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Physiologic Specialization in the Oat Smut
Fungi and Its Relation to Breeding Oats
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o R;:’LCE specinlizution in the ont smut fungi has been thoroughly estab-
lished, and its relation to the development of Improved varietics
of outs is generally recognized. A knowledge of the number and dis-
tribution of lhese races in any given area is helpful in an oat-im-
provement progtam, especially for workers having inoculum and
tacilities available for testing promising new hybrid selections and
varieties of oats for smut resistance. .
Experiments were begun in 1936 for the purpose of systematizing
the identification of oat smut races occurring in the principal oat-
producing regions of the United States und establishing facilities for
the systematic determination of varietal yeaction to these races. This
bulletin presents the results of these experiments, together with datla
on the reactign of certain newly deveioped varieties of oals to the

races of oat sgillts that have been identified.
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?jfPhﬁologi%specinlimtion in Ustilago avenae {Pers.} Rostr. and 7.
é@ﬂﬁ:Wille EEU levis (Kell. and Swing.) Magn.) has been recognized

U g AW bEeq fﬁ'}publimtion Jaitndary 9, 147, Cooperative fnvestigntions of the
qnvisioﬁ’ of Cefppl Crops and Disentses, Durenn of Plant [ndustry, Solls, and,
griculiural Bagjseering, Agricuiiural Rescenrch Administration, 1V, 8. Depart-

ent Apricdidure, and the Washington and Maho Agricultural Experiment
ntﬂtiu&rrlppl'g;rpti by the Direeton of the Wighington Agricultural Experiment

@  ~®tationus Scientific Paper No. 660,

* Grateful ackRbwledzient is made to those agronomists and plant pathologists

whose (:oopernt@n la supplying seed and smut collections made this stutly possible,
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since 1924, when Reed (5)® described two races of each species, two of
which eame from Missouri and two from Wales. Sampson (13) tested
these same four‘races in Wales and confirmed Reed’s vesults. Subse-
quently these investigators (6, 7, 14) ide:tified other races of T.
avenae and U. kolleri on the basis of host reaction, and other workers
{1, 12, 19) distinguished between races of these species on the basis
of culture characteristics. The investigations of Nicoluisen (3),
Schattenberg (16}, and Leitzke {2) in Germany and Riiduleseu (4)
in Rumania have revealed the presence of specialized races of U.
avenae in those countries,

For a long time Reed and his coworkers emphasized the identifi-
eation of new races, giving little attention to the development of a
standard system for race identification and designation. In 1924,
Reed (5} described two races of cach species on the basis of the re-
sistant and susceptible reaction of certain species and varieties of the
host and designated them, according to the source of the inoculum, as
the Missouri and Wales races. Later, Reed {§) identified two ad-
ditional races of U. auenae on the basis of the resistunce or, suscep-
tibility of Fuighum and Red Rustproof oats. which he designated,
this time according to pathogenieity, as the Fulghum and Red Rust-
proef races. These were distinct from the Missouri and Wales races,
and all were identified on the basis of fwo classes of renetion, namely,
the resistance or the susceptibility of the differential hosts.

In 1030, however, Reed (7) published the resulls of more extensive
Investigations in which 11 vaces of Ustilago avence and five of U.
Lolleri were identified on the basis of six numbered ¢lasses of infection
percentages. These classes were designated as O for no infection;
1 for 1 to 10 percent; 2 for 11 to 25 pereent; & for 26 to 0 percent;
4 for 51 to 75 percent; and 5 for 76 to 100 percent. Roman numerals
were used to designate these races, and the Missouri, Wales, Red
Rustproof, and the Fulghum races mentioned were included in this
group, Later Reed and Stanton (J) deseribed a new race of U.
kolleri, which they designaved as the Fulghum race of covered smut
becanse of its ability to infect Fulghum oats. In 103G, it was shown
by these same authors {70) that the Fulghum and Red Rustproof
rices of U, arenee and I, Rolleri could. in some cases, be further
divided into subvaces, although no definite race or subrace numbers
were assigned. In these later articles Reed and Stanton {9, 10) did
not follow the system of race identification and designation used by
Reed (7) in 3030, but simply referred to the raees by colleetion num-
bers and identified them. by the resistance and susceptibility of their
respective hosts.

The most extensive classification of vaces of the oat smuls yet pub-
Tished was presented by Reed (8} in 1940, when he asgigned numbers
to 29 races of Lstilayo avenae and to 14 races of U. Lolleri. OF these
races, 17 of U. avenue and 8 of U. kolleri were found in the United
States. These races, designated Ly Arabic numerals. were identified
by the resistance and susceptibility of the diffurentinl varietics, of
which there were 17 for the U. avenge races and 10 for tlinse of 7/,
Lollgri. This superseded his earhier classification {7), in which he

*Italic numbers in parenthesos refor to Literature Cited, p. 15,
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used 6 infection classes as the basis for race differentiation and. Poman
numerals for race designation. The races that were included in the
earlier classification {7} were included in the later classification under
the same numbers, but in Arabic numévals. Thus, all the races that
Reed had identified from time to time were grouped according to a
single standard of classification. Recently, however, Reed and Stan-
ten (17) have identified a new race of U, avenae, designated as “A-30.”

