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PHYSIOLOGIC SPECIALIZATION IH PUCCINIA CQRONATA 

AVFCNAE (CORDA) ERIKS, AND HENH. 

INTRODUCTION 

The presence of physiologic specialization in the rusts 

was first demonstrated in 1894 by Kriksson and Henning (29), 

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

tv;o or more entities, each having a specific host relationship. 

Two developments have come about in our understanding of these 

specialized entities, first that major physiologic units exist 

vi'ithin such species of rust as Puccinia gcamlnis Pers. and P. 

coronata Corda and are distinguishod by tlieir ability to infect 

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

are separated by their specific reaction on varieties. The for

mer are considered as physiologic varieties axid the latter as 

physiologic forms. 

In the present investigation an attempt has been made to 

identify, and determine the prevalence and distribution of 

physiologic forms of JP. corona"oa avenae (Corda) Eriks. and Henn, 

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

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

tionship of the occurrence of these forms to the specific host 

from wiiich they v;ere collected, and the host ranges of the most 

important forms has also been studied. 
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PEl^TIHENO? LITERATURE 

Our knowledge of physiologic specialization in the rust 

fungi benins with Schroeter (59), In 1879 he calls attention 

to the presence of physiologic variation in cerUiin rusts on 

Carex, Similar variation in Puccinia graralnia Pers. and other 

rust fungi were reported by Dietel (13), in 1887. It reniained 

for Eriksson and Hennixig (29) in 1394 to first definitely 

demonstrate physiologic specialization based on pathogenicity. 

They showed that there v/ere present within Puccinia coronata 

Corda at least four physiologic variet,i©£ cino. v7ithin. dispersa 

Eriks. two such varieties, which were distinguished by their 

ability to Infect certain hosts. Later in the same year 

]'.rik33on (24) described six physiologic varieties in P. coronata; 

four in p. dispersa; five in P. gr;iininia, and five in P. ̂ lum-

arum (Schm«) Eriks, and Henn» Three physiologic varieties were 

added to P. coronata by Klebahn (41, 42, 43) and three by Eriks

son (25, 28), while Mulilothaler (49), using a different host 

relationship as the basis of his classification, described twelve 

physiologic varieties. Eriksson (26) later added two physiologic 

varieties to P. dispersa and raised all of these to specific 

rank. One physiologic variety was added to P, graminia by 

Eriksson (27) and three by Jaczewski (36), V7hile in the United 

States Stakman and Piemeisel (65) have added the physiologic 

variety P. graminis tritici co^pactl and sug^.est the establish



ment of P, phlel^pratensls Erlks. and ilenn. as an actaitional 

variety under P. graminis. This same phenomenon has been ob

served and studied in many additional species of rust by Magnus 

(44), Rostrup (57), Klebahn (42), Dletel (19), v.'ard (68), Bandi 

(9), Probst (66), Jordi (57, 38), and others. 

That it is possible to further divide certain of these 

physiologic varieties described by Eriksson and Henning (29), 

Eriksson (24), Klebahn (42), and others,into pi).ysiologic forms 

distinguished by their specific reacbion on varieties or 

spades,v.-as first shov/n by Etalanan and Pieineisel (66). Vvorking 

with the physiologic variety Puccinta graminis trltici Erika. 

and Henn., Stakman and Levine (62) were able to distinguish 

37 physiologic forms cn the basis of the differential reaction 

of 12 varieties of wheat. The existence of four physiologic 

forms within P, graminls avenae Eriks. and Henn. was demonstrated 

by Staianan, Levine and Bailey (63). Later Bailey (8) described 

a fifth form, and in 1928 Gordon (31) and Gordon and Bailey (32) 

reported a sixth physiologic form occurring in Canada. 

The presence of physiolot;ic foms within the rust species 

is not limited to P. |--;ramini3. Mains and Jackson (46) were able 

to distinguish 12 physiologic forms of P. triticina Eriks. by 

their specific reaction on 11 varieties of wheat. Scheibe (58) 

working in Germany discovered four forms of P. triticina, one 

of these being similar to one described by Mains and Jackson. 



j Mains (45) reports the presence of two physiolo^^ie forms in P. 

dispersa, two in P. anomala Rostr., and four in P. sor^L Schw. 

Stakman and Christensen (60) earlier reported ttie presence of 

^.hree and i)03sibly five pnysiologic forxas of p« sorglii> Later 

Stakman, Giirisfcensen and Brewbaker (61) recoj^nized seven 

^ physiolot^ic forms of P. sor^L by their specific reaction on 

I ei^t selfed lines of corn. Hungerford and Owens (35) reported 
•j 
I ir.dicaTsion of tlie presence of tv/o or more specialized forms of 

I —' trltlcl Eriks« and iienn» Bailey (7) demonstrated 

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

helianthl Schw. 

It is clear that v;ith the increase in our knowledge of 

I physiological specialization, at least in P. graminis, we have 

j gone from a rather v;ide grouping as proposed by Eriksson and 

; •Penning (29), Eriksson (24), and others to a more narrow group

ing as set out by Stakrrian and Piemelsel (65). The work that has 

been done on P, coronata seems to tend in the same course# The 

development of our knowledge of specialization in this species 

begins with de Bary (11), when he discovered in 1865 tiiat the 

aecial stage of P. coronata occurred on Rhamnus cabhartica L. 

and R« frangula L, Nielsen (52) in 1877 secured infection on 

; Lolium perenne L» with aeciospores from Rhamnus cathartica and 

in turn infected oats v/ith the urediniosoores from Lolium 

i Der^me. Then Gornu (13) in 1880 infected oats directly v/ith 



aeciospores from Rhamnus cathartica, Plowrlght (54) in 1889 

suggested the presence of two species within Puccinia coronata« 

His conclusions were based mainly upon the fact that telio-

spores from Lolium perenne would not infect Rhaimus frangula, 

while teliospores from Dactylis glomerata L» and Festuca sylva-

tica Vill, readily produced aecia on Rhamnus frangula. Klebahn 

(39) reported in 1892 that there were two species of crovim rust. | 

That species which bore teliospores on Dactylis glomerata, Fes-

l^uca sylvatica and other grasses, and bore aeciospores on Kiajon^ 

frangula. he called Puccinia coronata» While the species which 

produced teliospores on Lolium perenne, Avena sativa L., Fes

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

grasses, and produced aeciospores on Rhamnus cathartica and 

other Rhannms species, he called Puccinia coronifera Klebahn. 

The conclusions of iCLebahn v/ere supported in later investiga

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

Henning (30), and Sfuhle thaler (49), 

Eriksson and Henning (29) were probably the first to recog

nize the presence of physiologic varieties in crown rust. They 

divided Puccinia coronata into three series and certain of these 

v/ere subdivided into "Pormen". Series I, with aecial stage on 

liliaianus cathartica (Puccinia coronifera Kleb.), v/as divided 

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

stage on R. frangula (Puccinia coronata Kleb.), consisted of 



one "Porraen" occurring on Dactyl Is glomerata and Feiituca ail-

vat ica; and aeries III, an aecial stage on Rhamnus dahurica 

(Puccinia coronata var. hlmalensls Barcl»), consisted of one 

F'orisen • pli.'ysiolo^ic vax'ictiGS Cals.Tuagrostxdis 8.nd bielica 

were not included in the series iDecause their aecial stage \ms 

unlcnown. Later Eriksson (24) divided crown rust into four 

series and certain of these series were subdivided into "forme 

species." Series I (Fuccinla coronifera Kleb.) was divided 

into four "forme species"; Avenae< Alopecurl, gestucae, and 

Lolil; series II (p. coronata (Corda) Kleb,) contained onl;y 

one "fome species"; Calaioagrostls; series III (P» coronata 

var* hiiaalensis Barcl*) contained no "forme species"; and series 

IV (aecial stage unlmown) contained one "fome species"; 

Melicae» Additional "forme species" were added to series I 

and II by Klebahn (42) and Eriksson (25). In 1911 Muhlethaler 

(49) presented a somev/hat different arrangement. Ho divided 

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

hlxaalensia (Bard.) Diet.; III. P. AIpinae-coronata nov. sp.; 

IV. coronata (Corda) Kleb.; V. P. coronata Corda s. lat. 

series I contained nine "fonae 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 reaction on Rhamnus species 



reported by Klebahn (42), Eriksson (24), and Muhlethaler (49). 

Using aeciospores secured from R, frangula he v/aa able to in

fect Avena sativa, a host belonging to P. coronifera Kleb., 

and using aeciospores secured from Rhamnus cathartica he was 

able to iniect Agrostis stolonifera, Calamagrostis arundinacea, 

and Fhalaris arundinacea. all of which are hosts of Puccinia 

coronata (Corda) Kleb» T'robouz (66) concluded that th© exis»-

tence of separate species of crown rust upon either Fnnmmig 

cathartica or R. frangula is doubtful. 

In the United States, Arthur and Pronime (5), Arthur and 

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

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

name Puccinia coronata Corda, The marked differentiation on 

j Rhamnus species reported by Klebahn (41) has not been reported 
I 
j in /unerica* Arthur and Holv/ay (6) were able to produce infec— 

I tion on Avena sativa using aeciospores secured from Rhamnus 

I lanceolata» Carleton (12) used aeciospores produced on R, lanceo-

produced infection on Phalaris caroliniana« The host 

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

nate hosts and on the gramineous hosts, by Arthiir (2, 3, 4), Mel

hus and Durrell (48), Melhus, Dietz and Willey (47), and Dietz 

(21). Melhus, BiGtz and IVilley (47) using teliospores produced 

on Avena sativa were able to secure pycnia on Hloaninus fran,'mla-
I I •• II 
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Dietz (21) secured normal aecla on R. dahurlca using telio-

spores produced on Avena satlva. Tiie results secured by in

vestigators in the United States do not justify the division 

of crown rust into the various species reported in Europe by 

Klebahn (59), Eriksson (24), and Kuhlethaler (49), 

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

(physiologic varieties) of crovm rust: coronata avenae, P. 

corona ta lolii, corona ta calaiaagrostisj and P» corona ta hold* 

They determined the reaction of various gramineous species to 

each of these physiolofric varieties. The ;j;raniineous host ranges 

of these four physiologic varieties overlap somewhat, but the 

reaction of each host •A'as specific for each physiologic variety. 

Dietz (21) found that the alternate host range of crown 

j rust was not limited to the genus Rhamnus, or to the family 

Rhamnaceae. He secured aecial infection of crovm rust on Ber-

chemia scandens (Hill) Trel, of the family Rharanaceae, and Lepar-

gyrea canadensis of the family Eleagnaceae, in addition to thir-

I teen species of Rhamnus, Tdetz (21) secured a marked specializa

tion in reaction on the altermite hosts with different varieties 

of crown rust. This specialization of varieties and the wide 

alternate host range of crorm rust is further evidence, Bietz 

ij believes, that the crown rust organism should be considered as 

I one specie#. 
f 

Hoerner (34) was the first to report the presence of physlo-

I 
1 
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logic specialization v/ithin the variety P, ooronata a venae. 

He distinguished four physiologic forms on the basis of their 

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

Form 1. infects both varieties normally. 
Form 2. infects both varieties weakly. 
Form 3. infects Iowa 73 weakly and lov/a 96 normally. 
Form 4. infects lov/a 73 normally and Iowa 96 weakly, 

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

collected from five provinces of Canada, Using Iowa 96 (Green 

Russian), Sterilis Selection, and Minnesota 539 (White Russian) 

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

logic forms as follows: 

Form 1, (Eight cultures) infects Sterilis Selection weakly; 
Minnesota 539 (White Russian) 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 (??hite Russian) weakly, and Iowa 96 
(Green Russian) weakly. 

Form 4. (Four cultures) infects all varieties 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 able to distinguish five physiologic forms as 

follows: 

Ruakura - resistant (Hoemer*s Form 3) 
A vena sterilis nigra -• resistant 
A. s-berllis nigra - susceptible 
Red Rustproof - resistant 
Red Rustproof « susceptible. 

Ruakura - susceptible (Hoerner^s FoKn 1) 
Green Mountain - resistant 
Green Mountain - susceptible . 

form 3 

form 5 
form 4 

form 2 
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 tiiat none were 

resistant to more than three physiologic forms. 

Murphy (50) secured 45 collections of Puccinia coronata 

I avenae, of which 32 were collected on Avena and 13 on PUiaranus. 

An equal number of cultures isolated from these collections 

were each tested on pure line selections of 33 varieties and 

species of oats, Eigjit of these acting as differential hosts 

disclosed the following nine physiologic forms; 

Belar - resistant 
Red Rustproof (C-I. 1079^) - resistant 

College Algerian (C,I. 2052) - resistant . . . form 3 
College Algerian (C.I. 2052) - susceptible • • fonn 8 

Red Rustproof (C.I, 1079) - susceptible 
Gowra - resistant. form 9 
Cowra - susceptible form 7 

Belar - susceptible 
Iowa Ho. 69 - resistant 

Avena strigosa - resistant 
Anthony (C.I. 2143) - resistant form 4 
Anthony (G.I. 2143) - susceptible ..... form 2 

Avena strigosa • susceptible 
}| Iowa Uo. 69 - susceptible 
i| lov/a No. 102 - resistant form 6 

Iowa No, 102 - susceptible form 5 

The 13 aecial collections on five species of Rhamnus were 

identified as follows: four collections on Rhamnus catbartica 

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

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

v/ere forms 7, 8, and S, respectively. 

1 C.I. « Bureau of Plant Industry, Cereal investigation 
accession number. 

i 
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MATERIAL AND METHODS 

Leaves infected v/ith Puccinia coronata avenae were col

lected on naturally infected oat plants and on Rhamnus natur

ally and artificially infected, during the years 1927, 1925, 

1929, and 1930. For each collection, the name of collector, 

date, place, and the name of tiae host were recorded. IXiring 

transit, crown rust spores retain their viability much longer 

when the infected leaves are allowed to c3ry imuiediately after 

collection and are placed in an ordinary manila envelop. Aecial 

collections, due to their short viability, were imiiediately used 

to infect oat plants, and the resulting uredinial stage contin

ued, or the infected leaves stoiled in the refrigerator. All 

cultures were nuiintained on the variety lomine (G.I. 2327) dur

ing 1928. However, this variety showed partial resistance to 

certain forms and Markton (C.I. 2065) was substituted for it 

during 1929 and 1930. 

Single uredinium cultures were isolated by inoculating 

Karkton or lomine plants sparsely with spores from a particular 

collection. About six or seven days after inoculation and be

fore any uredinia had broken through the epidermis, a plant was 

selected v/hich bore a single uredinium, Tiiis plant was then 

placed under a covered lamp chimney (Plate I, fig. 2) and the 

urediniospores allowed to niature. Because of the possibility 

of the presence of more than one physiologic form in a collec



tion, two single-uredinlal isolations were usually made from 

each collection. Each culture had as its aource a sin-j;le ured-

inium. 

