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Physiologic Races of Puccinia recondita f. sp.
tritici in the United States From 1926 Through
1960°

By C, O, JouysTon,? pathologist, Urops Reseavrch Division, Agricuttural Regenrch
SBervice; R, M. CarLpweLL, professor, Department of Boetany and Plant Pi.h-
ology, Purdue University ; L. . CoMrron, assocfate professor, Departinent of
Botany and Plant Patholegy, Purdue University ; and L. E, BgowDnER, research
plant patholoyist, Crops Research Division, Agricultura?® Research Serviee.

Studies of physiologic specialization in the fungus causing leaf rust
of wheat, Puccinia recondita Rob. ex Desm, f, sp. éritici, were slarted
by Mains and Jackson (7)® at Purdue University in 1918. They estab-
lished a set of 11 differential varieties of wheat and deseribed 12
physiclogie 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 have been
recorcdecd in an International Register of Physiologic Races of the
fungus through several revisions (4, 5)* coordinated by the late senior
author of this bulletin,

Beginning in 1926, collections of P. recondita f. sp. tritiei in wheat-
growing areas of the United States were analyzed for their physiologic
race content each year. Summaries of results were publishied each year
from 1951 throngh 1960, but no long-term summary has been made.
This bulletin summarizes data obtained from 1926 through 1960,

' This bulletin i= listed by the Department of Plant Pathoiogy, Kansns Agri-
cultural Experiment Statlon, Manhattan, ns Contribntion No. 492, and by the
Durdue University Agrienlturni Expecviment Station, Lafayette, as Journal
Paper No., 31583,

* Deceased, November 1965,

* Italic numbers in parentheses refer to Tdterature Cited, p. 18.

*Also, Husmengey, FI B, JouxstoN, G. 0., and CAnowerr, R, M.. A REVISION
OF TITE NUMUERS ASSIONED TO PIYSTOLOGIC RACES OF THE LEAF RUST OF WIIEAT,
PUCCINTA TRITICINA ERIKSA. T8 Dept. Azr., Bur. Plant Indus., Div. Cereal Crops
and Dis, 14 pp. 1936, [Mimeographed.}

Husmruzey, H, B, JouwsTtox, C. ., CatpweLL, R, M., and Comreron, I.. B. Re-
VISED WEGISTER OF PIIYSIOLOGIC RACES OF TIOE LEAF RUST OF WHEAT {PUCCINTA
TRITICINAY. TL5, Dept. Agr., Bur, Plant Indus, Div. Cereal Crops and Dis, 18
e 193% [Mimeographed.)

Jonxstox, C. Q. HosyrEReEY, R AL, CAaLowELL, R. M., and Comrerox, L. T, Trten
REVISION OF THE TNTERNATIONAL REGISTER OF THE IHYSIOLOGIC RACES DF THE LEAFT
RUST OF WHEAT (PUCCINIA RUBIGO-VERSA TRITICI (TRITICINAY). U8, Dept. Agr. Bur,
Dlant Tndus, Div. Cerenl Crops and Dis, 20 pp. 1942, [Alimeographed.}

Jonxsax, C Q. and RopexirisEr. H. A, FOURTH REVISION OF THE INTER-
NATIONAL REGISTER OF PIIYSIGLOGTC RACES OF TOR LEAF RUST OF WIIEAT (PUCCINTA
RUNIGO-VERA TRITICT (TRIFTCINAY ). TLE. Dept Azr, Bur, Plant Tndug., Soils and
Agr. Tngin 203 ¢e, 15 pp. 31507, [Mimecographed.?
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MATERIALS AND METHODS

Leat rvust, caused by P wecondita . sp. triticd, wos collected from
wheat in experimental sowings, commercial plantings, roadsides, and
volunteer fields by the writers of this bulletin and other plant suontmts
or interested persons. Collections were refrigerated at abont 45° F.
unkil annlyzed.

From 1926 through 1946, most collections from enst of the Mississippt
River were analyzed at L;L.l\ ette, Tnd., while those west of the Missis-
sippi were analyzed at \I.mh.\[tan, I\.mf-; Ater 1946, all collections
were analyzed b Manhattrn. Methods nsed at the two stations were
about the snme.

