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Inheritance of Seedling 
Reaction to Stem Rust in 
Four Hexaploid Wheats 

D. W. Sunderman and E. R. Ausemus1 

TO DEVELOP IMPROVED SPRING WHEATS resistant to 
stem rust is a major objective of many breeding programs. 

Serious losses of spring wheat were caused by stem rust race 15B 
in 1953 and 1954. Races 11 and 38 were also found at that time. 

Since 1943 varieties resistant to these rust races (particularly 
15B), but with poor milling and baking qualities, were crossed 
with high quality wheats. Only a small number of resistant se
lections with acceptable quality were obtained. 

In order to produce varieties with quality and lasting rust re
sistance, it is necessary to know the number and location of genes 
governing resistance of different varieties and their interactions. 

Review of Literature 

EARLY LITERATURE ON INHERITANCE of rustTesistance 
in wheat was summarized by Ausemus (1943) and Ausemus 

et al. (1946). Therefore, only papers dealing with seedling resist
ance of wheat varieties to rust races used in this experiment are 
reviewed. 

Frontana, in crosses with Thatcher 
and Newthatch, was shown by Hashim 
(1951) to have complementary genes 
for seedling resistance to race 15B. 
Jones and Ausemus (1956) used races 
15B, 11, and 38 to test progeny of the 

cross Frontana x (Kenya 58 x New
thatch). They explained resistance to 
race 15B on the basis of three inde
pendently inherited genes. Seedling re
sistance to race 11 was reported to be 
governed by complementary genes. 

'Research agronomist, Crops Research Division, ARS, USDA; and research agronomist, 
Crops Research Division, ARS, USDA, and professor, University of Minnesota. 

Contribution from Department of Agronomy and Plant Genetics, University of Minnesota, 
St. Paul 1, Minnesota, and Crops Research Division, ARS, USDA, cooperating. 
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Both parents and all progenies were re
sistant to race 38. Snyder and Burnham 
(1956) reported that two or more reces
sive genes controlled Frontana resist
ance to race 15B. 

Hasanain (1948) used races 15B and 40 
to study reaction of progenies of the re
sistant variety Kenya 58 crossed to the 
susceptible variety Pusa 4. He reported 
that resistance to 15B appeared gov
erned by three genes with an equal 
and cumulative effect. Aslam and 
Ausemus (1958) reported the resist
ance of Kenya 58 to race 15B gov
erned by two independently inherited 
genes with an additive effect, and to 
race 11 by two dominant genes. 

Knott and Anderson (1956) con
cluded that Kenya 58 carried two 
genes, Sr6 and Sr7, for resistance to 
race 15B. Sr6 acted as a recessive gene 
and governed a high type of seedling 
resistance. Sr7 was partially dominant 
for resistance and conditioned a mod
erately resistant reaction when in a 
homozygous condition. Another gene 
for resistance to race 15B, Sr8, was 
found in Red Egyptian. Seedlings 
homozygous for Sr8 exhibited moder
ate resistance. Heterozygotes had rust 
reactions ranging from moderately re
sistant to susceptible. 

Omar (1954) reported that resistance 
of Egypt Na101 to race 15B was gov
erned by one gene. Knott (II, III, 1957) 

confirmed this and concluded that Sr7 
was the gene responsible. He found, in 
tests with other varieties, that genes 
Sr9, Sr10, Sr11, and Sr12 were import
ant modifiers of resistance to 15B con
trolled by Sr7, with Sr9 probably hav
ing the greatest effect. 

Green et al. (1960) showed rust re
actions of lines of the variety Marquis. 
Each line carried one of the following 
genes: Sr6, Sr7, Sr8, Sr9, or Sr10. 
Genes were transferred to Marquis by 
the backcross method. Plants carrying 
Sr6 exhibited a type 0; reaction to 
races 15B, 11, and 38. Sr7 governed 
plant reactions of type 1,2,3cn ·to race 
15B, type 3,4 to race 11, and type 3-cn 
to race 38. Sr8 conditioned plant reac
tions of type 2 to the three races. 

Plants carrying Sr9 exhibited a type 
2 reaction to one biotype of race 15B 
and a type 4 to three other biotypes. 
Sr9 was responsible for plant reactions 
of type 1,2 to one biotype of race 11 
and of type 2,3 to another. Type 2 re
actions were obtained with race 38. 
Plants carrying Sr10 were susceptible 
to races 15B and 11 and exhibited a 
type 2,3 reaction when tested with race 
38. Marquis was susceptible to races 11 
and 15B and moderately resistant 
(type 2) to race 38. They also reported 
that genes formerly called Sr11 and 
Sr12 are actually one gene-Srll. 

Materials and Methods 
Parents and Progenies 

·pARENT VARIETIES USED were Frontana, Kenya 58, Mayo 
54, and Marquis. 
Frontana, C.I. 12470,2 is a Brazilian selection from a cross of 

Mentana with Fronteria. Variety seedlings were moderately re
sistant to moderately susceptible to stern rust race 15B and mod
erately resistant to races 11 and 38. 

• Cereal Investigations number. 
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Kenya 58, C.I. 12471, is a variety 
from Kenya Colony, Africa. It was re
ported by Johnson (1953) to be from a 
cross of Red Egyptian with a Kabete 
hybrid. The strain used in this study 
was very resistant in the seedling stage 
to the isolate of races 15B, 11, and 38. 
However, Hayden (1956) reported it as 
susceptible to the isolate of race 11 that 
he used. 

Mayo 54, C.I. 13585, is a selection 
from a cross of (Egypt NalOI x Tim
stein) with Mayo 48. It had a very re
sistant seedling reaction to all races 
with which it was tested. 

Marquis, C.I. 3641, is a selection 
from the cross made in Canada of Hard 
Red Calcutta with Red Fife. Marquis 
seedlings were susceptible to races 15B 
and 11 and moderately resistant to race 
38. 

Diallel crosses were made between 
varieties in spring 1953. F, plants were 
grown in the greenhouse in spring 1954. 
In fall 1954, 120 seeds from F, plants 
of each cross were sown at Brawley, 
California. The resulting F. plants were 
grown during the winter. Seeds from 
each of these were returned to St. Paul 
and used to plant F. lines for seedling 
tests. 

Races of Rust 

Cultures of races 15B, 11, and 38 of 
Puccinia graminis tritici Eries. and 
Henn. were obtained from the Depart
ment of Plant Pathology and Botany, 
University of Minnesota. Spores re
ceived were used to inoculate seedlings 
of Little Club wheat. Upon sporulation, 
urediospores taken from a single 
uredium were used to inoculate addi
tional Little Club seedlings. This pro
cedure was repeated and spores ob
tained were used to increase rust races. 

Greenhous·e Experiments 
General Info:rma:l:ion-The first green

house seedling tests were made during 
February, March, and April 1956. An 
attempt was made to maintain green-
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house temperatures between 68 and 70° 
F'., but daytime temperatures as high 
as 85° F. were recorded in April. Sup
plemental light was provided from 11 
p.m. to 7 a.m. 

Six complete sets of seedlings w·ere 
grown in greenhouse tests. Each set in
cluded difl'erential varieties necessary 
to identify rust races and the following 
parents and progeny from each of the 
six crosses: 

1. Ten to 15 seedlings of each parent 
plant used in a cross. 

2. One or two F1 plants. 

3. Fifty to 200 F2 plants depending 
upon number available. 

4. Twenty-five plants from each of 
85 F, lines. 

Two sets were tested with each race. 
However, the second set was not sown 
until the first was classified for rust 
and discarded. This minimized chance 
of failure to obtain a satisfactory rust 
infection with any one race. 

Sowing and Inoculation-Each set 
was sown in 600 4-inch pots that were 
placed on two greenhouse benches. 
When the first leaves were well de
veloped and the second leaves began to 
appear, plants were inoculated. Inocu
lation was accomplished by: (1) rub
bing leaves with moistened fingers to 
remove bloom, (2) spraying leaves 
lightly with water, and (3) dusting 
leaves with a mixture of urediospores 
and talc. They were sprayed again 
lightly with water and incubated over
night in a chamber. This chamber was 
formed by placing a frame 1 foot high 
over the bench and covering it with a 
sheet of polyethylene. 

Only limited numbers of F2 plants of 
certain crosses were available in 1956. 
Additional F2 plants from these crosses 
were then tested with races 11 and 15B 
in 1958. In these tests a lightweight 
paraffin mineral oil was used in place 
of talc as a spore carrier. Plants were 
not rubbed before inoculation because 



water adheres to plants sprayed with 
this oiL After spores were applied, the 
procedure followed was identical to 
that given previously. 

Seedlings in each test were inocu
lated as shown: 

Stem Dates inoculated, 1956 

rust race Test 1 Test 2 

15B February 13 March 25 
11 February 29 April 3 
38 March 9 April 11 

A daily temperature fluctuation be
tween 60 and soo F. was not uncom
mon during this period, particularly in 
March and April. As testing progressed 
there was also a gradual rise in day
time temperatures along with longer 
day length and higher light intensities. 

Classi.iication of l?Ian:i:s fox Seedling 
Read:ion io Stem Rusf-Notes on in
dividual plants of parents and hybrids 
were taken 13 or 14 days after inocula·· 
tion. Rust infection types found on 
seedlings were recorded according to 
the system described by Stakman et 
aL (1944). Based on their infection 
types, F2 plants and F, lines vvere clas
sified for rust reaction as resistant, 

resistant, moderately sus
ceptible, susceptible, or segregating to 
the race of rust used. 

Plants with a mesothetic reaction 
were divided into two classes. Those 
with lower infection types were re .. 

corded as X- and classified as resist
ant. Those with higher types were re
corded as X and classified as moder
ately resistant or moderately suscepti
ble. Numbers in parentheses following 
the X- or X indicate infection types 
that occurred. 

Rust reactions were abbreviated for 
use in tables as follows: VR for very 
resistant, R for resistant, MR for mod
erately resistant, MS for moderately 
susceptible, S for susceptible, and Seg. 
followed by combinations of the ab
breviations necessary to denote range 
of: reactions on plants in segregating 
lines. 

An attempt was made to set class 
limits so plants or lines in each had in
fection types governed by the same 
gene or by independent genes govern
ing identical types. It was sometirnes 
necessary to include lines with an oc
casional plant recorded as type 3 (us
ually considered susceptible) in the 
moderately susceptible class when the 
moderately parent had an 
occasional plant show-ing a type 3 in
fection. 

In most cases, infection types found 
on pl.ants of the two parents were used 
to establish the acceptible range of 
types on plants in two classes. There 
were additional classes for lines with 
few if any plants with reactions like 
those of either parent and fo:r those in 
which. plants were segregating. 

Experin1ental Results 

I NFECTION TYPES on the parental varieties, tested 
hybrid populations, were: 

Frontana 

Race 

15B 
11 
38 

2, 3--, X-
2-, 2, X (2,3) 
2-,2,X-

6 

,X ,3 

, X (2,3) 

with 



Marquis 

Race 

15B 
11 
38 

Rust infection types 

3+,4-,4 
3+, 4-,4 
2-,2 

Kenya 58 15B 
11 
38 

0;, few plants type 1 
0;, few plants type 1 
0;, few plants type 1 

Mayo 54 15B 
11 
38 

0; 
0; 
0; 

Rust reaction of Frontana to each 
race varied: first among plants from 
bulk seed sources and second among 
progeny from the same plant. In most 
instances, the reaction variation was 
thought to result from slight changes 
in temperature and light intensity and 
not from segregation. 

Frontana x Marquis 

Race 15B-The 3+ infection type 
found on the two F1 plants indicated 
partial dominance of gene or genes 
from Frontana. F2 plants were com
bined in two classes. It was assumed 
that those with resistance equal to or 
higher than that of the F1 possessed 
Frontana resistance, whereas the oth
ers did not (see table 1). 

A satisfactory fit to a ratio of 3 mod
erately resistant or moderately sus
ceptible to 1 susceptible was obtained 

when the segregation of F2 plants was 
subjected to a chi-square test. 

Table 2 data illustrate differences in 
plant reactions to race 15B of the same 
F3 lines in the two seedling tests. Simi
lar differences were common among Fs 
progenies from all crosses in tests with 
all races. They may have resulted 
from: (1) absence of certain genotypes 
among Fx plants in one test due to a 
limited number tested, (2) changes in 
plant reaction when temperature-sen
sitive genotypes were subjected to tem
perature changes, or (3) misclassifica
tion when plants were read. 

The most accurate classification of an 
Fs line apparently could be made if 
based on reaction of all plants in both 
tests. This method was used throughout 
the study, and to divide the lines in ta
ble 2 into three groups, one boxed off in 
each corner and the third in the mid
dle. 

