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SMALL GRAIN VARIETIES FOR
NORTHERN ARIZONA*

BY A. T. BARTEL AND IAN A. BRIGGS

INTRODUCTION

The small grains -that is, wheat, oats, and barley -are grown
in northern Arizona mainly for feed. Practically all of this feed
is consumed locally. Most of the small grains are grown between
elevations of 5,000 and approximately 8,500 feet above sea level.
Since there is such a variation in the elevation of the agricultural
lands, one can also reasonably expect large variations in farming
practices. Both irrigation and dry farming methods are followed
in the production of small grains in this region. As a rule, where
available, irrigation water is applied even though fair yields may
be obtained without. The low cost of the irrigation water usually
makes such practices profitable.

The tests to be discussed were conducted in two different peri-
ods. The first was carried on with wheat varieties planted at
Eagar (located 2 miles south of Springerville) from 1927 to 1931.
The varieties were sown with a drill in field plots. The second set
of experiments was conducted with wheat, barley, and oat vari-
eties at Eagar and Nutrioso from 1931 to 1935 and at Flagstaff from
1932 to 1937. These plantings were made by hand in nursery
rows.

The agronomic results of these two sets of experiments will be
discussed separately.

FACTORS AFFECTING THE RESULTS
CLIMATIC CONDITIONS

The elevations at Springerville and Flagstaff are about the
same, being 6,852 and 6,907 feet, respectively, above sea level.
The elevation at Nutrioso is somewhat higher than at Springer-
ville and is approximately 7,800 feet. The climatic data for
Springerville and Flagstaff are shown in Table 1. The mean
monthly temperatures at Springerville are slightly higher than
at Flagstaff. The last killing frost in the spring comes on an
average 13 days later at Flagstaff than at Springerville which
accounts for most of the 16 days' difference in the frost -free peri-
od between the two locations.

The seasonal precipitation at Springerville is somewhat lower
than at Flagstaff, especially during the months of April and May.
The low rainfall during May and June at Flagstaff often causes

*Co- operative investigations of the Division of Cereal Crops and Diseases,
Bureau of Plant Industry, U.S. Department of Agriculture, and the
Arizona Agricultural Experiment Station.

f Assistant Agronomist, Division of Cereal Crops and Diseases, Bureau of
Plant Industry, U.S. Department of Agriculture, and Acting Agronomist,
Arizona Agricultural Experiment Station, respectively.
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SMALL GRAIN VARIETIES FOR NORTHERN ARIZONA 19

some drought injury before the rains come in July. It may also
account for the low plant height obtained from the varieties when
planted around Flagstaff. Any shortage of available soil moisture
during June has a very detrimental effect on plant growth and
yield in small grains. It is during this month that the small grain
plants in northern Arizona go through the jointing stage and
make the most rapid growth. Water is also needed at this time
for the development of the flowers in the head. It has been found
by many investigators that a shortage of moisture during the
jointing stage in small grains results in a lower yield than if it
occurs at any other time in the life of the plants. This fact un-
doubtedly accounts for most of the lower yields obtained at Flag-
staff than at Springerville and Nutrioso, because at the latter two
locations an irrigation is applied during June and the varieties
are therefore not subjected to dry conditions.

No climatic data are available for Nutrioso, but since it has an
elevation of almost 900 feet above Springerville one can reason-
ably expect slightly higher seasonal precipitations and lower
temperatures.

METHODS AND FIELD PLOT RESULTS
EAGAR, 1927 TO 1931

The first experimental work with small grain varieties in north-
ern Arizona was conducted with wheat from 1927 to 1931 at Eagar.
Eight replications of each variety were planted in plots of single
drill widths and ranging from 400 to 600 feet in length. The plant-
ings were made each year on land that had been irrigated prior
to planting. The seed was treated with copper carbonate for
control of stinking smut or bunt. The agronomic data are shown
in Table 2.

