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R• ·ApE speciali,%ation it: the oat smut fungi has be~l: thoroughly ~,st~b. 
11shecl, and lis l'elatlOll to the development of Jmproved Vlll'.lCtwS 

of OILts is generally recognized. A knowledge of the number and dis­
tribution of these races in any given m'ea is helpful in an oat-im­
provement pl;ogmm, especially tor workers havjng inoculum and 
facilities aV!lihble for testing pl'omising new hybrid selections and 
varieties of oats for smut l'!.!sistance. , 

Experiments were begun in 193Q. for the plll'pose of systematizing 
the identification of oat smut races occUlTing in the pr.illcipal oat­
producing regions of the United States and establishing facilities for 
the systematic determination of vurietalreactioll to tbese races. This 
bullethl presents the results of these expedments, together with data 
on the react:ipJ<. of certldn :newly developed vfll'ietics of oats to the 
races of oat S~iltS that have been identified. 

c:: 

- >-. REVIEW OF LITERATURE!:1"'t ~ 


~~Ph~.ol.ogi~~pecia~jzat!on in U.stil0r;o avenae (Pel's,) Rostr. a.n~ U. 

ll~~;:Wllle ~U. Zevz8 (I~e]l. and Swmg.) Magn.) has bC'cn recogmzed 

• 
OO(l sub'ilrittca f6iiJ publicntion .1Ilmlr(l'~'!), lfH7, COQP('l'nti\'e fnvcstigntionr, of thl.! ~ ivisioi\' of Ce!i:ilJ Crops lln(l DifmaseH, Bure;tu of Plllnt Industry, SOlis, nnll. 
M,gl'icnll.urnl Er/tjneCl'ing, Agricultul'Il·l Hescul'ch Atlmf.nistratioll. I.:. S. 1)f'pal't ­
"'tnen~ q"PAgTicrt4:\Jre, antI the Wnshington unc1 ~<Iaho Agricnltural EXpel'impnt
~tlltlO)j~llppr9.rf.d by the Dircct-ot' of tile Wll.slllngton Agricultunll Experiment
~tntion us Sdekl,tific Paper No. GGO. 

• Grateful aclalbwledgment is marle to those agronomists nnd plaQt pnthologil;ts 
Whose cooperntin in supplying seed and smut collections IIlll(le this study possiiJle, 

7&1·920-48 1"'1 
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siuce 1924, when Reed.(5)! d.escribed two races of each species, two of 
which came from Missouri and two from Wales. Sampson (13) tested 
these same four 'races in Wales and confirmed Reed's results. Subse~ 
quently these investigators (6,7, 14) ide: \tified other races of U. • 
a'venae 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 Nicolaisen (3), 
Schattenberg (16), and Leitzke (2) in Germany and R1idulescu (4) 
in Rumania have revellJed the presence of specialized races of U. 
avenae in those countries. 

For a long time Reed and his coworkers emphasized the identifi­
c~tion of new races, giving little attention to the devclopment of a 
standard system for race identification and designation. In 1924, 
Beed (5) described two races of each 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 'Vales races. Later, Reed (6) identified two ad­
·ditional races vf U. a.;e71ae on the basis of the resistance or. suscep­
tibility of Fl.ighum and Red Rustproof ,oats. which he designated, 
this time according to pathogenicity, as the Fulghum ':lnd Red Rust­
proof races. These were distinct from the :Missouri and 'Vales races, 
.and all were identified on the basis of two classes of I'eaction, l1amely, 
the resistance or the suscept:ibility of the differential hosts. 

In 1930, however, Reed (7) published the l'esnUs of more e:densive 
investigations in ·which 11 l'llces or Ustilago cwell{te and five of U. 
kollel'i were identified on the basis of six numbered classes of infection 
percentages. These classes were designated as 0 fol' no infection; 
1 for 1 to 10 percent; 2 for 11 to 25 percent; () for 26 to 50 percent; •4 for 51 to 75 percent; and 5 for 76 to 100 peL'cent. Roman numerals 
were used to designate these raccs, and the M.issouri, Wales, Red 
RuStPi'oof, and the Fulghum races mentioned were included in this 
grollp, Latet~ Reed and 8t:l11ton (0) cle:1c.:dbed :1, lIew l':1ce of U. 
kollmi, which they c1esignnYe>d as the Fulghum mee o·r eo\'ered smut 
because of jts ability to infect Fulghum oats. In 1936, it was shown 
by these same authors (10) that the Fulghum and Red Hustproof 
l'aces of U. a.l'enae and U. kollel'i cOllld. in some cases, be further 
divided into subraces, although no definite race 01' sub race numbers 
were assigned. In these later articles Reed .and Stanton (9, 10). flid 
110t follow the system of race identification and designation used by 
need (7) in l():~O,but simply refen'ecl to the raeeS' by ('oll('ction num­
bers and identified them. by the resistance anel suseeptibility of thr.ir 
l'espective hosts. 

The most extensive classificatjon of T:tees of tbe oat slhutS. yet pub­
lished was. presenteel by Reeel (8) in 1940, when 11e assignec1lHlInbers 
to 29 races of [/8tilago avenae and to 14 races or U. 7.~oll('l·i. Of lhef;p 
races, 17 of U. avenae and 8 of U. 7.:o11eri were found in the United 
States. 'I11ese races, designated Ly Arabic numcl'als. WCl'e, idrntifiec1 
by the resistance and suseeptibil ity of the differential varieties, of 
which there were 17 for the U. al'l!nae l'a('es and 1() for tl,'1$e of 77, 
kolle1'i. This superseded his earlier classification (7), in whh;h he •

3 Italic nnmb('rs inpan'utlH~$eS refer to Literatul'c Citcd,. p. 15, 
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used 6 infection classes as the basis for race differentiation amr~.oman 
numerals for race designation. The races that were included in the 
earlier classification (7) were included in the 1ater classification under 
the same numbers,. but in Arabic numerals. Thus, a1.l the races that 
Reed had identified from time to .time were grouped according to a 
single standard of classification. Recently, however, Reed and Stan­
ton (11) have identified a new race of V. u'aenae, designated as "A-30." 

'1'he adaptability of a system of classification of ,races depends to a 
great extent. upon the cOilstancy of the reaction of the differential 
varieties to the e!)tablishecl race!); otherwi!)e, it become!) difficult to 
recognize new race!). Apparently Reed (8, p. 1¥2) found no signifi­
cant vttriability in the behavior of the races he identified, as indicated 
by his statement that-

All I'flces, 'If both loose and co\'(~red smuts ha,\'C shown a \'emurkable consistency 
in theil' beh,lYiol', having ginm uniform I'esults on u series or hosts for many 
successive generations, e2:telllling O\'CI' several years, 

• 

In conb'list, TCl'Yct (.17) o1>sc1'"e(1 much vitl'iatiol1 in the range of 
pttthogenieity of certaill oat Hmut collections from year to yerll', and he 
regarded this as the, major problem in physiol()gic race detern1inatiolL 
in these organisms. Thus, accol'Cling to TN'vet, range of pathogenicity, 
as a cl'itel'ion for the separation of l'aces, is a. variable qUlllitj- that 
depends 1I pon theint('rartjon of host and pathogen~ which III turn may 
be all'edc(l by \'al'iom; cllvil'ol1111t'ntal factors. Consequently, much 
va.riation ll1ipltt be expected. It is important, therefore, to determine 
the lim its of Ylu'iability under the conditions to be used .in race de­
termination (17). Although Tervet (17) was of the opinion that thla 
host nc(~d not be a factor in variations, latl'r stlldil'S (18) demonstmtel;l 
tbtlt it can be It factor unless care is exercised always to obtain pure 
seed of the same yarietv fL'om the same sourCe. 

