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PHYSIOLOGIC SPECIALIZATION IN PUCCINIA CORONATA

AVENAE (CORDA) ERIKS. AND HENN.

R i T S

INTRODUCTIOR

Ve

The presence of physiologlc speciallzation in the rusts

R AP

was flrst demonstrated in 1894 by Friksson and Henuing (29);

and since that time many rusts have been shown to consist of

i B e 8 e

two or more entitles, each having a specific host relatlonship.
Two developments have come about in our unders=anding of these
specialized entities, first that major physiologic unibts exist

within such specles of rust as Puccinia graminis Pers. and P.

coronaca Cordsa and are distinguished by thelir ability to infect

ing

T e

certain host species; second, that there are minor units which

i are separated by their specific recaction on varleties. The for-

mexr are consldered as physiologlc varicties and the latter as

physiologie Torms.

In the present investigation an atbttempt has been made to

identity, and determine the prevalence and distribution of

yrT S TS IS R TR S

physiologlc forms of P. coronata avenae (Corda) hriks. and Henn.

Tazimn
SRRV

present in the oat-growing regions of the United States and

Cunada during the years 1927, 1928, 1929, and 1930. The rela-

tionship of the occurrence of these forms to the specific host

from witich they were collected, and the host runges of the most

important forms has also been studied.
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PERTINENT LITERATURE
Our knowledge of physiologic specialization in the rust
fungl beyins with Schroeter (59). 1In 1879 he calls attention
to the presence of physiologic varistion in certain rusts on

Carex. Similar variation in Puccinia greminis Pers. =né other

rust fungl were reported by Dietel (13), in 1887. t remained
for Eriksson and Henning (29) in 1894 to first definitely
demonstrate physiologie speclulization tased on pathogenicity.

They showed thet there were present within Puccinia coronats

Cerda at leaest four physlologic varicties and within Pe dispersa
briks. two such varieties, which were distinguished by theilr
ability to infect certain hosts. Later in the same year
liriksson (24) described six physiologic varieties in P+ coroneta;
four in P. dispersa; five in P. graminia, and five in P. glum-
arum (Schm.) Eriks. and Henn. Three physliologic varieties werse
added to P. coronata by Klebahn (41, 42, 43) and three by Friks-
son (25, 28), while Muhlethaler (49), using a different host
relationshlp as the basis of his classification, described twelve
physiologle varietles. Zriksson (26) later added two physiologic
varieties to P, dispersa and ruised a2ll of these to specific
rank. One physiologlc varieiby was added to P. graminis by
Lriksson (27) and three by Jaczewski (36), wihile in the United

States Stakman and Piemeisel (65) have added the physiologie

variety P. graminis tritici cofiapacti and su,. est the establishe-

N
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ment of P, phlel-pratensis Eriks. and Henn. as an adcitional

variety under P. graminis. This same phenomenon has been ob=
served and studied in many additional species of rust by Hagnus
(44), Rostrup (57), Klevahn (42), Diletel (19), Vvard (68), Randi
{9), Probst (56), Jordi (37, 38), and others.

That 1t 1s jossible to further divide certuin of these
phiysiologic varieties described by Eriksson and Henning (29),
iriksson (24), Klebahn (42), and otiiers,into physiologziec forms
¢istingulshed by their specific reaction on varicties or
specles,ras first shown by Shalman and Plemeisel (65). vorking

with the physiologlc variety Puccinis zraminis tritici Eriks.

and Henn., Stakman and Levine (62) were able to distinguish
37 physiologlc forms con the basis of the differential reaction
of 12 varleties of wheat. The existence of four physiologic

forme within P, graminis avenase Eriks. and Henn. was demonstrated

by Stalman, Levine and Bailey (63). Later Balley (8) described
a £ifth form, and in 1928 Gordon (31) and Gordon und RBailey (32)
reported a sixth physlologic form occurring in Canada,

The presence of physiologle forms within the rust species
ls not limited to P. graminis. NMains and Jackson (46) were able
to distinguish 12 physiologic forms of P. triticlna Eriks. by
thelr specific reaction on 1l varieties of wheat. Scheibe (58)
working ln Germany discovered four forms of P. triticina, one

of these belng similar to one described by Mains and Jackson.
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Mains {45) reports the presence of two physioloxiec forms in B.
¢ispersa, two inig. anomala Rostr., and four in.g. sorghi Schw.
Stalman and Christensen (60) carlier reported the prescnce of
three and pnossibly five physioclogic forms of P. sorghi. Later
Stakmen, Christensen and Brewbaker (61) recognized seven
nhysiologic forms of P. sorghl by their specific resction on
eight sclfed lines of corn. Hungerford and Owens (35) reported
indication of the presence of two or more specialized forms of

P. glumarum triticl Eriks. and Henn. Bailey (7) demonstrated

the presence of at least three, and possibly four, forms of P.
helianthi Schw,

It is clear that with the increase in our knowledge of
physiologlical specialization, at least in P. graminis, we have
gone from a rather wide grouping us proposed by Erilsson and
Henning (29), Eriksson (24), and others to a more nNATrrowWw group-
ing as set out bﬁ Stelkman and Piemelsel (65). The work that nas
been done on P. coronata seems to tend in the same course., The
development of our knowledge of speclalization in this species
be;ins with de Bary (1l1), when he discovered in 1865 that the

aeclal stage of P. coronata occurred on Rhamnus catharbica L.

and R. francula L. Nielsen (52) in 1877 secured infection on

Lolium perenne L. with aeclospores from Rhamnus cathartica eand

in turn infected osts with the uredinlosovores from Lolium

perenne. Then Cornu (13) in 1880 infected oats directly with
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aeclospores from Rhamnmus cathartica. Plowright (54) in 1889

suggested the presence of two species wlithin Puccinia coronsata,

His conclusions were based mainly upon the fact that telio-

gpores from Lolium perenne would not infect Rhamnus frangula,

while tellospores from Dactylis glomerata L. and Festuca sylva-

tica Vill. readily produced aecia on Rhamnus frangula. Xlebshn
(39) reported in 1892 that there were two species of crown rust.

That species which bore teliospores on Dactylis glomerata, Fes-

tuca szivatica and other grasses, and bore aeciospores on Rhamnus

frangula, he called Puccinla coronata. ‘hile the species which

produced teliospores on Lollum perenne, Avena sativa L., Fes-

tuca elatior L., Arrhenatherum elatius (L.) Beauv. and other

grasses, and produced aeciospores on Rhamnus cathartica and

other iRhermus species, he called Puccinla coronifera Klebahn.

The conclusions of Klebahn were suprorted in later investiga-

tions by Klebahn (40, 41, 42), Eriksson (25, 28), Eriksson and

‘Henning (30), and Muhlethaler (49).

Eriksson and Hemning (29) were probably the first to recog-
nize the presence of physlologic varietles in crown rust. They

divided Puccinia coronata into three series and certain of these

were subdivided into "Formen". Series I, with aecial stage on

Rhammus cathartica (Puccinia coronifera Kleb.), was divided

T T ST T R I Ty i P

into two "rFormen": Avenae and Alopecuri; series II, with aecial

stage on R. frangula (Puccinia coronata Xleb.), consisted of
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one "Formen" cccurring on Dactylis slomerata and Festuca 8ile

vatica; and series III, an aeclal stage on Rhamnus dshurica

(Puccinla coronata var. himelensis Barcl), corsisted of one

"Pormen®. Two physiclozic varictics Calamagrostidis and lellea

ware not included in the series because thelr secial stage was
unknown. Later Eriksson (24) &ivided crown rust into four

serlies and certain of these scries were subdivided into "forme

speceies." Serles I (Puccinis coronifera Kleb.) was civided

into four "forme speccies™: Avenae, Alopecuril, Festucae, and

Leliil; seriles II {P. coronata (Corda) Kleb.) contained ouly

one "forme specles": Calamacrostis; series III (P. coronata

var, himalensis Barcl.) contained no "forme species"; and series

IV (aeclal stage unknown) contained one "forme speccies":

ellcae. sdditional "forme species" were added to series I

end II by Klebahn (42) and Eriksson (25). In 1911 Muhlethaler
(49) presented a somewhat different arrengement. He divided

crown rust into five series: 1I. P. coronifera Kleb.; II. P.

himalensis (Barel.) Diet.; III. P. Alpinae-coronata nov. sp.;

IV. P. coronatas (Corda) Kleb.; V. P. coronsta Corda s. lat.

Series I contained nine "forme species", series IV three "forme

species®, series IV three "forme species' and series V one

"forme species."

Treboux {65), working with crown rust in southern Russia,

did not secure the differential reactlon on Rhamnus species
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reported by Klebahn (42), Eriksson (24), and iluhlethaler (49).

Using aeclospores secured from R. frangula he was avle to in=

Iect Avena sativa, a host belonging to P. cofonifera Kleb.,

and using aeclospores secured from Rhamnus cathartica he was

able to infect Agrostls stolonifera, Calamagrostis erundinaces,

and Phalarls arundinescea, all of whieh are nosts of Puccinia

coronata (Corda) Kleb. Treboux (66) concluded that the exise
tence of separate specles of crown rust upon elther Rhemnus

cethartica or 5. frangula is doubtful.

In the Unlted States, Arthur and Fromme (5), Arthur and

liolway (6), Carleton (12), Helhus, Dietz and Willey (47), Melhus

and Durrell (48), Lietz (21), and others prefer to retain the

name Puccinia coronata Corda. The merked differentiation on

Rhamnus specles reported by Klebann (41) has not been r eported
in smerleca. Arthur and Holway (6) were able to produce infec-

Tlon on Avena sativa using aeclospores secured from Rhamnus

lanceolata. Carleton (12) used aeclospores produced on Re luanceo-

lata and produced infection on Phalaris caroliniana. The host

range of Puccinia coronata has been extended, both on the altepe

nate hosts and on the gramineous hosts, by Arthur (2, 3, 4), lel=-
hus and Durrell {48), ielnus, Dletz and Willey (47), and Dletz
(2l). Melhus, Tletz and Willey (47) using teliospores produced

on avena sativa were able to secure pycnia on Rhamnus fraunpgula,.
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Dietz (21) secured normal aecla on R. dashurica using telio-

spores produced on Avena sativa. The results secured by in-

vestigators in the United States do not justify the division
of crown rust into the varlous specles reported in Europe by
Rlebahn (39), Eriksson (24), a2nd Muhlethaler (49),

Melhus, Dietz and Willey (47) studied four "biologic forms"

(physiologic varieties) of crown rusts P. coronata avenae, P.

coronata 10111,‘2. coronate calamagrostis, and P. coronata holel.

