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o © INTRODUCTION

‘hﬁ;m@eaf rust of barley (Puccinie hordei Olth.) * has had a

I‘EG}:Lti By sheyt history thus far as an agricultural problem in the
on

g-‘ Sul)‘ﬁﬂttcﬂ v publieation Januwary 21, 1952, Cooperative investigations of
B Digilion ereal Crops and Disenses, Bareau of Plant Industry, Soils, and
Perictfigral rineering, Aprienlinrs! Desenveh Administeation, United States
Meparisdnt @PAgrieniture; the Division of Plant Pathology ard Botlany, De-
rtment of riculture, University of Minnesota {Faper No, 2572); and the
ivision of Botany and Plant Pathology, Science Service, Canada Department of
Mpriculture (Contribution No. 1083},

'ha authors express appreciation of the intorest of J. I, Cralgle, of the

annda Department of Agrienliere, W, B Ilanun, of the D wuninion Laboratory
of Plant L'atholagy, Winnipeg, 3. A. MeCall, formerly of the Bureau of Plani
Induslry, Soils, and Agriculturnal Engineering, and E. C. Biakwman, of the Uni-
versily of Minnesota, in the investigution reported here, and of the cooperation
of those who provided seed of ditfereniial hosts and other bariey wvirieties, leaf
rust specimens from different pavts of Canada and fhe United States, and other
essentinl makerinds and supplics.

*Logs than i eentury ago this rust had neb been distingunished taxenomically
from leal rust on wheat, rye, and many wild grasses. Of several naes applied
to it, Miceirie rabigo-vera (13C)) Wint, was the one used most generally. While
still considering the leaf rust on Hordewn spp. an integral pavt of P. rudigo-vern
(DC.), Winter (25, p. 248) clussified it as var, simplez Kivnicke. In view of
stntements in the standard work just referred to and otbers, Bisby (1, p. 44)
conelnded (hat the npme “sinmplex” had “validity only ws a variely™ nilil Triks-
son nnd Ifenning raised it to gpecilie rank “in 184, by which timne it had become
a inter homonym #* * * of I, simplex Leck, 1881.7  Meanwhile, in 1878, the
binominl . enomale Rostr. had been peblished ; and, nccorling to Bisby (1, n.
44}, “its epithet is to be nceepted *  # *  qunlesz uond until an earlier epithet
might be fourd fo have priovily.” Bievenson and Tolinson (21, p. 372) reported
in 1946 that such an epithet had been found by Buchwald—Lhe nawe Pugeinia
Rordel Otth, had been published in 1871 This binomial Is used in the present
paper tentatively and as a matter of expediency.

9BL400—52 1
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United States and Canada. In the United States, although it may
have been present az early as 1899 (5, p. 10} 7 and by 1911 %ad made
its appearance in Towa, California, Minnesota, Virginia, and Mary-
land (8, p. 11), it did not begin to cause serious losses until about 1935
(11, p. 21). That year a severe epidemic of this rust ecenrred in
Minnesota, with intensities on Minsturdi (C. I. 15596} ¢ estimated as
high as 55 percent at St. Paul and 85 percent at Waseea. In Canada,
fixst collection of this rust was made m 1922, The disease was not
found again in the Dominion until 1927, when collections were made
throughout southern Manitoba and southeastern Saskatchewan (4,
2.83). In 1947 Dickson (7, p. §7) veported that “leaf rust of barley
oceurs extensively in both the winter and spring barley aveas of the
Eastern and Central United States. In this avea the rust is found
almost every season, and in some seasons it develops in epiphytotie
form, especially in the southern spring-barley area.”

wing to intensified epidemics of dwarf lcaf rust on barley, plant
breeders in both the United States and Canada began work on develop-
ment of resistant varieties. This resulted in a pressing need for
further studies of physiologic races of the rust and their distribution
in North America.” A review of the literature on the subject forcetul ly
indicated to the writers the urgent need for reinterpretation and codifi-
cation of the accumulated data on this rust, which, in some cases, were
confusing if not conflicting. Studies designed to meet this need
were undertaken at the Federal Cereal Rust Rosearch Laboratory, St.
Paul, Min., and the Dominion Laboratory of Plant Pathology, Win-
nipeg, Manitoba. Laboratory workinvolved in the project was carried
out during the peried 194049 at St. Paul and during the perisd 1930
49 ab Winnipeg.  Moest, if not all, of the bavley varieties that at one
time or another had been used—either in North America, in. Jinrope,
or In Australia—as differential hosts for determination of_physio-
logical specializ tion in this rust were assembled and were sghjected
to inocculation with hundreds of collections of dwarf loaf ruost
received from. varivus parts of the United States und Canada,  On the
basis of results of this work and of published and wnpublished findings
of other investigators, the writers have prepared dicliotomous keys
for the identification of physiologic races of the rust, 'This publi-
catien presents these keys and also data on the frequency of occurrence
of the races isolated in the United States and Canada duving the
study years and on mutations that ocenvred in the course of the
laboratory work,

