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responsible for bunt resistance. Relatively low infection percentage

on Stephens suggests it has some minor genes which give some resis-

tance to bunt.

Seed color and earliness were independent of resistance to bunt

races T-23 and L-16 in the cross studied. Resistance to race T-23

and awnlessness were inherited independently. Although chi-square

tests suggested that there was a weak negative association between

awnlessness and resistance to race L-16, it is suspected that this

association was due to sampling procedure.
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INHERITANCE OF RESISTANCE TO COMMON BUNT RACES T-23 AND
L-16 AND ASSOCIATION OF BUNT RESISTANCE WITH SELECTED AGRONOMIC

CHARACTERS IN A HYBRID OF HOHENHEIMER X STEPHENS WHEAT

INTRODUCTION

Common bunt of wheat, (Tilletia carries (D.C) Tull and Tilletia

foetida Liro) is one of the oldest known diseases to man and

has caused significant crop losses. Such losses were mentioned by

Theoprastus, Virgil and Pliny (19). Continuing and increasing crop

losses have lead to a search for ways of controlling this disease.

These studies resulted in three main recommendations:

A. Adjust agricultural practices.

B. Use chemicals for seed treatment.

C. Develop disease resistant cultivars.

Adjusting agricultural practices such as early or'late planting

dates is not always practical. This is often difficult because of

soil and weather conditions and may also result in yield reduction.

Development of such chemicals as mercuries, hexachlorobenzene

(HCB), and Vitavax significantly reduced crop losses from bunt.

However, other means of control are needed, because of the danger of

human consumption of treated seeds in developing countries. Also,

some biotypes of common bunt show resistance to chemicals (30) and

none of the fungicides currently available consistently provide

acceptable control of dwarf bunt, Tilletia controversa (Kuhn.).

The need for breeding for bunt resistance in wheat (Triticum

aestivum L. em Thell) has been recognized for many years. It is

particularly important in areas where soils are contaminated with

bunt spores which makes seed treatment less effective. In a breeding
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program for resistance to common and dwarf bunt of wheat, a knowledge

of the type of inheritance which controls bunt resistance is essential.

Investigations on the genetics of resistance to specific races of bunt

can lead to identification of individual genes, document their mode

of inheritance and can provide valuable information to the wheat

breeder.

Objectives of the study were:

1. To determine the number of genes in Hohenheimer which condition

resistance to common bunt races T-23 and L-16 when crossed to

Stephens.

2. To determine whether resistance is expressed in the dominant or

recessive state.

3. To determine degree of association among the plant characters

(a) awnless, (b) seed color, (c) earliness and resistance to bunt.



3

LITERATURE REVIEW

Inheritance of resistance to common bunt of wheat

Tscharner, according to Woolman and Humprey (55) was the first

to mention that cultivars differ in their resistance to bunt when he

stated in 1764 that white spelt was more "liable" to bunt than red

spelt.

Farrar (18) was the first to systematically breed for resistance

to bunt. He produced two important cultivars but made no attempt to

establish the mode of inheritance of the resistance factors.

Following the demonstration by Biffen that resistance to stripe

rust of wheat was inherited in a Mendelian manner (3). Gaines made the

first contribution on the heritability of specific bunt resistance

factors (21). He suggested that there are two kinds of resistance,

one prevents infection and the other retards the development of the

fungus after infection. In the same report, it is speculated that

bunt resistance, if Mendelian, is conditioned by multiple factors.

He concluded that different wheat varieties possess different kinds

of resistance. He also pointed out "linkage between resistance and

morphological characteristics is not sufficient to prevent the selec-

tion of a resistant strain of any morphological type desired".

In a number of studies, it is reported that there is trans-

gressive segregation in wheat crosses for bunt resistance which implies

that resistance is conditioned by multiple factors (6, 7, 8, 9, 10,

11, 21, 22, 23, 25 and 26).

Gaines (28), working with crosses of Turkey x Hybrid 128 and

Turkey x Florence found that there was continous segregation in F3
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populations for bunt susceptibility ranging from 0.1% to 99.9% where

Turkey, Hybrid 128, and Florence had 0.6%, 58.8% and 1.3% bunt,

respectively. He concluded that bunt resistance was cumulative in

effect. In another study, conducted by Gaines (22) transgressive

segregation occurred in a cross of Turkey x Florence. In the same

study, it was reported that in the F3 generation of Fortyfold x

Turkey, some F3 families were more resistant than the resistant parent,

Turkey, and many of them were much more susceptible than Fortyfold

which was used as the "weak" parent.