The number of eollcetions analyvzed vavied trom year to year. Tn gen-
eral, fewer collections were ank nzrsd during early venrs ol the stucies,
and more analyzed In years when leal rust was severe in the U nited
States.

During somoe years fhe number of viable colicetions (thoze vielding
enlinres) was greatly vediived beenuse urediospores losi their via )|llt\
during slnpnmnt o1 beeruse refrigerators failed. Only v mhleuﬂlet!lons
were neeessioned. Culfures were oblained from colleetions made in 40
States. In general, vinble collections were obtained from enly a few
States in the early yvears of the studies, but from many States fron
149 through 1060 1{able 1).

lionmnmv about October 1 each year, seedlings of the differential
whenat varietics or a susceptible variety were inoculated with uredio-
spores frony the leaf vust collections. 't he urediospores were transterred
by genlpel to primary lenves of the seedlings. If the initial inoculum
was limited, a completely suseeptible v ‘met\,nottho differentiad varie-
ties, was inoculated. Inaculated seedlings were atomized with water,
placed in moist chambers, nsually overnight, and then removed to a
areenhonse maintained at 65° to 75° 7. When the vesulting pustales
were vigorously sporulating, wsually about 12 days later. several high
infoetion tvpe pusiules were individually eultured on a sseeptible vavi-
ely. When only a few pustules sporulaied, cach was enlrured. Tf high
infection types oreurved on two or move differential vavietics, pustules
from each variety were cultured to inerease the probability of obtain-
ing pure culiures of ditferent vaces. These pure cultures will heveafter
Lo veferred to as isolates to distinguish them from oviginal cultures.

Plants inovulated with urediospores from single pustules were in-
eubaied the sine as the ortginal cultures except when these seedlings
were removed from the maist chamber, a glass lantern chimney was
placed over cach izolate (o protect it from contamination by nearvby
selates. After nbout 12 days, urediospores from these isolates were used
e inocalate seedlings of the Infernational Standard diferenlin) varie-
ties, agan ustiyr the sume incubation techniques. Inlection (ypes pro-
duced hy each N)the on each ciiferential vaviety were recorded olter
1 to 12 days necording to the seale of Mains and Jackson (7) and iso-
Tates wera identified w= 1o riee acvording to the keysin the International
Registers of Physiologic Races (4, 5)°

% ¥ee footnoie 4, o 1.
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RESULTS

Data on prevaience of physiologic races of P. recondita £. sp. tritici
arg presented in this bulletin by \L‘éllb md by B-year periods {tables 1,
2, nnd 3), by States (tables « and 5), by geographic avcas and classes
(()t wheat grown (table 8), and by 1 Unified Numeration (UN) races

table 7).

TABLE 1.—Number of collections of Puccinin recondita 7, sp. tritici
analyzed, number of States represented, and number of physiologic
races ':dmiufed' in the United States jmm 1926 through 1960

C‘olloc~ "11 tf{‘b qu,{\a
Year tions ropre- ideniified
amalyzed!  sented
MNuender Number Nunther

L L e e el i 0
102 L ot et iamumciamamma———- an G ]
D e i mmmmmmm e mnen i 12 14
L2 U 44 11 13
0. e e e dmmimmiamiaaea 133 0 18
0 1 N 1ag 13 17
PO L e emcmcmmmme—am—a Th 15 20
L e e i e e e m e — e = 40 1] L
L e i im e icecmmaaan- 30 ] 1]
O . i e s ccmcammcmea e emmamnan Th b 26
b3 L . e iicemaan 46 10 18
T o e e e e eiiamiaaimmmmraaann 48 13 3
L4 3 S 52 13 13
1034, . e e e U5 14 29
L0 L e ameiiamemcauaan 126 16 23
L2 U Loy 14 26
1942 e emn e mmeammmem— ... a6 14 23
D A ST 40 12 10
B VO 128 ] 25
L e 110 14 22
T . e e e e aamm i cae 115 12 24
N I, m rm e e e Gh il 16
1IN e e e eaen {2 1 15
. . . ool e cimma emeema= 318 27 1k
L 75 | e 30 ik
T L e e e e i m— Ao 252 20 ()
Hns e e me e A wmam A 2018 24 2l
|13 5 2 210 22 e
L 2T 33 32 26
F 175 75 T 285 30 20
LS R 218 23 23
00T . e e i im iicmmmamam———a R @8 20
TN . e e e meme—eao 205 a8 22
PO . L e et e i m——nan 402 33 at
196G, ... o . e m e immm o mmmmmmmcmr—meea—— 175 22 16

fntal from 1026 thraugh 19060—23,160.
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Prevalence of Physiologic Races by Years and by 5-Year
Periods