The adaptability of a system of classification of races depends to a
great extent upon the constancy of the reaction of the differential
varieties to the established races; otherwise, it becomes difficalt to
recognize new races. Apparently Reed (8, p. 142) found no signifi-
cant variability in the behavior of the races he identified, as indicated
by his statement that—

All races of botl loose ind covered smuts bnve shown a remarkabie conalstency
in their behavior, having given uniform results on a series of hosts for rmanny
suceessive generations, extending over severul years.

In conteast, Tervet (#7) observed much variation in the range of
pathogenicity of certain oat smut collections from year to year, and he
regarded this ag the major problem in physiologic race determination
in these organisms. Thus, aceording to Tervet, vange of puthogenicity,
as u criterion for the separation of races, is a variable quality that
depends upon the interaction of host and pathogen, which in turn may
be uifectec by various envivonmental factors, Consequently, much
variation might be expected.  1E is importlunt, thercfore, to determine
the limits of variability under the conditions to be used in race de-
termination (7). Although Tervet (17) was of the opinion that the
host need not be a factor in variations, later studivs (J8) demonstrated
that it can be a Factor unless cave is exergised always to obtain pure
seedd of the same variety from the same source.

Tervet {I7) discussed fully the various factors that contribute to
variation in pathogenicity of races of the oat smuts from year to year
and pointed out that this variation was not sufficient to prevent recog-
nition of races. Fle was uble to classify 3 vaces of each species in 79
eollections studied, originating primarily from the Mississippi Valley.
It is worthy of note, however. that hie (/7) based the ident*iy of there
races on the general trend of their ranges of pathogericity ovver a
period of several yvears and not according to shurply defined fimits,
In view of the variable resuits that he obtained in several fests, this
appears to have been the logical proeedure. Since the vesults and
ohservations of the writers were similar to those reported by Fevvet,
his mothod of analysis has been applied to the data veported in this
bultetin.

MATERIAL AND METHODS

During the course of the present studics. 218 collections of pat smut
were tested, of which 118 weve {sfilage arenne, (0 werve U kodlert, and
10 were species mixtures.  With the exception of {2 races previously
sdentified by otlier workors (3, 77, 20}, this material represented field
collections Troni 29 Stales in the Uniled Ntates and 2 Provinees in
Cannde, In these sgudies 27 varieties of onts were used, of which 18
wore srena sative T 6. L hyzantina O Kocht 2,1 oricaladis Schveb.y
and L. o4, nde L. Ten of hese proved valuable as differential vori-
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etiesi The complete list of species and varieties, with their respective
C. 1* numbers, is given below. Those that were used as differential
varieiles in tables 1 and 2 aré marked with an asterisk (%),

Agena salivg €. L No. | dvenia sativa—Continued €. 1. No.
*Anthony 2143 | Bleknell 3218
*Black Dinmond_____ ________ 1878 | Seouth Dakotn 4. 2884
*Yictory. o | Markton 2053
Canndian 625 { dvene byranting
*Qothland i 18981 *Pulghwes o 768
*Monarch 1876 Hed Rustproof (Ala, Seb) o 1350
*Digek Mesdug . 1877 Appler 1815
s - 2960) Culentin 994
*Nicol 2025 Ford - 2703
*Lelina 4404 Victoria - 2481
Blaelk Noowny. oo 1874 Avena oricntalis
Joanetie 1762 ! Green Mountain . _____ 1892
Richinnd_ T87 1  Selzar: 1600
Mouvureh Selection_—__ . __ 1870 drena dadu
Eavly Chunnplon . ____ 18661 Lavgoe'Hull-lessX Markton._____ 3.2 ]

The inoculnted seed was grown in field plots ene or more years at
Pullman, Wash. ; Aberdecn, Idaho; Arlington Favin, Rosgslyn, Va.; and
Beltsville, Ma.; and in the greenhouse 2 years at Beltsville.  The per-
centages of smut were based on total number of panicles in a row, which
number usnally ranged from 100 to more than 300 (depending upon
the varviety), at Pullman, and somewhat less at the other fiekl stations;
while in the greenbouse tests the number of punicles averaged approxi-
mately 30 to the row.  In the greenhousc tests at Beltsville, lights were
used to bring plants to matnrity in a shovter time. Consequently,
there was little or no Lillering aud the number of panicles corresponds
closely to the number of plants in a row,