Gaines (23) stated that "when resistant and immune varieties were

crossed, an occasional segregate would show more susceptibility than

the weaker parent, but on the whole the number of immune and highly

resistant families was much larger than when immune and susceptible

varieties were crossed". He speculated that immunity among the hybrids

differed in their potential resistance or source of resistance. He

proposed two methods to detect this difference. One was to backcross

them to the susceptible varieties and then test the relative suscepti-

bility of the offspring. The other was to compare vigor and yielding

capacity of inoculated seeds with uninoculated ones, under favorable

conditions for maximum bunt infection.

In a study conducted by Gaines and Singleton (25) transgressive

segregation occurred in the F3 population of Marquis x Turkey. They

declared that both resistant parents had different factors for bunt

resistance.

One of the first studies using different physiologic forms of

Tilletia caries and Tilletia foetida as an inoculum was reported by
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Gaines and Smith (26). In the F
3

population of Hohenheimer x Odessa,

a well-marked transgressive segregation was observed, some progenies

were much more susceptible or much more resistant then either parent.

They concluded that both parents have a different main factor which

determines resistance to race T-11.

Briggs (6) studied inheritance of resistance to bunt in crosses

of (a) susceptible x susceptible, (b) resistant x resistant, and

(c) susceptible x resistant varieties of wheat. In his study, Martin

and Hussar were used as resistant parents and Hard Federation as the

susceptible one. He reported that Hard Federation and Baart differ

slightly in their resistance to bunt. From a cross between these two

varieties, no plants were isolated that were more resistant or were

more susceptible than the parents. He also determined the Martin

possesses one and Hussar possesses two factors for bunt resistance.

In a subsequent study, Briggs (7) showed that Martin and Hussar had

one dominant factor in common which was designated as Martin factor,

MM. The second factor in Hussar was designated Hussar factor, HH.

Very obvious transgressive segregation occurred in two resistant

x resistant type crosses of Sherman x Turkey 3055 (C.I. 3055) and

Martin x Oro.. Although parents used in this study were immune, up

to 75 percent of plants were infected in some F3 lines. Yet, many more

F
3
rows were classified resistant as compared to the number of those

classified susceptible,(10).

A third genetic factor for bunt resistance was found in a cross

of Turkey 3055 x Selection 1403. It was designated as the Turkey

factor, TT, by Briggs in 1933 (9). Stanford (50) identified a fourth
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genetic factor for bunt resistance in a series of Rio crosses. He

designated it as the Rio factor, RR.

El Khishen (15) reported that two weak genes acting together

confer a high degree of resistance in Turkey 10015. In this study

very obvious transgressive segregation was observed in crosses of

Turkey 10015 x Selection 1403 and Turkey 10016 x Selection 1403. All

parents were almost immune, in F
3

populations bunt infection varied

from zero to 95 percent.

Inheritance of reaction to common bunt race T-2 was studied in

populations of F
3
and BC lines from the cross Redman x S-615 by

McKenzie (33). It was shown that Redman possessed a major gene for

resistance, plus two minor genes. He concluded each of the minor

genes was capable of conditioning a moderate degree of resistance

alone but together they conditioned a high level of resistance as

a result of geometric gene action.

Vogel et al. (52) identified two major dominant factors in Oro

and one minor dominant factor in Turkey-Florence by analyzing a cross

of Turkey-Florence x Oro. A series of wheat crosses were studied by

Pugsley (43). He found one major recessive gene in a bunt resistant

tetraploid wheat variety, Doubbi. During the study, Doubbi was bunt-

free when inoculated with races T-2, T-5, L-1, L-3 and L-14, separately.

In 1970, Metzger (37) proposed and assigned new symbols to

designate genes that governed resistance to bunt. Symbols Bt 1 through

Bt 7 were used to designate the Martin-1, Hussar, Ridit, Turkey,

Hohenheimer, Rio and Martin-2 factors, respectively (54). Waud and

Metzger (54) found a dominant factor in the wheat variety "Yayla 305",
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P.I. 178210, designated Bt 8, which gave resistance to all races

known until recent years. Metzger et al. (41) working with crosses

of C.I. 7090, reported a new factor for bunt resistance in C.I. 7090

which was designated as Bt9. In another study, Metzger and Silbaugh

(39) identified a dominant factor in P.I. 116306, Bt 10. So far,

10 major genes that confer resistance in wheat to common bunt have

been reported (6, 9, 12, 39, 41, 48, 50, and 54). A current list

of these genes and some of the genetic stocks which carry these genes

is given in Appendix Table 1.

