0, practical1y immune-llo uredia visible, pronoun('ed necrotic 
lesions or flecks mayor mlly not be present; 1, extremely resistant­
minute media cleal'ly visible, pustules embedded in well-definec1ne­
crot ic areas; 2, moderately resistant-small uredi!\, abundant, necrotic 
lesions ~leal'ly defined but less extensive, gl'cen islands smrounc1ed by 
necrotic halos llHly he present; X, val'iabl)T mesothetic-conglomera­
tion of media of div(ll'se sizes a.nd types tending to integmte, both ne­
crotic lesions and chlorosis lls11ltlly present; 3. moderately susceptible­
uredilt of medium size, usually slight chlorosis bllt no necrosii:; at infec­
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tion centers; 4, extremely susceptible-1lreclia predominantly large, 
necrotic lesions absent, chlorosis m:ty be present. 

Plus, double-plus, minus, and double-minus (equality) si~s are 
used in connection with Arabic numerals to express gradatIons in 
severity of infection produced by a given race; the sign ± indicates 
a range from plus to minus. In the absence of pustules, necrotic 
flecks are represented by a semicolon, following a zero (0;) ; necrotic 
lesions by a period, following a zero (0.); and green islands by a 
colon, following a zero (0:). The exponent c stands for chlorosis; 
the exponent", for necrosis. 

The 16 ba.rley varieties foul1d to be essential as differential hosts 
were an used in the current study. Degpite this, 3 pairs of vcry closely 
I'elated races wcre automatically consolidated. A comprehensive 
master key, presented as key 1, ~vas constructed after the' tests and 
after examination of a.1I available published or othcl'wige reported 
infection records. In each ease only the initial recording, unaffected 
by later developments, was taken into account in the preparation of 
the maRtel' key. Because this key is presented herc as of historical 
rather than practical value, it is not accompanied by an infection record 
of all the races iin-olved in its make-up. .A detailed infection record. 
of the consolidated races on the Dcritical differential varieties is pre­
sented as table 1. The key for the identification of the known con­
solidated races is key 2. 

Numerical designations of the antecedent races in both keys are pre­
ceded by authors' in.itials; the l1umerica.ldesignations of the consoli­
dated races are prefixed by the symbol UN (unjfied numeration). The 
sequencc of "(TN numbers is 11!Ll'monized with the order of dates of pub­
lication or diseo,'c1'Y of the physiologic races under consideration . 

K];;y l.-l{e.y for identification of all physiologio raoes of Puooinia. 
h07'dei OUh. thus fa?' described by investigators 

RSAC1'[Q:-;'S o~' D[P~'J~Rs;.('rlA[, VAHmT1ES: 

Speciale rrsistan t 
Reka 1 resislant 

Sudan rrsistan t 
Cruza(; resistant 

ChilelLn n resistllnt Race numh" 0,
Egvpt .J rI'sislant llumlJers tGold resistllllL ______________________ "________ _ 

ClD, L20Gold sllsl'eptihle. _____ • ________________ w ______ _ Cll
Egvpt ·1 5USl'rptible 


blllb:-'fllriout rrsist.ant 

Allstral resistllnL __• _______ • _. ________ • ____ ._ CHi, L7 Austml susceptillle ______ "___________________ _ 

BIt L5
Club ~rariollt sllsceptible

Gold resistanL ____________ .•..• _. __ ,,~ __ . __ _ co, LISGold Hllscl.'ptiblc_________ "___ " _____________ ~" 132,1.8, rvIl Chilelln D slIscrptii>le _____________ , ______________ _ 
B4

Crllzllt sllsceptible 
Chilelln D resistant ___ .• _. _______________________ _ 

C15
ChilelLn D susceptible 


Oderhrucker rrsistllnt 

Lcchlllicr rrsist:mL ______ • ____ • _______________ _ 

LI3T,echtllier susccptible __________________________ _ TAOderbrucker slIsccptiblc ____ " ____________________ _ L1 

• 


• 


• 

Sec footnote lit l'l1d or k\'y. 
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7 STUDIES OX DWARF LEAF RCST OF BARLEY 

KEy 1.-Key for identification of all 1JhY8iologic ra,'('i{ of Puceinia 
lwrdei Otth. thu.s far cle8cribed by in'l1t'stigators-Contiuul'd 

• 
REACTIO:;S Of' Dlf'FERE:;TJAL VARIETIES-Continued 
Sp~ciale l'esistnnt-Col1tinuecl 

Reka ll'esistant-Cuntinued 
Sudan susceptible 


Cruzut resistan t 

Bolivia resistant 


Lcchtalerresistant-____________ - _- -.: __ -- --- _ - -. _-
Lechtaler susceptible____ • ______________ - -- -. - . ---

BoIiviu susceptible 
\luinn l'esistanL __ -- ________ .. _______ . 
Quinn susceptible___________ • __________ .•.. 

Cruzat susceptible_______ - - _. 
Reka 1 susceptible 

Sudan resistant 
Cl'uzn.t resistant_. ______ - -- _--
Cmzat susceptible 

Bolivia resistant 
J,echtaler rE'ShltanL ______ -
Lechtaler susceptible.

