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THE CEREAL EXPERIMENTS.: 

The investigations with cereals on the Belle Fourche Experiment 
Farm have consisted chiefly of varietal, rate-of-seeding, date-of- 

seeding, and depth-of-seeding experiments, and the improvement of 

cereal varieties by the head-selection method. From 1907 to 1911 the 

1 The experiments here reported were conducted on the Belle Fourche Experiment Farm, 

near Newell, S. Dak., during the 13-year period from 1907 to 1919, inclusive. The experi- 

ments were in cooperation with the Office of Western Irrigation Agriculture of the Bureau 

of Plant Industry, by whom the farm is operated. On April 1, 1912, the cooperative 

agreement between the Office of Cereal Investigations of the Bureau of Plant Industry 

and the South Dakota Agricultural Experiment Station was expanded to include the 

work at Newell. Mr. Cecil Salmon was in charge of the experiments from 1907 to 1918, 

inclusive; Mr. E. M. Johnston and the writer in 1914; the writer in 1915, 1916, 1917, 

and part of 1918; and Mr. A. D. Ellison in 1919. Valuable assistance during this period 

has been rendered by Mr. Beyer Aune, farm superintendent, and Mr. O. R. Mathews, 

assistant in dry-land agriculture, of the Belle Fourche Experiment Farm. Acknowledg- 

ment is here made of the assistance of those mentioned above. 
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work was conducted wholly on dry land, but in 1912 a considerable 
portion of the farm was put under irrigation, and experiments with 

cereals on irrigated land were begun. The results of these investiga- 
tions have been reported in part in several previous bulletins of the 

United States Department of Agriculture and the South Dakota 
Agricultural Experiment Station. 

The results obtained from the experiments on the dry land up 
to and including 1913 have been published in detail.? The work 

was tigsontmne. at the close of the season of 1919 and all of the 
important results are published here in order to bring the data up 

to date and to make the unpublished results from all experiments 
available. Owing to the widely varying climatic conditions, the 
yields of the grains show large fluctuations in different seasons. 
Most of the experiments here reported, however, have been con- 
ducted for a sufficiently long period to show quite definitely which 
are the best varieties and the best cultural methods for growing the 
various cereals in this region. The results are applicable to a large 
part of western South Dakota and adjacent portions of northeastern 
Wyoming, southeastern Montana, and southwestern North Dakota, 
especially on the heavier types of soil. 

The average yields of wheat, oats, and barley obtained on dry 
land are not large, but might be profitable if seasonal conditions were 
more uniform. Low yields have been obtained in several years and 
failures of a part or all of the crops in others. High yields were 
obtained in 1915 and fairly high yields of some crops in 1908, 1909, 
and 1918. Grain growing alone is not likely to be successful in 
western South Dakota, but if carried on in conjunction with stock 
raising will be profitable some years. Wheat, oats, and barley are 
more successful than other small grains. 

The average yields of the grains on irrigated land are not large. 
Fair yields of most grain crops were obtained each year and good 
yields were produced from time to time, so that grain growing has 
proved successful, especially in rotations with other crops. 

DESCRIPTION OF THE FIELD STATION. 

LOCATION. 

The Belle Fourche Experiment Farm consists of 360 acres located 
near the center of the Belle Fourche reclamation project in western 
South Dakota, about 30 miles northeast of the Black Hills. The 
farm is about 24 miles northeast of Bellefourche and 2 miles north- 
west of Newell. The latitude is about 44° 48’ 45’’ N., and the longi- 
tude 103° 26’ 15’7 W. The altitude is almost 2,900 feet. Most of 

2Salmon, Cecil. Cereal investigations on the Belle Fourche Experiment Farm. U. 8, 

Depty Agr. Bul 297, 41 p:, 12 fee vigils: 
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CEREALS ON THE BELLE FOURCHE EXPERIMENT FARM, 3 

the farm has been under irrigation since 1912, but a portion of it 
above the irrigation ditch has been used for dry-land experiments. 
The topography of the farm and of the surrounding country is roll- 
ing, affording good drainage, but making irrigation difficult or ac- 
companied by a considerable waste of irrigation water. 
A view of the buildings on the Belle Fourche Experiment Farm 

in 1919 is shown in figure 1. 

HISTORY OF THE REGION. 

‘Prior to the discovery of gold in the Black Hills in 1875, western 
South Dakota was almost undisturbed by white men. Since the 
early eighties, however, this has been an important grazing region. 
Farming was confined to the river valleys and the lands adjacent to 
the Black Hills. The stockmen mowed the wild grasses which grew 

Fic. 1.—Buildings on the Belle Fourche Experiment Farm. 

in the low lands on the prairies and fed the hay during the winter to 
cattle and sheep. 

Homesteading in the dry-land region about Newell began about 
1908, and within the next three years most of the public land had 
been taken up. Following a series of dry years, most of the home- 

steads were abandoned, and to-day the region is devoted very largely 
to grazing. Some dry farming ? is practiced, especially in the better 
favored localities, frequently in connection with stock raising. Along 
the border of and within the Black Hills dry farming continues to be 
a successful practice. The Belle Fourche reclamation project has 
been developed since about 1911. A considerable acreage of cereals 
is grown each year under irrigation on this and older adjacent irriga- 
tion projects. 

2 For a detailed account of dry-farming methods in western South Dakota, see U. S. 

Dept. Agr., Farmers’ Bulletin 1163, entitled “ Dry Farming in Western South Dakota,” 

by O. R. Mathews, 16 p. 1920. 
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On newly irrigated land small grains or flax usually are sown 
for a cash crop, and on old irrigated land a considerable acreage of 
these crops is grown in rotations following a cultivated crop or aS a 

nurse crop for alfalfa. 

SOIL. 

The soil of the Belle Fourche Experiment Farm and of the sur- 
rounding section is a heavy, stiff clay, or gumbo, classified by the 
Bureau of Soils as Pierre clay.’ This soil occupies about one-third 
of the area of western South Dakota. 

It contains about 35 per cent of clay, 43 per cent of silt, 13 per cent 

of very fine sand, and only a small quantity of humus. The soil 
is of residual origin and contains considerable quantities of calcium. 
magnesium, and sodium salts. Alkali is a problem only in seeped 
areas. ; 

The soil when wet is exceedingly sticky and is almost impervious to 
water.’ Upon drying, it checks rapidly, later forming large cracks 
which permit the entrance of water. The soil can not be plowed 
when wet and is difficult to plow when dry, but disking and harrow- 
ing are comparatively easy if done at the proper time. Land plowed 
in the fall when dry becomes quite mellow in the spring from the 
alternate contraction and expansion caused by temperature changes 
during the winter. The soil contains ample quantities of plant food 
and with sufficient rainfall is capable of producing large yields of 
grain. i 

NATIVE VEGETATION.® 

The native vegetation of the locality consists largely of western 
wheat-grass (Agropyron smithii, A. occidentale) and buffalo grass 
(Bulbilis dactyloides). Grama grass (Louteloua oligostachya) and 
needle grass (Stipa comata) are frequently found. Buffalo grass 
usually occupies the higher and lighter soils, especially where Pierre 
clay is the soil type. Western wheat-grass is confined mostly to the 
lower slopes and bottoms. On bottom lands subject to overflow this 
grass produces considerable hay of excellent quality. 