Seedling pliints vifsre usutiily mocul-'stecl between 4 H,iid 6 

p.m. 'phe first leaf of each plant vms gently drawn betvveen the 

moistened forefinger and thumb, then the entire olanfc was 
/ 

moistened with a constant-pressure sprayer. The plants were 

then moved to the room containing the stock cultures and e&ch 

plant v7as individually inoculated v?ith the desired culture by 

applying u small amount of cro\vn rust spores to the moistened 

surface of the first leaf with a flattened needle. The plants 

were again sprayed and placed in a raoist inoculation chamber where 

they were kept for approximately 14 hours. In order that the 

plants migjat not dry too qiiickly or othery/ise become injured, the 

chambers ?;ere opened at about 8 a.m. and the plmit retained in 

the open chamber until about 4 p.m. 

Where types of infection v/ere to be determined, the plants 

y/ere placed in muslin compartments (Plate I, fig, 1} similar to 

those described by Melhus, Dietz and Willey (47); while those 

used for stock cultures were held under lamp chimneys. OSie tops 

of the chimneys v/ere covered v/ith a thin layer of cotton held 

I bet-A-een two pieces of cheese-cloth and this all fastened with a 

mbber band (Plate I, fig. 2). Each lamp chimney would cover 

bhe contents of a three-inch flov/er pot. These pots were 
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variety used as a differential host by Parson (53). 

At the beginning of the investigation, approxiimtely 200 

vai'icties, selections, and spocies, reported as oeins resis

tant to crown rust, were inoculated v/ith ten cultures v/iiich 

furnished a basis for the selection of possible differential 

hosts. Prom these investigations, a set of 33 differential 

hosts xsras selected. This preliminary study gave evidence that 

certain of the coinmercial varieties and so-called pure-line 

selections on hand were not honozysous for reaction to all 

crown rust cultures. Because of this heterozygous reaction, 

a single-panicle selection was inade of each of the possible 

differential hosts at the beginnins of experiment. Unless 

otherwise stated, pure-line selections were used throusliout 

these investigations for differentiating physiologic fonna. 

The differential hosts wer-e inoculated with each culture 

of croT«i rust, "ihen pure lines were used as possible differen

tial hosts, five plants of each were inoculated and their re

action recorded. Ten or more plants were inociilated v;hon the 

possible differential host ^^as not a pure line. V.henever a 

variety of species appeared heterozygous for resistance to a 

particular culture, a larger number of plants were inociilated 

and the predominating reaction recorded. 
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Typea of Ciomx Rust Infection 

In rocording the reaction of different varieties, selec

tions, and species to crovni rust, it was necessary to adopt a 

series of rust inanifestations w Ich v/ould describe the classes 

of host reactions observed. The types of avovm rust infection 

observed are shown in Plate II, fig# 2, and a description 

follows: 

iCTJiune 

Completely resistant 

Higlily resistant 

Moderately resistant 

Moderately susceptible 

Completely susceptible 

I. - Wo oacroscopic evidence of 
infection. 

0. - No uredinia formed, necrotic 
areas present* 

1. - tJrodinia few, small, alv/ays in 
necrotic areas, also raovo or 
less necrotic- ai^oas produced 
v/ithout the development of 
uredinia • 

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

3. - Urodinia abundant, laedium in 
size, and surrounded by chlorotic 
areas. 

4. - Uredinia abundant, large, no 
necrosis or chlorosis iiniaediately 
surrounding the uredinia. 

The reaction of all plants to crown rust v/as recorded 10 

and 14 days after inoculation. During the interval bet\TOon the 

time of inoculation and recordiiig, the plants were kept under 

optimum conditions for the norml development of the oat plants, 

Th© type of infection on a particular pur© line inoculated with 
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a partictilar physiologic form is quite constant vAien environ-

raental conditions are tmiforra and favorable. During cloudy 

Y/eather, artificial light is necessary in ord r to secure 

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

my be developed on a completely susceptible plant by reduc

ing the light intensity for a period of tv/o days. Excessive 

drought, wilting, excessive high or low teraperature, and abnor

mal nutrition also tend to produce subnormal types of infection. 

In the present investigation, a difference of at least two 

types of infection was considered necessary to establish a new 

form, that is, a type 0 (Contrasted with a type 2, a type 1 v;lth 

a type 3, or a type 2 with a typo 4, It was unusual for the 

reaction of a pure line to a particular physiologic fom to 

vary more than one type under normal greenhouse conditions. 

Field Test of Varieties and Selections 

A knowledge of the field reaction of varieties studied 

under greenhouse conditions is very desirable. This is espec

ially true of those varieties used as differential "tiosts, and 

of those additional varieties used in determining the host 

rang© of a particular physiologic form. During 1926, 1927, 

and 1928, a uniform oat crown-rust nursery was grown at Amea, 

Iowa, and Experiment, Georgia. This uniform nursery contained 

pure-line selections of 100 varieties which were selected for 

their known reaction to crown rust. During 1929 a nev: uniform 
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oat crown-rust nursery containing pura-lino seloctlons of 100 

varieties, species, and selections was grown at eiglit liffer-

ent eixperiniont stations 3.n the contral and southern i:ortions of 

the United States, The locations of these nurse -ios and the 

names of the cooperators v/ere as follows: 

Location Gooperfitor 

Ames, Iowa 
Knoxville, Tennessee 
Experiment, Georgia 
Tifton, Georgia 
A, & M. College, Mississippi 
Denton, Texas 
Stillwater, Oklahonja 
Manhattan, Kansas 

S.H. Essary 
R.P. Bledsoe 
W,J. Davis 
L»E« liiles 
P.B. Imnicle 
J.C. Ireland 
J.H. Parker and 
C.O. Johnston, 

During 1929, 660 additional varieties, selections, and 

species were grown at Manhattan, lOinsas, and ,'\raes, Iowa, Throe 

hundred of these were introduced foreign varieties supplied by 

T.R. Stanton, Office of Cereal Crops and Diseases, Bureau of 

Plant Industry, Viashington, D.C. 

The percentages of crown rust infection on the different 

pure lines, varieties, selections, and species Included in the 

oat crown-rust nurseries were determined according to the scale 

illustrated by Durrell and Parker (23), Types of crown rust 

are often very difficult to deterioine under field conditions, 

because of the maturity of the oat plant and the presence of 
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uredinia in different stasias of developmont. '.Vhenevor a varia 

tion v/as obsei^od, the rang© rroni tho raost resistant to the 

:nost susceptible was recorded. 
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IDEIJTIPIGATIOII OP PITY3I0L0GIC FORMS 

One hundred sevonty-ono colloctlons of ?uccin.la coronata 

avenae rjsre secured during 1G27, 1923, 1929, and 1930, on 

•varieties and spociea of Avena, and species of l^iaianus, Tv/o 

htindred forty-five inaat cultures wore isolated from theae 

collections. The distrilDution of these collections according 

to the time and the state or province from which they v/sre 

collected is given in table 1. 

Table 1. Distribution of collections of Puccinia coronata 
avenae during 1927, 1928, 1929, and. 1950, in states 
and provinces• 

State or : I^isanbcr of collections : i'otal' 
Province : 1$527 : 192^ : 1925 : 1350 : collections 

Alabama 1 1 
California 5 5 
Florida 1 12 13 
Georgia 4 4 8 
Illinois 1 1 
lOY/a 2 16 29 21 68 
Kansas 2 10 12 
Minnesota 2 2 
jir&is sissippi 4 4 a 
Missouri 1 1 4 8 
Nebraska 1 1 
Korth Dakota 1 1 1 3 
Ohio 1 1 
Oklahoma 1 1 3 5 
Ontario 1 1 
Oregon 1 3 4 
Quebec 1 1 
South Dakota 1 1 
Tennessee 1 5 7 
Texas 1 6 4 11 
Virginia 3 3 
West Virginia 1 8 9 
Total 45 83 33 171 
-::-Hine collections secured in 192'/ were furnished by I.lr« L.D« 
Leach, who made a proliminary study of physiologic specializa
tion and identified tliree physiologic fonas (xmpubliahed data). 
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The nuniber of collections secured on different iioats diir-

ing the years 1927, 1928, 1929, and 1930 is given in table 2. 

Table 2, Host and number of collections of crown rust secured 
during 1927, 1928, 1929 , and 1930. 

• 
• Simder col lections 

Host : 1527 : 192a : 192?) : : 19^ 

Avena species 10 32 66 12 
Rhaninua c?=thartica - 4 1 5 
" chlorophora - - 2 

infectorla 1 13 5 
" lanceolata — 6 - 2 
" laontana 1 3 3 
" tinctoria - 1 4 ' ^>41' 

All the collections on Khajiznus species v/ere from artifi~ 

cially inoculated plants, e:^cept one on liliaiTgius lanceolate 

secured during 1928, and three on Rhainnus cathartica (two during 

1928 and one during 1929). The collections on kvena species 

were all taken from naturally infected plants in the field, 

Gulttirea Collected During 1927 arai 1928 

Pifty-five cultures of crown rust were isolated from an 

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

form set of 33 pure linos, selected from different varieties, 

sslections, and species of oats v^as separately inoculated v/ith 

each of these cultures. Nine physiologic fonns v/ero identified 

aniong those 55 cultures by the differential reaction of eight 

of the 33 pure lines. In table Sis .^iven the narae of each of 

the 33 pure-line-selected: varieties, selections, and species, 

used as possible differential hosts, and the average type of 



Table 3. Reaction of 33 pure-line selections to the nine physiologic forms of 
Puocinla coronata avenae identified from collections made during 1927 
and 1928, 

Pure-iine selections of: I-. 
varieties, selections, :Average type of infection v/lth physiologic form n\imber 

and species ; 1 V 2 : 5 ; 4 : 5 t ^ t 7 : 8. i 9 

Belar (C.I. 2760) 
Red Rustproof (C.I. 1079) 
College Algorisui (C.I. 2052) 
Cowra (C.I. 2761) 
Iowa 69 (C.I. 2463) 
Avena strigoaa (G.I. 1702) 
Anthony (C7l. 2143) 
Iowa 102 (C.I. 2464) 
Avena brevla (C.I. 2762) 
Red Ru'stproo'f (C.I. 775) 
Sunrise (C.I. 982) 
Black Algerian (C.I. 204) 
Uortex (C.I. 2382) 
Ruakura (C.I. 2052) 
Early Burt (C.I. 2763) 
Red Rustproof (C.I. 1805) 
Green Mountain (C.I. 1892) 
Pulghum (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 
Iowa 77 (C.I. 2813) 
loioin© (C.I. 2827) 
Hundred Bushel (C.I. 2797) 

4 4 0 3 4 3 0 0 1 
4 4 0 3 4 4 4 1 4 
4 4 0 4 4 4 4 4 4 
4 3 0 3 4 4 3 0 1 
0 0 4 0 4 4 4 4 4 
4 2 0 0 3 3 4 3 4 
0 4 4 0 4 4 4 4 4 
0 4 4 0 4 0 4 4 4 
4 1 4 1 4 4 4 4 4 
4 4 4 4 4 4 4 4 4 
4 1 0 2 4 3 2 1 4 
4 3 1 4 4 4 2 0 3 
4 4 0 4 4 4 4 4 4 
3 4 1 4 4 4 4 1 0 
4 3 0 4 4 4 2 4 4 
4 4 0 4 4 4 4 4 4 
0 1 4 0 4 4 4 4 4 
4 4 4 4 4 4 4 4 4 
4 4 4 4 4 4 4 4 4 
4 4 4 4 4 4 4 4 4 
4 4 0 4 4 4 4 4 4 
4 4 4 4 4 4 4 4 4 
0 1 4 0 4 4 4 4 4 
0 4 4 1 4 1 4 4 4 
4 3 4 4 4 4 3 3 4 
4 3 1 4 4 4 4 4 4 



Table i5. Goncludadl 

Puro-line seloctiona or : 
varieties, selections, 

and species 
•.Average type of infection with phyalologlc form number varieties, selections, 

and species : 1 : 2 ; iJ : 4 : 5 : 6 ! 7 a ; 9 

Early May (C.I, 2828) 4 4 1 4 4 4 4 4 4 
D.A.C. Ko. 10 (C.I. 2829) 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 
Mortgage Liftor (C.I. 2804) 4 4 3 4 4 4 4 3 4 

I 
w 
I 



-25 

Infection of each to tlie nine identified physiologic forms. 

The nine physiologic forms discovered during 1927 and 

1928 iiiay be identified "by arranging the first ei^ht v.ure lines 

in table 3 in a dichotomous key (50). 

Cultures Collected During 1929 and 1930 

Hie first 17 pure-line-aelected; varieties, Kslections, 

and species given in table 3 were retained as possible differ

ential hosts for use during 1929 and 1930. Sight additional 

pure lines, seven varieties, and one species were added. 'Two 

of the foreign varieties, "Avena victoria" (C.I. 2764), and 

"Avena capa" (C.I. 2765), were obtsi ned from Mr. Jose M. Scasso 

of Moron, Argentina, while "Avena 1095a" (C.I. 2766) tind "Avena 

64s" (C.I. 2767) were obtained from Doctor Alberto Boerger, 

Senior Director del Institute Pitotecnico, Departmento Colonia, 

Uruguay. These four varieties were reported resistant to crown 

rust by Mr. Scas30-». The other three varieties Hay (C.I. 1622), 

Schoolmam (C.I. 2057), and Victoria (C.I. 2401) were included 

because of their unusual resistance during a natural epiphytetic 

of crovm rust in the suirmer of 1929 at Amos, Iowa, and Manhattan, 

Kansas. Avena strigosa glaberscens (C.I. 2630) was apparently 

iiiuiune during the saine epiphytotic at both stations. 

«-These varieties were reported as being resistant to crown 
rust in Argentine, by I.lr. Scasso, in a personal letter to the 
writer dated April 20, 1929. 



One hundred ninety cultui^js of crown ruat v/er-e isolated 

from 116 collections during 1929 and the spring of 1930. Uni

form groups of 25 pure linos, seven varieties and one speciea 

of oats "srer© inocxalatcd separately v/ith each of these cultures 

and eight physiolosic forms were identified. Pour of these 

v;ere forms previously Identified in collections secured during 

1927 and 1928, and four were first isolated in 1929. 

