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INTRODUCTION

A knowledge of the inheritance of the important economic
characters is of utmost value to the plant breeder. A "blood bank® of
such characters, properly cataloged, can be a valuable asset in
emergencies.

Leaf rust resistance is 1 of the chief objectives of the wheat
breeding program at the Oklahoma Agricultural Experiment Station,
since leaf rust is the most destructive disease of wheat in the state.

In a»breeding program for rust resistance, the genetics of the
pathogen as well as the genetics of the host plant must be considered.
The genetics of the pathogen, however, cannot be controlled° In
nature, physiologic races arise within the causal organism. These
races are indistinguishable morphologically, but differ in their
ability to attack varieties of the host, i.e., a given variety may be
resistant to 1 race, but susceptible to o%hers, etc. Races afe

oA
identified by thelr reaction on a set of differential host varieties
and are merely assigned Arabic numerals,‘

The interaction of host and pathogen causes changes in the
prevalence of the various races making up the total population. When
varieties resistant to the prevalent races are released and bhecoue
widely grown, new or minor races virulent on these varieties will
‘increase. In this manner, a different race or group of races becomes

prevalent and rust is again a factor in wheat production. The plant



breeder then has a new problem of developing an acceptible resistant
variety. Virulence and competition among races are also believed to
affect the prevalence of any particular race.

Race 9, the race used in this study, increased to serious
proportions on susceptible varieties in previous years, but gave way to
other races when the resistant Pawnee variety was released. At the
present time, race 9 is of very little importance in Oklahoma. Race 15
is now the major race found; while races 105A and 105B are steadily
increasing in importance.

Although race 9 has been replaced as the major race in Oklahoma,
all recommended varieties do not carry resistance to it. No variety
recommended in Oklshoma carries the high type of resistance found in the
variety Akmana P.I. 166711—1/ . For this reason, it was believed
desirable to study the inheritance of this reaction so that its
potential as a source of resistance might be known. The study
reported here was initiated with this objective in mind.

Thﬁ F5 and F3 generations of 2 crosses involving Akmana were
tested for seedling resistance to race 9 in the greenhouse. Backecross
and outcross material from 1 of the crosses also was available. In
addition, Fé populations were observed for awnedness and seed color.
Chi-square tests to determine the association of leaf rust reaction

to awnedness and to seed color were computed.

‘y P.I. number refers to a Plant Introduction accession number
assigned to foreign introductions.



REVIEW OF LITERATURE

Inheritance of Leaf Rust Reaction

Literature on the inheritance of resistance to wheat leaf rust,

Puccinia rubigb~vera tritici (Eriks.) Carleton, may be divided into

two catagories: the inheritance of mature plant resistance, and the
inheritance of seedling resistance.

Studies of the inheritance of seedling resistance in the
greenhouse, where rust races and environment can be controlled, are
generally considered more reliable than field studies of resistance.
For this reason and also because the study reported herein deals with
seedling resistance, only papers dealing with the inheritance of
seefling resistance will e reviewed here. Several investigators have
reported on the inheritance of both mature plant and seedling
resistancé in the same paper.,

In the first report of inherited leaf rust resistance, Mains,
Leighty, and Johnston (13)~§/ found seedling resistance to 6 different
races to be controlled by 1 factor pair in 4 different varieties.
Resistance was dominant in somse crosses, intermediaste in some, and
recessive in others. Mains (12) reports seedling resistance to race 3

dependent on 1 gene pair in a Norka X Ceres cross, with resistancs

2/

Figures in parentheses refer to "Literature Cited" page 35.
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dominant. Schlehuber (18) reported that resistance to race 9 could be
explained by a single recessive factor pair in 4 crosses. The
inheritance of resistance to 2 other races could not be determined.

In studies of the resistance to race 9 found in the Pawnee variety,
Heyne and Johnston (10) found this resistance to be dependent on 1
major gene. They also found this factor to be non-allelic to the
factor controlling resistance to race 9 in Timstein. These workers
further found that Timstein seedling resistance to 5 races was controlled
by 1 major recessive and 1 or more modifying factors.

By monosomic analysis, Heyne and Livers (11) determined the gene
for resistance to race 9 in Pawnee to be located on Chromosome X, They
further found an interaction of the Pawnee factor and a factor for
resistance in the Chinese Spring monosomic lines.

Caldwell and Compton (4) report resistance to 8 different races to
be controlled by 1 recessive gene in the Wabash variety. In direct
contrast, Martinez, et al (14) found resistance to 6 races, 1, 2, 5, 15,
28, and 128a, to be conditioned by 6 genes, 1 for each race, with
susceptibility dominant in each case. In the same study, segregations
fitting a 2 factor ratio were observed when races 3, 58, 126, and a bulk
of 18 races were used.

Wu and Ausemus (27) found seedling resistance to 2 races, 126 and 5,
in a Lee X Mida cross tn he controlled by 2 linked factors. One factor
was dominant and the other recessive. Although both parents were highly
resistant to race 9, these investigators found moderately resistant
segregates in the hybrid population. This was explained by the presence

of different factors in each parent.