Bolivia susceptible ______ . _ • ___________ - _ - .. -. - - ----
Sudan susc('ptil)le 

Bolivilli r~$islant
Egypt 4 r('sistant._________ - _. ___________ - - . - - ...• ­
Eg)'pt 4. susc~ptible--------- . __________ .. -

Bolivia slIsceptlble 
Quinn r('sistant Egypt.f rE'sistanL _____________________ • ---. 

Egypt >1 SU5c~ptible
L('chtaler resistant _________ "__ -- - - _____ - -. - ----
LeehtalN susceptible

Samaria resistant. __________ - - -_ -- - ~-- - - ---- ­

• :::;aIUaria sn5ceptible____ •• _. _______ --
Quinn susceptible 

L('chtt\ler resistanL _____ • ______ -- -. _- --. 
Lechtaler sUscl'ptible

Berg fl'sistanL. ______• ________ • _- _. - -
Berg susceptible_.. _••• _. ____ - _ • - _. - -

Spccinle stlRceptihle 
Reka 1 resiRtant 

Sudan resistnnt 
('rllzat resistant 

Bolivia resistant 
Oderbrl1cker resistant _ - __ ­
OrlE'Tbrucker susceptible __ -

Bolivia susceptible __ - _______ 
Cruzat sllscpptibl(' 

Bolh'ill. resistanL __ • ---. -.- -
Bolivia susceptihle 

Quinn resi,;tnnt: ,, ____ . _ ­
(Ninn Sllsc(·ptible___ ._ -. 

Sudan sllsceptible 
Cruzat resistant 

Bolivia n'sistnnt 
Egypt 4 resistant 

- - - ---- --- --. 

. --- -- - - - - .. -- - .. 

-- - __ - ----- -- - - - -- -- -- ­
- -- - - _. - _.""" __ • -". ­

- __ --- -- -- ------ --- --- ­
- - -_ - - - - - --_ - - -- - --- - - ­
- _-- - - - --- - -- - - - -- - --- ­

-- ----- -- --------- - --- ­

-- _ • ____ - -------- -- - -- ­
- - •• ----. - - - --' ---. --. -- ­

• 
Gold rcsistanL __ •. - • __ -.-. --- ­
(lold ";'15cep( ihle 

Leehraler resistanL _____ -- ---
Lechtaler susceptible 

S,nI11!l.rln resistant_ -. _. - _. -. 
Samaria susceptible___ -- -- ­

- •• - - - -- ­

- - - - -. - - ­

- - - - .---- - ---.- ­

- -. - - - - .. - - -- --. ­

- -" -- - - •• -- - ----

Flace "Ulm..~er or 
num/jera t 

Hi, L3 
Hl,8l 

D1.!, D17 
Dl6 
L14 

L2 

B6 
L15, S11 

B5 

D21 
D23, 810 

D30 

D26 

D22 
Dl5 

D20, HS, RIO 

D18 
DI9 

L9 
La 

H2,82 

Ll9 

D29,816 
H6, 812 

019 

017 

Il4, Ro, R4. 
R5 

Sec (ootuotl' n t <'OU or k~.r. 
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KEy I.-Key f01' identification of all physiologio races of Puooinia 
h01'dei OUh. thus far dosC'l'ibed by investigators-Continued 

• 


• 


• 


REACTIONS OF Dln'lmEN'rIAL VARIE'rHls-Contintted 
Specialc sllsccptible-Cont.inlled 

Reka 1 resist,ant-Continlled 
Sudan S\lsceptihle-ConLinued 

Cruzah resistani-ConUnlled 
Bolivia resistant-Continued 

Egypt 4 smiceptible' 
Club ~rariout resistant 

Gold resistantAustral resistant__________________________ _ 
Austral susceptible ________________________ _ 

Gold sust~eptible___ . ________________________ _ 
Club i\[ariouL su~l!cptible__________________ • ___ _ 

Bolivia suscept.ible ________________________________ _ 
Cruzat suscept iblc 

Bolivia11:grpLresistant4 rC'sistant _______________________________ _ 
Egypt. " sllscC'plible _____________________________ _ 

Bolivia susceptiblc Lechtalcr resist anL ________ .____________________ _ 
Lecht,aler suscl)ptible ____________________________ _ 

Reka 1 susceptible 

Sudan resistnnt 


Cruzat resistant

Lechtnler resistan L ______ • ______________________ • __ 
1.echtnler susceptiblc ______________________________ _ 

Cruznt susceptible 
Bolivi:~ rcsistnnt_______ • __________________________ _ 
Ho1ivin slISC<'piiihleGold rosist.nut __________________________________ _ 

Gold susceptible Kim'or r('sisinnt.. _. __________________________ _ 
J(jnver sllsceptible_______________ • ____________ _ 

Sudnn susceptible 

Boli via resistnn t 


Quinn resistant 

Egypt" rosistant
LcchLaler T('sistnnt ____________________________ _ 

J,echtalor S\lRt~eptiblo____________________ ... ____ _ 
Egypt 'I suscepLible.- ___________________ • _______ _ 

Quinn sllst'eptible __________________________ •• _____ _ 
Bolivin. susceptible 


Quinn resistant
Egypt 4 resistnllt. _•• ___________________________ _ 
Egypt" SllS('('ptiblc_____________________________ _ 

