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INTRODUCTION 

The two rusts of oats, Puccinia graminis (£venae (Pers_) Er:\kss. and 
Renn_ and P. coronata a'venae (Corda) Erikss. and Henn., do cons!derable 
damage in the United States every year, and both sometimes become 
destructively epidemic over extensive areas. There are two prin­
cipal methods for their eontrol-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
tance. In the North, barbclTY eradication is reducing losses from 
stem rust somewhat, but the cradication campaign is far from com­
pletion, and there is no orguuized attempt to eradicate buckthorns. 
Therefore it is important to breed rust-resistant varieties for the 
N oLthern States also. 

The importance of physiologic forms of rusts in breeding for 
resistance is now rather gellerillly appreciated. Stakman, Levine, 
and Bailey (18)3, Bailey (2), and Gordon (10) clescl'ibed several 

I 'l'Iw iuvtstlgntions h,'rc reported ""'n' eondtlct~,l hy th., (J/Jl('c of ('.'rcal Cro()~ and Dis('a.ws, Dureau o(
Plant Industrr. t;nited ~tat"s .l)ppnrlnll'nt o( .\grkulll1rl'. in tOOIR'ration with the Plant Palholos)' nnd 
Dotnn;- lll\';sion of til!! ;,[jnm <Ot3 .\gr,clIItnrnl I,Xi" rirMn! ,;talion_ 

2The writl'cs wl.$h to I'XpnS5 tb(lir IlPprl\(-L1tion (or lhlt hdp gin")n h:..• thr coop,,'rfitors at thl~ ditIt'r(>ot 
ngrkllltuTuI l'xPtriml'nt station." at whleh till' uniform ru!·t nllr~~'rie'i wt"n~ grown, unci to 1[. '1'. U(i~sow,
Dominion bolnni;t, (or Itlt.king ti", nl'(','s,urr llrrdngollwnts ill ra>tprn Cnna'ln. Thnnks (In' dIll' to li. n. 
lIumphrey, {lrln<'ipnl [Jnth"logi~l. Olli.'!' oC ('<'r"tli ('r<ll" nnt! Ill>,ascs, Bur"ntl oC Plaut [,rlustr)" Cor 

" adviI,tl nnd (or hdp In tnking not.'~ at a nUlIlb"r of tllllOl'rlt's. 'Jill' writl'rs nn' under ohligntron also to 
A. W, Il.'ury nnll .I, ~L Wallacp, cornlt'rly Og£'tlt', Olliee of (\'r.'nl ('rop5 nnel J)1"(·a"~,,. and ilSslslants In 
plont ptlthe,loilY. ~[itllwsot~ .\!,;ri<oult IIrnl E\lll'riall'lI! "tal ion lor Id"utlfylng "Ollll' oC t hI' physiologic Corms 
of ,t"111 rust. 

lHelerollcc is nurte hy italic number, ia parenrhese" to" I.iteratllre ,'!te.l," 1'.31. 

01()(li--:JO-,' 1 
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physiologic forms of Puccinia graminis avenae, while Hoerner (12), Popp 
(16a), and Parson (16) have shown that there are physiologic forms of 
P. coronata avenae. Different physiologic forms may be present in 
different geographic regions. TherefrJre a variety may be resistant 
in one regir)n and susceptible in another. It is known also, in the 
case of P. graminis tritici at lenst, that the same forms are not neces­
sarily present in the same region every year. Therefore a variety 
may behave differently with respcct to rusts in the same locality in 
different years, It is essential, then, to learn the number, geographic 
distribution, and degree of mobility of physiologic forms of rusts as a 
basis for the most intelligent procecime in breeding. Obviously one 
method of obtaining I;his information is to grow the same varieties in 
many different localities for severnl years, with the expectation that 
the type and degree of rust infection wilt furnish preliminary infol'-

Ination, which ('un then be amplifiC'cl hy artificial inoculations with 
rust eoUe('ted in caell locality. 

The iIl\"estigfltions herein reportcd wel'l' initiated (1) to determine 
the drgrc'r or resistancc of nll'letirs of oats to stPIl1 rust and el'own 
ru&t UllclC'r natural pll\'ironlllcntal conditions in dill'(,I'ent pnrts of the 
e nitcd States llnd ('i1Rtern C'nnada and (~J to as('crtnin the distribu­
tion llnd to detcnnillt' thl' idcntity of the physiologic forms of P. 
[lmmini8 ((renae responsiblc for the :=;telH-ru:lt epidemi('s in these 
I'cgions. 

SCOPE OF EXPERDIENTS 

l)nifonn oat IlllI'Sl'l'iN;, simil!H to tho;;l' desCl'i\)('rl fol' wbent (6, 1S), 
were first groWll on n, J"elntiyC'ly modr;;t s('n1(' in to:?:::' During the 
live years 1!J2~) to In:},, ineillSiyC', l1uJ"sC'L'ics were grown, ilt one time 
01' anothC'I', Ht G5 c1ifl'cl'ent cxpcI:imcnt stations in the United Statc;; 
11nd. C'u;;tl'l'1l Canadll. ('1'abl(' l flnr! fip:. 1.) .\1 tOF'rthel', ~;) ntl'i('tie~ 
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of oats were tested. (Table 2.) When the experiments were first 
started only 11 varieties were included in the uniform rust-nurs~ry 
test at 21 experiment stations, but eventually 22 varieties were grown 
at 48 eA-periment stations. 

TABLE I.-Location of uniforrt oal-rust nurseries, number of oat varieties, and names 
oj cooperators at each oj In e 65 experiment slations whcrre the rust nurseries were 
grown during one or more -)J the five years Jrom 1923 to 1927 

; Number 0/ varieties 

Map igrown in stnted years

refer· Location 

once '----;---;--;-- ­ Cooperators 

[1923, 1924!1925:1926l192i 

Moro, ore:::~'::~~~t-~~_.-_--_-_.-_-.-..I=,=I= ~]-22-I-D-.-p,-.-S-te-p-h-e-ns-.------- ­

2 :r.foscow, Idaho._ •._______________ +_._____1______ ... 22 C. W. Hungerford. 
3 Abe'{d~en, Idaho_._.__ •__ • _______ •__ _. ______ ,'___ . 19 22 O. A. Wiebe, 
4 Estes Park, Colo_.____________ i E. A. Lungren.._.,_.___•__________ 22 

Northern Gre,lt Plaim ;! I I 
5 Dickinson, N. Dalt._.__ •_________ .: 11 14 I 16 21 22 R. W. Smith. 

~ IMandi.\l1, X. Dak_________________ .1 11 13 j 16 I 21 22 J. C. Brinsmade, ir., E. R. Ansemus. 

, Langdon, N, Dak _________________ • 11 H ____ ,___ • 22 L, R. Jorgenson, V. Sturlaugsou. 

S Edg(']oy, X. Duk·_.·· __ •__________ lll 14 '___+ ____.__ ". E. Brentzel, O. A. Thompson. 

UIWebster, S. Dak____ •_________ •____ ____ ----II----!---- 221 E. S. McFadden. 

10 Redfteld, S. Dak ___________••__ ._.I II • __ • 16 L_. 22 Santuei Oarver. 
11 fIighmore, H. Dnk_._______________________ 16 '____ ' 22 _-I.. X. Hume, S. W. Sussex. 
12 , New~i1, S. Dak______ . __________ .__________ 16121 22 Beyer Aune. 

13 Archer, ,,·yo______________________ ·____ 14 16. 21 1i 22 A. L. Nelson. 

\-! Fort Collins, Colo ________.________ ____ ____ 16 i 21 . 22 E. A. Lungren. 

15 Akron, COlo__ ._.. ___•••••__________ 11 ________ ,___ -' 22 F. A. Coffman, E. A. l_ungr~n. 

16 North Platte, Nebr_____________ •___.. _.' 14 16: 21 i 22 O. F. Sprague, R. W. May. 


Southern Great Plains . I ; ,. 
17 Colby, Kans ___._._________________ !..__ -' ____ 16! 21 : 22 
13 Hays! K8ns .... ____________________ ________ 16 ~1, 22 B. F. Dames. 
19 WOO( ward, Okla _________________________ • 16 .--.. -J-__ _ A. F .. Swanson. 

20 Dnjworhea, 'Pex_ ._________________ ____ ____ 16 ;____ ' ___ _ J. D. Sieglinger. 

21 Chillicothe, 'rex________•________ ._ . _______ ---of 16 ! 22 
 J. J. BaylEs, A. H. Leidigb.

D. L. Jones, J. R. Quinby. 
SouthuTI 5~at(. : i 

f i 
22 i D"nton, 'l'ex. _________________ •__ . 10 14 10: 16 t 22 P. B. Dunkle, "\. II. Leidigh,
23 j Temple, 0; ex.__ •_____________________ ._' 14 16 I 16 1____ A. B. Cron, H. E. Rea. 
~4 i College Station, 'rex____ •______ . ______ •. _______ 118 i 21 R. E. Karper, P. C.l\Iangelsdorl.
25 f Baton Rouge, La_________________.. ___________+ ___122 C. W. Edgcrto.n, H. H. Flor. 
26 . Starkville, Mlss ___.._______________________ 16119 22 D. C. Neal, J. F. O'Kelly. 
2i ! JII,:kson, '1'enn ________________.. __ .. _________ ' 16 21 22 S. H. Essary, S. A. Robert. 
28 1 Columbus, Kn.oS ____ •_____________ .____.____ ' 16 ____1____ J. R. Pllrker, 1. K. Landon. 
29 I Manhattan, Kan.~___________ .. _____________ I 16 21 I 22 C. O. Johnston, J. n. Parker. 
30 I Columbia, Mo ______________ •____ . _. __ ._.. } 16 8 I 22 L. J. Stadler. 
31 . Vincennes, Ind._.... ____________._______ •__ .. ' 16 I121 , 22 , E. B. ?orains, Arthur (Joss.
:12 Murfreesboro, Tenn_. _______ .. __ •__________ 16 ,____ ----I S. 11, Essary.

33 Lexingtoo, Ky_____ .. __ •_____ •_________.. ____ 16: 21 • 22 ! W. II. \-aJJ~nu. 


:H ' Auburn, Ala•• _________ . ______ .. ____________ - ... -J----: 2'2 ' II. B. 'l'isdale. 

3,1 '('ilton, Oa____ .. ______• __ •_____________ . ___ . ____ 10 I' 22 W. J. DaYis. 

30 Experiment, Oa. _____________________ .;____ 16 !____ 2'2 ; ft. P. Bledsoe. 

3i ,\th('ns, Gn. ____________ . ___ .. ______ 10 ,__ ._ 16 1---_1____ : R. R. Childs. 

38 i KnoxYille, 'l'~nn. ___ •____ . ____ ... ___ 10 1____ 16/: 21 i 22 S. H. El<Sary. 

30 Blacksburg, Va .._. __ . __ . ______ •• __ --'-r---; 16 21 i 22 , F. D. Fromme. 


. I
North-CWLJ'a/ aTld Northeastern 


Sinitot 
 I 
, ! ,

40 Lincolll, Xebr_____•• ________•____ _ 
11 14 16 !----i 22 ; '1'. A. Kicsselbnch.·11 Amcs,lown ....... ___ ..... _____ .., ••_____ _ 


·12 Brookings, S. Dllk._________ ._ .. __ _ 11 14 16 I 21 ' 22 • S. 1\1. Dietz, L. C. BUrnett. 
43 Fargo, N. Dnk. ___.. __ . __________ ._ II 1-1 16; 21 I ~'2 ; A. 'r. E\-nns, ?latthcw Fowlds. 

II H 16. 21 ! 22 W. E. Drentz~l, L. W. Boyle.H Crookston, "Unn.______ •____ • ___ ._ 11 i 14 16 ,.__ .' 12 R. S. Dunham.
4;' Duluth, ~,llnn._ ..... ___ • __ .... __ • __ 11 1 14 16: 21 ; 22 : M. J. Thompson, n. C. OilbHt.
016 '\f OrriS. ~[jlln .......... .,... II ' •• ,. 16 .... ' 22' R. 0, nriclg{orcl.
:t7 \\""nspt"u,.:\llttJ ____ . _~_~ ..... ~ ... _~, II U .. ,,' 21 22' R. E. Hodgson.
·IS Coon Cl"t'pk, "t!:nn., 'w ~ .. ~_~ II ].I 16' 21 ' 22 ' G. E. Xesolll..... ~ 

·w ~I, Pnlll, '\linn ... _. 
 II ; II . 16 21' 2~ H. K. Tlnyrs, O. ,-. Aamodt.ro rtl'd \\ lng~ :\, hlU .... . ____ ,., __ '____121 " .... J. T, FUItOll, I•. \\'. ~Ielnnder. 
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TABLE l.-Location of uniform oat-rust nurseries, number of oat varieties, and names 
of cooperators at each of the 65 experiment stations where the rust nurseries were 
grown during one or more of the five years from 1923 to 1927-Continued 

_~ ~•••___..________c__ _____.-___________ 

Number or varieties \ .~ 
Map grown In stated yenrs 

nCer- '.Location Cooperators 
 \ 

:~~ _._______ ~~ 1024!fI9~~it!~I_~_~_I_______________ 

North·Cenlral and Northeastern 
Statu-Continued. 

<;1 Madlson, Wls •••••••••••_.•••••.__ 11 14 16 '_••• 22 J. O. Dickson, 
52 Qurnee, 1Il •••••••_••_._•.•_•••_••• '_" .,•• 16 1._·· __._ 0.0_ Ourran. 
53 Chllthnm, Miell •._ ••••••..•_••._.• 11 14 16' 21 22 J. B. Kotila, O. W. Putnam_ 

M East I,ausing, Mlcu ••.•• __•••••..••_. ___•••••_' •••• 22 Ray Nelsou.
55\ La Fayotte, Ind•••___ •••.••••_._ ••'•••••••_ 16' 21 22 E. B. Mains. 

50 Columbus, Ohlo•••••.••_••••_••••••..•.••• _••• : 21 21 W. O. Stover, II, L. Borst. 
5i Lowl'svlllc Center, I'a_. __ •••••••_.' _____••• 16 :.••••••• II. W. Thurston, R. S. KIrby. 
58 IBrooklyn, 1'11•••.• _•• ___ •.•••• ___ .-'·__ • -••• In I......-. Do. 
1;0 Ithnen, N. Y _••••••••••__•• ____._.'••._ •__•••__ : 21 22 II. II. Love, W. T. Crnig 

! Eas/ern Canada ' 

IJO Guelph, Ontario••••••____ ._••.._•• __•• .... \ 14 ' 10 n. T. Oilssow, J. E. IIowitt.;1' 

6t . Oltllwn, Onlllrlo••_••••_•••••___•••••••.••• 14 : 21 n. 'i'. Oilssow, J. B. MacCurry. 
62 : St. Am:c de In I'ocntlcrc, Quebec••••••.___ 14 i 21 II. T. Oilssow, II. N. Rncicot. 
6.1 Frc!l('ric\on, Nmv Brunswick••_••••••__._••••• , 21 II. T. Oilssow, D. J. MacLeod. 

&1 KenLvll1ll, Nova Scotia. ___ .•••_•• _••_.••••114 i 21 II. T. Oil~sow, J. F. IIockey. 

65 Chnrlottl1town, Princo Edwnrd •••••••• 14 i 21 .••_ II. T. Oilssow, R. R_ IIurst. 


N~;I~:;~ oC experiment stntlons ,.21illr46:'\.ToI\4s11 
ench yenr. I . 