Weeds, such as sunflower (//elianthus petiolaris) , gum weed (Grin- 
delia squarrosa), goosefoot (Atriplex volutans), and wild parsley 
(Peucedanum foeniculaceum), are plentiful. They are particularly 
abundant following extremely dry seasons, when the grass may be so 
injured that weeds are practically the only vegetation. Poverty weed 
([va axillaris) is of considerable economic importance because of the 

4Strahorn, A. T., and Mann, C. W. Soil survey of the Belle Fourche area, South 

Dakota. In U. S. Dept. Agr., Bur. Soils Field Oper., 9th Rpt., 1907, p. 888. 1909. 

5 Mathews, O. R. Water penetration in the gumbo soils of the Belle Fourche Reclama- 

tion Project. U.S. Dept. Agr. Bul. 447, 12 p., 4 fig. 1916. 

6 Adapted from U. S, Dept. Agr. Bul. 297, p. 3. 1915. 
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CEREALS ON THE BELLE FOURCHE EXPERIMENT FARM, 5 

difficulty of eradicating it in cultivated fields. This plant commonly 
is called gumbo weed in this locality because it is found usually on the 
more impervious soils of the Pierre clay type. 

CLIMATIC CONDITIONS. 

PRECIPITATION. 

The precipitation at Newell is very similar to that of most of the 
northern and western portion of the Great Plains, and especially 
western North Dakota and South Dakota. Within the Black Hills 

region the climate is more mild and moist than on the Plains, and 

PRECIPITATION IN INCHES, 
O S 10 1S. 20 25 
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-Fie. 2—Diagram showing the annual and seasonal precipitation at the Belle Fourche 

Experiment Farm for the 12-year period from 1908 to 1919, inclusive. The solid 

portion of each bar shows the seasonal precipitation, while the total length of the 

bar shows the annual precipitation. 

the average annual precipitation ranges from 18 to 22 inches. The 
Black Hills modify the climate of the immediately surrounding 
country to a great extent, mainly by increasing the precipitation. 
This effect extends several miles beyond the outlying foothills. The 

_ Belle Fourche Experiment Farm is situated about 25 miles from the 
3 foothills and, so far as known, is not influenced to any extent by 

proximity to the Black Hills. 
The total annual precipitation at Newell varied from 6.64 inches 

in 1911 to 21.02 inches in 1915. The average annual precipitation 

during the 12 years from 1908 to 1919, inclusive, was 14.31 inches. 
This is believed to be about the normal for the region around Newell. 
An average of 8.57 inches, or nearly 60 per cent of the total, occurred 
during the five months from March to July, inclusive. This is ap- 
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proximately the growing period for the cereals on dry land at Newell. 
The seasonal precipitation was a prominent factor affecting the yields 

of grain. The monthly, seasonal, and annual precipitation recorded 
in inches at the Belle Fourche Farm from 1908 to 1919, inclusive, is 
shown in Table I. The seasonal and annual precipitation is also 
shown graphically in figure 2. 

TABLE I.—Jonthly, seasonal, and annual precipitation at the Belle Fourche 
Erperiment Farm, 1908 to 1919, inclusive. 

[Depth of precipitation in inches. T=trace.] 

| March 
[ehto 

Year. | Jan. | Feb. | Mar. | Apr. | May. |June. | July. | Aug. | Sept.}| Oct. | Nov.| Dec. | July, /Total. 
inclu- | 
sive. | 

| 

OOS res se 2 Ne aQ. 20 ‘ad 19 ja1.65 | 1.16 | 3.95 | 1.47 | 1.26 | 0.62 | 0.52 |42.10 en 20 |a0. 91 9.49 | 14.23 
ROOD ee SoS Se a@,17 | @.23 | a.19 . 84 | 3.87 | 5.59 | 2.45 | .55 | 1.07 mat | ada\pile 2s | 42. 940|2hiers 
fOU ea Se aia: 70 AA Hd sy fel fee 2a Taal pad SS S| Ned ee Pd foal Ed 34 ea -27 1! - 10 6. 69 } 12.55 
i {11 Ren eee ees s43 . 05 09 od 45 . 50 . 80 | 1.86 . 92 39 .98 . 30 2. 01 6. 64 
Ot a 24} .10 TL |°2032:) 2.26 51-329 (P 3220° S2S80) 349 le ie) Of aS eS 28 leteseo 
GES se eo D7 AA: 99 ~20 |-4.98 | 3-10 .39 - 26 | 2.38 | 1.86 . 10 45 6.67 | 12.53 
AS 3 Fe T | 1.00 29 | 1.09 | 2.22 | 2.09 |} 1.34 | 1.12 vad. de 0 - 43 7.03 | 11.70 
ESTOS aS. 92 | 1.01 16 | 2.58 | 2.32 | 4.74] 5.74] .44] 1.26 | 1.25 . 43 ~17 | 15. 54 | 21.02 
NOLGS== so 5s -36 = 735 98 .64 | 3.17 | 2.19 | 2.01 2. 02 20 .99 33 - 28 8.99 | 13. 40 
LA 7 (eae ake . 92 . 14 P| AES SS ARAL .97 . 80 | 1.67 35 - 46 oT - 92 8. 26 | 13.32 
IOIS Fees 99 . 64 81 | 2.40 | 1.60 | 1.17 | 3.41 | 2.99 | 3.08 ae, SG . 85 9.39 | 18.31 
PIO oe 04 Soe 87 | 2.14 | 1.14 35 | 2.59 | 1.02 | 1.20 | 2.49 | 1.22 . 62 7.09 | 14.25 

2.33 | 2.00 | 2.11 | 54] 8.57 | 14.31 Average....| .44 | . 48 | . 66 | 1. 47 | 
! 

@ From records of the United States Weather Bureau at Vale and Orman, S. Dak. 

RELATION OF PRECIPITATION TO YIELDS OF GRAIN. 

The limiting factor in crop production at Newell usually has been 
the moisture supply. Winter grains have been subject to cold in- 
jury, so that the yields may depend on several factors. The yields 
of spring grains, however, are closely associated with the amount 

and distribution of the rainfall. The precipitation during the grow- 
ing period is the most important. The amounts and distribution of 
this seasonal precipitation have largely determined the yields of 
spring grain on the dry land at Newell. In some seasons, as that of 
1912, the rains came too late to benefit the early varieties of grain. 
In 1910, 1917, and 1919 the lack of moisture during the heading and 

ripening period caused low yields. 
A rain of less than 0.3 inch during the growing season, unless 

followed or preceded by other rains within 24 hours is of almost no 
value to grain crops in this section. The moisture from light rains 
does not penetrate far into the soil and is soon evaporated. In 1911 
there was a total precipitation of 2.01 inches during the growing 

season, March to July, inclusive, but this came in such small and 
scattered showers that it was useless for crop production. Conse- 
quently all grains were a failure that year. 