In table 4 is given the reaction of pure lines, numbers 

1 to 17, to physiologic fo3?ms numbers 1, 3, 5, 6, 10, 11, 12, 

and 13 collected during the yeai*s 1927, 1928, 1929, and 1930, 

and the reaction of pare lines, varieties, and species, numbers 

18 to 53, for the sarao physiologic forms colleotod during 1929 

and 1930. As physiologic foras 2, 4, 7, 8, and 9 wore not re

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

niiJTibers 1 to 17 is recorded. 
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Tablo 4. Reaction of 33 puro-lino soleotlona, varieties, and spocioa to 13 
physiologic forma of Pnccinla coronata avenae identified during 1927, 
1928, 1929, and 1930. ' 

Number and' name of pure- i Average type of infoction witn .. ~ 
line selections, variO'- : physiologic form number; 

ties, and apeoiea ; 1 ; ̂  ; S ; 4' ; b ; 6 ; V t B ; 5 ;10; llrlSrHy 

Fure-lino selections 
1 Mar'CC.l. ™0) ' ' 4 4 0 3 4 3 0 0 1 0 4 0 1 
2 Red Rustproof (C.I. 1079) 4 4 0 4 4 4 4 1 4 0 4 0 1 
3 College Algerian (C.I. 2052) 4 4 0 4 4 4 4 4 4 0 4 0 0 
4 Gowra (C.I. 2761) 4 3 0 3 4 4 3 0 1 0 4 0 1 
5 Iowa 69 (C.I. 2463) 0 0 4 0 4 4 4 4 4 0 0 0 1 
6 Avena strigosa (C.I. 1782) 4 2 0 0 3 3 4 3 4 4 4 4 4 
7 Ainthony (0*1. 2143) 0 4 4 0 4 4 4 4 4 0 0 0 1 
8 Iowa 102 (C.I. 2464) 0 4 4 0 4 0 4 4 4 0 4 0 4 
9 Avena brevls (C.I. 2762) 4 1 4 1 4 4 4 4 4 4 4 4 4 1 
10 fted Rustproof (C.I. 775) 4 4 4 4 4 4 4 4 4 4 4 4 4^ 
11 Sunrise (C.I. 982) 4 1 0 2 4 3 2 1 4 0 4 0 1 « 
12 Black Algerian (C.I. 204) 4 3 1 4 4 4 2 0 3 0 4 0 0 
13 Hortex (C.I. 2382) 4 4 0 4 4 4 4 4 4 0 4 0 0 
14 Ruakura (C.I. 2025) 4 4 0 4 4 4 4 1 0 1 0 0 0 
15 Early Burt (C.I. 2763) 4 3 0 4 4 4 2 4 4 0 4 0 0 
16 Red Rustp^of (C.I. 1805) 4 4 0 4 4 4 4 4 4 0 4 0 1 
17 Green Motintain (C.I. 1892) 0 1 4 0 4 4 4 4 4 1 1 0 1 
18 Bathursfc (C.I. 1810) 4 0 4 4 0 4 0 4 
19 Glenn Innis (C.I. 980) 4 4 4 4 4 4 4 4 

Varieties 
20 V)liite Ihissian (C.I, 2460) 0 4 4 0 0 0 0 1 
21 White Russian (C.I. 2461) 4 4 4 4 4 4 4 4 
22 Green Russian (C.I. 2342) 4 4 4 4 4 4 4 4 
23 Green Russian (C.I. 2344) 4 4 4 4 4 4 4 4 
24 Avena brovis (C.I. 1783) 0 0 4 4 4 4 4 4 
25 lE&rkton (6.1. 2053) 4 4 4 4 4 4 4 4 



Table 4. Concluded, 

Kiimber and! name of pure-
line aolections, varie-

tle3» and species 

Average type oi"' Inl'e'ctloh v/ith 
pliyslolc'^lc form number: 

g ; 3 t 4 ; 5 ; : 7 V ^ i :10: 15 

26 
27 
28 
29 
30 
31 
32 

33 

Varieties 
Hay (C.l'.' 1622) 
Schoolmam (C.I. 2057) 
Victoria (0,1. 2401) 
"Avena victoria" (C.I, 2764) 
"Avena oapa" (C.I. 2765) 
"Avena 1095a" (C.I. 2766) 
"Avena 64s" (C.I. 2767) 

Species 
Avona atrigosa glaberscens 
T̂ rrn sshBT— 

4 4 4 4 4 4 4 4 
4 4 4 4 4 4 4 4 
0 0 0 0 I 0 I 0 
0 0 0 0 I 0 I 0 
3 0 3 4 I 0 0 0 
4 0 4 4 0 1 0 0 
3 0 3 4 0 0 0 0 

0 0 0 0 4 0 I 0 

I 
M 
00 
1 
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Key for Identification of physiologic Forma 

Thirteen physiologic forms were identified among the 245 

cultures studied by using the differential reactions of eight 

pure lines and one species, A vena strlgosa glabersc.ens (C.l» 

2630)* A. strlgosa glaberscens (C.I« 2630) was not pure-line 

selected, however, it alv/ays gave a homozygous reaction to 

physiologic forms 1, 3, 5, 6, 10, 11, 12, and 13. 'X'he eigiit 

pure-line-selected; varieties, selections, and species; and one 

species not pure-line-selected, may be arranged in a dichotomous 

key as follows: 

Belar (C.I. 2760) - resistant 
Red Rustproof (C.I. 1079) - resistant 
Iowa 102 (G.I. 2454) - resistant 
Avena strlgosa glaberscens (C.I. 2530) -
resistant T . . .• 
Avena strlgosa glaberscens (C.I. 2630) -
susceptible ...... 

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

Anthony (C.I« 2143) - resistant 
Anthony (C.I. 2143) - susceptible .... 

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

Belar (C.I. 2760) - susceptible 
Anthony (C.I. 2143) - resistant 

Avena strigosa (C.I. 1782) - resistant. . . . 
Avena strlgosa (C.I. 1782) - susceptible 

Iowa 102 (C.I. 2464) - resistant. ..... 
Iowa 102 (C.I. 2464) - susceptible 

Anthony (C.I. 2143) - susceptible 
Iov?a 102 (C.I. 2464) - resiatant ...... 
Iowa 102 (C.I. 2464) - suscej)tible. « . * . . 
Iowa 69 (C.I. 2463) - resistant 
Iowa 69 (C.I. 2463) - susceptible ..... 

form 12 

form 10 

form 13 
form 3 
form 8 

form 9 
form 7 

form 4 

form 1 
form 11 

form 6 

form 2 
form 5 
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Physiologic forms 1# 5, 5, 6, 10, 11, 12, and 13, may be 

Identified by the differential reaction of the pure-line-selected 

varieties: Belar (G.I, 2760), Anthony (C.I, 2143), lov/a 102 

(C.I, 2464); and the species Avena strlgosa glaberscens (C«I, 

2530). The reaction of each one of chese differential hosts 

along with that of Victoria (C»I, 2401) and a pure-line selec

tion of Iflarkton (C.I. 2053), to each of the eight physiologic 

forms ideiitified from collections secured during 1929 and 1930 

is illustrated In plates III-VI, 

nature of Physiologic Forms Identified 

The 13 physiologic forms identified, differ greatly in 

their ability to infect normally the possible differential hosts 

given in table 4. A descriptive formula may be given to each 

form by writing the number (;;iven in table 4, colunin 1) ropre-

aenting each of the 33 possible differ(:nbial hosts that sliow a 

resistant reaction to it, Hhe;-e foruiulae 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, 9, 11, 17. 
5 28, 29, 33. 
6 8, 20, 28, 29, 33. 
7 *1, 11, 12, 15. 
8 -»1, 2, 4, 11, 12, 14. 
9 4, 14. 
10 1, 2, o, 4, 5, 7, 8, 11, 12, 13, 14, 15, 16, 17, 

18, 20, 28, 29, 30, 31, 32. 
11 5, 7, 14, 17, 20, 28, 29, 30, 31, 32, 33. 
12 1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 14, 15, 16, 17, 

18, 20, 28, 29, 30, 31, 32, 33. 
15 1, 2, 3, 4, 5, 7, 11, 12, 13, 14, 15, 16, 17, 20, 

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

The 13 physiologic forms, as shov/n by their ability to 

iiifect normally the 33 possible differential hosts given in 

table 4, rank from the raost vimilent to the least as follows: 

5, 6, 9, 7, 1, 11, 2, 8, 4, 3, 13, 10, 12. 

Physiologic form 5 is a virulent form. In adc.ition to the 

possible differential hoe ts given in tables 3 and 4, approxi

mately 400 additional pure lines, varieties, selections, and 

species liave been inocuicited v/itti this form, v.'ith the excep

tion of the varieties, Victoria <0.1. 2401) and "Avena victoria" 

(G.I. 2764), and the species Avena strigosa glaberscens (C.I. 

2630), no rtvsistant pure lines, varieties, selections, or species 

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

s-These physiologic forma v;ere not iaentified in collections 
secured during 1929 and 1930. For that reason their reaction to 
numbers 18-33 is not known. 
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form 5, v/as tested only with the possible differential hosts 

given in tables 5 and 4. 

Physiologic forms 9, 7, 1, 11, 2, 8, and 4 are inter

mediate in virulence, while forms 3. 13, 10, and 12 are compara

tively iveak forms. Forms 10 and 12 differ only in reaction on 

A vena strlgosa glabfrrscens (G»I. 2630). 

Under similar conditions, cultiires identified as physiologic 

forms 3, 10, 12, and 13 tended to form teliospores earlier than 

cultures identified as forms 1, 2, 4, 7, 8, 9, and 11* While 

cultures identified as forms 5 and 6 rarely shov;ed any telio-

spore formation, 'feliospore formation seems to be characteris

tic of narrowly specialized forms. It did not seem to be cor

related with any particular pure lines, varieties, species, or 

selections, and it ivas not limited to plants shovving a resis

tant type of infection. Certain plants v/ith a type 4 infection 

consistently siiowed early teliospore formation v/ith certain cul

tures. Ho"/ever, early teliospore foxTmition occurred more fre

quently on plants showing a type 1 or type 2 infection. Differ

ent cultures belonging to the same physiologic forsi and growing 

under similar conditions would soraetimes vary greatly In their 

ability to produce teliospores on ceutdln pure-line selections 

and varieties. Certain cultures identified as-form 12 consis

tently formed teliospores 10 to 12 days after inoculation on 
% 

pure-line selections and varieties, mimbers: 9, 10, 17, 20, 21, 
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and 26. V/hile other cultures also identified as form 12 did not 

form teliosporeo on triese same hosts until 21 to 33 days after 

inoculation. Apparently it would be possible to subdivide cer

tain physiologic forms on the basis of their relative ability 

to form teliospores on certain hosts. 

Plate VII illustrates the relative ability of two cultures 

to form teliospores. Two panicles of oats were selected, one 

from Fulghura (C.I. 650-203) and the other from Dookie Agri

cultural College Ko. 10 (C.I. 2829). Seed from these panicles 

v/ere planted at the stime time. The resulting seedling plaints 

v/ere inocalated and held under the same conditions until after 

the photograph in plate VII was secured. Two cultures of crovm 

rust representing forma 3 aiid 5 v;ere separately inoculated to 

individual plants from each of the two panicles. Sixteen cays 

after inoculation the culture identified as form 3 had formed 

abundant tella on both selections, while the culture identified 

as form 5 had formed only uredinia, relative ability of 

these two cultures to form tella was typical of all other cul

tures identified as forms 3 and 5. 



PREVALENCE AND GEOGRAPHIC DISTRIBUTION OF 

PHYSIOLOGIC PORI^S IDENTIPIKD 

Tv70 hundred forty-five cultures of crovm rust I'/ere isolated 

from 171 collections secured during tiie years 1927, 1928, 1929, 

and 1930. Itach of these .vas identified as belonging to one of 

the 13 physiologic fornia riesci^ibed in table 4o In table 5 is 

y:iyen the place of collection, name of collector, name of host 

from li^'hich ths original collection was secured, and date of 

this original collection, for each of the 245 cultures identi

fied. This information, ia grouped according to the pliji-slologic 

form to v/hich the culture belonged and in order of the date of 

collection. 



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

Physiologic: 
form : Place collected Collector Host 

: Date 
:collected 

Pucoinia 
coi>onat^ 
avenae 
form 1 

Ames, Ia» 
Clyde, Kan. 
Manhattan, Kan, 
Stillwater, Okla. 
college Station, Tex. 
Hollywood^ Calif. 
Redondo, Calif, 
San Diogo, Califs 
San Antonio, Tex. 
Hapa, Calif. 
Experiment, Ga. 

do 
do 

Tifton, Ga, 
do 

A.& M. College, Hiss, 
do 
do 
do 

Greenville, Tex. 
Danton, Tex. 

do 
Lawton, Okla. 
Manhattan, Kan. 

do 
do 
do 
do 

Coltimbus, Kan, 

L,D. Leach 
do 

C.O. Johnson 
Pred Griffe 
P.C. IJIangelsdorff 
J.M. Raeder 

do 
do 
do 

L.D, Leach. 
H.C. Murphy 

do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 

C.O. Johnston 

Cultivated oats 8-
Volunteer oats 9-

do 9-
do 10. 

Cultivated oats 2-
Volunteer oata 4-

do 4" 
do 4-

Red Rustproof 5-
Cultivated oats 7-
lomine 5-

do 
Sunrise (C.I. 902} 
lomine 

do 
Anthony (C.I. 2143) 
Avena brevia (C.I. 1783) 
Sunrise (C.I, 982) 

do 
Nortex (C.I. 2382) 
lomine 

do 
Colburt (C.I. 2019) 
loraine 

do 
Anthony (C.I. 2143) 
Sunrise 73 
Ffustless (C.I. 724) 
Cultivated oats 6-

5-

5- :  

1-27 
14-27 
18-27 
11-27 
6-28 
14-28 
16-28 
23-28 
12-28 
2-28 
15-29 
do 
do 
16-29 
do 

22-29 
do 
do 
do 

30-29 
I-29 
do 

4-29 
II-29 
do 
do 
do 
do 
15-29 

I 
Ol 
Ol 
I 



Table 5. Continued. 

• 
• 

Physiologic: 
form : Place collected 

• 
• 

• 
• 

: Collector 

* • 

: : Date 
: Host :collected 

Goliimbus, Kan. C,0. Johnston Cultivated oats 6-15-29 
Moron, Kan. do do 6-16-29 

do do do do 
Parsons, Ean, do do do 
Knoxvllle, Tenn. T.R. Stanton Green Russian 

(C.I. 2344) 6-19-29 
do do do do 
do do White Tartar (G.I. 