FARLIER WORK ON PIIYSIOLOGIC SPECIALIZATION

Evidently sensing the latent threat of dwarf leal rust to (he barley
crop in the United States, Maing (14) undertoole the study of possible
physiologic spectalization in this fungus a quarter century ago. On
the basis of the reactions of Oderbrucker (C. L 940) and other barley
varieties, he demonstrated the existence of at least two physiologic
races of Puccinie hordei in this country. In 1927, Waterhouse (143}

* Ftalie munbers in prrentheses vefor to Literature Cited, . 10,

RO, LY pefors fo accossion wwmbers of the Division of Corend Crops and
Disenses.



http:intensifi.ed

STUDIES ON DWART LEAF RUST OF BARLEY 3

reported his results of testing an Australinn culture of dwarf leaf
yust on » number of barley varieties and hybrids. Analyzing these
results, Mains (74) later suggested that the Australian culture con-
stituted a third physiologic race. Independently of the aforemen-
tioned researchers, Brown and Newton (4) reported in 1929 the isola-
tion of two barley leaf rust races in Cannda. In 1931 Brown (8, 8)
reporfed identification of a third and a fourth race of Aordei m
Canada. Alsoin 1931 Hey (9) published on the identification of eight
different physiologic races of burley leaf rnst in Germany. The burley
varietics he used as differentinl hosts included none of those theveto-
fore used by investigators. In 1932 Mains and Martini (£5) reported
on the reactions of a great many barley varieties in both greenhouse
and ficid.  In 1983 Tivschhorn {70) published an account of a bavley
leaf rust race in Argentina seemingly different from the previously
known races.

Tn awareness of the pioneering cadeavors of her predecessors,
Ronsdort (18),1in 1934, published results from tests she had made with
Hey's differential hosts plus 1 additional barley variety. She had
siicceeded in isolating a ninth race from German collections, Stakman
and coworkers (20) pointed out the following year thut, owing to
the use of different test varieties for the determination of physiologic
races of leaf rust of barley, comparisons of roces isolated in different
countries were extremely difficult if not altogether impossible. In
the same year, Ronsdorf (19} reported on the reactions of 15 barley
varieties obtained from Mains to 5 German physiologic races of leaf
rost. She found these barleys inadequate for dilferentiating the
races she was studying, althougn some of them had served as adequate
differentials in Maing' tests. Ronsdorf then made 3 single-spore
isolations from a barley leaf rust collection she had obtained from
Mains. Subjecting the 3 monosporous cuitures to a test on 11 Gevman
test varieties, she found them to be of 2 physiologic races. On the .
basis of these vesults she concluded that the barley varieties Hey and
she had selected as differential hosts for the dwarf Jeaf rust were
superior for that purpose to those used by Mains.

Adter testing 1 number of dwarf leaf rust collections on the seb
of dilterentialg used by ey and Ronsdorf, Straib (22) concluded
in 1936 that of the 11 varicties thus used only 5 were essential
Adding to these 1 South American yaviety and 4 varieties previously
used by Maing and Martini, and using this set of 10 as differentials,
Strail succeeded in isolating 14 different races from 124 collections.
Only 4 of the 14 races resembled ruces previously found in Germany.

