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INTRODUCTION *

The investigations with cereals at the Fort Hays Branch Station
have consisted chiefly of varietal experiments with wheat, oats,
barley, emmer, sorghums, corn, and flax. Ymprovement of cereal

i The Fort Hays Branch Statlon, nexr Haye, Ellia Couuty, Eans., Is controlled by the
Kansas State Agriculturs]l College. From 1902 to 1809 the agronomle experlments were
under the direet supervision of the superintemdent of the station. From 1909 to 1911
5 ftate ggronomist wus in charge of the smal grain experiments. In 1830 a representa-
tive of the present Office of (ereal Crops and Diseases, Burefn of Plant Industry,
United States Department of Agriculture, began 1nveatlgation5 with graiz gorghums, in
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varieties by selection and by hybridization, and cultural experiments
on seeding winter wheat, top-dressing wheat with straw, and on
spacing kafir also have been conducted.

All of the experiments have been made under dry-farming con-
ditions. Owing to varying climatic factors the yields of the differ-
ent crops show large {luctuations from year to year. The results
obtained are applicable to much of the central Great Plains area,
particularly the western two-thirds of Kansas, and to a varying
degres to southwestern Nebrasks, eastern Colorado, and northwestern
Oklahoma. .

HISTORY OF THE REGION

Following the Civil War, settlers began to arrive in the central
section of Kansas. Cattle grazing was at first the chief occupation,
followed by the gradual development of crop farming. During the
ear]y seventies a colony of aristocratic people of English birth
acquired large holdings in Eliis County and attempted to establish
extensive estates. As they were unfamiliar with methods of dry-
land farming and unable to cope with adverse economic conditions,
their adventure was a failure.

German-Russian immigrants seeking greater freedom in a new
land comprised the next inflow of people. These people, many of
whom came in 1876, remained and in time became extensive wheat
growers. Hrom 1886 until the early nineties the rest of the country
surrounding the town of Hays, and western Kansas in general, was
gradually settled by farmers from the Eastern States. During this
period drought, grasshoppers, and national financial conditions
forced many of the picneers at different times to desert their farms;
but each successive tide retreated to & less degree than the one before,
and eventually the country developed a permanent sgriculture based
on the raising of wheat and livestock.

Wheat continues to be the chief cash crop. Sorghums, barley, oats,
alfalfs, and corn also are grown, and the farmers who to-day are
most prosperous are those who have followed a diversified system
of crop and livestock farming.

THE FORT HAYS BRANCH STATION

HISTORY

When the Kansas Pacific Railroad (now the Union Pacific) was
being built in 1867, Fort Hays was established as a frontier post on
8 7,600-acre reservation, adjoining the town of Hays on the south.
With the advance of civilization and the retirement of the Indian

cooperation with the Fort Hays Branch Station and the Eauess Agriculioral Experlment
Stntion. Tke projeet wae further enlarged ;' 1932 to Include emsl]l graine end corn.

The datn pregsented in this bulletin have been compiled éhiefly frorn the cooperative
experiments condu_ted during the 12 yeors, 1912 to 1923, inclesive. The resulte obtained
from 1602 to 1811, inclusive, have Bot been published, and therefore hrivf abstracts of
;het li'nell;nlncgnclusions recached by the eacly workers at the Haye station ore pres:nted
n this bulletin.

At the end of 1923 tbe serles of plot experiments st the Fort Haye Breanch Station was
completely reor;f-nnizcd. Snflicient datn have not accumulated from the new rerles
to wrrrant publleation nnd theretore the dats egresented hereln end with those of 1823,
Thhenabaence of the writer for n year prevented earller preparaifon of the material for
publication.

The following men hove been in cherge of the cereal Investigetionm since 1D10:
Benton E. Rothgel from I910 to 1911; F. A. Elepe, jr., from 1912 to April 1, 18319
ond A. F. Swanson sicee June 1, FOI9.
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und the buffalo, the need for military forces in western Kansas gradu-
ally lessened, smd in 1888 the soldiers were withdrawn. In 1889 the
military reservation was turned over to the United States Department
of the Interior for disposal. On March 28, 1900, Congress ceded the
abandoned Fort Hays military reservation to the State of Kansas
“ for the purpose of establishing an experiment station of the Kansas
State Agricultural College and a western branch of the Kansas State
Normal School thereon, and for a public park.” The grant was ac-
cepted by the Legislature of the State of Kansas on February 7, 1901.
On February 26, 1901, the State legislature allotted the eastern 3,600
acres of the reservation to the Kansas State Agricultural College for
the establishment of a branch experiment station.

Actual operation of the new station was begun March 29, 1902, with
J. G. Haney as the first superintendent in charge. Most of the land
was in native sod, and much of it was infested with prairie dogs.
The breaking of 500 acres was completed in 1902. Such experiments
as could be made on sod were started immediately, mostly on a field
scale. Improvements such es fences, buildings, water systems,
bridges, and working equipment naturally required. a large part of
the necessary work in these early years.

LOCATION

The main plant of the station is situated 1 mile south of the town
of Hays in Ellis County. Hays is centrally located in an area known
as the hard winter-wheat belt. It is 75 miles south of the Karsas-
Nebraskn line and 160 miles east of the Kansas-Colorado line. The
latitude is approximately 38° 52" north, and the longitude 99° 25
west. The elevation is about 2,000 feet.

TOPOGRAPHY AND S¢7L

The topography of the Fort Hays Branch Station farm and of
the surrounding country varies from level to rolling. The general
drainage is good. The station is drained by a large stream and is
bounded by lew bottom lands consisting of a rich siit loam of the
Lincoln series. The soils of the Lincoln series are alluvial in nature,
being derived from the silt loam snd stlty clay loam of the Summit
series which occupies the bench or upland in the vicinity of Hays and
from soils of the Colby series cccupying the uplands 50 or 60 miles
to the west of Hays. .

The upland consists of first and second bench lands, lighter in
texture than the bottom lands, but very fertile. The frst 4 or 5
inches of these upland soils consists of a dark gray to black silt
loam. The next 18 inches of the soil profile consists of a slightly
lighter colored elay loam of & highly granular structure. Below this
18-inch stratum is a heavy gray clay changing to a highly calcareous
gray clay. The soils of this upland, which is extensively farmed,
are of the Summit series. There are local areas of soil also belonging
to the Benton series in the vicinity of Hays, but these are commonly
used for pasture purposes.

The soil in the Hays section is easily tilled unless very wet or dry.
Under conditions of normal rainfzll and proper management a
meilow, ideal seed bed can be prepared reagily. The so1]l has an
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abundance of plant food, so that rainfall is the chief limiting factor
in crop production. When the soil becomes extremely dry from
lack of rainfall, or when it produces a heavy crop, it may check
and crack. Later, when rain occurs, these fissures permit the surplus
water fo enter the subsoil. Under certain conditions, and sometimes
because of the lack of proper management, the soils of western
Kansas are subject to severe zoil blowing.

NATIVE VEGETATION

The western half of Kansas lies in the Great Plains area, the
section often spoken of as the * short-grass region.” Native upland
vegetation of the locality consists largely of two species of grass,
buffalo grass (Bulbilis dactyloides), and blue grama (Bouteloua
gracilie). Scattered rather thickly in this short-grass sod are
bunches of wire grass (Aristide longisetd). In moist places in
ravines and draws, taller grasses such as big bluestem (Andropogon
furcatus) and little bluestem (A. scoparius) may be found.

CLIMATIC CONDITIONS®
PRECIPITATION

The distribution of preeipitation over the State and the time of its

occurrence are the chief limiting factors in crop growth, and from
an agricultural stendpeint usually receive more attention whan all
other phases of the weather. The precipitation in the Hays district
is often irregular in quantity, and in seasonal distribution it is simi-
lar to that of most of the central Great Plains, especially -vestern
Kansas, eastern Colorado, and western Nebraska. The normal an-
nual precipitation in western Kansas decreases steadily toward the
west, from 27 inches at Salina to 16 inches at the Kansas-Colorade
line, Rainfall is often in the form of local showers, or it may be of
a general nature and cover a very large area. Torrential rains
usually occur every year somewhere 1n the section to which these data
ave applicable, and may at times be the cause of considerable damage
by floods and soil erosion. The distribution of precipitation through-
out the year is not always favorable for the production of all of the
cercals that can be grown in the section, but by careful diversifica-
tion there need rarefy be a complete failure of all crops for any one
reat.
’ The monthly, seasonal, and annual grecipitation at Hays from
1902 to 1923, with averages for the period from 1868 to 1923, are pre-
sented in Table 1. The average annual rainfall for the 22-year
period 1902 to 1923, inclusive, was 23.01 inches, and that for the
months of the growing season, April to September, was 17.91 inches.
The average annual rainfall for the 56-year period from 1868 to 1923,
inclusive, was 22.87 inches.

The average annual precipitation for the 12-year period from 1912
to 1923, inciusive, as indicated in Figure 1, was 21.88 inches, or 0.92
of an inch less than that for the 56-year period.

2 Adnpted from UsiTEp States DEPARTMENT OF AGEICULTUERE, WEATHER BOREAU.
STMMARY OF THE CLIMATOLOGICAL DATA FOR THE UNITED STATES, BY EDCTIONE. REPRINT
OF SBCTIONS 2§ AND 30—RKANSAS, 1022

,
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Taprz 1.—Afonihily, seasonal, and eunual precipitation ai the Fort Hays Branch
Station, Hays, Kans., during the 22-year period 1902-31923
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Whether precipitation hes shown any progressive increase or
decrease since the land was opened for settlement and the prairie
sod broken has been the subject of much discussion. A study of

AR LN L L S S S
IO NS 20 B SO 35

20.20 |/2.2937
230 | /7S

NN

19 /R /6 eI | 2206 E
/5 QON .:,'4:./4‘}I 26.65%
/9rE /6.0/% /3 .25
V-V /6.92% /2. 56 >
. IS 23.&9& .03 §
Y- 26./2 | 2o./2 ﬁ
7920 2/ 28X | /5. 79 9
Vi )-od 8 ey /6 .92 D
/922 13 .08N /4.74§
/923 27./0 |z0.932%
S

AN 2/ .88 v

F1a. 1.—Average agnual precisimtion 2t the Fort Hays Branch Statlon, Hays, Kans,,
duriog the 12-year pericd 1912-1923. Growing season, Aprll to Septembet, black ;
remaipder of year, shaded

the precipitation records for the section, a number of which were
begun more than 45 years ago, fails to show any progressive change
in the average annual quantity or in its distribution throughout the
year. Since rainfall records have been kept at Hays the total annual
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" precipitation has varied from a low of 11.8 inches in 1894 to a high
of 85.4 inches in 1878,

Approximately three-fourths of the precipitation falls during the
six months of the growing season, April 1 to September 30. The
middle third of the State rveceives in these months almost as miuch
rain as’occurs in the same period in Illinois, Indiana, Chio, or New
York, or in the New England States.

The annual snowfall in the Hays section varies from 10 fo 24
inches. As @ rule the ground is not covered with snow for a very
long period. 1f the snow falls with a high wind, as often happens,
it drifts badly. A deep snow that lies on the ground for a long
period of time is very favorable for wheat.

HAIL

Hail is the most uncertain and destructive meteorological phe-
nomenon with which farming interssts in central and western
Kansas have to contend. Hail 1s most likely to occur in May, June,
and July. Wheat suffers more from hail than does any other crop
in Kansas, owing to the large acreage and to the fact that the wheat
matures in June and July, when hailstorms are most frequent. On
the Fort Hays Branch Station during the 22-year period from 1902 to
1923, inclusive, two crops of smull grains were destroyed by hail and
four others were badly damaged.

RELATION OF PRECIPITATION TO CROP PRODUCTION

General observations on the relation of precipitation to erop pro-
duction can be summarized as follows: (1) If a large quantity of
reserve moisture from the fall and winter months previous to the
crop year is available and there is a normal seasonal rainfall, the
prospects for a crop are good; {2) if an abundant crop has been pro-
duced with a correspondingly heavy withdrawal of reserve moisture
without replacement during the following fzll and winter months,
the chances are not favorable for a full crop the following year:
(8) when hail has swept a territory, totally destroying crop and
weed growth, the following year is often one of increased yields.
This is due to an accumulation of reserve moisture, the stoppage of
further withdrawal of moisture by plant growth, and the Tact that
farmers are more likely to follow such a disaster by early tillage,
which tends {o conserve moisture.