Two methods of inm-.ulln ting out seed with chlamydospores are known
to be satigluctory. One of these consists in removing the glumes and
dusting the nalked seed with dry spores. The other one, known as
the partial-vacuum method, consists in immersing the seed in a spore
suspension and subjecting it to partinl vacuum lor a definite periad
and then veleasing the vicuum, thus forcing the spores beneath the
glumes into divect contact with the embryo or close to it. Tioth meth-
ods are satisfactory from the standpoint of preducing high infection
percentuges, but the former method has the disadvantuge of being too
fime-consuming for lurge-seale field tests. Furthermore, it results
in poor stands.” Consequently, the partial-vacuum method was used in
these studies. The procedure in making the inceulations was as fol-
lows: The chiamydospore suspension was prepared by placing one or
more smutted oub panicles (depending on size) in a [lask containing
enotigh tap water lor the quantity of suspension required and then
shaling the flask vigoreusly until the spore density was sufficient to
blacken the water. Fou Tstilago Loller, it was necessary {o macerate
the smut balls by soaking and stripping them from the panicles. The
spore suspension was strained through cheesecloth to remove frag-
ments of host tissue and smut balls.  Seed of the varvicties to be inocu-
Tuted was then pluced in screw-capped glass vials of suitable size, and
encugh spore suspension was added to ench to extend about half ad
inch ubove the sced. The tops were serewed on foosely, the vials

* G, L refors to accession number of the Division of Cereal Crops und Dispases,
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placed in a desiceator, and partial vacuwn’appliad for 20 minutes and
then released.  The excess spore suspension was then poured off and
the inoculated seed emptied onle paper towels and allowed to dry, after
which it was placed in coin euve{{)_pes and stored until planting time.

After the spore suspension of each vace or eollection was prepared,
all lasks, vials, and ather cquipment used werve washed and Laen stevi-
lized in the autoclave, and all other necegsary precantions were taken
to prevent the mixing of spores of different ruces.

bbviously it was not possible by the method used to calcuinte a uni-
form density of the spore suspensions of different races und collections.
In lieu of tfais, each suspension was made sufficiently dense to insure
the minimum spore load for maximum infection on a susceptible check
variety. ‘The uniformly successiul results obtained over a period of
vears should indicate that the differences in infection percentages
obtained were not due to differences in spore load.

Before inoculating, the seed of the differential varietics was freed
from any natural contumination with smut spores or mycelium by
soaking it in o 1:320 solutien of commerecial formaldehyde for 10 to
20 minutes. A few of the varicties were given cither a long treatment
(1 hour) or a second treatment, when it had been noted that smut had
ocenrred in any uninoeulated row of the previous crop.  Afier treat-
ment, the seed was washed thoroughly in running water and then
spread out to dry.

Inoculum of the different vaees was maintrined by collecting it
from the same vaviety each year. and usually the variety chosen wus
the one that most nearly identified each race by its susceptible reaction.
For example, a race that is characterized by the susceptibility of Black
Mesduer was maintained by taking inoculum from that variety. When
the collcctions were made from cither the field or areenhouse plots
the srautted panicles were picked just as they were beginning to break
from the enclosing sheaths, which were then removed and the panicles
placed in a leakproof parchment bag. The bags were allowed to re-
main open in the Inberatory nntil the specimens were dry, alter which
they were closed.

Iace dentity was baged on the vesistance and the suseeptibility of
the differential vartetics,  An average of 10 pereent or less of smut
for all the tests was regarded as a resistunt venction, and more than
10 percent was regarded us a snseeptible veaction.  Different degrees
of susceptibility were recognized. but intermediate reactions had no
vadue 1o race differentintion, owing to the problem of vuriable patho-
genie reaction already discussed.

Tha data preseated in tables L and 2 show clearly the differentintion
of 13 wces of 'stilago avenar ynd T ol 7. kollerd, vespeetively. The
rirees of the formner speeies are designated A1 £o A-13 (table 1) and
the lutter, W1 to W=7 (table 2y, Nong of the differential varietics
wis uniformly suseeptible to af races, but 3 of them {Anthony, Black
Dinmond. and Vielory) weee highly suscepiible to about half of the
racos.  ‘These varietics, however, were useful in the sepreation of the
other half of the races,