Inheritance of Awnedness

Ausemus, et al (1) cite 30 investigators who found awnedness to be
monogenic in inheritance with A as the recommended symbol, while 22
investigators report a digenic mode of inheritance. Three investigators
observed trigenic segregation, and 1 reported a tetragenic inheritance
of the awned condition. In general, the awnless condition is considered
dominant. The F; generation of crosses of awned X awnless varieties is
usually awnletted or half-awned. As early as 1905, Biffin (2) stated,
"The beardless condition is a dominant, the bearded a recessive
character."

Quisenberry and Clark (16) report segregation of 5 per cent awned
and 13.2 per cent awnless in the Fp of a cross of 2 awnletted varieties.
The authors suggested a 2 major factor difference with the awvned
condition as recessive. Clark, Florell, and Hooker (6) suggzest a 3
factor inheritance in a Hard Federation X Propo cross. They believed 2
major factors and 1 minor factor responsible for the awned condition.

By monosomic analysis, Heyne and Livers (11) have made a
comprehensive study of factors affecting awnedness in the Pawnee
variety. These workers found the awned condition of Pawnee to be
conditioned by no less than 5 genes in the recessive state., The
designation Hd, Ba. 13, Aﬁ‘ and &5 are suggested for these factors, which
were found on chromosomes VIII, X, XII, XVI, and XXI, respectively. The
factors Hd and 32 are awn inhibitors, while the "A" series are awn
producing genes. The "A" series is believed to be non-epistatic, but
incompletely dominant over its allelle a. Therefore, any 1 a gene in
the homozygous state aa could produce full awns in the absence of the

Hd and B, factors. The authors state that this theory is proposed as an
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extension of previous ideas rather than a contradiction of them, They
also state detection of the minor factors is possible only by monosomic
analysis. Wiggin (25) agrees with their hypothesis on the basis of his

monosomic analysis of Kentana 52.

Inheritance of Seed Color

Two seed colors, namely, red and white, are observed in common
wheat, Triticum vulgare Vill. Literature dealing with the inheritance
of this character shows red color to be dominant over white. According
to Percival (15), segregation in the Fg of a red X white cross depends
on the nature of the fed parent. In some cases, seed color is reported
to be inherited on a monohybrid basis. In most caces, however, 2 and 3
factor inheritance is postulated.

Biffin (2) found seed color to be inherited on a monohybrid basis,
as did Clark and Hooker (7), Gaines (8), and Worzella (26). According
to Heyne and Livers (11), the Pawnee variety has only 1 factor for red
seed.

Stewart (19) reports a 2 factor segregation for seed color in a
Ridit X (Federation-Sevier) cross. Stewart and Dalley (22) observed a
15:1 ratio in a Ridit X Utac hybrid. Schlehuber (17) found 2 factors to
control the red seed color of Minhardi and Buffum 17 winter wheat
varieties.

Percival (15) reports that Nilsson-Ehle discovered a trihybrid
ratio in the F, generation of certain red X white hybrids. The
investigations of Clark, et al (5), Gaines (8), Hayes and Robertson (9),
Stewart (19, 20), Stewart and Woodward (23), and Worzella (26) agree

with such a hypothesis.



Associgtion of Leaf Rust Reaction

and Morphological Characters

Several investigators have tested materizl for inheritance
association of leaf rust reaqtion and various morphological characters,
chiefly awnedness and seed color. All have reported independent
inheritance of these characters. Some workers reporting such results
are Biffin (3), Heyne and Johnston (10), Martinez, et al (14), Swenson,

et a1l (24), and Wu and Ausemus (27).



MATERIALS AND METHODS

The wheat variety Akmana P.I. 166711 is highly resistant to race 9

of wheat leaf rust, Puccinia rubigo-vera tritiei (Briks.) Carleton.

Akmans originated in Turkey and was first grown at the Qklahoma
Agricultural Bxperiment Station as a foreign introduction in the crop
year 1950-51. It has awnless to awnletted spikes, white seed, white
chaff, and appears to be a non-hardy winter type. The agronomic type of
Akmana shows little promise, but the strain was retained for its high
resistance to leaf rust race 9. It is susceptible to all other races to
which it has been tested at this station.

The F2 and F3 generations of crosses of Akmana with Klein Aniversario
C.I. 12578m§/ and with Westar Selection C.I. 13090, cutcrosses of Klein
Aniversario X Akmana ¥y to Comanche C.I. 11673, to Triumph C.I. 12132,
and to Ponea C.I. 12128, and backcrosses of Klein Aniversario X Akmana
Py to each of its parents constituted the material used in this study.
Actual parental seeds were not available. The crosses, cross numbers,

and the number of Fy plant progenies tested were as follows:

3 C.I. numbers are the accession numbers of the Cereal Crops
Section, U. S. Department of Agriculture. ‘
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Cross Cross Number Number I
Families Tested

Klein Aniversario X Akmana 152 X 20b 3
Westar Selection X Akmana iI520 X 18a 3
Comanche X (Klein Aniversario X

Akmana Fy) 152 X 15b 4
Triumph X (Klein Aniversario X

Akmana Fy) 153 X 36b 1
Ponca X (Klein Aniversario X

Akmana Fy) 153 X 1la 2
(Klein Aniversario X Akmana) X

Akmana B; '53 X k2c 5
(Klein Aniversario X Akmana) X

Klein Aniversario By '53 X L4hp 6

Klein Aniversario, a foreign introduction from Argentina, South
America, is fully awned, white chaffed, red seeded, of spring habit, and
resistant to race 9 and most other leaf rust races found in Oklsghoma.