EVAPORATION

The seasonal evaporation from a free water surface at Hays is
closely related to the seasonal precipitation and is generally highest
when the rainfall is lowest. The daily evaporation has been recorded
for the months of the growing season since 1907. The method used
is that of the biophysical laboratory of the Bureau of Plant Industry.
‘The total evaporation in inches by months from April 1 to Septem-
ber 30 for the years 1907 to 1923, inclusive, is shown in Table 2,

Daily evaporation rvecords are really an index of the combined
influence of the other climatic factors and are of much greater
interest in understanding the nature of a season than is commonly




CEREAL EXPERIMENTS AT HAYS, KANS.,, 1812 To 1823 7

realized. In a general way, daily records in which the evaporation
is above 0.3 inch in April, May, and September, and above 0.35 inch
in June, July, and August, suggest droughty conditions. Daily
evaporation greater than 0.4 inch 1s usually associated with tempera-
tures or winds which are definitely injurious. Daily evaporation

eater than 0.5 inch indicates severe drought and grester than 0.6
inch conditions that are practically ruinous to crop growth. The
highest daily evaporation recorded at Hays was 0.745 inch on
May 18, 1911, closely rivaled by an evaporation of 0.714 inch on
July 15, 1918, and of 0.722 inch on August 8, 1918. Both 1811 and
1913 were seasons of almost complete crop failure.

TaBLm Z—Monihly evaporation from e free twater surface ai the Fort Hoys
Branch Siatien, Hays, -Eens.,, from April o September of each year, 1907
1928

[Data from the COffice of Dry-Land Agriculture]

Evaporation {ioches)

—r e — e _ e =~ Precip- Ratio of

i : Sea- itation ?‘:talon

Year A rul { ‘ sooal, Asrér.tt:o t(iz ptre-

pr. | May © June v 5 Aug, ' Sept. _-\;zf; 1 (incges) ct{l:; na-

i’ Sept. 30)
798 TEGL| 8612 TR V210 | 44.64B ) 20.42 | 21i9:1
Y181 TET| T.O6TT 8181 6. 625 | £4. 381 2131
0.203. 7211 7735 1 10.215 | 5,737 | 47. 471 2.34:1
4.855: 7.79T [ 9258 7.601 . 5.950 | 43 818 14. 80| 296:1
B BRY | §3.981 1 11.B55 ) 10.274 7 £.233 | 59.824 | 125f | 4.78:1
g2 0 g4I 9087 F 0.I78 . .02 46.%B5 | 14.03 | 31511
T.640 - B 5211 13.B15 | 14.451 ¢+ V. 250 | KR 2R3 1787 332
50M 0 9.2820 925 9517 7088 47. 096 | 1 3.35:1
5.528; 5328 | V.05, 5381 5,494 | 33.277 | 2965 1 l&:i
7037 ° 7.val | ool 11125 ) oo | smem 13.25| 3.79:1
O.527 1L080 0 1L BYL | B I40  G.4B3 | 50404 | 14 86{ 34001
L4910 B38| 9.067 | IL 2440 L5101 4T.568| 14r3 | 3.@L
4. 528 : 54054 10.272 | O 7.382 1 40,006 | 20.12| 2.04:1
4. 682 . 8. 117 94646 1 6,201 £.257) 39,776 15.78 ] 2 52:1
T.262° G.O43| 8671 | BISET 8220 | 44. 5671 1692 | 2631
5812 ¢ 7.831 5258 1 10,531 10.300 | 47,320 1474 3.21:1
5578 & 9823 | B84 623|428 83| 2051
6640} 7.977( 8728 ) 018 TIe 45. ¢40 I 17.33 ] 2681
1 ’

TEMPERATURE

At the Fort Hays Branch Station temperatures are recorded daily
by the observer of th: Weather Bureau of the United States Depart-
ment of Agriculture. Subzero temperatures occur from one to sev-
eral times each winter, but excessively cold periods usuelly are
relatively short. The lowest temperature recorded at Hays was
—24° F. on February 7, 1895. The coldest month in Kansas is
January, with an average temperature for the State of 80° F.
although the lowest temperatures of winter often occur in Febru-
ary. After the middle of February there is normally an irregu-
lar but general increase in mean temperature until the latter part of
July or early August. July has the highest average temperature,
although the heat is generally more oppressive in August. During
July and the first part of August temperatures from 100° to 103° K.
are almost sure to occur for short periods in the Hays district. If
accompanied by winds of some velocity, such temperatures are likely
te prove injurious to crops, particularly corn. The highest tem-
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peratures recorded at Hays were 114° I, June 25, 1911, and 110°,
July 5, 1901, and again July 14, 19813,

The dates of the last killing frost in the spring and the first in
autumn for each year from 1908 to 1923, inclusive, are shown in
Table 3. The average date of the last killing frost in spring varies
from April 9 in the entreme southeastern part of the State to the
first week in May in the northwestern part, and killing frosts have
been known to occur over nearly all of the western and northwest-
central counties as late ns May 27. Kiiling frosts have occurred in
September in nearly all scctions of the State, but the time of their
usual appearance vanges from the first week in October in the
northwestern counties to October 23 in the southeastern counties.

Tasre 3 —Dates of the last Rilling frost in spring and the first in quiumn af
the Fort Tays Branch Station, Hays, Kans.,, for cach year, 1508-1938

l Killing frost, 32° F. Hilling frost, 32° F.

Lastio | Firstin Lastin | Firstin
bospring 1 feRd spring fall

Cct,

Average.

The growing season in Kansas is sufficlently long on the average for
the development and maturing of all of the principal crops, with the
possible exception of grain sorghums in the northwestern counties.
Freezing temperatures are rarely so low as to be a limiting factor in
winter-wheat production, unless the low temperatures are accom-
panied by a low moisture supply or a high wind velocity.

WIND

Records of wind velocity have been kept at the Hays station since
1908. The velocity of the wind during the months of the growing
season has averaged from 10.7 miles an hour in April to 6.5 miles in
August. Records have not been kept of the wind velocity from Octo-
ber 1 to Mareh 31

The winds over the eastern third of Xansas are not noticeably
higher than those that prevail in other States between Kansas and
the Atlantie Ocean, but the western third of Kansas is one of the
windiest inland localities in the country.

The prevailing winds of ansas arve from the south from April to
October, inclusive, except in the western portion, where they are from
the southeast during April, May, and June, and in some western sec-
tions during July and August. In the winter months north or
northwest winds prevail, though south winds are frequent. In
nearly all parts of Kansas April is the windiest month and August
has the least wind movement. There is 2 marked variation during
the day in wind velocity, which increases toward the warmest part
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of the day and decreases at night. High northerly winds often pre-
cede and accompany cold waves, but blizzards are not of common
oceurrence,

The hot winds cause the most damage. These winds usually occur
during late June, July, and August affer a prolonged period of
kigh temperatures. When of high velocity they cause great injury to
growing creps, such as corn and sorghums, particularly if these crops
are in the early fruiting period Hot drying winds very commonly
oceur during the last 10 days of June. Such winds have a very
marked influence on the ripening of the small grains. If the small
grains have reached the hard-dough stage in vigorous growth, the
ripening winds of late June are regarded as a favorable faetor for
the full development of the crop. _

Bevere soil blowing often may occur in February, March, and
April if precipitation is low during these months or if the soil has
been subjected t~ alternate periods of freezing and thawing. Under
such conditions the soil quickly Decomes friable and ashy and is
resdily moved by winds of high velocity. Plowed fields which are
left bare over winter and are finely cultivated, or which are sown
late to wheat, also are subject to soil blowing, In the western half
of the State, soil blowing sometimes causes much damage to fields of
wheat, exposing the roots or burying the plants under drifted soil.

CROPS OF THE SECTION

he Hays station represents in a general way the western two-
thirds of the State, or that portion of Kansas lying west of the
meridian of 97.5° west Jongitude. This section embraces that part
of the State west from the 1,500-foot contour. The maximum eleva-
tion of this section is nearly 3,700 feet, and the average rainfall
ranges from 80 inches along the 1,500-foot contour to 16 inches in
some of the extreme western counties. .

Winter wheat is the most important grain crop. Of the 9,500,000
acres of wheat grown in Kansas in 1922, 7,000,000 acres were grown
in the western two-thirds of the State, or west of a line extending
from Washington County on the north to Cowley County on the
south,

In this section were grown also nearly all of the 1,000,000 acres of
barley prodiced in the State, as well as one-half of the total oat
acreage of 1,500,600 acres, and one-fourth of the totsl State corn
acrezge. Corn is not well adapted to the uplands of this section
except in the northern and northwestern tier of counties,

The Kansas grain-sorghum crop of 1922 was grown on 1,200,000
acres. Kafir, grown more or less uniformly throughout the State,
was the leading variety. Of the 942,000 acres of kafir, 604,000 acres
were in the western two-thirds of the State. Milo, largely grown
in the southwestern counties, ranked second of the grain sorghums.

In 1922 a little over 70,000 acres of rye were grown. the largest
acreage being in the south-central part of the State. The crop was
used largely for pasture.

Spring wheat is almost a negligible crop, only about 15,000 acres
being grown in the northwestern counties in 19%2. The hard winter
wheats are far superior to the spring wheats for Kansas, but occasion-

563527 2
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ally the latter erop is used to replace the former if winterkilling has
been severe. .

Broomeorn, confined to the southwestern counties, is another minor
crop with an acreage of less than 20,000. In earlier years a consid-
eral)ie acreage of broomcorn was grown in central Kansas.

EXPERIMENTAL METHODS
PREPARATION OF THE SEED BED

The records ave not clear as to the rotations followed in the experi-
ments prior to 1912 at the Hays station. {n 1913 a new rotation was
arranged as follows: (1) Green manure {rye); (2) experimental
grain sorghums; (3) fallow; (4} experimental winter grain; (5)
commercial crop of wheat; {6) spring grains and corn. This rotation
was continued until 1919,

With the increase of the sorghum nursery a new rotation was laid
out in 1920 and has since been followed. This rotation is: (1) Fal-
low; (2} experimental wheat and nursery work; {3) experimental
wheat, barley, and oats; (4) commercial wheat uniformly cropped;
(3} experimental sorghums and corn. The second year after fallow
the cropped land is plowed or listed, after which the ground is worked
down previous to seeding, either in the fall or in the spring, depend-
ing on whether winter wheat or spring grain is seeded.

The yields of winter wheat grown on summer-fallow land are more
nearly certain and somewhat higher than those resulting from any
other method of seed-bed preparation. In the experiments the yields
of wheat the second year after fallow were almost as high as the
wheat yields following fallow. The yields of wheat the third vear
after fallow also have been satisfactory. The varietal experiments
with oats and barley usually have been seeded on land the second
vear atter fullow, and the sorghums have followed the commercial
wheat crop, occupying fourth place after fallow in the rotation.
The five-year rotation outlined above has given every indication of
being a very satisfactory system for the practical farmer who de-
sires to grow wheat as a cash crop, supplementing it with oats, barley,
and sorghums as feed crops. A thorough fallow once every five
vears leaves the soil in excellent physical cordition, the effects of
which are apparent for several years. Sorghums follow three years
of wheat to good advantage. Any deleterious after effects of sor-
ghums appear to be eliminated by a good fallow.

PLOT EXPERIMENTS

From 1913 to 1919 the varietal experiments were carried on in
field plots 8 rods long and of varying widths. Since 1920 all of the
various small-grain plots have been 8 rods long by 614 feet wide.
The small gramns were sown with an eight-hole 8-inch drill. On
plots 614 feet wide such a drill gives 2 sown area 56 inches from
outside row to outside row and alleys 22 inches wide between the
outside rows of adjoining plots. Such a plot is actually slightly less
than one-fiftieth of an acre in area. The plants draw considerable
moisture and plant food from the alleys, however, and it is con-

sidered fair to corapute acre yields as from an area one-fiftieth of
an acre in size.
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Plots of one-fiftieth of an acre were used for the rate-and-dafe-of-
seeding experiments with winter wheat. The furrow drill experi-
ment and the experiment in top-dressing wheat with straw were
made on plots one twenty-fifth of an acre 1n size. The sorghum and
corn varietles were grown in plots fractionally larger than one
twenty-fifth of an acre. These plots were 8 rods long and consisted
of four rows 40 inches apart. Two additional border rows were used
but were removed previous to harvest. A view of the plots of the
cereal experiments 1n 1920 is shown in Figure 2.