Black stem rust was the principal factor responsible for the low
average yields; it affected all the varieties each year. The early
maturing varieties, such as Federation and Marquis, gave com-
paratively high yields in those seasons when the rust infection
was delayed. Regenerated Defiance, a late variety, produced the
highest average yields. In 1927 and 1931 rust was so severe that
much of the grain produced was unfit for milling purposes. The
quality of the early maturing varieties, with the exception of
Federation, was not reduced as much by rust as the later maturing
varieties, as indicated by the test weight per bushel for 1927. In
1927 Marquis showed between 15 and 20 per cent of shattering due
to hail.

NURSERY METHODS

The trials with small grain varieties were started at Eagar dur-
ing the summer of 1931. That fall the oat varieties were eaten
off by stray livestock and no yields were obtained. The varietal
nursery was again planted at Eagar in 1932 but early in the sum-
mer grasshoppers ate the plants to such an extent that many of
the varieties never matured. Therefore, no yields were obtained
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in 1932. In 1933, 1934, and 1935, the tests were carried on near
Nutrioso, Arizona. During 1935 this nursery was grown on a very
fertile piece of ground near a lrrn:nd lodging occurred in, all
the varieties. This lodging '.' ially severe in the wheat,
which caused the ields of the varieties to vary widelyy ely
from those previously obtained. "`" reason the 1935 ;wheat
yields were not included in the avera

Tests of similar nature were started in the vicin of Flagstaff,
Arizona, in the summer of 1932 and'ontinued through 1937. From
one to two complete varietal nurseries were groom °'during each
of the 6 years in the different representative `locations around
Flagstaff. Yields of the varieties were obtained each year except
in 1933 when, due to poor stands, the grain yield r not be-
lieved to be of sufficient accuracy to be recorded.

All the variety tests with wheat, oats, and barley were con-
ducted in nursery rows approximately 1 rod in length and 1 foot
apart. There were from three to five replications of each variety
in all nurseries every year. Typical nurseries are shown in PlatesI and II. The varieties were planted at both Flagstaff and
Springerville between May 15 and June L,

: i}.íL+-ïNHeIM1'ï

Piaf,: Barley nursery at Nutrioso, Arizona, 1935. Left to right, t.hr, ,_
rws per variety -Hannchen, Union Beardles-, and Trebi.
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Plate II. -Wheat nursery at Flagstaff, Arizona, 1933. Left to right, three
rows per variety -Hope, Ceres (the center row has been harvested for .

yield), and Pacific Bluestem.

NURSERY RESULTS
SPRINGERVILLE-NUTRIOSO TESTS

A total of forty -eight varieties of wheat was planted at Eagar in
1931. The percentage of stem rust which developed during the
summer was about average for that region. Almost without ex
ception the highest yielding varieties were those most resistant
to stem rust. This emphasized the importance of including_ a
large percentage of rust- resistant varieties in the future yield.
trials. In Table 3 are tabulated the results obtained for the period.:.
1931 -35 with a number tf varieties in comparison with Marquis
and Regenerated Defiance, the commonly grown varieties in this
section.

The Hope variety ranked highest with an average yield of 34.0
bushels per acre, which was 27.9 per cent higher than Marquis and
30 .3 per cent higher than Regenerated Defiance There was only
I year (1934) in which Komar was tested, and its yield was but
slightly below Hope.

With the exception of Ceres a very close'`inverse relationship
existed between the yield of grain and the percentage of stem rust
in the various varieties. Hope and Komar are hightly resistant
to this disease, while Ceres and Reliance are moderately resistant.

Markton was easily the highest yielding variety of oats as shown
in Table 4. This variety was highest in yield each year the test
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was conducted. Its average yield was 15.1 per cent higher than
Swedish Select and 19.8 per cent higher than Colorado 37. Vic-
tory, Idamine, and Swedish Select were the commonly grown
varieties in the area.

Owing to the tendency of red oat varieties to vegetate and
mature late under high elevations, they should not be grown in
this section. A few varieties were planted in 1933 which did not
begin heading until the third week in September when the other
varieties were mature.

A total of twenty -five varieties of barley was first grown near
Eagar during the summer of 1931. Most of them were discon-
tinued because they were not adapted to this locality. The 4 -year
average yield of Trebi was 13.9 per cent higher than that of Hann -
chen. Union Beardless was the lowest yielding variety in the
test as shown in Table 5.