Table 1. Rusi reactions of parent, F1. and F2 plants lo race lSB and resulls of a chi-square lesl 
for qoodness of fit to a 3:1 ratio 

Parents and Genera-
progeny tion 2 

Front ana p 2 
Marquis p 

F1 
F2 

Classification 

Rust infection types and observed 
number of plants 

x- X 3- 3' 3+ 4- 4 

3 9 3 6 
2 7 37 
2 

10 9 3 5 

p 
value 

20 8 .50- .70 
MS s 
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Table l!o Relallon!!hip between seedling reac!lons in lwG lr!al.s of F3 line!l from c~oss of Fronlocna x Marquis !o race ViE: !he !Irs! inoc:ulcried on Feb· 
luary 13, the seconcl on March 25. I!J5:3'' 

Seco:n.d tes·;· 
Nu:mber of F2 H:nes c1nd infection types 

2 0; X- X 3 X 0; X X 3 3 3 3+ 3-j- 4-
X- 1 X 3. 2 '2 I u-,- 2 3- 3--f-- .,, ,_;-r 3+ 4- 4- 4 
X X 3- x- X- ~i-+- 3 4- 4- 4 
3-- :3 ~ 

.) 3 X 4- 3+ 4 
3~i- 3- 4 

Firs! test 

I 
3 ---- Test one Number of Fs lines 3-}--

and infection types 4-- Total Classification 

2, X-, X, 3-

I 

2 5 2 3 
31 

2 " 19 "' 2g X-, X, 3-, 3 l 1 l 3 23 R 

00 X-, X, 3 1 I 

2, X-, 3-, 3, 3+ 1 l 2 1 l 7 
2, X-, 3, 4- 1 1 2 '! 
X-, 3-c, 3-, 3, 4- l 2 3 1 2 l l 5 17 42 MS 
2, X-, 3-, 3, 3+, 4 " 1 3 3 l 10 "' 
3, 3+ 

3, 3-h 4-~ l 2 3 
3+,4- l 1 16 s 
3, 3+, 4-,4 4 2 2 8 
3+. 4-,4 l I l 1 4 

Test two, to!al 2 6 2 4 5 8 3 fJ 6 7 4 2 14 3 4 3 Bl -------------
19 36 26 

Classiflca!ion R IVIS s 
* Lines considered equal to the two parents in resistance and susceptibility in the two tests are boxed by solid lines. 



Infection type data show the range 
of different infection types found on 
plants in F. lines of each group (see ta
ble 3). The moderately resistant group 
had Fs lines with plants showing rust 
infection types from 2 to 3 and 0; to 3. 
Fa plants with infection type 0; were 
probably misclassified escapes as all oc
curred in the second rust test. 

Sixteen F, lines were as resistant as 
Frontana (moderately resistant), 51 
were segregating, and 14 were suscepti
ble to race 15B. The number of lines in 
the three classes gave a satisfactory fit 
to the expected ratio of 1 moderately 
resistant to 2 segregating to 1 suscepti
ble to race 15B as shown by a P value 
of .10- .20. 

The proposed genotype of Fa plants 
as shown by the progeny test of F, 
lines in each group is shown under the 
column headed probable F. genotypes. 
Letters of the alphabet signify each 
locus affecting rust reaction. The capi
tal letter indicates presence of the gene 
for resistance regardless of gene action. 
Letter A identifies the Frontana gene 
for resistance to race 15B. 

Race 11-Limited seed prevented 
testing adequate numbers of Fa plants 
in 1956 so an additional test was made 
in 1958. Parents and progeny of all 
generations were slightly more resist
ant in the 1958 trial (see table 4). The 
change probably resulted from the oil 
method of inoculation in 1958. 

Results obtained from individual 
trials and combined data from the two 

trials suggest that two genes govern 
rust reaction to race 11. One gene ap
pears partially dominant since the reac
tion of F1 plants to race 11 was only of 
a slightly more susceptible type than 
that of the Frontana parent. A second 
recessive gene was postulated to ex
plain the class of F. plants with inter
mediate reactions. The F. segregation 
fits a two gene ratio of 12 moderately 
resistant to 1 moderately susceptible to 
3 susceptible. 

Plants in 21 Fs lines had reactions 
like Frontana or equal to those of the 
F1 (see table 5). Fifty-six had plants 
segregating for resistant or moderately 
resistant to moderately susceptible or 
susceptible reactions, and six were 
susceptible or like Marquis when tested 
with race 11. A small number of lines 
had one or two plants with type 0;. 
These were probably misclassified es
capes; all were found in the second test. 

Segregation of F, lines can be ex
plained by assuming two genes with 
the following action: One gene governs 
a type 2 infection when in the homozy
gous condition, but a few plants may 
have a type X(2,3). Heterozygotes show 
an infection type of X-(2,3-) or X 
(2,3). Action of the second gene labeled 
B becomes apparent in absence of the 
first. It acts as a recessive. Plants carry
ing it show type X(2 to 3,3+), 3c, 3, and 
occasionally 3+ infections. 

Observed segregation of F, lines to 
race 11 was a good fit to the expected 
segregation of 4 moderately resistant to 

Table 3. Reactions to race 15B of F8 lines from the cross of Frontana x Marquis and results of a 
chi-square test for goodness of fit to a 1:2:1 ratio 

Calcu-
. Infection types Observed Iated 

2, X-(2,3-), 3 
0;, X(2,3), 3 16 20.25 

0;, 2, X(2,3), 3, 3+ 
X-, X, 3-, 3, 4- 51 40.5 

3, 3+, 4-,4 
3+. 4-,4 14 20.25 

9 

Chi-
square 
value 

.89 

1.72 

1.93 

4.54 

Probable 
F. 

genotypes 

AA 

A a 

a a 

p 
value 

.10-.20 



Table 4. Rust reactions of parent, F., and F. plants to race 11 and results of a chi-square test 
for goodness of fit to a 12:1:3 ratio 

Parents 
Rust infection types and observed 

and Gener-
number of plants 

progeny ation 2- 2 X- X 3- 3 3+ 4- 4 P value 

Frontana p 

1956 test 24 
1958 test 19 

Marquis p 

1956 test 25 14 

1958 test 18 

1956 test F1 
1958 test F1 2 

1956 test f· 27 3 9 11 

39 11 .30 .. 50 
Classification MR MS s 
1958 test F. 56 42 6 7 6 12 6 5 

104 13 23 .20 .. 30 
Classification MR MS s 
Combined tests F. 83 45 15 7 7 12 17 5 

143 14 34 .70 .. 80 
Classification MR MS s 

Table 5. Reactions to race 11 of Fa lines from the cross of Frontana x Marquis and results of chi
square test for goodness of fit to a 4:11:1 ratio 

Chi- Probable 
Calcu- square F. p 

Infection types Observed lated value genotypes• value 

0;, 1, 2 
1. 2-, 2 
2-,2 
0;, 1, 2, X-(2,3-) 
2, X-, X(2,3) 21 20.75 .00 AA 

o:. 2. x-. x. 3 
2. x-. x. 3 
2. x-. x. 3. 3+ 
o:. 1. 2. x-. x. 3, 4-
2. x-. x. 3, 3+. 4-, 4 A a 
X(2,3), 3, 3+. 4- 56 57.06 .02 a a B-

3. 3+. 4-.4 
3+.4- 6 5.19 .13 a a bb 

.15 .90 .. 95 

* Capit'!l letters represent genes for resistance regardless of gene action. Gene B acts as a 
recess1ve. 
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11 segregating or moderately suscepti
ble to 1 susceptible. 

Dashes found in table 5 and later ta
bles under probable F2 genotypes indi
cate the F2 parents could have either 
allele at this locus. Fs lines obtained 
from them would still be in the same 
classes. 

Race 38-Both parents and the F, 
were moderately resistant to race 38. 
The F2 population segregated individu
al plant reactions varying from re
sistant to susceptible (see table 6). 
There were 42 moderately resistant, 6 
moderately susceptible, and 3 suscepti
ble plants. 

There were 26 Fs lines with resistant 
and moderately resistant plant reac
tions to race 38. Thirty lines were seg-

regating for resistant or moderately re
sistant to moderately susceptible plant 
reactions and 27 were segregating for 
resistant, moderately resistant, or mod
erately susceptible to susceptible reac
tions. No susceptible F, lines were ob
served (see table 7). 

Observed numbers of F, lines and F2 
plants in different classes were ex
plained on the basis of three genes. It 
was postulated that one gene acts as a 
simple dominant. The other two are ad
ditive in action. Any two of the four 
alleles for resistance govern a type 
X(2,3), 3-, or 3, and any one of them 
a type 3 or 3+ infection. Occasionally 
type 0; and 1 infections occur on plants 
having all genes for resistance from 
both parents. 

Table 6. Rust reactions of parent, F" cmd F2 plants to race 38 and results of a chi-square !est 
for goodness of lit to a 49:10:5 ratio 

Parents and Gener-
progeny a!ion 0; 

Fron!ana p 

Marquis p 

F, 
F, 4 8 

Classification 

Rust infection types and observed 
number of plants 

2 X- X 3- 3 3+ 

14 4 1 
44 

2 
27 3 2 3 2 

42 6 3 
MR MS s 

4 
p 

value 

.50 .. 70 

Table 7. Reactions to race 38 of F3 lines from !he cross of Fronlana x Marquis and results of a 
chi-square tesl for goodness ol fit to a 19:18:27 ratio 

Chi- Probable 
Ca!cu- square F2 p 

Infection types Observed lated value genotypes value 

0; l, 2 
0;, l, 2, X-(2,3-) cc 
1.2 26 24.641 .075 AA BB 

2, X(2,3) 
2, 3 AA -b -c 
1,2,3-,3 30 23.344 1.898 -a BB -c 

l. 2, X(2,3), 3, 3+, 4- A a -b -c 
2, X. 3+. 4- -a Bb -c 
X, 3, 3+, 4-,4 27 34.016 1.835 a a bb -c 

3.808 .10- .20 
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The observed segregation of Fa lines 
to race 38 gave a satisfactory fit to the 
expected ratio with three genes of 19 
moderately resistant to 18 segregating 
moderately resistant to moderately sus
ceptible to 26 segregating moderately 
resistant or moderately susceptible to 
susceptible to 1 susceptible. The last 
two classes were combined for the chi
square test. 

Marquis had one gene for moderate 
resistance which was labeled C. 

Association of Rust Reactio.ns :to 
Races 15B, 11, and 38-The association 
of seedling reactions of Fa lines to races 
11, 15B, and 38 is shown in table 8. P 
values of less than .001 were obtained 
from chi-square tests for independence 

of rust reactions of Fa lines to three 
races indicating association. 

Fifteen of 16 lines moderately re
sistant to 15B were moderately resist
ant to race 11; 45 of 51 lines segregat
ing for rust reaction to 15B were segre
gating for reaction to race 11; and 6 of 
14 lines susceptible to 15B were sus
ceptible to race 11. The line segregating 
for reaction to race 11 and moderately 
resistant to 15B was moderately resist
ant to race 11 in the first test. 

Six lines, moderately resistant to race 
11 and segregating to race 15B, were 
classified as segregating because one or 
two plants of each line had 3+ reac
tions in the second test. The presence of 
only one or two plants with type 3+, 
a more resistant reaction than that 

Table 8. Interrelationship of seedlinq reactions of Fa lines from Frontana x Marquis to races 
15B, ll, and 38 

Classification of 
Fa lines to race 15B 

MR 
Seg. MR to S 
s 

Classification of 
Fa lines to race ISB 

MR 
Seg. MR to S 
s 

Classification of 
Fa lines to race ll 

MR 
MS and Seg. MR to MS. 
MR to S, MS to S 
s 

Classification of Fa lines to race 11 

MS and Seg. 
MR toMS, 
MR to S, 

MR MStoS s 
I5 I 

6 45 
8 6 

P with 4 d.f. is less than .001 

Classification of Fa lines to race 38 

MR 

5 
I6 
4 

P with 4 d.f. is less than .001 

Sand 
MS and Seg. Seg. MR to S, 

MRtoMS MStoS 

II 
12 

6 
23 
4 

Classification of F • lines to race 38 

MR 

7 

17 
2 

P with 4 d.f. is less than .OOI 

Sand 
MS and Seg. Seg. MR to S, 

MRtoMS MStoS 

13 I* 

16 23 
I 3 

• One plant out of 26 had a type 3+ reaction. 
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shown by the majority of Marquis 
plants, indicates that these lines may 
have been misclassified. They actually 
may have carried the gene governing 
moderate resistance to 15B. Data would 
then corroborate that the gene govern
ing moderate resistance to 15B is iden
tical or closely linked with one of two 
genes governing moderate resistance 
to race 11. The second gene, which was 
proposed to govern reaction to race 11, 
apparently has no direct effect on re
action to 15B. This was shown by pres
ence of lines segregating for reaction 
to race 11 and susceptible to race 15B. 

No Fa lines were susceptible to race 
38 and moderately resistant to 15B. 
This shows that the gene governing 
moderate resistance to 15B is the same 
as, or closely linked to, one governing 
reaction to race 38. Lines considered 
moderately resistant to 15B segregated 
for reaction to race 38 in a ratio of ap
proximately 1 moderately resistant 
to 2 moderately susceptible. This indi
cates the presence of one or more addi
tional genes for resistance. This also 
explains F3 lines observed to be sus
ceptible to 15B and moderately resist
ant, moderately susceptible, or segre
gating to race 38. 