Quinn slIsceptihlC'Egypt <1 rC'sisinllt_______________________________ _ 
Egypt" slIscC'ptibleBorg r(·Ristnnt_. ______________________________ _ 

Berg slIsceptible___ • ___ • _.. ____________________ _ 

1 Capitnl letters prefixed to numbers signify authorities as follows: B=Brown 
at al. (2, S, 4, nnd tlll})ublislH'd results) j C= Chcrewick (unpublished results); 
D=D'Oliveirn. (16) j H= Il~y (0); L=Levinc (unpublished result.s); M=l\lains 
(1S, 14), and Maills and Martilli (15); R=llonsdorf(18, ID)jS=8tmib (22)jW=
Waterhouse (23,24). 

Race nltmber or 
number! I 

C13 
C18 

U3, R3, S3 
C12, L16, 1\12 

D13, S13 

C14 
B20 

D27, LIO 
S15 

L17 
B21 

133, Lll 

137 

W2 
]38, L12, WI 

814 
R2,819 

R9, RIl, 89 
817 

S18 
D25 

D24 

D28 
D12 
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STUDIES 	 ON DWARF LEAF RUST OF BARLEY 9 

TABLE I.-Infection record of consolidated race8 of PU<lcVnia 
h01'dei Otth. 

--.... =~"- ..-.-,,.-.- .. _.-.-~."-------

• 
Unified-

Mean infection types I 011 specified differentials 2numera­
tion 

race Spc Rka Sdn Bol Odr Qin Egp Gld Lec 

- '<" -~-~........... ­1 ______ 
1++ 1± 1 1++ 1+ O', 4+ 4= O',2______ 3 1 0;3 ______ 	 3+ 3+..!. 1= 3 0: 14=4______ 3+ 1 4 3+ 1++ 3++ 3 3++ 

5______ I- I 1= 1= 1 J= 4+ 1 l ­
3++ 3+ 0; 2- 1+..!.. 3 46______ 	 3++ 3+7 ______ 	 0 2+ 3'TT1 ] 0 J+..L 1= 4 4 

8______ 	 4 1++ 1+ 3++ 4. 3 0; 4 4-·
4 1 3+ 2± 4- 0 3 4- 49 ______ 4- l= 4- 2 .j10_____ 	 0 2 3 4= 

lL 	 3++ 1++ 1++ 4- 4 4- 4 4____ 1­
12 _____ 1+ 1+ 4 O' .j 1= 4- J± 1++ 
13 _____ 0 4- 4 3' 2- 4 ·1- 2

4= 3++ 3 1 4 0 1= 4.­14_____ 4- 3 3++ 1++ oj. 0; 3 415 _____ 	 4
1= 3++ 4 2= 0 316 _____ 	 3++ 4
1++ 3+ 1- O. 1= H .. +17_____ 	 3t- 3+ 3++4 2+ 4 3+..!. 4 4­18 _____ 	 4 3
4 3 4 1 0; 019_____ 	 1=
4 1= 4 320_____ 	 4 0 3+ 4 
4 1++ 2 3++ 4 I..!....!.. 421. ____ 	 3++4 4- 4 2 4. 3 4= 422 _____ 4 4- 4 3 4 1= O. 423 _____ 4 3+ 4 4 4- 3 3++24_____ 	 3+ 

25 _____ 	 1- 1+ 3+ 3+ 1= 1 I± 3++0 3++ 4 3++ I- I 4­26 _____ 	 4
0 0 4 3±X 0 3 0

• 27 ___ .. _ 	 3+0 4 4 3++ 1= 4 428 __ .... _ 	 3++0 3++ 4- 2 0 3++ 2- 4­29 _____ 
30 	 4 4 4 4 4 3- 0_____ 	 3

4- 4 4 4- 4- 1+3L ____ 	 4 3+ 
32 _____ 0 4 4 4 1 2 4 2­

3+ I 3+ 3+ 3++ 1+ 3-r + 1";'33 .. ____ 	 1++0 3++ 4 4. 0 1 034 _____ 	 4 
35_____ 0; 3 1- 3 0; 0: 3 1 3

0; 3 1- 0: O', 0; 3 3 ,36_____ 	 O'
3 3 1 331- ____ 	 3 0; 3 1+ 3 

_____ 0; ]= 1± 0; 0; 0; 2± O', 2­38 
39 _____ 	 1= 2 0; OJ OJ 0; 2+ 3 - 3+ 
40 _____ 	 4- 2= 3+ 1= 1= 0; 2± 1= 2­

0; 1+ 0; 1= 0; 0: X 3 3+41. __ .. _ 3 1- 3+ 0; 3 0; 2± 3­42. ____ 	 1+3- H- 3+ o·, 3- 0; 2 ]43 _____ 	 1+
]1++ 1++ 1++ 3+ 1­44 _____ 	 4± 1++ 1

1± 3 I- I 2- J oj 1­45 _____ 	 1++
1+ 1- 1- 1+46 _____ t+ 	 1 3++ 1++ 3+
3++ 1+ 2 0: ,I- I- 3.\. J:. 0:47 ____ • 	 1± 

48_____ 	 4= 1- 1++ 0; 2 0: <I.f. 1 1 
1++ O. 3+ 0; 2 O~ 3+ 0; 0;49 ___ .... 	 3 3 0; 1- 0; O. 3 0; 15o _____ 
3 0; O. OJ 3 0; 3 +- + 0; 3

51. ..... 	 3 1+ 3 0: 2-l- 1+ 3

• 	
2+ 3

52. 	 3 3 OJ 0; H- I 3 1+ 3 
~~.. """" '"---"- '"',.-,'---- ..-~" 

I Symbols for infection types fiI1d for gradations in severity of infection are 
defined on pp. 5-6. 

