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1931 when the F3 progeny from a number of crosses involving
one susceptible parent were inoculated with dwarf bunt an
planted in the early spring. From this planting not a single head
of dwarf bunt appeared in the wheat of1 either parent or 1;:ro eny.
There was again a small percentage of bunt, caused probab K by
the light mixture of this in the inoculum. Other studies have
further shown that dwarf bunt does not cause smut in spring-
sown grain.’

OnLy ONE RAck or Dwarr Bunt

From extensive testing and rechecking it has never been
possible to isolate different races of dwarf bunt. A planting made
in 1936 on artifically inoculated soil produced the};xighest infec-
tion ever obtained with dwarf bunt under experimental condi-
tions. Susceptible varieties smutted as high as 95 percent. A
number of collections of dwarf bunt were used to inoculate the
soil on different plots on which the differential varieties of wheat
were sown. Similar plantings were made from seed inoculation.
These latter treatments were sown in clean soil.

Two of the dwarf bunt collections gave evidence of differ-
ential behavior in 1936; however, studies made the following
year failed to establish differences between the two collections.

Dwarr anp Commvon BUNT INFECTION VARIABLE

Seven years” experiments with artificial soil inoculation with
dwarf and ordinary bunt have shown both to vary from low to
high infections. In five of the seven years there was a dwarf
bunt infection of 45 percent or more in susceptible varieties. The
two years of low or moderate infection resulted from late sowings
when the grain emerged during winter. There is an interaction
between season and incidence of dwarf versus ordinary bunt.
In the artificial soil inoculations there have been years when in-
fection of both bunts was moderate, in others the infection with
dwarf bunt (1926) was high and with bunt only moderate while
in 1937 the reverse was true. This behavior occurred even though
different dates of sowing were made. These conditions make it
difficult to test resistance in strains of wheat. In years when the
infection is light or moderate, moderately resistant strains of
wheat appear to be resistant.

"One head was found in spring grain that had the characteristics of dwarf bunt,
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PHYSIOLOGIC RACES OF BUNT

IN ADDITION to the two species of bunt fungi, Tilletia levis and
Tilletia tritici, there are within each species races which are
comparable to strains of varieties in wheat. These races are
identified by the degree of infection that takes place in each of
a number of wheat varieties when inoculated and grown under
conditions favorable for bunt infection. Some varieties of wheat
are susceptible to certain races of bunt and resistant to others.
For this reason the wheats used to differentiate races are referred
to as differential varieties.

The idea of races of bunt was only a year old when the breed-
ing for resistance began at the Utah Agricultural Experiment
Station. Little or nothing was known about the number of races
or their distribution.

Dwarf bunt is at present considered to be a race of T. tritici.
T. levis was a common mixture in the first collections of dwarf
bunt made in 1925, to be used in determining varietal resistance.

During the first four years of breeding for resistance, only
inoculum collected from (f,warf bunt fields was used in testing
varieties and the large amount of hybrid material that had been
produced. It was also used for seed treatment studies. The
emphasis during these first four years was on breeding for resistant
varieties since that was the reason for starting the research.

However, it became evident that one could not develop var-
ieties resistant to all bunts without knowing what races were
involved. Breeding had to be modified to the extent of develop-
ing resistance to races of bunt. To do this necessitated an in-
vestigation to determine the races present.

Races oF Bunt v Uran AND SouTHERN IDAHO

In determining the number and distribution of races in this
area, collections of bunt were obtained from wheat fields in
different localities.

The wheat varieties used to differentiate bunt races were
Ridit, Hussar, 43e-21 (Relief), White Odessa, Martin, Hohen-
heimer, Oro, Albit, and Utah Kanred. The latter variety was
found susceptible to all collections of bunt. The others had all
been reported to possess some resistance to bunt. In 1929, 18
collections of bunt were made and tested, all but one came from
dwarf-bunt-infected fields.

In 1930 thirty-one additional bunt collections were made
in Cache and Box Elder Counties. While dwarf bunt was found
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to predominate, it was evident that other races also were present
in the area. Twenty of the thirty-one collections were dwarf
bunt. These twenty collections showed little or no infection
even on susceptible varieties. These and later studies showed
that failure to get high infection from seed inoculation with dwarf
bunt was the usual behavior.