Major genes for bunt resistance mostly express themselves in

dominant or incomplete dominant state. Briggs (6) reported that

Martin gene is completely dominant and Hussar gene almost completely

dominant as indicated by F1 plants, when these varieties were crossed

to susceptible ones. The same observations were made earlier by

Gaines (23) for Martin, Hussar and Odessa wheat varieties. He also

reported that resistance was recessive when resistant varieties were

crossed with susceptible ones and was dominant when immune varieties

were crossed with susceptible ones. Gaines believed that his study

indicated resistance to common bunt is due to the combined effect of

several unit factors which, when all were present as in immune varie-

ties, produce apparent dominance, but lesser number of factors would

give the recessive effect.

The first report dealing with Hohenheimer resistance to bunt was

made by Gaines and Smith (26). They reported that Hohenheimer's

resistance to races T-2 and T-4 was conditioned by a single main factor

which was also responsible for the moderate resistance of Hohenheimer
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to race T-11. Martin (32) tested 250 varieties for bunt resistance

by using two different composites of bunt in Oregon. He reported

that a Hussar x Hohenheimer selection was the most resistant line

tested. He pointed out that both Hussar and Hohenheimer may have

distinct value in a breeding program involving resistance to bunt.

In another study conducted in the Pacific Northwest, Taylor (51)

reported that Hohenheimer carries one major dominant factor for

resistance to race T -i1 which confirmed the results obtained earlier

by Gaines and Smith.

Resistance of Hohenheimer has been extensively studied for 12

years by Metzger (36). He concluded that Hohenheimer carries at

least one major gene and probably a second weak gene closely linked

with a major gene which was not observed until recombination occurred

in crosses. His data from Kharkow monosomics x Hohenheimer suggested

that a major gene for resistance to bunt in Hohenheimer is located

on chromosome IB.

Physiologic specialization in common bunt of wheat

According to Aamodt (1), Kniep, in 1919, was the first to show

that there are physiologic forms in the smut fungi, Ustilagp violacea

Pers..

First speculation about the existence of bunt races of wheat was

made by Reed (44). He suggested that varying results obtained from

the same varieties by different workers could be explained on the basis

of specialized races in the species of Tilletia. Existence of physio-

logic forms in the smuts of cereal was demonstrated in barley by Faris

(16). In 1924, in another study, Faris (17) obtained some evidence
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of a difference in the infection capacity of samples of wheat bunt

collected from different locations which indicated that these bunt

collections were specialized into races. Reed (45) illustrated the

existence of specialized bunt races in oats in 1924, immediately

following Faris's report in barley.

Dillon-Weston (14) working in England with several resistant

varieties reported that resistant varieties became susceptible when

inoculated with bunt produced on the same varieties. He interpreted

this result as an increase in virulency of pathogen and he concluded

bunt resistance depends on three main factors, the physiologic

form of parasite, the strain of the host, and environment.

According to Gaines (24), Stephens reported that several wheats

which had been practically smut-free for several years, became heavily

infected when inoculated with local collections of bunt at Moro,

Oregon.

The first systematic race identification in bunt was introduced

by Rodenheiser and Stakman (46) in 1927. They identified five bunt

races by using three differential wheat varieties. Bressman (4, 5)

studied parasitic behavior of 100 collections of bunt using ten

differential varieties. He reported that there were at least 10

physiologic forms of bunt among the collections of bunt studied. A

standard classification of bunt races in the United States was initi-

ated in the Pacific Northwest by Flor (20) who introduced the gene-

for-gene relationship two decades later. He identified bunt races by

using nine differential varieties for bunt samples collected from 182

different fields in the Pacific Northwest.
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From the results of many studies, 28 races were identified by

1961. Kendrick (29) reclassified these 28 races into 17 pathogenic

types on the basis of differential reactions of 17 varieties.

Flor (42), working with flax and rust that attacks it, was the

first to study the genetics of both members of a host:parasite system.

His results led him to conclude that for each gene determining

resistance in flax, there is a specific and related gene determing

virulence in the host. First mention of the possible existence of a

gene-for-gene relationship in Triticum:Tilletia system was made by

Schaller et al. (48) in 1960. However, first application of the

gene-for-gene relationship to Triticum:Tilletia system was made by

Metzger and Trione (37) in 1962.

On the basis of the gene-for-gene relationship, the number of

combinations of genes for virulence that can occur is limited by the

number of loci that govern virulence in the pathogen and the number

of alleles associated with a given locus (2s, 42). Any distinct

virulence pattern (pathogenic race) can be identified by observing

the reaction of a series of differential host varieties each of which

carries only one gene for resistance.

Using this concept, Metzger and Hoffmann developed a series of

differential varieties and series of hybrid common bunt races (27, 34).

Reported races and host resistance genes used to identify them are

presented in Appendix Table 2.

Association of awning and bunt resistance

One of the earliest studies dealing with inheritance of awnless

was conducted by Biffen (3). He reported that awnless was conditioned



11

by one dominant gene in his crosses. According to Biffen, Spillman

and Tschermak had obtained similar results a few years earlier.