Westar Selection is a hard red winter wheat variety resistant to
race 9. It is a white chaffed, awned variety. Its chief value is in the
resistance it carries to race 105A.

The other varieties used in the crosses are important commercial
varieties in Oklahoma. All are white chaffed, red seeded, and fully
awned. Comanche and Triumph are completely susceptible to race 9, while
Ponca is resistant.

While Klein Aniversario and Ponca are rated as resistant to race 9,
their reactions and the reaction of Akmana are distinguishable, Leaf
rust pustule types are rated as follows:

Immune

Infection without pustule development
Small resistant pustule

Moderate resistant pustule

Moderate susceptible pustule
Completely susceptible pustule

FHUumnmHOO
Bouunu



The reaction of Akmana to race 9 borders on immunity and is rated
0 to 0;. The reaction of Klein Aniversaric and Ponca is rated 0: to 1.
Westar Selection is rated O; to 2 and usually can be distinguished from
any of the other varieties used,

The leaf rust inoculum used in the experiment was obtained from
Dr, Harry C. Young, Jr. of the Botany and Plant Pathology Department.
The rust was collected from natural infections and identified to race

by its reaction on b differential varieties,

EBxperimental Methods

Leaf rust race 9 was used throughout the study and varietal reactions
were all obtained in the seedling stage. Data for the F2 generation were
obtained in the greenhouse in January, 1955 and January, 1956. In 1955,
one hundred and ten seed were planited from each of the Klein Aniversario X
Akmana F1 and Westar Selection X %kmana ¥{ plants. In the outcrosses,

30 to 50 séeds from each F1 plant were seeded. Appropriate checks were
seeded along with the hybrid material. Seeds were planted in individual
1 3/4 by lEB/h inch plant bands inside flats. The Fo population was
seeded in a mixture consisting of approximately 3 parts Kirkland clay
loam, 1 part peat moss, 1 part pulverized cow manure, and 1 part sand.
When the plants were 10 days old, their leaves were finger-stripped to
reduce surface tension and inoculated by brushing with potted plants
infected with leaf rust race 9, The inoculated plants were placed in an
incubator of approximately 100 per cent relative humidity for 24 hours
to insure infection. Leaf rust reaction was recorded 12 days afier
inoculation. In 1955, both the stands and the per cent of rust

infection were low. Difficulty in properiy stripping the leaves was
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believed to be responsible for the low infection. For this reason,
another test of the Fy generation of the Klein Aniversario X Akmana
and Westar Selection X Akmana hybrids was made in 1956. Instead of
finger-stripping the leaves they were sprayed with a dilute solution
of Photo-Flo, a wetting agent, to reduce surface tension. A good
infection resulted from this technic.

Approximately 10 plants from each reaction class representing each
F, family were selected from the F, population. These plants were
transplanted to the field in March, 1955 to obtain seed for testing F3
lines in the winter of 1955-56. Classifications for awn condition and
for seed color were made on these plants.

In testing the F3 lines, the seeds were placed 3/4 inch part in
1% inch rows. A mixture of approximately 3 parts Kirkland clay loam, 1
part peat moss, 1 part pulverized cow manure, and 5 parts sand was used.

Duplicate sets of 17 seeds of each line were tested, except in a
few cases where the Fp plant did not produce sufficient seed for such a
test. In these cases, all seeds produced were tested. The F3 lines
were inoculated in the same manner as described for the Fp generation.
The leaves were sprayed with a Photo-Flo solution to reduce surface
tension. Very good infection was obtained.

In the leaf rust reaction classification of the F2 material, plants
were classified for their similarity of reaction to the parent varieties.
In classifying the F3 lines, plants with questionable reactions were
recorded as such, since intermediates were a possibility. The spikes
were classified into awnless, awnletted, and awned types. Seed from
each Fo plant was classified as red, light red, or white. However,

the red and light red classes were later combined, when Chi-square
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values were calculated, becaunse of the difficulty in distinguishing
these classes.

On the basis of F3 progeny, some Fo plants were evidently
misclassified for leaf rust reaction. In the Klein Aniversario X
Akmana cross, the misclassifications were the same in each direction and
therefore cancelled themselves. However, in the Westar Selection X
Akmana cross, it was desirable to adjust the 1955 Fo reading, since
misclassifications were evident only in the Akmana class. The F3 lines,
classified as Akmana type reaction in F,, but having a preponderance of
Westar Selection reaction plants in the F3, were subtracted from the Fp
Akmana class and added to the intermediates, since there was no evidence
that they belonged in the Westar Selection reaction class.

