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FIELD STUDIES ON THE RUST RESIST-
ANCE OF OAT VARIETIES'

By M. N. Levivg, Pathologist, Office of Cereal Crops and Diseases, Bureau of
Plant Indusiry, Uniled Slates Department of Agriculiure; B. C. Sraksmax, Plant
Pathologist, Agricultural Ezperiment Slation, Universily of Minnesoia, and
Agent, Office of Cereal Crops and Diseases; and T. R. SraxnTow, Senior Agron-
omish, Office of Cereal Crops and Disenses
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INTRODUCTION

The two rusts of oats, Puccinia graminis avenae {Pers.) Er'kss. and
Henn. and P. coronata avenae (Corda) Erikss, and Henn., do considerable
damsge in the United States every year, and both sometimes become
destructively epidomic over extensive nress. There are two prin-
cipal methods for their control—the eradication of their alternate
hosts and the use of rust-resistant varieties of oats. In the Southern
States both rusts develop independently of their alternate hosts, and
the production of rust-resistant varieties assumes paramount impor-
bance. In the North, barberry eradication is reducing losses from
sterm rust somewhat, but the cradication campaign is far from com-
pletion, and there is no organized attempt to eradicate buckthorns.
Therefore ib is important to breed rust-resistant varicties for the
Northern States also.

The importance of physiologic forms of rusts in breeding for
resistance is now rather generally appreciated. Stzkman, Levine,
and Bailey (I8), Bailey (2}, and Gordon (70) deseribed sevoral
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physiologic forms of Puceinia graminis avenae, while Hoerner {12), Popp
(16a), and Parson (16) have shown that there are physiologic forms of
P. coronate avence. Different physiologic forms may be preseni in
different geographic regions, Therefsre a variety may be resistant
in one region and susceptible in another. It is known also, in the
case of P. graminis triticy at least, that the same forms are not neces-
sarily present in the same region every year. Therefore a variety
may behave differently with respect to rusts in the same locality in
different years. 1t is essential, then, (o learn the number, geographic
distribution, and degree of mobility of physiologic forms of rusts as a
basis for the most intelligent procedure in breeding. Obviously one
method of obtaining this information is to grow the same varieties in
many different localitics for several years, with the expectation that
the type and degree of rust infection will furnish preliminary infor-
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Tenruk L—Loeuion of milorm oxt-rust nurseries at 63 evperiment stations in the United Steres
nnd sagtern Canada during one or more of the five years 1023 Lo 1627, inclusive

mation, which ean then be amplificd by artificial inoculations with
rust colfeeted in each locality.

The investigations hevein reported were witiated (1) fo delermine
the degree of resistance of varieties of oats o stew rust and erown
rust under nalural enviconmental conditions tu different parts of the
Ubited States and eastern Canada and (2) to aseertain the distribu-
tion and to detemnine the identity of the physiologic forms of P.
graminis arence responsible for the stem-rast epidemics i these
reEIoNns.

SCOPE OF EAXPERIMENTS

Uniform oal nurseries, similar to those deservibed for wheat (6, 18),
were first grown on a relatively moriest scude in 1823, During the
five years 1923 to 1927, elusive, nurseries were grown, al one time
or another, at 65 diflferent experiment stations in the United States
and cpstern Cunada, (Table ©and figs 10 Altorether, 220 varietios
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of oats were tested. (Table 2.) When the experiments were first
started only 11 varieties were ineluded in the wniform rust-nursery
test at 21 experiment stations, but eventually 22 varieties were grown
at 48 experiment stations,

TABLE 1.— Lacation of uniforr: oal-rust nurgeries, number of oal varieties, and names
of cooperalors at each of the 65 experiment gictions whare the rust murseries were
grown during one or more of the five years from 1523 {o 1987

Map
rofer-
enee

7
! Number of varieties

; grown I stated vears

Lacetion

Western Stitex
Moro, Oreg oo I
Moscow, Idaho._
Aberdeen, Idaho., _
Estes Park, Colo.

i
1923 19241525 wza:

1827

13138

131313

Newell, 5, Dak._

»Archer, Wyo_

Fort Cellins, Colo.

; Akron, Colo

Southern Gregt Plalns

Colby, Kans
i 1Inys, Kens___

Woodwar, Okia.
Baitiorhea, Tex. .

- Chillicothe, Tex

Southern States

! Denton, Tox._.

3 ¢ Temple, T ex.
25 ¢ Coliege Statlon, Tex._

talon Rouge, La.. .
Starkviile, Miss. _
Jackson, Tenn____

. Columbus, Kgps. |
t Manhsaltan, Kang

Columbin, Mo

Vincennes, 1nd

Murfreesbarg, Teon

Jaexington, Ky oooveee oo

S Auburn, Als....

I'iftan, Gao
Fxperiment, Ca._
Athens, Qa

¢ Knoxville, 1

Dlocksburg, Ya

North-Ceareaf and Northeostern
States

Livealy, Nebrooooooooool

Ames, [owa. ..

Broaklngs, 5. Dy

Farge, N, Dak.. __

{'ronkston, Minn |

Luluth, Xlinn. .

Morps, Minn

Waoseen, Mien 0 L

Coon Crovk, whn., Lo L.
SoPand, Alinn L0 0
B Woang, Mina, |

R b chEdt

Cooperaiors

D. E. Stenphens,
C, W. Oungerford,
G. A, Wiebe,
E. A. Lungrea.

R. W, Smith,

I. C. Brinsmade, ir., E. R. Avsemus.
L. R. Jorgenson, V. Sturlaugsoiz,
W. E. Brentzel, O, A. Thompson,
E. 5. MeFndden.

Bamuel Garver.

A. N Home, & W, Snssex.
Heyer Anne,

A. L. Nelson.

E. A, Lungren,

F. A Caifman, E. A. Lungren.
G. F. Eprague, R. W. Alay.

B. F. Darnes,
A. F. Swanson.
I. B, Bieglinger,

-| 1. 7. Bayles, A. H, Leidigh,

D. L. Jomes, J, R. Quinby.

P_B. Dunkle, A. IT. Leidigh,
A. B, Cron, H, E. Rea,

L. E. Karper, ¥. £, Mangolzdor!,
C. W. Edgerton, II. K, Flor.
D C. Neal, I. F. (" Kelly.

5. I1, Essary, S, A. Robert,
I, H. Parker, I. K. Landop.
C. O, Johnston, T. II. Parker.
L. J. Stadler,

E. i, Alnins, Arthur oss.

5. M. Essary,

oUW T, Valleau,
© H, H. Tisdnle,

W, I Davis,

. Ir, . Bledsoe,
' It R. Childs,

5. I, Essary.

2 | F. D. Froume,

A. Kivssetbach.
ML Dietz, L, C. Burnett,

. E. lirentzel, L, W. Boyle,

’é‘.

2 ;‘\ T. Evans, Alalthew Fowlds.
¥
H,

3 R'8&D

unharm.

- M. I, Thompson, I, C. Gilbert,
' }K. 0. Bridglord.

4 B ITodgpron.

G B, Nesom,

H. K. Unyes, €05, Anmodt.
J.T. Fulton, T, W, Melander,
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T anue 1.—Location of uniform oat-rusi nurserics, number of val varielies, aid names
85 rrperiment stations where the rust nurseries werd
the five years from 1988 lo 1 g27—Continued

Number of varieties
grown in stated years
“Logation

*
1023 102-111.925 1025|1027

Caooperators

North«Centrel and Northeastern
Sigter— Continoed.

hadison, Wis
Gurnee, Bl...
Clhathatn, Mich

Last Lansing, Mich
Lo Fayotte, Ind.
Columbug, Oblo. oeeeeeeae e -
Lowrsville Cenler, P'o_... ‘

Hrookiyn, Pu

lthaes, N, Y
Fastern Canada

i (luelpl, Oolarke —
OLtnwn, Ontario
5t. Angee de ln Poentiere,
Fruderlebon, Now Drunswisk. e B
~ Kentv!!e, Nova Seotin Wl
i Charlotletown, Prince Edward 1427 12
Tslnel, s

i ) e
* Number of experiment stnliond A0 40 | 48
gagh year, : ' i

1. @, Dlckson,
. O, Currau,
I, B. Kotiia, G, W. Putnam.
Roy Nelson,
E. B. Mains.