Watkins and Ellerton (53) showed that there are five major genes

which alone or in combination, lead to the production of the seven

major awn classes. They pointed out none of the awn genes are

completely dominant or completely recessive, but still awnless must be

regarded as the top of dominant and awnedness as the bottom of

recessive.

Clark et al. (13) working with Hope wheat crosses, determined

that two major factors were responsible for awn expression. In this

study, awnedness and resistance to bunt were inherited independently.

Three sets of substitution lines of Chinese Spring with chromo-

somes from the donor varieties Thatcher, Hope and Timstein were

studied by Kuspira and Unrau (31). It was found seven Thatcher, two

Hope and three Timstein chromosomes carried genes that affected awning.

Gaines and Singleton (25) reported that there was little, if any

linkage between awn expression and bunt resistance. Awnedness and

bunt resistance were found as independent characters by Ausemus (2)

in a study conducted on triangular crosses of Hope, Marguillo and

Supreme.

In a study conducted in the Pacific Northwest, Rohde and Atkinson

(47) reported that three factors segregated for bunt resistance in a

cross involving P.I. 178383. In their study they observed no associa-

tion between awns and bunt resistance.

McKenzie (33) showed that bunt resistance and awn type were

inherited independently in the progenies from a Redman x S-615 cross.
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F
3
progenies of reciprocal crosses of Oro x Hohenheimer were

studied by Metzger and Silbaugh. They concluded that Hohenheimer

has one gene for awnlessness which was dominant to the recessive

allele for awning from Oro (38).

Association of seed color and bunt resistance

The inheritance of seed color was first studied by Biffen (3).

He indicated that dark red is dominant over light red and red is

dominant over white which implies that seed color is governed by

multiple factors.

Clark et al. (13) reported that seed color was conditioned by

at least three factors in Hope crosses.

Crosses of wheat cultivars Buffum 17, Minhardi and Albit were

studied by Schlehuber (49). In the results of correlation studies,

he indicated a possible weak linkage between bunt resistance to

race T-11 and seed color.

Metzger (35) demonstrated that Hohenheimer carries one gene for

red seed color. He obtained evidence from a cross of Chinese Spring x

Hohenheimer to indicate the same gene conditions seed color of both

varieties. Sears, using Chinese Spring, showed the gene for red seed

color is located on chromosome 3D.
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MATERIALS AND METHODS

Two winter wheat cultivars, Hohenheimer and Stephens were used as

the parents in the present study. Hohenheimer was resistant and

Stephens was susceptible to the common bunt races used as inoculum. A

description of parental cultivars is given in Appendix Table 3.

Field studies were conducted in two locations. The crosses and

agronomic observations were made at the Hyslop Agronomy Farm near

Corvallis, Oregon which is located at latitude 44°30'N and longitude

123°30'W with an elevation of 68 meters above sea level. Bunt studies

were conducted at the Pendleton Agricultural Experiment Station which is

located at latitude 45°30'N and longitude 118°26'W with an elevation of

454 meters above sea level. A summary of climatic data for two experi-

mental sites is presented in Appendix Table 4.

The soil type at Hyslop Farm is Woodburn silt loam. Applications

of nitrogen as urea were made prior to seeding and in the spring in the

amounts of 20 kg/ha and 90 kg/ha, respectively. A post emergence appli-

cation of 1.5 kg/ha of Diuron was made on December 19 to control weeds.

Further necessary weed control was done by hand. The rainfall during

the growing season was 970.6 mm.

Soil at the Pendleton Experiment Station is classified as Walla

Walla silt loam which received 65 kg/ha nitrogen prior to planting. For

weed control, 1.4 kg/ha Diuron was applied on December 4 and 1.5 kg/ha

Bronate was applied on March 11. The rainfall during the growing season

was 511.9 mm.

Prior to making the F1 cross, the parents Stephens and Hohenheimer

were grown head to row for three generations to assure purity. The
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cross (Hohenheimer x Stephens) was made in the 1977-78 crop year

at Hyslop Farm. The next year the F1 hybrid was grown at the same

location and backcrossed to Stephens. In the 1979-80 crop year,

from the BC-F
1
population of 960 plants, 325 individual plants which

headed as early as Stephens with good agronomic type were selected

and threshed separately. Before threshing, awn characteristics as

awnless or awned and after threshing seed color as white or red were

noted for each plant selected. Number of seeds for each plant was

counted and plants having less than the required number of 525 seeds

were eliminated. Seeds from the remaining individual plants were

divided into 7 lots of 75 seeds each.