Twenty of 21 lines moderately re
sistant to race 11 were moderately re
sistant or moderately susceptible to 
race 38. This shows that one or more 
of the genes governing moderate re
sistance to race 11 also govern a mod
erately susceptible reaction to race 38. 
A number of lines susceptible to race 
11 appeared in each of the three classes 
established for reactions to race 38. 
This indicates the presence of an ad
ditional gene or genes that govern re
action to race 38 but have no effect on 
reaction to race 15B. 

Data obtained from association 
studies were used to formulate the fol
lowing hypothesis regarding relation
ship of genes governing rust reaction 
to races 15B, 11, and 38: Frontana car
ries two genes that influence rust re
action. These genes are labeled A and 
B for this study. Gene A governs reac-
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tions to races 15B, 11, and 38. Gene B 
governs reactions to races 11 and 38. 
Gene action of A is additive or par
tially dominant for moderate resistance 
to races 15B and 11. 

Alleles for resistance at both A and 
B act in a partially dominant manner 
in governing plant reactions to race 
38. Any one of them governs a 3 or 3+ 
infection type. Any two or more, re
gardless of locus they occupy, govern 
X(2,3), 3-, or 3 type. Gene B acts as a 
recessive in governing moderate sus
ceptibility to race 11. 

Marquis carries gene C which does 
not affect reaction to races 15B or 11. It 
acts as a partially dominant or domin
ant gene in governing a type 2 or 
X- (2,3-) infection to race 38. 

Kenya 58 x Marquis 
Race 15B-Plants of Kenya 58 were 

very resistant and those of Marquis 
were susceptible to race 15B (see ta
ble 9). F, plants had a type X(0;,3) in
fection. If more were tested, they might 
have shown some variability. The ob
served 41 resistant, 93 moderately re
sistant or moderately susceptible, and 
28 susceptible F2 plants gave a satisfac
tory fit to a ratio of 4 resistant to 9 in
termediate to 3 susceptible. This sug
gests the resistant reaction was gov
erned by a recessive gene and inter
mediate reaction by a partially domi
nant or dominant gene. 

F2 lines were classified as follows: 5 
very resistant, 15 resistant, 16 segre
gating resistant to moderately resistant, 
35 segregating resistant to susceptible, 
12 segregating moderately resistant to 
susceptible, and 2 susceptible (see ta
ble 10). From the segregation of Fs lines 
observed, it appears that two genes 
from Kenya 58 govern reaction to race 
15B. These genes are identified as genes 
D and E. 

It was postulated that: Gene E acts 
as a recessive. Plants with only this 
gene vary in type from 0; to X-(0; or 
1 and 3cn) with the majority very re
sistant. Gene D is additive or partially 



dominant in action. Heterozygotes of D 
show a type X(2 and 3 or 3+ ), 3, or oc
casionally 3+ and homozygotes a type 
1, X-(1,3cn), X(O; or 1 and 3), 3-, or 

occasionally 3 infection. Alleles for re
sistance at D appeared to influence ac
tion of those at E. It was proposed that 
plants homozygous for resistance at E 

Table 9. Rust reactions of parent, F1. and F, plants to race 15B and results of a chi-square 
test for qoodness of fit to a 4:9:3 ratio 

Parents 
and 
progeny 

Kenya 58 
Marquis 

1956 test 

Classification 

1958 test 

Classification 

Combined data 

Classification 

Rust infection types and observed 
number of plants 

Gener----------------------
ation 0; 1 2 X- X 3- 3 3+ 4- 4 P value 

p 55 2 
p 

F1 
F. 8 2 

11 
R 

F. 21 2 

30 
R 

F. 29 4 

41 
R 

11 

7 70 

7 81 

12 
MR-MS 

81 
MR-MS 

93 
MR-MS 

11 

11 

14 24 

3 

10 

13 

7 
s 
4 

21 
s 
4 

28 
s 

20 

4 

.10-.20 

7 

.30-.50 

11 

.80-.90 

Table 10. Reactions to race 15B of Fa lines from the cross of Kenya 58 x Marquis and results of a 
chi-square test for qoodness of fit to a 1:3:3:6:2:1 ratio 

Chi- Probable 
Infection square F. 
types Observed Calculated value genotypes* P value 

0; 5 5.313 .02 DD EE 

0;, 1, X-(1,3cn) 15 15.937 .05 -d EE 

0;, 1, X-, X(0;,1,3) 
0;, 1, X-, X. 3 
X(0;,3), 3-, 3 16 15.937 .000 DD -e 

o;. 1, x-. x. 3, 3+. 4-
I. 2. 3, 3+. 4-
0;, 1, 3, 3+. 4-, 4 35 31.875 .31 -d Ee 

X(l,2 to 3), 3, 3+ 
X, 3, 3+, 4 12 10.625 .18 Dd ee 

3. 3+ 
3, 3+. 4- 2 5.313 2.06 dd ee 

2.62 .70-.80 

* Gene E acts as a recessive in governing resistance to race 15B. 
good fit to expected numbers based on this hypothesis. 

Observed numbers show a 
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exhibit a type 0; or rarely a type 1 in
fection in presence of one or both al
leles for resistance at D. 

Race 11-A limited number of F, 
plants and the absence of F, plants 
in the 1956 tests necessitated an ad
ditional test in 1958. Plants of Kenya 
58 were very resistant (0;). Marquis, 
classified as susceptible in all tests, ap
peared slightly less susceptible in 1958 
(see table 11). This was probably the 
result of inoculation with oil instead of 
talc. Due to the change in infection 
types found on Marquis from 4- and 
4 in 1956 to 3+, 4-, and 4 in 1958, the 
susceptible class of F. plants was 
changed to include plants with type 
3+. Fa plants with infection types 0;, 
1, and X-(1,3cn) were considered re
sistant. They were thought to have re
actions that would be found on F, 
plants if a sufficient number were 
tested. 

There were 44 F, plants resistant, 11 
intermediate with reactions varying 
from moderately resistant to moderate
ly susceptible, and 4 susceptible to race 
11 in the 1956 trial. In 1958 the num
bers of Fa plants in corresponding 
classes were 77, 17, and 10, respective-

ly. Segregation in both tests gave a sat
isfactory fit to the two gene ratio of 
12:3:1. 

Fa lines were classified for reaction to 
race 11 as follows: 7 very resistant, 17 
very resistant to resistant, 19 segregat
ing resistant or moderately resistant to 
moderately susceptible, 29 segregating 
resistant to susceptible, 9 segregating 
moderately resistant to susceptible, and 
4 susceptible (see table 12). Recovery of 
only seven resistant and four suscepti
ble lines suggests that at least two 
genes are responsible for high resist
ance. 

Segregations in F. and F. generations 
were explained by assuming that two 
genes govern rust reaction to race 11. 
One appears dominant and governs 
high resistance. The second acts as an 
additive or partially dominant gene. It 
governs infections that vary in type 
from X-(1,3cn) to 3+, depending upon 
number of alleles for resistance present 
and upon modifying genes at other loci. 
Segregation of F. lines gave a good fit 
to the ratio of 1 very resistant to 3 very 
resistant to resistant to 3 intermediate 
(MR to MS) or segregating resistant to 
intermediate to 6 segregating resistant 

Table 11. Rust reactions of parent, F,, and F. plants to race 11 and results of a chi-square test for 
qoodness of fit to a I2:3: I ratio 

Parents 
Rust infection types and observed 

and Gener-
number of plants 

progeny alien 0; x- X 3- 3 3+ 4- 4 P value 

Kenya 58 p 54 

Marquis 
I956 test p 22 IS 
I958 test p 8 6 I 

I958 test F, 

I956 test F. 25 I7 2 7 2 2 2 2 

44 II 4 .90 .. 95 
Classification R MR-MS s 
1958 test F. 53 2I 3 9 3 5 9 

77 17 10 .30 .. so 
Classification R MR-MS s 
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Table 12, Rea:ciions to race 11 of Fs lL>:~es from !he cross of Kenya 58 x Marquis and results ol a 
chi-square lesl for goodness o! IU to a 1:3:3:6:2:1 ratio 

Chi- Probable 
Infection square F2 
types Observed Calculated value genotypes P value 

0: 7 5.313 

0;, 1 
0;, 1, X-(l,3cn), X(2,3) 17 15.938 

o:. L x-. x, 3, 3+ 
l, X-, X, 3, 3+ 
X-(l,3cn), 2, X, 3, 3+ 19 15.938 

o;. 1, x-. x, 3, 3-h 4-, 4 29 31.875 

x-. x. 3, 3+, 4-, 4 9 10.625 

3, 3+. 4-
3+,4-,4 4 5.313 

to susceptible to 2 segregating inter
mediate to susceptible to 1 suscepti
ble. 

Race 38-In tests to race 38, plants 
of Kenya 58 and the F1 appeared resist
ant (see table 13). Those of Marquis 
were moderately resistant. The 46 re
sistant, 12 moderately and 4 
susceptible F" plants gave a good fit to 
a two gene ratio of 12:3:1. 

Test results of F" lines to race 38 are 
given in table 14. There were 21 lines 
with resistant reactions, 10 segregating 
with plants varying from resistant to 

.536 DD EE 

o071 -d EE 

.589 DD -e 

.026 -d Ee 

.248 Dd ee 

.324 dd ee 

1.794 .80 .. 90 

moderately resistant, 2 with a moder
ately resistant reaction, 51 segregating 
with plant reactions varying from re~ 
sistant or moderately resistant to mod~ 
erately susceptible or susceptible, and 
1 with a susceptible reaction. Three 
lines with rust infection types varying 
from 0; to X(2,3) were considered seg
regating resistant to susceptible be
cause type X was a more susceptible 
reaction than any found on lVIarquis. 
They may, however, belong in the class 
of lines segregating for resistant to 
moderately susceptible plants. 

Table 13. Ru.sl reaclions of parenl, !'\, and F, planls fo, race 3!l and resulis of a. chi-square lesl 
~or goodness o! fillo 12:3:1 ratio 

Parents 
and 
progeny 

Rust ,infection types and observed 

Kenya 58 

Marquis 

Classification 

Gener· 
aHon 

p 

p 

1:\ 

F2 

0; 

34, 4 

3 2 

36 10 

46 
H 

''' X- equals 2,3- infections; X equals 2,3 infections. 
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number of plants* 

2 X- X 3 4-

38 

7 2 3 2 2 

12 4 
MR s 

P vcdue 

.95-.99 



Table 14. Reactions lo race 38 of F2 lines from !he cross of Kenya 58 x Marquis and results of a 
chi-square test for goodness of fit to a 4:2:1:13:1 rcdio 

Infection 
types Observed Calculated 

0; 
0;, 1 21 21.25 

0;, 2 
0;, 1, X-(2,3-) 10 10.625 

2 2 5.313 

0;, I, 2, X(2,3) 
0;, I. 2, 3-, 3 
0;, l, 2, X-, X, 3, 3+ 
0;, l. 2, X, 3, 3+, 4-, 4 
2, X(2,3), 3 
I. X-, X, 3, 3+ 51 42.5 

3, 3+, 4-,4 5.313 

Results may be explained by assum
ing two genes are responsible for rust 
reaction-one dominant for resistance 
and the other partially dominant or 
dominant for moderate resistance. Fail
ure to obtain the expected number of 
completely susceptible lines or plants 
with infection types 3+, 4-, or 4 in 
segregating lines suggests presence of 
an additional gene. This may be linked 
with one of the two known genes and 
may govern an intermediate reaction. 
Observed numbers of F2 plants and Fa 
lines in various classes gave a satisfac
tory fit to those expected with the pro
posed two gene hypothesis. 

Assoda:l:ion of Rus:l: Reactions :l:o 
Races 15B, IL and 38-The association 
of seedling reactions of F, lines to races 
11, 15B, and 38 is shown in table 15. 
P values from chi-square tests for inde
pendence were in all cases less than 
.01. This indicates that reactions of F, 
lines to the three races are associated. 
In comparing seedling reactions, 18 of 
the 20 lines resistant to race 15B 
were resistant to race 11. Apparent as
sociation also existed in intermediate 
classes. But, because of variation in re-

17 

Chi- Probable 
square F2 
value genotypes P value 

.003 EE 

.037 cc Ee 

2.066 cc ee 

-c Ee 
1.700 Cc -e 

3.501 cc ee 

7.307 .10- .20 

action found on plants carrying genes 
governing semiresistance, it was not 
complete. Two lines susceptible to race 
15B were also susceptible to race 11. 

Of the 20 lines resistant to race 15B, 
18 were also resistant to race 38. Two 
were classified as segregating. One of 
them had 34 resistant plants and 1 
moderately resistant plant. The other 
had 33 resistant plants and 1 moderate
ly susceptible plant. The two plants 
with unexpected reactions might have 
been resistant under different environ
mental conditions or could have re
sulted from outcrossing. Apparently 
the gene governing resistance to race 
15B is the same one or closely linked 
with the gene governing resistance to 
race 38. 