. G, Slover, H. L., Dorst.
LW, Thurston, B. 8. Kichy.

To.
1I. H. Love, W. T. Craig

H.7T. Gissow, I. E, Howitt.
H. T, Gilssow, J. B, MacCurry.
11. T. Gissow, . M. lincicot.
H. T. Gitssow, D. J. MacLeod.
1, T. Gilssow, J. F. TDockey.
[. T. Gitssow, R. It Hurst.

reqetion to stem rusl (Puccinia gromin:t
one or more of the five years from 1583 le 1887

TanLe 2—Varietics of oals grown in wniform rust nurseries lo determine (heir
inig avenae) under field conditions during

Oat vacloty

Number of axperiment
stations ench yoar

MNiung

1925

ARy i iimramam e e emm——mmmmraam =i

Tlnjirn

Topold ceeeev [ -
1170y 4 P

[ A T I R TP

Kholn

Mimntn ¥ White Tanar S\Vhile 1tussing
Monnreh Seleetion (o Euheridge) v e caai e me e
Hetl Hnstproolo ...

Bichland .. .- vam

Ruakura, ..o,

FIRst less seleetasn

Silvertninte ... «-

Swiabigh Select

Wil Tuelwe ..

Some of the varieties tested wers know

(o stem rust amd, under certain conditions,
ware included beenuse of their high yielding ¢

n to be generally resistant

to crown rust; others
apacity snd commercial
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importance; still others were essential in determining the physiologic
forms of Puccinia graminis avenae (2, 18). The varieties were grown
in adjacent rod rows, the rate of seeding being 15 grams to a row.
Duplicate sowings were made ab each station during the first four
years of the experiment, but a single eowing only was made in 1927.
The rust which occurred resulted from natural infection, as no
attempt was made to induce artificial epidemics.

The seed stocks of the varieties were produced in special nursery
increase plots at the Aberdeen Substation, Aberdeen, Idaho,* under
the direction of the third writer. Prior to harvesting, these plots
were thoreughly rogued, and in subsequent handling of the grain
every effort was made to avoid mixing the varieties.

RESULTS OF INVESTIGATIONS

The rasults of the observations on the reaction of the varietiesin the
various nurseries are summerized in Tables 3 to 14. Tables 3 to 10

2

b per i par
eabt cank cent

Fiaune 2—Dingram showing six degroas of ristiness, used in ostimaties the pereantare of tust
Infecticn oo feaf or stemy,  The shaded Spotg represent rast, nad the Rgores represeul approximately
the rust percentnges computed on Lhe Basis of the maximoem amoeunt of surfice cavered by rust, us
shown In the 100 per cont flgure. 'This figure (No. ¢ I the diagen) represeats 37 per cent of actianl
surlues tud 15 arblirarily solected as 100 per cent,  Other perecninpes pre ju Lermus of No, G

givo the data on stem rust, and in Tables 11 to 14 the data on erown
rugt are presented. Therust cstimates, as a rule, were made just before
the plents ripened; but, for obvious reasons, this procedure could not
always be followed. Most of the rust notes were taken by Levine,
Stakman, and Humphrey. Some of them were taken hy other staff
members of the Office of Cereal Crops and Diseases engaged in the
study of the epidemiology of cereal rusts. In a few insbances the
rust estimates were mads solely by the local cooperators. In all
cases where ib was possible the cooperator helped in making the
rust readings. In Table 1 are listed the names of the cooperators
and the stations at which the nurseries were grown, togscher with
the number of varieties grown at each station each year.

The degree of rust infection on the dilferent varietics was deter-
mined by & comparison with the scale for cstimating rust percentages
(Bg. 2}, adopted by the Office of Cereal Crops and Discases. This
scale indicates the dogree of rust but does not take into consideration
difforences in the type of infection. For several years, therefore, in

! Credit 1a dus Q. A, Wiehn, nsslstang ngroncinist, formarly in charge of coreal experigtents nt tho Aber-
doan Subsiation, for growlng those speeiul inerange plots,
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addition to recording the estimated rust percentages on the basis of
Figure 2, notations were made also of the degres of susceptibility of
each variety. The following symbols were used: S+ + or CS for
completely susceptible, S+ or VS for very susceptibls, S or MS for
moderately susceptible, S— or FS for fairly susceptible, SR or IN
for semircsistant or intermediate, R~ or FR for feirly resistant, R
or MR for moderately resistant, R+ or VR for very resistant, R+ + or
ER for extremely resistant, and T or Al for appearently immune.

An sttempt was made to combine these two values snd give them
a muthematicsl expression in order to show more precisely the effect
of rust infection on each variety. Decimal values, ranging from 0.1
to 1.0, were arbitrarily assigned to the symbols expressing the host
renction. Multiplying these indices by the estimated rust percentages
pives the coefficients of infection. Goulden and Elders (71} ““thought
best not to attemph to modify the percentage readings according to
the pustule type” for the orange leaf rust of wheat, since the degree
of susceptibility. to leaf rust seems to be expressed accurately by
the percentage figure. This appears equally true of the crown rust
of oats, although there sometimes are decided differences in the type
of infection on different varietics, Al stem-rust data in this bulletin
are expressed in coefficients of infection, but all crown-rust data are
civen as rust percentages.

PUCCINIA GRAMINIS AVENAE

In geveral there was considerably more stem rust on oals in 1926
and 1927 than in previous years. The average infection goefficient on
the susceptible varieties grown in those two years only, therefore,
naturally would be somewhat higher than it would have been had
these varieties been grown during the entire 5-year period, there
being comparatively little rust in one year, 1925. Similarly, suscep-
tible varicties grown only in regions where rust epidemics were
especially heavy in any onc year would obviously have an apparently
higher average infection than equally susceptible varieties grown in
the same vears over the entire aren or only in regions of light epi-
demics.  Consequently, average-infection coeflicients alone do not
constitnte an entirely roliable basis for comparison.  To give a better
basis of comparison, the average infection of cach variety was com-
pared with that of the Silvermine oat grown during the corresponding
period in the same nuiseries as the variety in question. The ratios
thus obtained, expressed in percentages, and the average stem-rust
cocflicients are given in Table 10. The 5-year weighied average
coeffictents and the proportional degrees of susceptibility are shown
i Figure 3.

STEM-RUST SITUATION BY YEARS

The coecfficient of stem-rust infection of each variety in each
nursery, and the average infection of each variety for the given year,
are shown in Tables 3 to 7. When a variety was not grown at all
stations, or when, for some reason, rust estimates were not made, &
dash designates the omission.

Tn 1923 the nurseries consisted of 11 varieties of cultivaied oats
and were grown at 21 experiment stations in the United States.
Supplementing these uniform nurseries, a more extensive varietnl
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nursery was grown at St. Paul! In addition to varieties and selec-
tions of cultivated oats, four species of wild oats were grown. In
all, the following five species of Avena were represented: A. brevis,
A. nuda, A. sativa (including A. orientalis), A. sterilis, and A. strigose.
Inasmuch as the varieties grown and the results obtained are es-
sentially the same as those reported by Bailey (2, p. 26-27) for
Canada, the results are not given in detail. The only varieties
consistently and definitely resistant at St. Paul were Richland, White

INFECTTY COSFFIESENTE AN SUSCEFTIE LITI RATIOS (PR CENTF
D A2 B0 TP S0 N0 ED TR P ST 0 O /PO
! roGoLD K
2 AR \

3 RICHLANED
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12 s0c2Ew e w :

20 5/{ V‘E ":’/"’,/NE \";‘..\;;\\‘.\\\m m\\““ NN AP, “\“\\\\\\\\‘ DDA,

B RUAURA N -m\\\“\\\\x\\@.