NURSERY EXPERIMENTS

Prior to 1912 u Iarge number of new selections and importations
of hard winter wheat were tested at the Hays station. Many
of these selections were afterwards grown in plots for from 1 to 12
years. DBetween 1912 and 1919 approximately 2,000 selections,

Fig. 2.—General view of the ceresl plote at the Fort Hays Braoeh Statlon, Hays,
E&ns., in 1920

largely from the Kharkef and Turkey varieties, were grown in the
uursery for from 1 to 3 years. Owing to the necessity for more de-
tailed nursery work with sorghums, only a limited number of wheat
selections have been grown in the nursery at Hays since 1919, as it
was more practicable to conduct wheat experiments of this type at
the central station at Manhattan. Nursery experiments with barley
and oats were not begun at Hays until 1923,

Since 1920 the nursery has largely centered on the sorghums.
From 300 to 400 sorghum selections have been grown cach year in
nursery rows, as well as large numbers of individual plants for
detailed studies.

The chief ohjects of the pure-line selection studies have been to
obtain high-yielding strains having drought and disease resistance,
In the case of sorngms more desirable types for both forage and
grain production have been sought.

In the earlier years of the small-grain nursery rows of varying
length were employed, depending on the quantity of seed available,
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Standard nursery rows have been used since 1920. For wheat the
rows were 16 feet long; for barley, 20 feet; and for oats, 15 feet. The
rows were 12 inches apart. The head selections of sorghums were
grown in rows 4 rods long and 40 inches apart. A ~ood sorghum
head usually produces sufficient seed to plant two or more rows
4 rods long.

INTERPRETATION OF RESULTS

The actual acre yields of each variety or crop are given in the
tables for each year in which it was grown. Where the plots were
rephicated, the recorded yields are the averages for zll plots of a
variety. '

Because of the areat variability of the yields of crops and of sea-
sonal conditions from year fo year, the average yield of a variety
grown for a short period may not be comparable with the average
yield of a variety grown for a long period. The yield of each variety
for each crop, therefore, has been compared with a standard for the
same years, the standard being a variety grown during all the vears.
of the experiments. The average plus or minus difference of any
variety from the standard is recorded in terms of bushels as well as a
percentage of the standard. The probability that these differences
are not due to chance is expressed as odds obtained by “ Student’s”
method ® for determining the probable ervor of the mean, as follows:

Mean +standard deviation=z

The odds are then computed from the probability tables for differ-
ent values of z and n (the number of samples). In determining the
average difference from the mean the computation was carried to
only one decimal place. For the value of z the results were computed
to three deeimal places,

A difference in yield of plus 2 bushels an acre between a given
vartety of oats and n» standard, such as Burt X Sixty-Day, indicates
that in these experiments the odds are 10 to 1 that the result is not
due to chance, and that such a variety is a higher yielder than
Burt X Sixty-Day by the amount of the difference. Odds of 10 to 1
are not of any particular significance. With odds of 22 to 1 or more,
greater reliance may be placed on differences being significant and
not due to chance.

Odds were computed by Student’s method for all of the varietal
experiments of the major crops and for the rate and date of seeding
experiments with winter wheat.

EXPERIMENTS WITH WINTER WHEAT

Hard winter wheat is the most important small-grain and cash
crop in the central Great Plains area, consequently the experiments
with wheat at the Hays station have been more extensive than with
any other crop. The experiments with winter wheat consisted
chiefly of varietal tests, rate and date of seeding tests, tests of straw
as a top-dressing on wheat, and a comparison of the furrow drill
with the common drill. Considerable attention was given also to
the improvement of varieties by selection. Both hard red and soft
red winter wheats were grown. The results show rather definitely

1 ANOXYMOUS, THR PROBABLE ERROR OF & MEAN, By Stupeyt, Blometrika 8:; 1-25.
08.
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that the hard red winter wheats of the Crimean group are best

adapted to the central Great Plains area, of which the Hays section
is representative.

YABIETAL EXPERIMENTS WITE WINTER WHEAT

The varietal experiments with winter wheat were begun in the fall
of 1902 and have since been continuous, although only meager records
are available for the period 1807 to 1909. It is reported that from
1903 to 1806, 380 varieties and types of winter wheat were grown
with the hope of establishing new and hardier strains better adapted
to the semiarid portion of the Great Plains area.

The following quotation taken from an early record st the Hays
station gives interesting conclusions regarding the Kharkof and
Crimean varieties:

The statlon in the three yesvs passed ¢1904—1806) has been experimenting
with 380 different varietles and types of winter whent with the hope of estab-
lUshing new ones. These varietles were recelved from ihe United Btates De-
partment of Agriculture. * * * Considerable work has been dene in making
selections for the purpose of orlginating new varieties that will produce better
yields. Twenty-four of the new varieties were grown in fleld trials on l-mere
plots in comparison with the common Murkey wheat secured in the vicinity of
the station., Al the plots were given precisely the same treaiment, and the
average of the yields for the three years shows that five of the new sorts of
recent linportation gave better yields than did the eommon Turkey variefy.
These are No. 4 Kharkof, No. 7 Crimean, Theiss, Weissenberg, and No. 42
Kharkof. The increased yields of the several importations over the common
Turkey, which made an average yleld of 17.7 bushels per acre, was from one-
balf to 2 bushels per acre for the three years upder ovrdlnary field conditions,
The No. 4 Kharkof seems hardy and well adapted to western conditions, and
in general the hard red wheats, whether they he from Turkey or Russia, do well
Of the Russian varleties * * * the Kharkof is among the best, The Hun-
garian varieties are quite promising and the Crimean wheats show up well,
especially in the dry seasops.

In 19086 the Kansas Agricultural Experiment Station at Manhattan
made a number of selections from the Crimean group, from which
originated the variety known as Kanred,® now extensively grown
throughout the State.

In the period from 1912 to 1928 a mew group of winter wheat
varieties was selected and grown in the varietal test. The varieties
were grown in single plots from 1912 to 1916. Each year since then,
unless otherwise noted, four systematically replicated plots of each
variety were grown, except in 1918, when five plots of each variety
were grown. Summer-fallowed land was used for the experiments
from 1912 to 1918, but each year since then two plots have been grown
on cropped land and two on summer fallow. ) )

The average annual yield of winter wheat for farms in Ellis
County for the 16-year period, 1908 to 1923, inclusive, was approx-
tmately 10 bushels to the acre. Yields varied widely for individual
years, but they may be grouped roughly imto four general classes
incluéing (1) failure, (2) poor, (3) fair, and (4) good. A yield of
2 bushels or lower is classed as faillure, 3 to 6 bushels as poor, 7 to 9§
bushels as fair, and 10 bushels or above as good. During the 16-year
period production was as follows: _ '

1808, good; 1509, fair; 1910, good; 1911, failure; 1812, good; 1913, poor;

1914, pood; 1915, good; 1816, good; 18927, feilure; 1918, fair; 1019, fair; 1920,
good ; 1921, poor; 1922, poor; 1923, failure,

¢ For more complete information on Kanred, see Sarndox, B, ¢, DSTABLINHING EANEED
WHEAT IN EANSas, Kang. Agr. Eipt, 8ta. Circ. 74, 16 p,, illus, 1819,




TABLE 4.—Average annual yields of 69 varielies and strains of winter whcat grown at the Fort Hays Branch Station, Hays, Kans., during the
10 years 1912—1914-and 1916-1928, and the average Zifference in yield from that of Kharkoef (C. I. No. 2198) jor comparable jyfears!
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The yields of wheat on the experimental plots at the Fort Hays
Branch Station from 1912 to 1914, inclusive, were normal. The 1815
crop was partly destroyed by hail on June 15, following a period of
excessive growth and subsequent lodging owing to an unusually heavy
rainfall. The crop was not harvested. The crop yields for 1918
and 1917 were favorable owing fo the use of fallow land, but the
vields for 1918 were below normal. An abundance of rainfall in the
spring of 1919, causing excessive growth, was followed by hail on
May 2 and by drought during the ?ruiting period in June, the yield
of wheat being thus materially reduced. The yields of wheat in
1920 and 19921 were above normal, the distribution of the rainfall
being timely and effective.

The 1922 crop is of interest because it was subject to extremely
unfavorable factors and yeb produced a good yield. The resulfs
answer the question whether winter wheat germinated in midwinter
¢an produce a crop. The bulk of the seed sown in the fall of 1921
for the 1922 crop did not germinate until late in February, nor did
it emerge until March. This was because of an unusually dry and
unfavorable fall. About 40 per cent of the wheat seeded on fallow
ground germinated, but only a 10 per cent stand survived the dry
fall and winter. On the fall-plowed land 10 per cent of the wheat
emerged, but not more than 1 per cent of the total possible stand
survived. The onc-half inch 0? moisture in the form of snow on

December 3_and the 0.93 inch of moisture on February 22 probably
were the important factors which enabled the seed that had not
germinated early in the fall to pass successfully through the winter-
ﬁormancy period. This late-sprouted wheat emerged between March
16 and 20, weak and stunted, after growing several inches laterally

under a crust. Well-distributed precipitation from that time, how-
ever, combined with cool, ideal growing weather up to maturity,
per?iltted a surprising development, with yields of from 14 to I8
bushels.

The 1923 wheat crop was destroyed by hail. The best yields would
not have exceeded 5 bushels per acre, however, as the fall and winter
of 1922-23 had been extremely dry, the drought continuing into
May.

During the 12-year period from 1912 to 1923, inclusive, two experi-
mental crops of wheat were lost by hail or excessive rain, three
made poor yields, and seven were fair or above. The yields of all
winter-wheat varieties grown and harvested in the 10 years
out 1of the possible 12 years from 1912 to 1928 are presented in
Table 4.

Blackhull wheat (C. I. No. 6251) was first grown at the Hays
station in 1919 and has been surpassed by Kanred (C. I. No, 5146)
in yield by only 0.7 bushel. Blackhull was developed by Earl G.
Clark, a farmer living near Sedgwick, Kans,, and is said to have
originated from three black heads which were found in 1912 in a
field of Turkey wheat. The seed used in sowing this field was from a
stock of Russian wheat brought into this country at an earlier date.
Blackhull has not been so winter hardy as Kanred wheat at Hays,
but this has not seriously affected the yield when the crop was seeded
at the normal rate of 4 pecks to the acre, since the surviving plants
tillered sufficiently to compensate for whatever loss of stand occurred.
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The soft winter wheats have not been equal to the hard winter
group in yield. Nebraska No. 28 (C. I. No. 5147} is of interest as a
drought-eseaping wheat, being from 5 to 10 days earlier than the
hard winter wheat varieties, but is not recommended for commer-
cial use.

Yields of eight representative winter wheats grown at Hays are
shown graphically in Figure 8. :

Of the varieties grown for three or more vears, Blackhull (C. L
No. 6251), Kanred (C. I No. 5146), P-1066 (C. I. No. 5879), P-1068
(C. 1. No. 5880), and Kharkof, Hays No. 2 {C. L No. 6686), have
distinctly excecded the yield of the standard Kharkof (C. I. No.
2193). {{anred has been an outstanding wheat at the Hays station
since it was first grown in 1914. It is followed closely by Blackhull,
which has been grown for a shorter period. The Kharkof selections
have slightly out-

yielded the Turke ° ‘5,-";’-5‘4{,7‘5?5504%5&,
strains, Kharkof, ) i
Hllys NO. ) (G. I- AT AL (L D S SAEE) . ‘?2'3'2
No. 6686), was se- ““Anmucivaszs) ad
lected at the Hays #AYE NO2 (N6 F

Y Y CRIPSERN (LN, 1) s
station in 1909 and SR OF (ChNONEAD) .3
bas since been groWn g pir s e 2909 B 178
continmously  either wsze. sv 28621050008 77
in the nursery or in 7ressv@svogssz) 70

plots, having out-
yielded all other
strains of Kharkof.

N EL e

F1a, 3.—Average acre ylelds of elght representative varle-
ties of winter whont grown at the Fort Haye Branch
?5‘3»2““' Hays, Eans., duriog the four-year pefiod 3919—

The selection has

since been distributed to other stations and has produced favor-
able results. P-1066 and P-1068 are Xansas selections from the
Crimean group and, while similar to Kanred, have not equaled it
in yield.