Straib’s further endeavors to identity dwarf leaf yust racesin Iurope
Ly use of barley varieties so used in the Unifed States were no more
successtul than those of Ronsdort.  Using 14 varieties of batley previ-
onsly usedt by Mains, Straib differentiafed only a few of the 13 physio-
logic races tested. ~Brown, at the Dominion Laboratory of Plant
Pathology, Winnipeg, Manitoba, used the same 14 barley varieties in
testing 8 Canadian leaf vust vaces, His unpublished results indicate
that these vaces were, in certain respeets, differentixble by some of the
aricties he used.  Brown also tested 4 of the Canadian races on 10
barley vavieties used by Btraib and sueceeded in determining only 3 of
the races.  Waterhouse (24) reported in 1938 that the Kinver barley
varviety possessed diflerentiating properties for dwarf leai rust in
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Anstralia, and that by use of this variety he had ascertained the ex-
istence of at Jeast 2 physiologic vaces of Puccinie hordei iu that coun-
try. Waterhouse made tests with & number of the varieties used by
Maings, but found them of no value as differential hosts in Australia.
The differential varieties nsed by Germun workers had not been avail-
able to Waterhouse. D’Oliveiva (16) isolated 11 mew physiologic
races from dwarf leaf rust collections obtained in Great Britain,
Portugal, and Spain. He used as differential vavieties 7 of the 10
hosts chosen by Hey, the 1 added by Ronsdort, and 2 of those used by
Mains, Johmson and Newton (72, p. 358) concluded in 1946 that be-
cause “dilterent groups of differential hosts were used by North
American and European workers, it is not possible to make any com-
patrison between the races present in the two continents.” This ob-
servation. corroborating the one by Stakman et al. quoted above, might
well have included Anstralia,

LEvidence was found in carlier rescarch that physiologic races of
Puceinia hordei oviginate through hybridization in the neelal stage and
through motation in the uredial stage. D'Oliveira (I6) selfed two
known races of leat vast of bavley on @rnithoga?um wmbellgtum and
oblained six new physiologic mees throngh this operation.  When he
crossed Ewo kinown ruces sn additional new race vesulted.  So Tar these
seem ko be the only ingtances on record of production of new 2. kordei
ruces Hirough selling and artifieind hybridization.

In the earlier works on physiologice specialization of the dwart leaf
rust pathogen, it was assunmed that the parasitic behavior of vaces in the
uredial stagre remained constant except for minor fluctuations eaused
by environmenial changes.  Flowever, when Rovsdorf (78) made tests
with fwo races obtained from Hey the behavior of these raees was very
diflerent from what it was in Hey's tests, under stmilar eultural con-
ditions.  She offered no explanation for the differences. Straib
(£22) doubted that Ronsdort had the same cultures Hey had worked
with. D Oliveira ( 76) was the fivst to recognize and report o mutation
i a race of dwart leaf rost of bawley.  The mutation he found, in a
race vollected in Eneland which he designated race 14, was « radieal
change in color and alzo & change in parasitism.  D'Oliveira gave the
resultant race the number 23, Mufation way explain the Ronsdort
resnits just mentioned and may account for certain diserepancies in the
pathogenie behavior of physiologic vaces of the dwarf leat rust
reported by Bains and Mavtini (75) und others.

COORDINATION AND CONSOLIDATION OF PHYSIOLOGIC RACES

Muchof the difliculty encountered in identifying physiologic vaces
6F Puveinia hordei stems from the sensitiviey of the organism to the
biotie and physieal environment in whicl it i« cultured.  Maderate
and relatively constant temperature and good fight are important,
The writers have Tound that o temperatoree fuetnnting around 20° .
is almost idead for novmal development of barley leal vust, and thut
in the Manitoba-Minnesoti e early spring and Il provide opii-
mmn light conditions,  Theifty seedlings 1 fo (15 weeks old were
found to be @ most desivable medium Tor elearly delining different
infeetion types, and spring barleys were preferred as differential
hosts,  Hamozygous diflerential hosts, manifesting homogeneous in-
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fection types and 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 ditferentiated readily.

Through inoculation tests with all 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 essential and some critical, and others possessed uuxiliur%
differential properties. Vurieties found essential to keying out al
authentic races of barley leaf rust thus far recorded in the literature
or otherwise reported numbered 18. Of these 16 varieties, O were
found to be critical for identification of outstandingly important races
consolidated with races of lesser importance. The 16 varieties re-
quired for the identification of all authentic ruces are as follows:

Speciale, C. 1. 7536 (Hey’s “Hordeum vulgare specigle’).

Reka 1, €. 1. 5051 (Waterhouse's “Fekn 1" and Hey's “Australische Recka”).

Sudaz, C. 1. G489 { Hey's “Sudan™ or “Acgyptische Sudan).

Cruzat, C. I, 6482 { Straib's “Hordenw hecastichum pyramidaium Keke”),

Chilenn D, C. L. 1433 (Mgins' “Chilean I, C. I, No, 1433").

Bolivia, C. L. 1237 (Mains™ “Bolivia, G. I. No. 12777}

Oderbrucker, C. I, $40 (Aaing' “Oderbrucker, C, I, No. $40").

guinn, C. 1, 1024 {(Mains’ “Quinn, C. 1. No. 1024™).

Buypt 4, C. I (481 (Runsdorf’s “Aegyptische 4 zeilige).