They determined the reactlon of various gramineous species to
each of these physiologie varieties. The greminecus hest ranges
of these four physiologlc varieties overlap somewhat, but the
reaction of each host was specific for each physiologic variety.
Dletz (21) found that the alternate host range of crown
rust was not limlted to the genus Rhamnus, or to the family
Fhamneceae. He secured asecial infection of crovn rust on Ber=-

chemia scandens (H1ll) Trel, of the family Rhamnaceae, and Lepar-

gyrea canadensls of the family Eleagnacese, in addition to thir-

teen specles of Rhammus. Tiletz (21) secured & marked specializa-
tlon in reaction on the alternate hosts with different varieties
of crown rust. This specilallization of varieties and the wide
alternate host range of crown rust is further evidence, Dietz
believes, that the crown rust organism should be considered asa
one speciesg.

Hoerner (34) was the first to report the presence of physio=-
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loglc specialization within the variety P. coronata avenae.

He distinguished four physlologic forms on the basis of their

reaction on Iowa 73 (Ruakura) and Iowa 96 (Green Russian):

Form 1, inf'ectes beth varictles normally.

Form.2. infects both varieties weakly.

Form 3. infects Jowa 73 weakly and Iowa 96 normally.
Form 4. infects Jowa 73 normally and Iowa 96 weakly.

Popp (55) identified 22 cultures of P. coronata avenae

collected from filve provinces of Canade. Using Iowa 96 (Green
Russisn), Sterills Selection, znd Minnesota 539 (White Russian)

as differential hosts, he was able to distinguish four physio-

logic forms as follows:

Form l. (Eight cultures) infects Sterilis sSelection weakly;
Minnesota 539 (White Russilan) normally, and Iowa 96
(Green Russian) normally.

Form 2. (Eight cultures) infects all three varieties weakly.

Form 3. {Two cultures) infects Sterilis Selection normally;
Minnesota 539 (White Russlan) weakly, and Iowa 96
(Green Russian) weakly.

Form 4. (Pour cultures) infects all varicties more or less
normally.

Parson (53) obtained 15 collections of crown rust from the

United States and Canada. Using four varieties as differential

hosts, he was azble to distinguish five physiologlec forms as

follows:

Ruakura - resistant (Hoerner's Form 3)

Avena sterlllis nigra =« resistant « « ¢+ ¢ o« « fOorm 3
A. sterilis nigra -« susceptible .« ¢ ¢« o o &
~ Red Eusfproo% -~ resistant « &« ¢« ¢« v &+ « « fOrm 5
Red Rustproof ~ susceptibleée. « « » « « « o« form 4
Ruslura - susceptible (Hoerner's Form 1)
Green NHountaln -« resistant « « v« ¢« ¢ ¢ ¢« o« « form 2
Green Mountaln « susceptible « ¢« ¢« ¢« ¢ o &« « fOrm 1
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Parson determined the reaction of each of his forms on 27 varie-
ties, selections, and species of oats, and found that none were

resistant to more than three physiologlc forms.

f; Murphy (50) secured 45 collections of Puccinia coronata

avenae, of which 32 were collected on Avena end 13 on Rhamnus.

An equal number of cultures isclated from thesc¢ collections

T L T e

were each tested on pure line selections of 33 varicties and

species of oats. Eight of these acting as differential hosts
disclosed the following nine physiologic forms:

L4 Belar = resistant
e Red Rustproof (C.I. 10791) - resistsnt
b College Algerian (C.I. 2052) ~ resistant .
5 College Algerian (C.I. 2052) = susceptible
b Red Rustproof (C.I. 1079) - susceptible
;{' Cowra"reSistant.o.ooooo.ocooon.for'mg
E Com-msceptible...--.o....-..fOI'm7
" Belar -« susceptible
Iowa No. 69 = resistant
Avena strigosa - resistant
Anthony (Ce.l. 2143) = resistant .
Anthony (C.I. 2143) = susceptibls
Avena strigose - susceptible
Iowa No. 69 - suscevtible
IO\‘.’& NO. 102 - reSiStant ® & ® & & a2 & o ® & @ fOPm 6
Iowa No. 102 = susceptible . . e » o s« « o TOrm 5

form 3
« « form 8

form 4
« form 2

L)
*
[
[}

P b et e dat Sen

§ The 13 aecial collections on five species of Rhamrus were

identifled as follows: four colleetions on Rhemnus cathartica

were form 3; six collections on R. lanceolata were form 5; one

i each from R. tinctoria, R. spp. (from Montana), and R« infectoria

i were forms 7, 8, and S, respectively.

L C.l. ® Bureau of Plant Industiry, Cereal investigation
acecession number.
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MATERIAL AND METHODS

Leaves infeected with Puccinls coronate avenae were col-~

lected on naturally infected oat plants and on Rhamnus natur-
ally and artiflcially infected, during the years 1927, 19528,

1929, and 1930. ©7or each collection, the naume of collecior,

date, place, and the name of the host were recorded. During
transit, crown rust spores retain thelr viability much longer
when the infected lezves are allowed to dry imuediately after
collection and are placed in an ordinary manlle envelop. Aecial
coliections, due to their short viability, were lmmediately used
to infect oat plants, and the r=sulting uredinial stage contin-

ued, or the inrected leaves stored in the refrigerator. All

cultures were maintained on the variety Iomine (C.I. 2327) Gur-

ing 1928, However, this variety showed partial resistance to
certein forms and Markton (C.I. 2053) was substituted for it
during 1928 and 1930.

Single uredinium cultures were 1solated by inoculating
larkton or Iomine plants sparsely with spores from a perticular
collectlion. About six or seven days after inoculation and be=-
fore any uredinia had broken through the epidermis, a plant was
selected which bore & single uredinium. This plant was then
placed under a covered lamp chimney (Plate I, fig. 2) and the
uredinicepores alleowed to mature. Because of the possibility

of the presence of more than one physlologlc form in a collec=-
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tion, two single-uredinial isolations were usually made frem
each collection. %¥ach culture had as its source a single ured-
inium.

Seedling plaﬁts were usually inoculated between 4 and 6

p.nme The first leaf of each plent was gently drawn between the

" moistened forefinger and thumb, then the entire plant was
~ /

molstened with a constant-pressure sprayer. The plants were

then moved to the room containing the stock culiures and ezch
plant was individually inoculated with the desired culture by
applying a small amount of crown rust spores to the woistened
surface of the first leaf with a flattened needle. The plants
were again sprayed and placed in a molst inoculation chember where
they were kept for approximately 14 hours. In order that the
plants might not dry too quickly or otherwise become injured, the
chambers were opened at about 8 a.m. and the plant retsined in
the open chamber until about 4 p.m.

Where types of infection wers to be determined, the plants
were rlaced in muslin compartments (Plate I, fig. 1) similar to
those described by HMelhus, Dietz and Willey (47); while those
used for stock cultures were held under lamp chimneys. The tops
of the chimneys were covered with a thin laver of cotton held
between two §ieces of cheese-cloth and this all Pastened with a
rubber band (Plate I, fig. 2). Each lamp chimney would cover

the contents of a three-inch flower pot. These pots were
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varliety used as a differential host by Parson (53).

At the beglnning of the investigution, approximately 200
varicties, selections, and species, reported as veing resis-
tent to crown rust, werse inoculated with ten cultures which
furmished a basis for the selection of possivle differcontial
hosts. From these investigations, a set of 33 differential
hosts was selected. This preliminary study gave evidence that
certain of the commercilal varicties and so-called pure-line
selections on hand were not homozygous for reaction to =zll
crown rust cultures. Because of this heterozygous reaction,
a single-panicle selection was made of each of the possible
difforential hosts at the beginning of the experiment. Unless
otherwise stated, pure-~line selections were used throughout
these investigations for differentiating physiologic forms.,

The differential hosts were inoculated with each culture
of crovm rust. ‘hen pure lines were used as posgslible differen-~
tial hosts, five plants of each were inoculated and their re-
action recorded. Ten or more plants wera inoculated when the
rossible differential host was not & pure line. Uhenever a
variety of sPecies appeared heterozygous for resistance to a
particular culture, a larger number of plants were inoculated

and the predominating reaction recorded.
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Types of Crowm Rust Infection

In recording the reaction of differcnt varieties, selec-
tions, and species to crovm rust, it was necessary to adopt a
saries of rust manifestations w ich world describe the classes
of host reactions observed. The types of crowm rust infection

obgerved are shown in Plate II, fig. 2, and a description

follows:

Irmmine I. - No macroscopic evidence of
infection.

Completely resistant 0. ~ No uredinia formed, necrotic
areas present. ‘

Highly resistant l. -~ Orcdinia few, small, always in

necrotic areas, also more or
less necrotic-areas produced
without the development of
uredinia.

2. - Uredinia fairly abundant, small
to medium size, always in necrotic
or very chlorotic areas.,

- Moderately susceptible 3. = Urzdinia abundant, medium in

size, and surrounded by chlorotic
areass.

Completely susceptible 4, = Uredinia abundant, large, no

necrosls or chlorosis immediately
surrounding the uredinia,

The reaction of all plents to crown rust was recorded 10
and 14 days after inoculation. During the interval between the
ﬁime of 1noculétion and recording, the plants were kept under
optimum condlitlions for the normal development of the oat plants.

The type of infection on a particular pure line inoculated with
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a particular physiologic form is qulite constant vhen environ-

mental condlitionsg are uniform and favorable.,

During cloudy
weather, artificial light is necessary in ord:r to secure

normal types of infection. A "green-island" type of infection

may ve developed on a completely susceptible plant by reduc-

ing the light intenslty for a perliod of two days. ILxcesasive

i drought, wilting, excessive high or low temperature, and abnor-
mal nutrition also tend to produce subnormal types of infection.
In the prescent lnvestigation, a difference of at least two

types of infection was considered necessary to establlish a new

F R DTN

% form, that is, a type O dontrasted with s type 2, a type 1 with
| a type 3, or a type 2 with a type 4. It was unusval for the
rcaction of a pure iine to & particular physiologic form to
vary more than one type under normal greenhcuse conditlons.

Field Test of Varietles and Selections

A knowledge of the field reaction of varieties studied

under greenhouse conditions is very desirable. This is espec-

f ially true of those varieties used as differential hosts, and
H of those adiltional varieties used in determining the host
: range of a particular physiologic form. During 1926, 1927,
and 1928, a uniform oat crown-rust nursery was grown a' Ames,

Iowa, and Experiment, Georgia. This uniform nursery contained

¥
t
:
%
%
E pure-line selections of 100 varieties which were selected for

their known reaction to crown rust. During 1929 a new uniform
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oat erown~rust nursery contalning pure-line selections of 100
varieties, specles, and selections was grown at eight liffer-
ent experiment stations in the ccntral and southern pcrtions of
the United States, The locations of these marse -ies and the

names of the coopsrators were as follows:

Location Cooperator
Amos, Tows ————
Knoxville, Tennessee S.H. Essary
Experiment, Georgia R.P. Bledsoe
Tifton, Georgla Wede Davis
Ae & M. COllege, lississippl L.BE. Hiles
Denton, Texas P.B. Dunitle
Stillwater, Oklahoma deCe. Ireland

Kanhattan, Kansas J«H. Parker and
- Ce0a Johmnston

During 1929, 660 additional verictles, selections, and
specles were grown at Manhattan, Kansas, and Ames, Iowa. Three
hmandred of these were introduced foreign varietles supplied by
T.Re Stanton, 0ffice of Cereal Crops and Diseases, Bureau of
Plant Industry, V:ashington, D.C.