Ten of 12 lines with plants classified 
as moderately resistant or segregating 
resistant to moderately resistant to race 
38 had plants segregating from very re
sistant to susceptible to race 15B. One 
of the two remaining lines was suscep
tible to race 15B. This association may 
be explained by assuming loci. of gene 
C from Marquis and gene D from 
Kenya 58 are closely linked in repul
sion. These genes govern moderate re-



sistance to race 38 and moderate sus
ceptibility to race 15B, respectively. 

With this assumption, the two lines 
susceptible to race 15B would be ex
pected to be moderately resistant to 
race 38. One of the two lines had 30 

plants with type 2 and 2 plants with 
type 0; infections. The other had 33 
plants with type 2 and 1 plant with 
type 3 infections. Plants having the type 
0; were probably misclassified escapes. 
Plants normally having a type 2 may 

Table 15. Inlerrelalionship ol seedling reaclions o! Fa lines !rom Kenya 58 x M.:mquis io races 
15E, l L and 38 

Classification o! 
Fa lines to race 15B 

VR 

R 

MS and Seg. 
VR !oMS 

Seg. VR to S 

Seg. MS to S 

s 

Classification o! 
F3 lines to race 1513 

VR 

R 

JliiS and Seg, VR toMS 

Seg. VR to S, R !o S 

Sag. MS to S 

s 

ClassHicaHon of 
F, lines to race ll 

VR 

R 

MS and Seg. VR to MS 

Seg. R !o S 

Seg, MS to S 

s 

VR 

3 

4 

Classification of F 3 lines to race 11 

MS and Seg. Seg. Seg. 
R VR toMS H to S MS to S s 

2 

9 2 

4 HI 2 

2' 6 26 

8 2 

2 
P with 25 d.f. is Jess than .01 

Classi!ication of Fa lines to race 38 

Seg. S and Seg. R to MS, 
R RtoMR MH R to S, JlliR to S 

4 11' 

14 

2 14 

8 2 24 

12 

lt 

P with 15 d.!. is less than .01 

Classification of F, lines to race 38 

R MR 

7 

13 3 

Hl 

9 20 

9 

2 2 

P with 15 d.f. is less than .01 

* One plant out of 36 was :recorded as 3+. 
t One plant out of 33 had a type 3. 
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have a type 3 if they are shaded. This 
could explain the one plant with a 
type 3. Both lines probably had the C 
gene for moderate resistance to race 38. 
The relationship of seedling reaction to 
races 11 and 38 was apparent and simi
lar to that found with races 15B and 11. 

Results from tests of parents and 
progeny to individual races and from 
association studies can be explained by 
assuming that gene E from Kenya 58 
governs high resistance to races 15B, 11, 
and 38. Gene D from Kenya 58 governs 
intermediate reactions to races 15B and 
11. It is closely linked in repulsion with 
gene C from Marquis, the gene that 
governs moderate resistance to race 38. 

Frontana x Kenya 58 

Race 15B-Frontana and Kenya 58 
had reactions similar to those found in 
tests already discussed. The two F, 
plants were resistant to race 15B (see 
table 16). 

Seventy-six of the 111 F2 plants had 
resistant reactions. Plants with inter
mediate and susceptible reactions were 
classified in two different ways: In the 
first classification, 30 plants were called 
intermediate because they were more 
susceptible than Kenya 58 and the F, 
but not completely susceptible, and 5 
were susceptible. In the second there 

were 76 resistant, 26 intermediate, and 
9 susceptible plants. 

Segregations obtained when progeny 
from Frontana and Kenya 58 crossed 
with Marquis were tested with race 
15B int;Ucated their resistance was gov
erned by one and two genes, respec
tively. The observed segregation of F2 
can be explained with a three gene 
hypothesis. 

Eight Fs lines were very resistant to 
race 15B. Plants had infection types of 
0;, 0; and 1 or 0;, and X-(1,3cn). Nine 
lines had plants with reactions vary
ing from very resistant to resistant, 4 
segregated from very resistant to mod
erately resistant reactions, 21 for very 
resistant or resistant to moderately sus
ceptible reactions, and 39 for very re
sistant or resistant to susceptible reac
tions. There were no susceptible lines. 
Observed numbers fit those expected 
with three genes (see table 17). 

Reaction to race 15B was probably 
governed by gene A from Frontana 
and genes D and E from Kenya 58 act
ing in the following manner: In ab
sence of gene A, gene action of D and 
E is identical with that previously 
postulated. The same is true for gene 
A in absence of D and E. Genes A and 
D act as dominant complem€ntary 
genes. When both are present, plants 
show infection types 1, X-(1,3cn), and 

Table 16. Rust reactions of parent. F1, and F2 plants to race l5B and results of a chi-square 
tesl for goodness of fit lo a 43:18:3 ralio 

Parents 
and 
progeny 

Front ana 
Kenya 58 

Classification 1 

Classification 2 

Gener-
ation 

p 
p 

F, 
F2 

0; 

32 9 
2 

28 35 

76 
R 

76 

R 

Rust infection types and observed 
number of plants 

p 
X- 2 X 3- 3 3+ 4- 4 value 

10 7 

13 3 10 4 9 4 3 2 

30 5 .95 .. 98 
MR-MS s 

26 9 .10 .. 20 

MR-MS s 
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occasionally 2 and 3-c. Plants homozy
gous for gene E may show types 
0;, 1, and occasionally X(O;, 
1 or 2 and 3). 

In progeny from cross of Kenya 58 
x Marquis, gene E appeared to govern 
only the first three reactions. 

Infection types included in the class 
that had plant reactions governed by 
AA DD -e differed from F2 to F3. It 
was postulated that the genotype gov
erned types 1 and X-(1,3cn) in F, 
plants and 0;, 1, X-(1,3cn), 2, and 3-c 
in Fs lines. Change in types included in 
this class was made because each of the 

F" lines had only one or two plants 
with infection types 2 and 3-c indicat
ing a small probability of occurrence. 
Therefore, it appeared that the least 
misclassification would result by ex
cluding from the class the three F2 
plants with type 2 infections and in
cluding F, lines that had plants with 2 
and 3-c types. 

Race H-Reactions obtained on par
ents and F, plants are given in table 18. 
No F1 plants were available for testing. 
The 183 resistant, 48 moderately re
sistant, and 12 susceptible F, plants ob
tained gave a good fit to a four gene 

Table 1 'I'. Recrc!ions io ro:ce 1513 of F3 lines fror,; the cross ol Fronlana x Kenya 58 and resu!!s ol a 
chi.-square tesl !or goodness of lit lo -tL 7:9:3:18:27 ntlio 

Chi- Probable 
square f2 

Infection lypes Observed Calculated vo:lue genotypes* P value 

I[); DD EE 
0;, l, X-(l,3cn) 8 8.859 .083 AA EE 

0; to Z, X or 3cn 
1, X(l,3) 9 11.391 0502 -a -d EE 

0;, L 2, 3·-c 4 3.797 . Oll J",A . DD -e 

0;, L 2, 3-
0;, L 2, 3--, 3 
X-, X" 3-~ 3 AA -d -e 
3-c, 3 21 22.781 .138 -a DD -e 

0;, L 2, X-, X, 3, 4 
1, 2. x-, x, 3, 3+. 
X, 3, 4 39 34.172 .682 -·a -d -e 

1.417 .80-.90 

* Gene E acts as a recessive in governing resistance to race 15Bo 

Table 121~ :Rust r.ecn::~iio:n.s of l)a:ren! c~x!d 1f'2 
goodness 

"to l'ace ll a:ncl. re~nd~s o£ cr ch].usquo:re ~est :lor 
loa 186:58:12 milo 

Rust infectim.1 ~ypes .a.nd observed 
Parents number of p1anls'' 
and Gener-
progeny ation 0; 2- 2 V-

" X ~l 3-l- 4- P value 

Frontcm.a p l 7 38 
Kenya 58 p 65 4 

F, 157 26 24 16 3 5 3 4 5 
-----

133 48 12 .70 .. 80 
Clo:ssilication R MR s 
* X- equals 1,3cn infections; 2i: equals 1,3 or 2,3 infections. 
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ratio of 186 resistant to 58 moderately 
resistant to 12 susceptible. 

Test results of F, lines to race 11 
were: 11 very resistant lines, 25 mod
erately resistant or segregating with 
very resistant or resistant to moderate
ly resistant plants, 9 segregating with 
resistant to moderately susceptible 
plants, 35 segregating with resistant or 
moderately resistant to susceptible 
plants, and 1 with susceptible plants 
(see table 19). 

Observed numbers in both F2 and Fs 
iit a three gene hypothesis. But data 
from crosses of Kenya 58 x Marquis 
and Frontana x Marquis indicated that 
each variety has two genes affecting re
action to this race. They apparently 
have no common gene for resistance as 
susceptible plants were in the progeny. 
Therefore, a four gene hypothesis was 
considered. Lines with reactions prob
ably governed by the D gene were com
bined with lines that were segregating 
resistant or moderately resistant to 
susceptible or that were susceptible. 
They were combined because it ap-

peared impossible to classify them ac
curately with their proposed separation 
based on difference between a type 3+ 
and 4- infection. 

In explaining results, gene action 
proposed is identical with that found 
in other crosses with the following ex
ceptions: When gene E is in the heter
ozygous condition, expected infection 
types of 1, X -(1,3cn), or X(O;,l to 3) 
are changed to 0; or 1 by addition of 
the A, B, or D gene for resistance. The 
B gene previously found responsible 
for infection types X(2,3), 3c, 3, and an 
occasional 3+ governs types 2, X(2,3), 
3-, and an occasional 3. 

Race 38-Frontana parent plants 
used in this cross were slightly more 
susceptible than those used in other 
crosses. The three F, plants had a type 
0; or 1 infection. There were 91 resist
ant, 23 intermediate (moderately sus
ceptible), and 3 susceptible F2 plants 
(see table 20). 

Ten F3 lines were very resistant to 
race 38. Twenty were segregating for 

Table 19. Reactions lo race ll of Fs lines from the cross of Fron!ana x Kenya 58 and resulis of a 
chi-square lest lor goodness of fit to a 3'7:75:36:108 ratio 

Chi- Probable 
Infection square Fo 
types Observed Calculated value genotypes* P value 

AA EE 
0; BB EE 
0;, l 11 11.707 .043 DD EE 

0;, I, 2 
2-
0;, l, X-(2,3-) 
0;, I, X-, X(L2 to 3) a a -b -d EE 
X-(1,3cn), X(2,3) 25 23.730 .071 AA -e 

0;, l, 2, X-, X, 3 
2, X-, X, 3 9 11.391 .502 -a BB -e 

0;, l, 2, X, 3, 3+ 
l, X-, X, 3, 3+ 
2, X(2,3), 3+ 
0;, I, X, 3, 3+. 4-, 4 
I, 2, X-, X, 3, 3+, 4- -a -b DD -e 
3, 3+, 4- 36't 34.172 .098 --a --b -e 

.714 .80- .90 

• Gene B acts as a recessive in governing resistance to race 11. 
t The susceptible line observed was combined with the 35 segregating lines. 
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Table 20. Ru.sl reactions of parent, F1. and Fa plants lo race 38 and results of a chi-square lest 
for goodness oi lil to a 189:59:8 rallo 

Parents 
Rust infection types and observed 

and Gener-
number of plants'' 

progeny a lion 0; 2 X- X 3 3+ 4- 4 P value 

Front ana p 18 9 4 7 
Kenya 58 p 44 6 

F1 l 2 
Fa 49 42 2 21 

Sl 23 3 .50-.70 
Classification R MS s 
• X- equals 2,3- infections; X equals 2,3 infections. 

, very resistant to moderately resistant, 
12 for very resistant to moderately sus
ceptible, 16 for very resistant to sus
ceptible, and 8 for moderately resistant 
or moderately susceptible to susceptible 

reactions. Nine lines were moderately 
resistant, 6 were moderately suscepti
ble or segregating for a moderately re
sistant to moderately susceptible reac-
tion, and 1 was (table 21). 

Table 2L ReacUons lo ~ace 3!3 ol Fa lines !rom !he cross ol Fron·lana x Kenya 58 and resulls oi a 
chi-square Iss! ior goodness o! fil !o a 37:82:18:52:29:9:28:1 ralio 

Chi- Probable 
Infection Calcu- square F. p 
types Observed lated value genotypes value 

AA EE 
BB EE 

0; lO 11.852 .289 DD EE 

A a -b -d EE 
-a Bb -d EE 
-a -b Dd EE 

0;, L 2, X-, X, 3- AA Ee 
0;, I, 2, X-, X, 3--, 3 20 26.266 L495 BB Ee 

0;, L 2, X(2,3), 3+ 12 5.766 6.741 -a -b DD Ee 

A a -b -d Ee 
0;, L 2, X-, X, 3, 3+, 4- -a Bb -d Ee 
0;, L 3+, 4- 16 16,656 ,026 -a -b Dd Ee 

2,X,3-,3 AA. ee 
X(2,3), 3-, 3 BB ee 
3 9 9.289 .009 a a bb dd EE 

X(2,3), 3+ 
3, 3+ 6 2.883 3.371 -a -b DD ee 

A a -b -d ee 
X, 3, 3+. 4- -a Bb -d ee 
X, 3, 3+, 4-, 4 a a bb dd Ee 
3, 3-h 4- 8 8.969 .105 -a -b Dd ee 

3+, 4 ,320 1.442 a a bb dd ee 

13.478 .05 .. 10 
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Observed numbers of lines or plants 
in each class in F. and Fa could have 
resulted from segregation of three 
genes. However, a more satisfactory 
explanation was obtained with a four 
gene hypothesis-A and B from Fron
tana and D and E from Kenya 58. Ac
tion of gene E may differ from that pro
posed in the Kenya 58 x Marquis cross. 
There, genes D and C appeared to be 
closely linked in repulsion and one of 
them was always present with gene E. 
If gene E and either D or C were com
plementary for a high type of resist
ance, E would appear to govern it. 