From 7927 through 1964, 5,166 collections of leaf rust were cultured
and analyzed; the number cultured and analyzed in 1986 was not
recordad (tabfe 1}. Collections from 1926 through 1960 yielded 16,153
isolates from which 100 physiologic races were identified (fable 2).
Sixty-six of these races were first described from collections made
in the United States; 84 wers first deseribed from collections made in
other countries (4).

Sixty-six of the one hundred races were isolated 80 or fewer times
from 1926 through 1960 and were nvbitrarily considered to be of
minor economie importance. The other 34 were isolated neazly every
yerr o wers very provalent at some time during the 35 vears of the
studies and were considered to be of major economic importance.

TABLE 2.—Physiologic races of Puccina recondita f. sp. tritici iden-
tified from fiel' ollections of leaf rust in the United States from 1926
through 1960

Yenr l Year
first, Yoars  Thmes frst Years Times
Ruce identi- identi-  identi- Race identli-  idenii-  identi-

fied in fied tied ! fied in fied fied !

United United

States . States

|
Number Number | Dtemiler Nuurber

e (921 18 7 ! 0. 1998 10 30
R I 1921 20 455 1 3l ... 1928 30 188
R 2 7 T2 ] 32 . ____. 1928 7 1t
[ SR, 16921 2 22 | S 1928 14 37
E P 14524 35 2,668 ) 34 ____ 1938 2 4
B .. 1922 28 3FT W Bouoo.-- 1926 23 224
Trecae 2 1 A 36 1027 2 113
... 1628 35 L, FER 3T .. 1926 15 43
I 1920 21 sslas ... 1927 3 5
|1 1923 30 4320 39 oo 1628 G 1y
12 .. 1922 2 Sl 40 ..., 14528 3 7
| < S 1526 23 116 | [:3 I 1929 [ 4
W .. 141 1 242 .. .. 1629 4 11
| 55 1927 33 31081 43 ... 1629 ] 12
1o oo 19351 2 Shodd 1626 21 272
| 1050 2 b I 1926 1% 24
[ 1932 4 A6 ._ 16426 4 4
19 19245 28 427 L A7 ... 1430 1 2
o 1428 22 MAE 48 ______ 1926 i 1
-3 ST 1047 6 G2y 49 ____. 1930 ] 15
b2 T 1935 i 1 0. .- 1924 19 83
26, ... 1027 G ISP Bl .. 32 1 1
2. 14926 3 R S, mn 15 214
28 s 19026 290 160 53.._____ 138 2 8
11 S 927 4 T.oodooal_ o 1344 ] 374
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TABLE 2.--Physiologic races of Puccina recondite 7. sp. tritiel iden-
tified from field collections of leaf rust in the United Stales from 1956
through 1960—Continued

Year Year
hrst Years  Times fivat Years  Tihmes
Naee identi- identi- identi- Racee identi- idemdi-  idendi-
fied in fied fied ! fied in fied figd
United United
Blites Btates
Number Number Number Number

FiTs SRR 1932 3 2il1n2 .. 1932 3 10
Bliamas 1932 3 S103_ .. __ 1931 8 28
[T 19246 1 it .. 1831 10 28
88 oo 1039 21 72RO ... 1931 23 900
60 LL__ 1950 2 1706 . 1639 1 1
Ot ____. 1042 2 SNIGR.__.__. 1540 1 1
[T 1985 il sy EIG. . 1034 1 1
(13 T 1531 15 YR I ) P 1934 2 3
G8_ .. 138 i ) - 1639 2 2
GU_. ..o 1459 i b [ N b S 1939 3 2
(L T 1939 1 14 DY T S 1942 2 3
(7 T 1631 15 168 152 1951 1 1
TTmmeee o 1931 12 BrpIi7 o ___. 1952 2 2
T8 - 1632 3 G129 __.. 16:2 1 i
I} I 1632 5 Wple2 oL 1944 11 752
|21 S 1932 13 FAlN L3 ___. 1941 1 4
Sl.__.. 1033 5 [ P 1941 19 1, 155
|3 1833 1 127 1953 1 3
83 ... 1933 5 FHIZS______ 1044 7 53
S .. 1935 3 1000126 ___. 1042 1 1
88 - 1541 2 380 1957 3 30
G0 1539 2 1|15 2 U 1953 7 41
f1 s S 145 il 434 140 __. 1957 2 4
100 ... 1437 1 L L S 1856 3 4
0. .- 1438 ) Qylel___.___ 1956 1 1