FLAGSTAFF TESTS
The agronomic data of twelve of the higher yielding varieties

of wheat which were grown during 1932 -37 in the vicinity of
Flagstaff are shown in Table 6. The Reliance variety yielded
highest for the 5 -year period. Its average yield was 9.9 per cent
higher than Marquis and 13.5 per cent above Regenerated De-
fiance, the two commonly grown varieties. The Hope variety was
second high in yield. Baart was the lowest yielding variety in
the test.

During the summers of 1936 and 1937 an additional number of
varieties were grown for the first time. Many of these varieties
were not resistant to stem rust. A few of the more promising are
included in Table 6 for a comparison with the varieties which have
grown for longer periods of time. During this 2 -year period
Irwin Dicklow and Kubanka (brush tip type) yielded 27.1 and
12.2 per cent, respectively, above Reliance. Kubanka (brush tip
type) was very erratic during the 2 years, being the highest
yielding variety in 1936 and the lowest in 1937.

The inverse relationship between yield and percentage of stem
rust in the varieties as a whole was not quite so striking as it was
at Springerville. This indicates that the rust problem at Flagstaff
was not so great as it was in the Springerville -Nutrioso area.
This fact is observed by comparing the percentages of stem rust
in Tables 3 and 6.

The results obtained during 1932 -37 with a number of oat varie-
ties are shown in Table 7. As in the experiments at Springerville-
Nutrioso, Markton was the highest yielding variety for the 5 -year
period. Its average yield was 7.6 per cent above Colorado 37.
Two red oat varieties, Kanota and Texas Red, had the lowest
average yield of any in the test. Bliss Side (a strain of White
Tartar), which is being grown to some extent around Flagstaff,
was 15.1 per cent below Markton in grain yield. During 1936
and 1937 a few smut -resistant hybrids having Markton as one
parent were grown. One of these, Markton X Idamine (C. I.
2574) , was the only one which yielded above Markton.
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The Union Beardless variety of barley yielded highest each
year of the 5 years (Table 8) . Its average yield was 10.2 per cent
above Hannchen. There were but very slight differences between
the yields of Hannchen and Trebi. Hannchen was the tallest
variety grown in the test.

DESCRIPTION AND DISCUSSION OF VARIETIES

WHEAT VARIETIES

The Marquis variety is a hard, red spring wheat (Pl. III) . It
is practically beardless or awnless, having only a few apical awns
at the top of the spike or head. Its outer glumes are white to
yellowish. Marquis has no resistance to stem rust and but slight
resistance to stinking smut or bunt.

Plate III. - Marquis Wheat. Plate IV.- Reliance Wheat.

The Regenerated Defiance variety has white semihard to hard
kernels. The outer glumes are white. Its head is similar to Mar-
quis and has only a few apical awns. Regenerated Defiance has
but very slight resistance to stem rust and no resistance to bunt.
The variety is somewhat later and taller than Marquis.

Reliance is another hard, red spring variety (Pl. IV) . It has a
fully awned spike or head. The outer glumes are white in color.
Under the conditions at both Flagstaff and Nutrioso this variety
has shown moderate resistance to stem rust. It is also moderately
resistant to bunt.

The Hope variety is also a hard red spring wheat. It has a fully
awned spike or head much like Reliance. It can be readily identi-
fied from Reliance by (1) small hairs or pubescence on its leaves
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Plate V.- Kubanka Wheat.

the Springerville and Nutrioso
area. In threshing Hope, it may
be necessary to increase the
cylinder speed in order to pre-
vent white caps from appearing
in the threshed grain. The Hope
variety is susceptible to drought
and heat injury. It should not be
grown in locations where there
is a shortage of soil moisture,
especially during the jointing
stage. Because of this feature the
growing of Hope should be lim-
ited to the Springerville and Nu-
trioso areas or others of similar
growing conditions.

The Kubanka (brush tip type)
variety (Pl. V) is being grown
to some extent in the vicinity of
Flagstaff. It is a fully awned
durum wheat having very hard
white kernels. It has yellow
colored outer glumes and is
highly resistant to stem rust.