Clnb Mariout, C. 1. 261 (Mains® *Club Mariout, C. I. No. 2617}

Samaria, C. 1. 6493 (Hey's “Samaria 4 zlg.”).

Berg, C. I 6486 (Hey's *“Triedrichswerther Berg W.-G.").

Gold, C, L 1145 (Maing', also Brown's, “Gold, C. I. No. 1145},

Lechitnler, C. 1. 6488 (Hey's "“Lichtis Lechtaler”).

Austral, C. L 6483 {Btruib’s “Australische 2-zeilige™).

Kinver, C. I, 2361 (Waterhouse's “Kinver”),
The 9 differential varieties found to be critical in the identification
of the racial complexes into which the ingredient races of barley leuf
rust were consolidated are Speciale (C. 1. 7336), Reka 1 (C. L 5051),
Sudan (C. I. 6489), Bolivia (C. L. 1257), Oderbrucker (C. I. 940),
Quinn (C. 1. 1024), Egypt 4+ {C. L 6481}, Gold (C. L. 1145), and
Lechtaler (C. 1. 6488). AlL 9 varieties possess the spring growth
habit. For this renson they are most suitable for studies conducted
in the North Central region of the United States and in the Western
Provinces of Canada. Their usefulness as biological reagents in other
parts of the world remains to be proved.

Tt beeame necessary to redefine the various infection types and to
reconstitute the existing reaction classes, in order to facilitate ready
and certain recognition of different physiologic races. Thus, infec-
tion types 0, 1, and 2 were incorporated into the resistant class (R),
and infection types X, 3, and 4 into the susceptible class (S). 'The
mesothetic class (M), as such, was abolished. The new definitions
follow : 0, practically immune—no uredia visible, pronounced neerotic
lesions or flecks may ar may not be present; 1, extremely vesistant—
minute uredia clearly visible, pustules embedded in well-delined ne-
crolic areas: 2, moderately resistant—small uredin abundant, necrotic
lesions clearly defined but less extensive, green islands surrounded by
necrotic halos may he present; X, variably mesothetic—conglomera-
tion of uredia of diverse sizes and types tending to integrate, hoth ne-
crotic lesions and ¢hlorosis usunlly present: 3. moderately susceptible—
uredia of medium size, nsually slig{it chlorosis hut no neeresis at infee-
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tion centers; 4, extremely susceptible—mredia predominantly large,
necrotic lesions absent, chlorosis may be present.

Plus, double-plus, minus, and double-minus {equality) signs are
used in connection with Arabie numerals to express gradations in
severity of infection produced by n given race; the sign =+ indicates
a range from plus to minns. 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 isiunds by a
colon, following a zero (0:)." The exponent © stands for chiorosis;
the exponent *, for necrosis.

The 16 barley varicties found to be essentinl as differential hosts
were all used in the current study, Despite this, 3 pairs of very closely
related races were automatically consolidated.” A comprehensive
master key, presented as key 1, was construeted after the tests and
atter examination of ail available published or otherwise reporied
infection records. In each case only the initial recording, unaffected
by later developments, was taken into account in the preparation of
the master key. Because this key is presented here as of historicsl
rather than practical value, it is not accompanied by an infection record
ot all the races involved in its make-up. A detailed infection record
of the consolidated races on the 9 critical differential vavieties 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’ initinls; the mumerienl designations of the consoli-
dated races are prefixed by the symbol UN (unified numeration). The
sequence of UN munbers 1s harmonized with the order of dates of pub-
Hieation or discovery of the physiolagic races under consideration.

Key L—Key for identification of all physiologic ruces of Puccinia
hordei Otth. thus far deseribed by investigators

Rpacrions or Dirrerestian Vakinriss:
Bpecinde resislang
Reka 1 resistant
Sudan resisiant
Cruzal resistant
Chitesn T resislant Race number or
Lgvpt 4 resistant ntaalers ¢
iold resisiant
Goldd susceplible
Egypt 4 suscoptible
JAuh Mariout resisiant
Austral resistant
Austenl suscaptible
Ciub Mariout sisceplibie
Gold resisfant ._______.__.._ ... .
Coled suaceptible
Chilean T susceplihie
Cruzat suseeptible
Chilean 1) resistant,
Chilenn D susceplible
Oderbrucker resisinat
Teehiialer resistant

See Monotnote at end of key,
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Key 1—Xey for identification of all physivlagic races of Puceinia
hordei Otth. thus far described by investigators—Continued