T ADl,E 2.-Varieties of oats grown in lmiform TUst nurseries to determine their 

reaction to siem rust (Puccinia graminis avenae) under field conditions during 

one or more of lhe five years from 1923 to 1927 


Number of experiment 

Oat vnriety stations each yenr 


___________________.-___1__-;-_---._---,,----,---- Nursery 
 4 
Kmno eM: :: 

\ 
~~.::..:.___ 

yoars 

Anthon~'••••• -•• - •• -.•••- ••-•••-.-••--••••••- ••• -"--,, 2143 ••••.• -..... 41 30 48 128 

Burt......_•••___ ••••__ ••••• __•••••••.•.••.••_••••_.__ •• 2043 19 40 40 47 152 

1,dkltl.__.....___ • __ ......... _••••••_··_··· __ •••__·····_ z.!,OS30 -·-·".·1· "-j.': -"4'0-- -···30-· 4477 47

FlIl~hllm••••-.-- _•••••_••••_•••.••_•.• _._ •••••••_•••••_ v 172 

Gopher_._... _••• __ ._••• _•• _••••••• __••••_••••_......... 2027 36 47 83 

Oreen ~rountnln_._._ ••• _............_.___ •• _. __ ._ .. _... 1892 :::::: :::::: "'4ii' 40 4& 134 

lInjlra••__•• __ ........ _••• _•• _•••••••_••______ •••_•••__ • 1001 ,...... 18 40 30 48 151 


Ig~~!~:::::::::::::':::::::::::::::::::::::::::::::::::: ;\~~ '---2i' '--iii' '--411 g~ !~ l~g
lown ;:.:0.01-\4.••• __ • __ •••••.• __ ••••__ ,,___···········_·· ~~71 :'-'.;;-1- ""10" --'40" 33~ 4480 1~01 

lowur•••••••• _____ •.• _._ ••• _•••• -............ -.-- ••••.• - "" 


~:;~gt~c:::::::::::::::::::::::::::::::::::::::::::::::: lSSt~· 10 ~~ !~ : !~~18 46

~['\rktor: ..... _. ___ ..... ___ •__ ..._••• _•••_••••••• _•••••\ 205-1::::::':::::: :::::: 35 47 i 82 

Minotn X Whlto 'I'nrlllr (While Hus.hm) ••• _._•••_. __• 2144 _••••J...... 4t 3U 48 I 128 

r.rulltlrrh $\~lccllon (of Etheridge)_........._._ •••••••_•.' 1IS~71~ ·:--'~2-1.1 1100 "'4'~1- "'4'0'- "'4'0,':. 10 

Hed l{ustprooL_. __ •• ____ ............_....... -.- ••--..." .. 173 

lUchl<1nd.• _._ ... _••• _•• _._._...._•••_••_•••_••__••••_••! 78i; 21 19 ,\0 39 ·17 : li2 

