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Physiologic Races of Puccinia recondita f. sp. 
tritici in the United States }'rom 1926 Through 
1960 1 

By C. O. ;rOHl~'STON,2 pa.tltolouist, Crops Reseal'ch Division, Agricultural Research 
Seryice; R. M. CALDWELL, profc.~sor, Department of Botany and Plant Plhh­
ology, Purdue University; L. E. COMPTON, associatc profesBor, Department of 
Botany and Plant Pathology, Purdue University; and L. E. BltoWDER, rcsearch 
plallt patholoui8t, Crops Research Division, Agriculturu~ Research Service. 

Studies of physiologic specialization in the fungus causing leaf rust 
of Wlleflt, Pttccinia retJondita Rob. ex Desm. f. sp. tritici, were sLarted 
by :Mains and Jackson (7)3 at Purdue University in 1918. They estab­
lished a set of 11 differential varieties of wheat and described 12 
physiologic races of the fungus. Three varieties were soon discarded 
and the remaining eight (6) became known as the International 
Standard differentIal varieties. These varieties have been used in many 
countries as a basis for race identification. The races reported ha.ve been 
recorded in an International Register of Physiologic Races of the 
fungus through several revisions (4-,5)4 coordinated by the late senior 
author of tl1is bulletin. 

Beginning in 1926, collections of P. ?'econdita f. sp. tritici in wheat­
growing areas of the United Stat·cs wcre analyzed for their physiologic 
mce content each year. Summaries of results were published each year 
from 1951 through 1960, but no long-term summary has been made. 
This bulletin summarizes elata, obtll.ineel from 1926 through 1960. 

1 This bulletin is listed by the Department of Plant Pathology, Kansas Agri­
cultural Experiment Station, Manhattan, as Contribution No. 402, and b~" the 
Purdue Uni,'ersity AgriCllltnrnt Experiment Station, I.,afayette, as .Tournal 
Paper No. 3183. 

• De('eaRed, November 1965. 
• Italic lIumbers in parentheses refer to I.Jiteratnre Cited, p. lR­
• Also, HU)[PllREY, H. R, .JOHNSTON, C. 0., and CALDWELL, R. 'M.. A REVISION 

OF TnE NU)IHERS ASSIGNED TO pnYSTor.OGIC RACES OF THE LEAF RU3T OF wnEAT. 
l'UCCTNIA TRITICINA ERIKSS. U.S. Dept. Agr., Bur. Plant Inc1u!<., Di,. Cereal Crops 
and Dis., 14 pp. 1036. (l\Iimeographed.] 

HU)fPlIHEY. H. B., .TOHNSTON, C. 0., CALDWELL, R. l\I., and CmIPToN, L. E. HE­
nSEn ItEGISTEH OF 1'HYSIOT.OGIC RACES OF TllE LEAF .RUST OF WHEAT (PUC('l:'llA 
TRITWTNA). 1:'.S. Dept. Agr., Bur. Plant InduR., Di\'. C-ereal Crops and Dis., 18 
pp. ID3!). pIlmeog1'tlplied.] 

.JOHNS1'O:S, C. 0 .• H(f)!l·If.REY, R.l\I.. CJ\LDWELL, R. l\1., and CO)I1'1'ON, L. E. THI1:n 
mwnnON OF TnE JNTERNJ\TIONAL HEGISTER OF THE PItY-SIOLOGIC HACES OF Tng T.EAF 
I\UST OF WHEAT (PCCCTNIA .Rl,lllIGO-YERA TUITleI (THITICINA)). U.S. Dept. .:.'-gr.. Bur. 
Plnnt Indus., Di'l'. Cereal Crops and Dis., 20 pp. 19+2. [Mimeographed.l 

JOUNSON. C .0.. and RonE:SHISgH, H. A. FOUUTII .REVISION OF TUB INTER­
XA1·IONAt. HEGI;;TE!! OF PIn-SIOT.OGW HACES OF TTIE T.EAF RUST OF WTIEAT (I'UCCIXTA 
nURIGO'\"F..RA TRI1'ICI (TRtTICtN.\». 1T.R. D('pt. Agr., Bur. Plant Indus., Soils and 
Agt·. Eng-in. ~03 ce, 15 pp. J!)51. r~[jllJ('ogI'nplJ('d.l 
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MATERIALS AND METHODS 
Leaf rust, caused by P. 1'eeondita. f. sp. t}'itici. WllS collected from 

\yheat in experimental sowings, cOl11mercial plantings, roadsides, and 
\'olunt.eer fields by the writers of this bulletin and oilIer p1ant scientists 
or interested persons. Collections were refrigerateel at about ·J5° F. 
nnW ann lyzec1. 

From lH2(j thr01\gh lH,W, most collect-ions from cast of the Mis:-lissippi 
lli\'er were n.IHtlyzed at Lni'ayetJe, Incl., while those west of the Missis­
sippi were iU1nlyzed at Manhattan, Kans, After ID.J6, all collections 
-were analyzed at Manhattan. :Methods nsed at the byo stations were 
ahout. tho ·sHme. 

The nUl11ll('l' of colleet:ions :In:l1\,zed \'aried frol11 real' to y(>al'. In 12'en­
crill,t\~\\'el: t'olledinnl-l wel'l' ltlllfl.\:ZNl dUr1ng early 'yenrs of the iltllflici', 
lind 11101'0 analyzed in yenrs \\"I1£'n lea r rust W;lS SC'\'('I'C in the Cnileel 
~tn te3, • • 

Dllring BOl\)O years tIll' nl1mbel' ot: \'iable ~'olh,('tioj)s (those yielding 
('Illtures) WllS gL'eat1y l'edw'etl bccause 1I1'e(liospol'('s 10st their \'iabilit" 
during Bhipl11cnt 0]' becallse I'eft'iuemtors fttiled, Only \'iah1e ('011 eej"j OIlS 
\\,(-'TO acressioned, Cultul't'fl wert' 'Obtained from <'ollecrions made in ~bO 
States. In g('nerfll, \'iable collections were obtained hom ollly a i:ew 
States in thp piH'l" years of the studipl'. but frolll many ~{ates 1'1'0:11 
1!).\.n thl'O\lgh H)(\O' \ tab\(' 1). - " 

lk!,?:inning about October 1 earh yenr, seedlings of I-he clW'cl'ential 
",he;ll nll'il~ti('s or a snscrptihle nll'lety \\'l'l'e inoculated with lll'ec1io­
spores from tl\('-Ieaf rust ('olleetions. The lIl'ediospores we1'(, tt'iltlsferl'e<l 
hy f{(,lllpel to primal'Y lea\'e5 of the seedlings, If the initial inoC'l1ll1l11 
W[\S limited, II. l'ol11p1etl'ly sll~ceptible nll'iet,r, not. the dilferentia1 \'arie­
(i('8, was inoC'u1nlNL Inoculated seNllings were atomized with water, 
placed jn moist. ('hnmbers, uSlla lly o\'el'night, and then rCl11o\'ed to a 
gl'eenhollse l11ain!aine(l nl" (i5° to ,3° F. ,Yhell the resnlting pustl~les 
m'l'l' \'igorollsly sporulating. nsnall,\' about 1~ days lllter, f:c\'el'al high 
inf('ctioll type plls/ules \\'1'1'1' indi\'idunlly cllltlll'('«(on It sllsceptible ml.'i­
ety. ,Yh<,n only a fel\' pnstules spol'ulnte<l. each was cnl tured, If high 
i n f~'('( ion types ()('('\1lTl'd on t\Yo or more' d i Il'el'entinl nlrieties, pustnle:') 
fl'llllleaC'ilnll'iel Y "'1'1'(' ('ultlll'ed to incl'ease the pl'obabil it.'" of obtain­
ing Plll'p ('llltlll'(>S of dill'('l'ent l'l1('es, These PUl'C cultures ",ill hel'eafl-er 
bl:' l'efNl'ed to nsisolntes to distin!.!uish them from ol'i2:inal cnltul'es. 