Asshownin table 1, the fivat seven races of Fslilugo avenne ave simi-
Iar in theie high virulence on Anthony, Biack Diamoad. mud Vietory,
but differ in the renetions of certuin other varieties. For example,
A~1 differs from A—2 by the susceptibility of (minas to the lateer race;
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and A-3 differs from the first two by its high virulence on Monarch.
Race A—4 is similar to A-8 but differs by its high virulence on Black
Mesdag; and A-5 differs from the preceding four races by its high viru-
Jence on Gothland. Race A-6 is simlar to A-3 but differs from it in
the degree of virulence on Gothland. It also is similar to A5 but
differs from this race In the snsceptibility of Monarch. Thus, A-6
is characterized chiefly by the common susceptibility of Gothland and
Monarch and the resistance of Camasy whereas, A-7, though similar to
A-6, differs from it by its pathogenicity on Camas and Nicol. Ruace
A-8is similar to A-1. differing only in the resistance of Victory to the
former, and A~9 differs from A-8 by its pathogenicity on Fulghum.
Race A-10 differs from A-5 by the resistunce of Black Diamond;
and the similarity of A-10 to A-11 is broken by the susceptibility of
Nicol to the latter. The resistance of Anthony to A-12 distinguishes
this race from A~9, while A-13 is charactevized by the resistance of all
the differential varieties except Anthony and Monarch. Races A-14
and A-15 are readily distinguished from all others by the suscepti-
bility of Lelina, while they differ from ench other by the susceptibility
of Monarch and Gothland to A-~15 and of Anthony only to A-14.

TasLe l—-Reaction o f 10 diff erential varieties of oats in the greenhouse
and the field to races of Ustilagoe avenae

Smut percontages on—

Bmut race | Tast Nol
: Goth-{ Man-| Ful- | Dick
Innd { oreh § ghum

Mes- [Camns) Nleol
dng I

CoODLOod

p—

oD
W=DONoOoOoDG DD

-]
O —

CoCcoooDoDooD

—
IW-DOC0oWNRINFODOODOO RO

~3to

5

05

_ 60

. } i [ i 98

{ [ 58 87
i

[ g
OoOooOToPOReDROooooo

=]

3t 551 T4 \
L. 57 ( 71 24
1 ests made ns fellows: Nos. 1 and 2, in greenhonse ol Beluesitle, Md., 42 and 1913, respeetively: Nos, §

and 4, In fiekl al Mullman, Wash,, 194% and 1840, respeetively: snd No, 5, in greenhiouse ot Futlinan, 145,
T:Che reaction inditaled for Letlng in test No. 3 wos obtadued in 182,

DRDWASOOEOSNMDoDCOooOoDoOWoOGDOQoON-Io
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TaBLE 1.-~Reaction of 10 differential varieties of oals in the greenhouse
and the field to races of Ustilago avenae—Continued

Smut percebitaged os—
St race | Test Ne, Hinck Blagk
Antho- Vle- | Qoth- | Mon. | Pul- .

ny n];)oig;l tory | lemd | sreb |pbom ﬁ"’é' Comes| Nicol | Lelina

| 74 35 0 6 g 0 [H] 0 Qfcana

A-S 2. 79 82 0 0 0 3 0 0 @l ____
""" 3| 41| 26 1) 0 0 1) g 3 L] L]

4 .. 54 a7 13 0 ¢ 4] 0 [ L1} 0

| R 43 24 4] 10 0 89 ) 8 @ |_____

A-O P S 44 68 3 0 0 €8 4 @ 8| ...
ikl | T SR 44 31 3 18 | 33 0 0 1 0
E R, 13 21+ 3 5 1] 75 0 L1 1] Li

| I 08 0 88 62 0 5 ] ] [1 ) I

A-10 b F 100 ] 87 29 0 G 0 ] 8 |.____
Bibuitinind § I SR 70 0 63 44 ] 0 1] 3 [+ Q
[ S 70 0 15 34 0 ¢ i i) L1 o

b D, 140 01 10D 28 0 2 0 2 E: 1L I

A-11 e - 08 0 73 25 0 4] 1] 4] 56 |aoo--
Sl 1 | S 83 [H] 93 50 0 5 0 0 28 0

[ T 76 0 61 j1i] 3 0 0 0 9 0

) I 0 91 L] 9 0 78 0 0 b I S

A-12 2 e 1] 88 a 34 0 80 0 0 L1 [
diuimintaied | I S ] 63 1] 0 0 46 1] 1] 4] 0

[ S 0 28 1] 0 0 77 0 0 0 0

) D 13 0 1) 3 97 3] 0 0 L3 R,

A-13 2. 8 0 9 6 64 6 ] 0 Q..
Sibuitaies 1 : S 18 0 G 0 48 1 1] 0 1] o

[ T 1 0 a 0 35 G 0 0 1) 4]

A4 {4 ______ 32 28 1 0 0 i2 1] L L1 91
flinimininiet § 1> SN 50 87 37 0 0 86 g 1) (1 100
A-15 {4 ______ 1] 19 [t} 8 90 29 4] G ] 81
’ ininintd 3 - SR ] 82 [t 80 97 93 G 2 0 93

Apparently only two of the seven races of Ustilago kolleri, differ-
entiated in fable 2, represent pathogenic factors different from those
contained in the races of U, avence. Race K4 is distinguished from
all other races of both species by the conunon susceptibﬁity of Mon-
arch, Fulghum, and Black Mesdag. Race K-7 is similar to A--14 and
A-15 in the susceptibility of Lelina, but differs from them in that
Gothland is suysceptible to K-7 and resistant to A-14, and Monareh is
resistant to K7 and susceptible to A-15, The reaction of the differ-
entiad varieties to races K-1, K-2, K3, K-5, and K6 15 almost identi-
cal with that to races A-1, A-3, A—5, A4, and A-8, respectively.