Hu.lkllrn_........ _.... _:... __._•.•_•• _. ___ ........ _•. _• .! 2025 I 21 19\ 40 3U 4i' 172 


~~~~~t~l:~~~~,~::~:~~::::::::::::::::=::::::==::=:::::J ~~~ i ~t tg I !g ~g U\ m 
W.llo 'I'urtllr••• _"'~. __ ."•••••_•••••••_...... _...___·_.I fi51 i 21 10 46 40 48! 174 

'r til f • I I I jl --11- -141'-10 ---:;-.1 -2.,:-3.00'4
0.1 num J' r 0 ,'(mc, cs grown elle 1 yenr......... --- •• -•• 

0


I 

Some of the varieties tested were known to be generally resistant 
to stem rust amI, under c('l'titin conditions, to crown rust; others 
"''::1'e incluuC'c\ 1)(\('tlllSe of theil' high yielding capacity and 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 sO\vings were made at each station during the first four 
years of the experiment, but a single sowing 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 thoroughly rogued, and in. subsequent handling of the grain 
every effort was made to avoid mb, ..ing the varieties. 

RESULTS OF INVESTIGATIONS 

The results of the observations on the reaction of the varieties in the 
various nurseries are summarized in Tables 3 to 14. Tables 3 to 10 

8 5 

II • 'tf, ' '. fI II f It' I 
t t. t 

• I II 
t ' t••

• I f t' f 
, t • 't 

t I \ tf, t1'1 

( t I t ,I t f 


5 per 10 per 25 per -10 per 65 per 100 per 
cent cant cent cent cont cont 

FIGURE 2.-Dlngrnm showing six dogmas oC rustiness, used in e~timatin~ the percantnge oC rust 
InCeetl,m on lenC or stem. 'rho shaded spots represant mst, and the figures-represent approximatclr
the rust pcrcentngc~ computed on the basis oC the maximum mnollnt oC surf"ce ~o\'eretl by rust, ns 
shown In the 100 per cent figure. '1'his fi\:uro (~o. (l in th~ diagram) represents 37 pcr cent oC actunl 
surfuca and Is arbitrnrlly selected as 100 ncr cent. Other percentages IIrc in terms oC ~o. G 

give the data on stem rust, and in Tn.bles 11 to 14 the data on Cf'Own 
rust arc presented. The rust estimates, as a rule, were made just before 
the plants ripened; but, fo[' obvious reasons, this procedure could not 
always be followed. :Most of the rust notes ,yere taken by Leyine, 
Stakman, and Humphrey. Some of them were taken by otheL' staff 
members of the Ofrice of COl'eal Crops and Diseases engaged in the 
study of tho epidemiology of cet'eal rusts. In a few instances the 
rust estimates wore made solely by the local cooperators. In all 
cases where it was possible the cooperil.tor 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, togGGher with 
the number of varieties grown at each station each year. 

The degree of rust infection on the different varieties was deter­
mined by a comparison with the scale for estimating rust percentnges 
(fig, 2), adopted by the Office of Cemal Crops and Diseases. This 
scale indicates the degree of rust but does not take into consideration 
differences in the type of infection. For several years, therefore, in 

I Credit Is duo O. A. 'Vlelle, nsslstnnt ngronomist, Cormerlyln charge oC corenI experiments lit tho .~her· 
!loQn :;Ubs(:ltion, Cor growing those specinl increase plots. 
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addition to recot·ding the estimated rust percentages on the basis of 
Figure 2, notations were made also of the degree of susceptibility of 
each variety. The following symbols were used: S + + or CS for 
completely susceptible, S + or VS for very susceptible, S or MS for 
moderately susceptible, S- or FS for fairly susceptible, SR or IN 
for semiresistant or intermediate, R- or FR for fairly resistllnt, R 
or MR for moderately resistant, R + or VR for very resistant, R + + or 
ER for extremely resistant, and I or AI for apparently immune. 

An attempt was made to combine these two values and give them 
a mathematical expression in order to show more precisely the effect 
of rust infection on each variety. Decimnl values, ranging from 0.1 
to 1.0, were arbitrarily assigned to the symbols expressing the host 
reaction. 11ultiplying these indices by the estimated rust percentages 
gives the coefficients of infection. Goulden and Elders (11) "thought 
best not to attempt 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 \'arietics. All stem-rust data in this bulletin 
arc e:Kpressed in coefficients of infection, but all crown-rust datn are 
gi\'Cn as rust percentages. 

PUCCINIA GRAMINIS AVENAE 

In general there was considerably more stem rust on onts in 1926 
and 1927 than in previous yenrs. The average infection coefficient on 
the susceptible varieties grown in those two years only, therefore, 
natmally would be somewhat higher than it would have been had 
these varieties been grown during the entire 5-year period, there 
being comparativciy little rust in Olle year, 1925. Similarly, suscep­
tible varieties grown ollly in regions where rust epidemics were 
especially heavy in n,ny one year would obviously have an apparently 
higher average infection than equaUy susceptible varieties grown in 
the same years onl' the entire area 01' only in regions of light epi­
demics. Consequently, a\Tcrage-infection coeHicients alone do not 
constitnte an entirely reliable basis for comparison. To give a better 
basis of ('omparison, the n.verage 1nfection of each variety was com­
pared with that of the Silvermine oat grown during the corresponding 
period in the sallle nurseries as the variety in question. The ratios 
thus obtained, (1xpressed in pen·ontages, and the average stem-rust 
coefficients are given in Table 10. The 5-year weighted average 
coefIicient;; itnd the proportional degrees of susceptibility are shown 
in Figure 8. 

STEM-RUST SITUATION BY YEARS 

The ('oeflicient of stem-rust infection of each variety in each 
nursery, and the average infection of each variety for the given yeur, 
arE' shown in Tables 8 to 7. ~7hen It variety was not grown at all 
stations, or when, for some reason, rust estimates were not made, a 
dash designlttes the omission. 

rn Hl2:3 the nurseries consisted of 11 varieties of cultivated oats 
and were grown at 21 experiment stations in the United States. 
Su pplelllen ting these uniform nurseries, a more extensive varietal 
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I> 

nursery was grown at St. Paul." In addition to varieties and selec­
tiona 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. orientaZis), A. steriZis, and A. strigosa. 
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 

/lYr£Cl7plY a:7Err7C/~AND $USCEP77B/L./7Y!iM77OS(PERCENl} 

o /0 30 60 70 80 90 

l/p60L£1 


2/V1./IRA 

/8 SWEO/SII SEL.ECT 
!9/0GREN 

205/L V5,:?frl/NE 


21 Rl/AKl//Vf 
22 R~PRUSTPROOF 


23MARKTON 


FIGURE 3.-Dlagram Illustrating the weighted average coefficients oflnfeetlon (solid black) and the 
relative degree of susceptibility (cross hatching) of varieties of oats grown in uniform stem·rust 
nurseries during one or morc of the five years from 1923 to 1927. (Numbers preceding names 
of varl6ties indicate order of relative degree of susceptibility) 

Tartar, and Green :Mountuin. The first two (Green :Mountain not 
being grown in the uniform nurseries in 1923) were the only varieties 
which proved resistant in all of the unifoI'll-rust nurseries. Although 
1923 was not considered an epidemic year, the infection coefficient, 
probably 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 d.ifferent nurseries are 
presented in 1'able 3. Physiologic forms 1 and 2 were responsible 
for the epidemic in 1923. 

IA. W. IIenry mnde these tests in 1923 and 1924. 
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TABLE 3.-00efficients oj stem-rust injection on 11 varieties of oats grown in uni­

form nursilries at 21 experiment stations in the United States in 1923 


[T.=Trace) 

Coefficients of Infection 

Avena sativa t~a::;1_ A. byzan­
_entails tina 

Early Mldseason Late Early s~~~~Location 
1----,.---':---1------,---,--- -------

White Yellow Oray White Yellow DJack White Red Red 

~ In 1 I ~~ii ~ f ~~ • b
I_.:l : ~ Pi ~ C1l C1l .:l ~. ~E-< I'« ~ 
---------:- - ------------------
Northern Oreat Plains: 

Dickinson, N. Dak___________ 7 0 T. 11 Z! 30 Z! 18 T. 35 18 

Mandan, N. Dak_____________ 7 4 T. 12 7 9 16 16 0 18 20 

Langdon, N. Dak____________ 0 6 T. Z! 2 5 16 2 0 14 12 

Edgeley, N. Dnk_____________ 71 4 0 6 5 2 5 10 T. 4 12 

Redtlel~ S. Dak_____________ 11 0 0 8 9 16 14 12 1 8 10 


80utE~~~nStar:------------------ 41 T. 0 7 T. 2 T. T. 0 2 T. 

Denton, Tex__________________ 40 30 0 45 45 20 40 _______ 1 30 45 

Athens. Oa___________________ 0 0 0 0 0 0 0 _______ 0 0 0 


Nor~nc!~~~:1 g~~~:------------ T. 2 0 1 T. 0 T. _______ 0 T. T. 

Lincoln, Nebr________________ T." 0 20 10 20 12 35 0 15 12 

Ames, Iows __________________ T. 2 0 10 6 10 4 8 0 8 16 

Brookings, S. Dak____________ 71 2 0 2 11 13 11 11 T. 4 8

Forgo, N. Dak_____ __________ 8 4 T. 4 10 8 8 16 1 6 Z! 

Crookston, Mlnn_____________ 9\ 2 0 50 18 27 25 15 T. 25 SO 

Duluth, Mlnn________________ 0 4 T. 35 11 27 12 14 T. 11 Z!

Morris, Mlnn________________ T. 4 T. 9 10 7 17 20 T. 8 20 

Waseca, 1I-I1nn----------------r,' 15 0 40 30 20 15 15 T. P, 25
40
Coon Creek, Mlnn ___________ 20 120 0 Z! 27 32 Z! 16 0 16 ~2

St. Paul, Mlnn_______________ 12 4 0 10 10 12 8 18 T. 8 6 

Madison, Wls ________________ T' T. 0 18 4 10 6 0 T. 18 3 

Ohatham, Mlch______________ 2 3 . 0 3 2 3 2 2 0 5 1
1
--1--Average Infection caeffi- ~--

clent______________________ 0: 
f 

6 T. 16 11 13 12 13 T. 12 I 15 


The general stem-rust epidemic of 1924 was virtually of the same 
intensity as that of the preceding year, although it varied consider­
ably in the different localities and areas. In all, 14 varieties of oats 
were ~own in the nurseries in 1924, Burt, Hajira, and Monarch 
SelectIOn (of Etheridge) having been added. Table 4 summl\rizes 
the data on the infection of Puccinia graminis avenae on these varieties 
grown at 19 experiment stations. The infection coefficients for the 
varieties grown at Temple, Tex., are averages of readings on both 
winter and spring sowings. Richland, Hajira, and White Tartar 
were resistant to stem rust at all of the stations ~xcept Temple. This 
suggests the presence at Temple of a virulent physiologic form of 
P. graminis avenae hitherto unknown in North America. - All of tile 
other 11 varieties proved to be at least mode!'ately susceptible wherever 
enough stem rust developed to permit differentiation. Silvermine and 
Red Rustproof suffered most from the stem-rust attack in 1924, with 
Iogren and Ruakura close seconds. In 1923 the two most severely 
affected varieties were Ruakura and Red Rustproof. In the varietal 
test in 1924 at St. Paul the rust attack was light, but sufficient rust 
developed to indicate the degree of susceptibility of most of the 
varieties. Those which were resistant in 1923, namely, Richland, 

• 

f.. 

A_ 

_ 

f' 
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White Tartar, and Green Mountain, were again resistant in 1924. 
No stem rust developed on Albion, Oole, Gopher, Iowar, and Nebraska 
No. 21, but these varieties evidently merely escaped infection because 
of early maturity, for they all became very heavily rusted in late 
sowings at Winnipeg, Manitoba (2, p. 27). The snme physiologic 
forms that occ'J.rred in 1923, namely, 1 and 2, were the predominant 
forms in 1924 arso. 

TABLE 4.-GoejJicients oj stem-rust injection on 14 varieties oj oats grown in uniform 
mlrseries at 19 experiment stations in the United States in 1924 

[T.=Trace] 

Coefficients of Infection 

A. sa-
Avena satrva tiva orl· A. byzantina

entalls 

Early Midscason Late Early s~!!~~ 
I.ocntion 

~~lfte ;-'l~l~O\:1 ~~~: White Yellow Black ~~;:---;;---;:-
161--1--;--..,---~-----_-

:-a 1 l ; ~ CD~ ~ e 
f~~i ~ ~.9 ~ ~~ ~ ~ 
'.=!.=:' " §, e ;;; ~ e.s E-< ~ gj 

... (til ..... ; e ,g Li ':s:a 13 ~ as::I .s ~.c p:;
0"1- _':::: d > cg C - ... b.D1 :::::1 0 't:I 

:::t':;: -=.~ :: -:s: ::.0 d~::i .c 0 '3 cg 
~ I: ~ P:J t P:; ~ U3 CIJ ~ ~ ~ :: ~ r:c. p:;I


-N-o-rt-he-rn-a-ren-t-p-In-Ins-:--I-~i·~j-r---,--!----- ------
Dickinson, N. Dak_______ T. 'T.l 0 IT. T. T. T.:· T. T. T. T. T. T. T. 
:\[nndan, N. Dak________ 10 '1'. ,____ j'1'. 5 5 T. 1 T. T. 0 5 10 T. 
Lnngdon, N. Dnk________ 4 3 I 0 f 0 50 25 8 I 18 3 27 T. 36 32 40 
EdgeleY\N. Dnk_________ 2 'r. o! '1'. '1'. T. T. T. T. T. T. T. 1 3
Archer.... \·yo_____________ 'I'. T. 0 0 '1'. T. T. '1'. 0 0 0 T. T. T. 
North t'lntte, Nebr______ 9, 14 T. ,r' 20 j 20 35 18 3 1-1 1 18 7 23 

(:)outhcrn States: ! ' 
~:~~I~: ~:~:::::::=::::: i I '1's' Tg Ig g: ~ ~ Ig 27 I g T:i Ti ~'I ~ 

North·Central States: I l 
LlncOI% Nobr____________ 0 9 3 'r. I 18 I 32 9 16 8 6 I 5 14 9 
Amos, own._____________ 18 4 0 0 I' 45 I' 23 457 36 231 ~~ T. 12 I 23 36 

50Drooklngs, S, Dnk _______ 36. 16 '1'. 0 16 60 ~v 1 12 32 36 
Fargo, ~. Dnk.__________ 3 I 3 'r. '1"1 .\ 10 0 4 2 10 1 6 6 8 
('rookston, :\rlnn________ 314 '1"1: 0 12 I 8 30 15 18 23 T. 7 i 5 36 
Duluth, ::\.[.Inn___________ 8 6 '.I'. T. 16 I 40 .18 35 8 23. T. 25, 18 50 
Waseca, Miun___________ 8 4 0 0 10 I' 6 12 .\ 2 6 '1'. 4 I 6 12 
Coon Creck, Mlnn_______ 8 0 0 0 4 7 8 6 1 J! T. 6, 8 10 
St. Puul, :\[illn___________ 10 \ T. 0 0 I 18 18 12 16 25 ~J '.I'. 2! 10 45 
Madison, Wis____________ 5! '\ 0 1'.1',1 24116 15 16 T. 4 T. 14; 24 4 
Chathnm,:\Jlch__________ 2 20 2.:.,l..:::.,_~!~~_~~~~~i~1 45 

A "crage infcctiOIl co- I !: i I ~ I 
ofllcleut._____________ 81 0 1 I 1, 17 119 14' 17 6 14 1 10! 13 I 19 _ ,j! I; 

In 1925 the nurseries were grown at 46 experiment stations in the 
United States and enstern Oannda. (Table 5.) Hardly any stem rust 
appeared in the northern and southern Great Plains areas; only a 
trace in the Southern States, except Virginia; and but very little in 
the eastern Oanadian Pro~cinces. :From Virginia northward in the 
N orth··Oen tral and Northeastern States there was considerable rust. 
It seemed to extend gmdually westward, but reached the Dakotas 
too late to become abundant. Purely circumstantial evidence seems 
to suggest that barberries in the central Eastern States were the prin­
cipal source of the stem rust on oats in that year. The following 

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 coefficient for the 
year, but less than in either 1924 or 1923; that for Ruakura was 
nearly as high; and the coefficients for Silvermine, Swedish Select, 
and Iogren were somewhat smlllier. Puccinia graminis avenae 
form 2 occurred in ali nurseries in which stem rust developed, with 
the exception of those at Ohatham, Mich., and Guelph, Ontario, 
where fOL'm 1 was found. The very virulent forms did not appear 
in 1925 in the United States, but in Oanada, according to Gordon 
(10, p. 463), "a collection from Paskwegin, Saskatchewan, in 1925, 
yielded a form which differs in its infection capabilities from all 
other forms yet reported, in being able to infect heavily all differential 
hosts. It is considered new, and has been named physiologic form 6." 

TABLE 5.-Coefficients of stem-rust infection on 16 varieties of oats grown in uni­
form nurseries at 36 experiment stations in the United States and Canada in 
1925 [T.=Tracej

----------------!,----------------------------------------
Ooefficients of infection 

!----------------------.----------~--~--------
I ~~'II Avena sativa tiva ori· A. byzantina 

I 	 entaIls 
.. _.__ ..____ ._ _..__. .. .. __ __ .___.._ --__1_.,-..,-- ­

i Early Midseason Late IEarly s~!~~~ 
I 	 ..-~-- ... -.--

IWhite.. !i Yellow: Gray ~~~.__: Yellow Black White Red Red
Location 

i '.. \ '1._1 I 

t 	 ~ I' I ~.~ , a 
g I e.-.;. i :§ 

a St 	 ~ I ~~ jJ 
"' J §;;§ ;]3\' Q 

, ~ I • -g' ~ ~~:;.=-
I ~ ~ El 

J. L4 ~ ~ t d : ~ ~ 0 '0:::" E :m ~ d ~ B 
i ~ 1~ f ~ j :§' § ~ .=~ ~ ~ ad '" t! .=!' If:!:a::s::s-g 

____.._________ ~ 1-=-1 H ,~ ~ <l ~ -'~ ~ --~-i~ ~ t==I::". ~ .._ 
Nor! hern Orent Plnlns: ' oDickinson. N. Oak._ ••.· 0 0 'I 0 0' OiO 0 0 0 o oo 

Redfield, S. Dak•••..•.:T. 'r. 0 0' 5' 0 0 2 1 3 2Mnndan, N Oalr••..• -' 0, 0 0 o o 0 0 0 0 y T~ I} ~ I; j 
Highmore, S Dak._••• i 5 3 0 T. ' 3 '1'. 0 5 '1'. 2 T. '1': I 0 3110. T. 

o 	 T.Newell, S. Dnk. _.__••• '1'. 0 0 o 00' 000 o 0 \ 0 01'1'., oArcher, Wyo •••.•.._••• ~ 0 0 0 o o 0 0 0 0 o g 8 ~ ~ I~.' oFort Collins, Colo ••••• _, 0 T. T. o o 0 0 0 T. '1'. 

il 
o 0 0010' o 

Soutbern Oreat Plains: 1 . 
North Plntte, NebL .•.: 0: 0 0 o o 0 0 0 0 

Colby, Knns __•••.••••• : 0 0 o o o 0 o 0 0 o 010 010 o 
oHnys, Kllns .•••.___••_.' 0 0 o 0 , o 0 o ~ 0 0 o 01 0 010; 

Woodward, Okla •._••.• ' 0, 0 o O. o 0 o 0 0 0 0 000 o 
BalmQrhea, Tex••_•••._1 0, 0 o o o 0 o 0 0 0; o 0 1 0 T' I 0: o 

Sou them St,n,t~: i I o o o 0 o 0 0 o o 0 o o liT., oDenton. I ex........... 0: 0 

'l'emple, 'reL.__•••••._' 0 I 0 o o o 0_ 0,0 0 o o 0 00,0 o 

o o o 0 a 0: 0 , 0, o 0 0 0 0 oStarkville, :\1Iss••••.... ' 0 0 o 	 0 00 0' oJackson, 'renn •••••.•• -' 0 0 o o o 0' o 0,0 o 
00,000' o 

Manhattan. Kans••.••• 0: 0 o o o 0 o 0'01'.' 'r. o 0' 00 0 oColumbus, Kans ••.._•• : O. 0 o o 00, o 0,0 0' 

o T.I 0 
t 

'r. 0 0, 0 '1'.) o 
Vincennes. 1ml. ••.• _..• 0 0 o o '1'0 ~- o OiO '1'0 ! o 0 0 0 01 oColumbia, Mo ••.._••_-' 0: 0 o o 

o 0 o 0'0 O. o 0 0 0:0' o 
Lexington, Ky_________ : 0, 0 o 0, o () o 0;0 o· o 0 00;0' o 
Experiment, On ____•__ .1 0 0 o 0' o 0 o 0 0 0' o 0 010iO o 
Murrree.qlJoro, Tenn...__; 0 0 o o 

Athens, Oa. _________ ...1 0 0 o o 0 o 010 o 
Knoxville, 'renn._. ____ 1 0 0 o ~ I o 0, o 0; a 0, 8 ~ 8,81g o 

o 
l3incksburg, Va ____._._' 5 0 o 21 20 i 1 , 1 ,20 '50 • 35 • 4i 0 5 120 .40 2Q 

1 

I 

( 



RUST RESISTANCE OF OAT VARIETIES 11 
TABLE 5.-Coefficients of 8tem-rust infection on 16 varieties of oats grown in uni­


form nurserie8 at 36 experiment 8tations in the United States and Canada in 

1925-Continued. 


[T.=Tracel 


Ooefficients of infection 

.\. so·
Avena sativa tiva ori· A. byzantina

entails 
1--,....--

JI'fId·Mldseason Late Early ~ 

IWhlto Yellow GrayLocation w~lte Yellow Blnckj White ~l~ 
~-:- -!',- ~'8'! I! 

i:: E-<.S' I 
.9 ., lll[ "!.... :!::~! ~ 'C;; ­li 1 :=~I g ~ I ... g
311 ;::~ -a § S I ....·-1 CD 0 ~ I B' 
~ '8 e ;:. ~~I.5 .::: II 3;:S E-< § ~ 

... +l e ~ ~ 5 "lOCI E·!!l 
UJ 

'" ~ '" 3 .::: I ~ 
~ ~! ~ ~ ~ ~ .ES ~ 'g ~ § E:a ~.; 'g 

_________:~ f !2~-=-'::';;; lUi ~ -=-~~ ~ '::''::t~ 

North·Central and North· I i r j 1
I 

eastern States: ! 'I I I 
Lincoln, Nebr •••••••••. T. T.! 0 '1'. 10 0 0 2 '1'. 4 0 '1"j 0 T. 12: 1 

Ames, lowa•.••••••• __• '1'., 8 0 0 25 T. T.! 20" 12 5 0, 0 16 52: 12 

flrooklngs, S. Dak__ .-. 8' 15. T. 0 50 T. 'I'. 35 35 40 5 2i '1'. 18 25; 55 

Furgo, N. Dak.__••_.__ 45 45 0 0 65 4 1 90 80 75 60 OJ T. 75 75 85 

Crookston, Mlnn _____ 5 15 '1"1 2 40 T. '1'.' 35 55 40 14 T. 1 15 10 65
•j 1Duluth, Mlnn_ •• ______ 25 11' or 0 36 4 4 18 75 65 60. 3' 4 40 251 32 

Morrl~ Mlnn_ ••• _____ .:. 4 21 0 0' 40 T. '1'; 25 10 141 01 T. T. 18 12 16 

Ooon vreck, Minn.___.! 12 201 T. T. 25 3 t foO 601 36 50 31 1 40 15 i5 

St. PaUl, Mlnn•••••-- ••i 4 15! T. '1'. 20 T. '1'.1 301 5 12 1,1 '1'.1j T. 20 401 2 

Madison,. Wls..._._____ 8 4 0 0 40 '1'. 0 14 36 18 '11 T. T. 10 141 i5
j
GUrneo, I1L____ •••__ .•_. 18 51 1, S 20 2 11 25 501 40 0i '1'. 2115 20: 45 

Chatham, Mlch.______ .! 23 14 '1'.1 1 40 4 <I 30 ·10: 25 11, 21 2 18 35: 14 

La .i!'ayctto, Ind..._____! 0 0 01 0 0 0 0 0 0' 0 0, 0 01 0 O! 0 

Lowcsvllle Conter, Pa._ 25 30, 3 4 65 15 10: ·15 25 30 151 10 10! 60 40: 15
1
Dro0klyn, I'n·· ___ ·····130 501' 31 2 85 2 25 i5 S 65 lOj 51' "180. SO· 65 

Eastern Canada; rr. "_:;,t 35 r I! 2­
uGuelph, Ontario _______ '1'. 5, 0 12 ••. _••_ 40 8: T' 2. 15 15: u 


Ottawa, Ontnrio._. __ .'! 0 0i OJ1 0 0.__ .___ 0 0, 0 0: '1'.1j 0 0 0 0 

St. .A nne de In Poen· J ' I 0' 


Wire, Quebec_. ____•• .1 0 0 OJ' 0 0 --. ---. 0 0' 0 0 0, 0i O· 0 
lCentvlllc, Nova Scotia.! 0 T.! 0 0 0,_______ '1'. fr. T. 0 01' O. 0 0, fro • 
Charlo~tctO\l'n, Princf\ ; . ., . : i , 

Edward 1$Iand._____ .: 0 0; 0 0 0 __ ••___ 0 0 0 0 0; 0, 0 0i 0 

AvemgoillCectioll co-;--i-I------'I-----·-I-:--- ­
__ ._~~.:-.-.-.-~~~; fi .~; 'r o

, ~~. ..la.~._~~..;~___.:._L.~,~~,~ 

Five new varieties were added in 1926, bringing the total up to 21. 
Stem-rust notes we1"O taken at 40 different statiGns in the United 
States and eastern Oanada. (Table 6.) Although in Texas there was 
heavy stem-rust infection of oats at Oollege Station and Denton, 
there was very little at Temple, and only a trace at Ohillicothe. In 
the three nurseries in Kansas and northward, the degree of stem 
rust on oats increased, reaching a maximum at Ames, Iowa, and 
Fargo, N. Dale In western North Dakota, however, there wus very 
little stem rust. The most resistant varieties in 1926 were practically 
identical with those resistant in previous years. They were as fol­
lows, in the order of their resistance: Hajira, Iogold, Minota X White 
Tartar (White Russian), Authony, Richland, Green Mountain, and 
White '.rartar. The average infection coefficients for these varieties 
ranged from 0.7 to 3.5. Of the two new varieties added, Iogold and 
Iowa No. 4.44, the former proved to be extremely resistant. The 
average infection coefficient of Iogold was only 0.6. The reaction of 
this variety to the known physiologic forms of Puccinia graminis 
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avenae is similar to that of Richland 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 
Marldon, 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. Physiologic form 2 of P. graminis avenae 
again occurred in all of the nurseries and probably was principltlly 
responsible for the rust epidemic. 

TABLE 6.-Coefficients 0/ stem-Tltst infection on ,&1 varieties of oats grown in uniform 
nurseries at 40 experiment stations in the United States and eastern Canada. in 
1926 


[T.=Tracel 


Coefficients of infection 

A.sa· 
tiva

Avena sativa A. byzantinnorien· 

talis i 


Mid· 
Early Midseason Late 1 Early sea· 

son 

-----,1------- ------,----,--1--1-----
Louatlon 

White I Yellow Oray White Y el· Black Whitei Red Red
Iow 1 


---:-IO§:-I-r----~-j---I-! ­
~ l 8, " I I 

..!l 1 I .s. '5 :5 I ! '0 


; ~ ~ t I ~5 a> gS I
-a i 

~ 
'd. ;1\'~\~i~~\I! Ii li~1 i ~i-g\'i1


10 ~l~ ~ ~ ~ ~ ~ < ~ ~.~ ~ ~ ~ ~ ~ ~I~ ~ ~ '" 
• ;::;-~;e:-:--,-1-:'- -\-1-1--- ·--,-1---·------\--

Aberdeon, Idaho. T.' ___ T. 0\' 0i"" O. 

Northern Orent! i; ,i I' 


Pialns: , I I I I' 

Dickinson, N.' I: I I ,!
Dnk............ '1'.1 0 T. T. 0i OJ' O' 

Mandan, N. Dak.' 251 8 13 13\ O· T. OJ 

Newell, S. Dak... 3'1 'r.! 3 3 011 '1'.1 'r.! 

Archer, Wyo _____ i T. 10, T. T. 0 0' T'I 
1o'ort Oolllns, Colo.' 9, 4' 5 5, T" 0; 0,

1
North Platte" !. I [ , ! 
Nebr. ___......_' 8\' 2', 4 12 T.! 01 0 


Southern Oroat: I [ j


Plnins: : . 

Colby, Kans....._ 0: 0 01 0 0' 0'1 0 

Hays, Kans__ .... 0' 01 5 3: 01 0 01
Chillicothe, 'rex.....1. __, T. T. T.'___ 'r.: 


Sonthern States: ,I I _ I , . 

Denton, Tex..._.. _"j""14n 30 T ..._ 'I. 

'l'emple, '1'e:<_____ .. , .._ 2 1, 01,,_ 0 

College Station, I' " 1 ,


'1'ex..__.._____.. 65 18, 05 70: 2\ 1 65: 

Starkville, Miss.. 11___1 0 0 0.___ 0: 

Jackson, 'renn.... 51 01 0 3 T.I 0 3 


~~l~:~~l~~~g.~~:~..~Lt~ ..~ ..~i..~ ..~, .. 
Vincennes, Ind___ 1\ 0, 5 I 01 0 O[ 

T,exington, Ky.... 10\18\' 10 20 11 '1'.\ g:

'rifton, Oa______.. 4 .._ 1 0' 0,___ 

Knoxville, '1'eon_. 0 0, 0 0: o· 0 0' 

Blncksburg, Vn... 2' 0: 2 5 O' 0, D, 


T.t T. T. 0 T. T. T. 
I 

i 
, 

'1'. 0 T. T. T. T. T. 
35 0 0 15 15 20 8 

25 0'1 0 5 20 60 60 

T. '1'. 0 T. T. T. 9 

25, '1'.1 0 11 7 4 35 


1 

20 T.j 1 18!' 15 10 15 


0 0 0 0, 0 0 T. 
7 0 0 5i 1 3 3 


T. T. T. T., T. T..._ 
I 


40 3 3 68' 801 59 -- ­
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RUST RESISTANCE OF OAT VARIETIES 13 
'1' hBLE G.-OoejJicients 0/ stem-Tust infeclion on 21 varieties ofoats grown in uniformJlllrseriesat 40 exper~ment stations in the United States and eastern Canada in 

. 
1926-Continued. 


[T.=Traeel 


Coefficients of infection 

A.sa-
Avena sativa tiva A. byzantinaorl~n-

talis 

Mid-Early 1!!dseason Late Early 	 sea­
son 

Location 	 -----
White Yellow Gray White yel-IDiack White 	 Red Redlow 

§ 	
----

I~
i 
~
g 

~:. "5 
.s.s ..2ll 	 x~ ~ ~ § !l '8I ~ 't:l p,!8 .S ~ <= .e ~ ~ Eo

ill .. § 0 8 $ 	 ~
,0. a

~ j .!:l Jj ~ .<l <= :0 al =i J ~ :l "So J ~Q
'C ~ ::l10 .:l .:l ~ p; p; ~ i I~ ~ to 1i
1.- co co .=: I:) ~ iQ ~ ~ 

North·Central and I ,-----
Northeastern States:Ames, Iowa______ , 90 3 70 60 2 2Brookings,S.Dak_' 69 gl~ 56 

90 2 1 90 85 95 85 41 1 2 45 36 85 859 6 To/ 70 20Fargo, N. Dnk___t 90 21 70 82 75 68 77 20 23 6868 68 80
Duluth, Minn____ ' 

85 3 1 8, 85 8 8 95 90 90 95 75 8 8 36 9090 909 0Waseca, Miun.__.i 30 41 1 2 35 18 	 14 50 14 2 2 32 14 18 607 30 20 T. 60Coon Creek, i 
9 

14114 0
0 

T~I 1 1 70 65 	 60 35' 30 2 5 14 45 60 95Minn___________ , 35
St. Paul, Mlnn___ : 4 3g12~ 36 1 T. T. 80 1 1 75 45 50 95 23 1 1 65 85 90 707 0 0 0 12 0 0 2 15 10 25 4 T. 0 4 6 4Red Wing, Minn_1 5 o 9 9 T. 0 01 45 T. T. 18 18, 25 65 

9
Chatham, Mlch_.! 36 1 32 27 1 1 

11 T. T. 15 18 18 30
La Fayette, Ind_-, 4 

50 3 3 95 65, 80 45 70 1 1 18 23 41 7531 9 9 T. 0 T:! 38 T. T. 30 181 38 40 2 o T. 38 45 40Columbus, Ohio_.! 0 0, 3 3 	 30
Ithaca, N. Y ____ -' 12 3, 0 6 2

0 0
5 T~I 0 0 o 3 0 0 0 0 0 0 2 0

Eustern Cnnada: 41 2 2 68 4101 410 68 20 2 2 12 45 72 72
Guclph, OntariO_oj 63 ___I18 20 3 1 90 36 ~~I ~~ 95,85 95Ottawa, Ontnrio_.! 25 fr. 25 11 0 0 '1'. 

28 36 21 41 68 90 90
St. Anno de In PO-I 

54 T. 1 T. T. 27 55 35 6

T" 
45 

catiere Quebcc_ 68 15 54 63 T. T. T. i8 5 '1'. 68 59 72 81Fredericton,
Brunswick

New)
____ .! 

9 2 T. 72 72 81 36
5 T. T. T. 0 T. T. 32 T.I

.) 
KentvilJe, Novu' 	

o 8 1414 23 o T. T. 6 23 18 T.
Scot!u _________ .1 16 T. r. 25 T. 0 0Charlottetown, ' 

80 0 o 80 O! 80 T. 0 0 0 o 32 23 8
Prince ,Edward i I IIslond__________ T. O,·T. T.

-i-- ...!! _OI2'~ 2::l T. T.J 0\ 0 0 T. T. T. 0
Av~rnge fufec· t~'~ 

I 

tion coelT!·. I
den!._________ 19 71 16 16 1 1 2 31 21 ~I 261 31 ~l-:l~l~~I 2 	 24 29 28 

Rust conditions in 1927 were not essentially different from thosein 1926, although Etem rust was much heavier in 1927 in the northernGreat Plains and in the States bordering on the Great Lakes, andmuch lighter in the southern Great Plains and on the Atlantic sea­board. The different varieties tested, as may be noted from Table7, behaved as a whole in very much the same manner as in previousyears. Tho average coefficient of infection for the respective varietiesIn 1927 was in many cases stl'ikingly similar to that of 1926, althoughthe physiologic forms isolated were slightly different \n the two years. 
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Puccinia graminis avenae 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 all in the United 
States in 1927. Form 5 was found in 1927 at Starkville, Miss., and 
II.t Fargo, N. Dak. Form. 5, however, is not greatly different from 
form 1. The only difference is the effect on "Joanette strain" and 
"Strain 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. Elsewhere, if there 
was a distinct 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 tract' for 
Edkin. Richland normally reacts like Hajira and Iogold, and these 
two had but a trace or no rust at all at Fort Collins. It is therefore 
fairly safe to assume an error in labeling. 

T ABr,E 7.-Coefficienlll of slem-rusl infection on 22 varieties of oals grown in uniform 

nurseries at 48 experimenl slations in the United Slales in 1927 


[T.=Trace] 

Coefficients of infection 

-------------------------------.--~-------
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Avena sativl o~\~~. A. byzantina 
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»j \ !
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~c---,-..,.--I__------- ­: .--,---- II~ I i 
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-. d d ~ ,!.d :;!, -0 :a 1~ -= tsa_ 0 1$ ~ ~ 1 CI 0;<;:: 
0:0' ~ I ~ t ~ .- d tJJ <:..1'::l ~ j'::: 2: I ~ tJJ d de,.::::: 5 ::: '" oOI.....; ..... ._J .... ...... ° ~ ;:::; i", ~ "" ~ "l-MO;.::l~ --I jO r ..... 

-
1WestcrnSlnlCS: ,° \ ....0 ....0\':...0,=0 ....0 ....O ....O:I~ ~oil"e; olwo'~t~"e;J~,.~~r:o 0 0 0 

0
0Moro, Ore\: .. -----.- I 0 0 0~[oseow, l<1aho ....- g ~: gil 18 'P~' 8 8, 8 28i g: g~ 18: g' 18 38 ~. g g. g. I 0

i~~t~:IC~~~~,d/~~~o::: 01 011 0\ 'I'. Oil ao Oil 0, 3011 01 U·" 5,' 4, 4 '1'.1, 0 20 0 ,1 ~ '1~1 0 

Northern Great I IPlains: I' I ,: I 
Dickinson, X. Dnk. 20' 2' 8 8 '1'.1'1'. 't'., 'r.! 20, T. '1', 4' 12 11 12' ,1. '1'" '1'. 18 321 21 10 
Muudnu, l'i. Dnk.. _ S 'e.: 16110 2: 'P. '1"1'1'. iOj 2 'r. 48i 52· 50 721 14 51 3 48, OSi 00 i2 
Lnngdou, N, Dak... 11 Ii 27, to 'I'.' 0 0 'I'. Df I T. 15 II a5 13 g li i! g' ~: ~i ;~ 
\[(VCjhtSll"lrl' ~. D)"k-.--. I[.(! 3 1~11: 44 00: 00 ~: (0) 11~1 i ~I ~r 4 ~~, ,~§I 8 1[ 2 10 2,1 321 8

I k 1i 11l\'~ht~~~O~·S. ~)-ak:: ~ 10' 0 81'['.1 'r. -, 0 '1 'l'~ 32 32' 40\48. 10 2' 4 32 40152 56 
" 11,<0.C D k '3-0, 3' .101 

, ,10I 0 ° ~: 0 ~~I A: 0 25 251 25 i5 1 0', 0 45 ,15' 30,' 10.,CW\' n' .• ___ , I 
,\n'hrr, WyO-----_,,' iiu. ·1 23 23\30' 7 OJ 0 at): 30 0 05 361 3 65 28 0; 0 36 65: :lOi Ii 
1-'urt Collius, CoIQ___ . UO ooi 5b:100 'l'.i'l'. OJ 41 051 7 '1'. 'Il 58, 5X 100 52 5! Ii 58. 58:1001 I?,g 
Akron, ('010 .... __ ... 4ii 31 ",i, fiX,·11 0 2 'I.'. 7" R 0 7f> 7.; ;;'.100 20 7: 20 ,i7f ifi' 7,i' 
""nil 1'11I[ll', Ncbr. 'I'., 01'1'.\,1'.'\'1'. 0 01 0 '1'.\i. 'P. 'I'. '1'-1 1:. '1"1' 1 'I'. '1\ 'I'. I 1, Il, T. 

l:iollLIl('ru G ren t'! I 1 I 

. .Ptni.n~:... :":!,, I' \ : 1 I I .(lJlb~, hllns.... __ ._ [., 0, [.. L 0 0 Oi OIW'1'. 0 'r.'~I'.1 I, 5 'P,"P.I'P. 10.10' 2 
K 'I" 10 I 0 0 01 0 <I T. 0 I ,I' '1'.: t5 2 '[': 'I'. ~. 4i I

I'l,).', '111, ... _. ___ • III . : 'I 0, 0 0. 0' 01 0 0 0' 0 0 01,. 0('hlllkc,thc, '1' .., ____ • 0; 0, III U 0, 0 0 0, 0 : 
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TABLE 7.-CoejJicients of stem-rust infection on 22 varieties of oat:! grown in uniform 
nurseries at 48 experimcnt stations in the United Statcs in 1927-Continued 

[T.=Traee] 

CoeJlicients of inrection 

A.sa.,
tiva .A vena sativa orien. A. byzantma 
talis 

Mid
Early Midseason Late Early sea­

S(1n 

!---...-----;--I-----;---.----I-------
Location 1 

White Yellow;;- White Yel· Black White Red Red 
1_-:--;---:-_1'-,-_,--,-_1_°_1 low __________ 

1If! Ib. 3 _ 
c; , :;= jl .: :a e 

..,. en I ".,. q):l ::I t:! ~ 

O?l '" " >. x~ .E len.: 0" a tl ...., OJ .: .. .: ",.Q 8.Q 0 S ~ Eo< ","II ~ 

~ j..... ==t d "C d ::I 0 ~b.. ... .!3 = _ _ 1:1 (1) :s ~ p:;

l-al; e !l :;;;.:!;;, 9. :§ ~ ~ ge ~ al e ~ g ~:E t: ~ g '" 
o ~"""4"Ofd ..... _::SCZ;::; -9:tID~ d ... :::J:::sc::J ~ 

--------l~:loS oS .:. ~:.I':" oS .:. ::: .:: ~ Cli II~!, oS _ .:; ~~.:: ~~~ 
Southern States: 1 

Denton, Tex •.•••••., 0, 0 lOT. 0 0 0 1 0 0 01 O( 0 T. 0 0 0 0 2 0 T. 
CollegeStetlon, Tex.116i 4 4 4 T.' lOT. 8 T. T. 81 10 8._. 4 T. T. 20 4 4 16 
Baton Rouge, La •••• , 0: 0 0 0 0' 0 0 0 0 OJ 0 0 0 0 0 0 0 0 0 0 0 0 
Starkville, MIss.· •••1 4' 9 41 2 0: 0 0 01 2 01 0 8 4 12 4 0 0 0 15 S 25 4 