Gene action proposed to explain seg
regation for resistance to race 38 in 
progeny from the present cross is: One 
allele for resistance at E along with 
one at A, B, or D governs a type 0; or 
1 infection. In the absence of genes for 
resistance at A, B, or D, gene E gov
erns a type 2 to 3. When gene E is not 
present, the four alleles for resistance 
at A and B govern a 2, X-(2,3-), 3-, 
or 3 type; any two or three of them a 
3- or 3 type; and any one of them a 3+ 
type infection. When only one allele 
for resistance is present at A or B, the 
allele for resistance at D complements 
it. F. plants with genotypes of Aa bb 
D- ee or aa Bb D- ee exhibit type 3 
infections. When D is the only gene 
present, it governs a type 3 or 3+ in
fection when homozygous and a 3+ or 
4- when heterozygous. 

Proposed genotypes of F. parental 
plants for each class of Fa lines and re
sults from the chi-square test are given 
in table 21. The rather poor fit of ex
pected and observed numbers of F. lines 
resulted from more lines than expected 
in classes where rust reaction was 
thought governed by the D gene. 

Association of Rust Reactions to 
Races ISB, 11, and 38-There is an al
most complete association of F. lines 
very resistant to races 11, 15B, and 38 
(see table 22). This indicates that re
sistance is governed by the same genes 
or closely linked genes. Genes govern
ing reaction of lines moderately resist-

ant or segregating very resistant to re
sistant or moderately resistant to race 
15B apparently govern similar reac
tions to races 11 and 38. This is sug
gested because classes moderately re
sistant or segregating very resistant to 
moderately resistant to race 11 and very 
resistant to moderately resistant to race 
38 have more than twice as many lines 
with the above reaction (Seg. VR or R 
to MS) to race 15B than with any other 
reaction. 

Although some lines in intermediate 
classes have unexpected reactions to 
one race on basis of their reactions to 
others, most are only slightly more re
sistant or susceptible than expected. 
This could easily result from variation 
in environment during the testing per
iod. Line 34, an exceptional line noted 
in table 22 by a dagger (t), was resist
ant to race 15B. It segregated for mod
erately resistant or moderately suscepti
ble to susceptible reactions to races 11 
and 38. Presence of the D gene could 
explain these results if it were not fqr 
the 0; infection types with race 15B. 
When results from individual tests to 
race 15B were checked, plants in line 
34 had reactions expected in the first 
test. All 0; types were found in the sec
ond test. Thus, there may have been a 
mistake in planting. Other exceptional 
lines had only one atypical plant, prob
ably due to misclassification or natural 
crossing. 

Results obtained in tests of parents 
and progeny to individual rust races 
and in association studies were ex
plained by action of A and B genes 
from Frontana and D and E genes from 
Kenya 58. 
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Kenya 58 x Mayo 54 
Both parents were very resistant in 

the seedling stage to isolates of races 
15B, 11, and 38. Plants of Mayo 54 had 
a type 0; infection to all races. Kenya 
58 plants exhibited a type 0; infection 
to race 15B, but one type 1 plant was 
found in each test to the other two 
races. Occasional F. plants with a type 



Table 22. Interrelationship of seedling reactions of Fa lines from Frontana x Kenya 58 to races 15B, 11. and 38 

Classification of 
Fa lines to race 15B 

VR 
Seg. VR toR 
Seg. VR to MR 
Seg. VR to MS. R to MS 
S and Seg. VR to S, R to S 

Classification of 
Folines to race 15B 

~ VR 
Seg. VR toR 
Seg. VR to MR 
Seg. VR to MS. R to MS 
S and Seg. VR to S, R to S 

Classification of 
F 3 lines to race 11 

VR 
MR and Seg. VR to MR 
Seg. VR to MS. R to MS 
Seg. VR to S, MR to S 
s 

VR 

6 
3 

1* 

VR 

9 
1 

VR 

6 
4 

1* 

Classification of Fa lines to race 11 

MR and Seg. 
VR to MR 

2 
4 
4 

11 
4 

Seg. VR to MS. 
RtoMS 

5 
4 

P with 16 d.f. is less than .01 

Seg. VR to S, 
MRtoS 

1t 

4 
30 

Classification of F 3 lines to race 38 

Seg. Seg. MS and Seg. Seg. Seg. MR to S, 
VRtoMR MR VR toMS MR toMS VRtoS MSto S 

2 
3 1 1 It 
3 1 
8 5 3 2 2 
4 2 8 4 13 7 

P with 28 d.f. is less than .01 

Classification of F 3 lines to race 38 
-

Seg. Seg. MS and Seg. Seg. Seg. MR to S, 
VRtoMR MR VR toMS MR toMS VRtoS MSto S 

1 
16 5 3 
2 1 4 2 
2 2 4 4 15 8 

P with 28 d.f. is less than .01 

• Possibly misclassified for reaction to race 15B as 33 plants were resistant and only one was moderately susceptible. 
t Line 34 was probably misclassified for reaction to 15B. Reaction to other races is the type expected when the D gene is present. 

s 

s 

s 



1 infection were found in tests to each 
race. All others had a type 0;. Appar
ently, high resistance of the two par
ents to the three races is governed by 
one or more of the same genes. 

Mayo 54 x Marquis 

Race l5B-A second test was made 
of the parents, F,, and F2 plants to race 
15B in 1958 because adequate seed for 
the F, population was not available in 
1956 (see table 23). 

Mayo 54 was very resistant and 
Marquis was susceptible to 15B. F, 
plants had an intermediate type X(O; 
and 3 or 3+) infection. Combined data 
obtained on F2 plants showed 53 plants 
resistant, 118 with intermediate reac
tions, and 38 susceptible. 

Rust test results of F" lines to race 
15B are given in table 24. Lines were 
placed in eight different classes. Infec
tions which determined the more sus
ceptible limits of each class were: re
sistance, type X(O; or 1 and 3); moder
ate resistance, type 3; moderate sus
ceptibility, type 3+; and susceptibility, 
type 4. Although some infection types 

are not generally accepted as limits, it 
is less confusing to use accepted ter
minology and state class limits than 
to number the classes one to eight. 

F, lines were classified for rust re
actions as: 19 very resistant or segre
gating very resistant to resistant; 11 re
sistant or segregating very resistant to 
moderately resistant; 1 moderately re
sistant, or segregating resistant to mod
erately resistant; 9 segregating very re
sistant to moderately susceptible; 5 seg
regating resistant to moderately sus
ceptible; 25 segregating very resistant 
to susceptible; 11 segregating resistant 
or moderately resistant to susceptible; 
and 2 moderately susceptible, suscepti
ble, or segregating moderately suscepti
ble to susceptible. 

The proposed explanation for segre
gation is based on the D and E genes 
previously found in Kenya 58 and an 
additional gene here labeled G. In ab
sence of G, gene D acts in a manner 
similar to that postulated to explain 
segregation in progeny from Kenya 58 
x Marquis. Gene G contributes little 
toward resistance, probably governing 
a type 3+ infection. However, it prob-

Tabl.e 23. Rust reac:lions ol parent, F1. and F2 plcmls lo race l5B and results of a chi-square 
test for goodness ol Iii !o o: 16:36:12 ralio 

Rust infection types and observed 

Parents Gener-
number of plants* 

and progeny ation 0; l- X- X 3- 3 3+ 4- 4 P value 

Mayo 54 
1956 test p 20 
1958 test p 13 2 

Marquis 
1956 test p 21 17 
1958 test p 2 5 10 

1956 test F1 I 
1958 lest F1 3 

1956 test F2 8 3 7 1 5 
1958 test F2 45 8 12 3 37 48 17 12 3 

Combined tests F2 53 11 12 10 37 48 18 17 3 

53 118 38 .95-.98 

Classification R MR s 
" X- equals 1,3cn infections; X equals o; and 3 or 3+ infections. 
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Table 24. Reac!io:ms lo race l5B ofF, lines from the cross ol Mayo 54 x Marquis and results ol a 
chi-square test lor goodness o! fillo a 18:'7:3:6:2: 18:6:4 ratio 

Infection 
types 

0; 
0;, l 
0;, l, X-(L3cn) 
O;, L x-, xco;,3) 

l, X-(l,3cn), X(0;,3) 
0;, 1, X--, X, 3-, 3c 
0;, LX-, X, 3 

X-(L3cn), X, 3 

0;, l, X-, X, 3, 3c, 3+ 

x-. x. 3+ 
X, 3+ 

0;, LX-, X, 3, 3+. 4-
0;, LX-, X, 3+, 4-, 4 

l, X-, X, 4-
X--, X, 3-, 3, 3+, 4-, 4 

3, 4-,4 
3+.4-
3+E 4 

Observed 

19 

11 

9 

5 

25 

11 

2 

Calcu
lated 

23.344 

9.078 

3.881 

7.781 

2.594 

23.344 

7.781 

5.188 

Chi
square 
value 

.808 

A07 

2.148 

.191 

2.232 

.liB 

1.331 

1.958 

8.184 

* Gene E acts as a recessive in governing resistance to race 15B. 

Probable 
F. 

genotypes" P value 

DD EE 
EE 

GG DD Ee 

GG DD ee 
Gg DD Ee 
gg DD Ee 

-g DD ee 

GG -d Ee 

GG Dd ee 

-g -d Ee 

-g Dd ee 

-·- dd ee 

.20- .30 

Table 25. Rusl reaclions ol parenl, F1, and F, plants lo race ll. and results ol a chi-square lesi 
for goodness of Iii to a 52:7 :4d ratio 

Rust infection types and observed 
Parents number of plants 
and Gener-
progeny ation 0; J- X- X 3- 3 3+ 4- 4 P value 

Mayo 54 
1956 test p 20 
1958 lest p 20 

Marquis 
1956 test p l 34 
1958 lest p 3 9 17 

1956 !est F1 2 

HJSB test F1 2 

1956 ·lest Fz 29 10 5 3 2 3 
1958 test Fz 123 19 ll 13 5 8 2 

Combined tests Fz 152 19 10 16 16 7 ll 3 

197 24 11 3 .70- .80 

Classification R MR MS s 
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ably influences the D gene reaction to 
the extent plants with genotypes of G
DD -e show infections of type 1, X
(1,3cn), or X(O;, or 1 and 3). Segrega
tion for rust reaction of both the F. 
plants and Fs lines gave a satisfactory 
fit to that expected with three genes 
(see table 24). 

Race 11-Limited numbers of F. 
plants in 1956 made another test in 
1958 necessary (see table 25). Mayo 54 
had an infection of type 0; in all tests. 
Plants of Marquis had infections of 
type 4- and 4 in 1956 and 3+, 4-, and 
4 in 1958. 

The two F, plants in the 1956 test 
had a type X-(0;,3-) infection. In 1958, 
two F, plants had a type 0; and one had 
a type 1 infection. F. plants with resist
ance equal to or better than the F, were 
considered resistant. Those with in
fections of types X(O;, 1, and 3), 3-, and 
3 were considered moderately resistant 
and those with 3+, moderately suscep
tible. Plants in the susceptible class had 
infections of types 4- and 4. When 
1956 and 1958 test data were combined, 
there were 197 F. plants resistant, 24 
moderately resistant, 11 moderately sus
ceptible, and 3 susceptible to race 11. 

Results obtained from rust tests of 
F. lines to race 11 were: 39 F. lines 

very resistant or segregating very re
sistant to resistant, 6 segregating very 
resistant to moderately resistant, 1 
moderately resistant, 35 segregating 
very resistant to susceptible, and 3 
segregating moderately resistant to 
susceptible (see table 26). 

Results can be explained by assum
ing that Mayo 54 has three genes gov
erning reaction to race 11. Genes in
volved are probably D and E, the same 
ones governing resistance to race 15B, 
and an additional gene labeled F. Gene 
D appears to govern a slightly higher 
type of resistance in this progeny than 
it did in progeny receiving the gene 
from Kenya 58. Postulated genotypes 
and different plant infection types that 
they govern are: Ee, EE, and FF gov
ern 0;, 1, X-(1,3cn), X-(0;,3-), and 
occasionally X(0;,3); Ff and Dd govern 
3 and 3+; DD governs X(0;,3), 3-, 3, 
and rarely 3+; Dd Ff governs X(O; and 
3, 3+) and dd ee ff governs 4-, 4, and 
occasionally 3+. 