CO GINS lath 



CEREALS ON THE BELLE FOURCHE EXPERIMENT FARM. 1 

In figure 3 are shown graphically the “ useful ” seasonal precipita- 
tion and the yields of Kubanka durum spring wheat (C. I. No. 1516) 
during the 12 years from 1908 to 1919, inclusive. The “ useful ” 
precipitation shown is the total precipitation in rains of 0.3 inch 
or more during the period between the emergence and ripening of the 
Kubanka wheat each year. When the rains occurred during a period 
of two, three, or four consecutive days the total amounts for the 

p08 09 1G 2 te 16 ir 1B 79 a 
aweewee USEFUL SEASONAL PRECIPITATION 

WELD PER ACRE CEE 

50 

% 

S 8 
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/0 

Oo 
Fic. 3.—Diagram showing the relation between the annual useful seasonal precipitation 

and the yields per acre of Kubanka durum spring wheat on dry land at the Belle Fourche 

Experiment Farm for the 12-year period from 1908 to 1919. inclusive. The broken line 

shows the useful precipitation and the solid line the yields of Kubanka wheat. 

period were included even though less than 0.3 inch fell on some 
of these days. The Kubanka variety of wheat was selected be- 
cause it was the leading variety, was grown each year, and was not 
seriously affected by rust. | 

In figure 3 it will be seen that the yields of Kubanka wheat are 
closely associated with the useful seasonal precipitation during most 
of the years. In 1909 and 1914 the wheat was on poorer soil than 
usual. In 1912 most of the rains came just before the wheat was ripe 
and too late to be of benefit. The crop was a complete failure in 
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both 1911 and 1912. The 1913 crop was probably benefited by the 
abundant late rains in 1912. : 

EVAPORATION. 

The seasonal evaporation probably ranks next in importance to 
seasonal precipitation among the factors which influence the growth 
of crops at Newell. The daily evaporation has been recorded at the 
Belle Fourche Experiment Farm, and the total depth in inches by 

months from April to September is shown in Table IJ. The record 
of evaporation was not kept for the month of March. but at Newell 

crops ordinarily make little growth during that month and hence 
this omission is not of importance. The evaporation is determined 
from a free water surface, the method being that employed at all 
of the stations where the Biophysical Laboratory of the Bureau of 
Plant Industry has been cooperating. 

Tasre II.—J/onthly evaporation from a free icater surface at the Belle Fourche 
Experiment Farm from April to September of each year, 1908 to 1919, in- 
clusive. 

[Evaporation and precipitation data in inches. ] 

Precipitation. 

> | c < + April - 
Year. Apr. | May. | June. | July. | Aug. | Sept. Total. to Sep- Ratio 

tember, __'° 
| | incln- €VaPO- 

sive. ration. 

fc ae ee ee aes rae 5.535 | 5.917} 6.821 | 8.081} 7.3866] 6.745 40.965; 8.98 1:4.6 
1 SS eee eee 3.657 | 6.413 | 5.859 | 7.698 | 8.243] 5.001 36.871 | 14.37 1:2.6 
(RT Ws ee ot See ee See ee 5.408 | 5.306} 8.975 | 10.429] 7.295 | 4.302 41.715 9.71 1:43 
AGES Gg Ss eS ee 4.649 | 8.302 | 10.241 | 10.714] 6.682} 6.113 46.701 4.70 1:9.9 
i 7) DAS ae ee ee ee 4.849 | 6.423] 8.175] 7.980] 6.604] 3.713 | 37.744] 14.36 1:2.6 
to) Be See ee ee ees 4.705 | 4.302] 7.046} 8.235] 8.144] 4707 37.139 8. 32 1:45 
TOE = cde Sei Sy eae a ae 3.369 | 5.133 | 6.712| 8.737] 6.966] 4.194 35.111 8. 21 1:4.3 
OT Sea ee ae ee 4.454 |} 3.970] 4612] 5.352] 5.113] 3.956 27.457 | 17.08 1:1.6 
TG ps es ee 3.689 | 5.269 | 5.138 | 7.519 | 5.438] 5.429 | 32.482} 10.23; 1:3.2 
BOE Foe eta Se 2.018 | 4.704] 6.271 9.536 | 6.983 | 5.307 34.819} 10.01 1:3.5 
OR a ae eee 3.278 | 5.171 | 6.555 6.482 | 7.129 | 3.951 | 32.566 | 14.65 1:2.2 
SE ei? oo 3.519 | 6.769 | 8.904 | 9.564] 8.224] 5.122 | 42.102 S44 1:5.0 

1:3.5 PEW CENOG: £2 Tense 22 e Se 4. 094 | 5.640 | 7.109 |) 8.361 7. 057 | 4.878 37.139 10. 76 

The average evaporation for the six months from April to Sep- 

tember, inclusive, for the 12 years from 1908 to 1919 was 37.139 
inches. The lowest total evaporation, 27.457 inches, was recorded in 
1915, the year of the greatest rainfall during the same months. The 
highest total evaporation, 46.701 inches, was recorded in 1911, the 
year of the lowest seasonal rainfall. Thus the evaporation usually 
varies inversely with the precipitation, though this is not always 
the case. 

7 Briggs, L. J.. and Belz, J. O. Dry farming in relation to rainfall and evaporation. 

U. S. Dept. Agr., Bur. Plant Indus. Bul. 188, p. 16-20. 1911. 
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The ratio of precipitation to evaporation, also given in Table IJ, 
shows the evaporation for the 12 years to be 3.5 times the precipi- 
tation. In 1915 the ratio was the narrowest, the evaporation for that 
year being only 1.6 times the precipitation. In 1911 the ratio was the 
widest, the evaporation being 9.9 times the precipitation. The ratio 
of precipitation to evaporation is a fair indication of the seasonal 
moisture conditions as related to crop yields. 

WIND. 

The record of wind measurement has been taken at the Belle 
Fourche Experiment Farm during the growing season since May, 
1909. The anemometer stands near the evaporation tank at a height 
of about 2 feet from the surface of the ground. The average wind 
velocities in miles per hour during the six months from April to Sep- 
tember for the years 1908 to 1919, inclusive, are presented in 

Table III. 

TABLE III.—Average wind velocity at the Belle Fourche Experiment Farm for 
the six months from April to September, during the 12-year period from 1908 
to 1919, inclusive. 