For bunt studies, randomized complete block design with three

replication was used to minimize environmental effects. Each repli

cation consisted of 130 single row plots with 75 seeds per row. The

composition of each replication was as follows:

90 rows of BC-F
2
individual plants

5 rows of F
2

bulks

2 rows of F
1
's

11 rows of Stephens

11 rows of Hohenheimer

11 rows of Heines VII (universal susceptible check)

Stephens, Hohenheimer, and Heines VII were used as the checks between

every ten entries. In the bunt trials, two sets of materials were

used, one inoculated with common bunt race T-23 and the other

inoculated with race L-16.

A non-replicated and uninoculated set of the same material was

planted at Hyslop Farm to observe plant characteristics such as
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earliness, seed color and awn expression.

Conventional bunt inoculation was employed for this study. Seeds

used in the study were not sterilized since initial materials were

grown in a smut-free environment. Methylcellulose (Methacol) was used

to stick bunt spores to the seed surface in the inoculation process.

For inoculation, several balls of bunt of each race were crushed and

mixed with a 5 percent methylcellulose solution. Three droplets from

this bunt suspension were placed on the seeds which were put in a test

tube and stirred mechanically using a stirring rod. After inoculating

with race T-23, the equipment was thoroughly washed with hot water

before inoculating the other seed set with race L-16.

Inoculated material was space planted, using a vacuum pick-up

seed drill on October 22, 1980 at Pendleton. Plot length was 7.5

meters and space between rows was 0.3 meters. Material grown at

Hyslop Farm was planted by hand on October 8, 1980.

To determine the number of susceptible and resistant plants, first

the total number of plants in a row were counted and recorded at

maturity. Then, plants were pulled, inspected and classified as

susceptible or resistant. Plants having one or more infected heads

were classified as susceptible while plants without any infected heads

were classified as resistant. Before pulling, each row was classified

for segregation of awn expression and seed color which was determined

by hand threshing one head from each of 15-20 different plants. The

data were used to verify similar observations made at Hyslop Farm.

To test the hypothesis for number of gene(s) conditioning bunt

resistance and its association with awn expression and seed color,
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chi-square tests were performed to determine goodness of fit the

observed data to expected values.
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RESULTS AND DISCUSSION

Plants in the F
1
generation were tip-awned (awnless), tall and

red-seeded which indicated that tallness and red seed color were

dominant whereas awnlessness was partially dominant.

From the BC-F
1
population, 90 individual plants were taken to

study, 50 of them were classified as awnless (28 white + 22 red-seeded)

and 40 of them were classified as awned (20 white + 20 red-seeded).

Segregation did not occur in BC-F2 families produced from BC-F1 plants

that had been classified as awned or white seeded.

Favorable environmental conditions resulted in a uniform and high

bunt infection in the Pendleton trials. As shown in Tables 1 and 2,

the inoculated universal susceptible check, Heines VII had an average

of 90 percent bunt infection in both trials. Uninoculated Heines VII

.rows did not shown any bunt infection which is evidence that the

soil was not contaminated with bunt spores.

Race L-16 was more aggressive than race T-23. Hohenheimer showed

complete resistance to both races. No smutted heads were found in

3399 Hohenheimer plants inspected. Although percentage of susceptible

plants in Stephens rows was 46.7 and 59.2 for races T-23 and L-16,

respectively, bunt infection varied from one to all heads per

individual plants.

F
1
plants were highly resistant but not completely free of smut.

Only two susceptible plants were found among 294 F1 plants inoculated

with race L-16 where four out of 299 F
1
plants were susceptible to

race T-23. In most cases, only one partially smutted head was found

per susceptible F1 plant.
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Percentages for susceptible plants in the F2 generation were

24.1 and 26.6 for races T-23 and L-16, respectively. In a F2

population of 695 plants, 169 individual plants were susceptible to

race T-23. The number of susceptible plants was also 169 out of 647

plants inoculated with race L-16.

Susceptibility varied from 5.9 to 83 percent in BC-F2 family

rows inoculated with race T-23, and from 9.5 to 85.4 percent in BC-F2

families inoculated with race L-16. In both cases susceptibility of

some BC-F2 families exceeded the susceptible parent, Stephens, which

suggests that transgressive segregation occurred in BC-F2 generation.

The number of gene(s) which condition(s) resistance to bunt

races T-23 and L-16 was investigated. Chi-square tests were performed

for hypothesis control. As shown in Table 3, goodness to fit to three

resistant:one susceptible ratio in the F2 generation was good which

suggested that resistance to bunt races T-23 and L-16 was conditioned

by a single major gene. Further evidence obtained in BC-F2 families

supported the hypothesis that one dominant gene was responsible for

bunt resistance to both races studied. As presented in Figures 1,

2 and 3, BC-F2 families inoculated with race T-23 were broken into

two groups at average infection value of 40. The break in distri-

bution of bunt infection occurred at 42.5 percent infection level

for BC-F
2

families inoculated with race L-16. When these values were

accepted as the criteria to differentiate segregating (for bunt

resistance) and susceptible BC-F2 families, 51 of them were classified

as segregating for resistance and 39 as susceptible to race T-23.