Since approximately equal numbers were selected from each Fp
reaction class, the F3 lines tested do not represent a random sample
of the cross as a whole. In the Klein Aniversario X Akmana and Westar
Selection X Akmana crosses, the F3 breeding behavior expected if the
total Fo population had been tested was calculated from the available
F3 data. To do this, the percentage of true breeding lines found in
the F3 population tested was calculated within each parental reaction
class. The number of plants in each F, class was then multiplied by its
respective per cent value. This calculation resulted in an adjusted
figure of the true breeding lines expected had the entire Fpo intermediate
or segregating class been tested.

The adjustments outlined above are presented in the discussion of

their respective crosses in the Experimental Results and Discussion.



EXPERIMENTAL RESULTS AND DISCUSSION

Inheritance of Leaf Rust Reaction

Klein Aniversario X Akmana

Fy and F3 leaf rust reaction data for Klein Aniversario X Akmana,
'52 X 20b along with Chi-Square and P values for a 9:7 ratio in the FE
tests are shown in Table 1, The Fp data presented are combined counts
from 3 F1 families. Homogeneity tests of these families gave a P value
of .50-.70 each year. ‘"The P values obtained for a 9:7 ratio indicate a
good fit to such a ratio in the 1955 and in the 1956 test.

These data indicate that the Akmana reaction is controlled by the
interaction of 2 dominant genes in this cross. However, difficulty in
classifying heterozygotes prevent more conclusive proof of such a
hypothesis. It should be kept in mind that the classification of
intermediates, if any existed, would be extremely difficult in a cross
such as the one under study. The reactions of the pure varieties are at
times difficult to distinguish, but under some conditions, as many
misclassifications probably would be made in 1 direction as the other,
and thereby cancel out their effects. This is shown in Table 2, where
as many Fp plants were found to be misclassified into the Akmana class
as into the Klein Aniversario class.

If the Akmana reaction is controlled by 2 complementary dominant
factors, no intermediates would be expected in the F3 generation.

However, many F3 plants were classified as questionable in either class.

13
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Table 1. =~ Inheritance of leaf rust race 9 reaction in the cross Klein
Aniversario X Akmana, '52 X 20b, at Stillwater, Oklszhoma, in
1955 and 1956,

S S

e

Observed Leaf Rust Reaction (No., of Plants or Lines) Chi-= P

or Akmanas, Segregat ing X1, Aniv, Square Value
Expected

F, Plants 1955

Obs. 97 76

Bxp. (9:7) 97.32 S 75.68 .0229  .80-.90
Fo Plants 1956

Obs. 117 78

Exp. (9:7) 109.68 N 85,32 1,114 +20-,30

Fz Lines From Selected FpPlants 1956

Obs. 2 46 2




Table 2. —— Original and adjusted ¥; and ¥z leaf rust race § reaction data from the cross, Klein
aniversario X Akumana, '52 X €Up, at Stillwater, Oklanoma, in 19YHH and 19ho. '

i s a e

Reading or Calculation

Leaf Hust Keaction Class

Akmana Intermedinte Klein Aniversario
or
Segregating

Original F, Keading (No. of Plants) G7 7o
Number ¥z Lines Testea 25 20
Number Flants Found to be Misclassified in ¥, 7 7
Per cent of Total ¥, Population Tested as F§
Lines 25.77 34.e1
True Breeding 33 bines Observed in 1950

Number P e

Per cent & 7-09
Number True Breeding ¥, Lines axpected if Total
¥, Population Had Been Tested (adjusted) {.70 5. 84
Number Intermediste or Segregating F: Lines
Expected ;f Total E& Population Had Been Tested .
(Adjusted) 159,40

Coi=Square value for gooaness of fit to 1:14:l F3y ratio = 3.51 P = .10-.20

—t
w7
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The lines reported as true breeding are lines on which there was no
question of the classification of any plant in either test. Other lines
had only a very few questionable plants, and could possibly have been
true breeding lines.

If it is assumed that the interaction of A and B genes is
responsible for Akmana resistance, there is some question as to the
breeding behavior of the Fp genotypes AAbb and aaBB., Under a 9:7
hypothesis, these types would breed true for the Klein Aniversario
reaction in the F3 generation. Sufficient true breeding Klein
Aniversario lines were not found to support such a theory. However, it
ie logical that lines of such genotypes might appear as segregating or
intermediate when one considers the difficulty of classification. The
lines mentioned as having a few questionable plantes may be of the
genotypes AAbb or aaBB and, therefore, explain the shortage of true
breeding Klein Aniversario lines observed. It is on thie assumption
that the 9:7 ratio is hypothesized.

The P value of .10-.,20 for a 1l:14:1 ratio in the 13 generation
indicates a good fit. This is the ratio of true breeding:segregating:
true breeding lines expected under a complementary gene hypothesis if
the genotypes AAbb and aaBB are assumed to appear as segregating.

Although conclusive proof of a complementary gene mode of
inheritance cannot be shown, the data obtained indicate strongly some
type of 2 factor inheritance of the Akmana reaction in this cross.