[Data in miles per hour. ] 

Month. 1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1917] 1918 | 1919 ENS 

oN cia aera ne Be a Oral 9:2) |= 9.95.9: hel eGl2 | S521. G8G| Sil S781 lor 4 eee 
Meayee ae ence eee Basa elOMe |eeSoD | ei Guletie tease Oal erry Ted Sin |b avale GuGhl 73: sere 
ame) eT: MeO SGMOUleeOesnie (Qeiele S76: le Ga8 ein ColeGIOe| eae) ONS |. Aube rere leee ioe 
hulypee ete ee HOH G50 le Tees oO Gs Oniee dS) \, 580) be 0! Sed [ash a0le 422667 leah ae 
Mipustee ee ee GES te eG G26. | a7 <G9r a dod (Peek Oct 4s) <4ea | al 2-1 2 9) ean an ae 
September...... Bessel 6, 51) Sell le 6.210 ZO" 706. | 4.5) | 6.2 15.197] 6.2 |r 5, 11 2525) bil bes 

Average......----- 6.8 | tl. 79 8.8 | Baie hig | eeGan | 5 beGkey| she7ale 4 Onl 26: 7, Gas 
| 

The average wind velocity during this period was 6.8 miles per 
hour. The highest average wind velocity, 8.8 miles per hour, was 
recorded in 1911, while the lowest, 4.9 miles per hour, was observed. 
in 1918. The velocity during April, May, and June was consider- 
ably higher than in July, August, and September. The velocity of 
the wind has a decided influence upon the crops. The evaporation 

from the surface of the soil or plant is greatly increased by wind. 
Hot winds, such as occurred in 1914 and 1917, caused the cereal 

_ plants to be prematurely ripened or deadened before the grain was 

fully developed. Winter wheat was injured somewhat nearly every 
spring by the blowing of the soil before the spring rains had mois- 
tened it. In 1916 some of the spring grains had to be resown be- 
cause of being blown out after emergence. Owing to the high wind 
velocity in the early spring, together with the tendency of the soil 
to blow at that time, it was necessary practically to discontinue sum- 
mer fallowing as a preparation for grain crops. 

TT154°—22 2 
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TEMPERATURE. 

The temperatures at the Belle Fourche Experiment Farm are re- 
corded daily throughout the year by means of maximum and mini- 

mum thermometers. During the growing season a thermograph was 
also used. The mean monthly temperatures in degrees Fahrenheit. 
from 1908 to 1919, inclusive, are shown in Table IV. 

TABLE IV.—J/ean monthly temperatures (in degrees F.) at the Belle Fourche 
Experiment Farm during the 12-year period from 1908 to 1919, inclusive. 

| | 

Month. | 1908 | 1909 | 1910 | 191i | 1912 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 Aer 

Bese ok Beebe ee ite | 

VANUAT YH aoe cies | Mere os 12 18 20 12 13 27 16 5) 13 9 29 16 
Bebruatya-sa--e-e ae | Semone 23 8 22 24 17 14 19 22 11 20 18 18 
March ere ne cece ee 32 46 39 19 23 33 21 34 25 40 31 31 
fig al One ss acer 48 38 51 43 AT 48 43 52 42 40 41 43 45 
Maen aca Eee toes 52 o2 52 58 55 53 55 51 52 50 55 56 53- 
JUNE 22 is. Socisae ose 63 66 68 73 66 66 65 58 60 62 69 70 66 
Wibyre he eas cae ae 73 70 76 71 70 70 76 64 74 75 69 EY ene (A 
INVISUSUES cao teed 68 79 68 65 68 74 69 66 | 67 67 70 71 69 
September........... 64 61 59 59 52 59 62 56 58 60 56 61 59 
Octobersttiss os = 45 46 51 43 45 42 49 50 43 42 50 30 45. 
November........... of 31 31 25 38 37 39 34 32 41 31 23 33 
Decembelew-. 5.20 22 10 25 20 28 23 15 25 13 13 25 14 19 

IA CT AGE meas ase sere ce ec 43 46 45 44 44 46 43 42 42 45 44 it 

The average annual mean temperature was 44°. The absolute mini- 
mum during this period was —37° F. in January, 1916, and the abso- 
lute maximum was 109° F. in July, 1910. The temperature has not 
been a limiting factor in the yields of most of the spring grains. 
The grain sorghums and late varieties of proso, however, usually 
were frosted before fully mature. Winter wheat suffered some injury 
from low temperatures nearly every year and during the winter of 
1917-18 was almost completely destroyed. 

TABLE V.—Dates of killing frosts, the last in spring and the first in autumn, 
at the Belle Fourche Experiment Farm, for each year from 1908 to 1919, 
inclusive. . 

| 

| Lastfrostin | First frostin | | Last frust in First frost in 
| spring. | fall. | } spring. fall. 

ol | Frost- || Frost- 
Wear.) | free || Year. free 

Tem- Tem-| period. || Tem- Tem-|period. 
| Date. |pera-| Date. |pera- Date. |pera-| Date. | pera- 

ture. tute. ture. ture. 

mel °F.| Days. SE. °F. | Days. 
AS08252 =c1 May 20 29 | Sept. 26 22 ZONA Oo Ree eee May 21 32 | Sept. 14 31 115 
1QNOA2 22 May 17| 26|Sept.23]| 31 IPRA POLES May 16] 31] Sept.14] 28 121 
191Q2 May 23 31 | Aug. 25 32 Goat RrOI ease May 31 S05 sOCt ae a 20 145 
LOU Ss 2 ee | May 11 30 | Aug. 27 32 107 |) 1913. eC 2. May 21 31 | Sept. 18 28 120 
1912555 se | May 4 32 | Sept. 23 32 1:3 a | fat 2) Ae ee June 1 32 4|"Oet.2 9 12 130 
1913. oo |May 6]| 32] Sept. 24] 29 140 || 
TIE) ic: aera May 13 Oo) eis 2a 28 144 || Average.| May 18 | 30.5 | Sept. 21 28 126 

The dates and minimum temperature of the last spring and first 
autumn frosts each year are shown in Table V. The latest spring 

4 
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frost was recorded in 1919 on June 1, while the earliest autumn 
frost was observed in 1910 on August 25. The average frost-free 
period was 126 days, but this has varied from 93 days in 1910 to 
145 days in 1917. The frost-free period is long enough to permit 
full maturity of all adapted varieties of small grains at Newell. 

EXPERIMENTAL METHODS. 

PREPARATION OF THE LAND. 

Most of the cereals on dry land were sown on either summer fallow 
or corn ground. Stubble land was usually plowed 6 to 8 inches deep 

with a disk plow in the fall and left rough over winter. Corn 
ground was not disturbed until spring, when it usually was double 
disked and harrowed before seeding. The fall-plowed fallow was 

not cultivated in the spring until weeds and volunteer grains began 
to grow, but after this time was kept bare throughout the season 
by the use of the disk or spring-tooth harrow. Owing to the tend- 
ency toward soil blowing early in the spring, which seemed to in- 
crease each year after the virgin sod had decayed, it became neces- 
sary to conduct most of the experiments on cornland. Yields of 
grain on summer-fallowed land were more certain and somewhat 
higher than with other methods of preparation, but were less profit- 

able than on corn ground because of the larger expense for tillage. 
All of the experiments with winter wheat on the dry land were con- 
ducted on fallow. 