TeL'\'et (17) discusseZl fully the various factors that contribute to 
variation in pathogenicity o-f'races of the oat smuts from ycar to year 
and pointed out that this\'arialion was not suflirient to pl'eH'.nt recog~ 
nitlon of races. He ,vas able to classify 3 ra('es of each speelcs in '70 
('ollections studied, originating pl.'imarily from the Mississippi Valley. 
It .is worthy of note, hcrweve.r. that he (J'7) based the idcnHy of the::l~ 
races on the gCIl(>ml tL'cnd or their l'a:llges of ]Jathoge:r: icity 0VCL' 11 

periocl of sevel'lll yenl'S and 110t 1l<'coI'C1illg to sh:u'pi);cldined limits. 
In \'icw 0-£ the, variable results that he obtained in scycml tcsts, this 
appears to hfl\'e becn the .logical procedurc. Since the results and 
obscLTutions of the writers were similar to those J:(l.pOl·ted by Tervet, 
his l11l'thod of analysis has becn appliNl to the data repotted in this 
bulletin. 

:MATERJAL A~D :METHODS 

• 

D\lring tlw .('0111::;e 0 j~ I he l)1'()",~nt, Ft u<1i('s. :US ,;ollections of nat.smll~ 
W('l'(' tcstNl. of wllwh U~ wC're [ shll/go (t,l'(,l1rtf', all W('L'(\ V.It:...J/e}'1" and 
10 wen', 51)('ci(''; m ixltll'('~. 'Wi th the l'X(,C'pt ion 0 f 12 ]'flC~'S pL'e\·jougly 
id('ntiliNl by olllPI.' '\'orl;('l's (.'J, ] i, ,1f)). this lllat('I'jjtl l'C'l))'PSPlltC'd fi('ld 
coll('l'tiol1s :i't'OIll~!) Stn{C's in the rn i(('(l :-:tal('S and :t PI'o"in('('s in 
Can:tda. In tlH':ot' :"Wdh':-l 27 ytld('lir~ of oats were lIsed, of whirh 18 
\\'err Al'ma wdil'({.L.; fL{. b,l/zanti.na C, Ko(·h; 2. A, oritlltflU~ ~('llrc'b.; 
llnd 1, .:1. lLudt! L, T,'n of these pt'o\'('(l \·;t!u3lJ!c as tliiT('l'pntial ynl'i­

http:b,l/zanti.na
http:pl'eH'.nt
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eties;. The complete list of species and varieties.. with. their respective 
C. 1.4 numbers, is given below. Those that wei'e used as differential 
vnrieties in tables 1 !lnd 2 are marked with all asterisk (*). . 
.tlVCI/U. 81ltivlt C. I. ·No. ,tJ.VCltll IIfLtvva-Contillued c,. I. No•. 

>Co Anthony ____________________ 214:3 Bicknell ______________________ :~21S 
·Black DirulloIHL______________ 1878 South Dakota 33·L___________~28S4 
*Vlctory. ______________________ GOO ________..____________ 2053~lnl'kttJn 

ell nluli an __________-< "________ 1625 tl'VCIW 7JIIZ(lllti I/<L 


·Gothlnnd ____-----___________ 18l)8 *ii'nlgh UIl1 ___
~_______________708 

·Monarch. ____________________ ]876 Red Rtliltproof (Ala. Sel.) _____ 135r. 
·mild;: ~iesdag----------_----- 1877 AppleI' ______________________ 1815
·Calllns ______________________ 2965 CulCuttu _____________________1)<.)4
*Nicol _______________________ 2925 Bond ________________________ 27:.13 
·.Lelinn ______________________ 34iJ.l "ictOI'ill ______________________ 2401 
Black Norwny________________ 1874 .4!)('1/(/. oriCl/tu/is
Joanette_____________________ 1762 Green Mountain _______________ 1892 
IticblllmL_____________________ 787 Seizur;~ ______________________ 1609 
~IOlllll'ch Selectioll _____________ 18m Aff/H!· 101.(1(1 
Enrly ClUUllpiOIl_______________ 1806 Lnrgc\llull-lessX~lnl'kton______ 3209 

ThQ inoculuted seed WitS grown in field plots one or mOl'e years nt-
Pullman, 'Vash. ; Abel'decn: Idaho i A1'1 ington Fa1'111, Rosslyn, Va.; amI 
Beltsville, :Md.: and in the greenhouse 2 years at Bcltsvi.1le. The per­
Gentn:ges of slmit were b!lsec1 on total number of panicles in a. row, which 
Humber us'imUy rn~lged :l'rom 100 to lJ1Ot·(~ than 300 (depending IIpon 
the variety), at Pullinan. and somewhat less at the other field stMions; 
while in the greenhollse trsi:s the JHllnbC'r of panicles llveraged approxi­
mately 50 to the. row. In the greenhouse tests at Bel ts\'lHe , lights Were 
used to bring plants to midll)'ity in a sho\·ter time.. Conseql1ellt.1Yr 
there WitS little or 110 ti\1(~l'in!! and the number of Imniclcs corresponds 
closely to the number of plant;' in a row. . 

'l'wo ll1(!fhoc1s of inonllatin¥ oat seed with chlanrydospores\u'e known 
to b~ satisfactory. On!! of tl1esc consists in I'Clllo\>ing the g1111lwS and 
dustmg the nuked seed with dry spores. The other om', known :\s 
the p:ldinl-yftclIum method, consists in immersill~ the seed in:" SpOre 
susp('l1sion and subjecting it to partial \'ilClIU!11 for a definite period 
!llld th(,ll l'elefl.sing the vacuum, thus :forcing the spores beneath the 
glumes into direct contact with the embryo 01' close 10 it. Both ll1('th­
ods are sn.tisfactol'y frol11 the standpoint of producing high lllfection 
pel'centag('S:: but the iMmel' method h:ll; the dis:lc!Vtlntllgc of b('ing too 
!irne-cousllllljng for large-s(,ale field t~sts. Flll'thern1ore,it resul~s 
WpOOI' stands. Consequently, the pnrtllll-VllCllUlll method waS used m 
these E'tudies. The vrocedurein making the inocl.t1ations WliS as fol­
10\\'s: The chlamydospore suspcnsion waS pl'l'parl'cl by placing one or 
more. smutted oat pani('lps (depcinding on size) in ll. flask cOlltaining 
enongh tap waterlol' the qu:mtity of' suspension requir('d 1l11cL then 
shaking the flask vigQl'ot1s1y unti I. the SPOI'C density was suflicicnt to 
bI:lchn thewnter. For: ustila{IO l..'ollel'i) it was necessary to macerate 
the Slllut balls by soaking and stripping them it'om the panicles, The 
SpOt·(! suspension was ~tl'aiJH'd throu,~h (.'h~es('cloth to remove f1'llg­
ments or host tissnen.nd smut bans. Seed of the. varieties to bu inocu­
lakd was then placed .in .s('l·ew-t'a ppecl glass yillls of suitnble. size.c' and 
enough spore susprnSlOn was addNl to t':H'h to <'xt(!I1(1 flbout lIa If all 
ineh tlbove the sced.Thc: tops W(,>r(' liC'l'(\\\'C'd oni()()sC'ly, (11(' vials 

• C, L refl'rs to nC('(,ssiOll num\Jer of t1ll' Di\'i~ion of C('l'('ul ('\'(lPS ~trld rH>"~lIsPs. 