2 Bol=Bolivia (C. I. 1257); Egp=Egypt 41(C. r. 6481); Gld=Gold (C. r. 1145)' 
Lec=Lechtaler (0.1. 6488); Odr=Oderbrucker (C.r. 940); Qin=Quinn (o.r:
L024); Rka=Reka 1 (0. r. 5051); Sdn=Sudnn (0.1. 6489); Spc=Speciale (0. I. 
7536). These abbreviations are used for convenience in recording rllst readil}gs. 

980490-112-2 
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KEy 2.-0ondensed standard key for identification of oonsolidated 
physiologio raoes 01 Puooinia horaei Otth., embracing all raoe8 thu.'( 
far des01ibed by investigator8 1 

-----.-~-".-.-----------------

REACTIONS OF DIFFERENTIAL VARIlllTIES: 

Speciale resistant 
Reka 1 resistant 

Un'fi~d·8udan resistant numeration
Oderbrueker resistant race 

Egypt 4 resistant number
Gold resistant-C10, L20_______________________________ 37Gold susceptible-Cll ________________________________ _ 38 

Egypt 4 susceptible 
Gold resistant 

Lechtaler resistant-BI, B4, C9, C16, L5, L7, L13, L18 __ 4
Lechtaler susceptible-LL __ ,. _______________________ _ 45 

Gold susceptible 
I~echtaler resistM1,t-B2). L8, r..u ______________________ _ 1
I.echbaler susceptlble-u15__________________________ _ 40

Oderbrucker susceptible-I,L________________________._. ___ _ 43 
Sudan susceptible 

Bolivia resistant 
Oderbrucker resistant Egypt ,1 resistant-HI, 8L_____________________ .. ______ _ 6Egypt 4 sllsceptible-I,14______________________________ _ 48
Oderbrucker slisceptIble-1I7, L3_________________________ _ 11 

Bolivia slls(leptible Quinn resistunt-Dl4, DI7______________________________ _ 24Quinn susceptible-DI6_________________________________ _ 26 
Reka 1 susc:eptible 

Sudan resistant 
BoliYlI1Gold resistantresistant-L2 _____________________________________ _ ·i4 

Gold su!Oceptible 
T~echtaler resistanL-B{L ______________________________ _ 35
Lechtaler susceptible-LIS, 811 ________________________ _ 16

Bolivia susceptible-BS _____________ .- _____________________ 34 
Sudan susceptible 

Bolivia resistant Egypt 4. resis(,llnt-D21. ____________ • ___________________ _ 28
Egypt" susccptiblc-D23, 810___________________________ _ 15 

Bolivia susceptible 
Quinn resistant 

J~gypt ·1 rt'sistnn t-D30. __ ~ ___________.- __ .- _________ - ­ 33 
F,gypt 4 susceptible 

l,echtnlcl' rcsistnnt-D26. ____________________ - --____ _ 31 
Lt'chlaler sus('t'ptible-DI5, D22 ____ ••••• ____________ _ 25 

Quinn lltlsccptible 
LcchtlLlcr resistanc-D20, U8, RJO _____________________ _ 12 
Lcchtnlt'l' susceplible-D1S, DI9 _______ . ____ • _____• ___ _ 27 

Specialo suscepl iblt' 
lieka 1 resistant 

Sudan r('sis( n 11 t 
Bolivia l'('Rislnnt 

Oder!Jrtll1kcr resistant-LO ___ ._ ••. ""'.' -. ---------- ­ 47 
Odcrbnwker S1l5Ct'pt;iblc 

Leehtlllcr rCllis/nnt-L6__ .. _---- - -.- - - - -- •••. - - ._.- -.- 46 
T,eeh(aler susceptible-LI!lo. _____ • ----. -' ---. - - --- -.' --- 50 

Bolivia susct'ptiblc 
Quinn resistnnt-D20, 816_ - _ - __ - - _- - -- -. __ • - - •• - -- --- --- ­ 20 
Quinn sllsceptible 

l~gypL <I rCRisLant-Ef2, 82 _______________ • _____________ • '/
Egypt" sllsceptible-fI6, 812 _____________________ • ____ _ 10 

• 


• 


• 

Sl,(, footnoto lit ~nd O( key. 
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STUDIES ON DWARF LEAF RUST OF BARLEY 11 

KEY 2.-00ndensed st(J)nda'rd key for identification of oonsolidated 
physiologic races of PU<Joinia hordei Otth., embracing all ?'aoe8 thu.s 
far desoribed by in:vf.stigato1's I-Continued 

REACTIONS OF DIFFERENTIAL VARIETIEs-Continued 

Speciale susceptible-Continued 
Reka 1 resistant-Cont,inued Unified.