The percentages of crowvm rust infection on the different
pure lines, varieties, selectlions, and species included in the
cat crown-rust nurseries were determined according to the scale
iliustrated by Durrell and Parker (23). Types of crown rust
ars often very difficult to determine undoer fleld conditions,

Leczuse of the maturity of the ocat plant and the precsence of
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uredinia in different stages of development. Thenevor a varia-

tion was observed, the range from the most resistant to the

=ost susceptible was reccrded,
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ié IDENTIFICATION OF PHYSIOLOGIC FORMS
¢
= One hundred seventy-one collectlions of Puccinla coronata
?; avense were sscured during 1927, 1828, 1829, and 1930, on
ﬁ varieties and species of Avena, and species of Rhamnus. TwWo
; hndred forty-five rust cultures were igsclated from these
? collectiens. The distribution of these collections according
g tc the time and the state or province from which they were
g cellected 4is given in table 1.
I
% Table l. Distribution of colleclions of Puccinia coronata
i avenre during 1527, 1928, 1929, and 1550, In states
5 and provinces.
; State or Yumber Of col.ections  : Total
s Province s 1087 : 1928 3 1920 : 1000 : collections
i Alabama 1 1
¥ California S S
i Plerida 1 12 13
i Georgla 4 4 8
L Illincis 1 1
£ Towa 2 16 29 21 68
0 Kansas e 10 12
1 linnesota 2 e
i lilssissippl 4 4 8
i Hissourl 1 1 4 5
Nebraska 1 1
Korth Dakota 1 1 1 3
Ohio 1 1
Oklahoma 1 1 3 5
Ontarlo ' 1 1
Oregon 1l 3 4
: Quebec 1 1
i1  South Dakota 1l 1
i Tennessee 1 6 7
L Texas 1l 6 4 11
Virginia 3 3
Weat Virginia 1 8 9
Total 10% 4D 85 OO0 171

#Nine collecticns secured 1In 1927 were Ifurnisied Dy ir. L.D.
Leach, who made a prcliminary study of physiologlic specializa-
tion and identified three physiologic forms (unpublished data).




e

¥ ~22=
*
: The number of collections secured on different hosts dur-
% ing the years 1927, 1928, 1929, and 1930 is given in table 2.
% Table 2, Host and number of collections of crown rust secured
g during 1927, 1928, 1929, and 1930.
¥ .
2 : “Rumber collections
g Host : 197 ¢ 1928 1929 1950
| . Avena species 10 32 66 12
Rhamnus canthartica - 4 1 5
" chlorophora - - - 2
" infectoria - 1 13 5
2 " lanceolata — 6 - 2
i “ montana - 1 3 3
" tinctoria - 1 - 4
Total 10 40 B8O 00
i All the collections on Rhammus species were from artifi-
% cially inoculated plants, except one on Ihamnus larnceolata

RSN

gsecured during 1928, and three on Rhamms cathartica (two during

1928 and one during 1929). The collections on Avena spoecles

o T IS
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1 were all taken from naturally infected plants in the field.

Cultures Collected During 1927 and 1928

Pifty-five cultures of crown rust were isoiated from an

equal number of collections taken during 1927 and 1928, A uni-

form set of 33 pure lines, selected from different varicties,

sclections, and species of oats was separately incculated with

omrees, s e T ma e T T D

each of these cultures. Nine physioclogic forms were identified

among'these 55 cultures by the differential reaction of eight

-of the 33 pure lines. In tavle 3 is ;iven the name of each of

the 33 pure-line-sslected: varleties, selections, and specles,

used as possible differentisl hosts, and the average type of
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Table 3. Reactlon of 33 pure-line selectlons to the nine physiologic forms of
Puccinia coronate avenae identified from collections mads during 1927

ﬂn.a I§§§ .
Pure-1ine Selectlons O : ¢ » , .
varieties, selections, s:Average type of infectlon with physiologlic form number:
and species : : ¢ s &4 ¢ o ¢+ 6 3y 7 1 8 31 9

Belar (C.I. 2760)

Red Rustproof (C.I. 1079)
College Algerian (C.I. 2052)
Cowra (C.I. 2761)

Iowa 69 (C.I. 2463)

Avens strigosa (C.I. 1782)
Anthony »Le 2143)

Iowa 102 (C.I. 2464)
Avena brevis (C.I. 2762)
Hed Rustproof (C.I. 775)
Sunrise (C.I. 982)

Black Algerian (C.I. 204)
Nortex (C.I. 2382)

Ruakura (C.I. 2052)

Early Burt (C.I. 2763)

Red Rustproof (C,I. 1805)
Green Mountain (C.I. 1892)
Fulghum (C.I. 650-203)
Burt (C.I. 2054)

White Tartar (C.I. 1640)
Red Rustproof (C.I. 1640)
Green Russian (C.I. 1978)
Iowa 46

Towa 77 (C.I. 2813)

Iomine (C.I. 282%)
Bundred Bushel (C.I. 2797)
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Taole 3. Concluded.
Ture-11lne seloctlons OF : & .
varisties, selections, iAverage type of infectlon with physlologlc form number:
and species : 4 2 S5 4 1 D0 s b v W B «9
Early May (C.I. 2828) 4 4 1 4 4 4 4 4 4
D.AC. No, 10 {C.I. 282¢) 4 4 2 4 4 4 4 3 4
Guyra (C.I. 2768) 4 4 3 4 4 4 3 3 3
Warrigal (C.I. 2798) -3 3 1 3 4 3 3 2 3
Sidney (93) 4 4 1 4 4 4 4 4 1
Golden (C.I. 2806) 4 4 4 4 4 4 3 3 3
Hortgage Liftor (C.I. 2804) 4 4 3 4 4 4 4 3 4
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infection of emch to the nine identiried physioclogic forms.

The nine physlologic forms discovered during 1927 and
1928 may be ldentifled by arranging the first eizht :;ure lines
in table 3 in a dichotomous kéy (50).

Cultures Collected During 1929 and 1930

The first 17 purs-line-selected: varieties, selections,
and species given in table 3 were retained as possivle differ-
ontial hosts for use during 1929 and 1930. Eight additional
rure lines, seven varioties, and one species were added. Twi0
of the foreign varieties, "Avena victoria" (C.I. 2764), and
"Avena capa® (C.I. 2765), were obtal ned from lir. Jose }. Scasso
of Y¥oron, Argentina, while "Avena 1095a" (C.I. 2766) and "Avena
648" (C.I. 2767) were obtained from Doctor Alberto Boerger,
Senior Director del Instituto Fitoteenico, Departmento Colonia,
Uruguay. These four varietles wore reported recsistant to crown
rust by Mr. Scasso#, The other three varieties Hay (C.I. 1622),
Schoolmam (C.I. 2057), and Victoria (C.I. 2401) were inciuded
pecause of their unusual resistance during a natural epiphytotic
of crowvn rust iIn the sumer of 1929 at Ames, Iowa, and Hanhattan,

Kansas. 2vena strigosa pglaberscens (C.I, 2630) was apparently

imrne during the same epiphytotic at both stutions,

¥lhese varieties were réported a&s Deling cesistant Lo crown
rust in Argentine, by }r. Scasso, in a personal letter to the
writer dated April 20, 1929.
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Cne hundred ninety cultures of crown rust were isolated
from 116 collections during 1929 and the spring of 1930. Uni-
form groups of 25 pure lines, seven varieties and one species
of ocats were incculated separately with each of these cultures

and eight physiologic forms were identified. Four of these

were forms previcusly identified in collections secured during
1927 and 1928, and four were first isolated in 1929.
In tatle 4 1is given the reactlon of pure lines, numbers

1 to 17, to physiclogic forms numbers 1, 3, 5, 6, 10, 11, 12,
and 13 collected during the years 19527, 1928, 1929, and 1930,
nd the veactlion of pure lines, varieties, and species, numbers
18 to 33, for the same physiologic forms collectcd during 1929
and 1930. As physiologic forms 2, 4, 7, 8, and 2 wcre not re-

covered during 1929 and 1930, the reaction of only pure lines

numbers 1 to 17 is recorded.




Table 4. Reaction of 33 pure-line selections, varicities, and specles to 13 .
physiologic forms of Puccinla coronata avenae identified during 1927,

1928, 1929’ and 1930.

Averag® Lype Of infoction with .
hysiolozlc form number

T NUmMDer and name of pure~
line selections, varie-
tles, and spocles

su 88 we

furo-line selections

Belar (CG.I. 2700Q)

Red Rustproof (C.I. 10%9)
College Algerian (C,I. 2052)
Cowra (C.I. 2761)

Iowa 69 (C.I. 2463)

Avena gstrigosa (C.I. 1782)
Intheny (Ce.l. 2143)

Iowa 102 (C.I. 2464)

Avena brevis (C.I. 2762)
10 TFed Kustproof (C.I. 775)
11 Sunrise (CoIo 982)

12 Black Algerian (C.I. 204)
13 Nortex (C.I. 2382)

15 Early Burt (C.I. 2763)

16 Red Rustpfoof (C.I. 1805)
17 Green Mountain (C.I. 1892)
18 Bathurst (C.I. 1810)

19 Glenn Innis (C.I. 980)
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Varieties
20 E'UI'HEG Rﬁsgian (C-IQ 2460)
21 White Russian éC.I. 2461)
22 Green Russian (C.I. 2342)
23 Green Russian (C.I. 2344)
24 Avensa brovis (C.I. 1783)
25 Warkton (C.i. 2053)
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Table 4, Concluded,

Tumber and name of puro-
line selections, variew
tles, and specles

Avarage type ol infecilon with
physiolciie form numbsr:
314 151867 :8 0 :10; I1:12: 13

e &3 3¢

-
*9
o

Varieties
26 W&y (C.T. 1622)
27 Schoolmam (C.,I. 2057)
28 Victoria (C,.I. 2401)
20 "Avena victoria' (C.I, 2764)
30 "Avena capa" (C.I. 2765)
31 "Avena 1095a" (C.I. 2766)
32 "avena 64s" (C.I. 2767)
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Species ‘
33 vena stri%osa glaberscens
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Key for Identification of Physiologic Forms

Thirteen physiologic forms were identified among the 245

‘cultures studled by using the diffcrential reactlons of eight

pure lines and one species, Avena strigosa glaberscens (CG.I.