PLAT EXPERIMENTS. 

Nearly all experiments except those in the breeding nurseries and 
the preliminary varietal experiments were conducted in field plats. 
These plats in 1908, 1909, and most of them in 1910 were 2 by 8 rods 
in size, containing one-tenth of an acre. The plats were separated 

_ by 5-foot alleys, and the road between each series of plats and the 
next was either 16.5 or 20 feet wide. 

Most of the experiments in 1911 and all of those in 1912 and there- 

after were in plats made by sowing a single drill width across an 
8-rod series. As the drill was 6 feet wide, this gave a plat of one 
fifty-fifth of an acre in area. The alleys between these plats have 
been 19.2 inches in width. By the use of plats and alleys of these 
dimensions it was possible to sow five plats within the area formerly 

occupied by a tenth-acre plat. As the plants draw considerable mois- 
ture and plant food from the alleys, it has been thought fair to con- 
sider these =,-acre plats as fiftieth-acre plats in computing acre yields. 

REPLICATION OF PLATS. 

In 1908, 1909, and 1910, when the experiments were conducted on 

tenth-acre plats, there was only a single plat of each variety. Check 
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plats of standard varieties of each cereal were sown at regular inter- 
vals in 1909 and 1910, and in most of the experiments in 1908. As 
this method did not appear to be entirely satisfactory, a change was 
made*in 1911 in some of the experiments and in all those conducted 
from 1912 to 1919. The size of the plats was reduced, as stated in 
the preceding paragraph, and the experiments were replicated. In 

the varietal experiments, three to five plats of each variety were 
grown. In rate-of-seeding and date-of-seeding experiments it has 
been considered sufficient to grow three plats of each rate or date, 
as there is a correlation between the different parts of the experiment 
which is not found in the varietal experiments. Some of the date- 
of-seeding experiments were sown only in duplicate. 

RATES AND DATES OF SEEDING. 

The usual rates of seeding of the grains in the varietal and date-of- 
seeding experiments on both dry and irrigated land are shown in 
Table VI. 

Taste VI.—Rates of seeding of the grains in varietal and date-of-seeding 
experiments on dry and on irrigated land on the Belle Fourche Experiment 
Farm, 

Rate of seeding per Rate of seeding per 
acre. acre. 

Crop. : : Crop. | 

Dry | Irrigated | Dry | Irrigated 
land. land. _ land. _ land. 

Winter wheat. -......-- pecks.. 3 Al WSBT Gy «sei ease ne pecks. 5 6 
Spring wheat..-.......- doses: 4 5: lel ane Sees = See Peet pounds. 22.5 30 
Wiinternrye esse doe 4 Dic MELOSOGA 5 sa. eer eee OFS2 22.5 30 
Oatseee eas ES Sue do 6 10 : 

Spring grains have been sown as early as seemed practicable. 
During wet spring weather the seeding has sometimes been con- 

siderably delayed. In a few seasons some of the grains-have been 
sown in March, but usually the spring grains were sown between 
April 1 and May 10. Winter grains were usually sown between 
September 15 and October 1, which appeared to be the most favor- 
able time for fall sowing. 

NURSERY EXPERIMENTS. 

NATURE OF THE WORK. 

The nursery experiments at Newell have included varieties newly 
introduced, those of which there was not sufficient seed for sowing in 
the field plats, and also pure-line selections from the better commercial 

: 

t 
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varieties. The last has been the most important feature of the 

nursery work. 
The chief objects sought in the pure-line selections were: (1) To 

obtain high-yielding and drought-resistant strains of wheat, oats, 
and barley; (2) to obtain a more winter-hardy and high-yielding 
winter wheat; and (3) to obtain a high-yielding awnless variety of 
hard red winter wheat. 

NURSERY METHODS. 

Single heads were selected from the field plats, the aim being to 
obtain as many types as possible. Each head was described care- 
fully before it was thrashed. The seeds from each head were sown 
in a 5-foot row, 25 seeds usually being sown in each row. The dates 
of sowing, emergence, heading, and ripening were recorded, as were 

such other notes on hardiness, yield, etc., as appeared desirable. 
Most of the selections were retained and sown in longer rows in the 
following years. From 1910 to 1915, inclusive, most of the nursery 
rows were 60 feet long. These rows were sown with the grain 
drill. Since 1915 most of the nursery experiments were conducted 
in 16-foot or 17-foot rows, although some of the best strains were 
tested in 60-foot rows, making possible a more rapid increase of 
seed. In most cases the nursery experiments were replicated from 
two to four or occasionally six times, depending on the supply of 
seed and the area of land available. Yields of grain and straw were 
recorded, and when the yield of grain was sufficient the weight per 
bushel also was determined. ‘The better strains and varieties grown 
in the nursery were later sown in the field plats. ; 
A number of pure-line selections of wheat and oats made at 

Newell have been tested in field plats for two to seven years. 

EXPERIMENTS ON DRY LAND. 

EXPERIMENTS WITH WHEAT. 

The experiments with wheat at Newell on dry land have included 
plat and nursery experiments with both spring and winter varieties. 
These were chiefly varietal, rate-of-seeding, and date-of-seeding ex- 

periments, although considerable effort was devoted to the improve- 
ment of varieties by selection. Wheat is the most important small- 
grain crop in the northern Great Plains. Consequently, the experi- 
ments with wheat at Newell have been much more extensive than with 
any other grain. 3 
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TABLE VII.—Yields of the varieties of spring wheat grown on dry land on the 
Belle Fourche Experiment Farm, 1908 to 1919, inclusive. 

Yields per acre (bushels). 

| 

from 1912 to 1919, inclusive. 
f Manchuria Selection No. 2492-38, grown in 1918 and 1919. 