t Total isolebes from 1920 through 1960 —16,153.

The number of physioclogic 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 were more extensive, Annual records of the number of
isolates of each race identified were too extensive to present here;
however, changes in prevalence of some major races are shown in
figure 1. Race 9 was the most prevalent race identified from the
beginning of the studies until the late 1940%, when it decreased
markedly and race 5 became the most prevalent race. Race 5 continned
to bo the most prevalent race from 1949 natil 1956. Race 15 has been
a prevalent race each year of the studies since 1930. I was second
or third most prevalent nearly every year from 1930 through 1055
and since then has been the most prevalent race. Races 58 and 105
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20 RACE 5 ]

ol i g RACE ¢

H
i
H
H

PERCENT OF TOTAL 1SOLATES

20 i RACE 58 B
0 RACE 105 . ]
0f ! ' ':' -..l_.L-_-.l..-j;.l.l—

2001 RACE 122 TR
Q H H H H 1

1926 1930 1935 1940 1945 1950 1955 1960
YEAR
Privus L-=ereentage of total solates reprorented by 6 major physiologic tnees
ol Puecinia recondifa £ spo deitief in e Unifed Stales cach year oo 1926
(lrrough e,

suddenty beeame prevalent in 19018, Race 122 was fiest identiiied W
the Uniled States in 1910 but did ot becowe prevalent uatil 1932
Howast the most prevalent mace identified in 1956 and is std] prevalent
1L EOME 2100,

Minong the 31 races =olated 31 or more ftiues, 22 were solated one
lundred or more tines, Prevalenee of those 22 raees and 3 ofhers of
special interest during siecessive J-venr periods s shown in fable 5.
Rave | never beemie prevadond in the United States as a whale, even
thougl it was one of the Hest 12 races deseribed and was sometines
previtlent in Ldaliog Utabh, o Wishington, Raee 3 was prevalent
during the early years of the sindies; bot has net been ddenfified
recent iy, Hoee 10 was often tdentilied in teaee amounts but was never
provalent, Ruaee 77 s of interest beenuse i prodiees a type Finleetion
on wil the Tnlernational Standard (I}t'l'm'vntiul varielies, it wis fiest
et ified fn OB It was never prevaldenf, Lave 128 was lest wdentified
i (he United H:.1t{\.~. and Canadaom 191, wns prevabent threonghe TG,
and then deereased Lo one isolate ench year Fora fow venvss TE has not
been identified Trom 75, colleetians sinee 1002,

TRuees 63 nnd 76 were prevadent in the Fastern Patterd] Siades in
Ehe 1% boe <imee then have eiiher decreased o disappeared. On e
pther haomd, raees 35, 122, and 126 were prevatent only o the tater
vemrs ol ihose studies.

The other raees shown o fable 3 were preevadent yu the United States
al some Dinge, Some of them, sueh as eaees 5,00, and 13, were wdeatilied
nearly every year and were the mest previlent euees o ditlerent areas
nevarious Limes.
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TABILE 3.—-Prevalence of 27 physiologic races of Puccinia recondita.
f. sp. tritied in the United States by successive S-year periods from
18926 through 1560

Porcontage of fotul isolates during—
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Prevalence of Physiologic Races by States

Table ¢ shows the most prevalent race in each State during each
3-year period of these studies. No viable collections were obtained from
some States during certain 5-yoar periods. Race 11 was the most preva-
lent race in California, Idaho, Oregon, and Washington throughout
the studies, or at least since about 1935. Race 58 was the most prevalent
race 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 1943 through 1945, race 9 and
related race 19 were the most prevalent races in 14 of the 28 States
from which rust collections were analyzed. From 1946 through 1950,