~~~~~t'te;e,n*~~s~::; gl ~ T:j g gj T~. gT~l' ~ T~j T~ ~ ~I ~ ~ g ~ T~ LLg ~ 
Columbia, Mo ••••••12412O 20 12 16: TJ T. 24 ~ 21 T. 40 32160 32 2 1 1 32 32 24 18 
Vincennes, Ind...... 0 15 9 5 0 ot 0 011_ T. T. 5 4 20 7 2 1 1 4 2 7 • 

1Lexington, Ky••_._.; T" T. 41 T. 0 01 0 0 7 0: T.: 124m 2 3 lOT. T. 1 1 15 
Auburn, Ala._ ••••••, 0, 0 0 0 0 0 0 0, 0 0, Ot 0 0 0 0 0 0 0 0 0 0 
TlCton, Oa ••••...•_-' O! 0 0 0 0 0 0 Of 0 0, 0, 0 0 0 0 0 0 0 0 0 0 0 
Experiment. Oa .••..! 0, 0 O[ 0 0 0, 0 0' 0 0: 01 0 01 0 0 0 0 0 0 0 0 0 
Knoxvillo, 'renn••• .' 01 0 0 0 0 01 () 0 0 0: 01 0 01 0 0 0 0 0 0 0 0 0 
.Diackburg, va••••• .!! 2! 3 12 2 0, 0 0 01 2 OJ Or 12112! 12 12 5 1 1 12 12 12 12 

North·Central and ' ,t : ,\ I ! 
Northoastern'I I ~ , " 'I 1 ,
States: 1 I' " I 

Lincoln, Nehr.•••• _. 3 16 1 8 T.; T. T'I T. 16 T. 12' 81 10 201 20 4 0 T. 20 20,20 20 
Ames, Iowu····.·, ••i 20 '1", 20132 151, 'r. T. 0, 54 10 2! 60154 45: 50 35 4 3 20 23~ 241 00
Brookings, S. Dak•• 2O 24 52 20 'r.i T. T., T., 25 T. '1\ 52 40 601 50 32) T. T.' 20 35: 25. 68 

1Fargo, N. Duk._._.. 4 12 12 12 OJ 0 O· 01 40 5 I: 42 44 60 34 44, 1 2' 8 4 41 32 

g~I~1fl~O~h~~~~.:=J4ii ~I··ii.~: 2:kT~! i "2:'T~hir 1~ ~' ~g, ~~ ~il~i ~g; Ii ~:'32 '27 '36,"'75 
Morris, Minn ••••••. , 65 8 70! 21" 3 'I" T.: 2 30 24 20, 851 75' 80! 751 52' 24 28 15 85 00 86 
Waseca, ?>,'l\nn •••_••!30 '1'. 15: 8125, 'I'. '1'.1 0,' 80 T. '1'.1 50!, 70: 65" 75 T.\ 0 0 58 60 60 35 
Coon Creek, Minn •• ! 30 4 ~'O 251 01 0 0, 0 60 15 6 501 45: 451 00 19113 3' 5 45 30 801St. Paui, Minn .•___130 0; 35, 301 0' 0 0: 0 45, It 1 60: 851 65 45, 18, 2 2 35 45, 30 75 

Madison, Wis••••_.•, 95 30! 85) 751 1 1 '1'. '1'. US! 2100' 98)00, 90' 15, 2 1 95 98 95 R5
31Chatham, ~"llch•••_.i 401 4! lOi 151 T. 40 '1'., '1'. 81 4, 4 75 75' 50 751 32, 201' 6 50 25 25 75 
East Lansing,l\1ich.j 651151501 70 'r. '1'. 1: 'r. 051 61 5 85 00, 85 OOi ;0: 3, 3 321 75 75 98 
~a E'nyette, Ind_•• _., 40 3 ·J5; IS: 5: 1 T.I 3 18. Ii ?;. 20' 15 25' 25i 3 2' '1'. 73: 23 IS 15 
Co!umbt;.s, Ohio ••• .1 OJ 4 ••• , 10, T. I, 0, T. 25, I; I. 10 10 10 101 3 01 1 .tli 20, ,20 4 
Hhacu, N. Y ___ •._._: '1'.1 T.j '1"1 '1'. O' 01 0, 0 4, O! 0, 6 2, 2 2; 'I'.: 0 0 T.l a. 2 15 

"\\'~rnge inr~~· ~-l-!-!-'--!!-i---I---'--I--I'-l--I--
t}on coot.l1- ,r ' I)'I\~ <) ,r!.t I)'" f)-"p ')' ~ I). t..-,."'1" I))
Clent._•••••••• 181 9 I,! 14 3 -j L _.0 3, 1 _I _I' ~ 3-1 I. 3, -, lSI .~ .'21 28 

1 ,__' ___~ f 1 I ' 

HESULTS BY AUEAS 

In such a vast, territory as the one under discussion, pronounced 
variation in tho severity of the rust epidemic during a given season 
would be expected in the dHrercnt areas comprising this territory. 
In 1025, for example, there was only Il bai'e tmce of stem rust in the 
nurseries of the Great PIllins area, while the severity of rust in the 
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nurseries of the North-Oentral and Northeastern 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 area 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 Oanada, in 1925, the 
average was only 3 per cent, while in 1926 it amounted to 22 per cent, 
even though several highly resistant varieties were added to the 
nurseries in the latter year, which naturally lowered the average. 

Obviously, then, the average yearly infection, even for the most 
susceptible variety, must necessarily be rather low where the entire 
area is tnken into consideration. 'rhe a\"erage infection coefficient 
for the variety Markton for the whole ;j-yenr period did not exceed 
32 per cen t; whereas the same variety in the northern GrAat Plains 
averaged 38 per cent, and in the North-Oentral and Northeastern 
States the averttge was as high as 55 per cent. X aturally, where and 
when the rust epidemics are the most sevm'e, the differences between 
the resistant and susceptible varieties are most pronounced and t,he 
results most significant. 