Sudan susceptible numeration 
Bolivia resistant rac~ 

numberOderbrucker resistant 
Bgypt 4 resistant-C14___ -- - _--. ______ -- -. -- . -. - .. ,." ... _. 39 
Egypt '1 susceptible-B20____ .. _.. __ .. _'0_ .. - --- - - - .. - - - ..... -. 51 

Oderbrucker susceptible 
Egypt 4 resistant 

Gold resistant-C19_________ . ____ ._. "---'-' •..• --- 42 
Gold susceptible 

LechLaler resistant-017._. --. - .. -- ---- - - .. - .. " - - -" --­ 41 
},cchtaler susceptible-H4, Ti5, R4, R5 __________ ••• __ 9 

Egypt 4 suscept,ible 
~olcll'csistant;-CI2, C13, C18, L16, M2________ .. ------ 2 
Gold susceptiblc-H3, R3, S3_______ . __ 0_. ____ , .... --- 8 

Bo1i.via suscl'ptiblc 
Quinn resislnnL 

Lechtnler resistal1t-D27, LI0•• ___ .. ~ ______ -- .. - -- - - - -- 32 
__ ,Lechtalcr susceptihle-SI5__ -. -"" -- -. -- ____ oM .... ...... . 19 

Quinn susceptibll'-D13, S13 ___ ............... "."" .• , ....... . 17 
Reka 1 susceptible 

Sudan resislant 
Bolivia. resistant 

Quinn resislant 
Leehtaler resistanL-Lli.. .•• ... . • - . -." - -- - . - • --­ 49 
Lecht~lcr susceptibl('-B2L... _.•• _____ • ___ - -. - _w' -.- -'- 52 

Quinn Sllscl'ptiblc-H3, 1.,11. ... • _. -., -.,. - -. - -. - - - _.- 5 
Bolivia sllsceptible 

Gold resistant-Hi_. _ .••...• --- •••... ---- •.••. 36 
Gold susc('ptihlc-HS. L12, WI, W2_ •. _ - _ • __ .. ..'. 3 

Sudan snscl'ptibh.'
Bolivia. resistant 

Quinn rl'sislllnt; 
Egypt 4 resist!Lllt 

techllll('r rcsistallt-SI4._ .... __ •._________ • - 18 
Lcchtllier slIsceptiblc-R2, SI9 ___ . ___ •• _. ___ . 13 

Egypt 4 susel'ptihll'-R9, RU, S9__._ •..• _...... 14. 
Quinn RIISCl'ptibll'-Rli. • •.,•. - 21 

Bolivia sllscept ibll' 
Quinn rC'sistllnt 

Egypt <1 resislilllt-!:1!S. 22 
E~"[lt <I lmseepti\)l£'··-])25. 30 

Quinil 1Il1sc£'ptihlc
Egypt 4 r!'sistnnt-D24,_... ..- •. - ...... - 29 
Egypt <1 SIISOl'pt ihl£'-D12, ])28______________ . 28 

1 Code nlltnlwrs hC'r!'toforC' used ns racial designatiQlls, which appear in the 
identifiClltioll ('oIUUlIl of k!'y I, appl'nr in the yarieL!i.I-reaction ('ol\lInn hero. As 
ill key I, B '" Brown at nl. (2, 8, 1" Ilnd unpublished rosults); 0= Chcrewick (1I1l­
published rl'SIlItS); D=D'Olivoim (16); H=Hey (9); L=Levine (unpublished 
results); l\f= Mains (13, 14), and Mains and Martini (15); R= Ronsdorf (18, 1.9) i 
S=Strnih (iiI; W= Waterhouse (fS, BI,). 



12 TECHNICAL BULLETIN 1056, U. S. DEPT. OF AGRICULTURil 

RACES ISOLATED FROM NORTH AMERICAN COLLECTIONS 

Many hundreds of isolates were studied during 1930-49 at the Mani­
toba and during 1940-49 at the Minnesota rust research laboratory. 
Isolates that were fully identified totaled 357, including 115 of Cana- • 
dian and 242 of United States origin. These isolates grouped them­
selves into 26 consolidated races bearing unified numerations. The 
frequency of occurrence of the races and the geographic origin of 
the collections from which they were isolated are shown in table 2. 
All these 26 races have been found in nature. In addition to them, race 
50 appeared as a mutant in a greenhouse culture that had been stored 
for several months in a refrigerator. Most common and most widely 
distributed in each of the two countries '.vas race 4, which constituted 
28.0 percent of the isolates obtained from United States specimens, 
31.3 percent of those from Canadian specimens, and 20.7 percent of the 
gmnd total. Second most common in the United States was race 37, 
isolates of which amounted to 21.0 percent of the total identified, a.nd 
third place was held by race 47, with 21.5 percent of all U. S. isolates 
:identified. In Canada, second place went to race 2, whiL'h made up 
22.6 percent of the identified isolates, and third place to race 35, 
with 7.0 percent of the Canadian total. 