At least four other collections of Ustilugo avenae and one of U,
kolleri appeared to represent races different from those described, but
the results obfained were so variable that it seems best to subject them
te further tests before assigning race numbers.

It would seem that the majomty of races described here probably are
identical with races described by others. There has been no oppor-
tunity to compare thase with all the races of others. but, as already
mentioned, 12 of the collections used represented previously described
races. Included among these were Reed’s (8) races 1, 10, and A-430 of
Ustilago avenae and yuces 1 and 13 of U. kolleri; Tervet's (I7) ruces 1

L
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and 2 of U, avenae and 1, 2, and 3, of U. kolleri; and Vaughan’s {(20)
Black Mesdag races 1 and 2 of U, avenae, The results obtained indi-
cate that, of the races listed in tables 1 and 2, A-11, A-15, and K-%Z are
the same as Reed’s races 1 and A-30 of U. avenae and race 1 of U.
kolleri, vespectively. (The inoculum of A-15 was obtained from Dr.
Reed as his A-30.) Raees A-11, A5, and K-2 are the same as Tervet's
races 1 and 2 of U. avenae and vace 1 of U. kolleri, respectively; and
A—4 is the same as Vaughan'’s raee 8. (Incewlum of A—d was ebtained
from the Minnesota Agricnltural Experiment Station as Vaughan’s
Black Mesdag race 2,) Further tests are necessary before other equiv-
alents can be determined.

Taniw 2—Reaction of 10 diffevential varietios of vats in the greenhouse
: und the field to races of Ustilago kolleri

Smut percentapes oo—
Bmut tace | Tast No.l Black Black f
Anthe. SRy, h- | Mon- | Ful aekd .

Y :rll)oi:d tor‘; clino:'i(l nrcﬁ ghﬁin “é:;: ~tamas) Nlcol {Leilua®

) U 92 76 89 2 0 0 0 0 {10 S

1 2 e ig0 | 100 81 4 o 3 0 i) L1 3
""" d..--.. 8B 50 43 0 0 G 0 0 0 0

L TR, 86 | '24 T4 a 0 [ 0 0 Q i}

| SR a8 67 89 (1] 93 3 0 0 L S T

K2 b S 1 1 100 | 100 0| 160 0 Q 0 128 T
"""" 3.0 79 30 g1 3 84 1 0 i 0 0

C S 72 56 59 Q o7 0 0 0 L 0

booem g0 (i) g1 | 100 G 0 0 0 L1 3 T

K-3 2 .. 100 a4 | 100 a7 i7 10 0 0 L1 2
'''' do--.-% 82 37 79 g1 0 i 0 9 0 0

L S 62 14 16 73 i 0 0 0 0 0

1. 63 19 8 0 98 74 73 0 LN P

K—4 2o 38 506 0 0 a3 83 95 Q LN (R
""" oo 29 10 3 1] 79 46 22 0 0 ¢

L S 3 3 i 1] 5 70 2% 0 0 0

| S 98 4 93 2] 140 H B4 0 L3 .

K5 12 100 80 &0 G| 100 0 40 0 [1 2 DR
TO-am- 3.....] st| 153 50| o} o1 0] 20 © ) 0
f| SR, 73 1 i1 G ¢ 1] i3 i ] 3

| I 04 80 ¢ it 0 Q 0 0 LI [

K-6 b2 R, 160 a6 0 0 0 5 2 ¢ Iy 3 D
TR L TR, 75 87 1 G 0 0 0 0 0 0

4 .. 83 B3i. 0 0. 0 0 07 0 0 Q

-7 {4 ______ 36 2 3 23 f o ] 0 L 435
T F T, 70 a0 O 86 3 8 4] 0 0 36:

! Tests matle as follows: Nos. 1 and 2, In greonhouse oL Baltsvilie, Md., M2 and 1843, respeetlvely; Nos. 3
and 4, In fleld at Pullean, Wash,, 1013 ond 204, respeetively; and Na. §, In greenbouse st Pullman, 145,
1 The reaction ladientad for Leling In test o, 3 was obtrfned In 142,

It will be noted that none of the races identificd here represent the
Red Rustproof type described by Reed (8) as vace 10 of Uslilugo
avenae. Several collections of U. avenge from Red Rustproot onts
have been tested and found to be capable of infecting Appler or Ala-
bama Red Rustproof selections, Invariably. however, thesa collections
were unable to perpetuate themselves more than 2 to 3 yeurs and con-
sequently were lost. A simnilar experience was had with Reed’s race 10

’
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of U. gvenae, which infects Red Rustproof. Consequently, it would
seem that this race type is extremely diflicult to maintain, at least
v «Jer the conditions of these tests, and for this reason it 15 not in-
cluded. There is no doubt, however, that such a race exists, and ib
should be given consideration in a program of breeding smut-resistant
Red Rustproof varieties.