• 


• 


• 
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placed in a desiccator, and partial 'vncuum'applied for 20 minutes and 

then released. The excess spore sllspensioll\"as thell poured off and 
the inoculated seed emptied onto paper towels 1111d allowed to dl'y,llfter 
which it was placed in coin (,Ilvelopes and stored until planting tillle. 

After the spore suspension of euch race Or collection ,,-us prep:H'cd, 
all flasks, vials, and other equipment used 'we!.'e washed and GH~n steri ­
lized in the autoclcn-e: and all othel' necessary precautions werc tilken 
to prevent the mixing of !:ipo~'es of different races. 

Obviously it ,,-as not possible by the method used to calculate a uni­
form density of the spore suspensions of different l'llces nnd collections. 
In lieu of this, each suspension was made sutliciently dense to insure 
the minimum spore load for maximnminfectioll on a susceptible check 
variety. The uniformly sliccessful results obtained over a period of 
years SllOUlcl indicate that the differences in infection percentages 
obtained were not clue to differences in spore load. 

Before inoculati,ng, the seecl of the dHferential varieties was freed 
from any natural contamination with smut spores or mycelium by 
soaking it in a 1: 320 solution of commercial formaldehyde for 10 to 
20 minutes. A 'few of the yurie6es were given either n long treatment 
(1 hour) or a seco11Cl treatment, when it l1ad been noted that. sl1luthad 
occurred in any uninoculated row of the previous crop. After treat­
ment, the seed was washed thoroughly in l'unlli11g water and then 
spread out to dry. 

Inoculum of the. c1iffm'el)t races was maintained by collecting it 
from the same variety each yeat" and wmally the variety chosen was 
the one that most neady identified ench race by its susceptible reaetion. 
For example, a race tlmt is.chul'llctel'ized by the susceptibility of Black 
~Iesdtl~ was maintained by tnking inoculum :from that. variety. ,Vhen 
the collettions werl' made :l'l'OJll eithel: the field 01: greenhouse plots 
the smutted paniclcs were picked jnst :tsthey ,\'Cl'e beginning to break 
'from the enclosing shl'aths.. 'which were thell remon~c1 and the panicles 
placed il'l a, lenkpl'oof p(u'chment bag. The bags were allowed to re­
main open inl:he l:tbomtol'Y until th~ specimens'were dry, after which 
Owv were closed. 

1{:tc'e identity was based on the I:l'sistancc (Ulc1 tile susceptibility of 
(he, difl'er(;'lltiul varieties. .An nVC'I':t¥C' of 10 pel'cc'llt or less of smut . 
'for all the tests was regarded as.:t l'e~istaJlt r('actiol1, antI mOre than 
10 pereent was re~:i 1'(\('(1 as :t sllsceptible reaction. Di fl'Cl:ent degrees 
of susceptibility were l'('cogniz('(l. bnt intc'I'metliate reactions 11a!1 no 
vrtlue in r(l('C dnrerentiatio)l: owing to t11e pl'Obl('ll1 of variable plltho­
genie reaction already discus~w(l. 
Th~ data pl'es(,l1tecl in tabh'l:> 1 all(12 Rhow eh·:tdy the c1itferentl!ltion 

of.15 1\).C(,S of CNii/ago (W(')l(u' amI T or F. lallll'ri. I'llsl)('ctively. Tho 
l'aee;,; 01: the former ~~p('('ies are tll'signated -\-1 to ,:;\-15 (table 1) and 
the In ttl'r.K-l 10 K-T (t nh]p :l). S 01H' of llw d i tr(,l'PlIt in I ntJ'~pti('s 
wns uniI'OI.·mly SIIS('('ptihlc' to a II ra('C';), but a of' them (A nthoJ1Y, Black 
Diamond. and. Vietor'Y) \\"('1'(' highly suseeptiblC' to abiHlt half of the 
rae~:;. Tlwse YHl'irtil's, howerel', w~'re userlll in the s('pnrHlion 01; the 
other half of the eaees . 

.As shown in table 1. the fir;:,t scY('n l'ael'S of {'Rlila{jo rtWIllII' nre Rimi­
Ittl· hI tltl'ie high "irl1h'!u'e Oil .\JltlioJ1.v, Blad\; DillllHJ1H1. llnd VktOI'Y, 
but; dill'er in the l'cnetions of (,l'etain othel'\'ari\'ti(·s. For ('xample, 
i\.-l differs from A-:2 by the susceptibility of Camas to the bt~erl':lCei 
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and A-8 differs from the first t.woby its high virulence on :Monarch. 
Race .A.-4 is similar to A-3 but differs by its high virulence on Black 
Mesdag; and A-5 differs from the precediIlg four m(:es by its high viru­
lence on Gothland. Race A-6 is simlar to .A.-3 but differs from it in 
the degree of virulence on Gothland. It nlso is similar to A-5 but 
differs from this race ill the susceptibility of Monn;rcll. Thus, A-6 
is characterized chiefly by the common susceptibility of Goth11md and 
Monarch and the resistance of Camns; whereas, A-1. though similar to 
A-6, diffet's from it by its pathogenicity on Camas' and Nico1. Race 
A-8 is similar to A-I. diffe~'illg only in the resistance of Victory to the 
former, an.d A-9 differs from A-8 by its pathogenicity on Fulghum. 
Race A-IO differs from A-5 by the resishtnce of Black Diamond; 
and the similarity of A-IO t.o .t\:-11 is broken by the susceptibility of 
Nicol to the latter; The resistance of Anthony to A-12 distinguishes 
t.his race from A-9, while A.-IB is characterize(1 by the resistance of all 
the differential varieties exc(',pt Anthony and Monarch. Rnces A-14 
and .A.-15 are readily distinguished from all others by the suscepti­
bility of Lelina, while they differ from each other by the Suscel)tibility 
of Monarch and Gothland to A-15 and of Anthony only to A-H. 