2630). A. strigosa glaberscens (C.I. 2630) was not pure-line

selected, however, 1t always gave a homozygous reaction to
physiologic forms 1, 3, 5, 6, 10, 11, 12, and 13. ‘Yhe eight
pure-line-selected: varicties, selections, and species; and one
speclies not pure-line-selected, may be arranged in a dichotomous
key as follows:

Belar (C.I. 2760) - resistant
Red Rustproof (C.I. 1072) = resistant

Iowa 102 (C.Il. 2464) - resistant
Avena strigosa glaberscens (C.Il. 2630) =
I‘esistant..............-..fOI’le
Avena strigosa glaberscens (C.Il. 2630) = ‘
Susceotibleo s ¢ o & - e« ¢ o o s o form 10

Jowa 102 (C.I. 2464) - susceptible
College Algerian (C.I. 2052) - resistant

A!lthony (C‘I. 2143) - resistant « « « « « fOorm 13
Anthony (C.I. 2143) - susceptible . » . « form 3
College Algerian (C.I. 2052) - susceptible. form 8
Red Rustproof (C.I. 1079) - susceptible
Cowrsa (COI. 2761) - rosistant « ¢« ¢« ¢« ¢ o « o fOorm 9
Cowra (C.I. 2761) = susceptible « « ¢« « o« « « form ¥
Belar (C.I. 2760) - susceptible
Anthony (C.I. 2143) « resistant
Avena sbtrigosa (C.I. 1782) =~ resistant. . . . form 4
Avena strigosa (C.I. 1782) = susceptible
Towa 102 (Cel. 2464) - resistant. « « » « « form 1
Jowa 102 (C.I. 2464) -« susceptible. . « « . form 11
Ainthony (C.I. 2143) - susceptible
IOW& 102 (C.I. 2464) - reSiStant * & & ® & & fOI’m 6
fowa 102 (C.I. 2464) - susceptible. + « . . .
IOWB. 69 (CCI. 2463) - rQSistant e 8 ®© ® o e fOI’m 2
IJowa 69 (C.I. 2463) = susceptible . « » « » form 5
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Physiologic forms 1, 3, 5, 6, 10, 11, 12, and 13, may be
ldentified by the difrerentlal reaction of the nure~line-selected
varieties: Belar (C.I. 2760), anthony (C.I. 2143), Iowa 102

(CeI. 2464); 2nd the specles Avena strigosa glaberscens (Cel.

2530). The rezction of each one of these differcntial hosts
along with that of Victorie (C.I. 2401) and a pure-line selec=
tion of HMarkton (C.I. 2053), to each of the eight physicloglc
forms identifled from collectlons secured during 1929 and 1930
is i1liustreted in plates III-VI.

Rature of Physiologic Forms Identified

The 13 physiologlc forms identified, differ greatly in
their abillty to infeet normally the possible diffcrential hosts
given in tatvle 4. A descriptive formula may be given to each
form by writing the number (;;iven in table 4, column 1) repre-
senting each of the 3§ possible differential hosts that show a
resistant reaction to 1t. Thece formulae would then appear as

follows:
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Physiologic
form number Formula
1 5, 7, 8, 17, 20, 24, 28, 29, 33.
2 *5’ 6, 9' 11’ 17-
3 1, 2, 3, 4, 6, 11, 12, 13, 14, 15, 16, 18, 24,
23, 29, 30, 31, 32, 33.
4 #5, 6, 7, 8, 8, 11, 17.
5 23, 29, 33.
6 8, 20, 238, 29, 33.
7 *1l, 11, 12, 15.
8 %1, 2, 4, 11, 12, 1l4.
1] %1, 4, l4.
lo l, 2’ 5, 4’ 5’ 7, 8, 11, 12, 13’ 14’ 15, 16’ 17’
i3, 20, 238, 29, 30, 31, 32.
11 5, 7; 14, 17’ 20, 28’ 29, 50’ 31, 32’ 55.
12 1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 14, 15, 16, 17,
18, 20, 28, 29, 30, 31, 32, 33.
13 i, 2, 3, 4, 5, 7, 11, 12, 13, 14, 15, 16, 17, 20,

28, 29, 30, 31, 32, 33.

The 13 physiologic forms, as snown by their abllity to
infect normally the 33 possible diff'erential hosts given in
table 4, rank from the most virulent to the least aus follows:
5, 6, 9, 7, 1, 11, 2, 8, 4, 3, 13, 10, 12.

Physliologic form 5 1s a virulent form. In add¢ition to the
possible differential ha ts glven in talles 3 and 4, approxi-
mately 400 additional pure lines, varieties, selections, and
speciec have been 1noculated with this form. /ith the excep-

tion of the varieties, Victoria (C.I. 2401) and "avena vietoria®

(C.I. 2764), and the specles Avena strigosa glaberscens (C.I.
2630), no resistant pure lines, varieties, selections, or species

have been found. Form 6, apparently little less virulent than

#These physlologlc forms were not identified In collections
secured during 1929 and 1930. For thet reason their reaction to
numbers 18-=33 1is not known,




T T T T e T e e e e T T e

form 5, was tested only with the possible differential hosts
given in tavles 3 and 4.

Physiologic forms 9, 7, 1, 11, 2, 8, and 4 are inter-
mediate In virulenece, while forms 3., 13, 10, and 12 are compara-
tively weak forms. Forms 10 and 12 differ only in reaction on

Avena strigosa glaberscens (C.I. 2630).

Under similar conditions, cultures identified as physiologie
forms 3, 10, 12, and 13 ternded to form tellospores earlier than
cultures identified as forms 1, 2, 4, 7, 8, 9, and 11l. vhile
cultures ldentified ss forms & and 6 rarely showed any telioce-
spore formation. ‘feliospore formation secms to be characteris-
tic of narrowly specialized forms. It did not seem to be cor-
related with any particular pure lines, varileties, species, or
selections, and it was not limited to plants showing a resis-
bant type of infection. Certain plants with a type 4 infection
consistently showed early tellospore formation with certain cule
tures. However, early teliospore formaution occurred more fre-
guently on plants showing a type 1 or type 2 infection. Diffepr-
ent cultures belonging to the same physiologlc form and growing
under similar corditions would sometimes vary greatly in their
abillity to produce teliospores on certdin pure-line sclections
and varieties. Certailn cultures identified as-form 12 consis-
tently formed teliospores 10 to 12 days afteg inoculation on

pure-line selections and varieties, numbers: 9, 10, 17, 20, 21,




and 26. While other cultures also identified as form 12 did not
form tellospores on these same hosts until 21 to 33 days after
Inoculztion. Apparently it would be possible to subdivide cer-
tain physlologlic forms on the busis of thelr relative ability
to form teliospores on certain hosts.

Plate VII illustrates the relative ability of two culturss
to f'orm tellospores. Two panicles of oats were selected, one
from Fulghum (C.I. 650-203) and the other from Dookie izrie
cultural College No. 10 (C.I. 2829). Seecd from these panlcles
were planted at the same time. The resulting seedling plants
were inocniated and held under the same conditions until afier
the photograph 1n plate VII was secured. Two cultures of crown
rust representing forms 3 and 5 were separately inoculated to
individual plants from each of the two panicles. Sixteen days
after inoculation the culbture identified s form 3 had formed
abusdant tellia on both seleetions, while the culture identified
45 form & had formed only uredinia. The relative ability of
ihese two culnures to rorm telia was typical of all other cule

tures identified as forms 3 and 5.
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PREVALENCE AND GEOGR:MPHIC DISTRIBUTION QF
PHYSIOLOGIC FORMS IDENTIFIED
Two hundred forty-five culturcs of crowvm rust were isolated

trom 171 collections secured during tiie years 1927, 1928, 1929,
and 1930. *ach of these was identifled as belonging to one of
the 13 physlologic forms described in table 4. In table § is
ziven the place of collection, name of collector, name of Lost
from which the original collection was secured, and date of
this orizinal collectlon, for cach of the 245 cul tures identi-
fied. This information is grouped according to the physiologice
form to which the culiure belonged and in order of the date of

collection,.
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Table 5. Source, date of collection and cultures of Puccinia coronata nvenae identi-

fied.
Physiologic: : : : Date
- form : Place collected : Collector : Host tcollected
Puceinis Ames, Ia. LD. Leach Cultlvated oats 8-1-27
coronata Clyde, Kan. do Volunteer oats 9-14-27
avenae Manhattan, Ken., C.0, Johnson do 9-18-27
Torm 1 Stillwater, Okla,. Fred Griffe do , 10-11-27
College Statlon, Tex., P.C. Mangelsdorff Cultivated oats 2-6-28
Hollywocod, Calif, J.M. Raeder Volunteer c¢ats 4-14-28
Redondo, Calif, do do 4-16-28
San Diego, Galif, do do 4-23-28
san Antonlo, Tex. do Red Rustproof 5-12-28
Napa, Calif. L.D. Leach Cultivated oats 7-2-28
Exporiment, Ga. ) H.C. Murphy Iomine 5=15-29 h
do do do do SL
do do Sunrise (C.I. 982) do '
Tifton, Ga. do Iomine 5-16-29
do ' do do do
2.% M. College, liiss, do : Anthony (C.I. 2143) 5=-22«29
do : do Avena brevis (C.I. 1783) do
do do Sunrise (C.Le. 982) do
‘do ' do do ' do
Greenville, Tex. do Nortex (C.I. 2382) 5-30-29
Denton, Tex, do Iomins 6-1-29
do ' do do do
Manhattan, Xan. do Iomine 6-11-29
: do do do do
do do Anthony (C.I. 2143) do
do do Sunrise 73 do
do do Rustless (C.I. 724) do

Columbus, Kan. C.0. Johnston Cultivated oats 6-15-29
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Table 5, Continued,
Physiologlc: H H : Date
form H Place collected 3 Collsctor : Host icollected
Columbus, Kan. C.0. Johnston Cultivated oats 6-15-29
Horon, Kan. do do 6+16=-29
do do do do
Parsons, Kan. do do do
RKnoxville, Temn. T.R. Stanton Green Russian '

(C oIo 2544) 6"‘19"29
do do do do
do do White Tartar (C.XI.

351) do
do do Blffen's White Wonder

(C.I. 2011) do

Blacksburg, Va. do Cultivated oats 6=-21-29
do do do do
Colby, Kan. C.0., Jolmston do 6-21-29
Roanoke, Va, Hutton and Stakman do 6-22-29
do do do do
Harlan, Ia. P.%, Rohrbaugh do do
Booneville, Ia. do do . 6-25-89
Linn, Mo, do do do
do do do do
Nettleton, Mo, do do do
Ottumwa, Ia. do do 6=-27=29
do do do do
Manhattan, Kan. H.C. lurphy Avena strigosa (C.I.

IVBEf do
do do do do
do . do Sunrise (C.I. 982) do
do dao Sunrise Sel. 73 do

Sioux Falls, S.D. do Kherson 7-3=29
La Verne, Minn. do do do
Hankato, Minn, do Silvernine 7-5-29

-9(2-
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Table g5, Continued.,
Physlologic: s : : Date
form : Place collected : Collector : Host scollected
Towe Falls, la, H.C. Hurphy Kherson 7-6-29
Ames, Ia. do Sunrise Sel, 73 T~17-29
do do Cultivated oats 8«4~29
do do do do
Corvallis, Ore, L.N. Bressman Iogold (C.I., 2328) 8-24-29
do do do do
do do Cultiyated oate do
Morgantown, W.Va. H.C. Hurphy Black Hesdag (C.I.