351) do 
do do Biffen^s White Wonder 

(C.I. 2011) do 
Blacksburg, Va. do Cultivated oats 6-21-29 

do do do do 
Colby, ]Kan. C.O, Jolinston do 6-21-29 
Roanoke, Va, Button and Stakoian do 6-22-29 

do do do do 
Harlan, la. P.W, Rohrbaufih do do 
Booneville, la. do do 6-25-29 
Linn, Mo. do do do 

do do do do 
Nettieton. Mo, do do do 
Ottunrora, la. do do 6-27-29 

do do do do 
Manilattan, Kan, H.C, Murphy Avena strisoaa (C.I, 

lV8KJ do 
do do do do 
do do Sunrise (G.I. 982) do 
do do Sunrise 8el. 73 do 

Sioux Palls, S.D, do Kherson 7-3-29 
La Verne, liinn. do do do 
Manlcato, Minn. do SilveritD-ne 7-5^9 



Table 5, Continued* 

« * • 

Physiologic: « • 
• Date 

form : Place collected : Collector ; Host collected 

Iowa Falls, la. H*C. Siurphy Kherson " 7-6-29 
Ames, la. do Sunrise Sel, 73 7-17-29 

do do Ciiltivated oats 8-4-29 
do do do do 

Corvallig, Ore. E.W. Bresaman logold (C.I, 2329) 8-24-29 
do do do do 
do do Cultivated oate do 

Morgantown, W.Va, H.C. Murphy Black Mesdag (C«I« 
1877) 9-17-29 

do do Gopher x Black Mesdag do 
do do Hybrid oats do 

Gainesvllla, Pla» !\.H. Eddins Cultivated oats 3-3-30 
Lsesburg, Pla, WvB. Tisdale Red Rustproof 3-14-30 
Gainooville, Fla, A.H. Eddins Cultivated oats 3-25-30 

do do do do 
?ubcinia 
coronata Llbson, N,D. S.,M» Dietz Volunteer oats 8-26-27 
avenae 
f oim ̂  

Puoolnla Ste Anno de la 
coronata Pocatiere, Que.,Can, H.B. Htunphrey Victory (near Rhaimus 
avenae cathartica 8-23-27 
form 3 Jackson Co., la. J.M. Steddons ShaiTaius cathartica 5-23-28 

Millard, Nebr. P.VJ. Rohrbaugh do 5-27-28 
Y.averly, Ohio J.V/. Baringer Cultivate! outa 7-13-28 
Montrose, W.Va. S.H. Murphy logold (C.I. £329) 7-16-28 
Kingston, Ont. Raleigh Cultivated oats 7-29-28 
Ames, la. H.C. Murphy lovva 102 (C.I. 2464) 9-23-28 

do do do do 
do do Rhaimus infoctoria 

(aeoial cup No, 10) 4—26—29 



Table 5. Continued* 

# 
« 

Physiologic: 
form ; Place collected 

* 
« 

• 
• 

: Collector 

• 
• 

• 
• 

t Host 

• 
* , 

: Date 
;collectecl 

- -

Harlan, la. P.?!. Rohrbaugh Cultivated oata 6-22-29 
Parmington, la. do do 6-25-29 
llettleton. Mo. do do do 
Ames, la. H.C. Murphy Oats near Rharmus 

cathartlca 7-12-29 
do do do do 
do do Markton (C.I. 2053) 7-17-29 
do do do do 

Ryder, N.D. A,A. Zlegler Khainnus eatlijai'tlca 8-2-29 
do do do do 
do do do do 
do do do do 

Morgantown, W.Va. H.C. luurphy Hybrid 17-10-^18 9-17-29 
do do do do 
do do Gopher X Black Meadag do 

Ainaa, la. do Iowa 102 (C.I. 24Q4) 10-2-29 
do do do do 
do do Iowa 444 (C.I. S331) do 
do do Rhaimus cathartlca 3-27-30 
do do do do 
do do do 3-29-30 
do do do do 
do do do 3-30-30 
do do Rhainnus infe c to ria 3-30-30 
do do do do 

Puccinla Urbana, 111. L.D, Leach Volunteer oats 9-14-27 

I 
w 
OD 
I 

avenae 
form 4 



Table 5 .  Continued* 

• 
' * 

Physiologic: 
• 
* 
• 
• 

• 

• 
• 

• • 

: Date 
form ; Place collected ; Collector : Host •.collected 

Puocinia Pulton, Mo. L.D. Leach Volunteer oats 9-18-27 
corona t'a Mason City, la. H.C. Murphy d do 10-13-27 
avenae Del Rio, Tex. J.M. Raeder Cultivated oats 5-9-28 
form 5 Nashville, Tenn. S.M. Dietz do 5-17-28 

Oalnosville, Pla. A.H. Eddins do 5-18-28 
Afton, la. P.H. Mendell Rhamnus lanceolata 5-21-28 
Experiment, Ga. S.M. Dietz tfVinter 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) 5-27-28 

do do Cultivated oats 5—28—28 
Gainesville, Tex, do do 5-29-28 
Stillwater, Olcla. do do 5-30-28 
Watonsvillo, Ca.lif, 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, Miss. D.C. Neal lov/a 102 (C.I. 2464) do 

do do Iowa 69 (C.I. 2463) do 
do do Iowa 77 do 

Ames, la. H.C. I>!urphy 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 

Canton, Mo. 
Sac City, la, 
Hlnton, la. 
Devil's Lake, N,D. 
Ames, la. 

do 

H.B. Htiinphrey 
P.W. Rohrbaiogh 
Dietz and Murphy 

do 
H.B. Humphrey 
H.G. Murphy 

do 

Cultivated oats 
do 
do 
do 

Avena fatua 
I6\va 102 (C.I. 2464) 

do 

6-25«28 
6-29-28 
7-7-28 
7-8-28 
7-27-28 
9-23-28 

do 

I 
03 
«D 
I 



Table 5. Continued, 

• 
• * 

• 
• 
4 * 

Phyaiologic: • • • Datd 
form : Place collected • 

9 Collector • 
m Host ;collected 

Ames, la. H.C. LIurphy Rhamnus infectorla H.C. LIurphy 
{aeolal cup i^o, 4) 4-26-29 

do do do, (aecial 
cup No. 8) do 

Knoxville, Tenn, do lomine 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 

Autnim., Ala, do Cultivated oats 5-20-29 
do do do do 

A. & M. College, I^iisa, do loiTiine 5-22-29 
do do do do 
do do Anthony (C.I, 2143) do 
do do Avena brevia 

{•(3 .'i. 1783) do 
do do Sunrise (C.I, 982) 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 
Stillwater, Okla, do I online d-6-29 

do do do do 
do do Anthony (C.I, 2143) do 
do do do do 

Manhattan, Kan. do do 6-11-29 
do do Sunrise Sel. 73 do 

Knoxville, Tenn, T,R, Stanton White Tartar (C.I. 551) 6-19-2£ 



Table 5, Continued. 

• 

Phyaiologic: 
t  
•  

•  

* 
•  

; Date 
foim : Place collected : Collector ' Host :collected 

Knoxville, Tenn. T.R. Stanton Biffen's White Moxidev 
(C.I. 8011) 6-19-29 

do do Iowa 77 do 
do do do do 

Colby, Kan. C.O. Johnston Cultivated oats 6—21—29 
Hamburg, Va. Htltton and Stak-

inan do 6-22-29 
do do do do 

Booneville, la. P.W. Rohrbaugh do 6-25-29 
Manhattan, Kan. H.C. Murphy Sunrise (C.I. 982) 6-27-29 

do do Siinrise Sel. 75 do 
La Veme, Minn. do Khei^aon 7-3-29 
Mankato,Minn. do Silvermine 7-5-29 
Ames, la. do lomine 7-17-29 

do do Victoria (C.I. 2401) do 
do do Sunz'ise f3el. 73 do 

Corvallis, Ore. E.II. Bressiiian Cul+;ivated oats 8-24-29 
Morgantomi, V/, Va, H.C. Murphy Black Mesdag 9-17-29 
Ames, la. do Iowa 102 (C.I. 2464) 10-2-29 

do do do do 
do do Volunteer oats do 
do do do do 
do do do do 

Gainesville, Pla. A.H. Eddins Cultivated oats 3-3-30 
do do do do 

Leesburg, Pla. YJ.B. TisdalQ Red Rustproof 3-14-30 
do do do do 

Gainesville, Fla. A.H. Eidins Cultivated oats 3-25-30 
do do do do 

Amos, la. H.C, ̂ ^urphy iiliaranus lance olata 3-30-30 
do do do do 



Table 5, Continued 

Physiologic: 
form ! Place collected Collector Host 

; Date 
;collected 

Puccinla" 
corona 
avenae 
rorm 6 
Paccinla 
coronat? 
avenae 
form 7 
?iicoihla 
coronafa 
avenae 
f OTO '5 
Puccinla 
corona€a 
avenae 
form 9 

Gainesville, Pla, 
do 

Ames, Xa. 
I!)0rx^O2!l^ 
Iowa Palls, la, 
Ames, la. 

do 
Ames, la. 

A,H. Eddina 
do 

H.C. Murphy 
bunkl© 

H.C, Murphy 
do 
do 

y.C, mrphy 

Cultivated oats 
do 

ua infe^ct^rla 

4-3-30 
do 

4-5-30 
11-^-27 
7-6-29 
7-17-29 

do 

fofuECeeroats 
Elaerson 
Stinrise (C.I. 982) 

do 
i^mnus tinctoria 

Ames, la. i'/iurphy Rhaiiinus spp. {from 
Monti) 

Ames, Sa. ii,d, Murphy iHhamnus infectoria 

6-15-28 I 
CO 
I 

8-15-28 

Puccinia Panning ton. la. ^-.IV , Rohrbaugh Cultivated oats t5-22-29 
coronata Montrose, \'i .Va. H.C . Murpliy Volunteer oats 9-1-29 
avenae do do do do 
f o'im 10 Morgan town. W»Va. do Gopher (C.I. 2027) 9-17-29 

do do do do 
do do Hybrid oats do 
do do Hybrid 17-10-1 do 

Ames, la. do Iowa 444 (C.I. 2331) 10-2-29 
Conesville, la. D.V . Layton Volunteer oata 10—6—29 

do do do do 
Ames, la. H.C . Murphy Rhamnus tinctoria 3-27-30 

do do Rhamnus spp. (from 
MoritTT" 



Table 5, Continued 

• • « 
• • * 

Physiologic: I • 
* : Date 

form : Place collected • 
• Collector ; Host :collected 

Puocinia Parsons, Kan, C.O , Johnston Cultivated oata 6-16-29 
coronata Bowling Green, Mo. P.W « jRolu? do 6-26-29 
avenae do do do do 
r6m il Indianola, la• do do 6-89-29 r6m il 

do do do do 
Montrose, W. Va« H.G . Muwhy Volunteer oata 9-1-29 

do do do do 
Moraantovm, W. Va. do Hybrid 17-10-1 9-17-29 

I^ccinia Ames, la. . Murphy luminnus spp. ^ rrom 
MonfT) coronata 

. Murphy luminnus spp. ^ rrom 
MonfT) 4—26—29 

avenae do do Riiamnus infectoria 
fom 1'2 (aecial" cup No. 1) do 

do do do faecial cup No.3) do 
do do do (aecial cup Wo.5) do 
do do do (aecial cup No.6) do 
do do do (aecial cup No.7) do 
do do do (aecial cup No.9) do 
do do do (aecial cup No.11) do 
do do do (aecial cup No.12) do 
do do do (aecial cup No.13) do 
do do Rhainnus 3pp. {fvom 

ifonxT) 
Rhainnus 3pp. {fvom 

ifonxT) 4-27-29 
do do do do 
do do do 3-27-30 
do do Rhanmus infectoria do 
do do Rliaimua tinctoria do 
do do do 3-30-30 
do do Rhamnus: spp. (from 

Mont.) do 
do do Rhainnus tlnctoria do 



Tables. Concluded. 

• 

• • 

Physiologic: 
form : Place collected 

• 
• 

• 
• 

: Collector 

• 
• 

• 
• 

: Host 

• 9> . 
; Date 
; collected 

Puocinla Amea f Xa • H.C. Murphy Rhamnus infectopia 
coronata 

H.C. Murphy 
(aeclal cup No, 2} 4-26-29 

avenae do do Bhaiiinus Infect oria 4-5-30 
f bm" is do do Kliamnua chierophera 4-5-30 

do do do do 

I 

I 
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Seventy cultures collected during the years 1927, 1928, 

1929, and 1930 wore identified as physiologic form 1. i?iii3 

form is apparently v/idely distributed throughout the United 

States and coinmon in occurrence* (Pig, 1). Form 1 V7as not 

identified in cultures collected from Rhamnus and its distri

bution may be independent of an alternate host. It apparently 

hibernates in the south and probably laoves north during the 

spring and summer* 

Physiologic form 2 v/as identified in only one culture, 

collected in North Dakota in 1927 by I»r. S, M» Dietz. It may 

have originated on Rhamnus and it is apparently a comparatively 

rare form. 

Thirty-three cultures were identified as physiologic form 

3- Although a comparatively weak form and limited to the 

central and northeastern oat-growing regions of the United States, 

fom 3 is irnport-ant because few of the northern oat varieties 

are resistant to it. The principal source of collection of 

fom 5 was on Rhamnus cathartica, both naturally and artificially 

infected. It was also collected on oats in lov/a, Ohio, Gest 

Virginia, Ontario, and Quebec. liov/ever, all of the cultures 

collected from oats were either, from plants {.rov/ing near in

fected R, cathartica, or from a region v/here ti-is species is 

common. Therefore, it seems probable that form 3 is disseminated 

from R. cathartica. 



UNITED STATES 

Figure 1. Geographic distribution of Puccinia coronata avenae, 
physiologic form 1, during 1927-30. 
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Rhammia cathartica bushes are Y/idely dlstributGd in this 

northern oat growing region and will probably continue to fur

nish a source of inoculum of form 3. Diets (20) has shovm that 

R, cathartics is effective in disseininating croym rust. RVxaanus 

infectoria> another host for this form, is not native in Miorica. 

Physiologic form 4 was collected only once, at Urbana, 

Illinois, by Mr. L.D. Leach, It is soioev/hat similar to form 

2 in virulence. 

The most prevalent, widespread, and vimzlent form studied 

is number 5, Hinety-ons of the 245 cultures collected ciuring 

1927, 1928, 1929, and 1930, were identified as bolongiiig to 

tliis form. It is comnion in occurrence throughout all regions 

of the United States from wioich collections were secured (Pig.2). 

This foisn was collected on oats and on both R. lance Plata and R. 

infectorla. The former, which is widely distributed in the 

central portion of the United States, probably disseminates this 

form. Form 5 hibernates in the south and probably moves north

ward during the spring and surnmor. 

Physiologic form 6, collected only on oats, v/as identified 

in cultures; once from Denton, Texas, in 1927j once from lovja 

Palls, Iowa, in 1930, and tv/ico from Ames, Iowa, in 1930. 

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

E* tinctoria» R, spp. (from Montana}, and R. infectoria, v/ero 

each identified one©. 



WEL'aWK'JJ'Ju'. 