TABLE I.-Reaction &/ 10 differential 'lJarieMes of oats in the greenhOWle 
and the field to races of UBtilago avenae 

i$mut percent8gc~ on­

----.~--~---~---
Smutrtlce T-ast. No.1 I I I 


AnthQ- ~~ck VIc- Ooth- Mon- rul- ~i~~~ camns,· XICOI L<\linal 
ny mo~d torl- lnnd arch gbum 'dng . • 

----\----\------- --------_._­
1______ 98 96 100 o o 000 


A-I 2 ______ 100 95 9i o o '7 0 0 

----- 3______ 83 70 94 4 o 200 


4______ 73 87 76
1
j
L ____._ 98 70 93 

o o 000 

o o o 0 97 


A-2 2______ 87 64 46 o o o 0 lOO 

• -----3______ 76 61 66 o o Q 0 98


4______ 69 64 67 o o Q 0 94 

L----- 98 76 9,1 11 93 300 


A-3 2______ 87 751 77 12 71 
 020 
----- 3______ 68 3055 2 o • 0 0 


4______ 60 26 41 0, 0 0
l o l~~ I o I 91 0
'll------ ~~ ~~ ~6 
13 

o O! 83 i 0 

o 95 I o I 71 I 0 I 

o 80 I
A-4-----I'I~~~~~:~ll~ n it 

100 

gI 9g I g, 
72 

94 

81 i! 0 I 0 I 


A-5-----1 3====:=\;g ~~ g? 69 o I o l 0 I 0;.

I 4------1 SO 63 6.5 64 o ' o I 0; 0 \ 


90 71 I Ij I 0) 0 I 

ll~==:===j gg ~~ ~~ -4;1 81 ; o 0; 0;


A-6__ ~ __1'v" ______ !, 0"7 , /'6'-0) 1 D 50 I {)S I 0' 0; O! 

I 4 _____ ~! 33 I 24! HI 60 . 0; 0 0 ) 


9411 I .[. 0 30
9~ i
111------\ 96, n6 I 
i


85
A-7 ~ 2______: 89! 77·1 59. liZ I Sf 3, 0 36 

--:--- iL____ 70· 25 I 3t 74 o i O! 61 ,


! 4______ ; 29 I LO I It 
5U f o 0 2.(;
57 I 71 


I Tests made lIS (('l1ows: Nos. J nnd 2, in ~rt'f.'nhQII~c nt Tlrlt$villc, ~rd .. 1012 IlmlllH3. r~sriectl\"!'ly; .:-:los. a 
and >Ii In field nt Pullman, WMh., 1!/1311nd 19·\·1. r~$p~ctl\"('I~'; nnd Xo. ~. In greenhouse nt, .l'lIlIlIIun, HII5, 

f 'rh(; reaction Indicated for Lelioa In l~St XCI, 3 wus ohwlued In WI!!. 
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SPECIALIZATION IN THE ONI' SMUT FUNGI '1 

TABLE l.-Reactwn of 10 differential varieties of oats in the greenhouse 
and the field to races oj Ustilago avenae-Continued 

Smut pet"oontages on-

Smut race Test No, Block Black_-\ntho- VIc- Ooth- Mon- Ful­Din- Mes- Camas Nicol LeIinany tory land nrch ghummond dog 

r---­A-8_____ 2______ 
3______ 
4______ 

74 
79 
41 
54 

55 
82 
26 
57 

0 
0 
0 
1 

6 
0 
0 
0 

0 
0 
0 
0 

0 
3 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

----­
----­

0 
0 

r---­A-9_____ 
2______ 
3______
4___.___ 

43 
4.4 
44 
13 

24 
68 
31 
21 

0 
3 
3 
3 

10 
0 

11 
5 

0 
0 

----­
0 

59 
68 
33 
75 

0 
4 
0 
0 

0 
0 
0 
0 

0 
0 
1 
0 

----­
----­

0 
0 

p::::::A-IO____ 3______ 
4______ 

['------A-IL___ 
2______ 
3______ 
4______ 

98 
100 

70 
70 

100 
98 
93 
76 

0 
0 
0 
0 
0 
0 
0 
0 

88 
87 
63 
15 

100 
78 
93 
61 

62 
29 
44 
34 
28 
25 
50 
16 

0 
0 
0 
0 
0 
0 
0 
3 

5 
0 
0 
0 
2 
0 
5 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
2 
0 
0 
0 

0 
0 
0 
0 

40 
56 
28 

9 

----­
.. _--­

\) 

0 
----­
----­

0 
o 

r---­A-12____ 
2______ 
3 ______ 
4______ 

0 
0 
0 
0 

91 
88 
63 
28 

0 
0 
0 
0 

9 
34 

0 
0 

0 
0 
0 
0 

78 
90 
46 
77 

0 
0 
0 
0 

0 
0 
0 
0 

3 
0 
0 
0 

----­
----­o 

o 

r----­A-13____ 
2______
3______ 
4 ______ 

A-14____ 
{4______ 

5______ 

13 
8 

18 
1 

32 
50 

0 
0 
0 
0 

28 
87 

0 
9 
0 
0 
1 

37 

5 
6 
0 
0 
0 
0 

97 
64 
48 
35 

0 
0 

0 
6 
1 
0 

12 
86 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
6 

---- ... 
----­o 

o 
91 

100 
A-15~___ {~------OJ ______ 0 

0 
19 
92 

0 
0 

8 
80 

90 
97 

29 
93 

0 
0 

0 
2 

0 
0 

81 
93 

Apparently only two of the seven races of Ustilago koZleri, differ­
entiated in table 2, repres~nt pathogenic factors different from those 
contained in the races of U. avenae. Race K-4 is distinO'uished from 
all other races of both species by the common susceptibfiity of Mon­
arch, Fulghum, and Black Mesdag. Race 1\:-7 is similar to A-;14 and 
A-15 in the susceptibility of Lelina, but differs from them in that 
Gothland is sl.lsceptible to K-7 Ilnd resistant to A-14, and Monarch is 
resistant to K-7 and suscepti.b~e toA-15. 'l'he reaction of the differ­
ential varieties to .l'aces K-1, K-2, K-3, K...:5, and K-G is almost identi­
cal with that to races A~l, A-3, A-5, A-4, and A-S, respectively. 

At least four other collections of Ustiht{fo avenae Ilnd one of U. 
kolleri appeared to represent races different from those described, but 
the results obtained were so variable that it seems best to subject; them 
to furthm' tests befol'e assignin~ I':lce numbers. 
It would seem thnt the majonty of races de.s(:ribedhere probably are 

identical with races described by othol's. There llas been no oppor­
tunity to complH'e thesc with all ther'aces of othel's, but, as already 
mentioned, 12 of the collections used I'cpn'sclltcd p1'evio~1sly de.scl'ibed 
races. Included amOJ1g these were Reed's (8) raees 1: 10, and A-.'30 of 
Ustila{fo i1.venae and races 1 and 13 of U. 7.:olZe7·l; 'l'pl'vet's (11) races 1 
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and 2 of U. avenae and 1; 2, and 3, of U. koZlerij and Vaughan's (:80) 
Black :Mesclag races 1 and 2 of U. avenae. 'rhe results obtained indi­
cnte that, of the races listed in tables 1 and 2, .A.-H, A-15, and K-2 are • 
the same as Reed's races 1 and A-30 of U. avenae und race 1 of U. 
kolle~'i, respectively. (The inoculum of A-15 was obtained from Dr. 
Reed as his A-30.) . Races A ....H, A-5, and K-2 are the. Sl\me as Tervet's 
races 1 and 2 of U. avenae and race 1 of U. lcolleri, respectively; and 
A-4 is the same as Vaughan's race 2. (Inoculum of 1\.-4 was obtained 
from the Minnesota Agricultural Experiment. Station as Vaughan's 
Black Mesdag race 2:) Further tests are necessary before other equiv­
alents can be c~etermilled. 