22 RED RUTTFROG IR T e el
= |

R v
oty A A DN O DN OE
R e FolAa # H
o

ZINEAZRTEN

Froune 3.—Disgram illusteating the weighted average coeMeients of infection (solid bisck) and the
refnlive dogren of susceptibility (eross hatehing) of varieties of oats grown in uniform stom-rost
nursertes during one or more of the flve years from 1923 to 15927, (Numbers preceding names
of varletles indicate order of relative degres of susceptibility)

Tartar, end Green Mountain. The frst two (Greer Mountain not
being grown in the uniform nurseries in 1923) were the only varieties
which proved resistant in all of the uniform-rust nurseries. Although
1923 was not considered an epidemic year, the infection coeflicient,
probebly virtually equivalent to yield loss, was as high as 50 per
cent on Ruakura at Crookston, Minn., and from 40 to 45 per cent
on several other varieties in at least two other nurseries. No stem
rust was found at Athens, Ga., and but very little at Knoxville,
Tenn. The details for each variety in the different nurseries are
presented in Table 3. Physiologic forms 1 and 2 were responsible
for the epidemic in 1923,

A, W, Heory made these tests in 1923 and 1924,
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Taere 3.—Coefficients of slem-rusi infection on 11 varielies of oais grown in uni-
Jorm nurseries al 21 e¢xperiment slations in the United Siales in 1923
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The general stem-rust epidemic of 1924 was virtuelly of the same
intensity as that of the preceding year, although it varied consider-
ably in the diffsrent localities and areas. In all, 14 varieties of oats
were grown in the nurseries in 1924, Burt, Hajira, and Monarch
Selection (of Etheridge) having been added. Table 4 summarizes
the data on the infection of Puccinia graminis avenge on these varieties
grown at 19 experiment stations. The infection coefficients for the
varieties grown at Temple, Tex., are averages of resdings on both
winter and spring sowings. Richland, Hajira, and White Tartar
wsre resistant to stem rust at all of the stations except Temple. This
suggests the presence at Temple of a virulent physiologic form of
P. graminis avenae hitherto unknown in North America, All of ihe
other 11 varietiss proved to be at least moderstely susceptible wherever
enough stem rust developed to permit differentistion. Silvermine and
Red Rustproof suffered most from the stem-rust atback in 1924, with
Togren and Rusakurs close seconds. In 1923 the two most severely
affected varisties were Ruskura and Red Rustproof. In the varietal
test in 1924 at St. Paul the rust attack was light, but sufficient rust
developed to indieate the degres of susceptibility of most of the
varietics. Those which were resistant in 1923, namely, Richland,
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White Tartar, and Green Mountsain, were again resistant in 1024,
No stem rust developed on Albion, Cole, Gopher, Iowar, and Nebraska
No. 21, but these varieties evidently merely escaped infaction becsuse
of early maturity, for they all became very heavily rusted in late
sowings st Winnipeg, Manitoba {2, ». 27).” The same physiologic
forms that oceurred in 1923, namely, 1 and 2, were the predominent
forms in 1924 aiso.

Tasue 4—Coefficients of stem-rust infeclion on 14 varieties of aals grown in uniform
nurseries af 19 experiment stations in the United States in 1984
[F.= Tracal
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In 1925 the nurseries wers grown at 46 experiment stations in the
United States and eastern Cangda. (Table 5.) Hardly any stem rust
appeared in the northern and southern Great Plains aress; only a
trace in the Southern States, except Virginia; and but very little in
the eastern Caonadian Prowinces.  From Virginia northward in the
North-Centrael and Northeastern States there was considerable rust.
It seemed to extend gradually westward, but reached the Dakotas
too late to become sbundant. Purely circumstantial evidence seems
to suggest that barberries in the central Eastern States were the prin-
cipsl source of the stem rust on oats in that year. The foilowing

91697—30——=2
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varieties and crosses of oats proved most resistant to stem rust in
1925: Hajira, Richland, White Tartar, Green Mountain, Anthony,
and Minota X White Tartar (White Russian}). Of the remaining 10
varieties, Red Rustproof had the highest infection coeflicient for the
year, but less than in either 1924 or 1923; thet for Ruakura wes
nearly as high; and the coefficients for Silvermine, Swedish Select,
and Togren were somewhat smaller. Puceinia graminis avenae
form 2 oceurred in all nurseries in which stem rust developed, with
the exception of those at Chatham, Mich., and Guelph, Ontario,
where form 1 was found. The very virulent forms did not appear
in 1925 in the United States, but in Canada, nccording to Gordon
(10, p. 463), “a collection from Paskwegin, Saskatchewan, in 1925,
yielded a form which differs in its infection cepabilities from all
other forms yet reported, in being nble to infect heavily all differential
hosts. It is considered new, and has been named physiologic form 6.7

TaBLE 5. Caefficients of stem-rust infection on 16 varieiies of oals grown in uni-
form nurseries af 36 experiment stofions in lhe United Siales and Canada in
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TasLe 5.—Cagfficients of stem-rust infeclion on 16 varieties of oals grown in uni~
form nurseries at 36 experiment siations in the nited Stales and Canada in
1526—Continued. .
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Five now verieties were added in 1926, bringing the total up to 21.
Stem-rust notes wore taken at 40 different stabions in the United
States and castern Canada. (Table 6.) Although in Texas there was
heavy stem-rust infection of oats ab College Station and Denton,
there was very little at Temple, and only a trace at Chillicothe. In
the three nurseries in Xansas and northward, the degree of stem
rust on oats incressed, reaching a maximum at Ames, Iows, and
Fargo, N. Dak. In westorn North Dakota, however, there was very
little stem rust. The most resistant varietics in 1926 were practically
1dentical with those resistant in previous years. They were as fol-
lows, in tho order of their resistance: IIajiva, Togold, Minota X White
Tartar (White Russian), Anthony, Richiand, Green Mountain, and
White Tartar. The average infection coefficients for these varieties
renged from 0.7 to 3.5. Of the two new varieties added, Togold and
Jowa No. 444, tho former proved to be extremely resistant. The
average infection coefficiont of Togold was only 0.6. The reaction of
this variety to the known physiologic forms of Puccinia graminis
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avenge is similar to that of Richlend and Hajira. Iowa No. 444, like
Joanette, appears to be genetically impure, as there was considerable
variation in the degree and type of infection even on individual plants
in different nurseries. The most susceptible variety in 1926 was
Merkton, but Silvermine, Ruakura, and Iogren were almost as sus-
ceptible. The detailed results for all varieties in all of the nurseries
are summarized in Table 6. Physiclogic form 2 of P. graminis avenae
again occurred in all of the nurseries and probably was principally
responsible for the rust epidemic.