C.I | Average. 
Class, group, and variety. No. a 

1908/1909)1910)191i 1912)1913) 1914)1915|)1916) 1917 |1918 |1919 1908 11913 1917 

to | to | to 
| 1919 |1919 1919 

es | ee 

COMMON. | 
Fife: 5 | 

WarGUissseses sok cee: b 3641 Sy | eoaene | cts 3. 8116. 8} 8. 0/50. 9} 8.1) 8.3] 29.3] 6. 7|_...- iS: 2 14.8 
Ghirka Spring. 2+. ...2: PSLAIG: 2ADS 7L209| Ol TOG ree AO eel ny) ddd age ee eel ee 
Glynidone. eos ee 2873} - - Salle Sealine Oe 1S28) 653139758] 4 a ool eras |r| eee eee | eink 
Aitchenenss eee Fe 0G) operates [eer (es eee eee Taare Rema cee | eae [ad ea C30 9RSS5 eee. eee 
POW CREE ne Ee ae d 3697/18. 5)17. 3)10. 6 0) O }16. 6) 5. 1/43. 4! 6. 5} 10. 2) 30. 0} 6.3) 13. 7)16.9:15.5 
TET ON a ae ae ee GOST 7 | ot goes as TED 2 | eee a Ieee 6:96.12) | PS 
Rysting: ses ooee cae 3022 19. 3)15.0)10.3) 0) 0 |15.0, 5. 1/40. 6} 4.4 pe at a Ne 

Bluestem: j 
RAVAN eS nso ete ee DSTA ee Salsas eae ee 0 14.2) 4.7/42.0] 5.6) 8.0} 26.9) 5. 0)e12. 3/15. 2:13. 3 

ID Oscetes- taeere es SID eS R ECS Olen (Ol (ye pee alicee iio eos ee ee bee loess /el. 
DD) Oe eee ee cd ae eee 40)729 HS Tey AK 0) Rai Fe) FSS ea Nea | ee re eel Ee el OO ellsce oa soe s 

Preston: 
Preston ae So epee SOSU |S HAs E ce ee ee eee OQ) 19s die 72|46;-9) (oe Siine8. ole 22. sore laa 16. 6:12. 2 

1D Yo pees: eee es ey nse 3087264 | Seale eee 0 |19. 0) 6. 6|47. 5) So See acon So Ae ee ae 
Pioneer eee eee ASDA cally Sess Uae || ean eee eet | ee 45, Al. 21) 9) 2) 24, 0|-b.2)\5-- - - SADR 

Ladoga: 
Changliv ees ae 29 Li ee ea | ero eee AD 4 GN25 21435 8|2S10l AAS Alea es eres ee i 
FLUE ONS Se oe ee es AVE h) Raa sees Rao soua ens es siSe6 clases A sO! SYST Ss Ole 352 Sad ss 
Badoga (Spring Turkey). Ue S5||Sosallscoalisoo- OMNGS2 167918270 | Bese leas sees ant Soe aA ae 
Waramien wey eee 6235]. See Sal mess bell aacolseee sash Bye 7|lSuces|s ae (Pilsen ve ¥. 
Manchunamecsas.- oso Ff 2492 16. 2 16. 0)12. 8 O| 4. 5)17..1) 7. 8)45. 6/12. 9] 12.2) 24. 2) 6.9] 14. 7/18. 1/14. 4 
INORK ANC es or eae tee 4377). Pee Aen See sls Seclesee ecalSebollsegenls=sse ies OSS See ince 

Miscellaneous | 
IPrelideneeeeee eee ane ABBY Bos le) oe oel (556 ee aelle ssclle SelB iD elintse Uy ER Vic Tl) Bulle Hees hs es 
Regenerated Defiance-.-|' 3703]... -|.---|.---|.--.|-.--|- 2/1616] cess CCE S eis |e eee |-===|-==- 

DURUM. 

Kubanka: 
SATCTIT Orie trite ek Re NOT OSE eaae | cer: | spacceatl| Mca eee Be 5 ene aioe LOS9|RS55S nO aes 18.6 
apie ee er ee aes DOAT IIS: 3] Ree hea tee ale wale CR SIOEE Ne Ne 8 el ee Eee (ae hs 
IAT NAUK ame esses 1493]22. 3/22. 6) 8.3} 0] O {17.1) 9. 5/54. 9/14. 8} 11.0} 34.0) 9.4) 17. 0/21. 5)18.1 

DOG s24 eae Se BG | ee eee EC) cea eet | eee ea ee ese | mee ee [ice | renee ee ees 
DOS Sater e ee. soem 1547/21. 3/22. 0| 9.2 OOE Sse ee |e al oe | See eo Pee | ees eee Rese, ee» 
1) Oo re ee ese AQG 4 Sects oe ean ates at ae | Oe oer 56e2110) S|) sal 34. 2/091 O)sa send Ose 

IBULOTOs = tes CBS QOD Seacoast aI secre eer | tere Repel eared tees cael | eae S23 kee ee 
TROPA eke ed ee aad TSZD4124. SIA GR 5c. Ole Op Oye aes eral eas cu cc | tec meta ere et | eee cen | en Rg 

TD) OF eee eae ig 1440/24. 9/21. 4! 7.4 O!0O |15.6 154. 41103. 8) 1103) 34.5) 8. 7. 3 Sse 
tL) ON aaa cule op, ett ea 1516/23. 8/22. 6) 5.3) 0} O 119.1) 9.6)54. 5/19. 7; 11.8) 34.9; 8.9) 17. 5/22. 6/18. 5 
ID Oat aera Sar ee QIAGIZL OLE is Sas ae | ere | Se he ea lee sere cee eres eee ene oe ee 
WD Oates ee DES2|2BED| Ess Al S| prea Ses Se ga eee WS 1 aes | ee | eee ee ee 

KerbankaiNouss. a. sane 4063) /sA5 oR eels sale Slee Soe (USO) S656). 28, salar eeeal eee 
yeabanke Selection No 

Payee neater eh, Ces L516 ess gaallode clean | ome Sas leeoe ee CIZE 5 SS hI IIR 6) Eee eee et 
Kai Selection No 

sees pe Re Pe epg aE THUG SS En ce Bees lSec cle sealer cals coe] aecaleeies | CL2a0 | pooao |p OnO | :enem ele mpeetnaaes 
Mindumn datas head. haem 5 DOG | aa eeecal Sete | cere | eee seca fiscetor | iota evi | eee eae 9:0) 2s eal Sees 
MOTD GIS A Re ee ot te ee 3320 |e ea ae eae Se eee AEs ee GPSS SNES Ae asl 2 Thee) 
ererodkarcs.5ee eee. it Z2AOl23e2|00- 2). Ol) Ole 11 Ge 419s S| 5S. lend mene setae WSs SS se sim 
PCESOMAS Ae Setse ts seca A 13 | coer taco a eee een | pert eee etal seeelaeree Ono \CO.c| eee lees eee 
Yellow Gharnovka...... ia 22, 0\ 2069] 5.0) 012016: .5)6 76415450) So eae |e ccc emer iac ane ee eee 

Peliss 
Relissen st ster or. See A584 1D erg eer cease | fa neces rere | ae acie|scee fs ot tere SES TSI ae ee 

Red Durum 
DS pstenee. HA Rew ey, ee BBD [ie oe ee [fara | eee | iro | a i SSilasselt ela seO es Gs sells 17.8 
Selection No. 735...... TV51G eee oe 2] ee sc eS | ened | ee | eee Del ClLONaeosalussOlese osleeee 18.1 

@ Cereal Investigations number. 
» Marquis, C. I. No. 3276, grown 1912 to 1916, inclusive. 
¢ One plat only., 
@ Power, C. I. No. 3025, erown 1908 to 1916, inclusive. 
€ Average of Haynes, C. I. No. 3020, from 1908 to 1911, inclusive, and C. I, No. 2874, 
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SPRING WHEAT. 