The observed numbers of F. plants 
and F. lines in the different rust classes 
gave a good fit to those expected with 
the above hypothesis. 

Race 38-Mayo 54 and the F, plants 
had a very resistant reaction to race 38. 
Marquis had a moderately resistant re-

Table 26. Reactions to race 11 of Fs lines from the cross of Mayo 54 x Marquis and results of a 
chi-square test for qoodness of fit to a 28:8:1:24:3 ratio 

Chi- Probable 
Infection Calcu- square r. 
types Observed lated value genotypes P value 

0; 
0; to I or X-(1,3cn) EE 
0;, 1, X(O; or 1 and 3) 39 36.750 .287 -e FF 

0;, 1, X-, X, 3 6 10.500 1.929 DD -e F-

X-(1,3cn), X(O; or 1 and 3), 3 1 1.313 .074 DD ee ff 

0;, 1, X-, X, 3, 3+ Dd -e Ff 
o;, 1, x-, x, 3, 3+, 4- dd -e Ff 
0;, 1, 3, 3+, 4- Dd Ee ff 
0;, 1, X, 3+, 4 35 31.500 .389 dd Ee ff 

1. X-, X, 3, 3+, 4 Dd ee ff 
X, 3, 3+, 4-,4 3 3.938 .223 dd ee ff 

2.902 .50-.70 
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action. Thirty-three F. plants were re
sistant, 8 were moderately resistant, and 
7 were moderately susceptible or sus
ceptible (see table 27). 

Rust test results of Fa lines to race 
38 were: 17 very resistant, 15 segregat
ing very resistant to moderately resist
ant, 4 moderately resistant, 34 segre
gating very resistant to moderately sus
ceptible or susceptible, 12 segregating 
moderately resistant to moderately 
susceptible or susceptible, and 1 sus
ceptible (see table 28). This segregation 
as well as that found in F. suggests that 
two major factors govern rust reaction 

-one dominant for high resistance and 
one for moderate resistance. The pres
ence of only one susceptible line and 
the few plants with infection types of 
4- or 4 in the F. and F. progeny sug
gest an additional gene. This probably 
governs infections of types 3, 3+, and 
rarely 4-. 

As discussed earlier, the rust resist
ance of lines from Kenya 58 x Marquis 
was governed by genes D and E from 
Kenya 58 and C from Marquis. Genes D 
and C appeared linked in repulsion. 
Also, all lines from Mayo 54 x Kenya 58 
were very resistant to race 38, indicat-

Table 27. Rust reactions of parent. F1. and F. plants to race 38 and results of a chi-square test 
for qoodness of fit to a 12:3:1 ratio 

Parents and 
progeny 

Mayo 54 
Marquis 

Classification 

Gener-
a !ion 

p 
p 
F1 
F. 

0; 

19 

7 
27 

Rust infection types and observed 
number of plants 

2 X(2,3) 3c 3 P value 

30 

6 6 2 2 5 

33 8 7 .05-.10 

R MR MSandS 

Table 28. Reactions to race 38 of Fa lines from the cross of Mayo 54 x Marquis and results of a 
chi-square test for qoodness of fit to a 4:2:1:6:2:1 ratio 

Chi- Probable 
Infection square F. 
types Observed Calculated value genotypes P value 

0; 
0;, I 17 20.750 .678 EE 

0;. l, 2 
0;, 2, X(2,3) 15 10.375 2.062 cc Ee 

2 
2, X(2,3) 4 5.188 .272 cc ee 

0;, l, X-(2,3-), X, 3 
0;, 1, X-, X(2,3), 3, 3+ 
0;, 2, 3, 3+ Cc Ee 
0;, 1. 3, 3+. 4- 34 31.125 .266 cc Ee 

2, X(2,3), 3 
2, X, 3, 3+ 12 10.375 .254 Cc ee 

3, 3+. 4- 5.187 3.380 cc ee 

6.912 .20-.30 
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ing that they had genes in common. 
With these facts in mind, it was postu
lated that resistance of progeny from 
Mayo 54 x Marquis is governed by the 
three genes already mentioned. Gene 
action would be identical to that in pro
geny from Kenya 58 x Marquis. 

Nevertheless, observed segregations 
in F, and F, were given a chi-square 
test for goodness of fit to segregations 
expected with two genes. This was done 
because genes D and C were thought 
to be closely linked. Gene D, though 
affecting rust reaction, did not appear 
to produce types clearly distinguishable 

from those considered susceptible. A 
satisfactory fit of observed and ex
pected numbers in each class was ob
tained. 

Association of Rusl: Reac:l:ions fo· 
Races Hil3, lL and 38-Seventeen of 19 
F, lines resistant to race 15B were also 
resistant to race 11 (see table 29). One· 
remaining line, 541, segregated for re
sistant to moderately resistant reactions 
to race 11. It can be explained by as
suming it was the progeny of an J?, 
plant of genotype GG DD Ee. The other 
line, 535, was resistant to race 11 in the 

Table 29. Inlerrela!lonship of seedling rea:c!ions of Fa lines from Mayo 54 x Mo:nquis to races 
15B. ll, and 38 

Classification of 
F, lines to race lSB 

R 
MR and Seg. R to MR 
Seg. R to MS, MR to MS 
Seg. R to S 
Seg. MR to S 
S and Seg. MS to S 

Classification of 
Fs lines to race 15B 

R 
MR and Seg. R to MR 
Seg. R to MS, MR to MS 
Seg. R to S 
Seg. MR to S 
S and Seg. MS to S 

Classification of 
Fa lines to race 11 

R 
MR and Seg. R to MR 
Seg. R to S 
S and Seg. MR to S 

*Line 541. 
t Line 535. 

Classification of Fa lines to race II 

MR and Seg. Seg. Sand Seg. 
R R toMR R to S MR to S 

17 1* It 
4 3 5 
4 I 8 l 

ll 2 ll l 
2 8 l 

I 

P with 15 d.f. is less than .01 

Classification of Fa lines to race 38 

Seg. R toMS, MS and Seg. 
R RtoMR MR R to S MR to MS. MR to S 

16 I 1* 
l 8 3 

3 7 4 
8 I 14 2 
2 3 4 2 
Itt Itt 

P with 20 d.f. is less than .01 

Classification of Fa lines to race 38 

Seg. R toMS, MS and Seg. 
R RtoMR MR R to S MR to MS, MR to S 

16 4 16 2 
4 3 

II 3 I2 7 
2 l 

P with 12 d.f. is less than .01 

tt In both cases, one plant out of 31 was responsible for the line being classified as segregating 
rather than breeding true for moderate resistance to race 38. 
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:first test and susceptible in the second, 
This indicates a mistake in planting or 
note taking. 

Lines segregating resistant to sus
ceptible to race 11 while segregating 
resistant to moderately resistant to 15B 
were probably progeny of F" plants 
with a genotype of DD Ee -f. Their un
t;xpected reaction to race 11 resulted 
from the presence in each line of one 
or two plants out of 30 to 35 tested 
with type 3+ infections. Occasional 
plants with this genotype are expected 
to have type 3+ infections. Lines re
sistant to race 11 and segregating or 
:susceptible to 15B had reactions ex
pected of progeny from plants with 
genotypes of -d -e FF. 

Sixteen of the 19 lines resistant to 
race 15B were resistant to race 38. One 
remaining line was classified as segre
gating resistant to moderately resistant 
based on one plant out of 33 with a 
type 2 infection. A second line, 541, was 
either moderately susceptible or segre
gating moderately resistant to moder
ately susceptible to race 38. Previously, 
a genotype of GG DD Ee was vvr.r>n•nQc'n 

for the Fz parent plant of this line in 
order to explain reactions to races 11 
and 15B. In view of reaction to race 38, 
it must have had a genotype of GG DD 
ee. With this genotype, expected infec
tion types with 15B would have been 1, 
X-, and X. 

All plants of the line had types ex
pected in test L All but two plants, re
corded as type 0;, had expected types 
in the second test. Reactions of the 
thi.rd line to the two races can be ex
plained if it is assumed the Fz parent 
had a genotype of GG DD Ee. The only 
other line resistant to race 38 had 
plants with infection of types 0;, 1, X-, 
X, and 3-c to race 15B. It probably 
was actually resistant. 

Failure to obtain lines moderately re
sistant or segregating resistant to mod
,erately resistant to race 38 among the 
12 lines classified in this manner to race 
15B suggests that genes governing re
actions to the two races are linked in 
repulsion. In the class with lines segre-

gating moderately resistant to suscep
tible to 15B, five lines were classified 
as moderately resistant or segregating 
resistant to moderately resistant to race 
38. If both classifications were correct, 
the hypothesis explaining the relation
ship of genes controlling reaction to the 
tvvo races would have to be changed. 
However, there are indications that the 
lines were misclassified for reaction to 
race 15B. Segregation of plants within 
lines approximated a ratio of 1 resist
ant (type 1) to 3 susceptible plants. Re
actions governed by gene E would fit 
this ratio. 'There is no explanation for 
failure of plants with type 0; infections 
to appear. They should have if gene E 
governed the reaction. 
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Only part of the genes responsible 
for resistance to race 11 affect reaction 
to race 38. For the same reasons given 
in discussion of association of races 
15B and 38, genes for moderate resist
ance to races 11 and 38 appear linked 
in repulsion. 

Fro:rda:na x 54 
Race l5B-The limited number of F2 

plants available for testing in 1956 
necessitated a second trial in 1958, 
Frontana failed to show the expected 
reaction in 1956 as all plants were es
capes or had an infection type of 0;. In 
1958 the same parents had infection 
types of X-(2,3-), 3-, and 3. 
Mayo 54 and the F1 were very resist
ant" There were 120 F2 plants venJ re
sistant, 12 resistant, 31 moderately re
sistant to moderately susceptible, and 
20 susceptible to race 15B (see table 
30)0 

Rust test results of Fs lines to race 
15B showed two classes of resistant 
lines (see table 31). The first included 
seven lines with a plant infection type 
of 0;, the second, 16 lines with plant in
fection types of 0; to 1 or X-(1,3cn). 
Two classes considered segregating re
sistant to moderately resistant plants 
were also present, O:ne included eight 
lines with plant infection types varying 
from 0; to 2 or X-(0;,3-). The other 



Table 30. Rust reactions of parent. F1. and F, plants to race 15B and results of a chi-square 
test for goodness of fitto a 172:12:36:36 ratio 

Parents 
Rust infection types and observed 

and Gener-
number of plants* 

progeny ation 0; X- 2 X- X 3- 3 3+ 4- P value 

Frontana 
1956 test p 7t 
1958 test p 9 8 

Mayo 54 
1956 test p 29 
1958 test p 12 

1958 test F1 

1956 test F. 16 7 2 4 3 
1958 test F. 49 48 10 2 7 2 2 14 11 6 

Combined tests F, 65 55 12 2 7 6 2 14 14 6 

120 12 31 20 .50-.70 

Classification VR R MR-MS s 
*Resistant plants classified as X- showed infection types of 1,3cn and 0;,3-. Moderately re-

sistant flants classified as X- showed infection types of 2,3-; those classified as X, infection 
types o 2,3. 

t May be escapes. 

Table 31. Reactions to race 15B of F3 lines from the cross of Frontana x Mayo 54 and results of a 
chi-square test for goodness of fit to a 16:48:21:36:54:74:7 ratio 

Chi- Probable 
Infection Calcu- square F. 
types Observed lated value genotypes* P value 

0; 7 5.313 .536 DD EE 

0;, to 1 or X-(1,3cn) 16 15.937 .000 -d EE 

0;, 1. 2 AA DD -e 
0;, 1, X-(0; to 2 or 3-) 8 6.973 .151 -a GG DD -e 

0;, 1. X-, X(O;, 1,3) AA GG -d -e 
0;, 1, 2, X(2,3) 11 11.953 .076 -a -g DD -e 

0;, 1. X-, X and 3- or 3 AA -g -d -e 
1, X-, X, 3 23 17.930 1.434 -a GG -d -e 

o:. 1. x-. x. 3, 3+ A a -g Dd -e 
1. x-. x. 3, 3+ -a Gg Dd -e 
o:. 1. x-. x. 3, 3+. 4- -a -g -d Ee 
0;, 1, X-, X, 3, 3-,4 19 24.570 1.263 A a Gg -d -e 

A a gg dd ee 
a a Gg dd eet 
a a gg Dd eet 

X(0;,3), 3, 3+. 4- 2.324 .755 a a gg dd ee 

4.215 .50 .. 70 

* Gene E acts as a recessive in governing resistance to race 15B. 
t Lines with reactions thought to be governed by these genotypes were not found. 
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had 11 lines with plant infection types 
varying from 0; to X(0;,3). Plants in 23 
segregating lines had infection types 
varying from 0; or 1 to 3~ or 3, 19 had 
types varying from 0; or 1 to 3+ or 4, 
and 1 had types varying from X(0;,3) 
to 4~. No line bred true for moderate 
resistance, moderate susceptibility, or 
susceptibility. 