TABLE 6.—Coeficients of stem-rust infection on 81 vericties of ouls grown in uniform
nurseries ut 40 experiment slations in the Uniled Staies and eastern Canada in
1926
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T anLs 6.—Coefficients of stem-rust infection on 21 varieties of oals grown in uniform
nurseries ol 40 ecperiment slafions in the United Stales and eastern Canadg in
19326—Continued,
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Rust conditions in 1927 were not essentially different from those
in 1926, although stem rust was much hesvier in 1997 in the northern
Great Plains and in the States bordering on the Grest Lakes, and
much lighter in the southern Great Plains and on the Atlantic sea-
board. The different varieties tested, as may be noted from Table
7, behaved as a whole in very much the same manner as in previous
years. The average cocfficient of infection for the respective varieties
In 1927 was in many cases strikingly similar to that of 1928, although
the physiologic forms isolated were slightly different in the two years.
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Puccinia graminis avenge form 2 was common and almost omni-
present in 1927, as it was also in 1926, Form 1 was isolated from a
number of nurseries in 1926, but it was not found at sll in the United
States in 1027. Form 5 was found in 1927 at Sterkviile, Miss., and
st Fargo, N. Dak. Form 5, however, is not greatly different from
form 1. The only difference is the effect on ‘“Joanette strain’ and
“Gtrain 703, both of which are very resistant to form 1 and inde-
terminate to form 5. There may have been an error in the sowing
order in the Fort Collins, Colo., nursery in 1927. Elsewhers, if there
was a distinet difference in the stem-rust infection on Richland and
Edkin, tho latter was the more heavily infected. But at Fort Collins,
the infection coefficient for Richland was 41 and only a trace for
Edkin. Richland normally reacts like Hajira and Iogold, and these
two had bub a trace or no rust at all at Fort Collins. It 1s therefore
fairly safe to assume an error in Isbeling.

Panre T.—Coefficienta of stem-Tust {nfection on 2% varielies of oals grown tn uniform
nurseries al 48 ezperiment slations in the United States tn 1987
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TasLE 7.—Coefficients of stem-rust infection on 22 varieties of oafs grown in uniform
nurseries at 48 experiment stations in the Uniled States in 1927—Continued

[T.='Tracel

Coefficients of lufection

Avena sative A, byzantina

Mid-
Early ses-
sn

Yeilow

4
g
&
o

White Red

{White Russlan)

Blverming

MIinota X White Tartar

Qreen Mountslo
Whita Tartar

Swodish Belect
Burt

Lowar
Richland
Ruakurs
Anthony
Joanctta
Fulghum
Ennota

Red Bustproof

Iogold

| “Hustless splectipn”

| Markton

Southern States:
Dentan, Tex
Collegs Station, Tax..
Baton Rougo, La
Sterkville, Miss,
Jackson, Tenn. .
Mnohattan, Eno:
Columbis, Mo..
Vinconnes, Ind
Lexington, Ky
Auburn, Alp
Tirton, Ga..._
Experfment. Oa.
HKnoxvilly, Tenn
Hlackburg, vVn

North-Central and )

Northoastern §

States: |

Lincoln, Nebr. -l

Ames, Towa, [
Brockings,

Fargo, N, Dok !

f

i

]

]

=N

=

=
el

)
—
=1

Tola

Eral’:llhﬁlhi—

Ll
ﬁEcﬁo;o

8Aom=
[
Ko
-~ Ty
OO O D S R E S S S b
-

EAkICr O 0 O e £

e

-I=E=J—=1-K %~}
hﬂﬂ@@ﬂﬁ

...
cuococﬁm:‘m:@

Lo R=T=E=I~T N T -1 —-Y-F ¥—]
HQQQGQHMHGQQ:%Q
OO S O e OO e O

- E=T=T-T-17F]
| l=X=T1—1=]
B B 0 155 ) bt

—

—_—
oo ooaiEE Ao T
.

B,

Crookston, Minn
Duluth, Minn,
Merrls, Mino.
Wascen, Minn_
Coon Creek, M
§t, Poal, Mine_ |
ATndison, Wis. ...
Chathom, Mlch_ ..
Eost Lansing, Mleh, 63
Lo Foyette, (ndo....)
{;?lumhus, Uhlo.

3

T.
|‘1‘..’

M 0 G 47 0
CSOREDMDL
12
ﬂwmaumcépmqﬁuﬁ

Avorage infeg- 1 1
tion coeli- vl

i 18 017 4 3
! [N

RESULTS OY AREAS

In such o vast territory as the one under discussion, pronounced
variation in the severity of the rust epidemic during a given season
would be expected in the different areas comprising this territory.
In 1023, for example, there was only n bure trace of stem rust in the
nurserics of tho Great Pluins area, while the severity of rust in the
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nurseries of the North-Central and Northesstern States averaged as
high as 18 per cent. Of course, there also is a seasonal difference in
the intensity of a rust epidemic in the same geographic sres in
different years. Thus, in the northern Great Plains in 1925, stem
rust averaged less than 1 per cent, while in 1927 there was an average
of 20 per cent in the same area. In eastern Canada, in 1925, the
average was only 3 per cent, while in 1928 it amounted to 22 per cent,
even though several highly resistant varieties were added to the
nurseries in the latéer year, which naturally lowered the average.

Obviously, ther, the average yearly infection, even for the most
susceptible variety, must necessarily be rather low where the entire
aren 1s taken into consideration. The average infection coeflicient
for the variety Markton for the whole 5-year period did not exceed
32 per cent; whereas the same variety in the northern Great Plains
averaged 38 per cemt, and in the North-Central and Northesstern
States the average was as high as 55 per cent.  Naturally, where and
when the rust epidemics are the most severe, the differences between
the resistant and susceptible varlebies rre most pronounced and the
results most significant.

Table 8 summarizes the reaction to stem rust of the dilferent varie-
ties grown in the 60 or more nursecries, by individual years and by
geoeraphic arcas. In none of these arcas was the severity of the rust
epidemics the same or nearly the same cach year. In some regions,
the yearly variation was greater than in others and the average severity
higher for the period under review. These two features, however,
were in no sense corollary. The greatest range of seasonal variation
occurred in the northern Great Pleins area, the annual intensity limits
being trace and 20 per cent, vespectively. "The western aves, perhaps,
is the least varigble ares in so far as oal stem-rust epidemics are con-
corned, although uniform oatrust nurseries there have been maintsined
for only two years. 'I'wo vears in some ureas, however, as for instance
enstern Canada, may be quite sufficient to bring out the extent of
sensonal variations, It is significant that even under the most trying
rust conditions, the varieties that had the lowest average annual in-
fection cocllicients in the experimental territory as a whole alsc were
the most resistant varictics in the separate areas. Those regions in
which the presence of particularty virulent phyvsiologic forms was at
times suspected constibuted exceptions. (On the average, the oats of
the western ares, the southern Great Plains, and the Southern States
do not seem to sufler frequently or very greatly {rom stem-rust
epidemics. In the North-Central and Northeastern States, however,
these epidemics are more regular and of cousiderably greater intensity.




TasLE 8.—Stem-rust coefficient on 23 rarielios of oals grown in different scctions of the Uniled Stales and castern Canada during onc or more
of the five years from 1923 to 1927
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TasLe 'S —Stem-rust coeflicients on- 0¥ raricties of oals grown in different sections of the United Stales and eastern Canada during one or
) more of the flve years from 1923 to 1927—Continued
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FIYE-YEAR SUMMARY

Almnst exactly a third of all the varieties, selections, and crosses
tested in the nurseries from 1923 to 1927 proved highty resistant to
stem rust under most conditions. Their average infection cooffi-
cients ranged from less than one-half of 1 per cent to a brifle higher
than 3 per cent. In the descending order of their rust resistance
these varicties arc Iogold, Fajira, Richland, Minota X White Tartar
(White Russian), White Tartar, Green Mountain, Anthony, and
Bdkin. Markton was the most susceptible varioty of sll, but it
was grown only two years, and these were the heaviest stem-rust
years of the S-year period.  Markton, however, did have the highest
avernge infection coellicient and was consistently more heavily in-
fected than any other variety. Aloreover, when compared with Sil-
vermine, o standard susceptible variety, its susceptibility ratio was
the hizhest of all.  (Tables 9 and 10, and fiz. 3.)