VARIETAL EXPERIMENTS. 

The varieties of spring wheat grown in the plat experiments on 
dry land are mostly those included in two main classes, the durum 

wheats and the com- : 

mon hardredspring | _ : ere 
wheats. Other 
types of spring 

wheat were poorly 
adapted and were 

_grown only in nurs- 

ery rows or in pre- 

liminary plat ex- 
periments. <A. total 

of 44 varieties was 

grown in plats dur- 
ing the 12-year 
period. In some 
cases several lots of 

wheat under the 

same name but from 

different sources or 

different introduc- 

tions have been in- 

cluded, so that the 

actual number of 

distinct varieties is 

somewhat less than 

44. The annual and 

average yields for 
all varieties and 
strains are shown in 

Table VII. 

As shown in Table 

VII, good yields of 
spring wheat were 
produced in 1908, 

Fig. 4._Heads and glumes of two important varieties of 

1909, Iw HES and spring wheat grown on the Belle Fourche Experiment 

1918, fair yields in ee 1, Marquis common wheat; 2, Kubanka durum 

1913, poor yields in 
1910, 1914, 1916, 1917, and 1919, and failures of practically all varie- 
ties in 1911 and 1912. These yields depended largely upon the 

8 For a more complete discussion of the history and growing of these varieties of wheat, 

see Clark, J. Allen, Martin, John H., and Smith, Ralph W. Varietal experiments with 

spring wheat on the northern Great Plains. U.S. Dept. Agr. Bul. 878, 47 p., 3 pl., 2 fig. 

1920. ; 
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amounts and distribution of the seasonal precipitation. The yields of 
the durum wheats were considerably reduced in 1910, on account of 
hot winds at flowering time which prevented fertilization. In 1911 
the wheat sown in the spring did not emerge until August. The 
failure in 1912 was caused by a deficient supply of soil moisture in 

the spring, together with the low precipitation during May and June. 
In 1916 the wheat was badly injured by rust. | 

The durum varieties have outyielded the common varieties in 
nearly all seasons. This was due only in part to the greater resistance 4 
of durum wheat to rust and drought, for the durum varieties have 
given the highest yields in the most favorable seasons. The Kubanka 4 
variety, C, I. No, 1516, has the highest averaee yield during the en- 

YIELD PER ACRE 4 
COMMON: O (CR ES 2 1S = B05. 326 EO i 

FIFE: : 
MARGINS 

POWEFR 

ELUESTEM: 
HAYNES 

PRESTON 
FRESTON 

LADOGA: é 
MANCH OAT 

DURUM: 
RARNAUTKA - 

AUVBANKA 

Fig. 5.—Diagram showing the average yields, in bushels per acre, of seven varieties 

of spring wheat on dry land at the Belle Fourche Experiment Farm during the 7-year 

period from 19138 to 1919, inclusive. 

tire 12 years and also during the 7-year period, 1913 to 1919, inclu- ( 
sive. This variety appears to be slightly more productive than the 
Kubanka strain, C. I. No. 1440, and is shghtly different in appearance. 
A head of Kubanka wheat is shown in figure 4. 

Several other durum wheat varieties yielded about as much as or 
even more than Kubanka during the three years 1917, 1918, and 1919. 
These small differences probably are not significant. 

Marquis is the highest yielding variety of common wheat. During 
the period from 1913 to 1919, inclusive, it outyielded all other com- 
mon-wheat varieties. A head of Marquis wheat is shown in figure 4. 

Manchuria, the second highest yielding common wheat, is a soft [ 
wheat of low milling and baking value. The Power, Haynes, and 
Preston varieties show average yields since 1913 considerably below 
that of Marquis. The yields of the leading varieties grown since 

1913 are shown graphically in figure 5, 



CEREALS ON THE BELLE FOURCHE EXPERIMENT FARM. ley 

Only five varieties were grown during the entire 12-year period. 
Of these only two, Arnautka, C. I. No. 1493, and Kubanka, C. I. No. 
1516, were grown continuously from the same original strain. In 
order to have the experiments coordinated with other experiments 

with wheat in the northern Great Plains, seed of Power and Haynes 
wheat having different C. I. numbers than those previously grown 
was used in the later years. In 1918 and 1919 a selection of Man- 
churia was substituted for the parent variety in the experiments. 
Table VIII shows the average dates of heading and ripening, the 
average height, the average percentage of stem-rust infection, the 
average weight per bushel, and the average yields of grain and straw 
of the five varieties of spring wheat grown during each of the 12 
years from 1908 to 1919, inclusive. 

The durum varieties shown have higher yields of grain and straw, 
a heavier weight per bushel, and a lower stem-rust infection. The 
Manchuria variety is considerably earlier and the Haynes much later 
than the other varieties shown. 

Taste VIII.—Agronomic data for five varieties of spring wheat grown on dry 
land on the Belle Fourche Experiment Farm, 1908 to 1919, inclusive. 

| 

Date of— Yields per acre. 
| Weight 

Group and variety. & a a ee Height.a Se a ver 
3 eac- Matu- ~ | bushel.a : 

ing.a rity.a Grain. | Straw.a 

eS [ee aes ee 

Fife: Inches. | Percent.| Pounds. | Bushels. | Pounds. 
OW Rewer cee c 3697 | July 84 | July 31 28 35. 0 | 51/58) By 7 1, 837 

Bluestem: | 
Miaynesss<) ss ckcase e 2874 | Julylld| Aug. 2 29 42,5 | GSE 7 12.3 1, 815 

Ladoga: | 
Manchuria........- 2492 | July 11] July 27 31 24. 0 56. 0 14,7 1, 699 

Durum: 
Arnautka.......... 1493 | July 4/1 July 30 33 10.5 59. 8 17. 0 1, 877 
Kubankase noe | TOUGH uliygeom| ead Oss.) 30 7.0 60.3 V7.5 1, 930 

a Average for 9 years (1908 to 1910, 1913 to 1917, and 1919). 
b Average for 2 years (1915 and 1916). 
¢ Power, C. I. No. 3025, grown from 1908 to 1916, inclusive. 
4 Date of heading computed in 1914. 
¢ Haynes,C. 1. No. 3020, grown from 1908 to 1912, inclusive. 

RATE-OF-SEEDING EXPERIMENTS. 

A. rate-of-seeding experiment with Kubanka durum wheat, C. I. 
No. 1440, was conducted during the 9-year period 1909 to 1917, 
inclusive. The wheat was not sown in 1911, and the crop failed in 
1912 on account of drought. The yields were too low to be of much 
significance in 1910 and 1914. In 1915 the yields were exceedingly 

large. The experiment was conducted on single tenth-acre plats in 

1909 and 1910, but in triplicate fiftieth-acre plats in all other years. 
The rates of seeding ranged by 1-peck intervals from 2 to 8 pecks 

per acre, but the wheat was not sown at all of these rates during all 
years of the experiment. The annual and average yields obtained in 
the rate-of-seeding experiment are shown in Table IX. 