1877) 9-17-29
do do Gopher x Blaclk Mesdag do
do do Hybrilc onts do

Gainesville, Fla, A.H. Eddins Cultivated oatls 3-3-30 &
Lessburg, Fla. W.B. Tlisdale Red Rustproof 3-14-30 3
Gainesville, Fla. L.H, Iddins Cultivated oats 3=25«30
. do do do do
Fuccinla L .
coronate Libson, N.D. S«M., Dletz Volunteer oats B8-26=27
avenae
orm
Pucecinlia Ste Anne de la
coronata Pocatiere, Que.,Can, H.B. Humphrey Victory (near Rhammus
avenae cathartica 8-23=27
form & Jackson. Co., Ia. J.M. Steddens Rhammus cathartica 5-23-28
Nillaerd, Nebr. P.¥W. Rohrbaugh do 5-27-28
Waverly, Ohlo J.%. Baringer Cultivatel onts 7-13-28
Hontrose, W,Va. S«He. Hurphy Iogold (C.I. 2329) 7-16-28
Kingston, Ont. ¥.P. Raleigh Cultivated oats T=29-28
Ames, Ia. H.C. ¥urphy Jowa 102 (C.I. 2464) 9~-23=28
do do do do
do do Rhamnus infectoria
(aecial cup Ho. 10) 4-26-29
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Table 5, Continued.
Physiologiec: : : : Date
form 2 Place collected : Collector s Host scollected
Harlan, Ia. P.%. Rohrbsugh Cultivated oatis 6-22~29
Farmington, Ia. do do 6~-25-29
Hettleton, Mo. do do do
Ames, I=a. H.C. Murphy Oats near Rharmus
- cathartica 7-12-29
do do do do
do do Markton (C.I. 2083) 7-17-29
do do do do
Ryder, N.D. A.A. Zlegler Rharnus cathartica 8-2-29
do do ao do
do do do do '
do do do do w»
Morgantovm, #.Va,. H.C. Murphy Hybrid 17-10-48 9-17-29 ¢
do do do do
do do Gopher x Black lesdag do
Amea, Ia, do Iowa 102 (C.I. 2454) 10-2~-29
do do do do
do do Iowa 444 (C.I., 2331) do
do do Rhammus cathartica 3=2"7~30
do do do do
do do do 3=-20=30
do do do do
do do do 3=3030
do do Rhamnug infectoria 3=-30~30
do do do do
Puceinlia  Urbana, Ill, L.D. Leach luntce T 14w
Toronata g Vo r oats Q=14=27
avenae

form 4
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Table 5, Continued.
Physliologic: : : : Date
form $ Place collected : Collector s Host tcollected
Puceinia Fulton, MNo. L.D. Leach Volunteer oats 9-18=-27
coronata Mason City, Ia. "H.C. M¥urphy d do 10-13-27
avenae Del Rio, Tex. J.M. Raeder Cultivated oats 5-0-28
orm Nashville, Tenn, S.M.s Dietz do 5-17-28
Gainoesville, Fla. A.H. Eddins do 5-18-28
Afton, Ia. P.H. Hendell Rhamnus lanceolata 5-21-28
Experiment, Ga., S.M, Dietz ¥inter Turf 5-23-28
Tifton, Ga. do Cultivated oats 5-24-28
A. & M. College, Miss. do do 5-26-28
Denton, Tex. do Anthony (C.I. 2143) 52728
do do Cultivated oats 5-28-28
Gainesville, Tex, do do 5-29-28
Stillwater, Okla, do do 5-30-28
Watonsville, Calif, L.D. Leach Cultivated oats 5-31-28
Experiment, Ga, J«.3., Hadden Guyra 6~9-28
do do Laurel Skinless do
A, & M. College, Mliss., D.C. Neal Iowva 102 (C.I. 2464) do
do do Iowa 69 (C.XI. 2463) do
do do Iowa 77 dao
Ames, Ila. H.C. Murphy Rhamnus lanceolata 6~15-28
do do do do
do do do 6-17-28
do do do do
do do do 6-18-28
Agtoria, Ore. H.B. Humphrey Cultivated oats 6~25-28
Canton, Mo, P.W. Rohrbaugh do 6-29-28
Sac City, Ia. Dletz and Murphy do 7-7-28
Hinton, Ia. do do 7-8-28
Devilts Lake, N.D. H.B. Humphrey Avena fatua 7-27-28
Ames, Ia. H.C. Murphy Towa 102 (C.I. 2464) 9-23-28
do do do do

—6(2-




Table 5, Continued,
Physlologic: : : : Date
form H Place collected 3 Collector : Host :collacted
Ames, Ia. H.C. Furphy Rhammus infectoria
{(aeclal cup No. 4) 4-26-29
do do do, (aeccial
cup No. 8) do
¥noxville, Tenn, do Iomine 5~13~-29
do do do do
do do Anthony (C.I. 2143) do
do do do do
Experiment, Ga. do do 5-15-29
do do do do
Tifton, Ga, do do 5-16-29
do do do do
Auburn, Ala, do Cuitivated oats 5-20-29
do do do do
A, & M, College, Miss, do Jomine 5=22-29
do do do do
do do Anthony (C.I. 2143) do
do do Avena brevis
(C.I. 1783) do
do do Sunrise (C.I. €82) do
Denton, Tex. do Anthony (C.I. 2143) 6-1-29
do do do do
do do Sunrise (C.I. 982) do
Lawton, Okla. do Colburt (C.I. 2019) 6-4-29
Sti!lwater, Qkla, do Jomine 6~6=29
do do do do
do do Anthony (C.I. 2143) do
do do do do
Hanhattan, Kan. do do 6~11-29
do do Sunrlse Sel. 73 do

Knoxville, Tenn.

Telo Stanton

Wihite Tartar (C.I. 551) 6-19-29

—O%—



Table s, Continued.

Physlologlc: : : : Date
: Place collected : Collector : Hoat :collected
Knoxville, Tenn. T.R. Stanton Biffents Vihite Vonder

(C.I. 2011) 6~19-29
do do Iowa 77 do
do do do do

Colby, Kan. C.0. Johnston Cultivated oats 6=21~20
Hamburg, Va. mtton and Stak-
man do 6-22-2D
do do do do
Booneville, Ia. P.%. Rohrbaugh do 6-25-29
Manhattan, Kan. H.C. ¥Yurphy Sunrise (C.I. 982) 6~27=-29
do do Sunrise Sel. 73 do
La Verne, Minn. do Kherson T =3=29
Yankato, Hinn. do Silvermine 7-5-29
Ames, Ia. do Jomine 7-17~29
do do Victoria (C.I. 2401) do
do ao Sunrise Sel., 73 do
Corvallis, Ore. F.¥. Bressman Cultivated oats 8-24~-29
Morgantown, W. Va, H.C. Iurphy Black Hesdag 9«17-29
Ames, Ia. do Iowa 102 {C.I. 2464) 10-2-29
do do do do
do do Volunteexr oats do
do do do do
do do do do
Gainesvilile, Fle, A.H. Eddins Cultivated oats 3=3=30
do do do do
Leesburg, Fla. W.B. Tisdale Red Rustproof 5=14-30
do do do ao
Gainesvilie, Fla, A.H., Widins Cultivated outs 3=25-30
do do do do
Ames, Is. H.C. Kurphy Khamnus lanceolata 35-30-30
do do do do




Table 5, Continued.
Physlologle: s : : Date
form : Place collected : Collector : Host icollected
Gainesville, Fla, AJH. Eddins Cultivated oats 4-3-30
do do do do
Anes, Ia. H.C. §3§E%x> %g%gg%g ;ggg%gggég 4530
Puccinla  Denton, Tex. F.B. ® olunfeer oats 1I=G=27
coronate Jowa Falls, Ia. H.C, Xurphy Eherson 7=-6-29
avenae Ames, Ia. do Sunrise (C.I. 982) T~17~29
Torm © do do do do
Pucclinls Ames, la. Hl.C, Hurphy Rhammusg tinctorla C=15«c8B
COTOnAta
avenae
orm -
Puecinia  Ames, Ia,. HeCG, lurphy Rhannus sSpp. (Ifrom G6=15-28
coronata Fionts ) -
avenae Y
form 8
Pucclinla Ames, 1ia, H.C. rurphy Hhammusg infectoria . b=10-28
coronata
avenae
orm
Pucclinia Farmington, la, P.W. Rohroaugh Cultivated oatus D=2 =29
coronata Montrose, W.Va. H.C. M¥urphy Volunteer oats 9-1-29
avense do do do do
Torm 10 Horgantown, W.Va. do Gopher (C.I. 2027) 9-17-29
do do do do
do do Hyvrid oats do
do do Hybrid 17-10-1 do
Ames, Ia. do Iowa 444 (C.I. 2331) 10-2-29
Conesville, Ia, D.V. Layton Volunteer oats 10-6-29
do do do do
Lmes, Ia. H.C. Murphy Rhamnus tinctoria 3-2"7-30
do do Rhammis 8pp. (irom

iont .
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Table 5, Continued.

Physiologiec: : : : Date
form : Place collected : Collector : Host :collected
Puceinia  Parsons, Kan, C.0, Johnston Cultivated oats 6-16-29
coronata Bowling Green, MNo. P.W. Rohrbaugh do 6=26-29
avenae do do do do
Torm 11 Indianola, Ia,. do do 6-239-29
do do do do
liontrose, W. Va. H.C. Murphy Volunteer oats 9-1-29
do do do do
iorszantowvn, W, Va. do Hybrid 17-10-1 9-17-29
Puccinia  Ames, la, H.C. Hurphy 1AMMUS SPP. (Lrom . '
coronata ' mont.) 4-26-29
avenae do do Rhammus infectoria .
Torm 12 {aecial cup No. 1) do NN
do do do (aecial cup No.3) do ¢
do do do (aecial cup No.5) do
do do do (aecial cup No0.6) do
do do do (aeclal cup No.%7) do
do do do (mecial cup No.9) do
do do do (aecial cup No.ll) do
do do do (aecial cup No.l1l2) do
do do do (neclal cup No.l3) do
do do Rhamnus g%g. {from
T Ront.) 4-27-29
do do do do
do do do 3-27-30
do do Rhammus infectoria do
do do Rhammus tinctoria do
do do do 3=30-~30
do do Rhamug snn. (from
mont., do

do do Rhamus tinctoria do
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Table 5, Concluded.
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Physiologic: : s 3 Date
form : Place collected : Collector s Host :collected
Puceinia Ames, Ia. H.C. Murphy Rhamnus infectorils
COT'ONA LA (aéclal cup No. 4-26~29
avenae do do Rhamnmus infectiorlas 4-5-30
form I3 do do Rhamud chlerophera 4-5-30
do do do do

-%f-
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Seventy cultures collected during the years 1927, 1928,
1929, and 1930 wore identificd as physiologic form 1. <Ihis

form 1s apparently widely distributed throughout the United

o
ot
1]

‘tates and common in occurrence, {Fig, 1). Form 1 was not
identified in cultures collected from Rhamnus and 1ts distri-
bution may be independent of an alternate host. It apparcntly
hibernzaies in the south and probably moves north during the
spring and summer.