In Table 9 is presented the frequency distribution, by classes, of the
stem-rust infeetion coeflicients. Five classes are recognized: (1)
Very light, 0 to trace; (2) light, © to 10 per ceat; (3) ntoderate, 11 to
30 per cent; (4) heavy, 31 to 60 per cent; and (3) very heavy, 61 to
100 per eent. Very light infection does not necessarily indicate
inherent resistanee on the part of n given variety. It often moans
simply u paucity of inoculum or an escape from imfection dug to
environmental conditions rather than genctic factors for resistance.
When the infection is heavy, the coellicient exceeding 31 per cent,
there s likely to e some loss.  When the infection is very heavy,
over 61 per cent, the wss probably is considerable,

Tanue M- —Frequency distribniion of stem-risl infection cocflicients for 23 rarieties
af ords grown in waiforin nirseries in the U niled Steies and easiern Canada i uring
the five yeurs jrom 1923 ta 1037
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TapLe 9. —Frequency distribution of stem-rust infection coefficients for 23 varielies
of oats grown in uniferm nurseries in the Uniied Siates and castern Canade during
the five years from 1928 io 1927—Continued
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From Table 9 it will be seen that there seldom was more than light
infeetion on any of the cight resistant verieties. Jogold never showed
more then & light infection, while the remaining seven varietics,
except Edkin, developed an infestion heavier than light in approxi-
mately 1 to 6 per cent of the observations. On Edkin 6.38 per cent
of the observations were recorded as moderate and 4.26 per cent as
heavy. Not 2 single case of very heavy infection has thus far been
noted on this straln of oats. Itvea the most susceptible varieties
sometimes escape infection.  As & matter of {act, 20 per cent of the
observations showed & trace, or less, of stem rust on a$ least some of
the varietics. But on the seven most susceptible varieties—Kanota,
Silvermine, Togren, Rualkurs, Red Rustproof, Markton, and Swedish
Select—there was heavy to very heavy infection in about 25 to some-
what less than 43 per cent of the observations. Of these varleties,
Markton had the highest percentage (42.68) and Swedish Select the
lowest (25.29). Markton, furthermore, had the highest percentage of
very heavy infections, namely, 24.39. Next in order was Red Rust-
proof, with 16.18 per cent. Kanota, with 15.85 per cent, followed
very closely.

Table 10 summarizes the stem-rust data by years and gives
weighted averages for all varieties during the entire 3-year period.
A comparison of these with that of Silvermine for the same period
of nursery yesars also is given. The last two features are illustrated
graphically in Figure 3, the varieties being arranged in the order of
their relative susceptibility, with Silvermine as the standard of
comparison,
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TasLp 10.—Average coefficient of stem-rust infection on varielies of ouls grown in
uniform nurseries at 66 experiment slalions in the Uniled States and easlern
Canada during one or more of the five years from 1988 lo 1987
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PUCCINIA CORONATA AVENAE

Systematic observations on crown-rust infection in the uniform oat
nurseries were first made in 1925. Notes on crown rust and stem rust
can net be teken to best advantage at the same time. Most of the
nurseries were visited by the rust observers only once during & season
at & time most favorsble for taking notes on stem rust. As a result,
the number of nurseries from which crown-rust dete are available
is smaller than that from which stem-rust data were obteined. For
reasons given previously, infection coefficients were not calculated
for erown rust. Infection readings are given in percentages. The
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results obtained each year are presented in Tables 11 to 13. Table
14 is & summnary of the 3-year period. Figure 4 compares the weighted
3-year average infection of the different varieties with that of White
Tartar.

CHOWN-RUST SITUATION BY YEARS

In 1925 there was little crown rust in the territory as a whole.
None whatever could be found in the nurseries in the Great{ Plains
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FI6URE +.—Dlogram illustmtln%tha welghted averagn percentapes of infectlon (solid black) and
the ralat!ve degrea of suscoptibility (hatehlng) of varletica of oats grown in uniform efown-
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area, very little in those in the Southern States, and only a moderate
epidemic in the nursery at Morris, Minn. At Fargo, N. Dak., and
Ottawa, Ontario, the epidemic was somewhat heavier but not de-
structive. In the nursery at Madison, Wis., however, crown-rusy
infeetion was very heavy, affecting all the vatrieties except Ruakura
and Red Rustproof. Data for 1925 are given in Table 11,
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TaBLE 11.—Percentage of crown rust on 18 varieties of oals grownm in uniform
?;Es;r:es al 31 experiment slations in the Uniled Stales and eqstern Canada in
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There was considerably more crown rust in the nurseries in 1926
than in 1025, averaging more than 24 per cent in 1926 as compared
with less than 5 per cent the previous year. In 1926 crown rust was
extremely heavy af Baton Rouge, La., and at College Station, Tex.
At Baton Rouge 100 per cent infection was recorded for every one of
the 21 varicties grown there that year. At Colloge Station the esti-
mated percentage vanged {rom 75 to 100 on the 17 varielics on which
the crown-rust observations were made.  The epidemic was not quile
80 severe uf Denton andd Temple, Tex., and only a trace of crown rust
was found at Chillicothe, Tex. The epidemic was uniform and lairly
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heavy at Starkville, Miss., At Tifton, Ga., it was rather uniform,
but only moderate in intensity, No crown rust was found at Jack-
son, Tenn., with the exception of 12 per cent on Iowa No. 444. The
nurseries at Lexington, Ky., and Blacksburg, Va., were entirely
free from crown rust. There was rather heavy infection on a number
of the varieties at Ottawa, but considerably less at Guelph, Ontario.
At St. Anne de la Pocatitre, Quebec, and at Fredericton, New
Brunswick, not more than a trace of crown rust appeared on any of
the varieties. However, at Charlottetown, Prince Edward Island,
12 per cent of crown rust wes recorded on Towa No. 444. At this
statton two varieties, Iajira and Red Rustproof, were entirely free
from crown rust, while zll varieties other than Iowa No. 444 had only
a trace. Irom 20 to 40 per cent of crown rust appeared on three of
the varietics in the Kentville, Nova Scotia, nursery. Data are
presented in Table 12,
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Tapre 18.—Percenlage of crown rusl on 22 varislies of ocals grown in uniform
nurseries at 14 experiment stalions in the Uniled Stales in 1987
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Crown rust was far beavier in 1927 than in any of the other years
under review, as is shown by the data presented in Table 13. The
average infection for the year was over 37 per cent. The only places
with only a trace or none were Archer, Wyo., and Colby, Kans. The
infection at Auburn, Ala., and Columbus, Ohjo, was rather light, but
at the other 11 experiment stations where estimates could be made,
some or all of the varieties were severely injured. The damaging
effect of crown rust could be observed in many more places than those
indicated in Table 13, but because of the lateness of the season no
percentage estimates could be made. At Manhattan, Kans., all of
the varieties were heavily infected, as was true of the varieties on
which crown-rust estimates could be made at Fargo, N. Dak., Crooks-
ton, Minn., and Chatham, Mich, At Starkville, Miss., Burt was
the mos$ resistant of the varieties; at Redfield, S. Dak., Green Moun-
tain was most resistant. At Highmore, S. Dak., Green Mountain
and White Tartar were most resistant. At Waseca, Minn., Edkin
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was much more resistant than Green Mountain. At the remaining
stations there were no striking differences in the susceptibility of the
different varieties. On the averagn, Edkin and Burt appeared to be
the most resistant varieties in 1927, while Fulghum and Ruakura
had the highest average infection, In 1926 Ruakura and Fulghum
were among the three most resistant varieties, and Burt was on the
average much more susceptible. It seems probable, therefore, that
different physiologic foris of Puccinia coronafe avenae were primarily
responsible for the rust in the two years.