However, the number of susceptible and segregating BC-F2 families to
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Table 3. Chi-Square Tests for Goodness of Fit to 3 Resistant:
1 Susceptible Ratio in the F2 Generation

Race T-23 of Tilletia caries (D.C) Tull

Number of Plants

Observed Expected

Resistant 526 521.25

Susceptible 169 173.75

X2 P
*

0.1475 0.70

Race L-16 of Tilletia foetida (Wallr.) Liro

Number of _Plants

Observed Expected

Resistant 478 485.25

Susceptible 169 161.75

X
2

P*

0.4333 0.55

*Probability for having greater X2 values.
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Figure 1. Distribution of Number of Rows, in 5% Infection Classes
of Materials Inoculated with Race T-23 of Tilletia caries
(D.C) Tull.
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Figure 2. Distribution of Number of Rows, in 5% Infection Classes
Of Materials Inoculated with Race T-23 of Tilletia
foetida (Wallr.) Liro.
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Figure 3. Joint Distribution of Two Sets of 90 BC-F2 Families
Inoculated with Race T-23 of Tilletia caries (D.C)
Tull and Race L-16 of Tilletia foetida501r.) Liro.
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race L-16 was equal. Therefore, they showed a perfect fit to one

susceptible:one segregating ratio which supported the hypothesis that

one gene segregated for bunt resistance to race L-16 in the cross

studied. As presented in Table 4, a chi-square test also showed

BC-F
2
families inoculated with race T-23 fitted to one susceptible:

one segregating ratio. The correlation value of r = 0.8151 obtained

from joint distribution of two sets of 90 BC-F
2
families inoculated

with races T-23 and L-16 also suggested that resistance to both races

was conditioned by the same factor.

However, occurrence of transgressive segregation in BC-F2 families

suggested that bunt resistance may have been conditioned by a major

gene plus minor gene(s) contributed either by Hohenheimer or Stephens.

This observation supports Metzger's earlier conclusion (33) that

Hohenheimer carries at least one major gene plus a minor gene closely

linked with the major gene. In addition, the low percentage of smut

in Stephens when compared to that observed in the highly susceptible

cultivar, Heines VII sugaests Stephens carries one or more minor

factors for resistance. Segregation of these factors in certain back-

cross families in combination with the segregation for the minor

factor from Hohenheimer would result in the observation of transgressive

segregation. Further studies are necessary to determine the number of

minor genes involved in the bunt resistance of the cross studied.

Association between awn expression and bunt resistance was

investigated. Since the number of awnless and awned BC-F1 plants

studied differed, equal numbers of awnless and segregating (for awns)

BC-F
2
families were not expected to be susceptible to bunt races
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Table 4. Chi-Square Tests for Goodness of Fit to 1:1 Ratio in BC-F2
Families.

Race T-23 of Tilletia caries (D.C) Tull

Number of BC-F
2

Families

Observed Expected

51 45

1.6 0.23
Segregating for resistance

Susceptible 39 45

Race L-I6 of Tilletia foetida (Walir.) Liro

Number of BC-F
2

Families

Observed Expected X2 P

Segregating for resistance 45 45

0 1

Susceptible 45 45
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studied. But, 50 percent awnless and 50 percent segregating BC-F2

families were expected to fall into the susceptible class. As

presented in Table 5, the number of susceptible BC-F2 families

produced from awned BC -F1 individual plants was less than expected

in both studies. Data collected in BC-F
2
families inoculated with

race T-23 did not show a significant association between bunt

resistance and awnlessness, but probability value for independency

was low. Results of chi-square tests suggested that there was a

weak negative association between awnlessness and resistance to

bunt race L-16. Since the resistant parent, Hohenheimer, was awnless

there is no reasonable genetic explanation for this negative associa-

tion. It may be due to a sampling error in BC-F1 generation or linkage

between the minor gene(s) for bunt resistance and the gene that governs

awn expression in Stephens.

The chi-square tests for independency presented in Table 6 in-

dicate that the inheritance of resistance to bunt races T-23 and L -16

was independent of the inheritance of seed color. However, in both

cases, number of white seeded BC-F2 families classified as susceptible

was less than expected.