Physiologic form 2 was ldentified in only one culture,
collected 1n North Dakota in 1927 by Dr. S. M. Dietz. It may
have originated on Rhamnus and it is apparently a comparatively
rare forme.

Thirty-three cultures were identified as physiclogie form
3. Although a comparstively wezk form and limited to the
central and northeastern oategrowing regions of the United States,
form 3 is lwportant becuuse few of the northern oat varieties
are resistant to 1t. The principal source of collection of

-~

form 3 was on Rhamnus cathartica, both naturally and artificiaelly

infected. It was also collected on oats in Iowva, Chio, Gest
Virginia, Ontario, and (uebec. However, g1l of the cultures
collected from oats were either, from plants growing near ine

fected R. cathartica, or from a r¢gion where ti:is specles is

comuon. Thercfore, it seems probable that form 3 is cisseminated

from g. cathartica,
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Geographic distribution of Puccinia coronata

Figure 1.
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Rhamus cathurtica bushes are wlidely distributed in this

northern oat growing region and willl probably continue to fur-
nish a source of inoculum of form 3. Dietz (20) has shown that

R. cathartica is effective in disseminsting crovn rust. Rhamnus

infectorla, another host for this form, is not native in America.

Physlologic form 4 was collected only once, at Urbana,
Illincis, by ¥r. L.D. Ieach, It 1s somewhat similar to form
2 in virulencs.

The most prevalent, wldespread, and virulent form studled
is number 5. Ninety-ons of ths 245 cultures collected during
1927, 1928, 1929, and 1930, were identified as belonging te
this form. It is common in ocecurrence throughout all rogions
of the United States from which collections were secured (Flg.2).

This form was collected on oats and on both g, lanceolata and R.

infectoria. The former, which is widely distributed in the

central portion of the United States, probably disseminates this
form. Form S5 hibernates in the south and probably moves nocrth-
ward during the spring end summor.

Physiologic form 6, collected only on oats, was identified
in cultures: once from Denton, Texas, in 1927; once from Iowa
Falls, Iowa, in 1930, and twice from Ames, Iowa, in 1930.

Physiologic forms 7, 8, and 9, collected respectively fron

R. tinctoria, R. spp. (from Montana), and R. infectoria, were

each identified once.
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Physlologlie form 10, identified in 12 cultures, ten from
fivena in West Virginia and Iows, and two from Rhamnus, one from

R. infectoria and one from R. spp. (from Kontana), 1s zpparente-

ly4a comparatively rare form,

Physiclogic form 11, a comparatively rare form, was
ldentifled in eight cultures collected in Kunsas, Kissourl,
Iowa, and West Virginia. This form was not collected on
Rhamnus.

Physlologic forms 12 and 13 came only from Rhumnus. Form
12 was identified in 18 cultures isolated from collections se-

cured from R. infectoria and R. tinctoria. Form 13 was 1denti-

fied in four culturecs coning fromlg. infectoria, R. chloropnora,

and R. spp. (from Montana}.,
The prevalence of each of the 13 forms during the years
1927, 1928, 1929, und 1930 and thelr distritution on Rhamnus

and aAvena hosts is given in table 6.




Table 6. Distribution of 13 physioclogic rforms of Puccinia coronata avenae on

-og-

avena and Rhamnus hosts during 1927, 1928, 1829, and 1930,
: Number of culturcs Irom Avena and Rhamnus durings :
Physiologlec 3 1927 : 1928 : 1029 $ 1530 ¢ Total
form number :ivenaiRhnamnug:Avensa:Rnamnus:ivenashkhamnus:Avena:Rhamnus:

1 4 - 6 - 56 - 4 - 70

2 1 - - - - - - - 1

3 1 - 3 4 13 5 - 7 35

4 1 - - - - - - - 1l

S 2 - 23 6 a7 2 8 3 9l

6 1 - - - 3 - - - 4

7 - - - 1 - - - - 1

8 - - - 1 - - - - 1

) - - - 1 - - - - 1

10 - - - - 10 - - 2 12

11 - - - - 8 - - - 8

12 - - - - - 12 - 6 18

13 - - - - - 1 - 3 4
Total

per specles - 10 - 32 13 137 20 12 21 245
Total

per year 10 45 187 33 245
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Eiliht of the 13 forms were each ldentified in more than
one culture. In order of their prevslence, theze forms are 5,
1, 3%, 12, 10, 11, 15, and 6. Forms 1, 2, 4, &, and 1ll were
collected only from Avena species., While forms 7, 8, Y, 12, and
13 werec collected only from Rhamnus specles. Forms 3, &, and
10 were collected on both Rhamnus and Avena.

Physiologlc Forms Collected on Rhamnus

‘The disuribution of the forms obtained frows Rhamnus accord-
ing to the specles from which they were collected 1s given in
taile 7.

Taile 7. Physioclogic forms identified and number of cultures

collected from different species of ‘Rhamnus auring
1228, 1929, and 1830.

Numoer of cultures identified
as form number:
S $ O Y2 B 9 ¢ 10 122 15

Rhamnus host

s ee o

R. cathartica 13 - - - - - - -
R. chlorophora - - - - - - - 2
R. infectoria 3 3 - - 1 - 10 2
Re. lanceolate - 8 - - - - - -
Re spp. {from liontana) - - - - - - - 2
R. tinctoria - - 1 - - 1 3 -

In these data certain species of Rhamnus produced only
one physlologlec form of crown rust, while other species produced

as muny as five. Both naturally and artificially infected
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plants of Rhamnus lanceolats have consistently procuced only

physiologic form 5. While naturally and artificially infected

plants of Re. cathartica have coasistently produced oniy form 3.

A total of five physiologic forms have been isolated from R,

infectoria. In the light of the investiguailons conducted by

Dietz (21), Craigle (14, 15, 15, 17, 18), Hanna (33), Kouton,
Johnson and Brown (51), Stakman, Levine and Cotter (64), and
Allen (1), 1t seems probavle :that certain of these forms, parti-
cularly those of rare occurrence, may have arisen as a result of
hybridizetion.

On September 23, 1928, a collection of volunteer Iowa 102
(CeX. 2464) oat plants was secured at Ames, Iowa. These plants
heavily Infected with crown rust, both in the telial and uredin-
lal stages. Nine different single-uredinium culﬁures Were
identified, from the urediniospore material collected, using the
possible cifrerential hosts given in tai:le 4. 8ix of these
cultures were found to be physiocloglc form 5 and Qhree physiologic
form 3. Early in March, 1929, the telial material: of this same

collection was used to inoculate plants of R. infeétoria and R.

spp. (from Montana). Abundant infection wes secured on both

species. A total of 16 unopened aecial cups, 13 from,g. infec~

— comatn—y

toria and 3 from R. spp. (from Montana), were carefully plicked

with sterilized forceps. The aeclospores from each of these aecial

cups wiere used :to inoculate Markton plants and the;single-uredinium




isolations were identified in the usual manner. The thirteen
cultures obtuined from the same number of aecial cups from R,

infectoria were identified as follows: nine were form 12; two

were form S5; one was form 3, and one was form 13. The three
cultures from R. spp. (from Montana) were ldentified as form
12.

The above evidence, although clrcumstuntial, s-rongly indil-
cates that new physiologic forms are being produced on certain
species of Rhamnus., This may partly account for the number of
new forms collected only on Rhamnus. The fact thet the telio=
spores were collected from a pure-line selection of Iowa 102
(C.I. 2464), which is highly recistant to form 12, is still
further evidence that this form was probably not present in the
original collection and that it may have originated on R. infec-
toria and R. spp. (from Montana).

Physiologic Forms Collected on Oats

Crown rust of oats probavly does not hibernzte farther
north than the northern limit of over-=wintering of volunteer
oats. Those physiologlc forms tiiat hibernate in this southern
reglon should be avallable for collection before those forms
that driginate on Rhamnus have appeared. Physiologic form 1
was collected as early as February 6 at Denton, Texas, during
1928, =2nd both forms 1 and 5 were collected Narch 30, 1830, at

Gainesville, Florida. The occurrence of the thirteen Physiologic
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Figure 3. Physiologic forms of Puccinia coronata avenae collected from
different states and Canada during the period 1927-30.
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RESPONSE OF VARIETIES, SELECTICNS, AND SPECIES
It 1s very desirable to kinow the reaction of the nost
Important agronomic varietlces of oats to the most widely distri-
buted physiologic forms. The forms identified mest freguently
were numbers: 1, 3, 5, 10, 11, and 12.
A uniform oat erown rust nursery was growvn at Ames, Iowa,
and Experiment, Georgla, during 1926, 1927, and 1928, and

agaln in 1928, with a few changes, at ames, Iowa, Experiment,

Georgia, Knoxvlille, Tennessee, Tifton, Georgia, A. & MN. College,

tiississippi, Baton Rouge, Loulslana, Tenton, Texas, Stillwater,
Uklahome, =«nd Menhattan, Xansas. The pcr cent of crown rust
infection on each of the varieties, selections, end species
included in these variocus nurseries was determined. In addition
the seedling reaction of these same varieties, selections, and
species, to physlologic forms 1, 3, 5, 10, 11, and 12 was detepr-
mined under greenhouse conditions.