TABLE 2.-Reaction of 10 ditfm'ential varieties of oais in the greenhouse 
, and the field to 1'aees of Vstilago !.:ollm'i 

Smut percentages on-

Smut race 'test NO.1 Dlack Rlack IAntho- VIC- Goth. 1'1100- Ful­Din- l\!es- ;)nmas Nicol Lellna'ny tory land arch ghummond dag 

92 76 89 2 0 0 0 0 0 --_ .. ­
____ {I:::::: 100 81 0 0 0K-L 3 ______ 100 4 5 0 -- ... ,,'­88 50 43 0 0 0 0 0 0 0'L _____ 86 '24 74 0 0 0 0 0 0 0 

98 67 89 0 93 3 0 0 0 ----.-
K....2_____ Ii:::::: 91 100 100 0 100 0 0 0 03 ______ ----­79 30 91 3 89 1 0 U 0 IJ 

72 56 59 0 97 0 0 0 0 0 
69 91 100 6 0 0 0 0 

4______ 

(:------ ]00 -----K ....3_____ 100 94 100 97 17 ]0 0 0 03 ______ ----­
82 37 79 81 0 1 0 0 0 0 •-L _____ 62 14 ]6 73 0 0 0 0 0 0 
63 19 8 0 98 74 73 0 02 ______ ----­

K-4_____ 1 '------ 38 56 0 0 93 85 95 0 0 - ...,--­3 ______ 29 10 3 0 79 49 22 0 0 04______ 31 5 1 0 78 70 22 0 0 0 
98 4 93 2 100 0 84 0 0 ----­

K-5_____ 1;=::::: 100 80 80 0 100 0 40 0 03 ______ o . 81 15 50 0 91 20 0 0 04______ 1
'15 1 11 0 S,t 0 ]5 0 0 0 
9'1 80 0 0 0 0 0 0 02___,___ -----

K....6_____ 100 96 0 0 0 5 2 0 J3 ______ ---- ...r----­ 75 87 1 0 0 0 0 0 0 04 ______ 82 33 0 0 0 0 0 0 0 0 
K-7_____ {~------ 56 2 5 0 0 0 0 0 45~<l

<l______ ?-l70 50 01 80 3 8 0 0 0 36 
I 

I Trst.'i niade as rollow5;N05. I nnd 2.ln greenhouse nt TIelt.'ivlllc, ·:-'Id., lIH2 and 1043, re$pectlv~b'i Nos_ 3 
and 4. In field nt Pullman, Wush., 10):\ nnd 191-1, rCSllcCllwly; nIHI No.5, In greenhouse at Pullman, 1045. 

'The reaction indlClltcd [or Lelinllin Icst No.3 WIIS (>btn/:wd In lIH!!. 

It will be noted that none of the races identified here represent the 
Red Rustproof type described by Reed (8) as race 10 Qf Vstilago 
([venae. Several tollections of 0. QvenafJ 'fl'om ned Rustproof orlts 

, . have been tested and found to be capabJe of infecting AppleI' or Ala­
bama Reel Rustproof selections. Invariably. however) these) collections 
were unable to perpetuate themselves more thall 2 to 3 years and con­
seqllently were lost. Asimilar experience was had with Reed.'s race 10 , • 
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• 
of U. avenae, which infects Red Rustproof. Consequently, it would 
seem that this race type is extremely diflicult to maintain, at le.ast 
1:: .lder the conditions of these tests, and for this I'eason it is not in­
cluded, There is no doubt, howeveJ', that such a race exists, and it 
should be given consideration in a program of breeding smut-resistant 
Red Rustproof varieties. 

EXPERIMENTAL RESULTS 

PHYSIOLOGIC RACES 

A total of 218 collections of smut were tested on approximately 28 
varieties of oats in the 8-year p~riod il'om 19:37 to 1944. A complete 
tabulation and preseutation of the dala obtained is beyond the scope 
of this bulletin. From an analysis of the data accumulated up to 
H)'!1, it was apparent that about 20 races of U.stiZago avenae and U. 
kolZeli coul:l be identified on the basis of the differential reaction of 9 
varieties of oats. Later, a tenth variety, Lelina, was added. These 
tentatively identified races along with new collections were then tested 
in the greenhouse and in the field for 3 years. The results obtained 
from these studies were used as the basis for race identification and 
are summarized in tables 1 and 2. 

DISTRIBUTION OF RACES 

• 
The 22 races identified were found to be distributed in 28 States, 

as 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 -frpl1l 1 to 13 States, A-G und ·K-2 
ranking first and second, respectively. In reliltivc pl·C'vlllence •. how­
ever, these 2 races reversed their posif:ions~ being 1'('jll'[lsentecl'by 19 
and 23 collections, respectively. A wide l'llnge in relative prevalence 
IS indicated by the fact thnt Graces were represented by only 1 collec­
tion each. 

The race identity Ot only l·a of the 218 collections of smut was 
determined. A few of the remaining n collections apparently repre­
sented the Red llustproof type of raee, but most of them were dis­
('ardec1 as possible duplicates. Owing t( changes in dUferential varie­
ties, these collections could not be propedy classified in the final 
analysis, and, consequently, had to be omitted from the study on 
distributjon. 

V,\RIETAL RESISTANCE 

Information on the number nnc1distribution of physiolo,gic races 
of the oat smut tungiis useful for determining the adaptnbility of 
a variety to a given region nnd fol' the selection of appJ'opl'iate pal'ent 
varieties to use in. bl'eNlillg for slllutl'N;h.tnn('(', TId:; ,,(udy of physio­
logic specialization was thC'J'efol'c snpplemented ench year by tests 
".. ith II few varieties fmel hybl'id s('lC'l"tions of onts for the purposo 

• 
of detel'mining the scope of thei I.' j'('Sistfll1Ce. To date (1\].!G) , 28 
named varieties IlncllD hybrid selectiol1s have passed throtlfrh these 
inc1ividurtl me!} t~sts. Thp. accumlllilJed dat[L on the \'ari~tiNl arc 
presented in tables 4 and 5. Obyiously tlie::;e dtlta itl'!} not. strictly 



TADLE 3.-,Distrib'lltionand prevalence oj 15 physiologic races oj Ustilago al!enae (A.-l to A-15) and oj 7 U. kolleri 
(K-1 to K-7) o 

~ 

Race and number of times Identified from each State ~ o 
IIIstnto< Araccs K races Z.... 
n;.: ______�_�_2_�-3-1_4_�_5_�~1_7_1_8_1-9-1~1~1~1~1~1~I_I_1-2-1-3-1_4_1_~1_6_1_7_ t' 