Plants inOl'ltlatl'l1 with ul'ediost101'es frolll single pu~tules "'(,I'e in­
cuhat('(l the S:lllH' a:-l the origilla1 cllltul'es except ",h('n these seedlings 
'\'('I'e l'l'moyed from till:' moist- dmmbl'r, a glass lantern ('hi11111l'." WitS 

placed 0\'1'1' each isolate to protect it frol1l contamination by J1l'arby 
isolntes. jj'teI' about· 1:2 <11tyS, lH'pdiospores from tll('sp isolates were used 
to illoculntp s('e(l I i n,!.!:s 0 r the In !(,l'lHll-ionaI Standard di ll'el'('nt ia I \,(I1'ie­
ties. again using tltp same ineulmtion techniques. Infer'dolt types pro­
duced by eHch isolatp. on eH('1l clill'el'('ntid "ariel'Y were recorded a-fter 
to to Ii days m'cor<lill!.!' to till' s('alP of :'IaillS alHl.Ta!'ksoll (n and iso­
lates \\'\'1.'0 i~lentHied as'to l'\\{'e nc('onling to (he keys in tk' IntpI'lHll ion:11 
]{egistel's M Physiologic Ha('es U,:j)'" .­
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RESULTS 

Dab. on prevf,,)cnce of physiologic races of P. 1'econdita. f. sp. t1'itici 

lU'e presented in this bulletin by years and by 5-yeay periods (tables 1, 
2, and ~~), by States (taul('s;~ and 5), by geographic areas and classes 
of whe!tt grown (t.ablc 6), and by Fnifiec1 Kumeration (UK) races 
(table7). 

T ABLE I.-Number of collections of Pucciniu. reconclitu. f. sp. tritici 
al1aly::eci, nl/mber of Staff'S rep)'{.sell/fcl, and 1~lImber of physiolo!Jic 
mel's ideill-ijied i·r. the United States from 1926 through 1960 

l020.• ________________ . ________________ _ 
1027 _______________ . ___________________ _ 
1028__________________________________ _ 
102U. _____ • ___________ . ____ . __________ _ 
1U30•.. ___________________ . ____________ _ 

1031. _____________ • ______________ .• ____ .
1032___________________________________ _ 
H}:)3. ___ • ___________ • _________ . _______ ._ 
1034___________ - _______________________ _ 
[U35 ___ - __ . ____________________________ _ 

l030 ____ . __ . ____________ ._. ___ .• _•. ____ _ 
10:17 ________________ .. _________________ _ 
1038___ .• - __________ • ________________ _ 
1030. ______________ . ________ • __ _ 
1040_._ ... _._ .• __ . __ . __ . _______ • ______ _ 

1041_ .. ______ • __ . _____ . ____ ._._. __ . __ _ 
1 !H2 _ __ __ _ _ _ _. ____ . _ . _ •• _______ _ 
10·l:I ......... _______ .. _,,_. _______ ,, __ _
1044. ______ . ______ • _________ ._._. ____ ._
104J. _. _ . _________________________ _ 

1040._ ___ . __________ ••••. ___ ._. _____ _ 
.1 0-17 _ _____ "> .. __ • _______ • _ ._____ __ 
I !}.lS _ _ _ __ _ _ _ .. ____ • "' _ _ _ .. _•.. ___ .. __ _ 
uN0 __ ._ -_._ .. __ - ..____ •• ___ - .. ---. 
1 D,iO. _. _ _ •• ___ ••• _• _ .• _•• _. ____ •• __ ._ 

1051 _____ ._._ .• __ . ____________ . ____ . ___ _ 
IO,):.! __ • __ •• _•• _. _____ • __ ••• __ •• __ • ___ ._ 
10~1. . __ .• _. ___ . __ . __ - ____ . __ .•. ___ _ 
IOJ4 _______ ., ... _____ ._. ___ ._ .•... ___ _ 
I O.l.). _•.• _ •.• __ __ - .•• _••• ___ - •• _.• _- __ 

1050 ... __ . ___ • _____ ._ -. __ ._. _________ _ 
1057_. ___ . __ . __ •.. _. _________ .• _____ .. 
UJ.j~;'._. ____ • ________ • __ ••. __ - •. ____ • _ 
1050_ .•.• _ ._. _______ ._. ___ ._. ______ .•. _ 
1U()O .. __ ._. ___ .•. __ . _____ •. ________ • __ 

I Total from Hl20 tlll'ough l!)(iO-.'i,166. 

CoHee- SLate" l{.ac{'s 
lion!; rt'PI'l'- id('ntilieci 

a!lalyzed I sPlitt'd 

Sllmbcr Sltlllbcr SlIlIIlJcr 
;') 

... ------'- 0 
5.') 0 0 
67 12 14 
40 II 13 

la~) 10 18 

LiO ] ;j 17 
75 15 20 
40 !) 10 
:30 R !) 

58 8 26 

4.0 10 IS 
48 1'>,J 13 
ii2 13 ]3 
Hii 14 20 

126 10 23 

107 14 26 
00 .l't 22 
40 12 10 

128 11 2:) 
110 14 22 

1 \,; 12 2,t 
GO II. 16 

102 1(\ Li
a](i ')--, 1,t 
~J ..18 :30 1'1 

.)-q_.)- 2li 2!J 
20g 2!l 24 
2l:1 22 2·1 
;{ 1:1 ;)2 26 
:!~,) :~O 22 

218 ')') 2:1-" a:t2 ~8 24 
2\}.) 28 22 

., .. l}q402 ')l) -" 17:1 22 10 
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Pl'evalence of Physiologic Races by Years and by 5-Yeal' 
Periods 

From; 927 thl'ough 1960, 5,166 collections of leaf rust were cultured 
and analyzed; the number cultmed lmd analyzed in 1926 was not 
record~d (table 1). Collections from 1926 through 1960 yielded 16,153 
isolates from which 100 physiologic races were identiHeo (table 2). 
Sixty-six of these races we:.:'e first described from collections made 
in the United States; 34: w('re first described from collections made in 
other countries (4). 

Sixty-six of the one hundred races were isolated 30 or fm,er times 
from 1926 through 1960 and were arbitrarily considered to be of 
minor economic importance. The other 34: were isolated nearly every 
year or were very prevalent at some time during the 35 years of the 
studies and were considered to be of major economic importallce. 