Similar data also were obtained on the second and third generation
of backcrosses of Klein Aniversario X Akmana F; to both its parents.
The backeross to Akmana resulted in no additional information on the

inheritance of the Akmana leaf rust reaction. Pollen from susceptible
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plants was apparently used to produce some of the Fy families studied.
Such plants are known to occur in the Akmana variety. Observations made
in this study show the plant type of such susceptible individuals to be
very much like other plants in the variety, i.e. they are awnless to
awnletted, and are similar in growth habit and maturity. However, there
are seed color differences in some of the susceptible offtypes, the
offtype being light red in seed color. Since the crosses used in this
study were made in the field in past years, there was no opportunity to
test the parents for leaf rust reaction before the crosses were made.
The results obtained from tests of this material are presented in Table
3.

The pollen used in these backcrosses does not trace to an
individual plant, but to the plants in a row. Pollen from highly
resistant Akmana plants was evidently used to produce the ¥y plants
5674=3 and 5674-5. The limited data from their progeny support the
theory that the Akmana reaction is dominant in this cross. However,
no evidence is shown as to the exact mode of inheritance.

Data from the cross (Klein Aniversario X Akmana Fy) X Klein
Aniversario are snown in Table 4., Only a few plants of the second
generation following the backcross were tested. Such data do not lend
any conclusive proof of the hypothesis outlined previously but neither
does it disprove such a hypothesis. Some difficulty was experienced in
classifying the material in 1955.

One family, 5678<5 segregated heavily toward Akmana, although it
did not breed true Akmana. This would be expected under the hypothesis
suggested. Considering the small numbers involved, the homozygous
dominant ovule crossed to homozygous recessive pollen might explain the

existance of such a line.
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Table 3. =~ Leaf rust race 9 reaction data for the second and third
generations of the cross, (Klein Aniversario X Akmana Fy) X
Akmana, '53 X L2c, at Stillwater, Oklahoma, in 1955 and 1956.

SECOND GENERATION PLANTS, 1955

Fy Family Leaf Rust Reaction (No. of Plants)

No. Akmana Kl. Aniv. Susc. Total
5674-1 0 12 L 16
5674-2 0 5 11 16
5674-3 9 3 0 12
5674=5 13 3 0 16
5674=7 L 6 10 20

THIRD GENERATION LINES, 1956
Fy Family Leaf Bust Reaction (No. of Lines)
No. True Breeding True Breeding Seg. True Breeding
Akmana Kl, Aniv, Susc.

5674-1 0 7 1 1
56742 0 3 0 5
56743 5 2 1 0
H6T4-5* 9 9 0 0
56T4=7 1 6 1 1

*Includes 2 lines from "no test" class in second generation.
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Table 4. -- Leaf rust race 9 reaction data from the second and third
generations of the cross (Klein Aniversario X Akmana Fy) X
Klein Aniversario, '53 X 4lb, at Stillwater, Oklahoma, in
1955 and 1956

P ey S
SECOND GENERATICN PLANTS 1955

F; Family Leaf Rust Reaction (No. of Plants)

No. Akmana Kl. Aniv. Susc. Total
5678-1 Lw 6 0 10
5678-2 L 6 2 9
5678-3 2% 6 0 8
5678-4 3 Ll 0 4
5678-5 5 4 0 9
5678-6 0 0 2 2

THIRD GENERATION LINES 1956
g i?fuy m&?%&_g%_m Breeding
Akmana Kl. Aniv. Susc.
5678-1 0 1 7 0
5678-2 0 6 0 0
56783 0 2 5 0
56784 3 0 1 0
56785 2 2 4 0
5678-6 0 0 0 2

*One of these K1, Aniv, type based on the third generation test.
®¥K1, Aniv. type on the basis of reaction in the third generation.
**®Akmana type on the basis of reaction in the third generation,
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Four susceptible plants were discovered in the second generation
material. Two of these, both from the same F; family, were tested as F3
lines and both were true breeding susceptible. The only explanation for
the occurrence of such plants is a very infrequent occurrence of
susceptible plants in Klein Aniversario. As in the other backcross, the
pollen used was from different plants within a row.

Since no data were available on the first generation plants of this
backeross, their reaction can be postulated only from data of later
generations. On this basis, F; plants 5678-1, -2, and -3 had a Klein
&niversario.reaction. and 5678-4 had an Akmana reaction. The reaction
of 5678-5 is indeterminable; while 5678-6 would probably have been
susceptible. A 3 Klein Aniversario:l Akmana ratio would be expected
from a 2 factor inheritance of the Akmana reaction. Again attention is
called to the low numbers.

Leaf rust race 9 reaction data from crosses of (Klein Aniversario X
Almana F1) to Comanche, to Triumph, and to Ponca are shown in Tables 5,
b, and 7 respectively,

The number of plants tested does not permit a complete analysis of
the inheritance of the Akmana reaction in these crosses. Rather, this
information serves to indicate what might be expected, were it desirable
to incorporate the Akmana reaction into these Oklahoma recommended
varieties. In the presence of susceptible germ plasm, the Akmana and the
Klein Aniversario reactions both appear to act as a recessive character.
It is noticed in the cross to Triumph that no plants of Akmana reaction
were observed in the F; family studied. This is possible under the

complementary gene hypothesis previously advanced.
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Table 5. == Fp and Fz leaf rust race 9 reaction data for the cross

Comanche” X (Klein Aniversario X Akmana F1), '53 X 15b,
Stillwater, Oklahoma, in 1955 and 1956,