UNITilD STATES 

Figure 2, Geographic distribution of Puccinia corohata avenae, 
physiologic form 5, during iyii7-5U. 
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Physiologic form 10, identified in 12 cultures, ten from 

Avena in West Virginia and Iowa, and two from Rhamnus, one from 

R. infectoria and one from R. spp. (from Montana), is apparent

ly a comparatively rare form. 

Physiologic form 11, a comparatively rare form, vms 

identified in ei^it cultures collected in Kansas, Missouri, 

lo'.va, and West Virginia. This form was not collected on 

Rhamnus. 

Physiologic forms 12 and 13 came only from iiimmnus. Form 

12 v/as identified in 18 cultures isolated from collections se

cured from R. infectoria and R, tinctoria. Form 13 was identi

fied in four culturos coming from infectoria, R, chloropnora, 

and R. spp. (from Montana), 

The prevalence of each of the 13 forms during the years 

1927, 1928, 1929, and 1930 and their distribution on Rhamnus 

and Avena hosts is t-'iven in table 6. 



Table 6. Distribution of 13 physiologic forms of Puccitiia corona ta avenae on 
Avena and Rhamnus hosts during 1927, 1928» i§29, and 1930. 

: Number of cultur cs from Avena and Rhamnus during: s 
Physiologic : 1927 : 1928 • • 1929 : 1930 • • Total 
form number :Avena:Rhamnus;Avena :Rhamnus : A vena s lihamnus: Avena:Rhamnus: 

1 4 - 6 56 urn 4 70 
2 1 - M - - «a M 1 
3 1 - 3 4 13 5 - 7 33 
4 1 - - M - » •> 1 
5 2 - 2 3  6 47 2 8 3 91 
6 1 - <• 3 - - M 4 
7 M M  « V  1 - - 1 
8 am mm «• 1 - - - 1 
9 1 M  - M  - 1 
10 - - - 10 - - 2 12 
11 w  mm - 8 - - «• 8 
12 m a t o  - - 12 - 6 18 
13 M M  -

*• 
M  1 M  3 4 

'I'otal 
per species 10 - 32 13 137 20 12 21 245 

Total 
per year 10 45 157 33 245 
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Eif^t of the 13 forms were each Identified in more than 

one culture. In order of their prevalence, these forms are 5, 

1, 3, 12, 10, 11, lo, and 6» Forms 1, 2, 4, o, and 11 .vere 

collected only from Avena species, While forms 7, 6, 9, 12, and 

13 were collected only from Rhamnus species. Forms 3, 5, and 

10 were collected on both iihamnus aiid Avena, 

Phyaiologic Forms Collected on Rhamnua 

The distribution of the forms obtained from Rharanus accord

ing to the species from v/hich the;/ were collected is given in 

table 7. 

Table 7« physiologic forms identified and number of cultures 
collected from different species of Khamnus during 
1928, 1929, and 1930. 

i Number of "cultures identified 
Rhamnus host : as form number; 

: 3 I 6 : T~\ 8 : sS : 10 : lli : 13 

R. catliartica 13 - im - - - m 

R. chlorophora - - - - - - 2 

R. infectoria 3 3 - - 1 - 10 2 

R. lanceolata im 8 - mm mm - -

R. spp. (from Montana) - - - - - 2 

R. tinetoria - - 1 0m 1 3 -

In these data certain species of Rhamnus produced only 

one physiologic form of crown rust, while other species produced 

as many as five. Both naturally and artificially inl'ected 
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ol Riianmus la.nC6ola bci liiivs coiisistcntly opocucsd. only 

physiologic form 5. Wlille naturally and artificially infected 

plants of H, cathartica have c..insistently produced only form 3, 

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

Infectoria, In the light of che investigations conducted by 

Dietz (21), Craigie (14, 15, 16, 17, 18), Hanm (33), Kev ton, 

Johnson and Brown (61), Stalanan, Levine and Cotter (64), and 

Allen (1), it seems probable that certain of these forras, parti

cularly those of rare occurrence^ inay have arisen as a result of 

hybridization. 

On Septernher 23, 1928, a collection of volunteer lov/a 102 

(C.I. 2464) oat plants was secured at Ames, Iowa, 'fhese plants 

heavily infected with crown rust, both in the telial and uredin-

ial stages. Hine different single-uredinium cultures were 

identified, from the urediniospore material collected, using the 

possible differential hosts given in table 4, Six of these 

cultures v/ere found to be physiologic fonn 5 and three physiologic 

form 3. fiarly in March, 1929, Uie telial mater-ial:, of this same 

collection was used to Inoculate plants of R. infeotoria and R. 

S£p. (from Montana). Abundant infection was secured on both 

apecies. A total of 16 unopened aecial cups, 13 firom R. infec-

and 3 from R. spp. (from Montana), were carei^ully picked 

v;ith sterilized forceps. Bie aecios;x»res from each of these aecial 

cups were used to inoculate Markton plants and the;single-urediniiMi 
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isolatlons were identified in the usual manner. Ihe thirteen 

cultures obtained from the same number of aecial cuos from R, 

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

were form 5j one was form 3, and one was form 13. The three 

cultures from H. (from Montana) were identified as form 

12. 

The above evidence, although circumstantial, s-rongly indi

cates that new physiologic fonna are being produced on certain 

species of Rharanus. This may partly account for the number of 

new forms collected only on Rharnnus. The fact that the telio-

spores '.vere collected from a pure-iine selection of lov.'a 102 

(C.I. 2464), which is highly resistant 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 Qata 

Crown rust of oats probably does not hibernate farther 

north than the northern limit of over-wintering of volunteer 

oats. Those physiologic forms that hibernate in this southern 

region sliould be available for collection before those forms 

that originate on Rhamnus have appeared. Physiologic form 1 

was collected as early as February 6 at Denton, Texas, during 

1928, and both forms 1 and 5 were collected March 30, 1930, 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 OP VmiETTES, SELECTIONS, AlW SPECIES 

It is very desirable to knov/ the reaction of the most 

linportant agronomic varieties of oats to the most widely distri

buted physiologic forms, OSie forms identified sost frequently 

were numbers: 1, 5, 5, 10, 11, and 12. 

A uniform, oat crown rust nursei*y was grown at Araes, lov/a, 

and Experiment, Georgia, during 1926, 1927, and 1928, and 

again in 1929, v/ith a few changes, at Ames, Iowa, Experiment, 

Georgia, Knoxviile, Tennessee, Tifton, Georgia, A, & M- College, 

iiississippi. Baton Rouge, Louisiana, Deiiton, Texas, Stillwater, 

Oklahoma, find Manliattan, Kansas, The per cent of crovm rust 

infection on each of the varieties, selections, and species 

included in these various nurseries vras determined. In addition 

the seedling reaction of these same varieties, selections, and 

species, to physiologic foi'ms 1, 3, 5, 10, 11, and 12 was deter

mined utxder greenhouse conditions. 

In table 8 is given the average type of infection on each 

of these varieties, selections, and species with physiologic forms 

1, 3, 5, 10, 11, and 12, and the percentage of crown rust infec

tion obse^'ved on these same varieties, selections, and species, 

under field conditions at various locations in the United States. 

aOie nurseries omitted either escaped infection or the observa

tions v/ere untimely for satisfactory compariGons. 



Tal)X® 8. Keuction of certain vapiotios, sa:iootlons *i5vi aix^eiea of outa to six 
piiyoiolo^io foms of l-uoolaia coroiyi^ uvetm®, u«d tY^ pcjz* cent t>f orc«!m 
rust Infaction oa tho'varib'ties TIGI-I coiidltlon«» 

Variety» 
Golocticmy 

or 
t 0*U i 

t 

'typo "bl'' '' • t ' "• " 
i$&edllxi^ reaction ;•. 
to piijelolosic fom r^'xpfflrasni' 

nuK^Pi^ t CHaon^ia 
1  i  s  :  b  i  ' l a  ' :  n " 'i' iii 'ammm 

i'^£!)£38g 3.d7& • »'inii«ua i 
TOT^ferTmmrr'iegg—t 

y'er cerib'' bi'" crown 
vsrioua location© 
iliaaSia^ianVA* '^'' 
Kansas t i^iiosla 

XS 

A'^labttRia liybrld 
AlDloa 
AleOt W,hlt© (64)-:j-5S-
Algerian 

do 
do 
do 

Aigerian (69) 
Alssrlott (140) 
Algerian Cap® 
Algari^ui X Calcutta 
Anthony 
ftpgontlne 
Aujpora 
Atmless cult?9d 
A«nleaa Kooaroh 
Awpiliesa Pvohatier 
Awnlesa K-uatproof 
Av®na oot>^a3.alcQ (225) 
AV l^i'OVSS 
^4 'Sx^'vis (70) 
r. ̂ rovifi (£20) 
jr. stri^oaa (226) 

do 
A, filab02?3C0ns 
IT. iHgliis ( m r  

071 4 4 4 4 4 4 73 10 TO 30 65 30 
789 4 4 4 4 4 4 B5 50 

4 4 4 0 4 a 40 t 70 40 S& SO 
3579 1 4 4 4 4 BO 1 20 m 10 16 
040 4 0 4 0 4 0 eo 

8082 4 0 4 1 1 1 6 30 
m& 4 4 4 4 4 4 2d 85 

4 0 4 4 4 4 3& t 2d dV3 15 25 
4 4 4 1 4 1 15 (55 

100s 4 0 4 0 1 8 & 35 
2807 4 4 4 4 4 4 5 c; i!«r 80 eo 40 
2143 0 4 4 0 0 0 15 46 
093 4 4 4 s 2 2 5 60 
831 4 4 4 4 4 4 60 66 
1776 4 4 4 4 4 4 BQ 60 
1879 4 4 4 4 4 4 16 50 
1883 4 4 4 4 4 4 18 40 
1776 4 4 4 4 4 4 35 

0 4 4 4 4 4 1ft 50 
1783 0 0 4 4 4 4 S 6 
2762 3 0 4 4 3 4 10 10 

4 a 4 3 4 8 t 10 
4 4 4 4 4 4 t 26 

1782 4 0 3 4 4 4 & l£i 
2030 0 0 0 4 0 0 0 0 

4 4 4 4 4 4 40 46 
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^sr ' bt^" crown' aii 
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Tmnaiat&sA. & li, VI'oi.lege»'Hft6n ' 
Kansaa i Mlssieoippi soeorgilat'i^xaia tokiahcsm 

4 4 73 10 70 '60 55 30 SO 5 
4 4 25 50 
4 a 40 fc VO 40 85 m 70 30 
4 4 20 I 20 20 10 15 10 t 
4 0 90 SO 
1 1 0 30 
4 4 25 85 
4 4 3S t 25 55 i® 85 10 t 
4 1 IS 35 
1 8 6 as 
4 4 5 & SO 80 40 t 5 
0 
a 

0 
a 

18 
5 

46 
60 

26 40 

4 4 80 66 
4 4 So 60 
4 
4 

4 
4 

IS 
15 

5S 
40 

4 4 35 
4 4 15 60 
4 4 5 6 
3 4 10 10 0 0 
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4 
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t 
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10 
26 
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0 0 0 0 
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Table 8. Con timed# 

Variety)^ 
8®Xoot.ton, 

os» 
0pOGt&Q 

V • ' " ' J "' Avoy-igb ^yvDo o!;^ 
s J sQ8£llins roaotioa 
I G»2» I to pSiyaiolosie foi?m 
ximsibsrs imsiborf 

5i!3q>orIjSonfT 
3 •Soox'fSia J Airioa, lom 

""Per ceii'i' 6i' c^WWXJ 
various locattone 

fiarihatJtanjX# & '£i# 
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Table 8. Gontimjsd. 

t 
Variety# 

saieefcion* 
or 

spQcioa 
nimbo«s 

;!vorV}'^0 ""'" 
aQ»3dliiig raucfcloa 

to phyaiolo(5lc fom 

t : -TT 3'*'r TttTT Trr A • '(ir 

4 0 4 0 4 0 10 8 £>€» 20 
4 4 3 4 4 a 60 1 DS 40 40 

400 4 4 4 4 4 4 40 
lOlG 4 4 4 4 4 4 70 

4 4 4 4 4 4 40 t SO 
4 4 4 4 4 4 SO 5 20 20 IS 
A * 4 4 4 4 4 75 1 70 10 40 

1436 4 4 n 4 4 4 40 
1861 4 4 4 4 4 4 SO 
S043 4 4 4 0 4 0 85 
2054 4 4 4 4 4 4 75 1 05 30 ao 

4 4 4 4 4 4 70 5 60 40 20 
994 4 4 4 4 4 4 40 

2802 0 0 4 0 2 0 20 t SO 65 5 
1635 4 4 4 4 4 4 40 
1972 4 4 4 4 4 4 13 
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SOSD-S 4 4 4 4 4 4 eo 
1003 4 4 4 4 4 4 40 

(760) 4 4 A 
«*» 4 4 4 SO 

gOtK) 4 4 4 4 •1 5 
10S6 4 4 4 4 4 4 5 
834 4 4 "X *»• 4 A P.5 

B019 4 4 4 4 4 4 76 «;>w 00 55 10 
2052 4 C) 4 0 4 0 30 6 10 SG 
1640 A 4 4 4 4 4 
1317 4 4 4 4 4 4 
1242 4 4 4 4 10 
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Cos«iielXiaa 
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30 
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1'able 8. Contimod. 