TABLE 2.-Phllsiologic 1'aces %Puccina recondita j. S1J. triticl iden­
tified jrom fieliJ d:Jllectio71s oj ea} rust in the United States jrom 1926 
through 1,960 

-'~---~- ~------ .--­

nace 

Year 
first 

identi-
Years 
identi­

'i'im('s 
identi-

II 
lbce 

Year 
first 

identi-
Year" 
idcnti­

Tim('s 
identi­

fied in 
UnH-ed 
Stutes 

fled fled 1 

I 
I 

fled in 
United 
States 

fied fied 1 

L ______ 
2 _______ 
3­ ______ 
.1­ ______ 

1021 
1!l21 
1021 
1921 

,Yllmb,r 

18 
29 
17 
2 

,,-umber 

I77 30_______ 
483 3L______ 

.-.) I 32_______
I~ 

2 I 3:L______ 

1928 
1928 
1928 
1928 

N/Lmber 
10 
30 

7 
14 

iYu7IIber 
30 

100 
11 
37 

\)- - ... - - -­
6_______ 
7__ ~ .. __ 
!l_______ 

10_______ 
1L. _____ 

102() 

1!l22 
1!J21 
1!l20 
I!)20 
1023 

35 

2() 
] 

35 
21 
ao 

2, 668 

I~:~~~~~~~377 
a 36_______ 

1, 778 I a7 _______ 

88 38_______ 
,132 a9_______ 

1!l31 

]926 
1!l27 
ID2G 
1!l27 
1928 

2 

22 
2 

15 
3 
6 

4 

224 
JO 
DO 
5 

lU 
12_______ 
18_______ 
14_______ 

};)------­16_______ 

1!J22 
1\}26 
1941 
1!)27
1!)iiI 

2 
23 

1 
33 
2 

., 
" 116 
2 

3,10:3 
:j 

40_____ . __ 
41. ______ 
42_______ 
43_______ 
44_______ 

1028 
192\}
]92!J
1!)29 
1926 

3 
4 
4 
6 

21 

7 
4 

II 
12 

?~.)_.J_ 

17_______ 
18_______ 
1!L___ ~_ 
20_______ 
21­ ______ 

1050 
]9:32
192(i
l!)2R
19,17 

2 
4 

28 
22 

6 

3 
7 

,127 
245 
62 

·15 _______ 
46_______ 
47_______ 
48_______ 
40_______ 

1\)26 
Ifl26 
]OaO 
1926 
1930 

11 
,t 
1 
1 
6 

24 
4: 
2 
1 

15 

" ­-<,)-------2(L .. ____ • 
27. ______ 
2R~ ___ • __ 
2IL _____ 

19a5 
]927
1\)26 
1!l26 
]H27 

1 
(j 
:3 

20 
4: 

1 
]8 
a 

IGO 
7, 

5o_______ 
{iL ______ 
7').J~ _______ 

5:1_______
54_______ 

102G 
10:-12 
l!m 
1!l3R 
1044 

l\) 
1 

15 
2 
U 

S8 
1 

216 
8 

274: 
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5 PHYSIOLOGIC RAOES OJ!' P[i(](]INht Il.BOONDITA l!'. SP. TRIT/OJ 

TABLE 2.--Physiologic races of Pucciua recouditaj. sp. tritici -iden­
tified jl':Jm fieZcl collections oj leaf rust in the United States from 19£6 
through 1960-Oontinued 

-
Yenr Year 
first Years Times first Yem's Times 

Haec idellti­
fied in 

idl~nti-
fied 

idenU­
fied 1 

Race ident.i­
fied in 

ide!I;;i­
fied 

idcnti­
tied 1 

United United 
States States 

Nllmber Nllmb., Nllmber Number
55_______ 102_______HJ32 8 21 1932 il 10 
It" _______ _______.)u 1081932 8 5 1931 8 28ii7 _______ 1O,L ______l!)26 1 2 1931 10 28
58_______ 105_______J939 21 772 1931 23 90060_______ 106_______1950 2 17 1939 1 1 

GL ______ 108_______1942 2 8 1940 1 1
110_______64_______ '1 1IHaS lL a8 1939 

Gii_______ 111.______1931 15 132 193H 2 3
G8_______ 112_______

HI38 1 1 IH39 2 2GO _______ 11:3 _______1U5!! i 1 H)39 8 2 

114_______74_______ 1939 1 I 1942 2 :3
7lL _____ 115_______IH:31 Hi 168 1951 1 1 
i7_______ 117_______1931 12 81 1H52 2 2
78_______ 120_______I(J32 3 6 1952 1 1 
7!L _____ 122_______1932 8 19 1944 11 752 

80_______ 123_______1932 1:3 75 1941 1 4
81.______ 126_______193:3 5 7 1941 19 1, 155
82_______ 127_______193:3 1 1 1953 1 883_______ J28_______HJ33 5 7 1944- 7 5:384_______ 1291935 3 10 1942 1 1 

88_______ 1:30_______UJ41 2 3 1957 3 80HO_______ UL______IH39 2 :3 1H53 7 41
9:3_______ 140_______J\H5 H 148 1957 2 4

100_______ 14 L ______ 19:37 1 1 195G 3 4­
16L __ .____10L.. W:3S 6 9 1H5G 1 1 

..- ---_....-._..,..,,---.- --_._---­
1 Total isol:Llcs from HJZ6 through 19GO-16, 153. 

The number of physiologic races identified each year during the 
studies is shown in table 1. The number varied from 9 to 29, generally 
with fewer races in the early years and more in the later years when 
the studies ,,-ere more extensive. Annual records of the number of 
isolates of each race identified were too extensi'-e to present here; 
however, changes in preyalence of some major races are shown in 
figure 1. I~ace D was the most prevalent race identified from the 
beginning of the studies until the late 1040's, when it decreased 
markedly and race 5 became the most prevalent race. Race 5 continued 
to be the most prevalent race from 1D40 until 1956. Race 15 has been 
(t prevalent. race each year of the studies since 1930. It was second 
or third most prevalent llN1l'ly eyery year from 1930 through 1055 
and since then hn;; been the most prevalent race. Races 58 and 105 
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40 
RACE 520 ­

on 0 
w 
t- 60 
-< 
-J 
0 40 -
V> 

20 
-' 
-< 0 
t- 400 
t- 20 
u.. 
0 0 
t- 20:z 
v 0 eM. _w 
QC 

u.J 20 
Q. 0 

20 RACE 122 
0 

1926 1930 1935 1940 1945 1950 1955 1960 
YEAR 

l"[(l('ltI': I. -l.'l'I'('('nln~(' of tOlu! il"o!nlt's l'f'jll'l'I'Plltp(! h~' 0 Ilwjo:: Ilhy14io!o;d(' I':\('('S 

01' 1'/11'/';";11 /'/'clmliita. f. SJl, /ritici ill lltl' t:nileti ~tnll'H ('Hell )'1'111' frolll J!l;'!G 
IIt 1'1 ltIg'h ,!DOO, 

!)\I(ld(,llly bl'C:tlllll 1)I'(','al!'lll ill 1!J·lH, Ha('(' 1:2:2 was lirst idplltill(·d in 
(I\n Unitl'(l Stall'S in l!lll but (lid not b('('ol\l(' !In'\'a!t-n( until LD;i~, 
It; was fhl' IlJ()~1 [lrl'y:tit'1l1 1':\('l' id('lllilil'l1 ill IHflli alld is sf'ill [l1'('\'nll'llt 
ill SOllll' a l'l'as, 