Some of the collections were mixed, containing both T. levis
and T. tritici. A number of the mixed collections were purified
by a process of screening on differential varieties. From three of
these mixtures five races in addition to dwarf bunt were isolated.
Three of the races including dwarf bunt, were T. tritici and three
races were T. levis. These races were each given a number with
a letter following designating the species.

Out of eighty-three field collections of bunt tested from
1929-33, thirty-seven were dwarf; twenty-three, 2-1; seven, 3-t;
eleven, 4-1; one, 5-t, and four, 6-1. Dwarf bunt and race 2-1 made
up about 72 percent of the collections. These two races are dif-
ferentiated by Oro and Hohenheimer, which are susceptible to
dwarf bunt and resistant to race 2-1. These two races were
nearly always found in the same smutty fields.

In 1936 a field collection of bunt gave rise to one additional
race. This race, designated 14-1 was ditferentiated by Oro, which
was susceptible to it.

In 1939-40 a study was made of the samples of wheat grading
smutty under the wheat loan program. In 1938 there were 34
samples from Utah and 90 from Idaho that graded smutty; in
1939 there were 112 and 359 samples, respectively. Bunt from
these samples was increased on a variety susceptible to all races
and the inoculum from this was used to inoculate the differential
varieties. Increasing these smuts by seed inoculation largely
eliminated dwarf bunt; this was intentional as the purpose of the
study was to determine if any new races of bunt were present in
this area. :

All of the races that had previously appeared were recovered,
but no new ones. A review of the data again shows race 2-1 to
be by far the most prevalent of the bunt races. One of the most
§triking differences in the two years was the absence of race 14-1
i 1938 and the appearance in 1939 of 90 samples of race 14-1 out
of 350. Oro which is susceptible to this race was introduced into
southern Idaho from Moro, Oregon, in the early '80%s. It was
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introduced as a smut-resistant variety but was found to be sus-
ceptible to dwarf bunt. The appearance of the large number of
collections of race 14-1 indicates that it must have been brought
into the state on Oro. It is now well distributed throughout
southern Idaho and northern Utah.

Thus, when the writer left to do war work in 1942, the races
of smuts as differentiated on winter wheats in Utah were as
shown in table 1. Since returning to the breeding project in 1947,
collecting and testing of bunts have been resumed, but no new
races have appeared. Included in the table are three commercial
varieties of wheat developed in the breeding experiments; they
are Relief, Cache, and Wasatch. Included also are the additional
bunt races that appear on winter wheats but which have not as
yet been found in Utah.

Utah races 2-1, 3-t, and 6-1 behave essentially alike so far
as the varieties shown in table 1 are concerned; races 4-1 and 5-t
behave alike, but differ from the first group; race 14-1 behaves
still differently, and dwarf smut differs from all 3 groups. These
four groups oty races must be recognized in winter wheat breeding
in Utah. However, with the likelihood of other bunt races being
brought in, which has happened at least once during the course
of these studies, there are the 4 groups of races in Utah and 5
other groups of races that must be considered in a breeding

program.
BREEDING WINTER WHEATS FOR BUNT RESISTANCE

THERE ARE MANY characteristics to be considered in developing
a good commercial variety of wheat, among which are disease
resistance, yielding ability, quality, winter hardiness, drought
resistance, shattering, straw strength, time of maturity, thresh-
ability, grain color, size of kernels, awnlessness, and uniformity
of height and maturity. It is not difficult to produce disease
resistant strains or strains with any other desirable single char
acter, but when all desirable characteristics must be combine
with disease resistance, the problem is more difficult. Breedin
is further complicated by the many races of bunt. A knowledg
of the number of races and their distribution is basic to breeding-
It is a distinct advantage in formulating a breeding program t
have some knowledge of the nature of the inheritance o}f) resistan
in wheat to races of bunt or to any other character to be im
proved. .
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Table L. Classification of the 82 races of bunt including thel 7 found in Utah,
into groups that behave similarly on the differential winter wheat
varieties, also the behavior of Relief, Cache, and Wasatch