REACTIONS oF DIFFERENTIAL VaRIETiES—Continued
Speciale resistant—Continued
Reka 1 resistant—Continued
Sudan susceptible
Cruzaf resistant
Bolivia resistant
Lechtaler resistant
Lechtaler susceptible
Bolivia susceptible
(uinn resistant
Chinn susceptible ool
Cruzat suseeptible. oo L. cooicoaoo.
Reks 1 suseeptibie
Budan resistant
Cruzar resistant
Cruzat susceptible
Bolivia resistant
TLechtaler resistant
Lechtaler susceptible
Bolivia suseeptible
Sudan susceptible
Balivia resistant
Eoypt 4 resistant oo e ol
Tgvpt 4 suseeptibie
Bolivia susceptible
Quinn resistant
Egypt 4 registant
Leypt 4 susceptible
Lechitaler resistant
Lechtaler susceptrible
Samaria resistant
Samaria snaceptible
Quinp susceptible
Lechtaler resistant
Techtaler susceptibile
Bere reslstant . e
Berg susceptible . oo -

Specinle susceptible
Reka 1 resistant
Sudan resistant
Cruzat resistant
Bolivia resistunt
{dderbrucker resistant
Oderbrucker susceptible
Balivia suseeptible. o roo e m e
Cruzat suscepiible
Boliviy resistant
Bolivia susceplible
Quinn resistant
Quinn susceptible
Sudan surcepiible
Cruzat resistant
Bolivia resistnnt
Egyvpt 4 resistant
Gold resistant
Gold snscepribde
Lechialer resistant
Lechtaler susceptible
Samaria resistant
Snmarie susceptiblos oo am -

Bee foniwote at end of ker,

Race huwher or
ninthers

H7, L3
H1, S1
Di4, D17
D16

Li4

[.2

-1

D6
L13, Sl
B3

D21
D23, 810

D26

Da2

D13
D20, H3, R10

g
DLy

L9

L

H32, 82
Li9

Dog, 818
H5, 512

€19

C17

L4, H, B
R5
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Kexy 1.—Key for identification of all phystologic races of Puccinia
hordei Utth. thus fur deseribed by investigators—Continted

REACTIONS oF DirrereNTIAL Varigries—Continued
Speciale sugceptible—Continned
Reke 1 resistant—Continned
Sudan swseeptible—Continned
Cruzat resistant-—Continned
Bolivia resistant—Continued
Egypt 4 susceptible
HAub Marioub resislant Race number or
Gold resistant nubers !
Austral resistant Ci3
Ausiral suseoptible Ci8
Gold! suseeplible_.. . H3, R3, 83
Club Mariout suseeptible Ci2, 1,16, M2
Bolivia suseeplible D13, 513
Cruzat suseeplible
Bolivia resistank
Bayph 4 resistant. oo Cid
Tigypt 4 suaceptible 2o
Bolivin suseentible
Lechtaler resistant
Lechtaler susceptible
Reka 1 susceptible
Sudan resistani
Cruzat resistand
TLechibaler resistant
Leehtaler suscoplible
Cruzab suseepiible
Bolivian resiskanbo . ..o . L ____
Bolivia suseeplible
Qoid resisiant
Gold susceplible
iinver resistand
Kinver susceptibie
Sudan susceplibie
Bolivia resistant
Quinn vesiséang
Egypt 4 resisbant
Lechtaler resistant
Leclilaler suseeplitsle
Fgvpt 4 suseeptible
Quinn suseeplibie
Balivia susceptible
Quinn resislant
Beypt 4 rosistant
Beypt 4 suseeplible
Quinn suscopbible
Igypt 4 resistand
Egvpt 4 susceptible
Berp resisiant
Berg snseeptible

! Gapital lebiers prefixed to numbers signify authoribios as follows: B=TBrown
et nl. (2, 8, 4, and unpublished results); C=Cherewick (unpublished results);
D=T¥0liveira (18); H=Ilry {(#; L=Tevine (unpublished resulis); M=DMains
{18, 14), and Mains nnd Martini (15); R=Ronsdor (18, 19); S=Straib {29); W=
Waterhouse (€3, 24}.
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TabLE 1.—Infection record of consolidated races of Puccinia
hordei Otth.