,\tllOl1g' tlll' :\1. m('l'S isolall'd ;\L or tUon' (iu\l's, :2:2 W('l'P isobt('d OllC 

hUlIdl'pd 01' 1l10l'l' lillLPS, l'I'p\'al\'Il('(' of Ihm;(' :2~ 1'/l('PS alld ,-) olhpl's of 
SIH'('ial 1111'PI'('sl' durillg Slll'('('ssin' ;'-,\'l'al' p('l'io(ls is showli ill lahle ;3, 
Hal'(' t 1\('\'('1' ht'(':\I\\l' pn'\':dt'lIl' ill I Ill' {-nill'll Shlfl's as a \\'hol(', ('\'('n 
fllolll.dl il was OIlP of I I\(' lil'sl' (~ I':I(,(,S d('st'l'iiJl'd :llld WilS ~ollldill\l'S 
PI'('\';"l'1I1 ill Id:llto, \'Iah, and ,rasitillg{oll, Bact' ;1 \\'as IlJ'p\'all'IlI' 
d\\rillg till' pa!'l,\' Y(':lI'S or I Ill' sl \HI iI's, hilI hn~ not lW('1l idl'lllilil'd 
l'p('PIlII\'. H:ll'P III was O/'t(,11 idl'lIli(i('d ill 11':\('(' /lI)1()lIl1l~ hilI' W:lS 1I1'\'PI' 
pt'('\':t1I:1l1. Bact'i; is of illfl'!'l',,1 \l('l'aIlSl' il jll'O(lIl('('S a IYIl(' (. ill fl'l'i ion 
on all till' 11l1('I'II:tli()l\ul ~Ialldal'\l (lill'I'I'l'lIlial \'/t1'idil'S, II was fil'st. 
lll(,lltifi('<l in W:ll, lllt( was Itl'\('l' Pl'l'\':til'nl. !tacl' I:2H \\as lil'st idl'llt ifi(,ll 
ill Ill(' {'"itl'd :-;1:lI('s alld ('allad" ill IDII. was jll'l'\'/t11'1I1 Ihl'ough l!l·((i, 
alll1l hl'IJ dl'I'l'P/ls('d 10 OIH' isolall' (,:lch n'a I' fol' a f('w \'(':1 I'S, 11 h:ls 110t 

l)('(lil i Ill' 11 I i{it'd fl'Ol\\ C,~. ('011('\'1 i'\I1s s~ 11\'(' Ul;):2. ' 
Hal'ps (i,-) alld ill \\'(,I'P 1)1'('\,:11('1\( ill 11t(' /'::1-.;1('1'11 \'lIih'li ~Iall's il1 

111(\ 1!l:111's but "il1c(' (iI(,1I 11:\\'(' ('illwl' d('('I'(,:\,,\'d 01' disappl':lI'l'd, Oil lit(' 
othl'1' hnnd, 1':H'\'S ;)S, 1:2:2, lUll] 1:21i \\'('1'(' pl'PYnll'lll only ill Ih(' lnll'l' 
\'['al'" of I It(':--(' sltufips. 
, Till' olil(,I' 1':\('(,-; shOll 11 ill I:lbjp:) 1\'('1'(1 pl'l'nlh'nl ill f il(' ('Ilil('d Sfat.l.'s 
al SOIlH' IIllll', ~(lI11t' of tlH'Ill, sllch as I':ll'{'" ;l,!l, alld 1:1, \1'('1'(' ill('lIlili(,11 
ttl',\t'fy l'\'Pl'Y ,\'(':11' Htll! \n'l'l' titt' IlIm;t pl'('\'nll'ttt IW'(,S in (/ill'l'I'('l\t an'as 
Ht '":\('iou!:' timps, 

http:fllolll.dl
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~L'ABLE 3.-Prevalence of 27 physiologic races of Puccini a recondita 
f. 8p. tritici in, the United States by s1lccessive 5-year periods from 
1926 through 1960 

• __,.__..-...0-____ 

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

PCl'ccnmgn of total isolates during-
Race 

1926-30 1931-35 193!HW 1941-45 1946-50 1951-55 1956-60 

1••• ___ 0.2 O. 8 O. 1 0.07 O. "\ O. 8 0.72•• ____ 1.9 1. 1 2:. 1 1.0 0.9 3. 0 5. 2il. __ .. __ 3. 7 1.8 2. 5 O. 6 O. 2 0 0 
5 .... _,., ........ 2.7 2.1 5. ,1 a. 9 22. 3 28.1 13.2

6. _•. __ O. 4 0 0.7 O. 9 O. 6 3.8 3. 8 
B. _____ 

49. 0 27.9 23. 0 19.5 17.8 2. 4: 2.810_____ 1.0 1.1 1.3 O. 5 O. 2 O. 9 O. 211 _____ 1.0 O. 5 1.5 1.3 2. 7 4.5 3. 813_____ 7. 2 t6 2.3 I.£l O. 3 O. 2 O. 115_____ 5.0 17.8 14.9 10.6 7.8 15.4 37.4 
11>- ____ 4.9 4. 6 4. 1 6.5 O. 6 2. 2 2.520_____ 1.4 1.1 0.8 1.6 O. 7 1.6 2. 328_____ 0.9 o.a 4. 8 O. 6 0.4 1.4 O. 481. ____ 2. 1 1.8 3.8 2.1 O. 5 0 035_____ 2. 1 O. 3 O. 4 0.7 0.5 3.8 0.4 

44. O. 6 3. 3 3. 9 8.2 1.7 0.4 052 _____ O. 2 0 0.2 O. 1 0.9 3.1 1.054_____ 
0 0 0 0.1 0 2. il 3.858_____ 0 0 O. 6 l.9 8.0 7. 9 3. 2 

65.... _ 0 13.1 1.2 O. 8 0.2 0 () 

76 __ • __ 0 6.7 4. 2 3. 4 0.7 O. 02 077. ___ 0.2 0 0 0 O. 4 O. 4 1.1 
93_ O. 4 0 0 0.1 1.9 1.4 O. 1105____ n O. 3 2.2 2. 8 9. 0 8. 4 4.1122. ___ 0 0 0 0.1 O. 03 5. 6 10.0 

12!L ___ 0 0 0 16.6 15.4 7.2 2. 4128____ 0 0 0 2. 6 0.5 (1) 0 
_,__ 0 __-- _.-..,. _~____ .-~ 

~'. -. __.-...... --------. ­
1 'entCD. 

Prevalence of Physiologic Races by States 
Table 4: shows. the most pl'l'vahmt race in ench State during each 

5-year period of these studies. No viable collections were obtained from 
some States during certain 5-year periods. Race 11 was the most pre\'a­
lent race in California, Idaho, Oregon, and Washington throughout 
the studies, or at least since about 1935. Race 58 was the most prevalent 
raec in Maryland, Michigan, New York, and Ohio for many years. 