~

EATE-AND-DATE-OF-SEEDING EXPERIMENTS WITH WINTER WHEAT

Ezperiments to determine the best rate-and-date-of-seeding hard

red winter wheat were conducted from 1914 to 1923, inclusive. From
1914 to 1919, beginning in the early Eart of September, the wheat
was sown at 15-day intervals on from five to six dates, at rates vary-
ing from 1 to 9 pecks per acre. From 1920 to 1923 weekly seedings
were made from September 8 to October 27 at rates of 1, 2, 3, and 4
pecks per acre.

From 1914 to 1916 the plots were sown in duplicate on cropped
land. From 1917 to 1923, two plots were sown on each date an(f at
each rate, one on fallow and one on fall-prepared wheat land the
second year after fallow. In Table 5 are presented the average an-
nual yields from the different rutes and dates of seeding from 1914
to 1922, inclusive, regardiess of seed-bed preparation. Yields for the
4-peck rate for seed sown September 17 to September 22 were taken
as tﬁme standard, all other rates and dates of seeding being compared
with it,

o6345—27.

3




TaBLE 5.—Averagc annual yields-of winler wheat sown on nine dates and at siz rates at the Fort Hays Branch Station, Hays, Kans., during
one oF more of the nine years 19141922, logether with the average difference of each from the yields oblained from wheat sown September
17 to 22 at the 4-peck rale in comparable years
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The dafa obtained from 1920 to 1922, inclusive, sare presented in
Table 6. The highest yields for this period were obtained from
seedings made September 22 and September 29. There was & slight
decrease for October 6, followed by a very marked decline for later
seedings. The same trend was noted for the entire period 1914 to
1922, inclusive,

The optimum period for seeding wheat therefore is believed to be
from September 20 to October 1. If moisture conditions are favor-
able; seeding at this time permits ample but not excessive fall
growth, and the crop largely escapes the fall infestation of Hessian
flies. The plants also usually develop 2 good root system with
sufficient top growth to withstand winterkilling and soil blowing.

TasLe G-—Anaunal and average yields from rate-and-dufe-of-seeding ezperiments
with winter wheat sown on fallow and on cropped land, and average yields
from the two preparations, ot the Fort Hays Branch Btation, Hays, Kans.,
during the three-year pericd 1520-1922

Acre yield (bushels)
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.As shown in Figure 4, the yields from cropped land were ailrost
equal to those ¢btained from fallow for dates of seeding as late as
September 29. Throughout October the yields were somewhat
higher for the cropped land, apparently because the stubble afforded
protection from soil blowing and winteérkilling. It was noted dur-
ing the course of the experiment that plots seeded late on fallow
were more easily and readily damaged by soil blowing than those
seeded on stubble land. The results suggest the need E)r relatively
earlier seeding on bare ground, in order that the plants may éstab-
lish their own protection. This does not agree with the theory of
many farmers, which is to sow later on the more thoroughly pre-
pared ground. In Figure 5 are presented the combined average
yields E:;r all rates for each of the eight different dates of seeding.

The optimum rate for seeding winter wheat has not yet been de-
fermined. Unforfunately, very few tests of rates of seeding higher
than 4 pecks were made. The type of seed bed and the quantity
of moisture available 2t planting time are determining factors so
far as rate of seeding is concerned. With timely seeding on a well-
prepared seed bed, in

which there is present ﬁa} =
both reserve and sur- o &
face moisture, satis- % B (2 55 = P 7

] 5
factory results have X, ' Nz,
been obtained with § _ N P50 5]
only 2 pecks of seed. ¥ Lt
Hoywever, so many dis- t’o _ 5
surhing Jactors, such § i grememr A1 ]
as limited moisture X e e

supply, soil blowing, SEETEAAGER GCTOBER

nsect injury, and late F16. 4.—Avernge scre yields of winter wheat sown on
sprinfr freezes. are elght different dates at s 8-peck rate on follow and on
3 b 3 R eropped land at the Fort Hays Branch Station, Hays,
llkely to occur that it Kana,, during the three-year period 1920-1922

is good crop insurance

to use plenty of seed. - The higher rates used in these experiments
yielded at least as well as the lower rates in good years, and in un-
favorable years there has been a distinct gain from the heavier rates,
Tfor that reason o rate of not less than 4 pecks is recommended.

Fall infestation of Hessian flies was determined for the 1921 crop.
In the September 8 seeding, 4.4 per cent of the plants were found to
be infested; 8.3 per cent were found infested In the September 15
seeding; 3.9 per cent in the September 22 seeding; 1.6 per cent in the
September 29 seeding; and 1 per cent in the October 6 seeding. No
fall infestation was found on the plots seeded after Octobetr 6. The
count was made in plots located on cropped lend.

RELATION OF BAINFALL AND TEMPERATURR 10 DATE AND RATE OF SEEDIRG WINTIR
WHEAT

Annual rainfall, mean temperatures in early fall, and the yields
of wheat obtained from the experiments with various rates and
dates of seeding for each of the years 1920, 1921, and 1922 are
shown graphically in Figures 6, 7, and 8. A close relationship is
indicated between the climatic factors and the yield. Precipitation
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varied considerably in Loth quantity and distribution for the differ-
ent years. Timely distribution of fall moisture was the most im-
portant precipitation factor. For example, the fall of 1919 was very
f:worablg for starting wheat because of rains just at seeding time.
In the fall of 1920, with greater total rainfall, dry surface soil from
early September until October 20 proved a great handicap. Plots
of wheat seeded later than October G did not wet well established
and were destroyed by soil blowing and the severe freeze of March
27. In the fali of 1921 there was almost no effective rainfall after
the middle of August. Seedings for all dates were therefore made
in dry surface soil. The only immediate germination was about 25
per cent for the September 8 and September 15 seedings, and only
1 per cent of the resulting plants survived the wirter. Limited
precipitation occurring December 3 permitted germination but no
aboveground growth.
~PECE VIELLD IN BUSHELS Most of the wheat
plants from all dates
of seeding failed to
emerge uniil March
16 to 21. Fair yields,
nevertheless, were ob-
tained because of
ample spring moisture
and favorable tem-
peratures,

M e a n-temperature
curves by seven-day
periods for the fall
seeding season are in-
cluded in the graphs
to show the relation
of declining fall tem-
peratures to the yields

0. G.—Avernge iere ylelds of winter wheat sown on Of wheat sown on dif-

cight different dates at 1-peck to 4-peck rates on fallow
and oo eropped land at tge Fort Hays Branch Statiom, ferent dates. In 1920

Hnys, Knug., during the three-yenr period 1920-1922 = and 1921 the decline

in yield was quite
marked for wheat sown after QOctober 6 and September 29, respec-
tively. Mean temperatures below 65° F. closely following the seed-
ing period caused a slower early growth, and if temperatures were
below 60° F. fall growth was retarded to a degree that resulted in
reduced yields. Dry soil conditions which delayed germination in
the fall of 1921 largely nullified the temperature effect so far as thai
season was concerned. Differences in spring condition of wheat sown
on different dates in the fall of 1919 are shown in Figures 9 and 10.

FURROW DRILL COMPARED WITH COMMON DRILL FOR SEEDING WINTER WHEAT ¥

el Tt
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Experiments to determine the effect of seeding small grain in fur-
rows were begun at the Fort Hays Branch Station in the fall of 1913.

®The eariicet experiments In Koneas on secdin% wheat in furrows appenr to e those of
the Knnsas Agricultural Experiment Btation by E. W. Shelton in 1888, These were dis-

continued in 1800 and resnmed spaln at Manhatton in 1913 by 85, C 8almon. For more

complete informrtion on the vse of the furrow drill In Knansns, see SarumoN, 8. O. sEED )
NG BMALL GEATH IN FURROWS. Iuns. Agr. Expt. Stg, Tech. Bul, 13, b5 p., illus, 1024,
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In these first experiments winter oats, emmer, and spelt were drilled
in open furrows 4 and 6 inches deep, made by a smsall nursery plow.
Measured (ﬁuantities of grain were drilled into the furrows with a
garden drill. Winter survival was in every case higher in the fur-
rows than in surface-drilled check plots.

The experiments were repeated for the season 1915, but owing to &
hatlstorm and other unfavorable climatic conditions no data were
obtained.

For the 1916 crop wheat was sown in furrows made with a light-
draft harrow on which small lister points were attached fo shanks
spaced 16 inches apart. The grain was sown in these furrows with
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Fig. §.—Itclatlon of rainfall and temperatsre to date and rate of seeding winter
wheat at the Fort [Iays Branch Station, Haya, Kans, in 1920

an 8-inch drill, the alternate holes of which were stopped and the
corresponding disks lifted and tied. Surface-drilled check plots also
were put in with the drill adjusted as above described and the rows
spaced the same distance apart.

The 1917 experiments were sown with a 7-inch drill, from which
alternate disks were removed and the corresponding feed holes
stopped up. Furrow-opening attachments were designed for the
remaining feed spouts, each of which carried two disks, one mounted
in front and set to throw dirt to the left, opening a furrow about
3 inches deep, and one running behind the other, throwing dirt to
the right, and opening the furrow 2 inches deeper. The seed was
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sown in these furrows which, when the operation was complete, were
"about 4 inches deep from the top of the ridges to the loose dirt in
the bottom of the furrow. A view of a furrow drill is shown in
Figure 11. Check plots were sown with an ordinary disk drill-
The same drills were used in sowing the 1918 and 1919 crops.
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Fia, 1.—Relation of rainfsil and {emperature to date and rate of seeding winter
whent at the Fort Heys Branch Station, Hays, Kane,, Iz 1821

The yields obtained from using the furrow drill and the common
disk drill for the years from 1916 to 1919, inclusive, are given in
Table 7.

TABLE T.—Yields of winter wheat scwn with a furrow drill and with ¢ common
drill at the Fort Hays Bruanch Station, Hays, Kans., during the {hree-year
period 1916-1818

Acte yield {bushels)
Kind of drii}
191G 1917 sl i b} I Average
i
Fureow defll Y i——————n 25.4 .20 13,2 C1L2 158
o drbi___ . = 3.5 ida i 138 18.7 a6

Vg 1016 the Murrows were made with o hamow avd spreed 16 inehes apsrt; In 1917, 1918, end 1910 the
{urrows were muade with o disk dri)i sod speced 14 inches spart,
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The data of Table 7 were not considered conclusive, because of
differences in plot width and other defects in plot technic. For the
1920 crop the furrow drill was redesigned to make the furrows 12
inches instead of 14 inches apart. Wheat was sown on replicated
one-twentieth-acre plots with this drill and with the common 8-inch
dislk drill for each crop from 1920 to 1993, inclusive. The wheat was

* sown with each drill at rates varying from 1 to 5 pecks, in north and
gouth and in east and west dirvections, and on both fallow and wheat-
stubble land. The yields are presented in Table 8. Hail destroyed
the crop of 1923.
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Fig 8.--Iteintion of rainfnll and temperature to date and rate of seeding winter
whent nf the Fort Hays Branch Station, Haoys, Knbpa., in 1922

In 1920 there were no significant differences in yields between the
two methods. In 1921, plots sown with the common drill gave
slightly better yields. Severe soil blowing occurred during the
spring of 1921, but no serious damage resulted to plots seeded with
either drill. A late freeze with a minimum of 10° F. occurring on
March 27, after the plants had begun active growth, caused a hea
mertality in the plots sceded at 4 and 5 pecks with the furrow drill,
Before the freeze the plants in these plots appeared to be over-
crowded in the rows. Such a condition tends to hasten development,
anﬁl as a result these plants possibly were in a less hardy stage than
others. : .

The fall of 1921 was extremely dry. Stands of wheat were there-
fore irregular on all plots, regardless of the drill used in seeding.