Vapiety* 
aeleotXosi# 

OP 

: : 
: ; 
I 0#I* t 
SiYOElbOrs 

IVvaV'a'ijQ ' of" 
s-sovilin^ ^•euction 

to pliyeio-loslo fom 
aui-dbos?* 

apoclos 9 • ;• -IS •' > -e TitJ-r 'IT'T "3^ 

Iowa 6@ 24u3 0 4 4 0 0 0 
low© 77 2813 0 4 4 0 0 0 
Iowa lost ^404 0 4 4 0 4 0 
Iowa 444 SS31 4 4 4 4 4 4 
lowar 847 4 4 4 4 4 4 
Irish VietoP 1251 4 4 4 4 4 4 
Xttmcan S141 4 4 4 4 4 4 
Japan 1X57 4 4 4 4 4 4 

do 1800 4 4 4 4 4 4 
Joanetto S49 4 4 4 4 4 4 

do 1880 4 4 4 4 4 4 
1902 4 4 4 4 4 4 

Kaxsota 339 4 4 4 4 4 4 
Keystone 4 4 4 4 4 

4 
4 

K}ioi»3on 4i59 4 4 4 4 
4 
4 

do 1885 4 4 4 4 4 4 
do 1905 4 4 4 4 

Kln^ 850 4 4 4 4 4 4 
Tjaohlftn 933 4 4 4 4 4 4 
LaoM«n <S9) 4 4 4 4 4 4 
Lauhlan (QX) 2805 4 4 4 0 4 0 
Laurol skiiiloss (79) 4 4 4 4 4 4 
Leo 804S 4 1 4 0 4 0 
Liberty Hu!ll-l®ss} 045 4 4 4 4 4 4 
Lincoln 1262 4 4 4 4 4 4 
Madrid G05 4 4 4 4 4 4t 
^M^nsholt II 1990 4 4 4 3 4 4 
L^asholt IXI 2046 4 4 4 4 4 4 
Markton aos5 4 4 4 4 4 4 

i^bipar^mentii" 
t Goorgia } iiiaoa. Iowa 

>f4iaW ")»f w -if mimu 
Crpnt of crovyn 

various Iccatlone 
TMaHSaTi^nTA, Jis ?5» 
tKaneaB t lilGsi 

t' 

30 15 06 30 
60 15 55 35 
75 I 7S 40 
«0 S5 40 50 
50 (30 «5 15 
50 50 40 

85 
SO 
SO 
ao 
S5 
35 
40 
50 
25 
40 
20 
40 
50 

45 
40 

40 
40 
45 
10 
40 
46 
IS 
20 
40 
30 
30 
40 

50 
40 
40 
55 
60 
45 

00 

60 

45 

00 

SO 
40 
GO 
£50 
00 
UD 
i}0 

60 
40 
m 
70 
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Tabl© 8.  Contiimod* 

Vurlotys 
soleotion, 

OS? 
spooleg 

'tXi 
I 
t 
:au»ii£b©pj 
S L 

so^idlir^j raaotlon 
tio playsiolosio fom 

nuiabos^t 
irrrrrir irris 13 

sllxp '>r'ikaoritj^' 
vorlou« locatioi 

" :Kat)i3e."€^iacitA» iic i 
Akbsb lov/a 1 Kuneejt t isils; 

i F J S ' l i ' I 5 y 7 i > : t "  '  

liad Ala»£»lBa 
do 
do 

Raids (57) 
lilohicmd 
Bed Rustproof 

do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 

ited RastpvooS 
lied h\x3fcproof 

vol. 
•i3mlaw*a 

do 
do 

itustlesa 
Gchoolissam 
BCOttisii C! ;;I«3r 
F/Olaure 
Sid!© Oat (07) 

{ \7.\ -

(150) 

159 
IM 

8033 
2<H4 
804S 

707 
S12 

018-S 
77Q 
044 
eao 
0J51 
1(X)8 
X039 
iQ70 
1089 
1450 
IQVa 
1850 
2808 
2809 

2026 
701 
1961 
im 
2057 
1090 
1G09 

4 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

3 
0 
3 
4 
4 
0 
0 
4 
0 
o 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
4 
0 
0 
4 
4 
4 
4 
4 
O 

S 
4 
A 

4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
0 
4 
4 
4 
4 
4 
4 
0 
0 
0 
4 
0 
o 
0 
4 
O 
0 
0 
0 
3 

0 
4 
4 
4 
4 
4 
0 

4 
1 
4 
4 
4 
<1 
-i 
4 
0 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
0 
4 
4 
4 
4 
4 
4 
4 

3 
I 
4 
4 
4 
4 
4 
4 
0 
0 
0 
4 
0 
0 
0 
4 
0 
0 
0 
0 
4 
0 
0 
4 
4 
4 
4 
4 
1 

20 

15 

15 

10 
15 
70 

t 

t 
t 
t 
6 
t 
2 

t 
2 
SO 
1 

63 

55 

15 
10 

LO 

60 
30 
55 
48 
05 
25 

SO 
40 
00 
oO 

70 

IG 

5 

40 
25 
20 
v'55 
30 
5o 
30 

40 
50 
40 

60 
45 

10 
80 
S6 
15 
30 

5 
5 
10 
5 
a 
10 
15 
523 
5 
SO 
S 
s 
5 
10 
15 
S5 
UO 
50 
45 
5 

20 
85 
25 

30 
30 
35 
30 
60 
30 
30 
30 
30 
30 
36 
40 
4S 
25 
10 
50 
S& 
30 
50 
45 
46 
Gft 
46 
35 
3S. 
10 
50 
60 
40 
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8. Coatiniied, 

Vai'loty# 
selection, 

or 
epocies 

Vi<jtoa?la 
Vlotoiy 

do 
V;'as»3?lgaX (61) 
>^'ayno 

(58) 
^syElch Qoldan 
ythito AVttlcmcliQ 
^'.irlfco l^mnzsL 
Y^Mto Orofis 
^VliitO Ko. 1 (82) 
Yf-!lto HoS'y© (85) 
\\hit6 lAgowa (49) 

il§ain© 
^Tiii.to ffuoGiaa 

do 
White Tasrfcai* 

Wiseoneiia ';tonf3ar 
fid 

'<volvo]£*ixi© 
'-orthy 

(57) 

•^O0©liau®x» 

"•' i" AvW^i;;^G 
: as idling roactlmi 

C*I. to pti^aloXosiQ fom 
ninaboi?; _ nm'ibop; { O0O3?rtia J Amf3» lovn, 

'iWrnmmn 

2401 0 0 0 I 0 0 0 
1145 4 4 4 4 4 4 SO 
X985 4 4 4 4 4 4 16 
2798 4 1 4 0 4 0 t 80 2S 20 
25(57 4 4 4 4 4 4 20 

4 1 4 4 4 4 79 t 30 •S5 
1740 4 4 4 4 4 4 10 
1440 4 4 4 4 4 4 00 
1686 4 4 4 4 4 4 26 
2020 4 4 4 4 4 4 

4 4 4 4 4 4 50 10 20 535 40 
4 4 4 4 4 4 40 15 55 155 40 
4 0 4 0 4 0 10 

1Q9Q 4 4 4 4 4 4 85 
S460 0 4 4 0 0 Q 3 
2401 4 4 4 4 4 4 t 
iG40 4 4 4 4 4 4 30 
1570 4 4 4 4 4 4 50 
1645 4 4 4 4 4 4 00 
1B94 4 4 4 4 4 4 IB 
1501 4 4 4 4 4 4 
1090 4 4 4 4 4 4 (50 

4 4 4 4 4 4 m u 70 '.15 3D 
490 4 4 4 4 4 4 50 
1006 4 4 4 4 4 4 S6 

x'op 'roo tim iiiav ccuioetea oy blViVsV l^ouHy ̂  
Iowa State col lOuQs Ataos, Iowa, and oy L, J>* Leaeh, flttat ?«Uiolotjy jp-xvtmatp 
CallforAiia Ags'icj.ltu2>;il H ;•;$>« plisont; ot-^tlon. Da via, Cniifosnia. 

Numbers in parenthesis refer to 1929 row numbers at Ames, lov/a. 

e ' e r  ' ' c i ' o ^  
^wrioufii locatloi 
l,!Rnljeit;tan«A#" t 
, Kfrnecifi t Jlicf 

4S 
35 
25 

60 

40 
50 
10 
60 
5 
5 
60 

50 

60 
70 
55 
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{ O0O3?iTia Ama 

i^ep" cent.'' "ai' cromi raa'ti' iijiVjctiori' 'ooae';fvGcr''aT"'' 
.various loeat.ion» riuriju' ./eGrfl ind-ioated 

K^insas « J.',issi«»is>pl jGG03!Vd.ar're?«na : oJrlfthoti^ 

0 0 0 
4 
4 

4 
4 

go 
IS 

4 0 t 20 S5 80 
4 4 20 
4 4 7S t 50 S5 
4 4 10 
4 4 60 
4 
4 

4 
4 

25 

4 4 SO 10 20 25 40 
4 4 40 15 55 35 40 
4 0 10 
4 4 83 
0 Q 5 
4 4 t 
4 4 SO 
4 4 ao 
4 4 60 
4 4 IS 
4 4 
4 4 60 
4 4 m t 70 •IS 35 
4 4 50 
4 4 E5 

iij?, ' bTriiny> 
)>mch, ?«i Urology .'partssenti 
5avi3, Cnl3.f03.»nitt« 
numbers at Ames, lov/a. 

45 
35 
25 

60 

40 
EO 
10 
50 
6 
5 
50 

60 

60 
10 
35 

5 

6S 

65 
u5 
16 

;;K3 

t 

50 

t 
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5 

20 
10 
8 

ao 
15 
i} 

15 
20 
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I 
01 
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50 -xO iJO 
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A total of 316 varieties, selections, and species v^ere 

'I inoctilated with physiologic Torms 1, 3, 5, 10, 11, and 12. 

Physiologic fom 5 v/as again the most virulent form, only two 

varieties and one ^ecies being resistant to it. Victoria (C«I, 

^ 2401) and "Avena victoria" (C.I. 2764), apparently identical 

or similar varieties, were both completely resistant to form 5. 

Avena strigosa glaberscena (C.I. 2650) was also conpletely 

resistant to form 5. 

Sixteen varieties and selections, distributed among the 

follov/ing species 1 Avena abbysinnica, A. brevis, A. byzantina, 

A' s^jf'^.gosa, and A. strigosa glaberscens, were resis

tant to physiologic form 1, Hext to form 5 this was the most 

virulent form tested. 

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

selections, imo. species were resistant to it. Ten of the varie

ties, selections, and species resistant to form 1 were also re

sistant to form 11, 

Forms 3, 10, and 12 v/ere comparatively weak forms. A total 

of 77, 76, and 74 varieties, selections, and species (including 

those in common) v/ere, respectively, resistant to these forms. 

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

I varieties, selections, and species tested. Two of the three 

varieties that are resistant to forms 1, 5, and 11 are also 

resistant to these two forms. The oat varieties belonging to 

I 



1 
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the species A, byzantina, and eapecially the Red Rustproof varie-

^ ties, are more resistant to form 3 than to the other five foms 

1 tested. 

;1 Only the tv;o varieties Victoria (C»I. 2401) and "Avena 

victoria (C»I. 2674) v/ere resistant to the six forms tested. 

i Avegia strigosa glaberscens (C.I» 2630) was resistant to all 

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

i to all except form 5« Tv/enty varieties were resistant to four 

I of the six forms used. Klnety-nine of tiie 316 varieties, solec-

'i, tions# anci species tested v/ere resiatant to one or more physio-

1 logic forms. 

I j Because of the prevalence and wide distribution of form 5, 

i i it is difficult to correlate seedling reaction in the green-

1 house with percentage of infection in the field. Those varie-
I 
I ties and species that were resistant to form 5 were uniformly 

resistant in all field tests, I5any varieties that were unifomly 

I susceptible to all physiologic forms In the greenhouse show a 
' ".1 

I low percentage of Infection under certain field conditions. 
I 

, I However, a low percentage of infection Is apparently not always 

] due to physiologic resistance. Usually the type of Infection 

1 on these plants would be "completely susceptible", and when 

J artificially Inoculated v.'lth Gixires produced on themselves they 

I would produce a larger percentage of infection, depending upon 
the amount of inoculum used. The resistance In such instances 
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is probably functional Instead of physiologic. 

A nximber of the Red Kustproof varieties produced a rela

tively low percentage of infection under field conditions, 

;h'/hile adjoining plants of another variety would produce a lii/jii 

percentage of infection. Numerous collections from the Red 

Rusproof and adjoining plants v/ere all identified as either 

physiologic form 1 or 5. Vihen Red Rustproof plants of these 

same varieties, of equal age were inoculated under greenhouse 

conditions with either form 1 or form 5 they produced a hi^ 

I percentage of infectiono But under field coiiditions v;ith eja 

jabimdance of the same inocultim, they were apparently partially 
I 
jresistant, at least at certain locations, A variety would often 
I 
jshov/ a low percentage of infection at one station and a 

I percentage of infection at anoth-^r v/here the same forms were 
1 

japparently present in equal abu ndance. It would seem that this 

lis not true physiologic resistance and that it is affected by 

environmental conditions. 

Certain varieties and species were outstanding for tlieii* 

resistance to cro';7n rust under field conditions. Victoria (C.I, 

12401) v/as observed during 1929 at Ames, Io.,a, and at Manhattan, 

Kansas. At Manhattan, Kansas, it siiowed a trace of cro'.vn rust 

irifection of type 0—1, Mzbile at Ames, lo'.va, there v/as a trace 

of type 0. The unusual field resistance of Victoria (G.I. 2401), 

combined with its resistance to eight of the 13 physiologic 



I I ionus Q.©sci*i.b6d._ j  siiouid JBa.lcG tixls vcirioty vsry VH.iiiauls fox* 

I j hybridization and aelection. 
1 s 

I Avena strigoaa glaberacens (G.I. 2650) aiiowed a trace of 
i 
j !:ype 0 infection at Amea, Iov;a, and Manhattan, Kansas, during 

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

] one of the eight physiologic forma identified during 1929 ard 
i 
I 1930. 

I Other varieties and species ahov/ing a coEaparatively lovy 

j percentage of crown rust infection under field conditions v/ere 
1 
1 

j iVhite Hussian (O.I. 2460 and 2461), Green Russian (G.I, 1040 

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

(C.I. 2762), Red Rustproof (c.I. 1079 and 1089), School-

I j mam (G.I. 2057), Sunrise (C.I. 982 and 1799), Algerian (G.I. 

I 35/9), and Nortex (C.I. 2od2). While none of these varieties 

! I or species were equal to Victoria (c.I. 2401) in resistance 

I curing 1929, they were notable for their low percentage of in-

: feetion as compared to the average commercial variety. 
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J 

j GRAMINEOUS HOST RANGE OF GliRTAIN 

I j PffifSIOLOGIG FORMS 

I An ab„.empt v;as made to determine the gramineous host riinge 

j of physiologic forms 1, 3, 5, 10, 11, and 12. ..3 many as 

I possible of the various gramineous species that have been re-

I ported as hosts for Puccinla coronata wer-e secured. The seed-

i ling reaction of each of these, and other species, to the above 

I rnentioned physiologic forms was determined* 
i 

I rhe reaction of certain species of ^rass to a pai^ticular 
I 
I ph7/3iologic form of crov7n ru.st was not nearly as constant as 

I was uhe reaction of oat varieties, selections, and species. Ab-

jnormal types of reaction, and much variation on individual plants 

I Iaiin betv/een diflcrent plants of the same species were observed. 
t 

I I In table 9 is given the reaction of 79 species, belonging 

I jto tlie tribes Agrostideae, Andropogoneae, Aveneae, Chlorideae, 

I iPestuceae, Hordeae, and Phalarideae, to each of tiie physiolo^-ic 

i ji'orcis mentioned above. 
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i'abl© 9. Continued* 

fipeciea 
Wpe ̂  'I'o 'pHysXolpjj'ic i'oi^ ;fu«Bl3fc'ri 

tHaii^e iiivg*'t Han^--e s rsi/ju 8niro g ;1 y^g i i 8AViyT»g&^»Hange cVf<:.  