Of the 26 consoHdatedraces isolated in either Canada or the United 
States, 11 occurred, in various proportions, in both countries. These 
were UN races 1, 2, 3,4,5, 16,37,44,46,47, and 40. It appears that 
UN raCe 3 occurs also in Australia and UN race 16 in Emope. Fur­
thermore UN race 11, which was isolated twice in the United States, 
was present also among the isolates identified in Germany. With the 
exceptions just mentioned, there is little in common between lmown 
North American 11nd European races of dwarf leaf rust of barley. • 
However, there are as many consolidated races on one continent as 
on the other. 

• 




• • • -""'I 

TABLE 2.-PhysioloUic races of Puccinia hordci Otth. i.sola/cd. in. Canada alld the United, Staies 

Frequency distribution of specified physiologic mces Total 
Place of origin 

-=-_3_-=-1-.:...~1~~~~1~~~~~ ~~I~I~I~I~L:t~I~I~I~1 Units IRaces ~ qcsnf~fiish COIUmbia••••_... __ ._•••_••••___ '._._ •••_ ••.• all .._. 1 • __ • 1 4 1 1 2 ____ ._..1_._.1._._ .._..___ 1 _._.1 ____ .. __ ____ 15 9 S _ fanitoba. _________..__ •••_____ .•______ 5 19 1 la __.___._ .___ .._. 1 1 1 1 1 ._._ ._.. 2 1 •__ • __ ._ ____ 1 1 _.__ ____ 1 1 50 15 t;:J
Novs Scotis__• _____ . ___ • ___________ •___ ._.. 1 1 2 _______• ____ ___ 2 3 1 ____ 1 ___••_. ________ • __ •• __ •___ •. ____ ____ ____ ____ ____ ____ 11 7 Ul 

Unl~~~~~~~=::=:::::::::::::::::::::: ==~:I'_~_ ~~~~ 1~ :::: :::: =::: :::: :::~:::: :::: =:~= ~:~: ~:~~ ::~: :::: :::: :::: ._~_ :::: :::: :::: :::: ~~~~ :::: ~~~: ~~ ~ ~ 

t~j~~~m~~m~~~~~m~~~~m~~~~~~ ~~~~ ~~~~ ~~~~ ~~I~ ~~~~ ~~~~ ~~~~ ~~I~ ~m ~~~~ m~ j~ ~~~~ m~ ~~~~I~~~~ ~~~~ ~~~~ ::l= ::~: :~~: :=r :~~~ ~:~~ ~~~~ ~~~~ If i ~ Iows. ___ •___ ._•.______________________ ••___ .___ ____ 9 ______• __ .__ 1 ___ • __._ ••_. a •___ •____ ••••______. _.__ 1 1 •••• 1 •__ • _______• ____ 16 6KansBS. ________._______________________ .___ ____ 1 2 ________ . _____ ._ .___ ____ ____ 5 ___________________ • ____ ____ ____ ____ 5 .___ ____ ____ ____ la 4 
Keutncky_________________________.._____. ________ . a ________ .___ ____ ____ ____ ____ 4 _____• ______ •_____________ ._ ____ ____ 6 ____ ____ ____ ____ 13 3 ~ ?fainc__________________________________ ____ ____ ____ 1 __________________________________• ___._ • ___ ._.. ____ ____ a ____ ____ ____ ____ ___ ____ ____ 4 2 
?faryland._____________________________ ____ ____ ____ 1 _____________ ••••___ • _____• __ ••• ______________• ______ .__ ____ 1 1 ____ ____ ____ ____ a 3 ~ 
t~l~~~~~ii·:::::=:::::=:::=::::::::=:::: ~ '-i- =:~: ~ :::: :::: :::: ==:: :==: :::: :::: ~ ::=: :::: :::: :::: :::: __ ~_ ~ ~ .-.- ~ __:_ :::= :::: :::: ~ : ~ 

t~~~~~~r~i:::::::::::::::=::::::::::::: :::: :::: :::: t :::: :::: :::: :::: :::: :::: =::: :::: :::: :::: :::: :::: ::_: :::: :::: :::: ::== --2- :::: :::: :::: :::: ~ ~ 
q 

o 
':Jg~~?i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ==i= :~~~ ~:~~ ~:~~ ~~~~ ~~~~ ~~~: ~~~~ ~~~~ ~~~~ J_ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ==~= ~~~~ -T ~~~~ ~~~~ ~~~~ ~~~~ Ii ! 
~ 

b:l 
:>IfJr~~1~ifi~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~ .~~~~ ~ =:i= =:~= ~~~~I~}~~~~ ~~~~ ~~~~ ~I ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ :~~~ ~~~~ ~~~~ ~~~~ ~I~~~~ ~~~~ ~~~~ ~~~~ I! iTennessee. _____________________________ ._ ____ ____ _______ .___ ____ __ _.__ ____ 1 ___ ____ ._._ __ 1 ____ ____ ____ .___ ____ ____ 5 { 
~ 

2 • 1 ~ 
r~~!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :=~=~~~~ ==~= --;. ===:1==== =:~: ~~~~ ~~~~ ~~~~ ~~~~ ! ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ;;~>~: ::i:,~~~~ 'T}~ ==~= ~~~~ ~~~~ !~ i 