Winter wheat varieties used gg@{‘;"'ﬁ‘f,‘,“ﬁﬁﬁ
Races with similar behavior to differentiate races of bunt | 41e brgeding l;roiect
Utah hen- Was-
U.S.D.A. No.® Utah No. |Kanred |Ridit | Oro f:ime; | Relief}| Cache seﬁz
Dwarf (1-t)i S I S S R I R
T-1 to 8, 14
L-1t05,11,12,14 | 2-1, 6-1 & 8-t S R R R R R R
T-7, 8
L8, 7 15 4-1 & 5-t S R R R S R R
L-8 14-1 S R S R R R R
T-9, 10, 12
L-18 S R R| SI | R R R
T-11
L-10 S |SI| R R R SI (I
T-18
L-9 S S R R S S 1
T-15 S R R S S R R
T-18 S R S S R R R

*Key to data in the table based on degree of infection,

R==0-10 percent, 1=—11—40 percent, S—=41—100 percent (5). For practical
purposes the classification into three groups is probably satisfactory. However,
from studies made in Utah there appear to be at least five groups. These are
referred to as highly resistant, resistant, intermediate, susceptible, and highly sus-
ceptible. It isn’t practical to set limits of infection because the amount of infection
in different trials is too variable. It would take years to establish the average in-
fection which would not be of too much value and would, no doubt, vary with
different areas.

tRelief used in place of Hussar as a differential variety.

¥Classification for dwarf bunt is based on conditions favorable for high infection,
;th:la“;nss'e Hohenheimer and Oro would fall in the I class, Ridit and Cache in the
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DIFFERENTIAL GENETIC INHERITANCE OF RESISTANCE
TO RACES OF BUNT IN WHEAT

The inheritance of resistance is one of the more difficult char-
acters to deal with. The reason for this is the important part the
environment, over which man has little or no control, plays in
relation to disease.

Genetic studies on the inheritance of resistance in wheat to
races of bunt have been made in a large number of crosses. Some
of the most characteristic types of inEeritance will be briefly re-
viewed because of their significance to the breeding program.

In a cross between a sister selection to Wasatch, 122a-394-4
and Oro, the F3 behavior showed a marked tendency for resist-
ance to be dominant to race L8 (14-1). Of the 436 F2’s tested,
387 were more like the resistant parent.

Other crosses have shown resistance to be recessive. Relief is
susceptible to race 4-1 and resistant to race 6-1. In a Relief x Ridit
cross only 6 out of 199 were like the resistant parent. Relief
crossed with Hybrid 128 x White Odessa showed a somewhat
similar behavior to the preceding cross; there were 47 out of 292
F2’s like the resistant parent when inoculated with race 6-1.

In still other crosses, resistance is neither dominant nor re-
cessive but is intermediate. This is shown in a Goldcoin x Ridit
cross when the F2’s were inoculated with race 6-1. In this cross
a large Lﬁart of the F2 progeny was intermediate in resistance be-
tween the two parents.

A number of crosses have shown transgressive inheritance.
Crossing two resistant parents has given rise to highly susceptible
progeny. The Relief x Ridit cross, where one parent is highly
resistant to dwarf bunt and the other intermediate, gave highly
susceptible progeny.

In a 532-37 x Hohenheimer cross, with seed of each F2 plant
divided and inoculated in one case with race 3-t and in the other
with 2-1, gave a high proportion of the F2 progeny definitely
more susceptible than the susceptible parent.

Transgressive segregation has been reported in the other
direction, that is, in crossing two susceptible varieties, resistant
progeny have resulted. The genetic explanation for these situa-
tions is that there are at least two major genetic factors involve
and each parent possesses one. Recombination of genes results:

*Rodenhiser and Holton (5) used the letter of the species ahead of the number
which is not the same as the Utah number. !
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in segregates without any resistant factors in some and with re-
sistant factors in others. This is related to resistance being domi-
nant or recessive. In those crosses where resistant x resistant give
susceptible progeny, resistance is dominant, and in those crosses
where suceptible x susceptible give resistant progeny, resistance
is recessive.