Mean infeetion types + on specified differentials 2
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! Bymbols for infection types and for gradations in severity of infe;tion aAre
deﬁ?fdl by Yo 5_?(';1 1257); Egp=Egypt 4/(C. T

t Bol=Bolivia (C. I, ; Egp=Egypt 4)(C. I. 6481); Gld=Gold (C. 1. .
Lee=Lechtaler {C.1. 6488); 0dr=0dcrbr1;cker (C. I 940); Qin= u;nnl(léﬂ_’
1024); Rka=Reka 1 (C. 1. 5051); S8dn==Sudan (C. 1. 8489); Spc=Speciale (1
75636). These abbreviations are used for ecenvenience in recording rust readin'ga:
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Kry 2.—Condensed standard key for identification of consolidated
physiologic races of Puccinia hordei Otth., embracing all races thus
far described by investigators

Ruacmiona oF DIFFERENTIAL VARIETIES:

Speciale resistant
Reka 1 resisfant
Budan resistant aimlfieds |
Oderbrucker resistant race
Egypt 4 reaistant number
Gold resistant—C10, L20
Cold suseeptible—Cl11
Egypt 4 susceplible
Gold resistant
Lechtaler resistant—BI1, B4, C9, C16, L5, L7, 1.13, L1&__
Lechtaler susceptible—14
Gold susceptible
Lechtaler resistant—B2, L8, M1
Leehtalor suscaptiblc—é 15
Oderbrucker suseeptible—1:1
Sudan susceptible
Bolivia resistant
Oderbrucker resistant
Egypt 4 resistant—I1, 51
Epyvpt 4 susceptible—ﬂli
_ Dderbrucker suseeptible—TI7, L. .. oo oooooamas -
Bolivia susceptible
Quinn resislant—D14, D17
Quinn suseeptible—TN16
Reko 1 susceptible
Sudan resistant
Bolivia resistant
Gold resisiant—L2
Gold susceptible
Lechtsaler resistanl—B6
] Lechtaler susceptible—L15, Bl o oo o cooaoo oo Fmmmmmn
Bolivia suseoplible—DB5 . o oo oo e mmmmemm e
Sudan susceplible
Bolivia resistant
Tgypt 4 resistant—D2Y
Tgypt 4 suseeptible—D23, 810
Bolivia susceplible
Quinn resislant
Fgynt 4 resistant—D30
Fgrpl o suseeptible
TLechfaler rosistant—TD26
Leehialer suseeptible—D15, D22
Quinn suseeptible
Lechinler resislan{—D20, LIS, R10
Techtaler suseeptibie—D18, 1318
Speeinle susceptible
Reka 1 resistanl
Sudan resisinnt
Bolivin resislant
Oderbrucker resistant—0L58, . ___ e wan e e emmmmm—eana
Oderbrueker suseeptible
T.erhtaler resistant—T.0
Techialer susceplille—T.19
Bolivia auseepiibic
Quinn resistant—1220, 516
Quinn susceptible
Tgypt 4 rosistanl—FH2, 82
Bgypt 4 susceplible—HG, 812

Heo foothnle at end ol Rey,
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Key 2—Condensed standard hey for identification of consolidated
physiologic races of Puccinia hordei Otth., embracing all races thus
far described by investigators *—Continued

REACTIONS OF DIFFERENTIAL VariEriEe—Continued

Speciale susceplible—Conlinued
Reka 1 resistant—Continued Unified
Sudan susceptible mn?léﬁr:ri-an
Bolivia resislant racs
Oderbrucker resistant number
Togypt 4 resistant—Cid 39
Beypl 4 susceplible—B20 51
Oderbrucker susceptible
Eggpt 4 resistant
old resistant—C19. L .o e
Gold susceplible
Lechialer resistant—C17
T.echialer susceptible—H4, H5, R4, Rb
Fgypt 4 auaceptible
CGold resistant—C12, C13, C18, L16, M2
Gold suaeoptible—83, B3, 83_. .. ... mm e e emam
Bolivia suseeptible
Chuinn resislant
Lechialer resistant—D27, Li0
T.cchtaler susceptible—815
Quinn susceptible—I1213, B13____ .. ..
Reka 1 susceptibic
Sudan resistant
Bolivia resistant
Quninn resistant
Lechtaler resistant—L17 .
Lechtaler susceplible—DB21
Cninn susceplible—B3, L11. .
TBRolivia suseeptible
Cold resistanl—B7 . L. e -
Gold susveptihic—N1§, 112, Wi, W2_ ... ... ...
Sudan suseeptible
Bolivia resistant
Quinn resislant
Tgzypt 4 resistant
Teehtaler rosistant—S814 . .. ... - 18
Lechialer susceptible—R2, 510 13
Eygvpt 4 suseoptible—RI, R11, 80 onoool. C o 14
Guinn suseopible—817. e e . 21
Bolivia suscoptible
(uinn resistint
Epgypl 4 resistan] —¥18. e e . D2
Vryp o snseepfible--1325. (. . ..o oL . 30
Quinn suseeplible
Togypt 4 realstant—D24__., . el 29
Toypt 4 snseeptible—D18, D28 ... .. L 23