I R R T . e s
e e v o et ot et e e s =

Fo Plants

F; Family Leaf Rust Reaction (No. of Plants)

No. Akmana K1, Aniv, Comanche Total
h586-1 1 10 12 23
5586-2 h 5 & 17
5586~3 4 0 3 1
5586} e 2. 2 -

13 17 25 55
F3 Lines from Selected Fp Plants
F1 Fanily No. Lines Leaf Rust Reaction (No. of Lines)
No. Tested True Breeding Seg. . True Breeding
Kl. Aniv. Comanche
5586-1 15 0 13 2
5586-2 14 1 11 2
55863 7 0 5 2
55864 g 1 7 0




Table 6, == F, and Fi leaf rust race 9 reaction data from the cross

Triumph X (Klein Aniversario X Akmana F1), '52 X 36b, at

Stillwater, Oklahoma in 1955 and 1956.

Fp Plants 1955

Fy Family Leaf i N Plants

No. Akmana Kl, Aniv. Tr iumph Total
5592-1 0 5 17 22

F3 Lines From Selected Fo Plants 1956

F) Family  No. Lines L g i N; f Lines

No. Tested Seg. Toward rue Breeding Seg. Toward

Kl. Aniv. Tri. Tri.

5592=1 9 5 2 2
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Table 7. == F2o and Fz leaf rust race 9 reaction data for the cross
Ponca X (Klein Aniversario X Akmana F%). '52 X la, at
Stillwater, Oklahoma, in 1955 and 1950.

F, Plants 1955

Fy Family Leaf Bust Reaction (No, of Plants)

No. Akmana Kl, Aniv. and Ponca
5583-2 5 13
5583~3 - 20

Totals 8 23

F3 Lines From Selected Fo Plants 1956

T Family No. Lines Leaf Rust Reaction (Ng. of Lines)

No. Tested Segregat ing True Breeding Ponca

5583-2 16 9 1
5583-3 9 9 0
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The F2 data closely fit a 3 susceptible:l resistant ratio in
Triumph X (Klein Aniversario X Akmana F1) cross and a 3 resistant:l
highly resistant ratio in the Ponca X (Klein Aniversario X Akmana F,)
cross. These ratios may or may not be meaningful in the inheritance of
leaf rust reaction in these crosses.

Also, it is important to note that, with these small numbers, no
true breeding Akmana type F3 line was recovered in any of these crosses.
Following the hypothesis advanced by this study, such a reaction could

be stabilized from such hybrids, if sufficient plants were tested.
Westar Selection X Akmana

The results obtained from testing the Fo and F3 generations of
Westar Selection X Akmana, '52 X 18a, to race 9 are shown in Table 8.
The data presented are pooled results from 3 homogeneous F; families.
On the basis of F3 segregation, some plants in the Fa Almana class
were believed to be misclassified. No misclassification was evident in
the other Fp classes. Since the Fp plants were selected in approximately
equal numbers within reaction classes, the F3 ratio also requires some
adjustment to correct it to the breeding behavior expected if all 13
lines from the Fp population has been tested. Such adjustments were
made and are shown in Table 9. The plants removed from the Fp Akmana
class were added to the intermediate class, since there was no evidence
that they should be added to the Westar Selection class.

The inheritance of the Akmana reaction in this cross is not
readily determined. At least 2 possibilities can be shown. The first
is that the Westar Selection variety is heterozygous for 1 or more

factors which control it reaction to race 9. ZEvidence for this
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Table 8. —- Fp and Fy leaf rust race 9 reaction data for the cross,
Westar Selection X Akmana, '52 X 18a, at Stillwater,
Oklahoma, in 1955 and 1956.

T, Plants
Akmana, Intermediate Westar Selection Total
1955
4k 153 68 265
1956
21 135 78 234

Fz Lines From Selected Fo Plants, 1956

True Breeding Segregating True Breeding Total
Akmana Westar Selection

1 86 11 98




Table 9. —- Original and Adjusted leaf rust race § reaction data from the cross, Westar Selection X Akmana,

The X 18a, at Stiliwater, Oklanoma, in 19959 and 1950.

Reaaing or Calculatiocn

Leaf Rust Heaction Class

Akmang Intermediate Westar Sel.
or
Segregating
Uriginal ¥, Reaaing 1955 (Wo. of Plants) 4y 153 b8
Numper Fj wines Testea 1950 30 38 30
Per cent of Total Fopulation Tested as F3 _
Lines 08. 18 24, 84 Gy.ll
Number Plants Found to be iisclassified 1i 0 0
Per cent Misclassification 30.07 9] 0]
Adjusted Fy Heaaing 19nH (No. of Plants) 28 169 08
Number ¥3 wines Tested {Adjusted) 19 49 30
Humber True Breeaing F; Lines Qbservea in 1956 1 1i
Per cent True breeding iLines in E} Population
Testea .2l -—— jo.07
Numper True Breeding ¥z Lines zxpectea if
Total Population Haa Been Tested, {(adjusted) 1.4%0 Z4.94
Number Intermedizte or Segregating ¥y Lines
fixpected if Total F; Population Haa Been
Tested (Adjusted) 238.00 [\
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possibility is the erratic results obtained in other tests with this
variety and the undeterminable inheritance of its reaction in other
crosses. The homogeneity of the 3 F; families tested would seem to
rule out such a hypothesis. The 1955 test, after adjustment, shows a P
value of .30-.50 for homogeneity of the F) families and the 1956 test
yvields a P value of .80-.90 for homogeneity. If either variety were
heterozygous, different segregations would be observed between Fp
families. The number of Fl families used is too low, however, to
definitely rule out such a hypothesis.