Only one or two crosses have been studied where both par-
ents were highly susceptible, and in these, none of the progeny
was resistant. This behavior is explained by assuming neither par-
ent possessed any factors for resistance.

In certain crosses where the two parents were moderately
resistant there is evidence that some of the progency are more
resistant than either parent. This can be expﬁlined by assuming
minor genetic factors that behave in the same way as major
factors.

GENETIC FACTORS CONTROLLING RESISTANCE

Resistance, being either dominant, recessive, or interme-
diate, can in some cases be explained on a single factor difference.
In others, two factors are required and in still others, the be-
havior is more complex. In some crosses, it is possible that minor
factors are also involved. In one cross the data suggested two
factors with linkage.

Transgressive segregation in some crosses is evidence that
more than one factor is controlling resistance. It is these differ-
ent factors for resistance in wheat that makes differential varieties
possible.

Although 32 races of bunt have been identified with the dif-
ferential varieties used, a number of these give identical be-
havior though they are different species. Inheritance of resist-
ance in wheat to glese races could all be accounted for by rela-
tively few genetic factors.

AccoMPLISHMENTS IN BRrEEDING

The first experiments conducted with dwarf bunt in 1925 (10)
demonstrated the resistance of Hussar, Martin, Ridit, and
White Odessa; later Albit, Hohenheimer, Oro, and Relief were
added to the list. Ridit is actually intermediate in resistance and
Hohenheimer and Oro were found susceptible to dwarf bunt.
When conditions are not favorable for high infection with the
warf bunt organism, Hohenheimer and Oro will show little or no
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smut. Most of the varieties developed by hybridization and .
resistant to dwarf bunt have one or the other of the above resistant
varieties as a parent.
The varieties grown commercially in Utah during this early
period were Turkey, Utah Kanred, Goldcoin, Silvercoin, Jones’
Winter Fife, Odessa, and a mixture of varieties locally known as
Cache Valley mixed. These were all, with the exception of Odes-
sa, susceptible to dwarf bunt. Turkey and Utah Kanred were
grown more extensively than the others since they were higher
yielding and had better grain quality. '
None of the introduced resistant varieties had been grown in
this area and only Ridit showed any promise of being of commer-
cial value. It proved to be less resistant to dwarf bunt than the
others, however, and did not yield well.
All these resistant varieties were used in hybridization with
local varieties with the aim of combining the desirable character-
istics of the local ones with the dwarf bunt resistance of those
introduced. Hussar, Martin, White Odessa, and Albit, which
were highly resistant to dwarf bunt, were found later to be highly -
susceptible to some of the other races of bunt in this area. This
condition limited their usefulness as parents to be used in crosses.
Careful consideration must be given to various hybrid com-
binations, always keeping in mind the importance oty yield and
quality and otﬁ,er desirable characters, besides bunt resistance.
Ridit was the only variety that had shown resistance to all races
in this area, but to dwarf bunt as indicated and to some of the
other races, the resistance was not too high when conditions were
favorable for high infection.
At the same time, the number and distribution of races of
covered smut were being determined, the breeding work was
progressing at a rapid pace even though it was in a way like taking
a wild shot in the dark. There was, however, one definite objec-
tive and that was to breed for resistance to dwarf bunt. To de-
velop a resistant variety in the shortest time meant using parents
as nearly alike as possible. One of the crosses was Hussar x Tur
key 26. These varieties are both hard red winter wheats and loo
alike. It was known that Hussar had grain of poor quality an
shattered badly. The cross was made in 1926, and a dwarf bunt
resistant selection, later named Relief, was released in 1931 i
small lots to three farmers. Following its introduction its acreag
increased rapidly (9). It had yielded well in two years under
a number of different conditions and with the limited seed avail



THE BUNT PROBLEM .25

able it was possible to obtain two or three additional years” data
before it was finally necessary to recommend or reject it for com-
mercial production. Relief continued to yield well, had satis-
factory grain quality and high resistance to dwarf bunt; it was
however susceptible to two other races of bunt in this area and
it had a tendency to shatter.