EXPERIMENTAL RESULTS
PHYS-IOLOGIC Races

A total of 218 collections of smut were tested on approximately 28
varieties of oats in the 8-year period from 1937 to 194k A complete
tabulation and presentation of the dula obtained is beyond the scope
of this bulletin. From an analysis of the data accumulated up to
1941, it was appavent that about 20 races of Ustilago avenae and U.
kolleri could be identified on the basis of the differential reaction of 9
varieties of oats. Later, a tenth variety, Lelina, was added. These
tentatively identified vaces along with new collections were then tested
in the greenhouse and in the field for 8 years. The results obtained
from these studies were used as the basis for race identification and
are suminarized in tables 1 and 2.

DisTriBUTION GF RACES

The 22 races identified were found to be distributed in 28 States,
us shown in table 3. The number of races found in individual States
ranged from 1 to 8, the greatest number being found in Minnesota.
Individual races were found in from 1 to 13 States, A-6 and K-8
ranking first and second, respectively. In relative prevalence, how-
ever, these 2 races reversed their positions. being vepresented by 19
and 23 collections, respectively. A wide range i1 relative prevalence
15 indticated by the fact that 6 races were represented by only 1 collec-
tion each.

The race identity of only 141 of the 218 collections of smut was
determined. A few of the remaining 77 collections appavently repre-
sented the Red Rustproof type of raece, but most of them were dis-
carded as possible duplicates. Owing t¢ changes in diflerential varie-
ties, these collections could not Le properly classified in the final
analysis, and, consequently, had to be omitted from the study en
distribution,

VARIETAL REsistance

Information on the number and distribution of physiclogic races
of the out smut fungi is useful for determining the adaptability of
a variety to a given region and for the sclection of appropriate parent
varieties to use in breeding for smut resistance. This study of physie-
logic specialization was therefore supplemented cach yéar by tests
with a few varieties and hybrid selections of oats for the purpose
of determining the scope of Lheir resistance. “Po date (1946), 28
named varieties and 19 hybrid selections have passed through these
individual race tests. The accumulated daia on the varictics are
presented in tables 4 and 5. Obviously these dats ave net strietly
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comparable, since.they were not obtained from a single uniform test.
Each year, however, the tests werce mude under conditions favorable
for smut deveiopment, ns indicated by the fact that upwards of 50 per-
cent smut usunlly developed in varieties known to be susce tible.
Consequently, it is believed that the tests were sufliciently relisble to
determine the smut reaction of the varieties tested. :

TasLe 4—O0at varicties and hybrid selections that were smut-free in
- test made to deiermine varictal reaction to 98 individual races of
Ustilago avenae and U. kolleri

Variety (with pedigreo) aml hybrbd selectlon . 1. No.

Benton (D69 X Bon) - o o oo em o cadmmmmmmmeemaan 3510
Boone {Vietoria X Riehland)_ e am 3305
Clinton (D09 X Bont ) o oo e v e s mem e oo accmmmmmmamams 3971
Huron {Markion K Vietory) .o o e 3756
Marion {Markton X Rainbow) . o e e emacmnma e 3247
MATK T o o o mmmmmmmmmmmmmmmmm—mma e m——mm—mm = 2053
Marvie (Markton X Vietory) oo oo e cvamemmmm [ 2597
Neosho (FPulghusn-MarktonX Vietorin-Richinnd) o ___. e m 4141
Rangler {(Nortex ¥ Vietorin) - oo oo 3733
Bond ¥ Anthony Sl o oo e mmmemmmmmmm e mmmammn 4004
DedX Bond Selo oo e mm————————— 3662

D03 e e e e e e e e e e e e e e e 36863

T e e e e mm e am e mmm e mmm—mm—meamm—mm e 3841

b 1 T S e e e et mmm e 3846

0 o o e e e e e e e e e mmmmm—mmm e —————wa—eaa— 4285

D0 o o et m o mmmm—mm—mm———mm—————mm 4272
Fylghusi-Markton X Vietoria-Richland 8el oL~ 4001
Markton X Rainbow Selo i umemmmmccm—me—em——————— 3350
Red Rustproof X {Vietoria-Richland) Sel. i aaeoes 3720
Riehland X Fulghum Sel ______________. ... e m e m——mm 3060
Victorin—Richland % Markton-Reinbow Sel_ o oo 3609
Victorin-Riehiand 3 Morotae-Bond Sel . oo e am 4301