The other possibility is that the Akmana reaction is inherited as
a recessive with a relatively large number of factors operating. This
is shown in the adjusted data presented in Table 9, in that only 1.46
of 265 F3 lines are true breeding Akmana. FEvidence against such a
theory is the fact that the Akmana reaction appeared to be dominant
in the cross with Klein Aniversario where the difference between
parental reactions was not so great. This might indicate that the
Akmana reaction is controlled by a large number of genes, while Klein
Aniversario and Akmana differ at only 2 loci. Then, Westar Selection,
being less resistant, would differ from Akmana at more loci than is the
case with Klein Aniversario.

The data obtained do not permit any definite conclusions as to the
inheritance of the Akmana reaction in the Westar Selection X Akmana
cross. It does, however, appear to be inherited as a recessive

character.



Inheritance of Awnedness

Observations of awnedness in the F, generation of Klein
Aniversario X Akmana, '52 X 20b, are presented in Table 10. These
observations were made on transplanted Fo plants growing in the field
for increase in 1955. They represent the 2 leaf rust reaction classes
and, in addition, 25 plants having a "no test" reaction in the Fp
generation. A total of 76 plants were classified. Chi-square and P
values for a 3:1 ratio of awnless and awnletted to awned plants are
also shown in Table 10.

Table 10. -~ Inheritance of awnedness in the F, generation of the cross,

Klein Aniversario X Akmana, '52 X 20b, at Stillwater,
Oklahoma, in 1955.

Observed Awnedness (No, of Plants) Chi- P

or Awnless and Awned Square Value
Expected Awnletted
Obs. 60 16
Exp. (3:1) 57 19 .632 «30-.50

These values indicate a good fit to a 1 factor difference. This agrees
with other studies although no F3 data were available here and some
other studies have shown awnedness to have a more complex inheritance.
Awnedness data from the backcross material are presented in Tables
11 and 12. These data support the hypothesis of a 1 factor difference
for awn expreseion in the Klein Aniversario and Akmana varieties., In
the (Klein Aniversario X Akmana Fy) X Akmana backeross, a 1 true
awnless:l segregating ratio would be expected in the second generation.
As shown in Table 11, only 1 of 5 were true breeding awnlese, but the

low numbers used may again affect the results.



Table 11, -- Awnedness data for the second generation of the backcross
(Klein Aniversario X Akmana Fy) X Akmana, '53 X 42¢, at
Stillwater, Oklahoma, in 1955.

23

F, Family Awnedness (No. of Plants)

No. Awnless and Awnletted Avmed Total
5674-1 b 3 9
56742 8 2 10
5674-3 . 8 0 8
5674-5 9 5 14
56747 12 1 13

Table 12. -- Awnedness data for the second generation of the backcross
(Klein Aniversario X Akmana Fy) X Klein Aniversario,
153 X LUb, at Stillwater, Oklahoma, in 1955.

¥y Family Awnednese (No. of Plants)

No. Awnless and Awnletted Awned Total
5678-1 0 g 8
5678-2 5 1 6
5678-3 0 f
5678-4 0 4 4
5678-5 7 1 g

5678<6 2 ) 2
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The (Klein Aniversario X Akmana Fy) X Klein Aniversario backcross
data presented in Table 12, show 3 awned lines and 2 segregating lines,
with 1 line having only 2 plants, both awnless. A 1l:1 ratio would be
expected under a 1 factor hypothesis,

No significant data were obtained on the inheritance of awnedness
in the outcrosses studied. All selected Fp plants were awned. This
would indicate that pollen from the F; plants used to produce all of
the 7 F1 families studied carried recessive gametes to the recessive
ovules of the awned parents. This might also raise a question as to
whether or not a cross was effected in all cases. However, leaf rust
reaction and seed color segregation indicate that the material was
actually hybrid in nature.

Plant counts, Chi-square, and P values of a 3:1 ratio for awnedness
in the Fp generation of the Westar Selection X Akmana cross are
presented in Table 13. These data were taken on 98 transplanted Fp
plants in 1955. The P value of .30-.50 indicates a simple 1 factor
Table 13, -~ Inheritance of awnedness in the Fp generation of the cross,

Westar Selection X Akmana, '52 X 18a, at Stillwater,
Oklahoma, in 1955.

ey
m—

Observed Awnedness gﬂo. of Plante) Chi- P

or Awnless and Awned Square Value
Expected Awnletted
Obs. 70 28
Exp. (3:1) 73.5 2h.5 . 667 «30-.50

inheritance of awnedness in this cross. This indicates there is only a
1 factor difference, a dominant inhibitor, in the parents, while several
genes could be involved in the expression of awnedness., ZEach variety

would be homozygous and alike at all awn expression loeci except 1.
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Inheritance of Seed Color

Segregation for seed color in the Fo generation of Klein
Aniversario X Akmana, '52 X 20b, is shown in Table 14, These data were
taken from the same plants on which awnedness classification was made.
Chi-square and P values for a 63 red:l white ratio are also shown.