1 Code numbers herelofore nsed as racinl designations, which nppear in the
idenlification volminn of koy 1, appear in the varietal-reaction eolumn liere.  As
in key 1, I} =Brown ol al. (2, 3, 4, and un[lml)}ished results}; C=Cherewick (un-

published resultsgl; D=D'0livcira (16); H=THey (#; L=Levine (unpublished
resulta); M=2>Manins (13, 14), and Mains and Martini {/4}; R=TRonsdort (18, 19);
§=Straih r2£1; W=Wnlerhouse (23, 24,
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RACES ISOLATED FROM NORTH AMERICAN COLLECTIONS

Many hundreds of isolates were studied during 1930-49 at the Mani-
toba and during 194049 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 oecurrence 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 » greenhouse culture that had been stored
for several months in a refrigerator. Most common and most widely
distributed in each of the two countries was race 4, which constituted
28.9 percent of the isolates obtained from United States specimens,
31.3 pereent of those from Canadian specimens, and 29.7 percent of the
grand total. Second most conimon in the United States was race 37,
isolates of which amounted to 21.9 percent of the total identified, and
third f};lam was held by race 47, with 21.5 pereent of all U. 8. isolates
identified. In Canada, second place went to race 2, which made up
22.8 percent of the identified isolates, and third place to race 35,
with 7.0 percent of the Canadian total.

Of the 26 consolidated races isolated in cither Canada or the United
Btates, 11 occurred, in various proportions, in both countries. These
were UN races 1, 2, 3, 4, 5, 16, 87, 44, 46, 47, and 49. 1t appears that
UN race 8 occurs aiso in Australin and UN rree 16 in Europe., 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 befween known
North American and European races of dwarf leaf rust of barley.
However, there are as many consolidated races on one continent as
on the other,




TaABLE 2.—Physiologic races of Puccinia hordei Otth. isolafed in. Canada and the United States

Frequency distribution of specified physiologic races

Place of origin
34 36 3713813040 41§42 )43 |44

Canada:
British Columbia...... wemammbemm e naan
Manijtoba.
Nova Scotia
Ontario.
Quebec
Saskatchewan

United States:
Arkansas
Delaware
Florida
‘Georgin
Ilinois.
Towa._.
Kansas
Kentucky
Maine.
Maryland
Michigan
Minnesots. ..o o cumcoaciomnnn p————
Mississippi..
Missouri..
New Jersey.
New York
North Carolina
North Dakota
Ohio. .
Oklashoma
South Carolina
South Dakota
Tennessee
Texas.
Virginia. ..
West Virginia
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EVIDENCE OF PATHOGENIC MUTATIONS

Tn table 3 are recorded comparative reactions of 20 barley varieties
to © isolates of Puccinie hordei before and after a perioed of approxi-
mately 2 years at the St. Paul laboratory. The isclates had undergone
some drastic changes in their pathogenicity during the period 1942-45.
Both isolate, 1 and isolate 2 were cultured for 12 successive uredial
gencrations in the greenhouse season 194243, for 8 more generations
in 194344, and for 4 generations in 1944—45. Between greenhouse
seasons, the cultures were stored for several months in a refrigerator
at about 6° G. During the first 2 greenhonse seasons, or for 20 uredial

eneralions, there --as no discernible change in the parasitism of either
Tsolate; but for each of the 4 successive generations of the third season,
the behavior pattern of these isolates appeared quite differer:t in sev-
eral respects from what each was during the first 2 seasons of the
experiment.

Tamun 8~—Pathogenicity of tweo isolates of Puccinia hordei Ofth.
observed at the Federal Cereal Rust Laboratory, St. Pavl, in 19445
in comparison with their consistent parasitic behavior during the
two preceding greenhouse seasons

Mean relative infeebion types!