THREE-YEAR SUMMARY

Evidently there was a difference in the distribution of the physio-
logic forms of crown rust in the different nurseries during each of the
three yoars 1925, 1926, and 1927, 1t is obviously difficult, however,
to determing from the fiald results alone the exact identity of the
form or forms present ab a given place. In 1925 there was a very
severe epidemic of crown rust at Madison, Wis. (Table 1i.) All of
the varieties except Ruakura and Red Rustproof developed from 65
to 100 per cent of rust. On these two only & trace of rust was found.
Judging from Parson’s (16) analytical key, either form 8 or form 5, or
possibly both, were present. At Ottewa, Ontario, from 15 to 50 per
cent of ecrown rust was recorded in 1925 on all but four varieties,
Among these, Ruakura snd Red Rustproof were entirely free from
rust, whits Fulghum and Green Mountain had only a trace. It
seoms likely that the crown-rust epidemic at Ottawa in 1925 was
caused by a physiologiec form hitherto undeseribed, for until then
Tulghum had proved susceptible to all known forms of erown rust.

The identity of this form could be established definitely, however,

only by additional studies not included within the scope of these

investigations. In 1926, variatal reactions indicated that Puceinia

coronala avence form 1 was the most prevalent form, whereas in 1927

other forms, amongb them form 2, were present in several nurseries.
]

Other forms undoubtedly were present, but their identity could not
be determined {rom field observations alone.

IF'orm 1, which has a wide host range, ovidently was equally wide-
spread and abundant. As may be seen from Table 14 and Tigure 4,
the average infection for all of the varieties for the 3-yvear period 1925
to 1927 was 18.8 per cent, the lowest [or any one variety (Lowar)
leing 13.5 per cent, and the highest (Togold} 33.7 per cent. The
spread babween the varicties least affected and those most affected
was slightly over 20 per cent, In other words, the erown-rust cffect
on logold on the average was almost exactly two and onc-half times
as great as that on Towar. However, when all the varicties are
grouped on the basis of relative resistance at all stations with White
Tarter as the standard variety, Green Mountain wes least susceptible
and Markton was most so. Designating White Tartar, a relatively
susceptible variety, as 100 per cenb susceptible, the susceptibility
ratio of Green Mountain was 82.97 per cent and that of Marlcton
129.69 per cent. The interval batween the two extremes is seen to
be comperafively small. This was not true, however, for stem rust.
Markton, the variaty most heavily infected with stem rust, had an
averape infection coellicient almost eighty times as great as that of
Iogold, the variety with the lightest infection, the susceptibility ratios
being 111.58 per cont for the former and 1.39 for the latter. Markton
had the highest susceptibility ratio for both rusts,
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TasLe 14.—Average degree of crown-rust infection on varielies of eals grown in wni-
Jorm nurseries al 46 ecperiment alalions 1n the Uniled Slates and eastern Canada
during one or more of the three years 1025, 1928, and 1987
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DESCRIPTION OF YVARIETIES

Brief notes on the origin, deseription, distribution, and economic
importance of the rust-resistant and commercially important oat
varicties included in the various uniform nurseries are here given.
Some of the varieties have been described more fully elsewhere, in
which cases refercnces are given. Furthermore, most of them have
been registered either as standard or improved varieties and strains
by the American Society of Agronomy in cooperation with the
Bureau of Plant Industry.

Iower, Togren, Togold, Iown No. 444, Richland (Iowa No. 105),
and ‘‘Rustless selection” (C, I. Nos. 847, 2024, 2329, 2331, 787, and
724, respectively) were developed by the Iowa Agricultural Experi-
ment Station, in cooperation with the Office of Coreal Crops and Dis-
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eascs, Bureau of Plant Industry. The origin, description, and dis-
tribution of Iowar, Togren, and Richland have been reported by
Burnett, Stanton, and Warburton (4) and by Stanton, Griffee, and
Et.herldge {20). Similar information on Togold recently has been
published by Burnett (3) and by Stsnton, Love, and Gaines (22).

“Rustless selection” and Towa No. 444 have not been prevmusly
deseribed. Nursery records show that the original “rustless” oat
was growr by the Towa Agricultural Experiment. Station at Ames as
early as 1904. According to L. C. Burneit, of that station, it was
among tho varieties and strains included in the original cooperative
nursery grown at Ames in 1906. “Rus‘less’ was grown in nursery
row No. 23. At harvest the plants were pulled and kept separats for
each row. Those selected from row 23 were given lowa numbers
427 to 447, inclusive. After some years of testing all these selections
were disearded except No, 444, which has been continued in the
experimnent at Ames under the designation ‘“Kustless selection.”
It is o white, rather small-kerneled oat, ripening a little later than
Iower but earlier than Silvermine.

The second strain of “rustless” oats, which was included in the
uniform nurseries for the first time in the spring of 1926 as Iowa No.
444 (C. 1. No. 2331), also was obtained from the Towa Agricultural
Experiment Station, where it was originated several years ago as a
reselection of the original ‘“Rustless selection,” deseribed above.
This straip is similar to ‘“Rustless selection’ in plant end kernel
characters. Neither of these strains as yet has been distributed to
farmers.

Edkin (C. I. No. 2330) i3 a selection from the original Kherson
variety (C. 1. No. 459), made at Akron, Colo., in 1921 by F. A. Coff-
men. FEdkin is a high-yielding, typical yellow-kerneled Kherson
strain. Its high resistance to stem rust was first nofed at Ames,
Towa, during the severe epidemic of 1926. Edkin is of considerable
promise agronomically.

Gopher (C. I. No. 2027; Minn. Neo. 674), a white-kerneled selection
from Sixty-Day, was developed and distributed by the Minnesota
Agricultural Experiment Station. Brief statements on the history
and general description of Gopher have been published by Stanton,
Griffes, and Etheridge (20), and by the Minnesota Agricultural Experi-
ment Station (14). It is now an important commercial variety in
Minnesota.

Hajira (C. 1. No. 1001) was introduced through the Office of Foreign
Plant Introduction, Bureau of Plant Industry. The record is as
follows (24):

48080, From Johannesburg, Trapevaal. Purchased from the Agricultural
Supply Asscciation, through Mr. J. Burit Davy, botanist. Received September
24,1919, Quoted note by Mr, Davy. * Heijira rustproof cats. A rather recent
introduction which has heen grown with some success in fhe dry districts of
the Western Transvaal and i5 ciaimed to be rust resistant.”

In a letter dated July 2, 1928, H. 8. du Toit, Chief of the Division
of Agricultural Education and Extension, Department of Agriculturs,
Pretoria, Union of South Africa, supplied additiomal information
on the origin of Hajira as follows:

I beg to inform you that in 1904 ¥ obfained a small parcel of seed from Hajira

or El-Hajirs, & city in Algeria. The variety was unknown to me and had appar-
ently no particular name, go T simply named it nfter the place where I got it from.
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In another letter dated July 6, 1928, W. G. Stahl, senior research
officer, Division of Field and Animal Husbandry, Department of
Agriculture, Union of South Africa, states that Colonel du Toit, after
introducing the Hajira oat, subsequently grew it at Lichtenburg and
in Western Transvasl and then distributed it to various other semi-
urid parts of what now constitutes tha Union of South Africe. He
mentions that sinee its introduction the name Hajira has become
corrupted and is varioysly spelled Heijara, Hajera, and Heijira.

Hajira, or Heigira, as it has been wrongly spelled in thia country,
is an early, midtall, yellow-kerneled oat.” It has a rather weak
straw. It matures at about the same time as Richland, Togold, and
Kherson, and has shown only fair yielding ability. Because of its
early maturity and high resistance to stem rust, Hajira is of some
economic promise.

The Ruakura oat, also known as Ruakura Rust-Resistant, originated
at the Ruakura Farm of Instruction in New Zealand as a plant varia-
tion in the Red Algerian (Argentine) variety. The variety has been
described by Archer (7). Several introductions of the variety have
been made. The particular strain of Ruakura (C. I. No. 2025) used
in the experiments reported herein was introduced by the Ohio State
University. This strain is somewhat more uniform in kernel char-
acters than the earlier introduections and, for this reason, wes used in
the uniform nurseries. Ruakura is an early oat with equilateral
panicles and a fine, rather weak straw. The kernels are grayish
in color. In some spikelets the second floret separates from the
first similarly to those of the Red Algerian variety. On this account
there has been some doubt regarding its classification as belonging to
Avene sativg L. The varisty is of little commercial promise in the
United States.