In table 8 is given the average type of infection on each
of these varieiles, selections, and species with physiclogic forms
l, 3, 5, 10, 11, and 12, and the percentage of crown rust infec-
tion observed on these same varieties, sclections, and species,
under field conditions at various locations in the United States.
The nurserles omitted sither escaped infection or tihe observae-

tione were untimely for satisfactory comparisons.
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Variety, H s susediing reuction H various locntlons
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Albiom we 4 4 4 4 4 4 25 B0
Aleot ¥hite (64 ) . 4 4 4 0 4 0 & ¢ %0 40 26 850 7
Algsrian oM 4 1 4 4 4 4 214 S 20 a0 10 18 1
do B40 4 0O 4 0 % Q 20 30
do guse a4 O 4 1 i 1 8 230
do e 4 4 4 ¢ ¢ 4 26 26
Algerian (69) é 0O 4 4 4 4 35 % HAS 68 15 a5 1
Algerian (140) 4§ 4 4 i 4 1l 15 58
Algerdan Capo 08 4 O & 0 1 8 6 38
Algerdan =z Caleutta 2807 4 4 ¢ 4 4 4 5 & 20 £0 40 ;
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Awnlese Konarch 1wl ¢ 4 4 4 4 < 15 a8
Awndess Frobstion wee 4 4 4 4 4 & 15 40
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Avenna nobyalinlca (225) o 4 4 4 4 4 LS 50
L. Drevie i o 0 4 4 4 4 5 &
%, brewis (70) 2762 3 0 4 4 3 4 0 10 q
bR A A tou
e BLTLIOSA (22 : {
Re Bppmasi (226) 82 4 0 3 4 4 4 8 1
5y stri§. <laporscens 2830 G 9 O % Q 0 0 0
"E' BOArL1LD (DRU) 4 & 4 4 4 4 &n 46
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Table 8. Copbtinued,
: T AVOriIge Lypo oF B PEF TODE OF CLrOWk
Varioty, : t  sesdiing reactian 4 , , yvarious locations
soleotion, t Cale t b0 physioclogie form AR OYILONG & T EanDALERAT Ae & e
or vrambar s ranbar: % Joovsle wa t Fansag 1§ ilssd
apocles : . TTTTTT LTI aﬁgﬁvﬁﬁ51$%xfﬂyﬂ}$.&JPW*EﬁEﬁ%? N 121 T SN
TAvena capa" 2766 & O 3 1 0 0
“avena victoria“ o764 D 0 0 I 0 0
"ivens G4s" o767 3 3 & 0 0 0
"Avena 1085a" o766 4 O 4 Q l 0
Avoine do Harco v & 4 4 0 o ¥ 10
Bathuret 1930 ¢ O 4 0 4 0 16 05 B 3} 10
Belar sel, (1) 4 O & 0 4 O t 10
Bolar (G5) 2760 4 O 4 5 % Q 20 1 15 an 5§ 15
Nelar (88) o770 4 1 4 1 ¢ 1 15 1 20 @0 & 15
Telyak 630 ¢4 4 4 4 4 & S0 8O
Ricknell 200151 4 8 4 o 4 & 40 50
Biffents Widde intsp 2011 4 4 ¢ 4 4 4 ¢0 10 85 o 30 50
do 2012 ¢ 4 4 4 4 4 o b B85 60 45 &0
Black Algerien 204 4 1 4 O 4 O 40 5 18 B0 5 &
do 40«1 4 4 4 ) 4 9 s
_ do 2081 ¢ 1 4 4 4 4 20 2 20 GO & 30
lack Bell I 1767 4 ¢ 4 4 4 4 15 50
Black Bell IX 1308 4 4 4 & 4 4 BE 50
#lack Diomond ive 4 4 4 4 4 4 15 50
do we 4 4 4 4 4 4 46
Dlsok Kesdag w4 4 4 é 4 4 4 50
Black Togul 107 4 4 4 4 4 & B3
Dlack Presidont ages 3 4 4 4 4 é 60 &0
Black kival 207 ¢ & 4 % 4 4 40 50
Maek Speckied wyr 4 4 & 4 & 4 1) oB
Alack Tartar ook 4 ] 4 4 4 4 a5 30
Black “inter 3B 4 4 4 4 2 4 25 50
Blagodatnoo 2068 4 & 4 4 4 4 26 40
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4 inoculated with physiologic forms 1, 3, 5, 10, 11, and 12.
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A total of 316 varieties, selections, and spccies viere

4 physiologlc form 5 was again the most virulent form, only two

b varleties and one species being resistant to 1t. Victorla (C.I.
% 2401) and "Avena victoria' (C.I. 2764), apparently identical

? or similar varieties, were both completely resistant te form 5.

E svena strigosa glaberscens (C.I. 2630) was also completely

i resistant to form S.

Sixteen varietles and selections, distributed among the

|H following species: Avena abbysinnica, A. brevis, A. byzantina,

: L. sativa, A. strigosa, and A. strigosa glaberscens, were resis-

3 tant to physiologilc torm 1. Next to form 5 this was the most

"Tvirulent form tested.

Form 11 was of medium virulence. Thirty-one varieties,

crelections, und specles were resistant to it. Ten of the varie-

|| ties, selections, and species resistunt to form 1 were also re=-

| sistant to form 1l.

Forms 3, 10, and 12 were comparatively weak forms. A total

| :of 77, 76, and 74 varicties, selectlons, and specles (including

ithose 1n common) were, respectively, resistant to these forms.

| Pforms8 10 and 12 are very similar in their reaction on the 316

1 varietles, selections, and species tested. Two of the three
varietles thut are resistant to forms 1, 5, and 11 are also

resistant to thhese two forms. The oat varicties belonging to




bzthe species A. byzantina, and especlally the Red Rustproof varie-~
:fties, are more resistant to form 3 than to the other five forms
tested.

Only the two varieties Victorla (C.I. 2401) and ":ivena

victoria (C.I. 2674) were resistant to the six forms tested.

v i b bdaai sl

~tvena strigosa gleberscens (C.I. 2630) was resistant to all

37 Ay

except form 10, and Calcutta x Cape (C.I. 2802) was resistant

ok Li‘"

{to all except form 5. Twenty varieties were resistant to four
i?of the six forms used. HNinety-nine of the 316 varieties, sclec=-

d ¢ions, and species teshted were resistant to one or more physio-

i logic forms.

Because of the prevalence and wide distribution of form S,
‘éiit is difficult to correlate seedling reaction in the green-
‘éﬁhouse with percentage of infection ir the fleld. Those varie-
Eéties and specles that were resistant to form & were uniformliy
1}%resistant in all fleld tests. Many varieties thet were uniformly
:fisusceptlble to all physiologlc forms in the greenhouse show a
f?low percentage of infection under certain field conditions.
ééﬁowever, a low percentags of infection is apparently not always
;;due to physioclogic resistance. Usually the type of infection
;Eon‘these plants would be "completely susceptible", ard when
Fiartificially inoculated with spores produced on themselves they
E?would produce a larger percentage of infectlon, depending upon

4 the amount of inoculum used. The resistence in such instonces




| is probably functlonal instead of physlologic.

A number of the Red Rustproof varicties produced a rela-
jtively low percentage of infection under field conditions,
;while adjoining plants of another variety would produce a nigh
1percentage of infection. KNumerous collections from the Red
;Rusproof and adjoinlng plants were all identified as either
;physiologic form 1 or 5. Vhen Red Rustproof plants of these
jcame varletles, of equal age were inoculated under greenhouse
sconditions vith either form 1 or form 5 they produced & high
gpercentage of infeetion. But under {ield conditions with en
?abundance of the same inoculum, they were apparently partlally

jreaistant, at least at certain locations., A variety would often

SRR

show a low percentage of infection at one station and a high
lpercentage of infection at anoth-r where the same forms were
lanparently present in equal abuidance. It would seem that this
;is not true physiologic resisiance and that it is affected by
environmental conditions.

Certain varisties and species were outstanding for their

resistance to crown rust under field conditions. Victoria {(C.I.

2401) was observed during 1929 at Ames, Io.a, and at lanhattan,

H

Kansas. At Manhattan, Kansss, it sliowed a trace of crown rust
j
iinfection of type Oel, while at Ames, Iowa, there was a Lrace

i

iof type 0. The wiusual fleld resistance of Victoris (C.I. 2401),

et St g s

combined with its resistance to eight of the 13 physiologie
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lorms described, should make thils variety very valuavle for
hybridization and seleetion.

Avena sirigosa glaberscens (C.I. 2630) showed a trace of

type O infecbion at Ames, Iowa, and Manhatian, Kansas, during

1 1928. It was "completely resistant" or "fimmune® to all except

one of the eight physiologlc forms idenitified during 1929 ard
1830.

Other varleties and species showing a comparatively low
percentage of crown rust infection under field conditions were:
thite lussian (C.I. 2460 and 2461), Green Russian (C.T. 1040

and 2344), Glenn Innls (C.I. 980), Belar (C.I. 2760), Avena

i brevis (C.I. 2762), Red Rustproof (Ce.I. 1079 and 1089), School-

mam (CeI. 2057), Sunrise (C.I. 982 and 1%99), Algerian (G.I.
3679), and Nortex (C.I. 2382). While none of these varieties

or specles were equal to Victoria (C.I. 2401) in resistance

i %during 1929, they were notable for thelr low percentage of in=-

| fection as compared to the average commercial variety.
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GRAMINECUS HOST RANGE OF CERTAIN
PHYSIOLCGIC FORMS
An attempt was made to determine the gramineous host range
of pﬁysiologic forms 1, 3, 5, 10, 11, and 12. .g many as

nossible of the various gramineous s ecies bthat have been re-
i (=]

 ported as hosts for Puceinia coronata were secured. fThe seed=-

éling reaction of each of these, and other species, to the above

amentioned physiologle forms was determined.

The reaction of certain species of grass Lo a perticular

iphiyslologle form of crown rust was not nearly as constant as

was the reaction of oat varleties, seleetions, and species. Ab-

normal types of reaction, and much varistion on indlvidual plants

ant between aiffcrent planss of the same species were observed.
In table 9 is given thc reaction of 79 species, Lelonglng

to the tribes aAgrostideae, Andropogoneae, iveneae, {hlorideas,

:Festuceae, Hordeae, and Phalaridese, to each of the physiologlce

{forms mentioned above.
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Forty of the 79 specles were apparently immune to each
of the six physiologic forms tested. Lighteen species (includ-
ing 15 Avena specles) gave a susceptible rcection to cach of

the six forms. Three of these (Achroyden aureum Boehmer,

Anthoxanthum odoratum L., and Festuca octoflora walt.) are

wild grass specles. Anthoxanthum odoratum and Festuca octo-

flora are common in occurrence throughout the United States,

while Achroyden aureum 1s a native of Europe and is naturalized

only in southern California. TDactylis glomerata L. gave a

susceptlinle rsuction te physiologsic form 1, anéd minute uredinia
were produced when it was inoculated with forms S‘and 5. The
other forms (10, 11, and 12) produced only necrotic arcas on
tinls species. HMinute uredinia were produced on Poa annua L.

by each of the six physiologic forms used. Phleum pratense L.

was quite variable In rcaction. Uredinia were produced on this
spe cies by all forms, except form number 11 and repeated trials
failed to produce uredinia when 1t was used. There was much
variation in the production of chlorotic and necrotic areas on
the different species. Apparently tnis type of infection 1s
greatly influenced by environment and the age and condition of
the host tissue. Newly developed leaves often £aVe a4 more suse
ceptible rcaction than older leaves.

It is evident from the data given in table 9 that certailn

of the specles tested differ in their reuction when inoculated
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with different physiologic forms. However, outside of the Avens

group, this evldence of pnysiologlc speciallzation is slight.

Before physiologic forms co:ld be accurately differentiated

using gramineous hosts, other than Avens, 1t would be necessa
& g Iy

to secure pure lines of the various species.