Bariey vnriety C. I, number Isolate 1 Isolate 2

194244 1Q44-45 1942-1044 1944-1945

Afghan 2 6366
Austral G483
6305
6484
1257
1430
1433
G482
3481
1311
1145
Grossklappige (485
Horslord 877
6480
Techtalero_ . _ooomoo.. 6488
Oderbrucker q940
1024
Reka 1o ____ 5051
Schladener 6400
Sudan G489

0
2+
1+
1—
0;
2.
2 —
T4
3+
24
a;
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1=
V=
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1=
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1
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tHH

1t Symbols for infeetion types 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 varvieties Afghan 2, Bavaria, Berg, Chilean D,
Cruzat, Lechtaler, Schladener, and Sudan. In the case of isolate 2,
signifiennt 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, isclate 1 was identified as UN race 11; it be-
came UN race 50 as a result of mutation. Beecause of consolidation,
isolate 2 maintained its identity as UN race 4 even after it had under-
fnne the radical changes in pathogenicity just discussed; neverthe-
ess, these changss, too, can best be explained as results of mutation.

A number of mutations appeared also at the Winnipeg Inboratory,
Four isolates that underwent such changes are listed in table 4, The
changes appeared in uredial material of purified culbures of certain
physiologic races of Puceinia hordei that had been stored for several
months between two greenhouse seasons in & refrigevator at approxi-
mately 3° t¢ 6° C.

TanLE 4 —Pathogenicity of four izolafes of Precinia hordel GLth. obeserved al the
Dominion Laboraiory ¢f Plant Pathology, Winnipey, in J056-47 and in 194748
i1 compdrigson with thelr congistent parusitic behavior during the preceding
greenhouge scason .

Mean relative infection types!t

. L
Barlay vacioly Izolate 1 Isclato 2 [zolatad ™ Isolate

IHS-  1040- 1B6- 137 1086 1047 IDd6- 19HT-
MG 1T 14T 1945 T MY 1047 I

24 3—n

2

Ghilean D L.
Club Maricut

MQI‘Q
[

“

S
"

[~ -1 -
& i

+
e
T

Specia‘lé

Sudon

3
2
3
&
&
§
0-
¢}

-
1

1Bymbols for Infection Ty pes and for gradaiions ko severity of lofection are defloed on pp. 5-8.

Isolate 1, after cold storage, showed a significant gain in virulence
on Club Mariout and a significant loss on Cruzat, Gold, and Lechtaler;
isolate 2 gained some virulence on Club Marviout and lost more on
Chilean 1J; isolate 3 gained significantly in virulence on Qderbrucker,
Speciale, and Sudan, and lost significantly on no variety; isolate 4
underwent in a more sharply defined fashion the changes that took
piace in isolate 3. Isolate 1 changed from UN race 40 to UN race 4;
isolate 2 remsained 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 specinlization in barley leaf rust (Puccinia hordei Otth.)
were assembled and subjected to incculation with 857 isclates of this
rust, of which 115 originated in Canada and 242 in the United States.
1t was found that some of the vavieties 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 veported numbered 16; of these 16,
9 varieties were found to be critical for the identification of the eon-
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solidated races. The 9 critical differentials ave: Specinle, Reka 1,
Sudan, Bolivia, Oderbrucker, Quinn, Egypt &, (Gold, and Lechtaley.

On the basis of results of this work and a critical interpretation of
previously recorded data, two dichotomous keys were constructed for
the identification of physiol ogic races of the dwarf leaf rust of barley,
One of these, the comprehensive master key, enables the tracin i of all
essential ingredient races described by investigators. The other, the
condensed standard key, is designed for practical identification of
present and futurve racial complexes. Tt is bused upon the consoli-
dation of ingredient races as determined by the veactions of the above-
mentioned set of 9 eritical differentinls. o avoid recurrencs of con-
fusion, numbers designating consolidated physielogic races have been
given the prefix UN. The scquence of UN numbers is harmonized
with the order of dates of publication or discovery of the physiologic
races under consideration,

Physiologric races included in the condensed standard key number
52, Of these, 26 were found in the North American collections. Very
Tew of the known physiologic races of Puccinia hordes have been found
on more than one continent, and many have been found in only one
country.

Pathogenic mutations oecurred rather frequently in the course of
the laboratory work of this study. Evidence suggests, also, that mu-
tations occur under natural conditions. New p 1ysiclogic races are
uncovered ench year in numbers that are strikingly large in propor-
tion to the total numbers of isolates studied. Since observation of an
accial stage of the dwarf leaf rust of barley in North Americy has not
been veported, it seoms likely that the muitiplicity of races existing
on this continent stems from mutation.

Recent discovery of necin of dwarf leaf rust of barley on Omithog-
alum pyrenaicum in Britain by Dennis and Sandwith {6) and the
finding by D'Oliveira (77) thut many species of Ornithogalum con-
tain strains congenial to Puccinia hordei indicate o need of further
research in North America with reference to possible alternate hosts
of this rust.
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