GO 5~-27 o
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In 1922 only parts of some of these plots could be used to dotermine
yields. The wheat sown on fallow became weedy in the spring, and
those plots sown with the furrow drill were the most infested. The
yields from the plots sown with the common drill were much
superior to those from plots sown with the furrow drill,

Tasrg 8~—Yiglda of winter 1oheat sown with o furrow drill (12 inches apert) .
and wilh & common 8-inch disk drill at the Fort Hays Branch Station, Hays,
Kans., in the threec-year period 1920-1928

Avre yield (bushels) with different rates snd directions of seading

Praparation of
ground snd kind 1 pock 2 pocks - 3 packs 5 pocks

of drill used 1o
seading

Enst | Nerth | East | Morth North East | North
and pud dnd and andg nod and
wast | south | west | south g south wasi | south

Furrew drill:
1820 fallesw land. 38,1
102i faliow land .| 35
1522 fallow land_ X )

Thresa-yeart
BVOIDED. X 135.3

1920 cropped
land 389

810
1.0

Three-year
averaga L 28.6

Commeon drill:
1020 fallow humd_
1921 (pllow land | 361
1922 fullow lend. 1]

Thres-year
AVEIAES

1920 crepped
iand.

Three-year
DVerIgs

Three-yesr ﬂveraﬁa
for Mmrrow drill
{fallow and crop-

land} 8.4 X . 2o 2.1

Three-yesr averaga
for common dril
(rali;awda)nd crop-

28.3 271 2.0 2.0 3.2

i Plots destroyed by soll blowlpg. 1 Two-Fear Average.

The three-year average yields for sll comparisons of the furrow
and common drills are shown in Figure 12.

In all of the experiments from 1916 to 1922, inclusive, the use of the
furrow drill resulted in a slight decrease in yield. The furrows are
effective in preventing soil blowing until the ridges are leveled down.
On the other hand, the wider spacing necessary to form the furrows
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prevents full occupancy of the ground by the wheat and permits more
weed competition. The use of the furrow drill has shown no out-
standing advantage over that of the common drill in the prevention
of soil blowing or in yield, either on experimental plots or in the
station’s general fields.

MRECTION OF SPEDING WINTER WHEAT

In the experiments with the furrow drill as compared with the
common drill 20 plots were sown in an east and west direction and

Fig, 0.—Experiment 1u date and rate of seeding winter whest on pnmmer fallow f.
the Fort Hays Branch Statlon, Haya, Eans. Seeded September 22, 1919, at the
rate of 8 pecks per mcre. Photographed April 26, 1920. Note vigeroue growth.
¥letd 36.7 bushels per acre :

20 plots in a north and south direction each year. Yield data from
the plots sown in the two directions ave given in Table 9.

TasLe 9.—VYields of winter wheat goiwn }n east and ivest and in north and
south directiong with both furrow end common drills, together with goin or
}283 in yield from either practice, at the Fort Hays Branch Station, Hays,

ans. ;

Rate and direction of seeding and acre ¥leid (bushels)

1 peck 2 pecks 3 pecks 4 pecks 5 pecks
Method of seeding Averoge galn

i
East \North| East (North| East [North| East |North| East |North
and | and | and ; and | and | snd | end | and | and | and
westisnuth west west |south| west |south| west | south

3.4 .0 | 27.0 | 27.0 | 26.6 | 26.1 | 26.0 | 26.2 | 0.2 bushel, north
atd south,

. .2
26.4 | 219 0| 28.2| 20.5 | 30.4 | 0.7 busbel, porth
and south,
15 .2 1.1
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The average differences favoring north and south seeding are too
small with both types of drill to be significant. Most farmers
prefer to seed in an east and west direction on account of supposedly
smaller risk from soil blowing.

TOP-DRESSING WINTER WHEAT WITH STRAW IN TBE FALL

The experiment of top-dressing winter wheat with straw was
%)L‘lanned in order to determine its effect on winter survival and yield.

he experiment was conducted with Kanred wheat sown the last
week in September on fallow land at the rate of 3 pecks per acre.
Plots wers sown with both the furrow and the common drill. The
plots were one-twentieth of an acre in size. - The straw was spread
during November before freezing had {aken place. To prevemt the

F15. 10.—Experiment in date and rate of seeding winter wheat on summer follow
at the Fort Hays Branch Station, Hays, Erns. Seeded Cctober 20, 1919, gt the
rate of b pecks per nere,  Photogrophed April 26, 1920, Note lack of vegetative
growth aod injury from goll Liewing. Yield 16.2 bushels per acre

straw from blowing away, a packer with narrow V-rimmed wheels
6 inches apart or a weighted disk set at a slight angle was run over
the plots to press the straw into the ground.

The yields obtained in 1920 and 1921 are presented in Table 10.
Reliable yields were not obtained in 1922, because of poor stands
resulfing from extremely dry weather the previous fall. Hail de-
stroyed the 1928 crop. As reliable conclusions can not be drawn
from only twe years’ data, the experiment is being continued.

There was no advantage from top-dressing the 1920 crop. The
winter being mild and the rainfail effectively distributed, there was
no need for protection. The season of 1921 was more extreme.
Severe soil blowing occurred in Febrnary and March, with a low
freezing temperature of 10° F. on Mareh 27, and the unprotected
plots of wheat suffered more severely than those to which straw had
been applied. ' '
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Tanrg 30.—Yields of winler wheat sowon with furrew and common drills and
top dregged toith sirasw at different rafes af the Fort Haye Bianch Slation,
Haye, Kana., 1520 ond 1521

E liate of straw appiication and scre yield {bushels)

] . _ e
Kind of drifl used and yenr test wosmade | ~ 0 One- | One |
; plot {mo | fonrth . half | 1ton 2 Lons 3 tong
StTAW) ton ten Ifl
Furrow drill; ;
1920 ; 38.8 36.7 3.2 3.7 27.0 24.6
el [ 3|6. 6 4Ll 30.5 30.1
TFO-FORY HYCPREC. -« oo omcme o T 327 359! 364 33.3 7.4
Common dril: ’ i
102G, . ... 38.1 356 3.7 753 5.3 2.2
1021 mmm—m——— .0 /6 8.7 12.2 13,4 20,4
TWO-FOAT STOIAEO . o m e m cmmmammmm e #el 871 387y 388 30.4 I 358

It was noted that when the application of straw was heavier than
g tons to the acre some of the plants were smothered, resulting in a
reduced stand. Other factors may have influenced the results, but

FiG. 11,~-Furrow drill used ot the Fort Hays Branch Strtion, Hays, Kans., Allernate
Jisks of n slople-disk drlll were removed and the mountiogs of the Temaining
dizks remodelsd eo that two dlska tan in peirs, one io front set te throw the dirt
to the left nnd one in the rear set to throw the dirt in the opposite dirvectlonm.
The result was g furrow in which the grain wos sgwn

the yields from plots with an application of 3 tons of straw to the
acre were always lower than yields from plots with the 2-ton appli-
cation.

These experiments, as previously indicated, can not be accepted as
conclnsive, vet there is some practical support for the practice of top-
dressing wheat in cerfain cases. In southern Nebraska, along the
northern limits of winter wheat preduction, some farmers make &
light application of straw to their fields of wheat. They assert that
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there is a resulting increase in yield sufficient to warrant the expense..
In certain sections of Oklahoma, where the soil is sundy and subject
to blowing, farmers report that a light application of straw, evenly
spread, is an aid in preventing soil movements, When used to pre-
vent soil blowing the application of straw must be evenly distributed.
A small bunch of straw easily may become the nucleus of a soil drift.

EXPERIMENTS WITH OTHER SMALL GRAINS

The experiments with other small grains included varietal experi-
ments with spring wheat, oats, and barley. Sinee 1911 there has been
a very marked decline in the acreage of spring wheat grown in Kan-
sas, and the acreage of oats has remained practically stationary, Tn
the last 10 years there has been a substantial increase in the acrenge
of barley, which was especially marked in years when there wes an
extensive abandonment of winter wheat.

The climatic conditions of western Kansas are not always favorable
for the production of spring grains unless there is a good zeserve of
fall and winter soil moisture. As has been indicated elsawhere, the

' normal precipitation

o & s TELLCR ToRE for the siz months

z6.4 s oeeon] Preceding April 1 is

only one-fourth of
the annnal precipita-
tion. Asa resuit,the
ground often lacks

£ 7.0 LSRR
272 MO

2e4svs-roeean | Sufficient moisture to

insure prompt ger-
mination and rapid
early development
Fra, 12 —Average acre ylelds of winter wheat sowr at five of Spring crops.

retea with forrow and common drills at the Fort Hays Throughout March

H. . ~ . .
fﬁﬁh:s@%‘ﬂ%’i- nfs, Enos, during the threeyear and AP ril hi gh

. winds often prevail
and are somefimes injurious to spring grains, especially when the
young ¥lmts have not become well established. The continual whip-
ping of the tender foliage by the wind and the *sandpapering”
effect of the drifting soil usually result in some injury to the crop.

Favorable yields of oats and barley have been obtained when
adapted varieties were sown at an early date. No similarly adapted
varlety of spring wheat has been available. In general, varieties of
spring grains adapted for growing in western Kansas are early matur-
ing and produce & minimum percentage of straw to grain. Varieties
which can not mature by June 20 when sown on the normal date
{March 15) are often injured by high temperatures during the latter
part of the season.

VARIETAL EXPERIMENTS WITH SPRING “WHEAT

Ten varieties of common spring wheat and six varieties of durum
wheat were grown for three or more years in the 1l-yesr period
1912 to 1922, inclusive. The annual and average yields for all of
the varieties are presented in Table 11. The yields of Kharkof and
Kanred (hard winter wheats) are not directly comparable with those
of the spring varieties, but are given for general comparison.




TaBLE 11.—Comparative yiclds of varielies of spring and wiiter whéat grown at the Fort Hays Branch Station, Hays, Kans., during
tha 11-year period 1912-1922
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Good yields of spring wheat were obtained only in 1921 and 1922,
the yields for the remaining years ranging mostly from fair fo
failure. The avernge yield of the best common spring wheat for the
five-year period from 1918 to 1922 was approximately 50 per cent of
that of Kanred. Acme (C. I. No, 5284), a duram wheat, during the
same period gave an average yield 60 per cont of that of Kanred.
A comparison of the leading varietigs of spring wheat is shown in
Figure 13,

Prelude (C. I. No. 4323) was the leading variety of common
spring whent. It matured from 7 to 10 days earlier than most of
the othier varieties, thus escaping the injurious effects of drought in
a larger degree. Marquis (C. L. No. 3641) is too late in maturity
to escupe drought in a dry year and too suscepfible to rust in a
season of abundant moisture.

Six varieties of durum wheat were grown in two or more years
during the 1l-year period 1912 to 1922. Marouani (C. I. No. 2235),
Kubanks (C. I. No. 1440}, and Acme (C. I. No. 5284} were nbout
cqual in yield. It was reported that at Hays, previous to 1906, there

was not much differ-
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ence between Ku-
banka, Velvet Don,
Black Don, or Yellow
Gharnovka, but that
“ Kubanka yielded
just a little better
than any of the
others.”

Spring wheats are
poorly adapted to
most of Kansas, ex-
cept in the extreme

northwestern corner
of the State, where
the altitude is higher
with correspondingly
lower mean temiperafures than in the central and southern parts of
the State. IFactors which are necessary for spring wheat production
in the section are early sceding, early maturity, moderately cool
wenther during the latter part of the growing period, and rust resist-
ance. Iarly sceding and an abundance of spring moisture are
essential to give the crop & good start. An early variety such as
Prelude s often able to escape the drought ond has an advantage over
n Iate-maturing varviety such as Marquis. The grain-developing
period for most spring wheats is just late enough to fall during the
latter part of June, when high temperature and dry weather are the
rule rather than the exception; consequently the crop often is
severely affected by drought. If the latter part of June is rainy and
damp a severe epidemic of stem rust often occurs, so that from all
angles spring wheat is at a decided disadvantuge.