285-TU5—B8—2




TABLE 4.~ Prevalence of major races of Puccinia recondita f. sp. tritici in the Uniled States by States in successive
-yeaz periods from 1J26 throu J/b 1960

Total Totnl '\Iost prevalent rdce during—
State riaces isolates ! ——
9‘76 30 1931-35 1936-40 1941-45  1946-50 1951-35  1956-60
Number Number
Alabama_ ... ...o... 19 68 e e 9 93 9 5 15
Arizonn . oo - 2 3 9 19 . O e hmieiicw e
Arkansas_: ... b 24 2060 ... ... 1S I R 15 126 5 13
California. - ..o .. .2 16 88 9 19 .. 11 11 11 11
Colorado- .. oicncinne . 18 196 2 9 9 9 9 5 15
Florida ..o i 26 425 L.l 19 i aieieaa 5 5 15
Georgia - ..ot vmniime s 33 496 9 15 15 65 5 122 122
Idaho oo caina 25 234 .._..._ 11 11 11 11 11 i1
THinois. e o v 40 370 .. 15 g9 9 58 58 122
Indiana_ oo . 34 348 ... ... 15 LS 58 58 122
Towa. .o iemniinieas 34 770 9 9 9 9 ) 5 15
Kansas___.__ et 65 3, 408 9 9 9 9 5 5 15
Kentuekyo o ovooooonnn.z 21 103 ..o 15 76 76 5 5 15
Louisians e e e 7 80 e i e mmmmmiam memmean 5 15
Maine_ . __..__.__._ 3 4 LT 80 .l - oD LT e mmmmais
Maryland__ .. _.__. e 13 U 76 58 o 58
Michigan__.. ... .. IR 42 51 15 g 9 58 58 58
Minnesota_. .. oo 38 842 37 9 9 9 105 15 15
Mississippio. .. caian.. 19 207 . ieiean. W ol b 5 15
Missouriv ... oo . 37 422 ) 9 9 Y 126 5 15

8
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Oregon_ oo v an...
Pennsylvania

O

South Carolina
South Dakota_._..... ...
Tennessee

(S RN B )]

Virginia
Washingtott ..o oo oco. o

West Virginia
Wisconsin
Wyoming

t Potal isolates from 1926 through 1960—15,542. During the early years of the study, not all collections were accessioned by State;
therefore, some are not accounted for in this table.
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race O was the most prevalent race in only 3 of the 35 States, while race
5 was the most prevalent in 13 States. Race § was the most prevalent
race in 21 of the 36 States from 1951 through 1955, while it was not the
most preveient in any State from 1956 through 1960. Race 15 was the
most prevalent ruce in 24 of the 36 States from 1956 through 1960.

Data of prevalence of 12 major races expressed as percentages of
total isolates of all races in the period 1926 through 1960 are shown in
table 5. Marked differences in distribution of races are shown by
these data. For example, race 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 tho isolates from
OXklahoma, but 23.1 percent. of the isolates from Norh Dakota. Many
other such cases may be noted, indicating definite diffevences in geo-
graphic distribution of varicus races, .

Prevalence of Physiolegic Races by Geographic Areas
and Classes of Wheat Grown

The prevaience of 12 major physiologic races of P. recondita f.
sp. ¢ritici by geographic nreas and by elasses of wheat grown is shown
m table 6. Other races, not listed in table 6, were identified much less
frequently than any of the 12 major races.

Race § was faivly prevalent in all aveas except the western, white
whenk arer, but. was more prevalent in the southeastern, soft red winter
wheat, aven than in the northeastern. Race 6 was not more prevalent
in any one geographic aren than another, except that it was definitely
mfrequent mn the western area. Race 9 was prevalent in the central,
hard red winter and tho north central, hard red spring wheat areas,
and was for many years the most prevalent race. Only 10 races were
identified from the western avea, and race 11 was by far the most
prevalent. Roco 11 was often the only race in collections from the
western areaand was prevalent only in that aren. Race 15 was prevalent
in all arens exeept the western; it was the most prevalent race in the
novth eentral, the northeastern, and the sontheastern areas. Race 58
was patticulaely prevalent in the Stafes around the Great Lakes and
in the Ohio River valley, o