The possibility of rapid, important changes in prevalence of races is 
shown 'by comparing prevalence and distribution of the races in suc­
cessive 5-year periods (table 4:). From 1941 through 1945, race 9 and 
related race 19 were the most prevalent races in 14: of the 28 States 
from whi('h rust col1ections werc analyzed. From 1946 through 1950, 

288-705--68----2 
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TABLE 4.-Pl'evale'llce oj major races oj PuccinilL recondita j. sp. tritici ill the Um'ted Slates by States m successwe H 

5-year periods jrom 1926 throllgh 1960 ~ 
t"i 

-. "' ...... ,,- .~,...-----~ -~." -....--.~---~~.--~--~---~ --..... -----~----.,--,--"--------~------,'-------... ---~-.-
I;:jTotnl Totnl :\Iost prevalent race during­ c::State races isolates I -~-------- .-; 

1\)26-30 1931-35 1936-40 1941-45 1946-50 1951-55 1956-60 t< 
___~" .-F-_ • ___ • ____ ....--.,._~_____..... ~ _~__ ~. __ -<­

,,~-- ~~-'--,,~-,.. l=.l 
Number i\'umber ~ Alabll rna ________ . ______ 19 468 .... _--- ... - --- ... -_ ... 0 93 9 5 15 ZArizona__________ . _ . ___ 2 3 9 19 ..... _----- 9 ------_ ... ... ------- --------- '-' Arkans!l.S_, _.• ______ . ___ 24 206 ... -~- ... --- 9 _.. _----- 15 126 5 15California__________ .. __ 16 88 U 10 ... _------ 11 11 11 11 ~ 

Colorado _____ . _________ 18 196 2 9 U 9 9 5 15 ~ 
}Clorida___ . _ .. ___ . _. ___ rtI

2!i 425 15 .... _.. --....... -- ... ----- 5 5 15
Georgia_ _ _ _ _ _ . ______ .• 33 496 U 15 15 65 5 122 122Idaho_________ . ______ ._ ~ 25 234 _.. _- ... --- 11 11 11 11 11 11Illinois_. _______________ 40 370 - ... -- --- 15 9 9 58 58 122 ~ Ind.iana _________ • ______ 34 348 -- .... _--- 15 9 -------- 58 58 122 o 
I:;jIowa___________________ 34 770 9 9 9 9 5 5 15lCans!l.S _________________ I>65 3,408 fJ 0 9 9 5 5 15Kentucky ______________ C':l

21 103 ------ .. - 15 76 76 5 5 15LouisittlllL___________ • __ a7 30 ... ------- --,------ -------- ------.-- 5 15 
---~----

~Iaine_________________ 3 4 ------ .. - 80 -------- -------- -------- --------- g 
t"i

l\1nry land _ _ _ _ _ _ _ _ _. _ • _ 1-313 47 .. -----_ ... - --- ... ---- 76 58 -------- 58~--- -~- c:::\Iiclligan___ . __ . __ .. _.. _ 42 55!) .. -,.. .. - .. 15 9 9 58 58 58 ~ :\1inncsotu__ _ •• ___ .. _ 38 842 07 9 \) !J 105 15 15 l=.l 
;\Jississippi. _ _ 19 2!)7 ... . -........ - --- ... --_ .. \,5 -- ... -",,~,", .. 5 5 15

:\lissourL __ _ _. _ .. ____ 37 422 !J !:l \) 9 126 5 15 



_______________ 
---------

--------

--------

-------- --------

~:[ontanl1 ]7 I'd64 n 13 -------- 19 9 15
Nebtusku_________ • ___ ._ t:l36 557 n 9 9 9 9 5 15 KNew j\[exico___________ 15 121 15 Ul_.. ---- ... - -------- -------- -------- ---- ... _-- 5New York______________ ......18 179 ------".- 15 9 ------~-

58 58 58 oNorth Carolina__________ 25 190 ------- ... 65 15 58 5 15 t"' o 
North Dakota__________ {} o42 676 -------- 9 9 5 5 15 ......Ohio_____________ • ____ . 31 326 -------- 15 76 76 58 58 58 o 
OklahoUlu______ ••• __ • __ 35 660 U 9 9 9 5 5 15 ~ OregoJl_________ . _. _•. _ 14 37 11 -------- 11 11 ----'---- 11 11 g;PennsylvunilL __________ 11 43 -------- 55 {} -------- 58 58 15 13 

Ul
Sou th Carolina__________ 2U 551 -- .. _--- .. ---.,. ........... -------- -------- 5 5 15 
 oSouth Dakota______ • "' __ 32 280 9 15 9 U 5 5 15 bj
Tennessee_____ "' . ____ .•• 20 133 65 .5 5 122-------- -------- -------- "'tITexns____________ • _____ 47 1,306 U 9 U 9 5 5 15 c::JUtuh __________________ <::)4 7 -------- -------- -------- -------- 11 -------- --------

SVirginia. __ .•. _________ 4:3 462 15 9 15 58 58 15 ~ 
V.'ushingtoll_________ • ___ 24 121 \J 1 11 11 11 11 11 .... 

i-West Yirginiu___________ 11 41 9 15 15 58 15
Wisconsin ______________ a5 3i3 ---_ ..... _- 15 {} 15 5 5 15 ~ Wyoming______________ • <::)16 n9 -----"'''"- 9 '----_ ... _- -------- n 5 15 

o-- -.~-".~-.-----. -----~ - ~--,,---- -----_.. _­---~-- ~ ~ 
t::lI Totnl isolate:; frOIll l!J26 through lUUD-15,542. During' the eti!'ly years of the study, not all collections were uccessioned by ~tute; 

therefore, some arc not accounted for in this t.able. ~ 
~ 

~ 
Ul 
~ 

~ 
~. 
<:.0 
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race 0 was the most preva.]ent mce, in only 5 of the 35 States, while race. 
D was the most prevalent in 13 States. Race 5 was the most prevalent 
rnea in 21 t1f the 36 States 1rom 1951 through 1955, while it was not the 
ll1Qst prevaient in any State from 1956 through 1960. Race 15 was the 
most prevalent race in 24 of the 36 States from 1956 through 1960. 

Data of prevalence of 12 major races expressed as percentages of 
totul isoltltes of all races in the, period 1926 through 1960 are shown in 
tttble 5. Marked difl'erences in distribution of races are shown by 
these data. For example, mce 9 constituted 22.1 percent of the isolates 
from Oldahoma, but only 12.0 percent of the isolates from North 
Dakota. Race 15 constituted only 11.1 percent of tl}c> isolates from 
OklahoIllIt, but 23.1 percent. of the isolates from NOI'th Dakota. Many 
other such cases may be noted, indicating delillit(l, difIerences in geo­
g!'nphic distribution of various races. l 

Pl'evalence of Physiologic Races by Geographic Areas 

and Classes of Wh.eat Grown 


The prevalence of 12 major phYSlologic races of P. l'econdita, f. 
sp. tJ'itici by geographic !treas and by classes of wheat grown is shown 
in table 6. Other races, not listed tn table 6, were identified much less 
frequently than any of the 12 major races. 

Raes 5 was fairly proya.1ent. in )\,11 n.reltS except the western, -white 
,,-hen.t. arclt, but. was more pre va.lcn t in the sout.heastC'rn, soft reel winter 
\\"heat, al'elt thlm in the nOl'theastcl'l1. Haec (j \\"os 1I0t more prevalent 
in llily one gcogruphic a.rt'\\. than 11110thor, except that it was definitely 
infrequent' in the westet"ll area. Race!) ,,"as prevn.lent in the central, 
llal'<1 red winter and the 110rth centl'll1, hard reel spring wheat areas, 
and wus -for many yen.l's the most prevalent race. Only 10 l'llces were 
i(kntified from the western area, and race 11 wns by :far the most 
pl'e.\'alent. Race 11 was often the only race in collections from the 
western area and was pre\-alent. on Iy in fhat n.rea. Raco 15 was prcnllont 
in Ill! areas except the\\'('s!l'l'n; it was the most prevalent race in the 
north centra.], (111' nOl·tlll'as{'C'!·n, and t11e Rout-heastern n.reas. Hace 58 
was ptlt'lit'ullldy prc\-:tll'n!' in tlw. Statl's around the Great Lakes tlnd 
ill tlw Ohio .TIivl't' ,-nIll'V. ' . 