Shattering has become a vexing problem in the breeding
work at the Utah Station. Many of the most promising selections
have, under certain conditions that show up only occasionally,
a tendency to shatter, and whole families and numerous other-
wise good selections have been discarded as a result.

Two races of bunt, 4-1 and 5-t, to which Relief was highly
susceptible, had been isolated in this area. From this it was evi-
dent that this variety, while valuable in the control of dwarf bunt,
would eventually have to be replaced with varieties resistant to
these two additional races.

Another selection, later named Cache, was released in small
lots for commercial production a few years later than Relief.
Cache was selected from a Ridit x Utah Kanred cross made in the
same year as the Hussar x Turkey 26 cross. Cache is like Ridit
in resistance, it is resistant to all races of bunt in Utah and inter-
mediate in resistance to dwarf bunt. Except when conditions
are favorable for high dwarf bunt infection, Cache will get by
with little or no smut.

A third selection named Wasatch, from a Relief x Ridit cross,
was released for commercial production in 1942. This new variety
has yielded slightly less than Relief or Cache, except when they
become smutty. It also has a tendency to shatter under some
conditions. It is resistant, however, to more races of covered
smut. Wasatch is highly resistant to dwarf bunt and to all the
other races of bunt that have appeared in Utah and southern
Idaho. It is moderately susceptible to two other races that have
been isolated in other areas (table 1).

Selections from additional crosses that show resistance to all
known bunt races are now well along. With each new variety,
the gap is being narrowed between a condition where all commer-
cial varieties were susceptible to all races of bunt to one where
the varieties are resistant to all races.

e N
NEW VARIETIES ARE GROWN EXTENSIVELY

Only two of the three varieties released are now grown ex-
tensively; these are Cache and Wasatch.
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During the past two years surveys have been made of dry
land wheat grown in Box Elder and Cache Counties’ to determine
to what extent the new varieties are being grown, to get infor-
mation on the bunt situation, and to make bunt collections to
determine if new races have been brought into this area. In 1948,
64 percent and in 1949, 72 percent of the fields were planted to
either Cache or Wasatch. The remainin% percentage was largely
a mixture of varieties. In many cases, a large part of the mixture
was Cache and Wasatch.

In 1949, 80.7 percent of the wheat acreage in Utah, accord-
ing to crop reports, was hard red winter. In 1949, Cache and
Wasatch occupied 58 percent of the hard red winter wheat acre-
age in the state. These two varieties were grown on approxi-
mately 215,000 acres, with a production of about 4.4 millon
bushels at a farm value of near?y 7 million dollars. Similar data
are not available for southern Idaho, but if it were comparable
to Utah it would add approximately an additional 20 million
dollars worth of Cache andp Wasatch wheat produced in 1949.

About a third of the dry land wheat fields surveyed in Cache
and Box Elder Counties in 1949 contained varietal mixtures. In
these fields of mixed wheat, some of the mixture is old smut sus-
ceptible varieties, and it is here that most of the bunt is found and
especially the higher percentages of infection.

Mixtures in wheat are the result of either carlessness on the
})art of the farmer or often to volunteer grain. Methods of dry

arming are such as to permit wheat from one crop to carry over
in the soil and germinate and emerge with the next. This is not
serious if it happens to be the same variety, but it is serious if
the volunteer variety is bunt susceptible.

THE BunT SrruaTtion 1IN 1948-49

Data from the surveys in 1948-49 compared with those from
surveys made in the late "20’s and during the "30’s show a remark=
able chan]%e in the amount of bunt in the fields. Surveys made
in the earlier period, as previously indicated, showed most of the
fields contained bunt, and it was not uncommon to find fields
with 30 to 60 percent of the heads infected. In the 1948 survey,
84 percent, and in 1949, 94 percent of the fields visited had no
bunt or only a trace. Most of the remaining fields ranged from
1 to 5 percent infection. In 1948, only one field visited had a$

‘Made by the writer and Dr. E. L. Waldee, associate professor of plant patholo wl
Utah State Agricultural College. )
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high as 30 percent, and in 1949, only one field had as high as 20
percent bunt. On one of these fields, the wheat was badly mixed,
and in the other Turkey, a susceptible variety, was grown.