'rable 8 summarizes the reaction to stem rust of the different varie­
ties grown in the 60 or more nurseries, by indi\"idllal years and by 
geographic areas. In none of these areas was the severitv of the rust 
epidemics the sume or nearly the same each )'<3ar. 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 
oecllrred in the northern Great Plains t1rea, the annual intensity limits 
being tmce and 20 per cent, respectively. The western area, perhaps, 
is the least variable area in so far as oat .;tem-rust epidelllies are con­
cerned, a1 though uniform oat-rust nmseries there have been main tained 
for only two year·s. Two years in some ul"('as, howeyer, as for instance 
eastern Canltda, may be quite sufficient to bring out the extent of 
seasonnJ variations. It is significant that c\-en under the most trying 
rll:5t conditions, the varieties that had the lowest avernge annual in­
Ieetion coefficients in the experimental territory ns a whole also were 
the most resistant vllrieties in the sep/Hate HI·eIlS. Those regions in 
which Uw presen('e or IJarticulnrly vinrlen t physiologic forms was at 
times suspeded eonstituted exceptions. On the average, the oats of 
the western area, the southern Great Plains, nllc! the Southern States 
do not seem to sulrer frequently or vcry greatly from stem-rust 
epidemics. In the X orth-Central and X ortlteastern States, however, 
these epidemics arc more regular and of considerably greater intensity­
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FIVE·YEAR SUMMARY 

Alm!)st exactly a third of all ,the varieties, selcctions, and crosses 
tested in the nurseries from 1923 to 192i proved highly resistant to 
stem rust undeL' most conditions. Their average infection coeffi­
cients ranged from less than onc-half of 1 per cent to a trifle higher 
tlum 3 per cent. In the descending order of theil' rust resistance 
these varieties arc Iogold, Hajil'u, Richland, ~Iinot!l X "nite Tartur 
(White Russian), White Tartal', .Gl'cen:Yrountnin, Anthony, and 
Edkin. .YIal'kton wns the most susceptible vnriety of nU, but it 
was grown only two years, !mel these were the heaviest stem-mst 
yeal'S of thc 15-.\"Pl1r pcriod.~ral'kton, hOWCYCI', did have the highest 
fLYCl'llgC infection ('oe[firient nnd wns consistently more hcavily in­
fected thart arty other \'nriety. .Moreover, when. compllred with Sil­
vermine, It stnndard susceptible variety, its susceptibility ratio wns 
the highest of all. (Tnbles!) nnd 10, and fig. 3.) 

In Table!) is prosented the frequency distribution, by clnsscs, of the 
stem-rust infection coeHieients. Fi \'e classcs are rccognized: (1) 
Very light, 0 to tl'llce; (2) light, 1 to 10 pCI' ('cnt; (3) model'nte, 11 to 
30 pel' ('ent; (4) hca,'y, 31 to 00 pel' cent; and (5) wry henvy, 01 to 
100 pCI' cent. Vcry light inf('ction docs not nocessarily indicate 
i nhcr('nt l'l'sistlll1(,(, 011 the part of fl gi,'en yftL'icty. It often menns 
simply It pn,u('i ty of ino('ululll Ot· :In escape from infcction d lie to 
cU\·jromncntal ('onditions I'nthcl' thnn gClletic fnctors for resistnnee. 
Wh('u the infcdiou is hCIWY, the eoeHicient ('xcceding 31 per t'cnt, 
thero i::; likely to be Rome loss. When the infection is "CIT hCIlYY, 
o\'\'r 01 P(,L' cont, the lOSS probnbly is cOllRitiemblc. • 

T ArH,E n. -f.'reqlleTu;lj (li,~lriblilion oj stem-msl injl'clion rOI'.{ficienls Jor 23 varielie3 
oj ()al,~ f/t/JY.m in uniJorm nur.'lerics in fhe Unilc(l8[ale,~ and eastern Canada during
the fil'C years froll! 192" /0 J02, 

)l'umb~r nUtl percentage of observations for degree of rust 
Infection A\'er­

:-VO;;l~i~' ·~--r.-Ig-h-t--:-:-'-'-'O-d.-'r-Ol-o'-'-}-l-cu'-'--r'--\-'c-ry-'-he-n-,'-Y • Xurs- 1~7;c(Jroup nnd vnrietr 
; II) 10 truCl') '(1-10) (11-30) (31-GO) ,OHOO) iY~~~;S tion 

------ --., c(lelll­
. :\Ullla Pt'[ Xum- P~r I~um.! P(lr ~L1lJl.: Per Nurn- Per I dent 

ber . cent her cent f ber i cenL !~I cent! ber . cent I 
.lrt/111 sallea 

J,urly whit<::(Iopiler ______•__ ••• __ __ 
2.; 30.12 2·1 16! m.2S ) 0.61 10 12. (}II2.~. O~ 
 S:l J8.4lown )1'0. ·1·j·I.. _. __ ... __ 35 43~ 7.) ~O 3!.t;}() 13, 16.25 5J 0.25 1 1. 25! ~o S.2Iownr ...,. ____ . _.... . n:; as. 01 ;,~ 3a. (12 27. J5. iO HI IUU 7 4.09) 171 11. IiRustless selectlon"__ •H 173 10.2Enrly yellow; 

l·!dkin ................................ _.. '" ~~ ~~: ~~ 6~ ~~::: 3:: i I::::! ~! :::~: _____:__~~::I

llnjlrn__•• __ ••• _•• ___• __ 4. 
logolrl.___ ...____..___ ._ liil .9lii;1 ~l: Z~ ii g: ~J ::::::-::::::,_____=__ ~~~::::::: :::::: 70 

3.2 

Hichlnntl___________ ., ... .4 
II>I SU.;;I II s. 1·1 ~. I. 1111 11.58' 1 .58 172 1.:.1Enrly gmy:

Itunkurn____ ._ • __ •__." :;1 :!\). <i,i 37 21.5J 3t!. 20. fl3; 30 1 •. ·1-1. IS 10. '17 1'~ 21. 1
:\·lidscllson white: • IAnthony,. __ •••• ___ ._._ 83 BUI &>:!\). 69 :1. 91i 2) 1.50:-_____ ______ 12S 2.1 

:\Unoln X Whlln Tnr­
tnr (White HII~sl"lJ)._ 05 .·1.2'2 2S 21.88 ;; 3.00: ______1______:. __ .__ ______ 128 1 •. ( 

Silvcrmitw, ......... ~ ....... "' .... 5[) :u~tn .(.l :!;;.~>g, 2U ,J6.n7i 2._l J~t7H 22 12.0·1 17·1 21..')
~wc(lfsIL tl('ll'cL" .... _. 5S 33.3:1 :19 22. H :Ja IS. 971 2.;j 1-1.37 10 10.92 I7-I lU, 8 

:-"lid'~IIS011 ~ elloll':
logren ._._ •. _.. __ .... ,i;; al. 79 a~ I~. m aq 21 U7! :!\)l 16 iii JO 10.98 Iia 21.1\[arktrHl .. ____ •_____ ... IS 21.0;; 20.7:1 12 II: 611 i.illS: ~'lJ 21. :I{) 02 :11. s17 20 

:\(Ic1Sl'IIliOn hbrk; . , 
JO:\II~tt~ __ ._ ••• _.. n~ ao. ill :.0 29.21 35 2Q. ·17' H. S.10 ·1 2,31 171 10.2:\[ollllrrh tlrirNinu fof I 

io:theri,lgr, .. ;. ~i)'3:.:l! 
I at 15. iU ~ .... ______ ... 1\1 13..; 
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TABLE 9.-Frequency di8tribution of stem-rust infection coejficients for 23 varieties 
of oats grOW:l in uniform nurseries in the United States and eastern Canada during 
the five years from 1923 to 1927-Continued 

\-=:r.a~~ercentag~f~f~~tl~~atlo.ns for d~gree of rust,l Aver­

, I I f 'N age 
Group nnd variety I Very light T.ight I :Modernte Heavy Very henvYI- el:~S' in:ec­i (0 to trace) (1-10)'! (11-30) , 

I, 

(31-60) , (61-100) years tion 

;- --," ,.' :--'--'-"" -_.. -: l~i::-
I,:.;-um.l, Per Num,,' Per :':';-um· Per ,NumJ Per ,Num,': per, f ' 
i ber I cent ber cent i ber cent! ber cent r ber , cent 'I! 

1: 1,; ,!'; '.' .. --:-- -- -1-;----1 ,-- '1:-
A. 3alira oritntali$ 

~.. 
I.ate white: i'

Oreen l\Iountnln_______ 91: 67.91 
Whlle'rarlar__________' 118' 67.S2 

A. bvza71ti71a 

35 20.12;
4928.16, 

I 1 
' 

7 
6 

5.22 
3.45 

I .: 
I!. 75:.___________ ,
1 .57 ______ '______; 

I : 
I 

134,
174,' 

I' 

1. 9 
1.7 

Bnrly red: 
BurL__________________ 
Fulghum.._____________ 
Kanata________________ 

::I11d5e65on red: 

57 
52 
IS 

37.50 
30.23 
21.95 

I\! 
31 20.30; 
H 25.58, 
19123.17, 

:t3 
37 
22 

21.7f 
21.51, 
26.83 

til I 
24, 15.79, 7 4.61; 1521 14.9 
261 Hi. 12 13 7.001 172117.8 
10,112.20 13,15.85, B2 25.6 

Hed nustprooL_________~~~~ _~: 20. 23 ~~~' 10. 98 ~ 10. 18;~1~ 

'fotnl number and I ! I 
_, _a~~cr~:~ ~~r~~~:~~~~21 726; 23.60 428 13.~i 263; 8. 58 ~_6. 14; 3, OM 12. 3 

From Table 9 it 'will be seen that there seldom was more than light 
infection on any of the eight resistant vs~rieties. Iogold never showed 
more than a light infection, while the remaining seven varieties, 
except Edkin, developed an infe )tion 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 a single case of very heavy infection has thus far been 
noted on this stl'llin of oats. Even. the most susceptible varieties 
sometimes escape infection. As a matter of fact, 20 per cent of the 
observations showed a trace, or less, of stem rust on at least some of 
the varieties. But on the seven most susceptible varieties-Kanota, 
Silvermine, Iogren, Ruakul'a, Red Rustproof, }Vlarkton, 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 vurieties, 
~1arkton had the highest percentage (42.68) and Swedish Select the 
lowest (25.29). Marldon, furthermore, had the hlghest 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 5-year period. 
A comparison of these with that of Silvermine for the same period 
of nursery years also is given. The last two features are illustrated 
graphically. in Figure ~, .t~e var~eties .being .arranged in the order of 
theIr relntlve susceptibIlIty, WIth Sdvermme as the standard of 
comparIson. 
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TA,lILE 1O.-Average coejficient of stem-ruat infection on varieties oj oat8 grown in 
uniform nurseries at 86 e:eperiment atations in the United State8 and eastern 
Oanada during one or more of the five years from 1923 to 1927 

tThe comparison at the In(ectlon coetHcl~ntlVlth that o( S!lvermlne oats (or the corresponding period Is 
explessed as a peroontage rntlo] 

COetHclents or In(ectlon 

years -I' Annua! average 6-yenr average Nurs·C I •• ery 

No. 
Oroup and variety 

Weighted SIlver· Percent· 
1923 1924 1925 1928 1927 average mine ror age o( 

I 
(or veri· same SIlver· 

ety period mine 

---~--l-
AD~na aallea 

Ear'6o';~~t::.................. 2027 83 ••, ..... I _.. ...... 19.3 17.8 IS.4 28. 5 lt 64.66 

lawn No. 44-1.. ............ 2331 28.08 

lowar••••••••••••••••••••• 847 I~Y "9~(i'1"~:2--'4~7' 1~: i Ig It ~ ~t i I 64.98 
.. RU!itless selcctloo"•••••• 724 173 5.9, 5.6 5.3 15.S 14.3 10.2 21.3, 47.89 

Early yellow:
Edkln..................... 2330 12.12 
HaJlrn..................... 1001 I~r =:::::l"':7" "':2' '--:7- g ~ ~ ~: ~ I 3.95 

logold..................... 2329 1.39 

RIchland.................. 787 1~~ "-:i-:"':o' "':4' i~ d d ~U I 5.71 

Early gray: 
Runkurn.................. 2025 

Mldsenson white: ! 
Anthony.................. , 2143 I ::.~~~~t~~~.'. 13:~ '~~~ ~:: 2~~ ::~; 1:: 
MlnotaX Whltc 'fartar".f 2144 
Silvermlne••••••••••••••••' 650 m"ii:4"'i9~4': lU 3i:g :J:~ 2U ~:~ 10&·91 
Swedish Select ••••••••••••' 134 174 13.0! 13.7 12. 2 26.1 27.2 19.8 21.5 92. 00 

Mldseason yellow: f 
Iogreo.....................! 2024 173 i 12. 2 !17.2 ' 12.0 30.7 27.6 21.1 21.3 00.06 
Mnrktoo••••••••••••••••••; 2053 82 ; ..._..r............ 31.6 31.9 31.S 28.5 Ill. 58 

MldsenSon black: i 
Jonnettc...................,1880-1 171 ; 13.2 5.7 5. S 14.2 11.7 10.2 21.6 47.22 
M('ourch Selectiol> (of'

Etheridge) ••••••••••••••! 1870 10 13.5 13.5 19.4 69.50 

A. satica oTi~llta{j. 

Late "'hlte: ,
Green MOllntaln .........., 1892 134 '••__••.•._.. .6 2.5 2.7 1.9 23.3 S.16· 
White Tartar••••••••••••• , 551 174 .3 .5, .7 3.5 2.3 1.7 21.S 7.91 

A. buzantina 

Entl)' red; 1 I I 
Burt.................... _., 2().l3 152 ...... 9.8 10.1 18.9 IS. 1 14.9 22.5 66.22 


85.17f~~:~~~~-.-:::=::::==:=::::: ~ 1~~ l.~:~~·i .~:~~..~~:~. ~:gI~g ~: ~ I ~: ~ 91.43 
M Itlseason red: ; 

Hed Ullstproof............ ' 1815 173' 15.0 : 10.4 13. S . 2S.5 i 28.1 21. 8 : 21. 2 102.83 


Average se..-erlty o( cpl· '--1--1------1--1--1'---1---,--­
_~~_dc:\~.=~-~~=.~~~~.~.=t=~..!_~.~LI~A 6.6 16.1 14.4 12.3; 21.5 1 57.23 

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 not be taken to best advantage at the same time. ~1ost of the 
nurseries were visited by the rust observers only once during a season 
at a time most favorable for taJdn~ notes on stem rust. As a l'~suH, 
the number of nurseries from whlCh crown-rust data are avaIlable 
is smaller than that from which stem-rust data were obtained. For 
reasons given previously, infection coefficients were not calculated 
for crown rust. Infection readings are given in percentages. The 

.. 
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results obtained each year a.re presented in Tables 11 to 13. Table 
14 is II. summary of the 3-year period. Figure 4 compares the weig~ted 
3-year average infection of the different varieties with that of White 
Tartar. 

CROWN-RUST SITUATION BY YEARS ..' 
In 1925 there was little crowD. rust in the territory as a whole. 

None whatever could be found in the nurseries in the Great Plains 

INFECT/ON PE.7RECSA'NP.Yt(SCEPT/8/L.7YIUnas(pERcEN7} 
m 120ilOI-«J 

/ t;lrEEN MOVNTAIN 

.2 REP RUSTPRO{),"­

JIOWA.<I! 

17/0C;OLO 

18/0WANQ-!# 


1960PHER. 