Haces 1Oil an<112G wei·c both pre,-alent in all arens except, the western. 
Ha('!' 122 was the most, prcynlent race. in the southeastern area, pa1'­
til'ularly in Gl'ot"g-in, Mississippi, Soul-h Carolina, and Virginia. Races 
1, fl.l, and 7G were. i(lC'ntified l'clatin;·ly infrNJucn/-]y. Raee 1 was ]SO­
lalNl mostly "frOllt the wcstcrn area, races Gii and 'f(j from the north­
pastern. 

Prevalence of Physiologic Races by UN Race 
During the 35 years of tllese studies, it became evident that many 

rnees of P. 'recondita f. sp. t7'itici could bp, placed int.o a few large 
!.!TOUPS composed of seYcml similar raceS. Members of these groups 
;YC'rl1 sometimes inseparable, while at other times they were distinct. 
This difl'erence- was cansed by varying l"eaetions of the differential 
nrieties Carina, Brcyit, and Hussar under varying environmental 
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TABLE 5.-Pei'cen/age of total 1:~;olates represented by 12 major physiologic races oj Puccinia Tecondita j. S2). tritici o 
o .....i7i the em'led States jrom 192{] through 1960 a 

-- ----- ----------~-.------------	 ~ 
>

Percentage of total isolates represented by physiologic race- Isolates [solutes o 
t;jof 12 of allState 	 Ul 

D 6 9 11 15 58 65 76 105 122 126 	 major races 2 

races 1 o 
i:; 

--------,------------------------:-::~- ~ 
Nllm~er NIL7nber Cl 

AlabtunlL __ . _. ___ .• ____ ._ 0.0 20. :3 2.G .) - ...'>) 0.6 23.1 2.0 0.0 0.0 6.0 8.1 S. 1 340 4G8 c 
...;: 

Arkansas. _______________ _ () S.3 16:~ 206 
ArizollfL _______ ., _______ _ o o o . :3:3 o o o () o o 2. 3 o 1 3 "" 

1.5 20.!l 2.4 G.S o 26.2 . :j o 1.0 11.7 ~ 
California. ___ • __ • _______ _ () 1.1 1.1 1.1 Gl. 4 ( I

• 
.. 

Q 3.4 () () o 2..1 2.3 70 88 ,,­. ­
colorado _______ • ________ _ o 1,>.8 2.6 20. 1 (J ]7.0 l.(} o o G.G 2.5 4.5 157 196 

.~ 
t::

Florida______ .• , _________ _ 	 2;5.9 3.3 .5 0 3.S 4.7 4.5 371 425 c.2 33.4 1.2 8.0 1.!J 
GcorgiiL ____ • ___________ _ .2 14.7 .6 4.0 .4 11. \) 2.4 2.2 1. 6 6.7 18. 1 6. 7 345 496 o 

~lchlho. __ • _____ . _________ _ 7.7 .4 3.4 35.9 3.0 8. :5 o 0 1.7 1.3 1.7 174 234 b
Illinois_________________ ._ 

10.7 
6. ') 294 370 ;....

.5 12.4 3.5 5.7 2.4 16.2 8.4 3.0 8.5 7.8 9.7 
Indiana _________________ _ 	 1·, - 3. 7 1.7 2.a 

~ 

245 :348 -= () 7.S .\) 9.5 0 i). a 8.6 10.1 11. 8 	 ;::. 
lowa____________________ _ .1 19.7 3.8 13.5 .5 39.7 2.6 o 0 6.4 2.2 S.S 597 770 ~ 
Kansas_______ . __________ _ .2 16.6 2.7 18.2 .6 20. a 1.1 o .02 4.5 2.7 7.5 2,536 3,40S :Jl 
Kentuckv __________ • ___ _ o 2!l. 1 o 10. 7 o 22.3 8.7 4.9 11.7 1.9 0 4.0 82 103 '"j 

LouisiantL. __ • _______ • ____ _ o 26.7 o 0 o 23.a 13.3 o 0 6.7 23.3 o 28 30 ~ ::'Ilaine_____________ • ____ _ o 0 u 0 o 50.0 o o 50.0 0 0 o 2 4 -::; 
Sec footnotes :l t cnd of table. 	 "" 

c ~ ..... 
........ 
;--< 
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'l'ABLE 5.-Percentage oj total isolates represented by 12 major physiologic races oj Puccinia recondita j. sp. tritici t;;; 


in the Urdted States by States jrom 1926 thrDtlgh 1960-Continued d 
t"' 

t"' ..,.. -8Percentage of total isolates represented by phYsiologic mce- Isolates Isolates H 

State of 12 of all Z 
1 5 6 9 11 15 58 65 76 105 122 126 major races ~ 	 ~ 

C<:> 
races 1 <.::> 

~ 

::l
Number Nllmbcr [J2iVln.,.yl:tnd ________________ 'r ­0 0 8.5 2. 1 0 17.0 ~::>.I.J 0 17.0 2. 1 0 S.5 38 47Michigan _________________ ') ­.2 10.9 -.::> 5.0 .4 18.8 12.7 2.5 2.0 10.4 9. 7 5.9 452 559 	 t:!

MinnesotlL_______________ 	 t;l0 10.1 a.o 4.6 .5 33.7 2. 1 0 0 6. 1 3. 1 9.3 686 842MississippL ______________ 	 't10 18.5 1.7 2.7 1.7 23.9 3.0 () () 7.7 15.2 9.4 249 297l\'IissourL ________________ 	 !'3
0 16.4 2.6 9.7 1.4 16. 1 2.8 0 0 6.6 7.3 10.7 311 422 

0
Montana_________________ 	 I::j

0 17.2 0 10.9 0 23.4 0 0 0 0 1.6 4.7 37 64Nebruska_________________ .2 22.4 2.3 26.2 .2 14.2 1.1 0 () 4.7 .9 9.0 452 557 	 ~ 
New:Mexico ______________ 0 22. a 5.8 6.6 0 12.4 1.7 0 0 6.6 2.5 19.0 !l3 121 ~New York ________________ "H0 3.9 .6 1.1 9.5 7.a 53. 1 0 1.7 8.9 1.1 2.8 UI1 179North Carolitm___________ .5 14. 7 0 3. 7 .6 22. 1 21. 1 1.6 2.6 8.4 2.6 2. 1 152 H)(} 	 g 

t"1North Dakota____________ 	 8.1 19.8 1.2 12.0 1.6 23.1 1.5 0 .1 5.6 1.6 7.2 500 676Ohio _____________________ 0 5.S 1.8 5.8 0 13.2 21. 8 6.4 9.2 2 . .') 7.1 3.1 250 326 d 
Oklahoma________________ 	 ::00 1;').2 3.5 22. 1 .6 11. 1 1.4 0 0 8.0 1.8 11. 8 498 660 t;lOregoD___________________ 2. 7 2.7 0 24.3 24.3 13. .') 2.7 0 0 0 0 2.7 27 37PenIHlylvania_____________ 0 14.0 4. 7 4. 7 0 37.2 20.9 4.7 2. 3 2.3 0 2.3 40 43 