~~I~~bl!~II~la-.J ------------ ---- ----____ ---- .---____ ---- ----1 ---- ----____ ---- ____ 1 ---- ----I~---____ ___________________________________ ---- ---- -<--- -.--- ---- ---- ---<- ____ 1 _ ~ • I .US_______________ ____ ____ ____ ____ ____ ____ 1 ___ _ 
CulifornhL_____________ ____ ____ ____ ____ ____ ____ ____ 1 _______________________________________________________ _ ~ 
Colorado__ . ____________ 1 2 ________________________________________________________________________________ 
Florida____________________________ • ____ ____ 1 _______ • ________________ ' _______________________________________ _ ~ 

Z 
co~~3~~~~::~=:::::::::::= :::: :::: __ ~_ :::: --2- ~ --i- :::: :::: :::: --ii- :::: :::: :::: :::: --i- --6- :::: :::: :::: :::: :::=]lIinois____ .. ___._______ ____ ____ ____ ____ 1 ____ ____ 1 ____ 1 ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ 1 ____ o:n 

Indiuna____ ---_________ 1 ____ ____ ____ ____ ____ ____ ____ ____ 1 1 ____ ____ ____ ____ ____ ____ 1 ____ 1 ____ 1 ~~ 

~ l~,~~~~~_:._:.:~·:::::::::::: __~_ :::: __ ~_ :::: __~_ :::: :::: :::: --i- :::: __ ~_ --ii- :::: :::: --i- :::: :::: __~_ :::: :::: :::: :::: f/l 

~ 
'tt. 

1\lisso\lrL ________________._ ____ ____ ____ 1 2 2 ____ 1 ____ 1 2 ____ ____ ____ ____ 1 ___________________ _ 
1\lontlllla_______________ .___ ____ 3 ___________ ,. __________________________________________ ____________________ _ ,~ 
Ncbrllskll~ . _______ -'____ ____ ____ ____ ____ 1 ____ ____ ____ ____ 3 1 ____ ____ ____ ____ ____ 

~ 

1 ___________________ _ 

Hl~~i:~~ll~~::=========== ~~~~ ==== ==== ==== __ ~___!_ ==== ::i: ==== ==== ~~~~ ==== ~~~~ ==== ==== ~~~~ ~~~~ ~~~~ ::~: ==== ==== ==== 
ts:.

Ohio___________________ ____ ____ ____ ____ 1 1 ____ ____ ____ 2 __________________________________________ . ____ _ t'.l 
Oklahoma______________ ____ ____ ____ 1 ____ 1 ____ ____ ____ ____ ____ ____ ____ ____ 1 ___________________________ _ Z 
Oregon.___ ~ ____________ •_____________________• __________ :__ ____ ____ ____ ____ ____ ____ ____ 1 ___________________ _ 8 
North Dakota____________._ .___ ____ ____ 2 3 1 ____ ____ ____ ____ ____ ____ ____ ____ 4 2 ____________________ ~ South C,<lrolina__________ ____ ____ ____ ____ ____ 1 ____ • ___ .___ ____ ____ ____ ____ 1 ____ ____ 1 ________ ~__________ _ 
South Dakota___________ 1 ____ ____ ____ ____ ____ 3 ____ ____ ____ 2 ____ ____ ____ ____ 1 1 ___________________ _ §
~~!h~_:._:.:::=:::::::::::: :::: --j1 :::: =::: :::: __ ~_ :::: :::: :::: :::: :::: :::: :::: :::: :::: :::: :::: :::: :::: ::::1:::: :::: 
"~!lshin~ton------------ 3 1. 1 • 1 ____ ____ ____ ____ ____ ____ ____ 1 ____ ____ 2 8 
",1sconslJ1 _____________________ 1 1 ___________________________________________ _ t< 

Wyoming __.____________ ____ ____ 2 ____ ____ 1 ____ • ____ • ____ 1 • f '----1---·-'----1---- ---­~ 

---"1"---1----1---+---1----1----1---- :::: ::=--(------- ---- ------,.-1---- 8 

• • • 
~ 
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comparable, since.they were not obtained from a single uniform test. 
Each year, however, the tests were made under conditions ittvorable 

•.'. 	 forsmllt development, as hidicate(lby the fact that upw!tl'ds of 50 per­
cent smut uStlll11y developed ill varieties kno:wn to be susceptible. 
Consequently, it IS believed that the t.ests were sufficiently reliable to 
determine the smut l'eaction of the vurieties tested. . 

TABLE 4.-0at var'ieties and hybrid selections that were smut-f1'ee in 
·a test made to de(;el'lnine val'ietal1'caction to fJfJ individual1'aces of 
UstUago avcnac and U. lwllmi ' 

Vnriety (with pedigree) nnd hybrid selection 	 C,I.No, 

Benton (D6QXBoncl) ___ ~_______________________________________ _ 3910Boone (VictoriaX Richlund) _____________________________________ _ 3305Clinton (D69XBond) __ • _-' _________ .. ____________ • _______________ _ 397]IIlIron (MarktonX Victory). ____________________________________ _ 3756Marion (Markton X Rainbow) ___________________________________ _ 3247Markton ________________________________ . ______________________ _ 
2053Man·ic (l\{9.rkton X Victory) _____________________________________ _ 2597 

Neosho (J?lllghllm-MarktoIlX Vietoria-llichlaud) _____ .• _____________ _ 4141Rangier (Nortex X VictorilL) _______________________ ~_____________ _ 3733Boud X Anthony SeL ___________________________________________ _ 4004D69X Bpud SeL _______________________________________________ _
Do______________________________________________________ _ 3662 
Dp ____________________________________________________ __ _ 3663 

3841Do_______________________ -- ____________________---:_-- __ _
Do______________________________________________________ _ 3846 
Do__________________ ___________________________________ _ 4285 

• 
~ 	

4272 
FulghlllTl-Markton X Victoria-Richland SeL _______ .-------- ________ _ 4001Markton XRainbow Se!. ___________________________.- ___________ _ 3350 
Red RusLproofX (Victoria-Richland) SeL ________ • ________________ _ 3720Richland X Fulghum SeL ________________________________________ _ 3965 
Victoril\-Hichll\ndX Markton-llainbow SeL ______ : __________----.-- 3609
Victoria-UichlnndX Morota-Bolld Scl_-- __________________________ _ 4301 

The proccclme followed in testing the varieties was the sume as 
that described for the physiologic mce ::;tudy, except that all tests 
were conducted in the field at Pullman, 'Vash. The inoculated seed 
was plnnted in single rows ,t to ij feet long. The smllt percentages were 
based on the total numbel' of panicles to the l'OW und were calculated 
to the nearest whOle numbel.', except that frllctional percentages of 
less than 0.5 WCI'e l'econlec1 as 1. Usually the IHllllber of panicles in 
a row ranged {!'Om 250 to 350, but occllflionully it waS us low ItS 150 
und as high as 500, No data werc l'ccol'd.ed for rows lacking a complete 
stand of plants. 