The development of the Markton variety (C. I. No. 2653) has been
described by Stanton, Stephens, and Gaines (23) and by Stanton,
Griffee, and Etheridge (20). Markton was included in the rust
nurserics because of its immunity from the smuts of oats. It is of
considerable commercial importance in Oregon, Washington, Idaho,
end adjacent Montana, where the rusts of oats have not been a
sertous Jlimitil:lg.,r factor in yield.

Antheny (C. I. Nu. 2143; Minn. No. 686) and Minota X White
Tartar (White Russian) (C. I. No. 2144; Mino. No. 687) were bred
by the Minnesota Agricultural Experiment Station (14). Anthony
resulted from a cross between Victory and White Tartar (White
Russinn). Both of these productions are midseason sorts with white
kernels. Anthony is being incressed for distribution to farmers.

Silverminoe, Swedish Sclect, White Tartar (YWhite Russian), Green
Mountain, Joanette, and Monarch Selection (C. 1. Nos. 659, 134, 551,
1892, 1880~-1, and 1879, respectively) have been described by
Etheridge (8). The Silvermine and Swedish Select are widely
distributed standard midseason white oats. The introduction of
Swedish Select has been described by Carleton (5). Both White
Tartor and Creen Mountain are late varieties with side panicles.
The latter differs from the former only in having awns. The resist-
ance of White Tartar to stem rust has been recognized in the United
States for 40 years or more. These so-called “side oats” have not
attained groat economic importance, however, owing to their late
matwrity and low yielding power. White Tartar has persisted in




30 TECHNICAL BULLETIN 143, U. §. DEPT, OF AGRICULTURE

sections only where stem rust frequently is & limiting factor in pro-
duction. Joanette and Monarch Selection are black-kerneled sorts.
Joanette is grown commercially to some extent in Canada, but is of
ittle sgricultural importance in the United States. Monarch
Selection has been grown only at experiment stations.

Burt, Fulghum, Kanota, and Red Rustproof {(C. I. Nos. 2043, 708,
839, and 1815, respectively) differ from all the other varieties pre-
viously discussed in that they belong to the red-oat group, Avena
byzantine C. Koch. Burt (€. I. No. 2043) is a sclection {from & hybrid
between two strains of Burt mede by Jesse B. Norton in 1902 at the
Arlington Experiment Farm, Rosslyn, Va. This strain has been
included for several years in the varietal experiments at the Iowa
Agricultural Experiment Station, Ames, Iowsn, where it has been
among the best of numerous Burt strains, Itis typieal of the variety
in plant and kernel charecters.

The history and description of the Fulghum variety has been

ublished by Stenton (19). Selmon and Parker {I7) and Stanton,

ove, and Down (2I) have reported on the development and per-
formance of Kanota, & strain oFFulghum which has become of great
economic importance.

The Red Rustproof strain (C. L. No. 1815) used in these experiments
was obtained from the Georgia State College of Agriculture, Athens,
Ga., by the Office of Cereal Crops and Diseases in 1920 under the name
Appler. It is a typical strain of the well-known Red Rustproof

ed Texas) oat of the South. The variety has been described by
Etheridge (8), Warburton and Stanton (£5), and others.

GENERAL DISCUSSION

In the studies herein reported several varieties of oats proved
generally resistant to stem rust. Iogold, Hajira, Richland, Minota X
White Tartar (White Russian), White Tartar, Green Mountain, and
Anthony were the most resistant of all. The [act that these varieties
were so universally resistant, while many others were so universally
susceptible, indicates that the very virulent physiologic forms of
Puccinie graminis arenge which are known to occur in other countries
are not abundant and widespread in the United States, although there
is evidence thab they may be present. This conclusion is supported
by observations in the uniform rust nurseries and also by inoculations
in the greenhouse, compared with rust collections from the nurseries
end elsewhere.

In 1923 only physiologic forms 1 and 2 of Puceinia graminis avenae
were wdentified with certainty, aithough there was good evidence that
a collection made by Wallace Butler on December 28, 1923, at West,
Tex., contained & virulent form not hitherto found., White Tartar
and Green Mountain had been moderately resistant and Richland and
Flajira highly resistant to all collections made in the summer and fall.
However, the collection made by Builer produced two types of ure-
dinia on the same leaf of Richiand, minute uredinia in necrotic areas,
and large, normal uredinia as well. The rust from the large uredinia
was propagated and was virulent on all varicties inoculated. Unfor-
tunately, however, seed of ““Joanctte Strain® and “Strain 703" was not
available for the tests, and it was therefore impossible to distinguish
this culture from form 4.  As the large uredinia had eppesred on only
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one plant of Richland 2nd form 4 had been cultured in the same
greenhouse previously, it was suspeeted that the large uredinia might
have resulted from accidental infection. In the light of subsequent
events, however, it seems more likely that the rust actually had beern
present in the field. Repeated attempts to again isolate the virulent
form were unsuccessful.

In the following year, 1924, all winter and spring oat varieties in
the nursery at Temple, Tex., were infected with stem rust. This
indicated the presence of some cxceptionelly virulent physiologic
form, possibly Puccinia graminis avenge form 6, hitherto unknown on
this continent or elsewhere. The rust notes on the Temple material
were not taken in the field as usual, bué the slmost-mature plants
were harvested and shipped to St. Paul, Minn., for examination.
“The notes were taken by A. W. Henry and the senior writers of this
bulictin, It was very difficult to obtain 2 culture from this material,
for, in most cases, the rust was in the telial stage, and most of the
urediniospores were nonviable. Finally, after & number of attempts,
& culture was obtained from the rust on Silvermine. Both White
‘Tartar and Richland proved resistant, however. Evidently, if & very
virulent form of stem rust occurred at Temple in 1924, other less
virulent forms alse were present that year.

In 1925 between 40 and 50 specimens of Puccinie graminis avenae
were collected and cultured at S¢. Paul,  Of 32 collections determined,
29 (approximately 91 per cent) were form 2; the remaining 3 cultures
were of form [. [t was in this year that the presence of the very
virulent form of P. graminis avenae was first delinitely discovered in
Canada. This form may possibly have been present at West, Tex.,
n 1923 and at Temple, Tex., in 1924,

There was considerable stem rust on White Tartar and Richland
at College Station, Tex., in 1826, and its development on both varie-
ties scemed normal.  On Ilajira there was very littic stem rust, how-
ever.  This is circumstantial evidence of the presence of two forms
identical with, or similar to, forms 8 and 4. These forms were not
isolnted, however, from the specimen collected at the College Station
nursery; instead, forms 1 and 2 were isolated.  Possibly the host from
which the solation was made harbored forms 1 and 2 but not form 3
or+4. There was, then, civeumsiantial evidence of the presence in the
southern United States ol forms which ean attack some of the resistant
varieties, but the case was not proved.

I'n 1927 more than 100 identifications of stem rust of oats were
made.  As in previous years, form 2 was miost prevalent, and form 5
was the only other furm solated.  Although a very careful study was
made of all collections obtained, it could not be demonstrated defi-
nitely that the virulent European forms and the form more recently
found in Canada exist in the United States. The circumstantial
evidence presented in this bulletin and the greenhouse and field
studies of other investigators (15, 7) seem to indicate the occurrence
of these forms in the United States. DPositive experimental proof,
however, is still lacking,

It the very virulent forms of Pueciniu graminis arence do not
spread into the United States, the development of good varieties of
oats resistant to sbem rust secems well on the way toward realization,
CGarber (9) developed Anthony (74), 2 cross between Victory and
White Tartar, which combines the desirable characters of the first
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parent and the stem-rust resistance of the second. Burnett (3) pre-
viously hed selected Togold from Kherson. Iogold is even mors
resistant to stem rust then Anthony, is high yielding, and has stiff
straw. INo variety has yet proved resistant to the apparently omniv-
orous form 6. Should form 6 become established in this country,
as it has in Cenada, and become widespread the development of rust-
resistant varieties will become much more difficult. Its evemtual
appearance in the United States seems inevitable.