The survey also revealed that dwarf bunt, while greatly re-
duced from what it was, is still about twice as prevalent as ordi-
nary bunt.

WINTER WHEAT BREEDING IN THE FUTURE

Breeding for bunt resistance must be continued. At least
two races of bunt are known that will infect Wasatch, the variet
with resistance to more of the races than either Cache or Belie{
While these races have not yet been found in Utah, it seems
reasonable to expect that eventually they will be. Furthermore,
new races will undoubtedly be found.

Genetic studies on inheritance in wheat to bunt resistance
indicate that higher resistance than anything now available, or
even immunity, may be possible.

Hard red winter wheat, the type grown on dry lands, must be
of good quality if the milling industries in this area are to be
maintained. Good quality includes high protein content of de-
sirable composition. High acre yields must be maintained if
wheat farming is to remain a profitable enterprise. To breed
dry land wheats of high protein content and yield is a challenge
to the breeder. Studies have shown a negative correlation be-
tween varietal yields and protein. This relationship has led some
to doubt that higher yielding, better quality varieties can be pro-
duced. The correlation is not perfect nor is it overly high. Cor-
relation is a measure of an average association and does not mean
that among varieties some are not better than others. There is
ample proof that this is the case, otherwise, varieties would be
either Yﬁ h yielding and low protein content or vice versa.
Actually t%uere are aﬁ gradations among varieties, and in relation
to yield and protein content, they are to a great extent inde-
pendent.

Utah Kanred is proof that high yield and high protein can
e combined in the same variety. Few varieties, regardless of
Protein, yield higher than Utah Kanred, and likewise few varie-
ties, regardless o% yield, have higher protein of better quality. All
lesirable characters must be combined in a variety to be of
greatest value. The raw materials are present among wheat
varieties, and hybridization is a means of combining them into the

ind of a variety the breeder wants, but to do this requires time
and energy. : e
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SUMMARY

Tms PAPER has summarized some of the more important results
of twenty years of breeding winter wheat for resistance to
various races of bunt. When the breeding began in 1925, dry
land farmers in northern Utah and southern Idaho were con-
fronted with a serious bunt problem. Even though seed treat-
ment with improved methodg was generally used, the problem
grew progessively worse, and by 1929-30 approximately 75 per-
cent of the grain graded smutty. A survey revealed bunt to be
present in most fields, and in many fields a high percentafge of
the heads was infected. This serious smut situation was found
to be caused largely by dwarf bunt through soil infection.

Dwarf bunt was found to differ in a number of respects from
other bunt races. Dwarfing of infected culms, increased plant
tillering, the production of small, round, hard smut balls and the -
s]freading of the spikelets are the most visible characteristics of

ants infected with the dwarf bunt organism. Most of the in-
Fection from dwarf bunt was through the soil so that seed inocu-
lation, as used with other bunt, was not satisfactory. Once a soil
became infected with the dwarf bunt organism, the infection
seered to remain for a period of years.

Dwarf bunt does not cause smut in spring-sown grain. Fur-
thermore, it causes little or no smut if the grain is sown late and
emerges during the winter. This probably results from the fact
that dwarf bunt does not infect wheat at as low a temperature
as other races. It does, however, cause infection at higher tem-
peratures than the others and infects wheat over a wider range,
which includes the entire planting season in this area.

Dwarf bunt, however, was not the only race present in the
area. By 1931 five other races had been isolated. In 1936, an
additional race was found. Dwarf bunt and race 2-1 were the
predominating races throughout the twenty-year-study period
and both were nearly always in the same smutty fields.

It is not difficult to breed wheats resistant to races of bunt
or other desirable single character, but when all characters re-
quired in a good commercial variety must be combined with
resistance to all races of bunt, the problem is not a simple one.