A high degt'ce of resistance to all raceS was exhibited by the majority 
ofvlll'ieties 1l11d selections t('::;t~'(l. No !'llllut W/l1-i pro(\u('cd by any oUhe 
races on the \) nanwd val'ictios and 13 hybrid l'lelections listed in tuble 4. 
The reaction of 25 other vllrielie!'l and hybrid selections toindi v.iclunl 
races i!'l presented in tnble fl. Though not filllllt-frce, scver!llof these 
wel'c hi(Thly I'c;,i1'lta11t to all 1':1<'OS. while othel's were hilthly l'csisbll1t 

• 

to the m7tjol'ityof m('er; but high Iy stls('cVtib1e, to others, '" 


Royal Scot ('xhibitp(\ the widest !'IInge of sllsccptibility, being in­

fected by 1() 0'[ the met's.. Sc\'eml olher va1'ieties, IIOWC"Cl', showed a 

grenter degree of sllsceptibility to certain races. Not/lble ill thifl I'e­
spect is the sllsceptibi1ity of 131'idgcl' and Victol'ia to A-:Z Ilnd A-14, 

http:l'ccol'd.ed


~ 

TABLE 5. -Reaction oj varieties and hybrid selections of oats to indillw,'ual physiologic races of Ustilago 
t\:) 

alJenae and U. kolleri tE 
Perccntagu of panicles slllnttOti bj'- ~ 

Z 
C, r. ~ 

Variety (with \,c<iigl'l.'O) and hyhrid selection u. arenae (A mccs) U. kolleri (N; mces)No. ~ 
1 n :1 4 5 6 7 s 12 13 14 15 , 2 3 4 6 7 tl:I_91~ 11 I 5 

t:< 

Bannock (l\IarktonX Victory) ____________ 2502 0 9 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
J3ridgcr (l\f(\rkton X \' ietory) _____________ 0126n 0 81 0 0 0 0 26 C o 0 0 0 0 0 0 0 0 0 0 0 0 0
DeSoto (LceXViclori:i) ~_____________• ___ 50 . ~ 3023 0 0 0 0 0 0 0 0 o 0 0 0 0 73 0 0 0 '0 0 0 36
Erbllll (J3!IIl11CrXEurly Hipo) _____________ 3477 0 0 0 0 5 20 2 0 0 2 0 0 1 0 0 0 0 8 0 0 0 0 Z 
Fultex (l~ulghlllll X Victoria) ______________ <::>3531 0 0 0 0 0 0 u 0 0 0 0 0 0 64 7'1 0 0 0 0 0 0 63 enFulton (Fulghlll)] X l\l11rkton) _____________ 3327 0 0 0 0 0 12 0 1 0 0 0 0 0 0 0 0 0 0 0 

--- --- ·0 0 
-~Haucock (l\hd;:tonX HaillUO\\') ____.--____ 3346 0 0 0 0 0 0 12 0 0 0 5 0 0 0 0 0 0

Mnridn {i'lIal'ktoll XJdmnine)_____________ 2571 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 Sl 
O<'llgC (VicLoria-Hiehlund X Fulton) ________ ()3901 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Wchlulld_______________________________ ra

787 0 0 3 0 0 3 16 0 0 10 21 0 0 0 0 0 0 1 0 0 8 0Royul Scot_____________________________ 9- t:I3836 25 18 23 5 18 18 12 3 10 4 12 0 4 0 0 15 0 0 0 10 5 t;!Sac (D69XBond)_______________________ -" 3907 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 ;;Yuugulll'cl (HlljimXI3nllller Sel.} __________ ()3837 5 8 12 8 4 0 7 4 9 12 0 0 0 0 0 10 0 0 2 16 11Vanguurd 339. ____________________ • ____ Q 6 0 0 0 4 0 1 1 6 7 6 0 0 0 0 0 0 0 ~ 
Vcnlllra ([Vietori:l-Hichl:mcllXJ,'1I1lon) _____ 3989 0 0 0 () 0 17 0 0 0 0 () 0 0 0 0 00 0 0 0 0 0 ~ Vicland (Victoria X Hichland) __ ~__________ t;!3611 Q 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 7 
Victorgmiu (VicloriaX1"ulgrain) • _________ 2692 0 0 0 0 0 0 0 0 0 0 0 0 0 19 27 0 0 0 0 .0 0 ,50Victori:t,. ______________________________ ~ 2401 0 0 0 0 0 0 0 0 0 0 0 0 0 89 24 0 0 0 0 0 0 0
Vikola (Vjctorja~< ltic1l1und). _____________ 3602 0 0 0 0 0 0 0 0 0 () 0 0 0 12 0 0 0 0 0 0 0 3 ~ Bnnnoc:kXVicloria-Hichland ScL _____ • ___ ()Do_ • ____________________________ 3916 0 0 

() 
0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4181 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ BondXD67 Sc:L _____.---_____________ • 4a27 0 0 1 1 0 2 3 3 2 ij 0 0 0 2 1 1 ] 0 1 0 1 1 ::0
])09X13ond ScL _____________________ ._ ~ 

·1532 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 n
FulghumXVicloria ScL__________________ "q3967 0 0 0 0 1 0 0 0 0 0 0 0 0 79 17 0 0 0 0 0 () 49 
RnncockX (Morota-liond) SeL ___________ 3972 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 ~ 

-----~ ...---­

• • • 
~ 
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respectively. A h~~h degree of specialization to val·ieties derived from 
hybrids involving victOl';ilL and Fnlghum is shown by A-14, A-15, and 
K-7. Thus, from the standpoint of developing smut-resistant O!tt 
varieties, A-2, A-14, A-15, and. K-17' are highly significant races. 

That high resistance to these and:tIl other races. can be obtained, how­
ever, is shown by the vadet:tl reactions indicated in tables 4 and 5. 
Among these, the parental varieties and selections that have con­
tributed to the production 0:1. highly smut-re$istlt11t varieties al~~ 
Markton, Victoria, Uichlulld, Fulghum, Bond, and DuD. 

DISCUSSION AND CONCLUSIONS 

Consistency in the behavior of physiologic races on a given set of 
difFerential hosts under comparable conditions for a 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
cation of newly OCCUlTing races are primarHy an integral part of a 
general crop-improvement effort. The real value of such a program , 
should be measured more by the applicability of the results than by 
their uniformity. For example, if a gronp of races can. be clearly 
identified and used as a basis 1:01' determining varietal resistance, it 
probably is not highly important from the practical standpoint if 
these races do not always react jn exactly the same way on the different 
varieties, so long as the idcntit,v of each is m!dntainec1. Therefore, in 
this ser.ies of tests with oat smuts, emphasis has been placed on the 
broad objective of identifying reprcsentative races from theprindpal 
oat regions of the Unitell States and organizing facilitics for deter­
mining the reaction of newly developed oat vtll'icties to these rnces . 
It would seem that this has been satisfactorily accomplished. 