2OKANOrA 

ZI SILVE/i:MINe 

2:ZMARKTON 

FIGURE 4.-Dlagrllm lIlustrnting the weighted avernge percentages of Infection (saUd black) Bnd 

the relative degree of susceptlblllty (hatching) of varieties of oats grown In unl!orm crown­

rust nurseries during ono or more of tbe three years 192.~. 1926, Bnd 1927. (Numbers preced­

ing names of varieties indicate order of rolatlve degree or suscepUbli!ty) 


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
fltructive. In the nursery at 1:fadison, Wis., however, crown-rust 
infection was very heavy, affecting all the varieties except Ruakura 
flnd Reel Rustproof. Data for 1925 are giyen in 'rable 11. 
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TABLE n.-Percentage uf. crown rust on 16 varieties of oat8 grown in uniform 
nurserie8 at 31 ezperimeni ~tations in the United States and eastern Canada in 
19135 

[T.-Trace] 

Estimated percentage ot infection 

A. sa­
A.vena sativa tiva orl- A. byzantlna

entails 

Mld-
Early Mldseason Late Early sea­

son 
1----,..---.--1-----.--,---;---1--- -----

White Yellow Oray Yellow Black White Red Red 
Location 

Northern Oreat Plains: 
Archer, Wyo. ______ ._.. 0 0 0 0 0 ° ° ° ° 0 o o o o o 
Fort Collins, Colo...... 0 0 0 0 0 0 0 01 0 0 o o o o o 

o o o o osoul;;~~hJ!ttt~I::1~~···· 0 0 0 0 0 001 00 001 0°gol
Colby. Kans••••••_.••_ 0 0 0 0 0 ° o o o o o o 
HaYSI Kans............ 0 0 0 0 0 ~I O~ 00 Og[ o o o o o o
Wooaward, Okla....... ° 0 0 0 0 IIj o o o o o o 
Dalmorhea, Tex •••••_.. 0 0 0 0 0, 0 0t 0 0 o o o o o o

Southern States: 
Denton, Tex........... 0 0 0 0 001 00 0 0 0 01 0 0 o° ° 0 
Temple, Tex........... 0 0 0 0 301T. 10 0 0 OJ' 0 0 0 ° 0 o 

Starkville, Mlss ••••••_. T. T. T. T. T. T. T. To' 10 T. 25 T. T. T.
Columbus, Kans....... 0 0 0 0 T. 0 0 T. 0 0 0 0 T. 0 U 
Manhattan! Kans...... 0 0 0 0 00 iO 0 0 0 01 0 0 0 0, 0 o 
Columbia, !VIo••••_.... 0 0 0 0 T. 0 0, T. 0 0 01 0 o
Vincennes, Ind......... 0 0 0 0 0 0 0 0 0: 0 0 0 0 0 o 
Murrreesboro, Tenn.... ~ 0 0 0 0 0 0 0 0 0\ 0 0 0 0 0 o 
Lelin¥ton, Ky•.•.•..•_ T.! T. 0 0 0 3 0 0 OJ 5 T, T. T. 0 o
Experlment,Oa•• _._ ••_ T. T., T. 0 ••••_. 0 0 0 T. T.! T. T. T. 01 0 T. 
Athens, Oa ___ •••_••..•••••••_-j-._. T. T. T •••. T. T'l T. T. T .•••••••• T. 

Nor~8!~~IJ:1 ~t~~~:······ 0 0i 0 0 T. 0 011 0 O! 0: T. T, T. 0, 0 o 
I.incoln, Nebr•••••••_._ 0 T.I T. 0 0 0 0 0 '1'. oi 0 T. 0 0:, 0 o 
Brookings, S. Dsk..... 0 0 0 0 0 0 0 0 0 OJ 0 0 T. 0 0 o 
Fargo, N. Dak••••• _... 7 13, 30 8 12 55 30 35 28 51 42 15 43 121 10 3 
Morris, Minn.......... 10 7, 3 15 13 13 251 28 181 15 30 23' 3 7' 8 10 

1 

1Madison, ',V,IS••••· •••••165 85! 90 7.1 '1'.,100 1001 95100 95; 100 100 100 iO: 85 T. 
Gurnee, DL••.••••••.•_ 5 1'1 1 5 01 2 3 1 5 I' 5 2 5 2' 1 o
Chatham, Mlch._...... 0, 0 0 01 01 0 0 0 0 0, 0 01 0 0 0 o 
La Fayette, Ind••••_••_ 01 01 01 T·I 01 01 0', o. 0' 0 01 0 0 0 o01 

Eastern Cllnada: I , , , I'I! I
Guelph, Ontario ••••••• T. T. T. T.r T.!••.!....)T.! T.! 7 '1'. T. T. T. 0 T. 
Ottawa,Ontario••••_.. 30' 25 151 251 01••• '•••• 501 25i 45, 35 20 35 '1'.T'~i 0 
Kentville, Nova Scotia., '1'.1 01 0 T.' 0, •••'••• .1 T.' 7, T.' T.~!, T. OJ' 0 0 
Charlottetown, Prince I 1 I I j i 

Edward Island-••••• -i...2::i...2::I...2::I. . ..::: __0:=.=='~ T.~~ 0, '1' ...2::!_Oi__O 

Average inreCtlon •• ! 4; -IJ 51 " . ,21 ~61 6; ~~~i__ ~ iC 1 6 ~4: 3, ,:,. 
There was considerably more crown rust in the nurseries in 1926 

than in 1925, avc1'Ilging more than 24 pel' cent in 1926 as compared 
with less than;) pel' cent the previous year. In 1926 crown rust was 
extremely heavy at Baton Rouge, La., and at College Station, Tex. 
At Bn.ton Rouge 100 per cent infection was recorded for everyone of 
the 21 varieties grown there that year. At College Station the esti­
mated percentage ranged from 75 to 100 on the 17 Yllrieties on which 
the erown-ru;;t Obscl·y'ntions were made. The epidemic WfiS not quite 
so sev('l'C cd: Dl'nton !tnd Temple, Tex., find only a tl'llCC of crown rllst

• was found nt Chillieoth(', Tex. The epidemic was uniform and fairly 
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heavy at Starkville, ~liss. 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. ThO' 
nurseries at Lexington, Ky., and Blacksburg, Va., were entirely 
free from crown rust. There was mther heavy infection on a number 
of the varieties at Ottawa, but considerably less at Guelph, Ontario. 
At St. Anne de la Pocatiere, 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 was recorded on Iowa No. 444. At this 
station two varieties, Hajira and Red Rustproof, were entirely freO' 
from crown rust, while all varieties other than Iowa No. 444 had only 
a trace. From 20 to 40 per cent of cro\\'n rust appeared on three of 
the varieties in the Kentville, Nova Scotia, nursery. Data are­
presented in Table 12. 

TABLE 12.-PercentagB oj crown rust on 21 varieties oj oats grown in uniJorm 
nurseries at 18 experi,nent stations in the United States and eastern Canada in 
1028 

[T.=TrnceJ 

Estimated percentage of Infection 

A.sa· 
Avena sativa o~\~~- A. bY1.antina 

talis 

Mid· 
EarlS Midsenson Late Early 	 sea­

son 

White Yellow Gray White ·YellOwlDlack White 	 Hed ned
Location 

L \.::: -,-'-11_. --­

j=~§ I 'I 
t,~ 1 ='~ ~, 'a 

: ! ~ I~: e ~ '~~ ~ ~ i-I s I' ~ !~ § i 
i ~ £31" ~ e i ~ II ~: ~ . ~_ :i~ -.~_E ~ "j~ I ~ ~ ,"" .<: ~! p; 
c ~ ::: ~ ~::.co ~ - _ - ~ 	 ~~1~1 81~.:a ~I'; §!
O;~~'I~;::::":'""";:::;;~ ~f:flt.lla5~I~,~ o~;::::::i~.t4,~ 

~~r~ Oreat ------ --i-;--i-II~I-
Plains! t 	 1 I' I I Ij

Chillicothe, '('~t ..._ ••• '" '[-'1 'e. T, ••• , T., 't'. '1'.' 't'. 't', '1'. 'I'. _.•1 '1'.: 'I'.' '1", T.,'P," .., 'I'. 
Houthern Stntes; I .', 	 I I 

::enton, ~I:e,.............. 20 ~~ a~: •••. !O. JO ,0 65 50 60 25 •• _' 70 75' 70 [,0 701... 65 
I empIe, '1 ex, ".... ••• ••• 101 _" 101 •••. 00 40 8 15 28 25 30 ...r 20 15, 0' 30i 201 ••• : 32" 
C'ollegeStntion,'I'ex. 90 75 90100 1O()'100 UO I ". 75; 100: 90 90100 ...; 75 751001 ooL.I...1 100 
Bilton Itou~e, Ln. __ 100 100100;100 100:100HXl< 100 100' 100.100 100100100 100 100 100'100·100100 100 
Starkville, .\IIS$ •••. 53 ••• 4,';[ 55 ,13 ... 5i:i: 58 50' 58: 58 53 ·15 75, ,10 -1.11 6:l1 45145! 45 58 
Ja,ckso,n, 'I'cl~n: ... _. 0 12 0 0 01 0: 0, 0 Or 0, 0 0 0 0' O. (). 01 0 01 0 0 
!~~xlngt(lp, K~...... 2 0 01 "~ ~O 0 0, 0' o[ 01 0 0 0 0 0: 0; 01 01 0' 0 0
lIfton, ('n.....__ • 3" ... 15 _I .5,••• 35 25 15' 10: 2,5 15 25 .151 25: 10' 251 25 151 35 25 
Blncksburg. Vn..... 0 O. 0) 0, oi 0: 01 0 0' 0i 0 O. O. 0' 0 0 01' 0 0' 0 0 

E~tern Cnnmln:. ,: I, . ! ,. i, 'i 301 101 20 10. ',I.1 ,ro,:(,uelph,Ontano _. T, ,._ T'j 3 T. _.. r.i 25 30, 30 25 'I', 25 '1'" ,,'r.
Ottawa, Ontllrlo ._ 03 50 35 ·10 60' 60: 551 10. 45, 45' 70 6:l' 55 75 15 351 35 50 301 7 5 
St. Anno ele la 1'0- , '1 : 1 ; i!' 

entlere, Quebec. __ '1'. 0 'I'.. 0 't'. T.' T. 0' 0 '1'.! '1'. '1',' OJ 0. 0 0' 0' 'I'. 'I'. 0' o· 
FrederIcton, :\ ~ w ii" T.' 011 T.'. 0 'r.,'..1 ,iHruns\\lck....... 'I'. '1'. 0 0 0 '1'. 0: 0 T, 0 Oi Or 0 0 0 o· 
Kent"llIe, :\ 0 \' II 1 :,! I 

SCOtill__ .. ","".... 0 40 OJ' 20 O. 0 0, '1'. 0, 38 '1,.1 '1'. 'I'. 0 '1'. '1'.. Or 0 0 O. 'r. 
ChnrloUctoll'n r i , I 1 I II 1 ,I 

Prin('lI J';dwnrt! ; 0·. T. T.: T. '('\ '['.'T./'r.l'l'. '1',:. 'I'.! T.i '1'.1'1'. '1"1'[,.1 ()IslnuL_.. . ••. - 'l',: _1:i.2~L'l'~ ._".______-j.__ :_!__ i_~ _._i____'_.., :_/--'_'___ 

,\ Vl'rugQ 11lrC~Lion. 2fi 20; 20'1! 2~ 2·1' 2G: 2\1 18 2,5'1 2\). 28) 25 25 25/ 2·1, 23 2Uj 25 19: 16, 24 
\ r '. I ! I. • 
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'T.-\B1.E 13.:--Pe-rcentage Qf crQwn. Tust 0'71 22 varieties Qf Qal8 grQwn in unifQrm 

nurseries at 14 ezperiment statio-ns il~. the United Slates in 1927 

[T.=Tracel 

Estimated percentage ot Infection 

A.sa, 
A vena sativa o~\:~. .-\.. byzantina 

tlllis 

Mid· 
Early Mldseason Late Early sea-

I WhI" I YoUow 0,,, WO!" r,~ n1.ok WO!" ---;.:;- :: 

I I I I I • t 'a' ------,--I r \ :Q! ! ' l~~ ii,
! I ~, I~~ :.. I'~ -I 
~ i i ;;~ ; ~ !<l.5! 2I ~' "" »~g ~ I"" Q I~ a a .fr"': d... , z I -' Q ~ Q ,,:E '8 -;l 0 ~ 1"<; E-< I= s !rl 

j.§.lei~ 11 ~l£ ~ ~ ~ -5 g~ ~I:g ~ ~ ~ I~ ~ -et~ ~o ~!°1"'IPP;""" ""- = Q;;:: - Eo ...... , ...... ct'"d 

Nor~r~~: Oreat- .:'.I,sj!,s l~ ::;.'::,'~'::' ~1'::'1~ a3 ~ ~ ~ ~:.:: ~~I~--' 
Webster, S. DaIe_ 25' 25 25 25 25 25 25 15 15! 25! 25 25' 25 25 25 25 15 25 30 30 40 15 
Redfield, S. Dale_ 35 101 40 20 40; 15 10 30 25110 25 80 15 15 25 25 5 15 2011 60 10 111 
Highmore, S. I 1 ' DaIe____ ._ •• ____ 10\ 20 15110 25 40 20 40 30l 20 15 25 25 65 lOj 40 2 2 10110/25 15 
Archer, Wyo. ____ T' T. T. T. T. T. T. T. To' T. T. T. T. T. T. " T. 0 0 T., T. T. T. 

Southern Oreat t 

Plains: 1 jl
Colby, KaDs. ____ T' OJ T. T. T. T. 0 T. T.! 0 0 T. T. T. T.t T. T., T. T.'___IT. T. 

Southern States: l I' 
Starkville, Miss__ 40 40 15 15 45 25 30 30 75 25 40 40 25 40 501 40 40 25 5 75, 95 50 
JacksoD, Tenn___ 601 25 75 40 50 75 40 50 85· 60 60 75100 60 95 40 25 65 55 75 75 75 
Manhattan !1 1

Kans_________ :_ 90'. 90, 90 70 90 70 90. 90 90. 90 SOl 90 70 90 001. SOl 70 00 90 90: 70 90
Auburn, Ala____,_ 5;1 T"IIO 5 5 5 T. 5 15 T. 3 5 10 5 201 20 15 5 3 15' 40 25 

North·Centra j j 1States: I 1 , . t
Fargo, N. Dak______.___1___ --- --- --- 100,___ 100,100\1001.-- 100 --- ---I 100 1001100 ______ .________

1Crookston, ~l!DD____,100 ---I 90 ___ 85 ___ L._ -.----100 90190 90 ___ 75 90190,85 ______ '___ SO 
b"~~~~~;:"ir~h:: -~~:lgg:-~~II-~~I-:~ -~~ Iggli.~II____~:I&:lt 1&:l_~I_~~ -~ _~~L ___~h~~I&:l_~ -~~'-~ ---~~ 
Columbus, Ohlo_ lOt 5 ___ 101 5 10 10 10 10, lot 5; 5 10 5 201 lOt 3; 10 1°1101 15 2 

Ar:;:-~~~.!~(~:~_ ~' 37~li 30126 -:!-140l:~;f:-:i 4) 421 43!-:1~-:11 J:I-:~I 45!-:~ _________~~~i~j~__'~~~I~____I____~I~I~__~~__~I~l~~__I__~__ 

Orown rust was far heavier 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 Oolby, Kans. The 
infection at Auburn, Ala., and Oolumbus, Ohio, 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., Orooks­
ton, Minn., and Ohatham, Mich. At Starkville, Miss., Burt was 
the most resistant of the varieties; at Redfield, S. Dak., Green Moun­
tain was most resistant. At Hi~hmore, S. Dak., Green MOlmtain 
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 averag(l, 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 forms of Puccinia coronata 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 years 1025, 1926, and 1927. It is obviously difficult, however, 
to determine from the field result.s alone the exact identity of the 
form or forms present at a given place. In 1925 there was a very 
severe epidemic of crown rust at Madison, Wis. (Table 11..) All of 
the varieties except Ruakura and Red Rustproof developed from 65 
to 100 per cent of rust. On these two only a trace of rust was found. 
Judging from Parson's (16) analytical key, either form 3 or form 5, or 
possibly both, were present. At Ottawa, Ontario, from 15 to 50 per 
cent of crown rust was recorded in 1925 on all but four varieties. 
Among these, Ruakura ttnd Red Rustproof were entirely free from 
rust, while Fulghum and Green Mountain had only a trace. It 
seems likely that the crown-rust epidemic at Ottawa in 1925 was 
caused by a physiologic form hitherto undescribed, for until then 
Fulghum had proved susceptible to all known forms of crown 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, varietal reactions indicated that Puccinia 
coronata avenae form 1 was the most prevalent form, whereas in 1927 
other forms, among them form 2, were present in several nurseries. 
Other forms undoubtedly "..ere present, but their identity could not 
be determincd from field observations alone. 