¥iq. 13,—Averrge nere ylelda of four vnrleties of spring
whent compured with Kanred, & hard red winter wheat,
gt the ¥Fort Hays Brauch Statlon, Hays, Knoe, during
the five-year neriod 1818120

VARIETAL EXPERIMENTS WITH SPRING QATS

Enrly experiments with oats at the Hays station included both
spring and winter types. Winter oats failed to survive the winter
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and no yields were obtained. Spring types grown with more or
less favor previous to 1912 were Swedish Select, Red Rustproot
Red Texas), Black Tartar, and Khersor and its derivatives. The
ve-year average acre yields of Kherson and Red Rustproof (Red
Texas) grown in 1903, 1904, 1905, 1908, and 1910 were, respectively,
30.8 and 27.2 bushels,

The yiclds for the 16 varieties of spring oats grown during the
11-year period, 1812 to 1922, inclusive, are given In Table 12, Hail
destroyed the 1923 crop. The early-maturing varieties and selections
have given the best yields. Varieties which are late have been injured
either by dry weather late in June or by crown rust if wet weather
prevailed,

Good yields of oats were obtained in 1912 and from 1919 to 1922.
There were poor yields or failures from 1913 to 1918, which may be
attributed partly to a series of unfavorable seasons and partly to the

fact that the varieties e v e
usually were seeded s o
in April. In1920ard SO S5 20 DE IO RE AT A5 SO S5 6O

thel'eﬂfter the date Of AL LTAOELAT
seeding was advanced @408
to March 15, aud e ,
higher yields were ob- (& 292
tamed. Date-of-seed- %aﬁ%@g
ing experiments have

since been started,

and the limited re-

sults so far obtained

indicate March 15 as

the optimum time for ric. 1i.—Avernge acre ylelds of five varietles of oats grown
seedine oats it the Fort Hays Branch Statieon, Hays, Kans., darlng
= - the three-year period 19201922
The best yields of

oats have been obtained from varieties of the red-oat group repre-
sented by Fulghum and certain selections of Burt. The Fulghum
group includes Fulghum (C. I. No. 708) and Kanota (C. 1. No. 839),
a mass selection developed at the Kansas Agricultural Experiment
Station and now widely distributed throughout the State. Fulghum
and Kanota, though similar in appearance, are distinctive in several
characters from other varieties generally grywn in the section. In
early growth they are less spreading than Red Rustproof, though
more spreading than the Kherson strains. In seasons of limited rain-
fall I'ulghum and Kanota have the ability to limit their vegetative
growth and to make grain where other varieties continue to produce
straw and leaves ai the expense of grain. The Kernels are of a red-
dish color, plurp, and of a high test weight.

The best representatives of the Kherson type of oats have been -
Richland (C. I. No. 787), Albion (C. I. No. 729}, and Burt X Sixty-
Day (C. 1. No. 727), the latter because of its earliness, The test
weights of the Kherson strains have never been so high as those of
the Fulghum strains. The yields of five representative oat varieties
are shown graphically in Figure 14.




TapLe 12—Yiclds of 16 oat varictics at the Fort Hays Branoh Experiment Station, Hays, Kans., during the 11-year period 19121922,
together with average differences from the yields of Burt X Sizty-Day (0. I. No, :27) in comparable years
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Previous to the introduction of Fulghum into western and cenfral
Kansas, selections of Kherson, Sixty-Day, and Red Rustproof (Red
Texas) oats were largely grown. The introduction of Fulghum,
which is superior to the other varieties named, has been a distinct
gain to the oat industry of the western two-thirds of the State.
Approximately 750,000 acres of oats are grown in this section an-
nually. A view of a field of Fulghum oats is shown in Figure 15,

Whether the acreage of oats in western Kansas should be increased
is an open question. Commercially, other crops offer greater cash
returns. A smali acreage of oats could well be grown on every farm
as feed for horses. 1In case drought should prevent the production of
grain the crop can be cnt for hay.

The most important factors in successful oat production are early
seeding and the selection of an adapted variety, If the season is
unfavorable no variety or date of seeding can insure good yields.
Oats is & good crop to follow sorghum or corn. The yields of oats
are usually less in pounds per acre than the yields of barley.

Fia, 15, —Ficld of Fulghum onts ot thvig‘tlyrt IInye Branch Statlon, Hays, Eous., in
i3

VARIETAL EXPERIMENTS WITH BPRING BARLEY

Thirty varieties of barley received from the United States Depart-
ment of Agriculture were grown at the Hays station in 1902 and
1903. A number of these selertions were introductions from Europe,
Australia, and Africa. Of this group Beldi Dwarf (C. I. No. 190}
and Telli {C. I. No. 192) from Algeria seemed well adapted tfo
western "Kansas. White Smyrna and Black Arabian also were
promising,

In 1910, yields of 50, 499, 34.9, and 17.1 bushels per acre were
reported for Common Six-Row, Stavropol, U. S. No. 195% and

ansury, respectively. The Common Six-Row, a local barley, was
later designated as Ellis {C. I. No. 2107}. This variety is similar to-

411, 8 Ne. 103 probubly wes White Smyrpa {C. I No. 1953,
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Stavropol (C. 1. No. 2103), which came from Soutliern Russia, Ellis,
or the Common Six-Row barley, seems to have been brought from
southern Russia by Russian immigrants who settled in the vicinity
.0f Hays and in other sections of the State. There was a large
acreage of this barley in northwestern Kansas before it was more
widely distributed. The spring barley grown in Kansas is predomi-
nantly the Stavropol type, which also appears to be widely dis-
tributed over the uplands of eastern Celorado where irrigation is not
practiced. A field of Ellis barley is shown in Figure 16.

In 1911 seven varieties were grown in the vavietal test, but drought
and chinch bugs destroyed the plants before they reached the heading

|

Fio. 16 —Fleld of 2llis Tarley {C. I, No. 2107), grews on innd previously eropped to
. gorghume, ut the Fort Haya Branch Statlon, Hesp, Kans, tn 1920, The boriey
© preduced OO bushels per acre

L

stage. The yields for 19 varieties of spring barley grown for two
or more years from 1912 to 1922 are presented in Table 13. Hail
destroyed the 1923 crop. Only four varieties were grown during
the entire period. Seventeen varieties were grown during the three-
year period from 1920 to 1922, but only nine were grown in all
three years. The yiclds of the varieties grown continuously during
the 11-year period 1912 to 1922, inclusive, are shown graphically in
Figure 17.
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TaBLE 13.—Yields of 19 v?zrieties of apring barley grown at the Fort Hays Branch Station, Hays, Kans., during the 11-year period 1912-1928,
C. I. No. £103) in comparable years
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The six-rowed barleys that have given the best yields at Hays are
Club Mariout (C. I. No. 261), Coast (C. I No. 690), Stavropol
(C. L No. 2103), and Flynn (C. I. No. 1811). The first three
possess long barbed awns, to which many object. Flynn, a_smaoth-
awned variety developed by the Office of Cereal Crops and Diseases,
Bureau of Piant Industry, United States Department of Agriculture,
is very promising at Hays. California Mariout (C. I. No. 1453)
was grown only two years. The variety ranked high in yield but
was too short to be successfully harvested with either a header or a
binder. Late-meturing varieties, such as Manchuria (C. L. No. 244)
and Odessa {C. 1. No. 182), are'not adapted to wesiern Kansas, the
climate being too dry.

White Smyrna (C. L. No. 195) and Blackhull (C. I. No. 878)
were the best two-rowed barleys, ranking with the best six-rowed
varieties. Hannchen (C. I. No. 531) and Svanhals {C. I. No. 187),
two-rowed types, mature too late to escape the effects of drought.

High yields of spring barley were obtained in 1912, 1915, 1918,
1919, 1990, 1921, and 1922. A failure occurred in 1917, and oniy fair
vields were obtained in 1918, 1914, and 1916, The experiments were

made on cropped
ACRE y7ELL IV SUSHELS 1and, which was elther
& 0 5 po 28 GO

T plowed or blank-listed

TF A ICCIAOL, Z20 in the fall, the “seed
ETNe 205 | bed being worked
BELOY 227 down in the spring.

@I N0 19 Good yields have not

been obtained as a
rule when the fall,
Zoe winter, and early
i spring have been dry
gr if the 'seeding has
Fiz. 17.—Average acre yvlelds of four vatleties of gpriog ecen late. Barle 18
g, Boring the 11-venr perioq 1915a0sa 0w HA¥%  often used to rep{aﬂe
. ) abandoned wheat and
in this capacity may serve a very useful purpose. It should be kept
in mind, however, that conditions unfavorable for winter wheat are
not likely to be optimum for a high yield of barley.
_ Barley is an exceptionally good crop to follow sorghum or corn,
if the seed bed is disked prior to seeding the barley. Winter wheat
can then follow the barley, any deleterious effects of the sorghums
on succeeding wheat yields being largely eliminated.

G Tg TS
C. 7 NVO. 575D /9.0

APAITE STV
(C.r NO. /95

VARIETAL EXPERIMENTS WITH WINTER BARLEY

Varietal experiments with winter barley were conducted on a small
scale from 1912 to 1917. The experiments received limited attention
becnuse the crop is not sufficiently winter hardy to be practical for
the Hays section. In the south-central section of the gtate, winter
barley 1s grown for fall pasturage, with the expectation that more or
less of the crop will winferkill.

The yields of five varieties of winter bgrleyigrown in some or all
of the years from 1913 to 1916 are presen&d i Table 14. Tennessee
Winter (C. 1. No. 257), the hardiest of th¥ group, was the only
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variety grown continuously from 1912 to 1917. This variety com-
pletely winterkilled in 1912 and again in 1917, so that its average
yield for the six-year period is not so high as that indicated in
Table 14 for the four-year period. Tennessee Winter made sn
average yield of 11.1 bushels for the six years if was grown, as com-
Eared with 15.1 bushels for Ellis (C. I. No. 2107}, a local spring
arley. For the four years in which Tennessee Winter survived the
winter, the average acre yields of Tennessee Winter and Ellis were
166 and 1% bushels, respectively. If winter barley survives the
winter with & 59 fo 60 per cent stand, it usually yields fairly well in
comparison with the spring types.

Tasre 14—Yields of flve varictics of twinter barley and one variely of spring
barley {included far comparison) grown at tke ¥Fort Haoyg Branch Slation,
Hays, Kana., during the four-year period, 1913-1946, together 1ith dverage
differences from the yields of Tewnessco Winter (C. I, No. 257) in comparable
yedars

e e
. Comparison, aversge ylehd lo bushels, with that
. of Tennesses Winter (C. 1. No. 2573
; i . | Odds
Varlety Gl i3 me1e {1915 | 1916 | Num- Ten |Difer| Peb 4 ivor
e ber of |vs.,: nesses of dif-
i Variety| from | oge of
FCETS Winter, . | fEFEICE
{ rom. |pamed same Ten- | Ten Boin,
. Gesses ; messee () :§.
i E YOOTS { ¥ inter| Winter Bt
— . ] l
Anstrinm.. ..o oo 2185 1 12,1 ; 17.6 6,81 150 4 12,9 Mol —-3.7 mw 2.5:1
Tennessoo Winter.___) 257 241224 7.5] 147 4 18.6 10800
Qmur.. .. al W7 wslzme, 3{ L|TEEUTIE] sa ) TET
Wisconsin Winte: : c2.7 ] TE113.7 3 15.0 j5.0 +.8§ 1064} 2.3:1
Scottish Peard... b RINTIE: N B T N : 2 50 16,2 —10.2 1 32.9§ 1L.0:1
PALERE &1 117 1881200122 ; i i6.G 188" —.6 i 06 4 L2:1

The fall growth of winter barley at Hays has been much more
abundant than that of winter wheat. This characteristic gives the
crop some value for pasture purposes, but its grain value for north-
central and western Kansas 1s doubtful. Also, the extensive intro-
duction of winter barley into the winter-wheat Delt would be unde-
sirable on accoiint of the probability of resulting mixtures of volun-
teer burley and winter wheat.

EXPERIMENTS WITH GRAIN SORGHUMS

Sorghum is one of the most preductive crops grown in most of
the western half of the State, whether considered from a grain or a
forage viewpoint. Sorghum is least likely to fail, and its value is
being more and more appreciated.,

Through many years of careful selection, the sorghums have been
brought to a high degree of uniformity, adaptability, purity, and
vield, It is doubtful if present-acre yields of sorghums grown
under normal favorable conditions can be greatly incressed. There
15 a great field for future improvement of sorghums, however,
through the creation of varieties more resistant to disease, insect
mjury, lodging, and weathering, and better adapted to machine
methods of harvesting. The elimination of the bitter substance
from the seed of forage sorghums also is possible and desirable,

Preliminary to any improvement program, however, should come
the determination of the relative value of the different varieties
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and the proper cultural practices for growing the crop. As such
information is obtained, detailed work with plant selections and
straing may be undertaken, This has been the procedure in these
sxperiments.