Since only early maturing BC-F1 plants were taken to study, it

was expected that half of the BC-F2 families would be susceptible if

there was no negative or positive association between earliness and

resistance to bunt races T-23 and L-16. As previously shown in

Table 4, the number of susceptible BC-F2 families did not significantly

deviate from the'expected. Therefore, selection for earliness in the

BC-F
1
families did not have any positive or negative effect on bunt
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Table 5. Chi-Square Tests for Independency of Bunt Resistance
and Awn Expression.

Race T-23 of Tilletia caries (D.C) Tull

Number of BC-F2
families susceptible

Observed Expected X
2

Awnless

Segregating for Awn

26 25

2.49 0.12
13 20

Race L-16 of Tilletia foetida Liro

Number of BC-F2
families susceptible

Observed Expected

Awnless 31 25

Segregating for Awn 14 20

3.24

P

0.08
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Table 6. Chi-Square Tests for Independency of .Bunt Resistance and
Seed Color.

Race T-23 of Tilletia caries (D.C) Tull

White

Segregating for seed color

Number of BC-F?
families susceptible

Observed Expected X
2

19 24

20 21

1.0892 0.18

Race L-16 of Tilletia foetida (Wallr.) Liro

White

Segregating for seed color

Number of BC-F?
families susceptible

Observed Expected X
2

21 24

24 21

0.8035 0.36
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incidence in the BC-F
2
generation which implied that earliness and

bunt resistance were inherited independently in the cross studied.
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SUMMARY AND CONCLUSIONS

This investigation was undertaken to determine: (1) the number

of gene(s) in Hohenheimer which condition resistance to bunt races

T-23 and L-16 when crossed to Stephens wheat, (2) whether resistance

is expressed in the dominant or recessive state, (3) degree of

association among the plant characters, awnlessness, seed color,

earliness and resistance to bunt.

This study was conducted in two locations: the crosses and

observations for earliness, awn expression and seed color were made

in Corvallis and bunt studies were carried out in Pendleton, Oregon.

For bunt studies, two sets of materials were used, one for each race

tested. Each set of materials was arranged in a randomized complete

block design with three replications which included parents, F1,

F2-bulk, BC-F2 families and the universal susceptible check, Heines

VII. Each set was inoculated with one of the races used.

Favorable environmental conditions resulted in a uniform and high

bunt infection. Inoculated universal susceptible check, Heines VII,

had an average of 90 percent infection in both sets of materials.

Chi-square tests were used for hypothesis control to determine

the number of gene(s) that condition bunt resistance and degree of

association between awn expression, seed color, earliness and bunt

resistance.

Based on the results of this investigation, the following

conclusions were drawn:

1. Hohenheimer carries one dominant major gene plus one or more

minor genes which condition bunt resistance to races T-23 and L-16.
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2. Stephens carries one or more minor genes, probably recessive,

which gave some protection against bunt races T-23 and L-16.

Bunt infection varied from one to all heads per individual

plant which suggested that these minor genes may be effective

sometime during the growth period or under specific conditions.

3. Genes for seed color and earliness were inherited independently

of the genes that control the resistance to the bunt races

studied.

4. Resistance to race T-23 and awnlessness were inherited as

independent characters in the cross studied. However, resistance

to race L-16 and awnlessness showed a weak negative association.

This genetically unexplainable result suggested that more families

should be observed in the BC-F
2
generation to check for associa-

tion of bunt resistance with agronomic characters. The uniform

bunt infection obtained in this investigation indicated that

two replications are enough for bunt studies under favorable

environmental conditions which would allow more families to be

studied.

5. To verify possible effects of minor genes, F3 generation and

test crosses need to be evaluated.
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Appendix Table 1. List of Genetic Stocks which Carry Genes that
Govern Resistance to known Races of Bunt.

Gene
Symbol Synonym Stocks

Btl M1 Albit, Banner Berkeley, Columbia (Bt6), Hussar
(Bt2), Hyslop (Bt4), Martin (Bt7), Odessa (Bt7),
Regal, Sherman, White Odessa, White Federation,
Selection 2092.

Bt2 H Canus, Hussar (Bt1), Selection 1403, Selection 1075

Bt3 Florence, Ridit

Bt4
+

Bison, Hyslop (Btl), Kaw, Nebred, Omaha, Oro (Bt7),
Turkey 1558, Turkey 2678, Turkey 3055 (Bt7).

Bt5 Hohenheimer

Bt6
+

Columbia (Bt1), Rio, Turkey 10095, Turkey 10097.

Bt7 M2 Baart, Cheyenne, C.I. 7090 (Bt9), Federation,
Gallipoli, Martin (Bt1), Onas, Oro (Bt4), Ranee,
Selection 1833, Turkey 3055 (Bt4), Selection 50077.

Bt8 "Yayla 305, P.I. 178210

Bt9 C.I. 7090 (Bt7), P.I. 178383 (Bt10), Selection
M 69-2094.