Genetic studies on the inheritance of resistance in wheat t0
dwarf bunt and other races have shown some interesting results:
Genetic data suggest the possibilities of developing more resista
varieties than now availagle. In some crosses, resistance is dom
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inant, in others it is recessive, and in still others it is intermediate.
Some crosses have shown transgressive inheritance; crossing two
resistant varieties gave susceptible progeny.

Inheritance of resistance in wheat to races of smut can in
some crosses be explained on the basis of a single factor pair;
in others two factors are required, and in still others, the behavior
is more complex.

Three varieties, Relief, Cache, and Wasatch, developed in
these studies, have been released for commercial production.
Wasatch is the most smut-resistant of the three and is resistant to
all bunt races appearing in Utah and southern Idaho. It is sus-
ceptible, however, to some races not found in Utah. Cache is
higher yielding than Wasatch but less resistant, especially to
dwarf bunt. About two-thirds of the wheat grown in northern
Utah is either Cache or Wasatch, and they are grown in about
equal proportions.

Recent surveys and grading records compared with earlier
ones reveal a remarkable reduction in the number of smutty fields
and in the percentage of heads infected.
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Soc. Agron. Jour. 19: 655-660. 1927.

Effect of size of seed set on yield and on certain other characters in po-
tatoes. Amer. Soc. Agron. Jour. 20: 710-721. 1928. with G. Stewart.

A genetic recombination for the expression of awns in wheat. Amer. Natur.
62: 532-539. 1928. with G. Stewart.

Transgressive and normal segregations in a cross of Marquis x Federation
wheats. Amer. Soc. Agron. Jour. 20: 630-634. 1928. with G. Stewart.

Weeds: losses, agencies in distribution, nature, and control. Utah Agr.
Exp. Sta. Cir. 71. 1928. 52 p. with W. Peterson.

Inheritance of dwarfing in wheat. Utah Acad. Sci. Proc. 8:59-60. 1981.
Inheritance of dwarfing in wheat. Jour. Agr. Res. 46: 75-94. 1938.

The comparative cost and effectiveness of tillage and of chlorates in the
control of morning glory, Canada thistle, and perennial sow thistle. Amer.
Soc. Agron. Jour. 26: 864-87G. 1934.

The effect of different methods of storing chicken manure on the viability
of certain weed seeds. Amer. Soc. Agron. Jour. 26: 600-609. 1934. with
G. L. Stoker and R. J. Evans.

Inheritance of resistance to loose smut in certain wheat crosses. Jour. Agr.
Res. 48: 631-655. 1934. with B. Tolman.

The Markton oat, a new variety for Utah. Utah Agr. Exp. Sta. Leaflet 42, £
1934, 1p.

Oat varietal tests in Utah. Utah Agr. Exp. Sta. Bul. 260. 1935. 14 p.
with R, W. Woodward.

Barley varietal tests in Utah. Utah Agr. Exp. Sta. Bul. 261. 1935. 12 p. I
with R. W. Woodward. '

Comparative yields of spring wheat varieties in Utah. Utah Agr. Exp. Sta.
Bul. 262. 1935. with R. W. Woodward.

Relative production of feed grain from spring-grown cereals in Utah. Utah
Agr. Exp. Sta. Bul. 263. 1935. 12 p. with R. W. Woodward.

Relief wheat. Utah Agr. Exp. Sta. Bul. 264. 1935. 12 p. with R. W..
Woodward.

Should flax be grown in Utah. Utah Agr. Exp. Sta. Bul. 278. 1937. 12 p.
with R. W. Woodward and A. C. Dillman.

Sorghum varietal tests in Utah. Utah Agr. Exp. Sta. Bul. 281. 1937. 8 p.
with R. W. Woodward and R. J. Evans. '

Tests of corn varieties and hybrids in Utah. Utah Agr. Exp. Sta. Bul.287-
1939. 32 p. with R. W. Woodward and R. J. Evans.

Velvon, a new smooth-awned barley. Utah Agr. Exp. Sta. Bul. 293. 1940.
11 p. with R. W. Woodward.

Inoculation experiments with covered smut of barley. Amer. Soc. Agrom:
Jour. 33: 632-642. 1941. with R. W. Woodward. o 4