.wsna eatlva mutica (C*I« 2122) 
do (C.I, 8X24) 

Avom sativa vciretaXle {C.I. 2137) 
Avetm Btrigoea (c.l. 1732) 
Avona ©trlgosa giuoiji-seeiiS (C»I. 2630) 
.ivena wieotit (C.I. i994) 
BeckasaDJila einicaefonnis 
Droiflus clliiita 
SlKJffrUS pu»3p<?lllttnu8 
Bpouiua richaiYisonii 
€uXamaifi3:''oati« caijadeiisis 
CaiasTia^-^oatio purpiirasoeriS 
Caprlola dactylon 
Chi01*1® gayaiia 
ractyllo giO!a©rata 0-4 
Elymuo camdojisls 
Ffestuoa a3?ur.d inadea 
Featuca coTif lnis 
Pe5!f;uca duriuoeula 
Fe^atucft eiatior 
Feotuea 
Fai^tuca 
Ff;»t;uoa 
B'estuc& 
FSGtuca 
Ffii5taca 
Feii t'."aea 
Festucft 
liolCUB i 
-ioi'^deum 

^igantea 
obtuea 
oetoi'lora 
ovina 
rab'm 
fubi'a i'liilaK 
subulata 
toacatoJia 
•.aleiJtviGio 
diBtichOfi 

1^0 

2-4 

4 
4 
4 
4 
0 
4 
X 
X 
X 
X 
I 
X 
X 
X 
3 
X 
X 
X 
X 
0 
X 
X 
3 
X 
X 
I 
I 
X 
I 
I 

0-X 

2^0 

S-^ 

4 
4 
4 
0 
0 
4 
X 
I 
1 
2 
1 
X 
X 
X 
0 
I 
X 
I 
X 
0 
X 
X 
3 
I 
I 
X 
X 
x 
:t 
1 

o-x 

x-o 

2»4 

4 
4 
4 
5 
0 
4 
X 
X 
X 
X 
X 
X 
X 
X 
0 
X 
X 
X 
X 
0 
X 
X 
;5 
X 
I 
X 
I 
X 
X 
I 

x-o 

I-O 

0-»5 

4 
4 
4 
4 
4 
4 
X 
I 
X 
X 
X 
X 
X 
X 
0 
X 
X 
X 
X 
0 
X 
1 
2 
I 
X 
I 
I 
X 
i 
I 

X-0 

x«»o 

2«4 

4 
4 
4 
4 
0 
4 
I 
X 
I 
X 
I 
X 
X 
I 
0 
I 
X 
X 
X 
0 
X 
X 
3 
I 
X 
X 
X 
X 
I 
T X 

X-0 

x^o 

0-3 

4 
4 
4 
4 
X 
4 
X 
I 
I 
X 
X 
I 
X 
X 
0 
1 
I 
X 
X 
0 
I 
I 
8 
X 
X 
X 
X 
X 
X 
X 



Tuhle 9. CoROliii'ed. 

spociea 
i iyge oi^ reactloa 'i;q 'i,>D.ysjLoi'o'aic t'orm" nujiabeyT^"^' 
t A o' i i 10 r^" "Xjf" 
[KavuiiS 

IT 
t iian^:;g ti> Vj/,# {i kv^t^71 iWaij^e; ;lvg'»' i i\a«ae ivf|7 s 

Eordmias juUatum 
Hordeum viilgftre 
Lolium Itallcum 

pereiitj© 
teniuionfcura 
mutloa 

?iotholcue Joiiatuo 
i'hXeuin pratonn© 
Poa &xxmi& 

arachtiifora 
copipresaa 
noinor«iis 
pra ••.oris Is 
fcrisvuliB 

SQceie cereivlo 
Bpoj'obolus cr:/ptjandruo 
Tpiijetuin apiCRiiua 
^Titicum vaArifcro 

Loliuia 
LoXixm 
Lolhm 
Kelica 

Poa 
Poa 
Poa 
Poa 
?oa 

O^Q 
0-1 

I 
I 
1 
2 
X 
I 
I 
X 
1 
0 
I 
X 
I 
1 
2 
I 
1 
2 
I 

I-O 

o*s 
0«1 

I 
X 
X 
X 
0 
X 
X 
I 
1 
0 
I 
X 
X 
X 
I 
I 
1 
X 
I 

X-0 

x^ 
0-S 
0«1 

I 
X 
X 
X 
X 
0 
X 
0 
s 
0 
X 
X 
X 
X 
X 
X 
X 
X 
X 

0-a 
0«1 

X 
X 
X 
X 
X 
X 
X 
X 
1 
0 
X 
0 
X 
X 
X 
I 
X 
X 
X 

x-0 
0-1 

X 
X 
1 
I 
X 
X 
X 
X 
0 
0 
I 
I 
1 
X 
I 
I 
X 
X 
X 

X-0 

x-0 

x-o 
0-a 
0-1 

I 
1 
0 
x 
0 
X 
0 
X 
1 
0 
X 
0 
T 
I 
X 
X 
I 
X 
X 
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Porfcy of tiie 79 species weTe apparently iimnxme to eacli 

of the six physiologic forms tested. Ei^teen ispeciea (includ

ing 15 Avena species) gave a susceptible reaction to each of 

the six fonns. Three of these (Achroyden aureum Boehmer^ 

Anthoxanthura odoratum L,, and Festuca octoflora Vralt.) are 

'.vild grass species. Anthoxanthum odoratum and Festuca octo

flora are common in occurrence throughout the United States, 

v/hlle Achroyden aureum is a native of Europe and is naturalized 

only in southern California. I^actylis glomerata L. gave a 

susceptible reaction to physiologic form 1, and minuto uredinia 

7,'ere produced when it was inoculated with forms 3 and 6. The 

other forms (10, 11, and 12) produced only necrotic areas on 

this species. Minute uredinia v/ere produced on Poa annua L. 

by each of th© six physiologic forms used. Phleum pratenae L. 

was quite variable in rc-action. Uredinia were produced on this 

species by all forms, except form number 11 and repeated trials 

failed to produce uredinia when it v/as used. '£here was much 

variation in the production of chlorotic and necrotic areas on 

She different species. Apparently this type of infection is 

greatly influenced by environment and the age £md condition of 

the host tissue. Nev/ly developed leaves often gave a more sus

ceptible reaction than older leaves. 

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

of the species tested differ in their reaction \f^en inoculated 
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with different physiologic foms» However, outside of the Avena 

group, this evidence of physiologic specialization is slight, 

i Before physiologic forms could be accurately differentiated 

I using gramineous hosts, other titian Avena, it would be necessary 

to secure pure lines of the various species. 

Melhus, Diets and Wiiiey (47), using Puccinia coronata 

a venae, obtained noinnal infection on Alopecunls prat ens is L. 

and Arrhenatherum elatius (L,) Mert. and Koch«, while in the 

present investigatl ons the maximum infection observed on these 

species was type 0» It is possible that they were using a 

physiologic form to v/hich those species were particularly sus

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

variation within the tv/o gramineous species. 

Ihe following species produced uredinia, when inoculated 

v/ith some one or more of the six physiologic forms used: 

Achroyden aureum Avena sativa diffusa 

Anthoxanthiim odoratum Avena sativa mutica 

Avena abysinnica Avena sativa vegetalis 

Avena barbata Avena etrigosa 

Avena brevis Avena strigosa glaberscens 

Avena nuda Avena miestia 

Avena nuda brevis Dactylis glomerata 

Avena sativa Pestuca octoflora 

Avena sativa aristata Phleum pratense 

Avena sativa aurea 
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DISCUSSIOH AND COHCLWSIOWS 

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 forma of more or less Inl'requent occurrence, 

i'iie source of these rare forms is not definitely knovm, but 

certain of them apparently originate on Khainnus. If so, it is 

very probable that these and other new fox^ms will continue to 

appear from year to year and it is altogether possible that new 

forms more virulent than form 5 will appear and that they will 

become widespread in distribution. However, the ehunces of such 

forms being produced are probably no greater for the future 

than they have been for the past. 

Apparently the number of physiolot-ic forms of crov/n rust 

prasent in certain localities is not constant from year to year. 

Hexv forms seem to appear and certain of the old forms disappear, 

'r^-iis is especially true in those regions where the alternate 

host functions. By collecting from different species of Rhamnus 

it may be ..ossible to indefinitely continue the discovery of new 

physiologic forma. 

•rhe discovery of new differential hosts suggests bhe idea 

that they may also be a limiting factor in the discovery of new 

physiologic forms. It seems very probable tliat a mcr e careful 

search would disclose additional differential hosts and that it 

mi^t even be possible to sub-divide some of the physiologic 



I forms now known. Also, tlie discovery of certain varieties 

I j yosseGsing unusual resistance to the different physiologic forms 
•I 
« i.ind under field conditions^ encoura^^'cs furthsr search for varie— 
3 

I I ties resistant to all physiologic forms, 
j 

I I The varieties Victoria (C.I. 2401} and "Avena victoria" 

j (G.I. 2764) are outstanding for their resistance to the eight 
j 

I physiologic forms secured during 1929 and 1930. Using resistant 

varieties of tiiis type^ it should be possible to produce, by 

hybridization, a hybrid selection resistant to crovm rust, stem 

msc, loose smut, and covered smut. Such varieties as logold 
i 
I (C.I. 2329), Anthony (C.I. 2143), and HajIra (C.I. 1001) should 

j furnish resistance to all physiologic forms of Puccinia gr«"iinis 

avenae now present in the United States. While Markton (C.I. 

2053), Black Mesdag (C.I. 1877), and other smut—resistant varie

ties and selections, should furnish resistance to loose and 

covered smut. Appropriate crosses betv/een these varieties, and 

between their hybrids should be of great value both from the 

standpoint of producing high yielding, resistant selections, and 

for a study of the inheritance of resistance to these various 

diseases. By crossing Victoria (C.I. 2401) or "Avena victoria" 

(C.I. 2764) v/ith the different differential hosts, it should also 

be possible to determine the number of factors involved in the 

Inheritance of resistance to different physiologic forms of crov/n 

rust. 
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Tlie investigation o£ physiologic specialization in cro\m 

rust shozild be continued, and apparently the relation of the 

alternate host to physiolO;-ic specialization and tne produc

tion of new physiolof.ic forms should be especially emphasized. 

In Europe Klebahn {42) first divided Puccinia coronata 

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

fera Kleb, He believed that Rhamnus frangula acted as a differ

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

(10) variety himalensis to a species rank, thereby adding a 

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

Diet, v/as on Rhamnus dahurica. Then Mtihlethaler (49) added a 

fourth species, Puccinia alpInae-coronata Muhl. with an aecial 

stage on Rhamnus purshiana. 

In /imorica, Melhus, Diets and V/illey (47) and Diets (22) 

iiave shown that certain species of Rhamnus act as differential 

hosts for the physiologic varieties of Puccinia coronata Corda. 

The data secured in the present invesbigation indicates 

bhat certain species of Rhamnus luay also act as differential 

hosts for physiologic forms of the physiologic variety P. coron

ata avenae. 

Therefore, it is only logical to retain all physiologic 

varieties and foms of crown rust under the one morohologic 

species Puccinia coronata Corda. Physiologic specialization in 

the species is hi^^y developed and is evident on both the 

Rhamnus and gramineous hosts. 



SUMM&Ry 

Two hundred forty-five cultures of Fuccinia coronata avenae 

\/ere obtained from 171 collections md© during tlie years 1927, 

1928, 1929, and 1930, One or the other of two uniform sets of 

33 possible differential hosts were individually inociilated 

with each of these 245 cultures. 

Tiiirteen physiologic forms were distinguished among these 

cultures by the differential reaction, of seedlings, of eight 

pure-line-selected: varieties, selections, and species of 

oats, and one species that was not pure-line-aelected, 

P^y'^lologic foiTO 5 v;as tho nost viniloiit fonu dsaci'ibed, 

only the two varieties Victoria (C.I. 2401) and "ivena victoria" 

(C.I. 2764), and the species A vena stri^^osa glaberscens (G.I. 

2630) being resistant to it. Poi-ms 5, 1, and 3 were the raost 

'.'/idely distributed fonas, the former two predominating in the 

south. 

Evidence is presented which indicates that certain physio

logic forms may originate on certain species of Rliainnus* 

The seodling reaction of 316 varieties, selections, and 

species to physiologic forms 1, 3, 5, 10, 11, and 12 is ̂ iven. 

The percentage of crovm rust on certain of these same varieties 

under field conditions at seven locations in the United States 

is also recorded. 

The variety Victoria (C.I. 2401) was outstanding for its 
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resistance to eight physiologic forms collected during 1929 

and 1930, and to epiphytotic of crown rust under field condi-

cions at Arnes, Iowa, and Manhattan, Kansas, during 1929. 

A study of the gramineous host range of physiolo-lc forms 

1, 3, 5, 10, 11, and 12 is reported, 'Itie reaction of all 

species, outside the Avena group, to each of these physiologic 

forms is very similar. 



-83-

ACKNOWIiEDGEffiMTS 

Tiie writer wlslies to express his appreciation to Dr» S»M» 

Dietz for timely assistance given throughout the investigation, 

and to Dr. I.E. Melhus and Professor L.C. Burnett for coopera

tion, and assistance in preparing this manuscript. Appreciation 

is expressed also to Dr. H.B. Humphrey, Bureau of Plant Industry, 

'.vashington, D.C., under whose direction these investigations 

were conducted, and to Mr. T.R. Stanton, Bureau of Plant Indus-

Washington, D.C., who furnished seed of the new and foreign 

varieties and species of oats studied, -'fhe ivriter is indebted 

to Mr. L*D» Leach for the nine collections of crown x'ust secured 

1927,and much additional inate/'ial and information i'ur— 

nished at the beginning of the investigations* To the coopera-

tors mentioned earlier in this manuscript and to ^hose men who 

so kindly sent in collections of crown rust, the writer wishes 

to express his sincere gratitude. 



-84 
5 

I 

LITERATURE CITED 

(1) Allen, Ruth P. 
1930» A cytological study of heterothallism in 

Puccinia graminis. Jour, Agr. Rea, 40: 
585-614. 

(2) Arthur, J.C. 
1905. Cultures of Uredineae in 1904. Jour, Mycol. 

11; 50-6Y, 

(3) . 
1912. ^Cultures of Uredlnoae in 1910. Mycologia 4: 

V""33 . 

(4 )  .  
TST57 'Cultures of Uredineae in 1915. Mycologia 8: 

125-141. ^ 

(5) and Pronmie, P.P. 
Uredinales; Dlcaeoaa on Poaceae. N, '\mer. 
Flora 7: 277-341. 

(G) and Holway, E.W.D. 
Descriptions of Aicsrican Uredineae, ii. Bui. 
Lab. Hat, Hist. State Univ. la. 4: 377-402. 

(7) Bailey, D.L. 
1923. Sunflower rust. Minn. Agr. E^q?. Sta. Tech. 

Bui. 16. 31 p. 