The procedure followed in testing the varicties was the snree as
that deseribed for the physiclogic race study, except that all tests
were conducted in the field at Pullman, Wash. The inoculated seed
was planted insingle rows 4 to 3 feet long, The smut percentages were
based on the total number of panicles to the row and were caleulated
to the nearest whole number, except that fractional percentages of
less than 0.5 were recorded ns 1. Usually the number of panicles n
a row ranged from 250 to 350, but oceasionally i was as low as 150
and as high as 500. No data were vecorded for rows lacking a complete
stand of plants.

A high degree of resistance to all vaces was exhibiled by the majority
of varieties and selections tested.  No smiut was produced by any of the
races on the 9 named varieties and 13 hybrid selections listed in table 4,
The reaction of 25 other varietics and hybrid selections to individual
races is presented in lable 5. Though not smut-free, several of these
wore highly resistant to all races, while others were highly resistant
to the majority of races but highly susceptible to others.. :

Roval Seot exhibited the widest range of susceptibility, being in-
fected by 16 of the raees. . Several other varicties, however, showed o
greater degree of susceptibility to certnin races. Notable in this re-
spect is the susceptibility of Bridger and Victoria to A2 and A-14,

o
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respectively. A high degree of specialization to varieties derived from
hybrids invelving Victoriz and I'nlghum is shown by A-14, A-15, and
EB-7. Thus, from the standpoint of developing smut-resistant out
varieties, A-8, A-14, A-15, and K-17 are highly significant races.

That high resistance to these and nll other races can be obtained, how-
ever, is shown by the varietal reactions indicated in tables 4 and 5.
Among these, the parental varieties and selections that have con-
tributed to the production of highly smut-resistant varielies are
Markton, Victoria, Richland, Fulghum, Bond, and D69,

DISCUSSION AND CONCLUSIONS

Consistency 1n the behavior of physiologic races on o given set of
differential hosts under comparable cenditions for 2 period of years
is important in a long-time program of race identification, This is
especially true when the maintenance of race identity and the identifi-
catlon oi newly occurring races ure primarily an integral part of a
general crop-improvement effort.  The real velue of such a program |
should be measured more by the applicability of the vesults than by
their uniformity. For example, if a group of races can he clearly
identified and used as 4 basis for determining varietal resistance, it
probably is not highly important from the practical standpoint if .
these races do not always veuact in exactly the same way on the different
varieties, so long as the identity of each js maintained. Therefore, in
this series of tests with oat smuts, emphasis has been placed on the
broad objective of identifying representative races from the prineipal
oak regions of the United States and organizing facilitics for deter-
mining the reaction of newly developed vat varicties to these races.
It would seem that this has been satisfactorily accomplished.

As mentioned, Tervet (17) has considered tfw problems encountered
in the determination of physielogic races of the oat smuts both inten-
sively and exteusively, and he points out that variability in pathoge-
nieity is the most important problem. Similar ebservations were made
during the course of these studics. Some of the races showed a greater
tendeney toward varviability than others. but, with a few exceptions,
those included m tables 1 and 2 were fairly consistent in pathogenieity
on the varieties used in the tests reported. There scems to be no en-
tirely satisfactory explanation for {he inconsistent reactions that (id
occur, but some possible reasons may be suggested. Lower infections
usually were oblained in field tests than in greenhouse tests of sus-
ceptibie varieties.  Furthermore, there were greater inconsistencies in
the results from the two Feld tests than in those from the tweo green-
house tests, as exemplified by race A-G (table 1), Results of this type
might be expeeted, since it obviously is easier to maintain conditions
favorable for infection in the greenhouse than in the ficld. The
number and degree of inconsistencies in vesunlts from inoculation
experiments with oat smut races probably conld be greatly reduced if
all testing could be done in the greenhouse.

Variability in reaction was greafer in some varieties than in others,
as shown by the fact that Anthony and Camas exhibited a significantly
higher degree of susceptibility to A—7 in test 8 than in test 4, while
Gothland and Monarch were about equally susceptible to this race in
both tests. Similarly, for A-9, Anthony was more susceptible in test
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3 than in test 4, whereas the reverse was true with Fulghum. 1t ap-
pears that when two varieties are susceptible to the same race, condi-