Irwin Dicklow is a beardless
variety having only short apical

and (2) purple colored stem.
Hope has two desirable char-
acteristics which make it suitable
for a section like Springerville
and Nutrioso: (1) it is highly re-
sistant to stem rust, as indicated
by having no rust at Flagstaff
and only a trace at Springerville
and Nutrioso, and (2) Hope is
also resistant to stinking smut of
wheat or bunt. The Hope variety
originated from a cross of Vernal
emmer X Marquis. It has one of
the characteristics of emmer in
that the kernels are held more
tightly than those of any other
wheat variety tested. This fea-
ture causes Hope to be resistant
to shattering and also to hail in-
jury. Hails frequently occur in

Plate VI. -Trebi barley. (Cour-
tesy of the Division of Cereal
Crops and Diseases, Bureau of
Plant Industry, U.S. Dept. of

Agric., Washington, D.C.)



32 EXPERIMENT STATION BULLETIN NO. 166

Plate VII. -Hannchen bar le y.
(Courtesy of the Division of Cere-
al Crops and Diseases, Bureau of
Plant Industry, U.S. Dept. of

Agric. Washington, D.C.)

awns. It has soft white kernels,
white outer glumes, and no re-
sistance to stem rust or bunt.

Ceres and Komar are both fully
awned, hard, red spring varie-
ties very similar to Reliance in
general appearance.

BARLEY VARIETIES

The Trebi variety is a fully
bearded, six -rowed barley (Pl.
VI) . Its awns or beards are
barbed or rough. The variety
has considerable resistance to
lodging and is adapted to a wide
range of conditions.

Hannchen is also a fully
bearded variety (Pl. VII) , but it
has a two -rowed spike or head
rather than six -rowed as in
Trebi. Many of these beards fall
off before maturity. This barley
grows taller than any of the
other varieties tested.

The Union Beardless is a six -
rowed variety and, as the name
indicates, has no awns or beards
and is known as a hooded type
(Pl. VIII) . It is very susceptible
to covered smut, and care should
be taken to treat the seed thor-
oughly before planting.

OAT VARIETIES

The Markton oat variety (Pl.
IX) has a very widely adapted
range. It is highly resistant to
the oat smuts. It has a stiff straw
and seldom lodges. Markton has
a more open head or panicle than
any of the other varieties tested.
It has a light yellow colored
kernel which has short awns or
beards.

The Swedish Select oat is a
midseason, white -seeded, beard-
ed variety which yielded fairly
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well at Nutriosó.It was discon-
tinued at Flagstaff after 2 years
of low yields. It has an open type
panicle.cle.

The Colorado 37 is a midseason
white oat bred in Colorado. It
has an open type panicle, stiff
straw, low percentage of hull,
and beardless kernels. The vari-
ety seems to be well idapted to
higher elevations,

Idamine is als- `:; <wte
Ine oat withs

panicle. It hay
or r s.bea d

L DISCUSSION
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Plate IX.- Markton oats. (Courtesy of the Division of Cereal Crops and
Diseases, Bureau of Plant Industry, U.S. Dept. of Agric., Washington, D.C.)

SUMMARY

Trials were made with wheat, oats, and barley varieties in the
Springerville -Nutrioso area from 1931 to 1935 and in the vicinity
of Flagstaff from 1932 to 1937. Both of these locations have eleva-
tions slightly over 6,900 feet, and the growing conditions differ
mainly by the fact that at Flagstaff dry farming is practiced
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while at Springerville and Nutrioso an irrigation is applied during
the jointing stage in June.

Hope wheat, a variety highly resistant to stem rust, bunt, and
shattering, was highest in yield at Springerville and Nutrioso. In
the Flagstaff area Reliance was highest in yield for the 5 -year
period. Several varieties grown only for 2 years at Flagstaff pro-
duced higher yields than Reliance for the same length of time.

The highest yielding barley variety in the Springerville-
Nutrioso district was Trebi, while around Flagstaff the Union
Beardless variety was highest.

A smut resistant oat variety, Markton, was highest in grain
yield at Springerville, Nutrioso, and Flagstaff. This variety is
adapted to a wide range of conditions.
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