(8 )  .  
Physiologic speoialization in Fuccinia graiaiuis 
avenae Erilrss. and Henn. Minn. Agr. Exp. sta. 
Tech. Bui. 35. 33 p. 

(9) Bandi, W. 
1903. BeitrSge zur Biologie aer Uredineen (Phragmidium 

aubcorticium (Schrank) Winter, Pu cinia Caricis-
montanae Ed. Fischer). Hedv/igia 42: 118: 152. 

(10) Barclay, A. 
1891. On the life-history of Puccinia coronata, var. 

himalensis. Trans. Linn. Soc. (II.) 3: 
227-236. 

(11) Bary, A. de 
1866. Heue Untersuchungen ̂ ber Uredineen. Monatsber. 

K. Preusa. Akad. V/iss. Berlin. 1865; 205-215. 



f— -00-

fC. 

(12) Carleton, M.A. 

1899. Cereal rusts of the United States: a physio-
V ^^^®^^^Sation, Bui. U.S. Dept. A^^r. 

Div, Veg. Phys« and Path. 16. 75 p, 

(13)  Conru,  M.  

1880. Note sur les generations altemantes des 
Ured_neeSi Bui. Soc. Bot. Prance. 27: 179. 

(14) Craigie, J,H. 

1927. funsl. Nature 120: 

(15) 

"TOT: Discovery of the function of the pycnia of the 
rust fungi. Nature 120: 765-767. 

(16) 

occurrence of pycnia and aecia in certain 
rust fungi. Fhytopath. 18: 1005-1015. 

(17) . 

Paccinia graminis. Canada 
78?82 Farms. Div. Bot. Rept. 1928: 

(18) Dietel, P. 

1887. Beit^ge zur Morphologie und Biologie der 
Uredineen. Bot. Centbl. 32; 54-56^ 

(19) 

"Tmr. in frOhem Zeiten plurivor? 
Bot. Centbl. 79 : 81-85, 113-117, ^^-^^^^vor 

(20) Dietz, S.M. 

1923. The role of the genus Rhamnus in the disseniina-

1162. 19^!^ 

(21) 

"T5SB": '^0 effect of the alternate host on T^hysiolocic 
forms. Phytopath. 16: 83-84. (Ahst'iSt). 

(22) 

1^557:^ -The alternate hosts of trown rust, Puccinia 
coronata Corda. Jour, Agr. Res. 33: 953-970. 



-86-

(2o) Duri'ell, and Parker, J«H» 
1920. Comparative JTesiatanco of varieties of oats to 

(24) Eriksson, Jakob. 

1894. Ji© Specialisirung des Paraaitisnus bei 

12^ ®®^®3.1. 

(25) 

"TWn l?euo Beobachtungon fiber die Hatur und das 
Vorko^n des Kronenrostes. Contbl. Bakt. (ii) 

(26) .  ^ 
^13997 liouvelles etudes 3ui» la rouille bnme des 

oA^ooo^" Scl. Nat. Bot. ser, 8, 9: 
^ w JL ""Soo # 

(27) . 

Specialisieruns des Getreideschwarzrostes 
in ^^Jhyeden land in anderen Lindem. Gentbl. 
Bakt. (II) 9; 590-607, 654-658. 

(28) . 
TSm: 'Keue studien fiber die Specialisierung der 

grasbewohnenden Kronenrosten. Ark. f. Botanik. 
o• 

^29) and Henning, Ernst. 
1B94; ~&i6 Haptresultate einer neuen tTntersuciiung fiber 

SS gets^ideroste. Ztschr. PflanzenkrankT 4: 
feO f ""SoS* 

. 
Die^ lieirelaeroat©, ihre GescMchta und Katur-
sowxe Mass2»eslen gegen dieselben. Stocldiolm 
Norstedt. 465 p. ' 

(31) Gordon, W.L. 
1928. Physiologic forms of Puccinia graminis avenae 

^rikss. and Henn. in Canada, Sci. A/n?!. 8* 
462-463. (Abstract). ^ 

(32) and Bailey, D.L. 
152^: 'Physiologic forms of oat stem rust in Canada. 

Sci. Agrl. 9: 30-38. 



-87-

(33) Hanna, W.P. 
1929, Huclear association in the aecium of Puccinia 

sraminia, Nature 124 (3120); 267» 

(34) Hoemer, G.R. 
1919, Biologic forms of Puccinia coronata on oats, 

Phytopath, 9; 309-314, 

(55) Himgerford, C.W., and Ov/ens, C.E, 
1923. Specialized varieties of Puccinia gltunarum and 

hosts for variety triticl. Jour, Agr. Res, 
25: 363-402, 

(36) Jaczewski, A, von, 
1910, Studien Uber das Verbalten des Schwarzrostoa 

des Getreides in Rassland, Ztschr. Pflanzen-
krank, 20: 321-359, 

(37) Jordl, E, 
1903, Eulturversuche mit Papilionaceen bewolmenden 

Rostpilzen, Centbl, Bakt, (11) 10: 777-779, 

(38) , 
1904, Beitrfige ziir Kenntnis der Papilionaceen bewobnenden 

Urojayces-Arten, Oentbl, Bakt, (II) 11: 763-795, 

(39) Klebahn, H, 
1892, Kulturversuche mit heterBcischen Uredineon, 

Ztschr, Pflanzenkrank, 2: 332-343, 

(40)  .  
1894, kultorversuchfi nit heterScisciien XTredineen, 

Ztschr, Pflanzsnkrank. 4: 129-139, 

(41) , 
1895, Kulturversuche mit heterBcischen Rostpilsen, 

Ztaohr, Pflanzenkrank, 5: 149-156, 

(42) , 
1896, Kulturversuche mit heterBcischen Rostpilzen, 

Ztschr, Pflanzenkrank, 6: 324-338, 

(^3) . 
1912, Kulturversuche mit Hostpilzen, Ztschr, Pflanzen

krank. 22: 321-350, 



-88-

(44) Magnus, P. 
X894» D1.6 systsina'tisclio UntQfsclioid'mig nftdist veii^wandtep 

parasitischer Pilzo auf Gmmd ihres vorscheidenen 
biologlschen Verhaltens. Hedwigia 33: 362-366. 

(45) Mains, E.B. 
1926. Studies in ruat resistance. Jour. Heredity 17; 

3XS**oS5 • 

(46) . 
^926, ^Physiologic specialization in leaf rust of 

wheat, Puccinia triticina Erikss. PhTtopath. 
16: 89-119. 

(47) Mslhus, I.E., Dietz, S.M., and Willey, Florence 
1922, Alternate hosts and biologic specialization of 

crown rust in America. lov/a Agr., ?:xp. Sta. Kes. 
Bui. 72: 211-236. 

(48) 
^919~. 'Studies on the crown rust of oats. lov/a Agr. 

EJXp. Sta. Res. Bui. 49: 115-144. 

(49) MiXhlethalor, P. 
1911. Infektionsversuchs mit Hhaaams befallenden 

Kronenrosten. Centbl. Bakt. (II) 30: 386-419. 

(50) &!ui^hy, H.C. 
1930. Physiologic specialization in Puccinia coronata 

avenae. Phytopath. 20: 143-144. (Abstract). 

(51) Hev/ton, Hargaret, Johnson, T., and Brown, A.H. 
1930. Hyoridization of physiologic forms of Puccinia 

graminis. Phytopath. 20: 112-113. (Abstract). 

(52) Nielsen, P. 
1877. Bemaerkningen om nogle Rustarter. Hot. Tidsskr. 

3: 39. 
/ )  .  ' •  

(53) Parson, H.E. 
1927. Physiologic specialization in Puccinia coronata 

avenae. Phytopath. 17: 783-790. 

(54) Plowright, C.B. 
1889. A monograph of the British TJredineae and 

Ustilagineao. London. Kegan, Paul Trench and 
Co. 347 p. 



-89-

// • 

(55) Popp, William 

1926. Crown rust of oats in eastern Canada, lath 

38^^54^^^^' Prot. Plants, 1925-1926: 

(56) Probst* R. 

1909. Die Spozialisation der Puccinia Hieracii. 
Centbl, Bakt. (II) 22; 676-720. 

I (57) Rostrup, K, 
1894. ^kologisk© Meddelelser (IV) Bot. Tldaakr. 

(53) Scheibe, A. 

1928. v/eizenbraunrost, Puccinia tritlcina 
^riksson, I, Biol. Reichsanst. Land-Porstv/. 
Borlin-Dalilem. 7; 575-603. 

(59) Scliroeter, j, 

187S. Sntwicklxinssgesciiichte ©iniger Roatpilze. 
Beitr, Biol. Pflanzen. 3; 51-93. 

(60) Stakmn, E.G., and Christensea, J.J. 
1926. P^siologic specialization of Uatilago zeae and 

^ccinxa sorghl and their relation to com 
improvement. Phytopath. 16; 34. (Abstract). 

"I Arts ?!rr' 1 and Brewbaker, H.E. 
iySSr: Mysiologlc specialization in Puccinia sorghi. 

Phytopath. 18: 345-554. 

^and Levine, M.u. 
1922^ iPhe determination of biologic forms of Puccinia 

Exp. Sta. 
•Lccn. jsux. o. 10 p. 

* and Bailey, D.L. 

(64) 

Biologic rorms of Puccinia graminis on varieties 
or Avena app. Jour. Agr. Res. 24: 1013-1018. 

Tag A ' -1^ , -j-j I , » and Cotter, R.U. 
1930. iflutation in Puccinia sraminis. 

Phjrtopath. 20; 113. (Abstract), 

I and Piemoisel, P.j. 
1917. biologic fOKiia of Puccinia graminis on cereals 

and grasses. Jour. Agr. Res. 10: 429-496. 



-90. 

(66) Tpebouz, 

1912. Infektlonsverauche mit par-asitischsn Filaen 
III, Ann, Mycol. 10: 557-563. 

(67) . 

Ii)i4, Infektionsversuchs mit parasltischen Pllzen 
IV, Ann. Mycol. 12; 480-433, 

(S3) Ward, H.M. 
1901, The bromes and their mst-fun^s (Puccinia 

diaporsa). Arm. Bot, 15: 560-562. 



-9i-

EXPLAHATION OP PLATES 

Plate I 

Pig. !• Muslin co33ipartinent3 in which all seedling plants 
were grown, to determine types of eromi rust infec
tion* 

Pig» 2» Covered lamp cliimneys used to retain crov/n iTust 
cultures. 

Plato II 

Pig. 1. Tanks made of galvanized steel with false bottom and 
glass top used as inoculation chambers. 

Pig. 2. Types of crown i^ist infection: 

I. No macroscopic evidence of infection, 

0. No uredinia forraed, necrotic areas present. 

1. TJredinia few, sijsall, alv/ays in necrotic areas, 
also more or less necrotic areas produced without 
the developmeht of uredinia. 

2. Uredinia fairly abundant, smll to medium size, 
always in necrotic or very chlor-otic areas. 

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

4. Uredinia abundant, large, no necrosis or chlorosis 
iraniediately surrounding the uredinia, 

Plate III 

Pig' Puccinia coronata avenae (Physiologic form 1) 

1. Belar (C.I, 2760) — type 4, 

7. Anthony (C.I. 2143) - type 0. 

8, Iowa 102 (G.I, 2464) - type 0. 

II* Avena strl^osa glaberscens (C.I. 2630) - type 0, 

21, Victoria (C.I, 2401) - typo 0. 

28. Iferkton (C.I. 2053) - type 4, 
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Pis* 2. Pacolnia coronata avenae (Physiologic form 3). 

1» Belar (G»I, 2760) - type 0« 

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

8. Iowa 102 (C.I. 2464) - type 4, 

11. Avena strisoaa glaber'scens (C.I. 2630) - type 0. 

21, Victoria (C.I. MOl) - type 0. 

28. Markton (C.I. 2053) - type 4. 

Plate IV. 

Pig. 1. Puccinia coronata avenae (Physiologic fovm. 5). 

1. Belar (C.I. 2750) - type 4. 

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

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

11. Avena strigosa glaberscena (C.I. 2630) - type .0. 

21. Victoria (C.I. 2401) - type 0. 

28. Markton (C.I. 2053) - type 4. 

Fig. 2. Paccinia coronata avenae (Physiologic form 6). 

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

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

8. Iowa 102 (C.I. 2464) - type 0. 

11. Avena strigosa glaberacens (C.I. 2630) - type 0. 

21. Victoria (C.I. 2401) - type 0. 

28. Markton (C.I. 2053) - type 4. 
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Plata V 

Pig. 1. Puccinla coronata avenae (Physiologic forai 10). 

!• Bslar {C.I. 2760) - type 0. 

7. Anthony (C.I. 2143) - type 0. 

8. Iowa 102 (C.I. 2464) ~ type 0. 

Avena strlgoea glaberscens (C.I. 2630) » type 4. 

21. Victoria (C.I. 3401) - type I. 

28. Harkton (C.I. 2053) - typo 4, 

Fig. 2. Puccinla co ronata avenae (Physiologic form 11), 

1. Belar (C.I, 2760) - type 4. 

7. Anthony (C.I. 2143) - type 0. 

8, Iowa 102 (C.I, 2464) - type 4. 

strlgosa gl^iiersoenB (C.I. 2630) - type 0, 

21. Victoria (C.I. 2 01) - type 0. 

28. Markton (C.I. 2053) - type 4. 

Plate VI 

Pig* !• Puccinla coronata avenae (Physiologic form 12) 

1. Belar (C.Iy 2760) - type 0. 

7. Anthony (C.I. 2143) - type 0, 

8. Iowa 102 (C.I. 2464) - type 0. 

Avena strigoaa glaberscens (C.I. 2630) - type I. 

21, Victoria (C.I. 2401) - type I. 

28. Markton (C.I. 2053) - type 4. 



-94-

5*15. 2, Puccinla coronata avenae (Physiologic form 13). 

1. Belar (C.I, 2760) - type 0-

7, Anthony (C.I. 2143) - type 1. 

8* Iowa 102 (G,I. 2464) - type 4. 

11. Avena strigosa glaberscena (C.I, 2630) - typo 0. 

21. Victoria (C.I. 2401) - type 0. 

28. Markton (C.I. 2053) - type 4. 

Plate VII 

Teliospore forination of physiologic forms 3 and 5 on 
^ 2 j3?om two panicles of oats. All infection 16 

days old and produced iinder identical conditions, 

1. Palghm (C.I. 650-203) - abundant telia formation, 
physiologic form 3. 

(C.I, 650-203) - abtmdant urodinia forma
tion (no telia), physiologic form 5, 

3. D.A.C. # 10 (C*I» 2829) - abundant telia formation, 
physiologic forai 3, ' 

4, D.A.C, # 10 (C.I. 2829) - abundant uredinia forma
tion (no telia), physiologic form 5. 
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