Earlier results were obtained when 
the two parents were crossed with Mar
quis. These showed that Frontana had 
one and Mayo 54 had three genes gov
erning reaction to race 15B. It is pro-· 
posed that the same four genes govern 
rust reaction in progeny from this cross 
and that they have the following ac
'don: Gene A from Frontana governs 
:infection types X~(2,3~), 
and 3. Gene D governs types 

and Gene :rr; gov-
erns types 0;, 1, and X~(1,3cn). Gene 
G governs types 3 and rarely 3+. 

Gene A. interacts with D and G in 
such a way that plants with genotypes 
of AA DD, A.a DD, A.A Dd, or .A..2. Dol 
show types 0;, 1, and 2~ 

or X~(0;,3~); those with A.A GG show 
types 1, X~(0;,3~), or Gene G 
also interacts with gene D, Plants with 

genotypes of Gg DD or GG DD show 
types 1, 2, and X~(0;,3-). 

There is no method of proving that 
the infection type governed by gene G 
changed from type 3+ postulated to ex-· 
plain segregation obtained in progeny 
of Mayo 54 x Marquis to type 3 postu
lated for this cross. However, if not, an 
additional gene would be necessary. 
Then its failure to express itself in the 
earlier cross would have to be ex
plained. 

Observed numbers of F2 plants and F3 
lines in the different rust classes gave 
a good fit to those expected with the 
preceding hypothesis. 

Race 11-In the 1956 race 11 rust 
test, 10 plants of Frontana escaped, 
14 had a type 1, and 2 had a type 2 
infectio:ct. When the same parent was 
tested in 1958, 8 plants had type 2~ 
and 10 had type 2 infections. Mayo 
54 showed a type (); infection in two 
tests and a type 1 in the third (see ta
ble 32). The variation in 
these tests cannot be explained. 

"When rust test data vvere combined, 
there were 154 F2 plants with reactions 
equal to or more resistant than those 
of Fronta:na (resistant or n1oderately 

Ta:ble 32e R~"us:·~ ret!c·iionz of po:J:ent and F 2 p!crni:s to ];O:c~ ! l and r.es1tY.Hs o~ a chi~squen:e teG~ io:r 
goodness ol fit Ia a !li:H:1:4hl5 rcdlo 

B.ust infection and obser-•:.red 
Parents nurn.ber planls" 
and (~ener~ -----------·----------.---
progeny ali on 0; X--

:Fronto:na: 
1956 'lest F 10"!' 14 
1958 test p 

54 
tes! p 17 Hi 

1958 tesi p 8 

1958 test F, 55 7 
1958 test F, 84 6 

Combined tests F, 139 13 

154 

~cxassiUcation RioMR 

• X- equals 2,3- infections; X equals 2,3 infections. 
~f Escaped infection. 
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z~ 2 X 3 4~ 4 

2 
8 lO 

3 1 2 
3 1 l 

6 2 3 

8 4 

MS s 

P value 
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resistant reactions), 8 with moderately 
susceptible, and 4 with susceptible re
actions. These gave a satisfactory fit 
to a five gene ratio of 968 plants re
sistant or moderately resistant to 41 
moderately susceptible to 15 susceptible 
to race 11. 

Results from rust tests of Fa lines 
showed: 44 Fa lines resistant, 13 segre
gating resistant to moderately resistant, 
18 segregating resistant or moderately 
resistant to moderately susceptible, 9 
segregating resistant to susceptible, and 
1 segregating moderately resistant to 
susceptible to race 11 (see table 33). 

Segregation for rust reaction to race 
11 obtained in progeny from Frontana 
x Mayo 54 can be explained by three 
genes from Mayo 54 and two from 
Frontana. These were found when pro
geny from these varieties crossed with 
Marquis were tested with race 11. How
ever, rust reaction governed by any 
particular gene appeared slightly more 
resistant than that governed by the 
same gene in the cross with Marquis. 

For example, plant infection types 
governed by: Gene EE or FF appeared 

to change from 0;, 1, X-(1,3cn), and 
X(0;,3) to 0; and 1. Gene AA from 2 
and X(2,3) to 1, 2-, and 2. Gene DD 
from 1, X(0;,3), 3-, 3, and 3+ to X
(0;,3-), X(O; and 3 or 3+), and 3 or 
possibly to X-(0;,3-) and X(0;,3). Gene 
BB from 2, X(2,3), 3-, and 3 to 2, X
(2,3-), and X(2,3). 

When Fa lines were classified, those 
with resistance governed by genes D 
and B were placed in the same class 
because of similarity of reactions. Seg
regations for rust reaction to race 11 
observed in F, and Fa populations gave 
a satisfactory fit to those expected with 
five genes and the proposed gene ac
tions. 

Race 38-Reactions of parents and F, 
plants to race 38 are given in table 34. 
The unexpected type 2 infections ob
tained on three Mayo 54 plants may 
have resulted from natural crossing. 
Plants representing this parent came 
from a bulk of equal amounts of seed 
from 12 plants grown in California for 
seed increase. Plants of Frontana re
corded as either 0; or escapes were 
probably escapes. 

Table 33. Reactions to race 11 of F8 lines from the cross of Frontana x Mayo 54 and results of a 
chi-square test for goodness of fit to a 484:108:189:228:15 ratio 

Chi- Probable 
Infection Ob- Calcu- square F, p 
types served lated value genotypes* value 

0; EE 
0;, I AA DD -e 
0;, 1, X-(1.3cn) 44 40.176 .364 FF -e 

0;, I, 2 I3 8.965 1.8I6 AA -£ -d -e 

0;, 1, X-(I,3cn), X(0;,3) 
0;, X(2,3) 
0;, 1, 2, X·-(2,3-), X(2,3),3 
I, 2, X-(2,3-), X(2,3) -a -£ DD -e 
2, X(2,3), 3 I8 15.688 .341 -a BB -f -e 

0;, 1, 2, X-(2,3-), X, 3, 3+ -a -b Ff -d ee 
0;, I. 2, X(2,3), 3, 4- 9 I8.926 5.206 -a -b -£ -d Ee 

A a -b ff dd ee 
-a Bb ff dd ee 
a a -b ff Dd ee 

X-(2,3-), X(2,3), 3, 3+. 4- 1 1.245 .048 a a bb ff dd ee 

7.775 .10 .. 20 

* Gene B acts as a recessive in governing resistance to race 11. 
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Table 34. Rust reactions of parent and F2 plants to race 38 and results of a chi-square test for 
goodness of fit to a 192:61:3 ratio 

Parents 
and 
progeny 

Rust infection types and observed 

Frontana 
Mayo 54 

Classification 

*X- equals 2,3-, X equals 2,3. 
t Probably escapes. 

Gener-
at ion 

p 
p 

F. 

0; 

4t 
20 
41 

50 

R 

Of F. plants tested, 50 were resist
ant, 9 were moderately resistant or 
moderately susceptible, and 2 were sus
ceptible to race 38. A small P value 
was obtained from a chi-square test for 
goodness of fit of observed number of 
plants in each class and those expected 
with a ratio of 192 resistant to 61 mod
erately resistant or moderately suscep
tible to 3 susceptible. This indicated a 
poor fit. The fit would have been im
proved considerably if the last two 
classes were combined as recommended 
when the expected number in one 
class is small. Their identity was main-

9 

number of plants* 

2 X- X 3 3+ 4 P value 

3 
3 
3 2 2 2 

9 2 .05 .. 10 

MR s 

tained to illustrate the number of plants 
observed in each class. 

Twenty-two F, lines were resistant 
to race 38 (see table 35). Twenty-four 
were moderately resistant or segregat
ing resistant to moderately resistant, 
and 39 were moderately susceptible or 
susceptible or were segregating resist
ant or moderately resistant to suscepti
ble. Segregations obtained in F. and F. 
suggest that rust reactions are gov
erned by one gene dominant for high 
resistance and two or more genes par
tially dominant or additive for moder
ate resistance. 

Table 35. Reactions to race 38 of F8 lines from the cross of Frontana x Mayo 54 and results O·f a 
chi-square test for goodness of fit to a 64:84:108 ratio 

Chi- Probable 
Infection Calcu- square F. 
types Observed lated value genotypes P value 

0; 
0;, 1 22 21.250 .028 -- -- EE 

0;, I, to 2 or X-(2,3-) 
0;, 1, X- to X(2,3) or 3-
L 2, X-(2,3-), X(2,3) AA -e 
2, X-(2,3-), X(2,3) 24 27.891 .543 BB -e 

0;, L 2, X-. X to 3 or 3+ 
1, 2, X-. X to 3 or 3+ A a -b -e 
X(2,3), 3, 3+ -a Bb -e 
0;, 1, 2. x. 3, 3+. 4-, 4 -a -b D- ee 
1. 2. x-. x. 3, 3+. 4 -a -b Ee 
3, 3+ 39 35.859 .275 a a bb dd ee 

.846 .50-.70 
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Genes D and E from Mayo 54 and A 
and B from Frontana are probably re
sponsible for seedling reactions of 
progeny from this cross to race 38. The 
resistance level governed by different 
genes appears somewhat higher than 
that governed by the same genes in 
other crosses. For example, progeny 
from other crosses thought to have 
gene A or B had an infection type of 
3- or 3. In this cross they apparently 
had a type X(2,3) or 3-. Gene D, nor
mally responsible for infection types 
X(O;, and 3 or 3+), 3, and 3+ appeared 
to govern types X(0;,3,3+) and 3. Gene 
E governed an infection type 0; or 1 
regardless of genes present at the other 
four loci. This was not the case in pro
geny from Frontana x Kenya 58. 

Genes for high resistance were epi
static to those governing a less resist
ant reaction. The class with reactions 
governed by gene D was combined 
with the class segregating resistant to 
susceptible plants since it appeared im
possible to distinguish accurately the 
difference between type 3 and 3+ in
fections. 

Observed numbers of Fa lines in dif
ferent classes gave a good fit to the 
number expected with four genes and 
gene action mentioned. 

Associa:tion of Reactions to Races 
15B, lL and 38-Twenty-one of the 23 
Fa lines resistant to race 15B were re
sistant to race 11 (see table 36). One re
maining line was segregating resistant 

Table 36. Interrelationship of seedling reactions of F8 lines from Frontana x Mayo 54 to races 
ISB, ll, and 38 

Classification of 
F 8 lines to race 15B 

R 0;, to X-(l,3cn) 
R 0;, to 2 or X-(2,3-) 
Seg. R to MR 
Seg. R toMS 
Seg. R to S 
Seg. MR to S 

Classification of 
F 8 lines to race 15B 

R 0;, to X-(1,3cn) 
R 0;, to 2 or X-(2,3-) 
Seg. R to MR 
Seg. R toMS 
Seg. R to S 
Seg. MR to S 

Classification of 
F 8 lines to race 11 

R 
MR and Seg. R to MR 
Seg. R toMS 
Seg. R to S 
Seg. MR to S 

Classification of Fa lines to race 11 

MR and Seg. Seg. Seg. Seg. 
R R to MR Rto MS R to S MRto S 

21 I 
7 1 
5 4 2 
8 6 6 3 
3 1 9 6 

P with 20 d.f. is less than .01 

Classification of Fa lines to race 38 

MR and Seg. MS and Seg. R to S, 
R R toMR R to MS, MS to S 

17 2 4 
2 6 
3 4 4 

9 14 
9 10 

1 
P with 10 d.f. is less than .01 

Classification of F 8 lines to race 38 

R 

20 
2 

MR andSeg. 
RtoMR 

11 
6 
5 
2 

P with 8 d.f. is less than .01 
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MS and Seg. R to S, 
R to MS, MS to S 

13 
5 

13 
7 
1 



to moderately resistant plants and the 
other resistant to moderately suscepti
ble plants to race 11. All lines resistant 
or segregating resistant to moderately 
resistant plants to race 15B were segre-

gating resistant to moderately resistant 
or resistant to moderately susceptible 
plants to race 11. However, some lines 
were resistant to race 11 and segregat
ing resistant to moderately susceptible 

Table 37. Probable genes which govern rust reaction of each variety to races lSB, 11. and 38 

Races of stem rust and genes affecting the varietal reaction • 

Variety 15B 11 38 

Frontana AA AA BB AA BB 
Marquis oc 
Kenya 58 DD EE DD EE DD EE 
Mayo 54 DD EE GG DD EE FF DD EE 

* The capital letter represents the gene for resistance regardless of gene action. 