Bt10 P.I. 116301, P.I. 116306, P.I. 178383 (Bt9),
Selection M 69-2094.

+
Since Bt4 and Bt6 are very similar in their reaction to specific
races of Tilletia, it is recommended that only Turkey 3055 be used
as the definite source of Bt4 and Rio as the source of Bt6.

Sources: McIntosh, R. A. 1973. A catalogue of gene symbols for
wheat. Forth International Wheat Genetics Symposium,
1973, Missouri.

Hoffman, J. A. and R. J. Metzger. 1976. Current status of
virulence genes and pathogenic races of the wheat bunt fungi
in the Northwestern USA. Phytopath. 66:657-660.
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Appendix Table 2. Expected Response of Wheat Cultivars Carrying the
Identified Genes for Resistance to Listed 33 Races
of Common Bunt.*

Race

Host genes for resistance (Bt) Number of
virulence
genes in
pathogen7 2 1 4 6 5 9 3 10 8

T-1 s II 1

T-14 s . 1

T-10 . s . 1

T-4 s . s 2

T-3 s s . 2

T-9 s . s 2

T-20 s s 2

T-11 s . . . s 2

T-5 s s s 3

T-12 s . s . s . 3

T-25 s . s . . . s . 3

T-17 s . . s s . 3

R-36 s s . . s 3

T-13 s s . . . s . . 3

T-15 s s s . s 4

T-19 s s s . . . s 4

T-26 s s s . . s . 4

T -18 s . s s s 4

R-43 s s . s . s 4

T-22 s s . s s 4

R-37 s . s s . s 4

R-40 s s s . s . s 5

R-46 s s . s s . . s 5

L-16 s s s s s 5

T-29 s s s . . s . s . 5

T-16 s s . s s s 5

T-24 s s . s s . s 5

L-18 s s . s s . s 5

T-27 s s s s s . . s . 6

T-23 s s s s s . s 6

R-47 . s s s s . s s 6

T-30 s s s s s . s . s 7

R-39 s s s s s . s s s . 8

Totals 26 23 20 13 13 8 8 7 6 3

*Published and unpublished data were used in preparation of this
table.
**Other common bunt races which show virulence patterns similar to
some of the above listed races have been omitted from this table.

***R-designation for experimental hybrids of common bunt races.
(s) Compatible (susceptible)reaction, otherwise incompatible

reaction.
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Appendix Table 3. Description of Wheat Cultivars which were used
as the parents in the study.

STEPHENS

Pedigree: Nord Desprez/Pullman Selection 101.

Stephens is a semi-dwarf, stiff straw and early maturing winter
wheat cultivar which was released by Oregon Agricultural Experiment
Station in 1975. It has soft white grain and awned, fusiform, mid-
dense spikes. In addition to high yielding capacity, Stephens has
moderate resistance to stripe and leaf rust. It is susceptible to
Septoria tritici.

HOHENHEIMER (C.I. 11458)

Hohenheimer is a tall, weak straw and late maturing cultivar
developed in Germany. It has soft-red grain and sub-compact, awnless
spikes. In spite of good stripe rust resistance, Hohenheimer is a low
yielding cultivar.
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Appendix Table 4. Summary of Climatic Data for Experimental Sites

PENDLETON

Average Air
Temperature (C°)

Average Soil
Temperature (C°)* Precipitation

(mm)Max. Max. Max. Max.

1980 Sept. 25.2 7.1 21.3 15.8 31.5
Oct. 17.9 1.8 14.1 10.6 75.2
Nov. 10.2 1.1 7.1 6.3 45.9
Dec. 7.9 -1.2 4.3 3.6 50.5

1981 Jan. 5.9 -0.5 4.3 3.8 32.0
Fe. 8.7 -1.4 4.9 3.7 58.6
March 13.3 0.3 13.5 3.1 58.4
April 15.9 2.7 12.3 8.9 32.8
May 19.7 5.6 18.1 12.8 58.4
June 22.7 8.6 21.9 15.2 53.8

July 29.7 9.1 29.1 20.2 10.2
August 23.5 8.6 27.9 20.8 4.6

Average Air

CORVALLIS

Precipitation
(mm)

Temperature (C°)

Max. Min.

1980 Sept. 24.7 8.4 24.4
Oct. 19.5 5.2 47.5

Nov. 12.4 4.3 159.8
. Dec. 9.2 2.9 287.8

1981 Jan. 8.4 1.2 57.7
Feb. 10.0 1.9 112.8
March 13.8 2.6 76.2

April 15.2 4.8 60.2

May 18.1 6.8 75.9

June 21.2 9.1 65.5

July 26.4 10.7 2.5

August 29.3 11.2 0.3

*10 cm below soil surface