VARIETAI_.-. EXPERIMENTS WITH GRAIN SORGHUMST

Experiments with grain sorghums at the Fort Hays Branch
Station were begun in 1908 but resulted in alinost total failuve
because of drougﬁt. The 1909 crop was destroyed by hail, In 1910
n more extensive experiment was planned, including 2 wider range of
varieties and new introductions. Chinch bugs entirely destroyed
the plots of milo, and drought prevented a large number of varieties
from maturing. The few yields recorded were as follows: Feterita
]SC. 1. No. 182), 12.7 bushels; Red kafir (C. L No. 34), 14.4 bushels;

avwn {Dwart) kafir (C. I. No. 340), 29.3 bushels; and Standard;
(Blackhull) kafir (C. L. No. 204}, 22.9 bushels. The chief accom-

Fio. 18.—Milo destroyed by chinch bugs nt the Fort Hayc Branch Statlen, Hays,
Kans., in 1011 .

plishment in 1910 was the isolation in head-row tests of Pink kafir
{C. I. No. 432), the original secd having been obtained from William
Rockefeller, of Russell County, Kans. It is believed that the variety
was first imported into this country in 1905 by the United States
Department of Agriculture. Pink kafir has since been widely dis-
tributed in Kansas. :

In 1911 the sorghum plots were destroyed by droughf, chinch
bugs, and gramhoppers. A view of the milo plantings in 1911 is
shown in Figure 18, These discouraging results naturally meant.
very slow early ?rogress not only in the Hays district but more or
less throughout the western part of the State. _

Beginning with 1512, yields have been more cer{sin. From 1512
to 1923, 38 varieties of grain sorghums were grown in the varietal
experiments for a period of two or more years. The grain and.

1 For further Information on varietal tests at Hays, see the following bulletin: ViNalL,
H. N, Gersy, R. B, ond Cron, A, B, BSORGHUM EXPEDIMENTS ON THR GBEAT PLAING.
1. 9. Dept. Agr. Bul, 1260: 13-23, 76-78, 1924,
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forage yields of these varieties arc presented in Tables 15 and 16,
respectively, Corn was added to the experiment in 1919 in order
to make possible a direct comparison between this crop and sorghum.
The average yields of different varieties of grain sorghums are shown
graphically in Figure 19. .

Dwarf Yellow milo (C. I. No. 332) is used as the standard of com-
parison. ‘This crop is extensively grown in the Southwest, and at

ays it ranked among the highest m yield. Neither Standard Yel-
low, Standard White, nor Dwarf White milo eq%aled the yield of
Dwarf Yellow milo (C. 1. No. 332), although Early White milo
{C. L No. 480) compared favorably with it. This latter variety is
well adapted to the district northwest of Hays because of its extreme
earliness, but as yet its distribution is limited. Despite their high
yields, the milos have certain serious disadvantsges.” The heads of
milo recurve when grown under favorable conditions and therefore
are difficult to harvest. Plots of milo were destroyed by chinch bugs
at Huys in 1910, 1911, 1918, and 1917,

ACRE YIELD IV BUSHELS

O & SO 45 2O 25 IO I5 A0
CWAEE YELLOW MO (Ed 352 B
ERCLY #WITE MILO (CA XA PED)
DWARE WRITE MILE (FELMIAESS)
FETERITR (T4, VO, /82)
DOIREE EETERS TR (H7E% AL
BLICKHULL (22 £ WO 208
SUNRISE [T/ VO PTZ,
LANH KRR (82 N0 P2
BLED KAFIR (O / N FE)
PINK KREE (Cf O #32)
MANCHY KROLINE (CL NG 77
SHALLY (€2 /. NP B53L)
PRACE SECRRS (€ LN 522 ¥
FEEED SOREPO (C./ N 3537
BLOOLY B TCHER CORN

Jiq, 18—Average acre yleld ot 14 varietles of grain sorghum compared with Bloody
Buteher corn, grown st the Fort Heys Branch Stotlom, Hays, Eans, durlnz the
five-year period 16191928

Feterita (C. I. No. 182) is a veluable crop in seasons of limited
moisture and next to kafir is the grain sorghum most universally
grown in Kansas. The variety is particularly valuable in the district
west and north of Hays, because of its earliness, but is useful farther
east also for Jate planting. Feterita improvement was aetively under-
taken at the Hays station in 1919, when a large number of head rows
were grown. One outstanding head row was advanced to plots in
1920. Its earliness and attractiveness and its yield, somewhat higher
than that of common feterits (C. I. No. 182), led to its increase and
its distribution to farmers in 1928, This selection (C. I. No. 182-1)
appears to germinate under more severe conditions (such as cold and
wet seed bed) than other strains of feterita. The chief limitation to
growing feterita has been the difficully that farmers have experienced
in getting good stands. The use of copper-carbonate dust to treat
the seed has helped to correct this condition, but the value of s strain
of feterita of better seed quality can not be overestimated. A field of
feterita is shown in Figure 20.
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TABLE.15.—Yields of 38 varieties of grain sorghum and one variety of corn (included for comparison) grown af the Fort Hays Branch Station,
Hays; Kans. ddfring' the 12-year period 1919—1923, together with average differences from the yields of Duwarf Yellow milo (C: I. No. 332)
in comparable years : :

Comparison of average acre ylelds, in bushels,
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TanLe 16.—Total forage yields of 38 varielies of grain sorghum and one variely of corn (included for comparison) grown at the Forl Hays
Branch Station, Hays, Kans., during the 12-year period 19121923, inclusive, together with average differences from the yields of Dwarf
Yellow milo (C. I. No. 338) in comparable years

Comparison of average acre ylelds, in
Acre yield (pounds) unds, with that of Dwatf Yellow
milo (G- 1. No. 332)
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Pink kafir is a general-purpose sorghum valued for its excellent
Torage. The grain yield of this variety is not so dependable in sea-
sons of drought as those of feterita and milo. On the other hand, it
has the ability to produce high yields of grain in favorable seasons.

Dawn & (Dwart) kafir {C. L. 340) and Sunrise * {Early Blackhull)
kafir {C. I. No. 472) originated from selections made in 1906 at the
Amarillo {Tex.) Cereal Trield Station. Dawn kafir (C. 1. No. 480)
slightly outyielded Pink kafir {C. I. No. 432) at Hays, but among
farmers the latter variety is more popular as a general-purpose fod-
der and grain crop. A strain of Dawn kafir originating from 2 head-
row selection made in 1921 is now being distributed from the Hays
station. This selection is well adapted to the western third of the
State, except in the extreme northwestern counties.

Sunrise kafir {C. I. No. 472} is closely related to Dawn kafir. It
is ubout 2 feet taller, with a more slender stalk, and is inclined to

; ' " t- l .‘ ;
TS PR

NP ')
LIV

X N i pe
Fin, 20.—Field of feteritn (C. I. No. 182-1} growa at the Fort Hays Braonch Htntion,

Hlnys, Knng., in 1924. The method used In colleeting heads for pure seed is shown
also

lodge more easily. The variety is better adapted to the south-central
part of the State than to the Hays district.

Red kafir (C. I. No. 34) is too late in maturing to compete with
other kafirs at Hays. Red kafir (F. C. L. 02820) has excelled red kafir
(C. 1. No. 84) in grain yield because of its earliness. Red kafir as a
forage crop is easily and readily handled in the field.

All of the kaohangs mature extremely early and consequently
produce low total crop yields. The stalks of the kaoliangs are dry
and pithy, with few leaves, so that their forage value is slight. The
average grain yields, on the other hand, compare favorably with
those of other sorghum varieties. '

Dwarf hegar: {C. I. No. 620) responds vigorously to irrigation or
to exceptionally favurable growing environment. Under adverse

#For origim, see the followlmg bulletin: Bann, €. R, and RorEcen, B. E. GRAIN-

alsglltglm.\: EXPERIMENTS IN THE PANHANDLE OF TEXa8. T, 8. Dept. Agr. Bul. 488: 58-63.
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conditions it heads poorly and has been so variable in growth habits
that it has little to commend it for the upland districts, when com-
pared with the more stabilized varieties.

Freed sorgo (C. 1. No. 350), sometimes called “ white cane,” is
low in forage yield, but it is a very valuable grain crop for the ex-
treme western and northwestern tier of Kansas counties because of
its early maturity. It also is a desirable catch crop. A dwarf plant
was found in a plot of standard Freed in 1921 which by continued
selection has become a fixed type. It has outyielded the parent stock
in preliminary experiments and can be harvested with machinery
similar to that nused for wheat.

Husserita and Sudan corn, hybrid varieties originating in south-
western Kansas, ranked high in yield in the short period they were
gr(l)wn, but they are too susceptible to lodging to be of practical
value.

Colby Bloody Buatcher corn was compared with the different sor-
ghum varieties for grain vield from 1919 to 1923, inclusive. The
yield of this corn was 66.5 per cent of that of Dwarf Yellow milo
(C. 1. No. 832} in the five-year period,

SPACING EXPERIMENTS WITH DAWN KAFR

Spacing experiments were made with Dawn (Dwarf) kafir (C. 1.
No. 340) in the five-year period from 1919 to 1923, inclusive. The
object of the experiments was to determine the best distance between
rows, between plants in a row, and the effect of the different
spacines on vield.

Tach variation was grown on duplicate plots except in 1919. The
rows were either 40 or 80 inches apart. In the 40-inch rows the
plants were spaced at 6, 12, and 18 inches. In the rows 80 inches
apart the plants were spuced 3, 6, and 9 inches. '

In 1923 a hailstorm on June 29 completely beat down all vegetative

growth, which at that time had reached a height of about 18 inches.
So many of thc plants were killed that the number of stalks at
maturily was less in most cases than the original number of plants
iri the rows. The greatest injury occurred in the most closely spaced
slants.
l The annual and average yields for the five-year period are pre-
sented in Table 17. The climatic factors during the years 1919,
1920, and 1921 were favorable for the production of all sorghums.
In these years the plots with the thicker stands and with the plants
more fully distributed over the ground produced the best yields.
In 1922 the late summer was dry, and the yields of kafir from the
plots with widely spuced rows slightly surpassed the yields obtained
from the plots where the rows were closer together, The summer of
1923 was one of extremes, a hail occurring in June, a drought in
July, and heavy rains in August.

In all cases the total crop yields of the plots with 40-inch spaced
rows were consistently higher than those of plots witl#80-inch spaced
rows. This is shown in Tuble 18, where the yields obtained from
the 40-inch and 80-inch row plots having the same number of plants
per acre have been compared, '
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Tasre 17 —dnnnal and average yiclds of Daten (Duwarf) kafir {(C. I. No. 3.80)
grown in @ spacing coperiment of lhe Fort Hays Branch Station, Hays,
Kany., during the five-year period 1015-1923
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The greatest suckering occurred in the thinner planting. Since
these plots were lower in yield, the suckering was not extensive
enough to correct for differences in stand. These lower yields also
indicate that with the thinner planting there were not enough plants
to use the potential soil productivity.

The yielgs shown in Tables 17 and 18 indicate an advantage in the
40-inch over the 80-inch row spacing for both forage and grain,
particularly in years of normal, effectively distributed rainfsll, In
sensons of drought the wider row spacing seems to have a slight
advantage in grain yield, but for all years the total crop yield is
lower. There was a very consistent increase in yield of both forage
and grain inoproportion as the number of plants per acre was
increased. The best stand appears to result when the spacing is
equivalent to a plant every 6 to 12 inches apart in rows 40 inches
apart. A view of Dawn kafir grown in 40-inch and 80-inch rows
ung with equal numbers of plants per acre is shown in Figures 21
and 22.
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Tankk 18--Yields of Duwn (Dwaerf) kafir (€. 1. 340), with a given number
of planls per acre, grolen i roics 40 and 50 inckes apart, at the Fort Hays
Branch Stalion, Haye, Kans., during the five-ycar period 1519-1923

e tamees e sen, i
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Belween Bglt;ﬁg“ ’Eg;’g] CGrain ‘mpl:;ds
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i B0 L] 4, 631 258 . 5
BBOU. .. ieiiiiiasmaeeeceimmmemmmm - ———— 40 18 &, 658 28.7 50
. B ) 4,412 7.8 I )
1 H

EXPERIMENTS WITH CORN

Corn is a very uncertain crop in most of the central and western
sections of lansas. It can be grown with fair results in the northern
tier of counties, particularly in a few northwestern counties, and on

e A

Fi6, 21—Dawn kafir grown In rows 40 inches npart with plants simced 8 inches 1o
on,

the row In n spaclng experitent nt the Fort Duys Branch Stat Hays, Kaps.,

in 1520

bottom land almost anywhere. Many farmers who grow corn in
preference to sorghum do so largely because wheat follows the former
crop to better advantage. The sorghums continue to draw on re-
serve moisture until they ave killed by frost in the fall. This leaves
the ground too dry for the successful germination and early growth
of wheat. There 15 a belief among farmers that the tillage necessary
tohgrow a good crop of corn also will provide a good seed bed for
wheat.
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Tanre 10.—Yiclds of 17 varietics of corn grown at the Fort Hays Branch Station, Hays, Kans., during the 12-year period 19121928,
together with dverage diffcrences from the yield of I'reed White dent in comparable years
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Experiments with corn were begun at the Fort Hays station in
1902 on newly broken sod. Fuir yields were obtained. In 1903,
Minnesota No. 13, Colorado No. 1, and a local yellow corn were
among the best. The acre yields varied from 20.5 to 37.4 bushels.
In 1904 additional new varieties were included, and the range of
yields was from 24 to 47.5 bushels. The latter was the yiela for
Pride of Saline, grown at the station for the first time. This variety
was grown again in 1905 and produced 63.1 bushels per acre. Since
then it has become the leading white dent corn for the bottom lands
of western Kansas. It is not so well adapted to the uplands.