‘tions that favor high infection of one are not necessarily conducive

to high infection of the other. It wonld seem, therefore, that environ-
mental variability possibly might modify varietal response te certain
races and thereby a.count for some of the inconsistencies found.
The importance of purity of the differential varieties is obvious and
has been emphizsized by Reed (8) and Tervet (78)." Tervet has shown
not only that the same strain should be maintuined, but also that the
same lot of seed of a given strain should be used so far as possible. The
majority of tests carried on in this study were made with the same
strain of each variety from one source. In some instances, however,
shortages necessitated getting seed from other sources, and possibly
some of the variability in results was due to this difference in source.
There is no specific evidence in the results, however, to indicate that
the seed was ag fault. A constant supply of uniform seed of the dif-
fevential varieties has been produced by the Aberdesn (Idaho) station
for many years. _ .
Genetic purity and stabiliby of oat smuf races are no less important
than seed purity of the host in maintaining the identity of races from
year to year. Hield collections of oat smut somefimes contain both
species—Ustilago wwenae and U. kolleri—and probably frequently two
or more races. Race identity, therefore, is contingent first upon the
degree to which the pathogenicity of field collections can be purified.
The difficulty of obtaining genetic purity and stability is emphasized
by Leitzke’s (2) studies with race mixtures of U. avenge. He obtained
bighly divergent results with vace mixtuves, including reduced, un-
changed, and increased pathogenicity and the production of rew
pathogenic types. Furthermore, by succeeding inoculations, the mani-

festation of these various pathogenic attributes was immediate in
some cases and delayed in others, retained in some and lest in others,
and rednced in some and intensified in others.

Thus, the purification of some of these Spathogenic types might be
exceedingly dificnit. In this connection, Sampson and Western (15)
pointed cut that, in the absence of hybridizution, varietal screening and
the use of monochlamydospore cultures for inoculmm are convenlent
ways of approaching purity of races.

A third method, suggested but not used by Sampson and Western
(15), is to inoculate with paired monosporidial enltures from a single
chlamydospore. This method was tried in these studies but was found
to be unsuitable, becanse it eliminated certain pathogenicity complexes
that are needed in vaviefal resistance tests, Varietal screening was
finally adopted as the most suitable method for approaching patho-
genic purity of races, and it seems that the results ave satistretory, at
Teast for the purpose for which they ave intended fo serve.

Phe failare of the Red Rustproat type of yace fo perpetuate itsetf
ander the conditions of these experiments is difficult to explain and no
attempt at an explanation wiil be made here. Novertheless, the exist-
ence of this type of race should be taken into consideration in breeding
for smut-resistant oats of the Red Rustproof type.

A knowledge of the prevalence and (istribution of oat smut races is
an important consideration in the development and introduction of new
ont varieties. Since all important oab varieties of vecent and current
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production are highly resistant te almost all races, however, the sig-
nificance 'of race distribution, and prevalence centers for the most part
around relatively few ruces. For example, only two races—A-2 and
A-T—are imporfant in determining the adaptability of varieties, such
as Bridger (C. I. 2611), that huve been derived from the crosa
Markton X Victory. Similarly, vavieties of the Lelina iype would be
limited in aduptability for smut resistance by the distribution and
relative prevalence of A—14, A-15, and X-7. Limited tests with sev-
eral new collections suggest a wider distribution and greater relative

revalence cf these races than is indicated by the data in table 3. Un-
fortunately, both Bridger and Lelina represent varieties that are agro-
nomically adapted to the regions where the races to which they are sus-
ceptible are prevalent. This emphasizes the need of adequate facilities
for determining the smut reaction of new oat varieties. Obviously, the
effectiveness of such facilities will depend upon availability of races
and adequate information regarding their distribution and relative

prevalence.
SUMMARY

In 218 collections of oat smut obtained from various oat-producing
regions of the United States and Canada, 15 races of Ustilago avenae,
designated A-1to A-15, and 7 races of U. kollert, designated K-1 to
K-7, were identified. These races arve differentiated by the resistance
and susceptibility of 10 oat varieties. Intermediate reactions were of
no value for the sepavation of rnces,

Seven of these races apparently are identical with certain races de-
scribed by other workers, while t%n.'ee races (A-2, A-15, and K-7) are
believed to be Cescribed here for the frst time. The rest could not be
classified into previously known races.

The races identified in this study were found to be distributed in 28
States, with the number in individual States ranging from 1 to §, the
greatest number being found in Minnesota, The most widely dis-
tributed race was A—G, which was found in 13 States, while the most
prevalent was K-2, which was represented by 23 col lections.

The majority of 47 varieties and hybrid selections of onts tested
were found to be highly resistant to all the races used. In tests with
individual ruces 9 named varietics and 18 hybrid selections remained
smut-free. No variety was highly susceptiole to more than 2 races,
although 1 variety, Royul Scot, was somewhat gusceplible to the ma-
jority of races. Among varieties contributing to the production of
highly smut-resistant varieties uve Markton, Victoria, Bond, Richland,
Fulghum, and D69,
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