These values indicate a good fit to a 3 factor hypothesis for the

Table 14, -~ Inheritance of seed color in the F@ generation of the
cross Klein Aniversario X Akmana, '5
Oklaghoma, in 1955.

2 X 20b, at Stillwater,

Observed

or Seed Color (No., of Plants) Chi- P
Expected Red White Square Value
Obs. 75 1
Exp. (63:1) 74.8 1.2 .003 .80-.90

inheritance of seed color in this cross. This would mean that the
Klein Aniversario variety has 3 dominant factors for red seed color.
Various degrees of red were observed, but were combined since it was
felt they could not be distinguished accurately. Here again, no F3
data were available.

Since only 2 Fi families were believed to be actual backcrosses in
the (Klein Aniversario X Akmana Fj) X Akmana material, this material is
of little value as a test cross of the 3 factor hypothesis of seed color
inheritance. All progeny of the (Klein Aniversario X Akmana Fy) X
Klein Aniversario backcross were red seeded as might be expected if
Klein Aniversario carries 3 dominant factors for red seed color. A very
small number of white seeded types would appear in a large segregating
population of this type. The numbers observed here would not necessarily

show such recessive segregates,
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All selected Fp plants from the outcrosses of Klein Aniversario X
Akmana F; to Comanche, to Ponca, and to Triumph were red in seed color.
Varying degrees of red were observed, indicating segregation for this
character. As in the backcross to the Klein Aniversario parent, crosses
to these common red seeded varieties should produce results such as
those observed. If a 3 factor hypothesis is correct, true breeding
types should be recovered in the 13 generation, but such data were
not available.

Data pertaining to Fo seed color segregation in Westar Selection X
Akmana are given in Table 15. Chi-square and P values for a b3 red:l
white ratio were computed from these data. These values indicate a
Table 15. =~ Inheritance of seed color in the F, generation of the

cross Westar Selection X Akmana, ‘52 X 18a, at Stillwater,
Oklahoma, in 1955.

g
==

Observed __Seed Color (No. of Plants) Chi- : T
or Red White Square Value

Expected

Obs. 95 3

Exp. (63:1) 96.7 1.53 1.636 «20-.30

good fit to a 3 factor inheritance of red seed color in this cross.
Westar Selection would contain the 3 dominant factors for red seed
color since the Akmana variety is white seeded, the recessive condition.

Such an hypothesis agrees with the studies of other workers,
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Association Studies

Tests for independence of inheritance of awnedness and seed color
to leaf rust reaction were calculated from the Klein Aniversario X
Akmana and from the Westar Selection X Akmana data. Chi-square and P
values were obtained from contingency tables comparing Fo seed color or
awvnedness and F3 leaf rust reaction.

Similar results were obtained from both crosses. A summary of the

results are as follows:

Cross and Comparison Chi-Square P Value

Klein Aniversario X Akmana
Avwnedness and Leaf Rust Reaction 1.813 »50-,70

Klein Aniversario X Akmana o
Seed Color and Leaf Rust Reaction LOTh :} .99

Westar Selection X Akmana
Avnedness and Leaf Rust Reaction .148 .98-,99

Westar Selection X Akmana

Seed Color and Leaf Rust Reaction 1.504% .50-.70
The P values obtained indicate that leaf rust reaction, seed color,

and awnedness are inherited independently in these crosses. Such

results agree with those of other investigations.



SUMMARY

The inheritance of leaf rust race 9 reaction, awnedness, and seed
color was studied in hybrids of Akmana crossed to Klein Aniversario and
to Westar Selection, as well as in backcrosses of the Klein Aniversario X
Akmana F; to each parent and outcrosses of such an Fy to the varieties
Comanche, susceptible; Triumph, susceptible; and Ponca, resistant.

The Akmana reaction to leaf rust race 9 was found to be controlled
by some 2 dominant factor interaction in the Klein Aniversario X Akmana
cross, Sufficient backcross data were not available to draw definite
conclusions as to the exact inheritance of the Akmana reaction in this
cross. The Akmana reaction appeared to be recessive in the outcrosses
of the Klein Aniversario X Akmana F) to susceptible varieties.

The mode of inheritance of the Akmana reaction could not be
determined in the Westar Selection X Akmana cross, but it appeared to
behave as a recessive.

The Akmana variety is shown to possess 1 dominant inhibitor which
results in its awnless to awnletted condition.

Seed color was inherited on a 3 factor basis in both the Klein
Aniversario X Akmana and the Westar Selection X Akmana crosses. This
would indicate that Klein Aniversario and Westar Selection each possess
3 dominant factors for red seed color. Akmana is white seeded, the
recessive condition,

Association studies indicate independent inheritance of leaf rust
race 9 reaction, awnedness and seed color.

34
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