[iaces 108 and 126 were both prevalent in n)l arens except the western.
Race 122 was the most prevalent vace in the southeastern areq, par-
tieularly in Georgia. Mississippi, South Carolina, and Virginia. Races
1. 63, and 76 were identified relatively infrequently. Race 1 was iso-
laied mostly from the western avea, races 65 and 16 from the north-
tirstern,

Prevalence of Physiologic Races by UN Race

During the 35 years of these studies, it became cvident that many
tees of P2, recondita £, sp. dritici could be placed into a few large
groups composed of several similar races. Members of these groups
wore sometimes inseparable, while at other times they were distinet.
This difference was caused by varving reactions of the differential
varieties Carina, Brovit, and Hussar under varying environmental




TABLE 5.—Percentage of total isolates represented by 12 major physiologic races of Puccinia recondita f. sp. tritici
in the United States from 1926 through 1960

Percentage of total isolates represented by physiologic race— Isolatgs Iscglatﬁs

of 1 of a

6 9 11 15 58 65 76 105 122 126 major races *
riaces !

Number Niember

349 468
3

206
88
196

425
496
234
370

N

Alabama_ o e i aeaia o 0.
Arizona

Arkansas. ... ieaiio.n 1.5
Californian. oo ool 0
Colorado
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1

6
1.2
.6
.4
N3
.9

OF pha =1 = o

=100

<100

Kansas
Kentucky
Louisiana
Maine

See footnotes at end of table.
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TABLE 5.—Percentage of total isolates represented by 12 major physiologic races of Puccinia recondita f. sp. tritiel
in the. Unilted States by States from 1926 through 1960-—Continued

Percentage of total isolates represented by physiologic race— Isolates Isofla,tc;,s

of 12 of all

6 9 11 15 58 65 76 105 122 major races ?
races !

Number Number

452 559
686 842
249 297
311 422

37 64
452 557
93 121
161 179
152 190
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250 326
498 660
27 37
40 43
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t Potal isolates of 12 major races—11,987. : . .
2 Total isolates of all races—15,542. During the enrly years of thestudy, not all eollections were necessioned by State; therefore, some
are not accounted for in this table.
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TABLE 6. Pereentaye of lotal isolates represented by (2 major physiologic races of Puecinia recondita f. sy, triticiin the
U ndted Stales by 5 major geograjdie areas and classes of wheat grown from 1926 through 1960

Geographice area and cluss
of whedt grown Siates!

Nuwmber
CENTRAL, Hard ved winter. - 7
NORTH CENTRAL, Hard red
speinge L Lo 0T )
NORTHEANTIRN, Soft red
wWinter, ... e 1
SOUTHEASTERN, Soft red
WO e o e 10
WESTERN, White o0 0 0

Pereentage of total isolates
fnall areas. oo,

P Potal number of States-—40,

Lk

Pereentage of total isolafes of physiologic race— Isolates

e of all

I8. 5

@
.

9
Y

2

2 Potal isolates of wll races—15,542. During the curly

some are not aceovnted for inthis table.

65 76 105 122 126 races *

Number

0. 7 1L3 0.0 002 4 ) . 6, 347
1. ) R T 1) 48 3, 005
1. X 6 61 6.8 5. 2, 607

1. . i . 16 . 3, 003
44,7 . ) : ) 2.

I B 2.3 19, L 9L

years of the study, not all eollections were accessioned by State; therefore,
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THYSICLOGIC RACES OF PUCCINLL #ECONDIFA F.8U, rieiries 1D

conditions, particularly temperature. These varieties were resistant to
some isolaies at Jow or moderate temperatures and susceptible to the
same isolates af high temperatures (8. However, similar eaces can
e brought (ogether into mare consistently identifiable groups by dis-
regarding fhe veactions of these three unstable ditferential varieties.

Chester (:2) first proposed this group concept atud Johnston ()
Tater coneurred; howaver, the currently used nomenclature is hased
on Basiles Unified Numeration (UN) seheme, which keys isolates {o
UN raves (7). The 183 physiologic races included in the Sixth Revision
of the International Register {4) can be grouped into 27 UN races (7).

The one hundred races isolated in the United States Trom 1926
through 1960 can be grouped into 21 UN races (table 7). Where TN
rces contain many races, the numbers of the major rares {thove most
freguently isolnleel) arve italicized. These major races account for most
of the isolates, as shown by ihe nmumber and percentage of (otal
isolafes.