NMelhus, Dietz and Williey (47), uslng Puccinia coronata

avenae,; obtained normal infection on Alopecurus pratensis L.

and Arrhenatherum elatius (L.) Mert. and Foch., while 1n the

present investigadl ons the maximum infection observed on these

species was type O,

It is possible that they were using a

physlologic form to which those specles were particulerly suse

ceptible, or it may be that the variance in rcesulis is due to

variation within the two gramineous species.

The following species produced uredinia, when inoculated

wlth some one or more of the six physiologic forms used:

Achroyden aureum

Anthoxanthum odoratum

Avena
Avena

Avéna
~ Avena
Avena
Avena
Avena

Avena

abysinnica
barbata

brevis
nudsa.

nuda brevis

sativa
sativa aristats

sative aurea

Avena sativa diffusa
Avena sativa mutica
Avena satliva vegetalils
Avens strigosa

Avena sirigosa glaberscens
Avena miestla
Dactylis glomerata

Festuca octoflora

Phleum pratense
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i DISCUSSION AND CONCLUSIONS

Forms 1, 3, and 5 seem to be Common, occurring regularly
from year to year. In addition there are evidently a number of
comparatively rare forms of more or less Infrequent occurrence.
he sourece of these rare rorms is not definitely knowm, but
certain of them apparently originate on Rhamnus. If so, it is
very probable that these and other new forms will continue to
appear from year to year and it is altogether oossible that new
forms more virulent than form 5 will appear and that they will
npecome widespread in distribution. Lowever, the chances of such
forms being produced are probably no greater for the future
than they have been for the past.

Apparently the number of physiologzic forms of crown rust
present in certaln localitles 1s not constant from year to year.
ew forms seem to appear and certain of the old forms dlsappear.
This 1s espeelally true in those regions where the alternate
host functions. By collecting from different specics of Rhamnus
it may be&yossible to indefinitely continue the discovery 6f new
physlologlic forms.

The discovery of new differential hosts Buggests the idea
that they may also be a limiting factor in the discovery of new
phyeiologic forms. It seems very probable that a mare careful
search would dlsclose additional differential hosts and that it

might even be possible to sub-divide some of the physioclogic
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forms noW known. Also, the discovery of certailn varieties
vossessing unusual resistance to the different physiologle forms
ond under field conditions, encourages further search for varie-
ties resistant to all physiologic torms.,

The varietlies Victoria (C.I. 2401) and "ivena victoria®
(CoI. 2764) are outstundlng for their resistance to the eight

physiologic forms secured during 1929 and 1930. Using resistant

' varicties of this type, it should e possible to produce, by

hybridization, a hybrid selection resistant to crowm rust, stenm
rust, loose smut, and covered smut. Such varicties as Iozold
(C.I. 2329), Anthony (C.I. 2143), and Hajira (C.I. 1001) should

rfurnish resistance to all physiologic forms of Pucecinia graminis

avenae now present in the United States. While Markton (CeIe

2053), Black Hesdag (C.I. 1877), and other smut-resistant varie-
tles and selections, should furnish resistance to loose and
covered smut. Appropriate crosses between these varleties, amd
between thelr hybrids should be of great value both from the
standpoint of producing high yielding, resistant selections, and
for a study of the inheritance of resisiunce to these various
diseases. By crossing Victoria (C.I. 2401) or "avena victoria®
(CeI. 2764) with the different differential hosts, 1% should also
be vossible to determine the number of factors involved in the
inheritance of resistance to different physiologic forms of crown

rust.
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The investigation of physiologic specialization in crown
rust should be continued, and apparently the relation of the
clternate host to physiolodc speeialization and the produc=-
tilen of new physiolo.ic forms should be especlally emphasized.

In Burcpe Klebahn (42) first divided Puccinia coronsta

Corda into two specles P. coronata (Corda) Kleb. and P. coroni-

fera Kleb. He believed that Rhamnus frangula acted as a differ-

ential host for these two species. Dietel (19) raised Barclay's

(10) variety himelensis to a species rank, thereby ad¢ing &

third species. The aecial stage of Puccinia himalensis (Barel.)

liet. was on Rhamnus dahurica. Then Hithlethaler (49) added a

fourth species, Puccinia alpinae-coronata Nuhl. with an aecial

stage on Rhamnus purshilana.

In smerica, Melhus, Dietz and Willey (47) and Tietsz (22)
have shown that certain speciles of Rhamnus act as differential

nosts for the physiologle vurieties of Puccinla coronata Corda.

The data secured in the present investigation indicates
that certain species of Rhamnus may also act as differential
hosts for physiologlc forms of the physiologic variety P. coron-

ata avenae,

Therefore, it is only logical to retain all physiologle
varieties and forms of crown rust under the one morphologlce

species Puccinia coronata Corda. Physiologle specialization in

the species is highly developed and is evident on both the

Rhamnus and gramineous hosts.

i}
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SUMMARY

Two hundred forty-Tive culiturss of Puceinia coronata avenae

were obtained from 171 collections made during the years 1927,

1928, 1929, and 1930. One or the other of two uniform sets of
33 possible differential hosts were individually incculated

o ' S A% S

with each of these 245 cultures.

Tiirbeen physlologic forms were distinguished among these
cultures by the differential reaction, of seedlings, of elght
pure~line-selected: varieties, selections, and specises of
cats, and one specles that wns not pure-line-selected,

Physiclogle form S was the most virulont form described,
only the two varicties Victoria {C.I. 2401) and " vena victoria”

(C.I. 2764), and the spccies Avensa strigosa glaberscens (¢.I.

2630) being resistant to i1t. Iorus S, 1, and 3 were the most
widely distributed forms, the formsr two predominating in the
south.

Lvidence is presented which indicates thaut certain Physio-
logic forms may originate on certain species of Rhamnus,

The secdling reacticn of 31¢ varieties, selections, and
specics to physiologic forms 1, 3, 5, 10, 11, and 12 is given.
The percentage of crown rust on certain of these same varieties
under field conditions at seven locations in the Tnited States

is also recorded,

The variety Victoria (C.I. 2401) was outstanding for its




reslstance to eight physiologic forms collected during 1929
and 1830, and to epiphytotic of crown rust under rield condi-
tions at Ames, Iowa, and Manhattan, Xansas, during 1929,

A study of the gramineous host range of physiolozle forms
1, 3, 5, 10, 11, and 12 is reported. ‘The reaction of 2ll
spcelies, cutside the Avena group, to each of these phyciclogie

forms 1s very similar.
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EXPLANATION OF PILATES
Plate I ‘
Huslin compartments in which all sexdling plants
were grown, to determine types of crown rust infec-
tion.

Covered lamp chimmeys used to retain crown rust
cultures.

Plate II

Tanks made of galvanized steel with false bottom and
glass top used as inoculation chaubers.

Types of crown rust infection:
I. No macroscoplc evidence of infection.
0. ¥o uredinia formed, necrotic aresas present.
1, Uredinia few, small, always in necrotic areas,
also mors or less necrotic areas produced without
the developmeht of uredinia,

2. Uredinia fairly abundant, amall to medium size,
always in necrotie or very chlorctic areas.

3. Uredinia abundant, medium in slze, and surrounded
by chlorotic areas,

4. Uredinia sbundant, large, no necrosis or chlorosis
imnediately surrounding the uredinia.

Plate IIIX

Puccinla coronata avenae (Physiologic form 1)

1. Belar (C.I. 2760) - type 4.
7. Anthony (C.I. 2143) - type O,

1l. Avena strizosa glaberscens (C.I. 2630) - type 0,

2l, Victoria (C.I. 2401) - type O,
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Fig. 2. Puceinia coronata avenae (Physiologic form 3).

1. Belar (C.I. 2760) - type O.

7. Anthony (C.I. 2143) - type 4.

8. Iowa 102 (C.I. 2464) ~ type 4.
11. Avena strigosa glaborscens (C.I. 2630) - type O.

21, Victoria (C.I. 2401) - type O.
28, Markton (C.I. 2053) - type 4.
Plate IV.

Fig. 1. Puccinia coronata avenae (Physioclogic form 5).

l. Belar (C.I. 2760) - type 4.

7. Anthony {C.I. 2143) - type 4.
8. Iowa 102 (C.I. 2464) - type 4.
11l. Avena strigosa glaberscens (C.I. 2630) - type .O.

21l. Victoria (C.I. 2401) - typs O.
28, Markton (C.I. 2053) -~ type 4.
Fig. 2. Puccinia coronsta avenae (Physiologic form 6).

1. Belar (C.I. 2760) - type 3.

7. Anthony (C.I. 2143) - type 4.

8. Iowa 102 (C.I. 2464) ~ type O.
11l. Avena strigosa glaberscens (C.I. 2630) - type O.

21. Victoria (C.I. 2401) = type O.
28, Markton (COIQ 2053) - type 4,




Plate ¥V

Fige. 1. Puccinla coronata avenae (Physiologic form 10).

1. Belar (CDIQ 2760) - type O

Y
o
‘:‘,
&
i
&
i
i
bt
&
&
“
i

7. Anthony (C.I. 2143) - type O.

8. Iowa 102 (C.I. 2464) - type O.
1l. Avena strigoce glaberscens (C.I. 2630) - type 4.
2l. Victoria (C.I. 2401) - type I.

28. Mal‘kton (C.Io 2053) - type 4'
Fig. 2. Puccinla coronata avense (Fhysiologic form 11).

1. Belar (C.I. 2760) - type 4.
7. Anthony (C.I. 2143) - type O.

8. Towa 102 (C.I. 2464) - type 4.

1l. Avena strigosa glaberscens (C.I. 2630) - type 0.

b 28. Harkton (C.I. 2053) - type 4.
Plate VI

Fig. l. Puccinia coronata avenae (Physiologic form 12)

1. Belar (C.I, 2760) - type O.
7. Anthony (C.I. 2143) - type O.
8. Iowa 102 (C-I- 2464) - type 0.

1l. Avena strigosa glaberscens (C.I. 2630) - type I.

21l. Victoria (C.I. 2401) ~ type I.
28. Iﬂarkton (COI. 2053) - type 4.
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Fig. 2. Puceinia coronats avenae (Physiologic form 13).

l. Belar (C.I. 2760) - type O.

7+ Anthony (C.I. 2143) = type l.

8+ Iowa 102 (C.I. 2464) « type 4.
11. Avena strigosa glaberscens (C.X. 2630) - type 0.

21. Victorila (C.Io 2401) - type 0.
28. Markton (C.I. 2053) = type 4.
Plate VII
Teliospore formation of physiologlc forms 3 and S on
seedling plants from two panicles of oats. All Infection 16
days old and produced under identical conditions.

1. Fulghum (C.I. 650-203) - abundant tella formation,
physlologic form 3.

2. Fulghum (C.I. 650-203) - abundant uredinia forma~
tion (no telia), physiologic form 5.

S+ DeloCo # 10 (C.I. 2829) - abundant telis formantion,
physiologic form 3.

4. DeAuCe # 10 (CoI. 2829) - abundant uredinia forma-
tion (no telia), fhysiologic form 5.
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Plate VII