South CaroliulL ____________ 0 ]9. G .1 3.] .4- 31. 8 1.6 .2 .5 6.4 10.9 4.4 4il 551 ~ South Dnkotn_____________ 0 20. 7 5.0 12.5 2.5 17.5 1.8 0 0 5.4 1.4 10.0 215 280 ~ 1'ennessee________________ 106 133 rtI.0 17.3 0 .8 3.0 24.8 9.8 2.3 .8 8.3 9.0 3.8Texus____________________ 
.1 1!}.2 4.1 17.8 2.0 16.1 2.0 0 0 5.0 " <) 5.7 !l81 1306 oUtnh ____________________ ,).~ 

7 t.-t11.3 0 0 0 57.1 0 0 0 0 14.3 0 0 6 o 
Virgillia__________________ J ., o

0 12.a .,) 1.9 2.2 2!U) \).3 1.1 3.0 4.8 8.0 4.1 360 462 
W ushillgton _______________ ~ II. 6 3.3 0 2.5 38.8 3.3 8.3 0 0 .8 2.5 3.a 90 121 
West Virginiu_____________ 41 ~0 12.2 0 0 0 43.9 4.9 2.4 2.4 12.2 0 9.8 36
Wisconsin ________________ ;.­0 10.7 3.1 7.0 1.6 16.9 1.5 5. t 3.8 8.3 ~,. 2 7.8 287 373
\Vyoming _________________ 0 1\).2 8. 1 10. 1 3.0 16.2 1.0 0 0 12.1 3.0 3.0 75 99 ~ 

rtI. 

Percell tl1gc of total oisolates__________ - __ !:oj.4 16.6 2.5 11. 7 2.3 19.7 4.7 .n 1.0 5.6 4.8 7.0 77. 1 100 

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

I Total isolates of 12 major racps-ll,!l87. 
2 To(;al isolates (If all raccs-J5,542. During the early years of the study, not all collections were acccssiollcd by Stale; lherefore, some g 

arc noL accounted for in this table. ~ 
I;: 
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..:* "­'l'ABLg Ii.· 1)(1'(,(/lla[/I' IIJ lotal iso/aft.'; /'rp!'('Sclllrd byi;2 maJo/' 7)/t!lsiolo!lic r(lces (JJ Pll('('illilll"C('OIHlil!1.f. 81'. ll'itiei in l/tf'. Yo 
H{'Ilit(ll Statl's by fj maJo/' !/w!ll'([j,ldc areas and cla!i8f8 oJ '11:/((([/ [/l'(}((,llJI'Om 1920 l!troll:]h 1[)()O r; 
~ 
t' 


(lPO}.;T:lphie lIl'!'a and ('Ills:; ]'('rcl'n tng£' uf tolal isola (('S of physiologic I'IIC('- Isohtlcs co 

or will'at !!;I'o\\'n Hint!';;! ~"--~""~-" """""-,,,---,,_. ~--.......-.----,_...."_.-------~-------.~ of all co 


5 (j (l 1L 15 5)) 135 76 .105 _w 12G rac('s 2 t'" 

1")') t'" 

-- --. ~"~ -..--- ...,., . ~...... M 
~ 

Xllmba 	 :N'umtJcr H 
%

5 f) 	 ....CE:\THAL, lJ:lI'd n'd winlC'I'_ 7 0.2 Ii. G :l.l 1\!.2 O.!! 17.7 I. :~ 0.0 0.02 2.0 7.8 0, 347 
~ :\()I{'~L'II ('L'~:\'I'H.AI/, liard 1'1'11 	 ~ 

spl'ln~ ____ 	 ') - ~~(j 11{.5 2,1) O. i 1.1 ~:t f, _. I ,<l .5 0.1 2. 'l 8.5 :J, 005· I 
NUH.'I'IIEA:-l,{,gHX, ;-loft n't! 

\\illlN _____ 	 ~) 'J' '.I f)II .2 11. :3 _. ,) O. 7 1. :~ IG.!1 1:1.2 ')1 .J 4.0 G. I. G.8 .J.n 2, GOi rn 
r. 

H(W'I' II EMiTKIL\', :-loft I'ed 
winl!'r __ .. _. 10 • J 10.2 I. J :~. (j 1.1 24. G G.2 .8 1. L G.2 11. 1 7.n :i,093 tj 

t::l\\'E~'l'Lm.N, Whitt, ___ .. 0 S.4 4.U .4 4.5 H. 7 4.5 D.S 0 0 1.2 1.0 2.0 490 	 "0 
~ 

p('l'c('n tll!!;<' of total il:ioln t(·s
itt all :tl'P:\;; _____ ') " 	 oIQ,G 2,5 II. 7 -.,) ]0.7 4. 7 ,!J 1.0 5.G 4.8 7.0· '1 	 --------- ':::l 

~ ---~~--~-~--- ~ 

I Total nllmbl'l' of :->lntps-40. 	 o 
~ , Total isoltttp$ of all 1'llcl's-15,54~. Dllring the early ),('111'$ of Lho study, !lot all collections \\'ere acc('ssiotlccl by Stnte; thereforc, 
()-SOlllC :\rc not l\('\,o\\I\[pd fol' ill this tnhlt', c: 
~ 
c: 
~ 
t::l 
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l'onditions, pttl,ticularly tol.'lI1peratUl'e, Thl'Sc. varil'til's wet'e resistant to 
some isolates al. low or moderate temperatures and sns("ept:ible to the 
sal1le isolat('s at. high tel1lpel'atu["('s (8), How('\'('J', similnr rll('(~S can 
be brOllghttoge'ther into mo':e ('onsistent:l,Y i<1entitiahle groups by dis­
1'egarding tlll' l'elletions of these' three unstable c1itf('l'l'nlial \'H.l'ieties. 

Clll'sil'l.' (;J) fi rst 1>1:0pos('(1 t It is g'I'Oll p conccpt Hud .Johnston (J) 
Jall'r t'olH'llITN1; however, the ('ul'l'ently lls('d n()J11l'nelatlll'e is bnsl'd 
on Basilt,'s Fnifie<1 Nnnll'l'lltion (eX) s('l\e1\1e, \\'hi('h kl'Ys isolatl's to 
rx 1'l\('PS (1). Till' 18:~ physiologic l':t(,(,S in('luded ill (he' Sixtll U('\'isiOl\ 
or t 11(' International Hpgisier (.n ('1111 he grOll/X'd int"o:!:i ex mees 11). 

The' one hundrl'([ l'!t('('S iflolatell in the rnited Stal-l's from l!):W 
thl'OIlg:h 10(\0 ('an be grouped into 21FN races (table 7). 'Wh('l'c '(TN 
l'iH'P" ('onhin muny mces, 1"11(> IlllIlll)(,l's of t11(' Illajor nU'l"'; (! ho~c most 
I'I'Nlupnt"ly isoh[ed) at'p it:tlit'ized. Thp~(\ major racPS aC('Ollnt for most 
of tIll' isol:l[ps, as shown by tIl(' number :111<1 pel'C'l'ntagl' of 10ta.1 
isolaies. 