TotaL._______ ._____________________ 13129/ 61106 41 2 21 21 4 S 21 57 6 2 31 21 1I 51221121 al 54 16 al 1 21 263.';7 

...... 
CI:) 

..--i 
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EVIDENCE OF PATHOGENIC MUTATIONS 

In table 3 are recorded comparative reactions of 20 barley varieties 
to 2 isolates of P.ucaini,a !Lordei before and after a period of approxi­
mately 2 years at the St. Paul laboratory. The isolates had undergone 
some drastic changes in their pathogenicity during the period 1942-45. 
Both isolat~ 1 and isolate 2 were cultured for 12 successive Ul'edial 
generations in the greenhouse season 1942-43, for 8 more generations 
III 1943-44, and for ,j, generations in 1944-45. Bet.ween greenhouse 
seasons, the cultures were stored for several months in a refrigerator 
at about 6° C. During the first 2 greenhouse seasons, or for 20 uredial 
genera;,ions, there ',,',lS no discernible change in the parasitism of either 
lsolate; but for each of the 4 successive generations of the third season, 
the behavior patt.ern of these isolates appeared quite. difiereEt in sev­
eral respect.s from what. each was during the first 2 seasons of the 
experiment. 

TABuu 3.-PatllOgerticitJl of t'lVO isolates of Puccinia h01'dei 0#11... 
observed at the Federal OerealR~tst Laboratory, St. Pmtl, in 1944-4f5 
in com'7)ari80n 11Jith thei1' con8istent parasitic behavio?' during the 
two preceding greenho'llse sea.wns 

Mean relative infection types 1 

Barley variet.y C.I. nnmber Isolate 1 Isolate 2 

1942-44 19'.\.<1-45 1942-1944 1944-1945 

Afghan 2_____________ 636G 3++ O. 0; 1A llstraL ______________ fi483 3++ 3+ 2± 4Bavaria______________ fi305 1± 3++ 1++ 1±Berg_________________ 6486 0; 3 1- O·,PoJivia __________ ---,.. 1257 O', O', O'I 0;Coast_________ 1430 3+ 3+ 2+ 3++
Chilean D ________ ~=== 1433 1++ 3+ 2- 3±CrmlUt. ______________ 6'182 1++ 3+ 1± 4±Egypt 4 ______________ 0481 4= 3++ 3+ ,IFlynn ________________ 1311 3+ 3++ 2++ 4+Gold _________________ 1.145 1= 0; O·I 1=
Grossklappigc _________ fi485 '1 3+ 4+ 4Horsford_____________ 877 4= 3 1± 0;Kuban_______________ 6480 1- O·, 1= 1=Lechtaler_____________ 6488 1++ 3 1= O.
Oderbrucker__________ !}<IO '1± 4- 2= 1±Quinn ________________ ]024 1= O·, 1± O',Rekn L ______________ 5051 2 O' I- I-
SchlacIencr ____________ I

641)0 1± 3+ O·, O'Sndan________________ .
fi4S9 4± O. 1± 1= 

1 Symbols for infection t.ypes and for gradations in severity of infection are 
defined on pp. 5-6. 

Significant changes in the parasitic behavior of isolate 1 were very 
evident on the eight varieties Afghan 2, Bavaria, Berg, Chilean ti, 
Cruzat, LechtllJer, Schladener, and Sudan. In the case of isolate 2, 
significant changes were observed on Austral, Coast, Chilean D, Cru­
zat., and Flynn. In general, the isolates had become more virulent 
on the varieties just listed; in the case of isolate 1, however, there was 
a shift in the opposite direction on Afghan 2 and Sudan. According 

• 

• 


• 
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to its original behavior, isolate 1 was identified as UN race 11; it be­
came UN race 50 as a resttlt of mutation. Because of consolidation, 
isolate 2 maintained its identity as UN race 4 even after it had under­

• gone the radical changes in pathogenicity just discussed; nevelihe­
less, these chang~s, too, can best be explained as results of mutation. 

A number of mutations appeared also at the Winnipeg laboratory. 
Four isolates that underwent such changes are 1isted in table i.1:. The 
changes appeared in medial material of purified cultures of certain 
physiologic races of P1.u:cinia lwrelei that had been stored for several 
months between two greenhouse seasons in a refrigerator at approxi­
mately 3° to 6° C. 
TABLE 4.-Pat7lOuenioitll of tOllr isolates of Puccinin hordei Otth. observed at the 

Dominicrn La.boratorv oj Plal/t Patholouy, Winnipeg, in 1946-47 allll in 1947-48 
in comparison 1rith their cOl/sistent pa/"l!sitic liehen'ior eludnu the precedinu 
tll'eenhollse season . 

:Mcan relative infection types l 
O. I. 