Form 1, which has a wide host range, evidently was equally wide­
3prcad and abundant. As may bc seen from Table 14 and Figure 4, 
the avcrage infcction for all of the varieties for the 3-year period 1925 
to 1927 was 18.8 per cent, the lowest foc anyone variety (Iowar) 
being 13.5 pCI' cent, and the highest (Iogold) 33.7 per cent. The 
spread bet\yoen the varieties least affected ancl those most affectod 
was slightly over 20 per cent. In other words, the crown-rust effect 
on Iogold on the average was almost exactly two and one-half times 
as great as that on IowaI'. However, when all the varieties are 
grouped on the basis of relative resistance at all stations with White 
Tarta!' as the standard variety, Green :Mountain was least susceptible 
and Mal'ldon was most so. Designating White Tartar, a relatively 
susceptible vtl,riety, as 100 per cent susceptible, the susceptibility 
ratio of Green Mountain was 82.97 per cent and that of Markton 
129.69 pel' cent. The interval between the two extremes is seen to 
be comparatively small. This was not true, however, for stem rust. 
Markton, the variety most heavily infected with stem rust, had an 
average infection coefficient almost eighty times as great as that of 
Io~old, the variety with the lightest infection, the susceptibility ratios 
bemg 111.58 pel' cont for the former and 1.39 for the latter. Markton 
had the highest susceptibility ratio for both rusts. 
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TAlILE 14.-Averagl3 degree 0/ crown-rust infecti~ on varietie8 of oats grown in uni_ 

form nur8eries at 46 e:l:penment 8tation8 in the United States and ea8tern Canada 
during one or more of the three year8 1925, 1926. and 1927 \ 

(The comparison of the Infection percentage with that of White Tartar oats·for the corresponding period Is 
expressed as 8 percentage· ratio] 

----~--~,---.-------~---------------

Peroontage of infection 

N urs. Annual a vernge 3· year average 
C. I. cry 1__;----;;--__ 1 ___•.____-;-___Group and variety 
No. years 

Weighted White Percent· 
average Tartar age of1025 1926 1027 for for same White 
variety period Tartar 

--------------·1--------------------
Auena aalioa 

Early white: 
Oopher•••••••••••••_•••••••••••••••• 2027 24 -- ... _-- 20. aI32.7 29.3 26. 3 111. 41 
Iowa No. 444••••••••••••••••••••••••• 2331 23 28.9 36.9 33.4 30.7 loa 79 
lowar••••••••••••••••••••••••••••.••• 847 50 3.1l 19.8 32. 0 13.5 15.0 84. 91 
.. Rustless selection" ••••••••••••••••• 724 58 4.4 30 0 15.4 16. 9 9112 

Early yellow: 25.11 . 
Edkln••••••••••.•••••.•••••••••.•..•• 2330 11 26.0 I 26.1 00.62 
RaJ Ira. '" ••••..••••••, ••••••.•""" 1001 58 "i7' '23:7" ~~ ~ 16.3 16.9 96.45 

23 26.1 39.6 33.7 31.4 107.32j~Fc~r~ii(C:::::::::::::::::::::::::: 2329 
57 28.7 16. 5 104. 43787 4.3 31.8 15.8 

Ear!fi:~~~a••••••••••••• , """" •••••• 2025 57 1.9 17.9 44. 2 15. 0 15.8 94. 94 
l't!ldseason white: 

Anthony••••••••••••••••••••••.•••••• 2143 57 6.3 24. 6 41.8 20.2 20.4 00.02 
MlnotR X White Tartar ••••••.••••••• 2144 57 5.9 28.9 42.4 21.3 20.4 104.42 
Silvermine•••.•••••••••••••••••••.•.• 659 58 8.2 27.7 42.9 20.8 16. 9 123. 08 
Swedish BeleeL ••••.•...••••••••..••• 134 00 5.9 25.4 41.2 18.8 18.1 103. 87 

Midseason yellow: 
logren•••••••••••••••••••.....•••..•. 2024 58 6.3 25.4 33.2 16.6 15.5 107.1G 
Markton•••••••••••••••••.•••"""" 2053 24 24. 7 41.7 33.2 25.6 129.69 

Midseason black: 
Jeanette •••••••••••••••••••••.•••••.. 1880-1 00 7.4 23.5 40.0 18.1 103. 31 

A. satioa orlenlalla '''ILate white: 
Orcen Monntnln....... .•••••••••.•.• 1892 I 61 	 16.1 19.4 82.99 

Whlto 'rartllr .•••••.•••••••••••••••.• 551 I 01 	 19. <i 10.4 100 

A. buzantina t, 
E~yro~ 	 i I 
• 	 nurL•••••••••••••••.••••.••••••••••. 21J.13 I 57 f 4. 2 25.1 28. 0 H.7 15.8 93.04 

..·ulghllin............................. 7081 55, 3.5. lB. 9 44.5 15. 1 14.5 104.14 
Knnats.. •••••.••••••••••••••••••••.. 839 ZJ :.••••••116.. 0 40.9 27.91 23.0 121.30 

l\-Ilc1scnson rell: 	 i I 
Hed HustprooL ••••••••••••••••••••• 1815 j 58 f .5 i 24.1 35.0 14. 3 16.9 84. 61 

Average severity of opldemic•••••.. =1=j4.0I24. 31 37. 21-ru1~-w:9i 

DESCRIPTION OF VARIETIES 

Brief notes on the origin, description, distribution, and econonuc 
importance of the rust-resistant and commercially important oat 
varieties included in the vfLriOUS uniform nurseries are here given. 
Some of the varieties have been described more fully elsewhere, in 
which cases references 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. 

Iowar, Iogren, Io~old, Iowa No. 444, Richland (Iowa No. 105), 
and /tRustless selectIOn" (0. 1. Nos. 847, 2024, 2329, 2331, 787, and 
724, respectively) were developed by the Iowa Agricultural Experi­
ment Station, in cooperation with the Office of Oereal Orops and Dis­.. 
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eases, Bureau of Plant Industry. The origin, description, and dis­
tribution of Iowar, Iogren, and Richland have been reported by 
Burnett, Stanton, and Warburton (4) and by Stanton, Griffee, and 
Etheridge (20). Similar information on Iogold recently has been 
published by Burnett (3) and by Stanton, Love, and Gaines (22). 
, "Rustless selection" and Iowa No. 444 have not been previously 
described. N ursery records show that the original "rustless" oat 
was grown by the Iowa Agricultural Experiment Station at Ames as 
early as 1904. According to L. C. Burnett, of that station, it was 
among the varieties and strains included in the original cooperative 
nursery grown at Ames in 1906. "Rm:~less" was grown in nursery 
row No. 23. At harvest the plants were pulled and kept separate for 
each row. Those selected from row 23 were given Iowa numbers 
427 to 447, inclusive. A.fter some years of testing all these selections 
were discarded except No. 444, which has been continued in the 
experiment at Ames under the designation "Rustless selection." 
It is a white, rather small-kerneled oat, ripening a little later than 
Iowar 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 1q26 as Iowa No. 
444 (C.!, No. 2331), also was obtained from the Iowa Agricultural 
Experiment Station, where it was originated several years ago as a 
reselection of the original "Rustless selection," described above. 
This strain is similar to "Rustless selection" in plant and kernel 
characters. Neither of these strains as yet has been distributed to 
farmers. 

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

Gopher (C.!, No. 2027; Minn. No. 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, 
Griffee, and Etheridge (20), and by the Minnesota Agricultural Experi­
ment Station (14). It is noV! an important commercial variety in 
Minnesota. 

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

48089. From Johannesburg, Transvaal. Purchased from the Agricultural 
Supply Association, through Mr. J. Burtt Davy, botanist. Received September 
24,1919. Quoted note by Mr. Davy. "lIeijira rustproof oats. A rather recent 
introduction which has been grown with some success in the dry districts of 
the Western Transvaal and is claimed to be rust resistant." 

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

I beg to inform you that in 1904 I obtained a small parcel of seed from Hajira 
or EI-flajira, a city in Algeria. The variety was unknown to me and had appar­
ently no particular name, so I simply named it after the place where I got it from. .' 

1 
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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 Oolonel du Toit, after 
introducing the Hajira oat, subsequently grew it at Lichtenburg and 
in Western Transvaal and then distributed it to various other semi­
Ilrid parts of what now constitutes the Union of South Africa. He 
mentions that since its introduction the name Hajira has become 
corrupted and is variovsly spelled Heijara, Hajera, and Heijira. 

Hajira, or Heigh'a, as it has been wrongly spelled in thit'! country, 
i", an early, mid tall, yellow-kerneled oat. It has a rather weak 
fltraw. It matures at about the same time as Richland, Iogold, 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 :Kuaknra oat, also known as Ruakura Rust-Resistant, originated 
at the Ruakum Farm of Instruction in New Zealand as a plant varia­
tion in the Red Algerian (..;\.rgentine) variety. The variety has been 
described by Archer (1). Several introductions of the variety have 
been made. The particular strain of Ruakura (0. 1. 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 introductions and, for this reason, was used in 
the uniform nurseries. R,uakura is an early oat with equilateral 
panicles and a fine, rather weak straw. The kernels are grayish 
III 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 
Avena, sativa L. The variety is of little commercial promise in the 
United States.r The development of the Markton variety (0.1. No. 2053) has been 
described by Stanton, Stephens, and Gaines (23) and by Stanton, 
Griffee, and Etheridge (20). Markton was included in the rust 
nurseries because of its immunity from the smuts of oats. It is of 
considerable commercial importance in Oregon, Washington, Idaho, 
anti adjacent 1'Iontana, where the rusts of oats have not been a. 
serious limiting factOI' in yield. 

Anthony (0. I. NtJ. 2143; Minn. No. 686) and Minota X White 
Tartar (White Russian) (0. I. No. 2144; :Minn. No. 687) were bred 
by the Minnesota Agricultural Experiment Station (14). Anthony 
resulted from a cross between Victory and White Tartar (White 
Russian). Both of these productions are midseason sorts with white 
kernels. Anthony is being increased for distribution to farmers. 

Silvermine, Swedish Select, vvuite Tartar (White Russian), Green 
-\ 	 Mountain, Joanette, and Monarch Selection (0.1. 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 
Tartar and Green Mountain are late varieties with side panicles. 
The latter differs from the former only in having awns. 'fhe resist­
ance of White Tartar to stem rust hus been recognized in the United 
States for 40 yeul's or more. These so-called II side oats" have not 
attuined great economic importance, however, owing to their late 
maturity I1nel low yielding pOWOl'. White Turtar hus persisted in 
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sections only where stem rust frequently is a 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 
little agricultural importance in the United States. :yronarch 
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 
byzantina C. Koch. Burt (0. 1. No. 2043) is a selection from a hybrid 
between two strains of Burt made 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, Iowa, where it has been 
among the best of numerous Burt strains. It is typical of the variety 
in plant and kernel characters. 

The history and description of the Fulghum variety has been 
published by Stanton (19). Salmon and Parker (17) and Stanton, 
Love, and Down (21) have reported on the development and per­
formlmce of Kanota, a strain of Fulghum which has become of great 
economic importance. 

The Red Rustproof strain (C. 1. So. 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 
(Red Texas) oat of the South. The variety has been described by 
Etheridge (8), Warburton and Stanton (25), and others. 

GENERAL DISCUSSION .,
In the studies herein reported several varieties of oats proved 

generally resistant to stem rust. logold, Hl1jira, Richland, Minotl1 X 
\Vhite Tartar (\Vhite Russian), 'White Tartar, Green Mountnin, und 
Anthony were the most resistant of ull. The fact that these varieties 
were so univ('["sally resistant, while many others werc so universally 
sus('eptible, indiCl1tcs that the vcry virulent physiologic forms of 
Puccinia oraminis (ll"enae whieh are known to occur in other countries 
are Bot 11bundant and widesrread in the United States, although there 
is e\ridencc that they may be present. This conclusion is supported 
by observations in the uniform rust nurseries and also by inoculations 
in the greenhouse, compat'ed with rust collections from the nurseries 
and elsC\vhere. 

In 1923 only physiologic forms 1 and 2 of P1lCcini(L graminis (It'enae 
were identified with certainty, although there was good evidence that 
a collection made by \Vallace Butler on December 28, 1923, at West, 
Tex., contained a vi.l'ulent form not hitherto found. White Tartar 
and Green 1>Iollntain had been moderately resistant and Uichland and 
Hajira highly resistant to all collections made in the summer and fall. 
However, the collection made by Butler produced two types of ure­
dinia on the same leaf of Richland, minute urcdinia in necrotic a.reas, 
and large, normal uredinia as well. The rust from the large uredinia 
was propagated and was virulent on all \Tllrieties inoculated. U nfor­
tunately, however, seed of "Jollnettc Strain" and "Strain 703" was not 
available for the tests, and it was therefore impossible to (listinguish 
this culture from form 4. As the large uredin~a had appeared on only ., 
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'one plant of Richland and form 4 had been cultured ill the same 
greenhouse previously, it was suspected 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 been 
present in the field. Repeated attempts to again isolate the virulent 
COI'm were unsuecessful. 

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 exceptionally virulent physiologic 
form, possibly PuccinilL graminis m:enae form 6, hitherto unknown on 
this continent or elsewhere. The rust notes on the Temple material 
were not taken in the field as usual, but the n.lmost-mature plants 
were harvested and shipped to St. Paul, Minn., for examination. 
'The notes were takell by A.W. Hellry and the senior writers of this 
bulletin. It was very difficult to obtain a culture from this material, 
for, in most cases, the rust was in the telial stage, and most of the 
urediniospores were nonviable. Finally, after a number of attempts, 
a eulture was obtained from the rust on Silvermine. Both White 
Tartar and Richland proved resistant, however. Evidently, if a very 
virulent form of stem rust occurred at Temple in 1924, other less 
virulent forms also were present that year. 

In 1925 between 40 and 50 specimens of PuccinilL graminis avenae 
were collected and cultured at St. Paul. Of 32 collections determined, 
29 (approximately 91 per cent) were form 2; the remaining 3 cultures 
were of form J. It was in this yeur that the presence of the very 
virulent form of P. graminis avenae was first tlefinitely discovered in 
Callada. This form may possibly have been present ut vYest, Tex., 
in 1028 imd at Temple, Tex., in 1924. 

There was cousidemble stem rust on White Tartar und Richland 
at College Stution, Tex., in Hl2G, und its development on both yurie­
ties seemed normul. On JTajira there wns very little stem rust, how­
,ever. This is C'iretUllstnntial evidence of the prcsenC'e of two forms 
identic-ul with, Ol' similur to, forms 3 und 4. These forms were not 
isolllted, howevpr, from the specimen collected at the Conege Stution 
nlll'sery; instead, forms 1 and 2 were isoluted. Possibly the host from 
which the isolation wus IllIlCiP harbored forms 1 and 2 but not form 3 
or,!. Th('I'C' WIIS, then, circumstantial evidence of the presence in the 
southcl'l1 United States of forms which can attack some of the resistant 
val'ietics, but the cuse was not proved. 

In ln7 more than 100 identifications of stem rllst of oats were 
made. Ail .in preyious years, form 2 was most prE'Yalent, and form 5 
WflS the only otht'r form isolated. Although a very careful study was 
made of aU collections obtained, it could not be demonstrated defi­
nitely that the virulent EUl'openn 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. Positive experimental proof, 
however; is still lacking. 

If the very virulent forms of Puccinia [Jraminis m:enae do not 
spread into the United States, the development of good varieties of 
oats resistant to stem rust seems well on the Wfly toward realization. 
a arber (9) developed Au thony (14.), a cross betwcen Victory and 
White 'l'artllr, 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 had selected logoid from Kherson. logold is even more 
resistant to stem rust than Anthony, is high yielding, and has stiff 
straw. No variety has yet proved resistant to the apparently omniv­
orous form 6. Should form 6 become established in this country, 
as it has in Canada, and become widespread the development of rust­
resistant varieties will become much more difficult. Its eventual 
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 degree of 
resistance to crown rust. The val"iety showing the lowest percentage 
of crown-rust infection during 56 nursery years, lOWH,!', had a suscep­
tibility quotient 33.75 times greater than the variety with the lowest 
average stem-rust coefficient for 79 nursery years, logold. There 
was not so gl"Cat a range in the susceptibility of different varieties to 
crown rust as thel"C was in the susceptibility of stem rust. Never­
theless, Green :Mountain, Red Rustproof, Iowar, "Rustless selection," 
Burt, RUllkura, and Hajira were somewhltt more resistunt than the 
othOl' varieties. It was evident from field observations that physi­
ologic specializlltion in P'l.lccinia coronata avenae complicates the 
situation. 