As mentioned. Tervet (17) has considered the problems encountered 
in the detemtiJUttion of physiologic races of the oat smuts both inten­
sively and extensively, and he points out that ytll"iability in pathoge­
nicity is the most importallt problem. Similar ob::;ervations wCl'e made 
during the course of these studies. Some of the races showed a greater 
tendency towttl'tL YtU'iability than olh£')'s. but, with a few exceptions, 
those inc]uclecl in tables 1 and 2 were fairly consistent in pathogenicity 
on the varieties used in the tests reported. There seems to be no en­
tirely satisfactory explanation for the inconsistent rl'lIctions that did 
OCCUI', but somc possible reasons may be suggested. Lowcr infectio11s 
usually ,yere obUtined in field tests than in greenhouse tests of sus­
ceptiblc varieties. Furthermore, thete were greatel' inconsistencies in 
the results from the two field tests than in those from the two green­
house tests} as exemplified by 1'Itce A-G (table 1), Hesults of this typc 
might he expected, since it obviously is easier to maintain conditions 
favol'!lhle for infection il1 the greenhouse than in the fieW. The 
number and degree of inconsistencies in results 1:l'om inoculation 
experiments with oat. sm,nt race's probably coulc1 be greatly reduced if 
all testing could be done 111 the greenhouse. 

Variability in reaction was greater in some varieties than in others, 
as shown by the fact that Anthony and CllInaS exhibited a signjficRntly 
higher degree o:f susceptibility to A-7 in test 3 than in test 4, while 
Gothland and Monarch were about equally susceptible to this l'lleo 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. It ap~ 
peal'S that· when two varieties al'e susceptible to the same race, condi~ 
tions that favor high infectiDn of one are not necessarily conducive 
to high infection of the other.. It would seem, therefore, that environ­ .,'
mental variability possibly might modify varietal response to certain 
races and thereby a"count for some of the inconsistencies found. 

The impol't:;tnC~ Df purilty of the differential varieties is DbviDUS and 

has been empln:,sized by Reed (8) and Tel'vet (.18).', rrervet has shown 

not only ,that the same ntmin should be maintliined, but also. that the 

same lDt Df seecl of a given strain shQuld be used so. far as PQssible. The 

majQrity Qf 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 SDurces, and pDssibly 

SQme of the variability in results was due to. t]~is difference in SDurce. 

There is no. specific eddence in the results, hQwever, to indicate that 

the seed was at fault. A constant supply of uniform seed or the dif­

ferential varieties has been produced by the Aberdeen (Idaho) station 


. fQr many years.. . 
Genetic purity and stability of oat SII).ut races are no less important 


than seed purity of the host in maintaining the identity 0'1' races f.rom 

year to year. Field collectiQns of Qat smut sometimes cQntain bDth 


. species-17stiZago (WC'l1ac and U. 7collel'i-and probably :frequently two 
or more races. Race identity, therefore, is CQnti11gent first 11PQn the 
degree to which the pathogenicity of field collections can be pudfiec1. 
The difficulty of obtaining genetic purity ancl stability is emphasized 
by Leitzke's '(9) studies with race mixtures of U. avenae. He obtained 
highly divel'~ent results with "uce mixtures, including reduced, un­
Chu,l1ged, anet increased pathDgenicity and the production of l1ew 
pathogenic types. Furthermore, by succeeding inDcu1ations, the mani­ •festation of these various pathQgenic attJ;ibutes 'was immediate in 

some cases and. dehtyed in others, retftinecl in some and lDst in others, 

and reduced in some and intensified in others. 


Thus, the purification of some Q:f these pathogenic types might be 

exceedingly difficult. In this c01mect1on, Sampson and 'Western (15) 

PQinted out that, in the absence of hybridization, variet:tl screen ing lind 

the lise of mDl1oclllamydospol'e Cl11tures for inQculum arc convenient 

ways of approaching purity of races. _ 


A third methQd, suggested but 11Qt used by SalnpSQn and Western 

(15), is to inoculate with paired mQnosporidial cultures from a single 

chlamydQspore. This method was tried in these studies but; was fDund 

to' be unsuitable, b<lcanse it eliminated certain pathogenicity complexes 

that are needecl in varietal resistance tests. Varietal sCl'eeningwt1s 

finally adopted as the most suitable method for apprDachil.lg patllQ­

genic purity of !'aces, ~nd it ,seems that tl:le results are satisfactory, fit 

least for ~he purpose for w1nch the~ are 11lt~nclecl to serve. . 


rrhe fallUl'e of the Rccl Rustpl'oof t.ype of mce to pel'pC'tuate ltsel£ 

under the conditions of these expel'iments is (lifRcn1t to c~phin and no 

attempt at an expltu1.atiQll will be made }lere, N~vertl1~l{'s~, the ex~st­

ence of this type of race shou1d be takellll1to ('011s1deratlOll III breethng 

for smut-resistant oats of the Reel Rustproof type. 

A lmQw]edge of tlle }Jrevn]cnce and distributiQn of oat smut races is 
an imporhmt considemtion in the development and introduction o:f new 
oat varieties. Shlce a11 impQrtant Qat varieties of recent :lllcl cUlTent • 

http:apprDachil.lg
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p~oduction are highly' re~istant to ahnost all races, however, the sig­
1Uficanc~ of race dIstrIbutIOn, and prevalence centers for the most part 
around relatively few races. For example, only two races-A-2 and 
A-7-~re important in determining the adaptability of varieties, such 
as BrIdger (C. I. 2611), that have been derived frpm the cross 
Markton X Victory. Similarly, varieties of the LeTina type would be 
limited in adaptability for Slllut resistance by the diiitrihution and 
l'elative prevalence of A-H, A-15, and K-7. Limitec1 tests with Sev­
craIneVi' collections suggest a ~Yi.det: distribution and greater relative 
~re:valenc~ d these races than IS l11chcated by the data m 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. 'I'his emphasizes the need of adequate facilities 
for determining the smut reaction of llew oat varieties. Obviously, the 
effectiveness of such facilities will depend upon availability of races 
and adequate inforlllation regarding their distribution and l'elative 
prevalence. 

SUMMARY 

In 218 eol1ectiolls of oat smut obtained from vaTions oat-producing 
regions of the United States and Cam.da, 15 races of Ustilago avenae, 
designated A-1 to A-15, and 7 races of U. lwlleri, designated K-1 to 
K-7, were identified. These races are differentiated by the resistance 
and susceptibility of 10 oat varieties. Intermediate reactions were of 
no value for the separation of races. 

Seven of these races npparently are identical with certain Taces de­
scribed by other workers, while three l'ltces (A-2, A-15, and K-7) are 
believed to be described here for the first time. 'J'he. rcst could not be 
classified into previously known races. 

The l'aces identified in this study were found to be distr.ibuted in 28 
States, with the number in individual States l'unging from 1 to 8, the 
greatest Humber being ronnd .in Minnesota. The most widely dis­
tributed race w~s A-G,. which was fbund in 13 States, :\'hile the most 
preva1ent was I'L-2, whlCh was l'epl'l.'sentedby 23 collections. 

The majority of 47 varieties and hybrid selections of oats tested 
were found to be highly resistant to ftU the races used. In tests with 
indivic1ual races 9 nllmed varieties and 13 hybrid selections remained 
smut-free. No variety was highly susceptible to more than 2 races, 
although 1 variety, Royal Scot, was somewhat susceptible to the ma­
jOl'.ity of races. Among varieties ('ont61mting to the production of 
highly smut-l'csistn.nt varieties are Markton, Victoria, Bond, Richland, 
Fu]ghum~ and D09. 
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