As with the originally vecognized standard physiologic ruces,
changes in prevalence of UN races can be presented as percentapes
of iofal isolates during suecessive S-year periods (fg. 2}, Changes it
presalence of UN raees can be followed simikarly fo changes in stand-
ard races.

60

UN RALE 2 =1 — & UN RACE § =

20 = UN RACE 3 J L uN RACE 10 -
i At ]
ol o omom AN el . ou onnw W om
| UN RACE S 1L uN RACE 13 ]

PERCENT QF TOTAL ISOLATES

90 |- UM RACE & L UN RACE T -

2610 11-35 36.8041-4544.50 51.55 56-60 T4.30 311-3536.40 445 45-5051-55 56-60
5 YEAR PERIODS, 19~
Frerns 2e—leveeninge o totl i=plates vepresented by 8 Unilied Nuweradion
LIPS mees of Peecinie reeandito £ospe feitied in the United Sfates in sue-
sive Jevear peciods Ceom 1926 throvgh 100
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TABLE 7.—Number of isolales and percentage of totel isolates repre-
sented by 21 Unified Numeration (UN) races of Puccinia recondita
J. sp. tnitier sdentified from collections analyzed in the United Siates
Jrom 1826 through 1960

Number of Pereentage of
isolates of 3— total
uy United Stnbes races included 12 isolnivs ol—

All Alajor All Major
rHURE  Fnoes raees ! oraces

16, 33, 120, 123 ...
15,95, 8, 127
12, 32, 44, 58, G1, 78, 84, 102,
LLl, 161,

i7, 36, &

(8, 68,

21, 30, 85, 42, 54, 65, 77, 80, 82,
101, 104, 112,113, 114, 115,
1320 130.

13,
41,

A, T 61
57, 70, 81, S8, 00, 140, 143 215
9

o
EP-ro o

e
=

FOuly races identified in {hese studics wre included.

T Mtore frequently isolaled roees {inajor mees) are in italics.

3 Tatal isolates of all rnees—16,194%; major races—15,727.

! ]Ji(-c.'msc of rounding, total Tor this column is greater than one hundred.
b Prave.
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SUMMARY

Stucies of prevalence and distribution of physiologic races of
{’uceinia recondite £, sp. tritici in the United States from 1926 through
1960 were conducted at Lafayette, Ind., and Manhattan, Kans, Col-
lections were cultured in the greenhouse and purified by a single
pustule isolation method, and these isolates were tested Tor patho-
gendeily (o the International Standard difterential varieties. This
hnlletin presents data summaries ol these analyses. The number of
vialle colleetions vavied from year to year, bui generally incroased
over the peciod. A total of 16,153 isolutes from 5,166 collections were
studied and one hindred different races were identified. Fowever, a
livge number of the total isolates represented only a few of the one
hundred vaces identified,

Acsummary of the date by years shows changes in the prevalence
in major physiologie races. Race 4 was the most prevalent race Trom
Ihe beginning of 1he studies until 1948, Race 5 was the most prevalent
Trom 19449 until 1956, Race 15 has heen a very prevalent race for many
years. All fhree of these races were isolated nearly every yenr during
these studies. Races 58, 105, and 122 hiave been prevalent sinee abont
L5943, and have alternately inereased and decveased in prevalence sinee
then,

Diflerenees in prevalence of physiologie tiees in different geographic
areas were evident, Races 1 and 11 were fhe most prevalent races in
collections from ihe western, white wheat avea but weve not prevalent
in olher areas. Race § was prevalent in all areas except in the western
aren, bul was particnlarly prevalent in the southeastern, soft red winier
wheat area. Raee 122 Iater was similarly prevalent. Races 9 and 15
were particularly prevaient in the central, hard red winter and the
uorth central, hawd ved spring wheat areas.

The races identified on the Tnternutional Standard differentials have
been grouped into *“tuified Numeration™ (UN) races according to
Basiles key by disvegarding the reactions of the unstable diffeventinl
varicties Carina, Drevit, and MHussar. Twenty-one UN races were
recognized wnong the one hundred physiologic races identified in these
studies. Changes in prevalence can be followed with TIN races as with
the séandavd races,
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