Table 38. Gene expression and rust reaction of heterozygous and homozygous plants 

Infection types 

Gene Race Gene expression Heterozygotes Homozygotes 

A 15B Additive or 
partially dominant 3, 3+ 2, X(2,3), 3-, 3 

11 Additive or 
partially dominant 2, X(2,3) 2-. 2. X-(2,3-), X(2,3) 

38 Additive or 
partially dominant 3, 3+ X(2,3), 3-, 3 

B 15B No effect 
11 Recessive 3+. 4-,4 X(2,3,3+l. 3, few 3+ 
38 Additive or 

partially dominant 3, 3+ X(2,3), 3-, 3 

c 15B No effect 
11 No effect 
38 Partially dominant 

or dominant 2, X-(2,3-), 3- 2, X-(2,3-) 

D 15B Additive or 1, X-(1.3cn), X (0;,1 and 3.3+) 
partially dominant X(0;,3,3+l. 3, 3+ 3-,3 

11 Additive or 
partially dominant X(2,3), 3, 3+ X-(2,3-), X(2,3), 3, 3+ 

38 Additive with very 
small effect 3+. 4-, few 4 3, 3+. few 4-

E 15B Recessive 3+. 4-.4 0;, 1, X-(0;,3cn), X(0;,3) 
11 Dominant o:, 1. x-. xco:,3l 0;, 1, X-{l,3cn), few X(0;,3) 
38 Dominant Some crosses Some crosses 0;, 1 and 

0;, 1 and others others, 2, X(2,3), 3-, 3 
2, X(2,3), 3-, 3 

F 15B No effect 
11 Additive or 

partiallv dominant 3, 3+ 0;, 1, X-(l,3cn) 
38 No effect 

G 15B Additive with very Most crosses 3+, few 
small effect 3+.4- crosses 3 

11 No effect 
38 No effect 
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or susceptible to race 15B. Twenty-two 
lines resistant to race 38 were resistant 
or segregating for plants with resistant 
to moderately resistant reactions to 
races 15B and 11. 

Results suggest that the same gene 
or two closely linked genes govern re
sistance of part of the F. lines to races 
11, 38, and 15B. Also, one or more addi-

tional genes probably govern resistance 
to race 11 and have no effect on reac
tion to races 15B and 38. Furthermore, 
one or more genes probably govern 
moderate resistance to race 38 with no 
effects on reaction to the other two 
races. 

A summary of seedling experiment 
results is given in tables 37 and 38. 

Discussion and Conclusions 

I N THIS GENETIC STUDY, some varieties commonly used as 
parents in wheat breeding programs were crossed. Their pro

genies were studied to determine the number of genes controlling 
seedling resistance at 70°F. to cultures of stem rust races 15B, 11, 
and 38. Two varieties, Kenya 58 and Mayo 54, were highly resist
ant in the seedling stage. Plants of Frontana had infection types 
2, X (2,3), and 3 to race 15B and 2 and X (2,3) to races 11 and 38. 
Marquis was susceptible to races 11 and 15B and exhibited a type 
2 or moderately resistant reaction to race 38. 

Seedling resistance to race 15B was 
found to be controlled by four genes. 
Two appeared to be in both Kenya 58 
and Mayo 54 and were labeled genes 
D and E. Gene D was thought to be 
additive or partially dominant in ac
tion and to govern a semiresistant re
action when present in the homozygous 
condition. Gene E acted as a recessive 
and governed high resistance. Mayo 54 
was thought to have a third gene, G. 
This governed a 3+ reaction when it 
was the only gene present but acted as 
a modifier of D, slightly raising the 
level of resistance governed by it. 
Frontana appeared to have only one 
g~ne, labeled A, partially dominant or 
additive in gene action. Gene A or D, 
when present with E, appeared to raise 
the resistance level governed by gene 
E. In absence of gene E, plants with 
genes A and D had more resistant reac
tions than those with only one of the 
two genes. 

Although gene action proposed is 
somewhat different, the three genes 
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found by Jones and Ausemus (1956) in 
their study of Frontana x (Kenya 58 x 
Newthatch) are probably the same as 
genes A, D, and E found in this study. 
Aslam and Ausemus (1958) reported 
two genes with an additive effect (R., 
Ra) in Kenya 58. They also presented 
evidence of two additional genes (S,, 
s.) carried by Lee, Mida, and Thatcher. 
These were partially dominant for sus
ceptibility and .had an epistatic effect 
on the two genes for resistance. Results 
obtained from studies reported in this 
paper did not reveal S, and s. genes. -

Omar (1954) postulated -two dom:i, 
nant genes governing seedlfng re~ist: 
ance to race 15B at high temperature. 
One of these had four alleles: T for 
immune, T' for resistant, T2 for mod
erately resistant, and t for susceptible 
reactions. The second gene, called W, 
governed moderate susceptibility. Gene 
E, postulated to govern the high re
sistance of Kenya 58 and Mayo 54 
found in the present study, may be the 



same as one allele found at the T lo
cus by Omar. 

Studies by Knott (II, III, 1957) and 
by Knott and Anderson (1956) showed 
that Kenya 58 carried a recessive gene, 
Sr6, for high resistance and a partially 
dominant gene, Sr7, for moderate re
sistance. They found that Red Egyptian 
carried a gene, probably Sr8. This gov
erned moderate resistance to races 15B 
and 56 and was partially dominant in 
its gene action. Sr6, Sr7, and Sr8 are 
thought to be the same as genes called 
E, D, and A in this paper. 

Seedling resistance to race 11 was 
governed by two genes in Frontana, A 
and B; by two in Kenya 58, D and E; 
and by three in Mayo 54, D, E, and F. 
Results from association studies indi
cated the A, D, and E genes also gov
erned resistance to race 15B. Gene E 
appeared to act as a dominant for high 
resistance to race 1L Gene A was par
tially dominant for moderate resistance 
and governed i:<Jfection types 2 to 
X(2,3)_ Types X(2 to 3,3+), 3c, and 3 
were governed by a recessive gene la
beled B. Gene F from Mayo 54 was ad-· 
ditive or partially dominant in action_ 
Plants heterozygous for gene F had in
fection types 3 or 8+. Those that 
were homozygous had infection types 
of 1, or 

Jones and Ausemus (1956) reported 
that resistance to race 11 at high tem
perature in progeny from Frontana x 
(Kenya 58 x Newthatch), Virhen both 
parents were moderately resistant to 
the rust isolate used, >Nas governed by 
two complementary genes. They might 
have been the same as the A gene from 
Frontana and the E gene from Kenya 
58 found in this Aslam and Au-
semus (1958) that resistance 
of Kenya 58 at normal temperatures 
was governed by tvvo genes. This 
agrees with results obtained here. 

Seedling reactions to race 38 were 
on basis of genes A and B 

from Frontana, D and E froril Kenya 
58 and Mayo 54, and C from I\IIarquis. 
Association study results indicated that 
genes from Frontana and Kenya 58 

were the same ones governing resist
ance to race 11 and 15B. However, 
gene action vv-as somewhat different. 
The D gene governed a very low level 
of resistance. Plants showed infection 
types of 3, 3+, and occasionally 4-
when it was present alone in the homo
zygous condition. Gene E was dominant 
for resistance. It governed a 0; or 1 
infection type in some crosses and a 
2, X(2,3), 3-, or 3 type in others, de
pending upon the other genes present. 
Gene E with gene A, B, C, or D ap
peared responsible for a 0; or 1 infec
tion type. Gene E when alone was 
thought to be responsible for the less 
resistant reactions. Gene C from Mar
quis was found to be either an allele of 
gene D or very closely linked in re
pulsion with it. Therefore, either D or 
C was always present with gene E 
in progeny from Kenya 58 x Marquis, 
and E appeared responsible for the 
higher type of resistance. 

38 

When Frontana was crossed with 
Kenya 58, the C gene was absent. Then 
the true race 38 reaction controlled 
gene E could be seen. In progeny from 
Frontana x Mayo 54, gene E was ex~ 
pected to !1ave the same gene action 
that it had in progeny from Frontana 
x Kenya 58. It was dominant for high 
resistance, The difference can only be 
explained by assuming the genetic 
hackgrounds of the two parents differ 
and that gene E acts as a simple domi~ 
nant for high resistance in the Mayo 54 
background and :requires presence of an 
additional gene in the Kenya 58 back
ground. Genes F and G and genes for 
leaf rust resistance in 54 may be 

for apparent differences 
xnentioned. 

Aslam and Ausemus (1958) found 
the gene controlling high 1·esistance to 
race 38 in Kenya Farmer was an al
lelomorph of the gene type 
2 infection of Mida and Egypt Na95. 
As IVIarquis was one ancestor of JVIidao 
the gene they found in Mida was prob
ably the same as gene C from Marquis 
found in this study. The gene in Kenya 



Farmer was probably the same as the 
D gene in this report. 

Throughout seedling trials, genes 
governing the higher type of resistance 
appeared epistatic to those controlling 
a less resistant reaction. However, in 
almost all cases, additional genes ap
peared to modify gene action for high 
resistance and plants having them ex
hibited more resistant reactions. 

In association studies of resistance to 
one race with that to another, gene E 
was found to govern high resistance to 
races 15B, 11, and 38. It acted as a 
dominant for resistance to races 11 and 
38 and as a recessive to race 15B. Gene 
D appeared to govern an intermediate 
reaction to races 15B and 11 and a 
moderately susceptible reaction to race 
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38. Apparently, it also was an allele of 
or closely linked in repulsion with the 
C gene from Marquis, which governs 
type 2 infection of this variety with 
race 38. Linkage was shown by the lack 
of Fs lines with a 2 infection type to 
race 38 and a moderately susceptible 
reaction to race 15B. Reactions to race 
15B, 11, and 38 were similar to those 
found by Green et al. (1960) in their 
tests of Sr6 and Sr7 to the above races. 
Genes A and B from Frontana gov
erned reactions to races 15B, 11, and 
38 and to races 11 and 38, respectively. 
They may be the same as the Sr8 and 
Sr9 genes tested by Green et al. (1960). 
However, reactions they governed were 
of a slightly more susceptible type than 
those shown for Sr8 and Sr9. 



Literature Cited 
AsLAM, M. and AusEMus, E. R. 1958. Genes for Stem Rust Resistance in 

Kenya Farmer Wheat. Agron. Jour. 50:218-222. 

AusEMus, E. R. 1943. Breeding for Disease Resistance in Wheat, Oats, 
Barley and Flax. Bot. Rev. 9:207-260. 

---, HARRINGTON, J. B., REITZ, L. P., and WoRZELLA, W. W. 1946. 
A Summary of Genetic Studies in Hexaploid arid Tetraploid 
Wheats. Jour. Amer. Soc. Agron. 38:1082-1099. 

GREEN, G. J., KNOTT, D. R., WATSON, I. A., and PuGSLEY, A. T. 1960. Seed
ling Reactions to Stem Rusts of Lines of Marquis Wheat with 
Substituted Genes for Rust Resistance. Canadian Jour. Plant 
Sci. 40:524-538. 

HASANAIN, S. E. 1948. Study of Stem Rust Reaction and other Characters 
in Indian Wheat·Varieties and their Crosses. Ph.D. thesis, Univ. 
of Minn. 

HASHIM, M. 1951. Studies on the Mode of Inheritance of Leaf Rust Reac
tion and other Characteristics in Crosses of Frontana with 
Thatcher and Newthatch Wheats. Ph.D. thesis, Univ. of Minn. 

HAYDEN, E. B. 1956. Pathogenicity of Races 11, 15B, 49, 125, and 139 of 
Puccinia graminis var. t1'itici to New Spring Wheats, especially 
Kenya Wheats and their Derivatives. Phytopath. 46: 145-150. 

JOHNSON, T. 1953. Variation in the Rusts of Cereals. Bioi. Rev. 28:105-157. 

JoNES, G. L. and AusEMUS, E. R. 1956. Inheritance of the Mode of Reac
tion to Stem Rust, Particularly Race 15B, and Leaf Rust in Two 
Crosses of Vulgare Wheats. Agron. Jour. 48:435-439. 

KNOTT, D. R. 1957. The Inheritance of Rust Resistance. II. The Inheritance 
of Stem Rust Resistance in Six Additional Varieties of Common 
Wheat. Canadian Jour. Plant Sci. 37:177-192. 

---. 1957. The Inheritance of Rust Resistance. III. The Inheritance 
of Stem Rust Resistance in Nine Kenya Varieties of Common 
Wheat. Canadian Jour. Plant Sci. 37:366-384. 

--- and ANDERSON, R. G. 1956. The Inheritance of Rust Resistance. 
I. The Inheritance of Stem Rust Resistance in Ten Varieties of 
Common Wheat. Canadian Jour. Agr. Sci. 36:174-195. 

OMAR, A. A. M. 1954. Inheritance of Reaction to Race 15B and Some 
Other Races of Stem Rust of Wheat. Ph.D. thesis, Univ. of Minn. 

SNYDER, L. A. and BuRNHAM, C. R., assisted by L. L. INMAN, C. P. PI, and 
E. L. TuRcOTTE. 1956. Wheat Cytogenetics Research at the Uni
versity of Minnesota. Report of the Third International Wheat 
Rust Conference. Mexico, D. F. Mexico. 65-68. 

STAKMAN, E. C., LEVINE, M. N., and LoEGERING, W. Q. 1944. Identification 
of Physiologic Races of Puccinia graminis tritici. USDA Bur. of 
Ent. and Plant Quar. E-617: 27. 

40 