Barley variety Dum· Isolato 1 L~olate 2 [solate 3 • Isolate ·1 
ber 

1~r;... 1946- l\)·ltl- lIJ.17- lIH6- 1947- 19·16- 1947­
1946 19·17 1947 1945 190\7 1948 19·17 1~8 

Austral •• _•••.•••••.•••••••••••••••.•••••• 648!1 2+ 2+" 3-0 2±c 2+ 3- a 3- 3±" 
BoliYia •..••.•.••••••_._ . __ ••••_•••••••_•• 1257 1= 0; 0: 0: 0: 0; 0; 0;
Ghflenn D .............._... _•••___ ...._•• 1433 2 2- 3- 1= 1= 2± 1+ 2± 
Club :Mariout •••••••• _._•••_._•••__••___ • 261 0; 3 2- 3- 2 2+ 1+ 2± 

CrUl.!lt ••_••••••••••• _. _.•••••••_. _._ ••• , •• &182 3 1+ 2- I 2+ 1± 1+ 2± 


6481 X 3 3 3+ 3+ 3+ 3+ 3+
~~I:~·::::::::::::::=::::::::::::::::::: 1145 3 1= 1= 1= 1= 2± 1= 1= 

Knban. _•••• ___ • ___ •••••_.__._._.__•__ •_.• 6480 2+ I- I I± 1- 2± I- I­
V'chtnler •••••••• _••__•• _._._._ •••••..•.•. 6488 3+ 1+ I- I- 1- 2:!:: I- i 
Oderbrucker•••••__ ••••••.•••••••••••••••• ~o 0; 1= 0; 1= 0; 3± o· ·1 
Qulnn._ ......._•• _••• _••_................ 102·\ 0: 0; 0: 1= 1= 1= 1= I± 


• 
Rekn 1..__••••_............ __......... _..• 5051 1+ 2++ 1- I± I I± 1+ 1± 

;,;'16 0: 1= 0; 1= 0; 3± 0: 3+ , 
~~~~~~-::::::=:::::=::::::::::::::::::::: &189 0; 1- 1= 1= 0; 3 1= 3+ 

I Symbols for infection types and (or gradations In severity o( infection arc defined on pp. 5-6. 

Isolate 1, after cold storage, showed a significant gain in virulence 
on Club Mariout and a significant loss on Cruzat, Gold, and Lechtaler i 
isolate 2 gained some virulence on Club Mariout and lost more on 
Chilean D; isolate 3 gained significantly in virulence on Oderbrucker, 
Speciale, and Sudan, and lost significantly on no variety; isolate 4 
underwent in a more sharply definecl fashion the changes that took 
place in isolate 3. Isolate 1 changed from UN race 40 to UN race 4; 
isobte 2 remained UN race 4 regardless of the changes; and isolates 
3 and 4 changed from UN race 4 to UN race 2. 

SUMMARY AND DISCUSSION 

• 

Most, if not all, varieties of barley that at one time or another had 
been used as differential hosts for determination of the existence of 
physiologic specialization hl barley leaf rust (Puaainia h07'dei Otth.) 
were assembled and subjected to inoculation with 357 isolates of this 
rust, of which 115 originated in Canada and 242 in the United States. 
It was found that some of the varieties were not entirely adequate as 
differentials, some could be used interchangeably, some were essential 
and some critical, and others possessed auxiliary differential prop­
erties. Varieties found essential to keying out all authentic ingredient 
races of barley leaf rust thus far reported numbered 16; of these 16, 
9 varieties were found to be critical for the identification of the con­



I 
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soliclatecl races. Th~ 9 critical differentials are: Spec:\11e, Reka 1, 

Sudan, Bolivia, Oderbrucker, Quinn, Egypt '1, Gold, anel J~echbL1el'. 


On the basis of res lilts of this work and a critical interpretation of 
previously recorded data, two dichotomous lmys were constructed for 
the identification of physiologic races of the dwarf leaf rnst of barley. • 
One of these, the comprehenSive master key, enables the tracing of all 
essential ingredient races described by investiglitors. The other, the 
condensed standard key, is designed for practical identification of 
present and future racial complexes. It is based upon the consoli­
dation of ingredient races as cleterm i ned by the J'eactions of the above­
mentioned set of 9 critical differential8. '1'0 avoicll'eclIl'/'PI1Cf3 of con­
fusion, numbers designating consolidated physiologic races have been 
given the prefix UN. The sequence of UN numbers is harmonized 
with the order of dates of pUblication or discovery of the physiologic 
1'11('es under consideration. 

Physiologic races included in the condensed standard key number 
52. Of th..ese, 26 ,vere found in the North American collections. Very 
few of the known physiologir. races of Puc dnia lwraei have been found 
on more than one continent, and many have been found in only on(3 
country. 

Pathogenic mutations occurred rather frequently in the course of 
the laboratory work of this study. Evidence suggests, also, that mu­
tations occur under natural conditions. New physiologic races are 
uncovered (\ach year in numbers that are strikingly large in propor­
tion to the total numbers of isolates studied. Since observation of an 
aecial stage of the dwarf leaf rust of barley in North America has not 
been reported, it seems likely that the mUltiplicity of races existing 
on this continent stems from mutation. 

Recent discovery of !lecia of dwarf leaf rn8t of barley on Ornithog- • 
a11l1n pJlronaicum in Britain by Dennis and Sandw.ith (6) and the 
finding by D'Oliveira (17) that many species of OrnithogalulJlo con­
tilin strains congenial to Puccinia lWl'aei indicate a neecl of further 
research in North America with reference to possible alternate hosts 
of this rust. 
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