Although several varieties of oats were extremely resistant to stem
rust under field conditions, no variety approached a like degres of
resistance to crown rust. The variety showing the lowest percentage
of crown-rust infection during 56 nursery years, Jowar, had a suscep-
tibility quotient 33.75 times greater than the variety with the lowest
average stem-rust coefficient for 79 nursery years, Iogold. There
was nob so groab a range in she susceptibility of different varieties to
crown rust as there was in the susceptibility of stem rust. Never-
theless, Green Mountain, Red Rustproof, Towar, < Rustless selection,”
Burt, Ruakura, and Hajire were somewhat more resistant than the
other varicties. It was evident from field observations that physi-
ologic specialization in Puccinia coronata avenae complicates the
situation,

There was no apparent correlation between resistance fo stom
rust and resistance to crown rust, While of sll varieties Togold was
tho most resistant to stem rust, ib was among the most susceptible
to crown rush. Red Rustproof was next to the most susceptible to
stem rust, but the second most resistant to crown rust. On the
othor hand, one or bwo varieties that were highly resistant to stem
rust also were smong the most resistant to crown rust. As already
stated, Markton was the most susceptible to both rusts. A cursory
examination of Figures 3 and 4 reveals the lack of correlation in
resistance to tho two rusts. Careful greenhouse tests have not yet
shown any positive correlation in any of the small graius between
the resistance to siem rust and leaf rust.

Observations also wers made on the degree of smub in the dif-
ferent varioties grown in the nurseries. While complete notes were
taken only in 1925, estimates of the percentage of both simuts wers
made victually every year. As these observations were only incl-
dental, the sced was not inoculated artificially; hence nothing is
known aboub the number of physiclogic forms which may have caused
the infection. As the secd was grown at Aberdeen, Idaho, it is
probable that it was infeeted with only the forms present at that
place. The results, stherefore, are not nceessarily indicative of the
behavior of these varieties toward smutb In commercial fields in other
regions. Under the conditions of these experiments, however, the
following varicties were very rvesistant to both smuts: Markton,
Red Rustproof, Fulghum, and Hajira. The following were moder-
ately resistant: Burt, Richland, Silvermine, ““Rustless selection,’”’
and lowar. The following were moderately suscopiible: Jogren,
Joanette, Minota X White Tartar, Ruskurs, and Swedish Select; and
those cextremely susceptible were White Tartar, Green Mountain,
and Anthony.

Unfortunately, thore rppears to be no correlation whatever hetween
smut resistance and resistance to the vusts. For example, Markton
and Fulghum were very resistant to both smuts, but oxtremely sus-
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ceptible both to stem rust and crown rust. Red Rustproof slso was
highly resistent to both smuts and also to crown rust, bub was very
susceptible to stem rust. On the other hand, Green Mountain was
susceptible to both smuts, but resistant to both rusts; and Anthory
was very susceptible to the smuts and to crown rust, but resistant
to stem rust. Again, Ruskura was very susceptible to the smuts and
to stem rust, but resistant to crown rust. Hajira was the only variety
which appeared to be resistant to both smuts and both rusts.

The smuts can be prevented by seed treatment, but it would be
highly desirable to combine rust resistance and smut resistance in
ono variety, if possible. To do this probably will necessitate a de-
tailed study of the number, distribution, and comstancy of the physi-
ologic forms of the smut fungl as well as the rusts. The results pre-
sented emphasize the fact that therc is not necessarily any corre-
lation in the resistance of varieties of oats to different dissases.

SUMMARY

A uniform nursery cxperiment was started in 1923 to determine
under ficld conditions in different areas the relative resistance of
varietios of onts to Puccinie graminis avenae and to determine the
distribution of physiologic forms of the pathogene in the experi-
mental territory. Beginning with 1925, observations were made on
crown rust.

At first only 11 varicties of oats were grown at 21 experiment sta-
tions. Eventually 22 varieties were studied at 48 stations. Alto-
gether, during the five years 1923 to 1927, 23 varieties were tested
&t as many as 65 diflerent experiment stations.

The percentage of stem rust usually was estimated before the
plants ripened; crown-rust notes were taken when the leaves were
still green. The rust scale of the Office of Cereal Crops and Diseases,
Bureau of Plant Industry, was used as & basis for the estimates. In
the case of stemn rust, in addition to the estimates of infection, notes
were taken on the nature of host reaction. A pumerical value was
essigned to the latter, and by multiplying it by the estimated per-
centage an infection coeflicient was obtained. The latter scemed a
more aceurate expression of the effect of stem rust on the host plants
than a mere percentage figure. The percentage reading, however,
was thought to be adequata to represent susceptibility to erown rust.

There was & very pronounced difference in the quantity and qual-
ity of the stem-rust infection on different varieties at different sta-
tions in different years. The foilowing ecight varicties, selections,
and crosses were most resistant to stem rust during the period under
review: Jogold, Hajira, Richland, Minota X White Tartar (White
Russinn), White Tartar, Green Mountein, Anthony, and Idkin.
The average infeetion coefficients for these varieties ranged from less
than 0.5 per cent to a little over 3 per cent. In comparison with a
standard variety grown during the same period, the extreme suscep-
tibility ratios were 1.39 aud 12.12 per cent, respectively.

The differences in the effects of crown rust on the different varieties
were not so striking as those of stem rust. The spread between the
jeast alfected and most affected varieties was slightly more than 20
per eent in the ease of crown rust and almost 31.5 per cenl in the case
of stom rust,  Bven more striking is the dilference in the relative sus-
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ceptibility ratios of the most resistant and most susceptible varieties.
to crown rust and stem rust, respectively. For crown rust, the lowest
and highest ratios were 82.97 and 129.69 per cent and for stem rust
1.39 end 111.58 per cent. The six varieties least affected by crown
rust were Green Mountain, Red Rustproof, Towar, “Rustless selec-
tion, " Burt, and Ruakura.

In general there secmned to be no correlation in varictal resistance
between the two rusts. Some of the varieties most resistant to stem
rust werc among those most susceptible to crown rust, and vice
versa. Marliton oats, however, was the most suscepéible to both
Tusts.

Stem-rust specimens were collected each year from the different
uniform nurseries and their identity determined by inoeculntions in
the greenhouse at University Farm, St. Paul, Minn. Altogether, 121
collections from the nurseries were studied. Physiologic forms 1, 2,
and § were isolated in the different years. Form 2 was by far the
most prevalent. None of the extremely virulent forms known to
oceur abroed and in Canada has been isolated with certainty from the
collections made in the United States, although there is considerable
civcumstantial evidence that they ave present in this country.

Unless the sbove-mentioned virulent forms appear in the United
States, the problem of developing good varieties of oats resistant to
stem rust apparently is well on the way to solution. Such varieties as
Iogold and Anthony, developed in Tows and Minnesota, respec-
tively, are outstanding in resistance to stem rust, in yielding ability,
and other desirable characters. To be of greatest economic value,
resistance to crown rust and smuts must be added.

Surveys of physiologic forms should be continued as a basis for
breeding. Losses in the yield of oats due to stem rust are less severe
now than they have been, owing in part at least to the progress
made in eradicating barberries, but the program of breeding varieties
resistant to both rusts must be continued if losses from these diseases
are to e reduced to a minimum. At the same time barberry and
buckthorn bushes should be eradicated in order to reduce the smount
of inoculum, to decrease the opporvtunities for the persistence of
physiologic forms now in existence, and to reduce the possibility of
the production of new physiologic forms by hybridization.
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