From 1912 to 1923, 17 varieties of corn were grown in the varietal
experiments. The yields are presented in Table 19.

The white dent varieties of corn as a rule slightly outyield the
yellow dent varicties at Hays, even though vegetative growth and

¥, 2. —Dnwi kafir grown in rows 80 inebrs npart with plants spaced 3 inchrs in
ithu 5?23? in n spncing experlent nt the Fort lleys Branch Statlon, Hays, Kaoe,
nl

habits may be much the same. Late-maturing heavy-foliaged vari-
eties arve not well adapted to western Kansns, Jowa Silvermine is
1 good example. Reid Yellow dent has been one of the best medium-
late maturing varicties. This variety has slightly outyielded Pride
of Saline.

Freed, Sherrod, and Cassel White dent varieties have been among
the best in yield. Bloody Butcher has been a consistent yielder and,
as in 1919, usually has made its best record in adverse seasons. The
limiting factors 1n the production of corn in the Hays district are
high temperature at the time of pollination and lack of rainfall at
critical pericds. The four varieties mentioned above are medium
early in maturity and intermediate in growth habit. They ave earl
enough to become pollinated before the high temperatures Whicﬁ
occur usually between July 15 and August 10 and catch the later
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varieties. A view of a plot of Sherrod White dent corn is shown in
Figure 23.
EXPERIMENTS WITH MINOR CROPS

The minor crops included in experiments at the Fort Hays sta-
tion are winter rye, emmer, spelt, and flax. Rye is the only crop in
this group which may be utilized more extensively with some profit,
The others are too uncertain to be of economic value.

WINTER RYE

The largest acreage of rye in Kansas is grown in the south-centrat
section. In 1922 a little more than 70,000 acres were grown in the
State. Rye s used chiefly for pasture. It is objectionable where
winter wheat is grown, because it volunteers readily and contami-
nates the latter crop sufliciently to bring about a reduection in price.
Volunteer rye matures so far ahead of winter wheat that enough

oz 23—5Sherrod White <dent corn grown at the Fort Iiays DBranch Statlon, Hays,
I}gmw.. In 1910, This varlety and type are well ndapted to the uplands of western
NhsilE

seed is shattered to carry it through from year to year, unless some
row crop is included in the rotation to bring it under control. In
Table 20 are presented the yields for winter rye. Rye has yielded
somewhat less than winter wheat.

Tanie 20—Y¥ields of 1cfnier rye varieties grouwn at the Fort Hays Rranch
Station, Hays, Kans., during the siz-year period 1913-1018

[ Acye ylele {bushels)

AvEToge

1913 | 1915 7 1018 WIB e e
; . [1913-1016,1913-1018

10.3 1
2.0
9.3
10.8

! Yield used as o relstive comparison; not exeelly comparable,
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FLAX

Limited experiments were made with flax in 1912 and 1914, The
few yields obtained are presented in Table 21,

TakLe 21, —Yields of flax varicties grown alb the Fort Hopx Branch Station,
ffays, Kans., in the hico pears 1912 and 101}
[Hall destroyed the 1913 crop]

| i Acre yield (busheis)

1912 . 1914 - Averege

[kl ad
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In 1912 the flax was seeded on April 16, which probably was too
late for best resuits. Hail destroyed the 1913 ‘crop. In 1914 an
extensive experiment was laid out in which four rephcated plots and
different rates of seeding were included., The entire experiment was
¢ failure because of the inability of the flax to survive the drought.
If the spring is favorable, flax may make a vigorous growth and
flower profusely in early June, but high temperatures during the
tatter part of June and early July are very defrimental to the erop.

WINTER SPELT

Red winter spelt was grown from 1913 to 19i8. The average yield
for the five years was 10.8 bushels per acre. The crop was more or
less winterkilled each year, so that a full stand was never attained.
Winter spelt may therefore be considered as of little promise.

WINTER EMMER

Black winter emmer (C. I. No. 2337) was grown for a five-year
period from 1914 to 1918 with an average yield of 9.3 bushels per
acre. The crop was a complete failure in 1917, Winter emmer, like
winter spelt, was not sufficiently hardy to be a profitable crop.

SPRING EMMER

A small quantity of seed of Xhapli emmer (C. I. No. 4013) was
received in 1920 and was grown in rod rows until 1921. In 1922
an increase plot produced at the rate of 32.8 bushels per acre. The
most serious chjection to Khapli emmer is that it does not grow tall
enough to be harvested readily.

CROP YIELDS AND TYPE OF FARMING

Comparison of the acre yields in pounds of grain of representa-
tive cereals that have been grown at the Fort Hays station during
the four-year perioed from 1919 to 1922 are shown in Figure 24. The
variety of each crop chosen was among those best adapted to the
distrigt. The yields, as shown graphically, possibly may be a little
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higher than might be obtained from some other four-year period, but
it is believed that the relative value of one crop as compared with
another is fairly represented.

The data presented in Figure 24 were obtained from a five-year
rotation which has been in effect in growing the cereal experiments
since 1919. The yields of winter wheat, except in 1919, when all
plots of winter wheat were on fallow, ave the averages obtained from
plots on both fallow and cropped land the second year after fallow.
During the four-year period wheat growr on land the second season
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Fi6. 24 —Average nere ylekls of grain of the leading cereal varletles
rown gt the Fort Hays Branch Station, Bays, Kops.,, during the
our-yenr purlod 1910-31622

after fallow yielded only a little less than wheat grown immediately
after fallow.” The fallow may have g residual effect that extends into
the second year.

The yields of spring wheat, barley, and osts are directly com-
parable. These cereals were seeded on cropped land the second year
after fallow., After experimental spring grains, the land was uni-
formly cropped one sesson to winter wheat in prepavation for the
experimentul sorghums and corn.

The yields for sorghum and corn are comparable, since these crops
were always grown on wheat-stubble land the fourth year after fal-
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low. These crops in turn were followed by fallow, which apparenity
eliminated all cﬁaleterious effects of sorghum. .

The five-year rotation as outlined above has much to commend it,
and in the years since it has been practiced there has been &n im.
provement in the texture of the soil. VWeeds are brought under con-
trol more easily and crops respond well to the system. '

With the exception of spring wheat, all of the crops for which
yields are shown 1n Figure 24 can be grown in the Hays distriet with
more or less success. With a diversified cropping system, timely
operations, and a fairly definite rotation plan, tofal crop failures
need very rarely ocenr. The importance of this fact has not yet been
realized by a large number of farmers who sare inelined to follow
the one-crop system, planting wheat continuously.

Winter wheat has ranked well in acre production. Spring wheat
has not been a success. Barley and oats have ranked high in acre
yield. Although they may nof be the most profitable cash crops to
grow, they should be considered as a source of feed and as crops to
follow sorghum in order to bring the land back to wheat, where
fallow is not to b2 included in the rotation system.

Sorghum has produced the greatest acre return of ANy crop grown,
When winter wheat does not survive, no crop is so well adapted to
cake its place as sorghum. The fact that it need not be planted until
after growing-season rains have made conditions favorable gives the
crop #n advantage over either barley or oats, both of which must be
sown as early as possible. The only possible exception is in the north-
western section of the State. Sorghum has made a very favorable
showing experimentally and statistically, but the crop has not been
adopted whole-heartedly by the farmers of the centra plains region.
From the farmers’ point of view the chief factors limiting further
increase in the sorghum acreage have been: (1) The difficulty of
getting a suitable stand; (2) the necessity of exercising great care in
the early cultivation of the tender, slow-growing plants; (8) the
somewhat greater cost and inconvenience of harvesting and threshing
the crop as compared to corn; and (4) the common objection that
wheat does not follow sorghum profitably.

SUMMARY

Experiments with cereals have been conducted on dry-farmed land
at the Fort Hays Branch Station, Hays, Kans., since 1902. The ex-
periments reported in this bulletin cover the peried 1912 to 1928,
inclusive,

The station is situated in the central two-thirds of western Kansas,
in the heart of the hard winter wheat belt, 75 miles south of the
Kansas-Nebraska line, and 160 miles east of the Kansas-Colorado
line, .

The section to which this bulletin is applicable is devoted pri-
marily to grain production. The most important grains are winter
wheat, sorghum, barley, vats, and corn. Winter rye is grown to a
limited extent. Forage sorghums, Sudan grass, alfalfa, sweet clover,
and millet are more or less extensively grown.

The soil on which the experiments were made is a dark gray to
black silt loam, underlain with a slightly lighter colored clay loam
of a highly granular structure.
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The average annual precipitation for the 22-year peried from
1902 to 1923, inclusive, was 28.01 inches; for the six months of the
growing season, April 1 to September 30, inclusive, the average was -
17.91 inches. The average rainfall for the 56-year period 1868 to
19238, inclusive, was 22.87 inches. The annual precipifation has
varied from a low of 11.8 inches in 1894 to a high of 35.4 inches
in 1878.

With the exception of spring wheat, all of the major crops reported
in this bulletin can be grown more or less successfully in the Hays
district. With a diversified cropping system, timely operations, and
a fairly' definite rotation plan, total crop failures need occur only
rarely. The importance of this fact has not yet been realized by a
large number of farmers. Single-crop farm'ng is uncertain and, 1f
practiced, involves unnecessary risks.

Hard winter wheais of the Crimean group have produced higher
yields than the soft winter wheats and much higher yields than the
durum or hird red spring wheats. Kanred was the highest yielding
variety, but it is so closely followed by Blackhull that both have a
place in western Kansas sgriculture. Blackhull is popular in the
district to the south and east of Hays and is well adapted to the low-
lands because of its ability to withstand lodging. It is not so winter
hardy as Kanrad. Blackhull can not be recommended for the north-
western section of the State. Kharkof strains of winter wheat have
slightly outyielded Turkey.

The best yields of winter wheat have been obtained when the crop
was sown between September 20 and October 1. Earlier seeding is
conducive to rank growth when moisture is present early in the fall,
and also to Hessian fly infestation. Wheat should not {e sown at a
rate less than 4 pecks to the acre. Under favorable condifions
lighter rates may be sufficient, but since there is no reduction in yield
from rates as high as 6 pecks per acre, rates of seeding sufficiently
heavy to overcome losses in stand likely to occur from unforeseen
causes are good crop insurance.

The seeding of winter wheat in -shallow furrows 12 inches apart
gmie no greater yield than that obtained from using the ordinary
drill.

A light application of straw to winter wheat as a top-dressing on
fall-plowed or fallow ground at the rate of from 1 to 2 tons to the
acre is believed to be beneficial.

Early varieties of oats, such as Fulghum, Kanota, Burt X Sixty-
Day, and Burt, have produced the highest yields. ¥or best resulis,
oats should be sown not later than March 25. -

Early varieties of barley, such as Club Mariout, Stavropol, Flynn,
and Coast, have produced the best yields. White Smyrna and Black-
hull varieties, representing the two-rowed types, are promising.
Both barley and oats follow sorghum and corn to good advantage.
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