There was no appal'(mt conelation between resistance to stem 
rust and resistance to crown rust. While of all varieties logold was 
the most resistant to stem rust, it was among the most susc~ptible 
to crown rust. Red Rustproof was next to the most susceptible to 
stem rust, but the second most resistnnt to crown rust. On the 
othel' hfUld, one or two varieties that were highly resistant to stem 
rust also were nIUong the most resistant to crown rust. As already 
stated, Markton was the most sllsceptible to both rusts. A cursory 
examinntion of Figures 3 and 4 reveals the lack of correlation in 
resistance to the two rusts. Careful greenhouse tests have not yet 
shown any positive ('ol'l'eln,tion in any of the smull grabs between 
the resistance to stem l'llst llnd leuf rust. 

Observntions also were mllde on the degree of smut in the dif­
fOl'ent varieties grown in the nurseries. 'While complete notes were 
tl1kcn only in 1925, cstimates of the percentage of both smuts were 
made virtuaUy eyory year. As these observations were only inci­
deutnl, the seed was not inoculated artificially; hence nothing is 
known about the numb<:r of physiologic forms which may have caused 
the infection. As the seed was grown I1t Aberdeen, Idaho, it is 
probable that it wns infected with only the forms present at that 
plaee. 'rhe results, therefore, ure not necossarily indicative of the 
behavior of these varieties tow:lrd smut in commercial fields in other 
rerrions. Unclm' the conditions of these experiments, however, the 
foHowing vurieties were very resistant to both smuts: :Mal'kton, 
Red Rustproof, Fulghum, and Hajira. The follo\ving were moder­
ately resistant: Burt, Richland, Silvermine, "Rustless selection," 
and Iowu,r. The following were moderately sllsceptible: Iogl'Cn, 
JOl1nettc, i\[innta X 'Yhite TtHtar, R1Utkura, and Swedish Select; and 
those exLrell10ly susceptible were 'Vhite Tartar, Green :Molmtain, 
and 1\nthony. 

Unfortunately, there appears to be no corrcliltion whatever between 
SIUut resistance fLncl resistfLl1Ce to the rusts. For example, :NIarkton 
ttIld Fulghum were very resistant to both smuts, but extremely sus-
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ceptible both to stem rust and crown rust. Red Rustproof also was 
highly resistant to both smuts and also to crown rust, but was very 
susceptible to stem rust. On the other hand, Green :Moulltnin was 
susceptible to both smuts, but resistant to both rusts; and Anthony 
was very susceptible to the smuts and to crown rust, but resistant 
to stem rust. Again, Ruakura was very susceptible to the smuts and 
to stem Tust, but resistant to crown rust. Hajira was the only variety 
which appeared to be resistnnt 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 
one variety, if possible. To do this probably will necessitate l1. de­
tailed study of the number, distribution, and constancy of the physi­
olObric fOI·ms of the smut fungi as well as the rusts. The results pre­
sented emphasize the fact that there is not necessarily any corre­
lation in the resistance of varieties of oats to different diseases . 

Or 

.. 
SUMMARY 

A uniform nursery experiment was started in 1923 to determine 
under field conditions in different areas the relative resistance of 
varieties of oats to Puccinia graminis avenae and to determine the 
distribution of physiologic forms of the pathogene in the experi­
mental territory. Beginning with 1925, observations \.,-ere made on 
crown rust. 

At first only 11 varieties 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 
at as many as 65 different 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 a basis for the estimates. In 
the case of stem rust, in addition to the estimates of infection, notes 
were taken on the nature of host reaction. A numerical value was 
assigned to the latter, and by multiplying it by the estimated per­
centage an infection coefficient was obtained. The latter seemed a 
more accumte expression of the effect of stem rust on the host plants 
than It mere percentage figure. The percentage reading, howeyer, 
was thought to be udequatu to represent susceptibility to crown rust. 

There was a very pronounced difference in the quantity and qual­
ity of the stem-rust infection on different varieties at different sta­
tions in different years. 'fhe foilowing eight varieties, selections, 
and crosses were most resistant to stem rust during the period under 
review: Jogold, Hajira, Hichland, ll'linota X White Tartar (White 
Russilln), White Tartar, Green ~Jountain, Anthony, and Eelkin. 
The average infection coefficients for these varieties runged from less 
than 0.5 r~er cent to a Little over 3 per cent. In comparison with a 
standard variety grown during the same period, the extL·eme suseep­
tibiliLy rntios were 1.:39 and 12.12 per cent, respectively. 

The din'erences in the efrects of crown rust on the different varieties 
were not gO striking ns those of stem rllst. 'fhe spread beLween the 
least affected and most ufrected \'arieties was slightly more than 20 
per ('('nl ill the east' of <Town rust and almost 31.5 per cent in the emit' 
or ,.;lpll1 nlgL I~V('L1 JUOl'l' stl·iking is the difference in the relativp 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 and 111.58 per cent. The SLX varieties least affected by crown 
rust were Green Mountain, Red Rustproof, IowaI', IIRustless selec­
tion, " Burt, and Ruakura. 

In general there seemed to be no correlation in varietal resistance­
between the two rusts. Some of the varieties most resistant to stem 
rust were among those most susceptible to crown rust, and vice­
versn.Markton oats, however, was the most susceptible to both 
rusts. 

Stem-rust specimens were collected each year from the different 
uniform nurseries and their identity determined by inoculations in 
the greenhouse at University Farm, St. Paul, Minn. Altogether, 121 
collections from the nurseries were studied. Physiologic forms 1, 2, 
and 5 were isolated in the different years. Form 2 was by far the' 
most prevalent. None of the extremely yirulent forms known to 
oecllr abroad and in Canada has been isolated with certainty from the 
collections made in the United Stutes, although there is considerable 
circumstantial evidence that they arc present in this country. 

Unless the n,bove-mentioned virulent forms appCttr 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 Iowa and :Minnesota, respec­
tively, al'e outstanding in resistance to stem rust, in yielding ability, 
and other desirnble 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. LORses 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 diseuses 
arc to he redueed to 11 minimum. At the same time barberry and 
buckthol'll bushes should be eradicated in order to reduce the amount 
of inoculum, to decrease the opportunities for the persistence of 
physiologic forms now in existence, and to reduce the possibility of 
the production of new physiologic forms by hybridization. 

LITERATURE CITED 

(1) 	 Aos'rRALIA. INSTITUTE OF SCIENCE AND INDUSTRY. SPECIAL COMMITTEE 
ON SEED IMPROVEMENT. 

1922. 	A CLASSIFICATION AND DETAILED DESCRIPTION OF TUE OATS OF 
AUSTRALIA. DEING THE THIRD RF,PORT OF THE, SPECIAL COM­
lIIT'l'm: ON SE~JD IMPROVEMENT. Aust. Inst. Sci. and Indus. 
Bul. 23, 31 p., illus. 

(2) BAIl,m', D. L. 
1925. 	PHYSIOI,OGICM, SPECIALIZATION IN PUCCINIA GRAMINIS AVENAE 

ERIKSS. AND lIEN!\'. Minn. Agr. Expt. Stn. Tech. Bul. 35, 33 p., 
illus. 

(3) 	 BunN~lTT, 1.1. C. 
1928. IOGOLD OATS. Iowa Agr. Expt. Stu. Bul. 247, p. 186-198, illus. 

(4) --- S'rANTON, T. R., und WAnnunToN, C. W. 
1925. 	IlIPROVgD OAT VARIETIES Fon THE COHN BELT. U. S. Dept. A'gr. 

Bul. 13,13, 31 p., illus. 
(5) CARI,E'ro:s-, l\L A. 

1910. 	TEN YEAllS' EXPEnlENCE WITH 'rIlE SWEDISII SEI,ECT OAT. U. S. 
Dept. Agr., BUI'. Plnnt Indus. Bul. 182, '17 p, illus. 

.. 


.. 


., 

1 

~ 

1 


.~ 

, 



35 

~ 

,~ 

• 

;­

f 

~ 

t 

~ 
~. 

~ 

RUST. RESISTA...'fCE OF OAT VARIETIES 

CLARK, J. A., MARTIN, J. H., and STAKMAN, E. C. 
1926. RELATIVE SUSCEPTIBILITY OF SPRING-WHEAT VARIETIES TO STEM 

RUST. U. S. Dept. Agr. Circ. 365, 18 p.,. illus. 
DURRELL, L. W., and PARKER, J. H. 

1920. COMPARATIVE RESISTANCE OF VARIETIES OF OATS TO CROWN AND 
STEM RUSTS. Iowa Agr. Expt. Sta. Research Bul. 62, p. 27-56d, 
illus. 

ETHERIDGE, W. C. 
1916. A CLASSIFICATION OF THE VARIETIES OF CULTIVATED OATS. N. Y. 

Cornell Agr. Expt. Sta. Mem. 10, p. 79-172, illUB. 
GARBER, R. J. 

1922. INHERITANCE AND YIELD WITH PARTICULAR REFERENCE TO RUST 
RESISTANCE AND PANICLE TYPE L." OATS. Minn. Agr. Expt. Sta. 
Tech. Bul. 7, 62 p., illus. 

GORDON, W. L. 

1928. PHYSIOLOGIC FORMS OF PUCCINIA GRAMINIS AVENAE ERIKSS. '" 
HENN. IN CANADA. (Abstract) Sci. Agr. 8: 462-463. 

GOULDEN, C. H., and ELDERS, A. T. 
1926. A STATISTICAL STUDY OF THE CHARACTERS OF WHEAT VARIETIES 

INFLUENCING YIELD. Sci. Agr. 6: 337-345, illus. 
HOERNER, G. R. 

1919. 1II0LOGIC FORlIS OF PUCCINI A CORONATA ON OATS. Phytopathology 
9: [303]-314, ilIus. . 


LEVINE, M. N. 

1928. 	BIOlIETRICAL STUDIES ON TIlE VARIATION OF PH7SIOLOGIC FORMS 

OF PUCCINIA GHAMINIS TRlTICI AND THE EFFECTS OF ECOLOGICAL 
FACTORS ON TilE SUSCEPTIDILITY OF WHEAT VARIETIES. Phyto­
pathology 18: 7-123, mus. 

(14) 	 MINNESOTA UNIVl:IRSIT,v. AGIUCULTURAL EXTENSION DIVISION. 
[1(28). UIl'IlOV.ED VARIETIES O}' FARM CROPS RECOMMENDED FOR MINNE­

SOTA. 19Z5. l\1iIlIl. Uuiv. Agr. Ext. Div. Folder 22. 
'15i PAnKER, J. H. 

1918. GREENHOUSE EXPERIMENTS ON THE RUST RESISTANCE OF OAT 
VA Rn,'rLES. U. S. Dcpt. Agr. Bul. 62!l, 16 p., mus. 

1101 PAHSOX, n. E. 
1927. PHYSIOLOGIC SI'EClALIZATION IN PUCCINIA COUONATA AVENAE 

Phytoputhology 17: 783-790. 
(l6a) POPI', \\'ILLIA~!. 

1!l26. CRO\\'S HUST OF OATS INEASTEUN CANADA. Qucbec Soc. Protect. 
Plants Ann. Rpt. 18: 3S-54. 

,17- i-lAl,~!oN, S. C., and PARKEH, J. H. 
1!l21. KAN'OTA: AN EAIlLY OAT FOR KANSAS. Kans. Agr. Expt. Stl).. 

Circ. !l 1, 13 p., iIIus. 
•l~) i:hAKMAN, E. C., LEVINE, l\L N., and BAILEY, D. L • 

1923. BIOLOGIC FOR~IS O~' I'UCC!N!A GHAlUNIS ON VARIETIES OF AVENA 
SPI'. Jour. Agr. Research 24: 1013-101S, iIIus. 

dO, ::iTANTON, T. R. 
1021. FULGHUM OATS. U. S. Dept. Agr. Circ. 193, 11 p., illus. 

<20} --- GRIFFEE, F., Ilnd ETIH:IUDGE, W. C. 
1926. HEGISTUATIO:N O~' VAltn}TIES AXD STRAINS OF OATS. Jour. AmCT 

Soc. Agron. IS: 935-947. 
121 --- LO'"E, H. H., and DOWN, E. E. 

1!l27. REGlSTHA'rION OF YAIUETIES AND STHAms OF OATS, II. Jour. Amer 
Soc. Agron. 19: 1031-1037. 

122,1 --- LOVE, H. H., Ilnd GAINES, E. F. 
1.!l28. 	 UEGfSTUATION OF VAR[E'rlES AND STUAINS OF OATS, III. Jour. 

Amer. Soc. Agron. 20: 1323-1325. 
(23) 	--- STEPHENS, D. E, and GAINES, E. F. 

192'1. ~!ARKTON, A:N OAT VARIETY IMMUNE FROM COVERED S~!uT. U. S. 
Dept. Agr. Cire. 32·1, 8 p., iIIus. 

,24.1 eNITED S'rATES DEPAUTMENT OF AGRICULTURE. BUREAU OF PLANT 
INDUSTRY. 
19l!l. 	INVENTORY OF SEED AND PLANT INTRODUCTION DUUINO TUE PERlOD 

FUOM JULY 1 '1'0 OCTOBER 31, 1919 (NO. 60; NOS. 4780;; TO ~8~20). 
U. S. Dept. Agr., Bur. Plant Indus. Inventory 60, 87 p., ill liS. 

125· W,\ItBURTON, C. 'V., lind Sl'ANTON, T. R. 
1!l20. FALL-SOWN OATS. U. S. Dept. Agr. Farmers' Bu!. 1119, 21 p., 

ilIus. 

http:UIl'IlOV.ED


ORGANIZATION OF THE 

UNITED STATES DEPARTMENT OF AGRICULTURE 


February, 1930 

Secretary 0/ Agriculture___________________ 
Assistant Secretary ______ ________________ _ 
Director 0/ Scientific Work_______________ _ 
Director 0/ Regulatory Work ______________ _ 
Director 0/ Extension Work ______________ _ 
Director 0/ Personnel and Business Ad­

rninistrat-ion. 
Director of In/ormalion ___________________ 
Solicitor________________________________ 
Weather Bllreau _________________________ 
Bureau 0/ Animal Industry _______________ 
Bureau 0/ Dairy Industry _________________ 
Bureau 0/ Plant Industry _________________ 
Forest Service ___________________________ 
Bureau 0/ Chemistry and Soils _____________ 
Bureau 0/ Entomology____________________ 
Bureau 0/ Biological Survey _______________ 
Bureau 0/ Public Roads __________________ 
Bureau 0/ ilgricultural Economics __________ 
Bureau of Home Economics _______________ 
Plant Quarantine and Control ildministra­

tion... 
Grain Putures Administration ____________ _ 
Food, Drug, and Insecticide Administration __ 

OjJice 0/ Experiment Stations _____________ _ 
OjJice 0/ Cooperative Extension Work. ______ _
Ldbrary _______________________________ _ 

ARTHUR M. HYDE. 

R. W. DUNLAP. 

A. F. WOODS. 


WALTER G. CAMPBELL. 


C. W. 'VARB URTON. 

W. W. STOCKBERGER. 

M. S. EISENHOWER. 
E. L. MARSHALL. 


CHARLES F. MARVL."i, Chief. 

JOHN R. MOHLER, Chief. 

O. E. REED, Chief. 

WILLIAM A. TAYLOR, Chief. 

:R,. Y. STUART, Chief. 

H. G. KNIGHT, Chief. 
C. L. MARLATT, Chief. 

PAUL G. REDINGTON, Chief. 

THOMAS H. MACDONALD, Chief. 

NILS A. OLSEN, Chief. 

LOUISE STANLEY, Chief. 

LEE A. STRONG, Chief. 

J. W. T. DUVEL, Chief. 

WALTER G. CAMPBELL, Director of 


Regulatory Work, in Charge. 
---, Chief· 
C. B. S:'UTH, Chief. 

CLARIBEL R. BARNETT, Librarian. 


This bulletin is ll. contribution from 

Bureau of Plant Industry ______________.; __ WILLIAM A. TAYLOR, Chief. 
OjJice 0/ Cereal Crops and Discases _____ M. A. MCCALL, Principal Agrono­

mist, Acting in Charge. 

36 

U. s. GOVER"'MENT PRINTtNG OfFlCEt lilO 

[I'or sale by the Su~rlnteml'?Jltof ()o~um~llts, Washington, I). C. • - '- Pl'lce 10 cents 