As with tIm originftl1y TeC'ognizecl standard physiologi(' races, 
changes in prent1elH'c oC l~X raees can be presentl'c1 as percl'ntages 
of tofal iso/atl's during sll('c'('Ssi\'c, ;}-yelll' l)('I"iods (fig. ~), Changes in 
prcwalcl1(,o 01' l'N !'aCl'S ('al1 be followl'd similarly to ehanges in stand­
nt'll rl1('es. 
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0 
26.30 31.3536.4041.45 46.5051·55 56·60 26·30 31·3536.4041-4546·505,·5556·60 

5 YEAR PERIODS, 19­

Fu;nlt: :!.-l',·\'("\·Il!nl!:(· or total i:'olntp:< l'('PI'P:"'llt{,ll hy :-; Cuilip(1 Xl1lllt'raliOIl 
(,'XI I'lH'P,'; of PI/l'/'il/iu rlTlwtiilll 1'. :'p, IrjJiI'i ill til(' ,'nib'll ~tntt's ill flJ('· 

"in' :;'~'P:\l' (It'I"io(\s r\'()1Il1!\~li thl'lI1ll!:h WOO. 

http:31.3536.4041.45
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'fABLE 7.-Number oj isolates and percentage oj total isolates l'epl'e­
sen ted "611 21 Unijied Numeration (UN) races oj Puccillia recolldita. 
j. sp. trltici identified jrom collections analyzed in the United States 
jram 1926 through 1960 

H'.'____________________________ 

Number of Prl'c('ntage of 
isolutes of 3_ tohll 

UN Unitl'd Slates r!lces included t ~ isobtl's of­
I'acc 

All 1\rujor All :Mlljor 
mccs faces races 1 raCCl:l 

.1.--- 1, IG, rIa, 120,128________ .• ____ _ 05 77 O. () O. 5 
B, 1ii, !!~'"j, 04 , 127 _______ ... _............ _ 3,50'l 3, 58ti 22" 3 
$, 	12, :.12,44,58, 61, 78, 84, 102, 1,148 1,006 7.1 6. 8 

lll, Hit.4. ___________________________ _ 

2
6, ai, 100_____________________ _ 2, 885 2,88,1 17. 0 

fL __ _ (j, rJ8, 3D, 40, 83, 103, 105, 1£6'. __ _ 2,653 2, 502 16.5 16. 17 ___ _ 7,60.________________________ _ 
S___ _ 4S___________________________ _ 20 O. 1 

.I (6)0___ _ 0, .10, la, 1[1, ZO, 20, .'11, 10S ____ _ 2, 7Q2 2, 754 17.2 17. 1 
I(L._ II, [·1,26, as, 74, 131- _________ _ 4\)\) 491 3.1 3.1 

11. __ _ ii', all, .93_____________________ _ 156 143 1.0 O. U 
ti~,12_. __ IfI, lOIL___________________ _ H O. 05

13 __ •• 21, 30, 86, 42, 54, 65, 77, 80, 82, 1,717 I, 606 10.6 10.0 
101, I(H, 112, 11a, 114, l1i1, 
122, 1:30. 

I'L __ _ ;)" ,Ja, .J!l, 50, u4, UU, JIO, 128___ _ 298 260 1.8 1.7lii___ _ 27,41, .117____________________ _ U O. U5 
HL __ ,J.], ,W, iii, 70 _________________ _ r)"~6[ .." O. ·1 O. 2
17__ ._ .iii, ;ii', 10, 81, SS, !l0, 1'10, 14:3___ _ 215 192 1.3 1.247 ________ " __ • _____________ ~_liL •. _ 	 2 (6)
f!L __ _ __________ _______ • ___ _3~_~~_~ ~ 21 0.130 .•• ________________________ _20. __ _ ]20 _________ ___ • ____________ _ 5 O. 032!. __ _ 1 (0) 

I Only rIlC\':i idl'ntifit'cI in these stuciirs ILrc included. 

2 :\10I'l' fl'('(Jlll'llt1y i80ltttNj mel's (mlljol' !'act's) nrc in it:llics. 

J Total i;,Oi:tl(':I of all mccs-Iu,15:.!; m:\jol' mccs-15,727. 

I H('CHliSe of rounding, total for Uti;; colulllll is grcah'l' Lhan one hundred. 

• Tml'c. 
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SUMMARY 
Bt udie~ or p1'(I\'nlcllcc and distribution of physiologic races of 

l'llccinia I'(!conl/it(l f, sp, tritloi in the United States from 11)26 through 
I n(jo wer('. t'olHlllded at Lafn,yette, Ind., and Manhattan, Kans. Col­
I('('tions were cultured in the greenhouse and purifiecl by !L single 
j>ll,;tulo isolation method, and these isolaLes were tested for Plltllo­
gC'lli('ity to tIll' Jntet'llatiolllli ~tandllrd c1iIl'erential varieties, This 
hullC'tin Pl'C'sl'nts dabt summaries o"f tlleS(' an:tl),:-;es, The 11l1mbC'1' oJ 
viahlo l'ol\(Il'{iOllS nlded from year t:o yett1', Lut generally incl'em:lC'd 
en'Pl' the pC'riod, A totn.l of IG,lfia isolates 1'l'onl 5,16(; collect:ions were 
stlldi('(l and one hundred diITercllt raees \\'('re illenHfied, Howew'r, fl. 
IHI',!!.:p IHllllbC't, of t,he tohtl isolates l'epl'es('lllCll ollly a "few of !lIt' OllC! 
hUlltll'('(lml't'H identified, 

.\ :-lllmllllll'y of the data L,Y yeal's shows changes in the prC\'alpncc 
in major physiologic \'Ilces, nace D was the. most pl'cmlent l'acp :from 
flw l)('g'illnillg of the studies untilllHS. Raec 5 was the most prC\'alent 
:t'I'OIll 1010 unt i 111)56, Race 15 has been n. V('l'Y pt'(\va]ent mcc for mallY 
""PHr's, All Illl'l'(> of (hesc races were isolated nearly eyery year during 
1"I1(\se stlldies, Races 58, 105, and 122 have been prevalent since nbout 
lO·I;), lllH1 han' lllte1'l1ntely incrensed and decreased in prcy:tlenc(' since 
tlll'll, 

I> i frpl'l'l1l'<"s ill pl'ey:tlence of phYRiologi(' 1':1.('e5 in eli /Terent geograph ic 
t\I'l'a:-; \H'I'{' ed(lt'llt. Rn.ces 1 llnd 11 were the most prentlent rnees in 
l'ollpdioll::l frOIll the ,,·estern, whitc wheat awn. bllt were not Pl'c\'ltlent 
in otlll'l' HI'pas, Ra('C' il W!lS prevalent ill allal'eas except in the \n~stern 
arpa, but- was particularly PL'(>\Tlll{'nt. in (-Ill' soutlwllstem, soft red winfer 
wllt'at arC'll. ){ncc l~~ Intel' was similarly pl'cntlent. Races I) and 15 
\\"PJ'(' pHrt it'u Illrly P1'(,\"11 Ipnl- ill I he centl'nl, hard red ",intCt· and the 
tlorth ('entral, hard red sp~'i ng wheat areas, 

'rho 1':1(,£'S .id£'ntifiec1 Oil the' lltt't'I1ati0l11l1 Stttllc1anl differcntials lHl\"c 
ill'PIt g'I.'Olll)('d into "Pn ified N ulllernf iOll" (UN) races according to 
Ha:;j Ie's k<,,\' by d iSl'cgarding- the rcact ions of the unstable dii[el'ential 
nUll'tiPB ('n,ril1n, Bl'evit-, and Hussa.r, T\\'l'l1ty-one UN races werc 
n'C'ogll izc<l rLlllOllg thC'. olle hundred physiologic races identified in these 
::;tuciios, Changes in pr.:valencc can be follo,,·ed ",itlt UN races as with 
tIl(' f'inndal'll l'll(,C'S, 
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