T17154° —22 3) 
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TABLE IX.—Yields of Kubanka durwm spring wheat grown. in rate-of-seeding 
experiments on dry land on the Belle Fourche Experiment Farm in 1909, 
1910, and 1913 to 1917, inclusive. 

Yields per acre (bushels). 

| | | ! 
| | | = 

Rate of seeding per acre. | | eNelae 

1909 -| 1910 | 1915 | 1914 1915 | - 1916 | 1917 
| | a 1909 to | 1913 to 

| | | 1917 | 1917 

DECKS a oe ot ae aan 12.5 As DPE te | Perea uptes th le PE oe hea eo a cchiea Feons S 
STAC aoe REN gee <a RARE a ee ea Ae 953; | e297 SIND oat ee | eae koe ee eee 19.3 
Ay OCIS Cote eae 14. 4 5.5 9. 8 DEQ) > 60s kos OFT 10 ona a tGere 19.0 
Niel Se Oe = Sepa s pie ae a 16.8 De Rall ls 4 23) (614) 1125 dG be Gob 19. 4 
Gipleckst eee te eee 17.2 i-8 9.9 D20f 2 O25) 1020") > TOsa Ee tg 18.9 
PANG C ICG Be Me go 2a ness Nie uy Ie ea pastors 9:0 4. deed ALS ee 124 See eines 
Sipeckse terns ne” ee ee 17.9 3.4 | 10.6 129 asec RD Sele eine ac Begs ses 

Several interesting facts are brought out by the data shown in 
Table IX: (1) The net yields were not increased by sowing at a 
rate in excess of 3 pecks per acre; (2) thin seeding will not ma- 
terially increase the yields nor prevent failure in dry seasons; and 
(3) thick seeding reduced the yields only slightly below those of the 
medium and thin seedings. 

It has commonly been assumed that durum heat should be sown 
at the rate of 4 to 5 pecks per acre on dry land, as compared with 
3 pecks of common wheat, because of the large size of the durum 
kernels and also because durum wheat tillers less freely than com- 
mon wheat. Apparently this is offset by other characters of durum 

wheat, such as the large size of spikes and kernels produced. The 
above experiment was always conducted on well-prepared land. On 

a rough seed bed a higher rate of seeding than 3 pecks per acre 
might be necessary. The slight differences in yield shown above 
from the different rates of seeding are not significant. 

In Table X are shown the average number of days from emergence 
to maturity, the average height, weight per bushel, and yields of 
grain and straw of the wheat sown at each rate during the period 
from 1913 to 1917, inclusive. The average stands recorded during 
the years 1915 to 1917, inclusive, in thousands of plants per acre, 
also are shown. 

The proportion of straw to grain was slightly higher in the plats 

sown at the higher rates. The plats sown at 3 pecks per acre ma- 
tured about one day later than the others. In most years it was 
observed that the plats sown at the higher rates matured first, but 
this was not true in all seasons. The wheat from the plats sown at 

6 and 7 pecks per acre was an inch shorter than that on the other 
plats. The weight per bushel of the grain from the thicker sown 
plats is slightly less than from the plats sown at 3 to 4 pecks per 
acre. 
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TABLE X.—Average agronomic data for Kubanka durum spring wheat grown 
in rate-of-seeding experiments on dry land on the Belle Fourche Experiment 
Farm, 1913 to 1917, inclusive. 

| ; 
Emer- | Weight | stand | Yields per acre. 

Rate of seeding, per acre. | gence to | Height. per peracte.a\ a0 |e 
maturity. bushel. | Grain. | Straw. 

Days. | Inches. | Pounds.| Plants. | Pounds. | Pounds. 
Specks sates ee ee et 94 | 30 58.6 | 382, 000 1, 158 2, 458 
AIGCK Seen Vcr, sere nee pe epee ect el 93 30 58.7 | 428, 000 1, 140 2, 421 
BN GCkS ieee es Sore. neh eae | 93 | 30 58.3 | 517, 000 1, 164 2, 649 
Gipecksst oe ee | 93 29 58.3 | 604, 000 1, 134 2, 500 
MAR ECK See iedin so ceiners ah asec sip pisa a bat is,os Sie 93 29 58.2 | 678, 000 1, 122 2, 479 

| 

a Average for 3 years, 1915, 1916, and 1917. 

DATE-OF-SEEDING EXPERIMENTS. 

A date-of-seeding experiment with Kubanka spring wheat was 
conducted in 1912, 1915, and 1916. In 1912 the crop was a failure 
except on the late-sown plats, because of drought during June. In 
1915 and 1916 the yields from the early sowing were highest, with 
the later sowings yielding considerably less. The yield from the 
earliest sowing in 1916 is not shown, because the wheat was sown 
on land where soil blowing was unusually severe. The yields from 
the date-of-seeding experiment are shown in Table XI. 

TABLE XI.—Yields of Kubanka durum spring wheat grown in date-of-seeding 
experiments on dry land on the Belle Fourche Experiment Farm in 1912, 
1915, and 1916. 

Yields per acre (bushels). 

Date sown. 

1912 1915 1916 | Average. 

April 9 to 25......--...--- ee Sl ee orca 0 52.5 14.2 22. 2 
pyle O Sepa Paes oe ae ke ee ie Se 0 37.2 12.3 16.5 
WW LO 2h ot ae ce Soe Soe See pe a eee S| 13.5 21.3 4.9 | 15. 2 

As shown in Table XI, the early-sown wheat yielded an average of 
22.2 bushels per acre, the plats from the second sowing yielded 16.5 

bushels, while those sown last yielded only 15.2 bushels per acre. This 
was in accordance with the usual experience with spring wheat, oats, 
and barley at Newell, viz, the earlier the sowing the higher the yield. 

NURSERY EXPERIMENTS. 

Many varieties of spring wheat were grown in rows, but because 
of their apparent lack of adaptability were not sown in plats. A 
considerable number of foreign varieties were thus tested in a pre- 
liminary way and later discarded. Most of the nursery experiments 
with spring wheat consisted in the testing of pure-line selections 
made at Newell from both durum and common spring wheats. Selec- 
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tions from the Kubanka variety appeared to be most promising. 
Three of these, designated as Nos. 1440-735, 1516-712, and 1516-715, 

gave the highest average yields and were grown in plats in the 
varietal experiments during 1917, 1918, and 1919. The yields in 
the plat experiments, as shown in Table VII, were not higher than 
other durum varieties, however, so that nothing of value was ob- 
tained from the nursery experiments with spring wheats. A selec- 

tion of the Manchuria variety, designated as No. 2492-38, proved to 
be a high-yielding strain in dry seasons. In 1918 and 1919 it was 
substituted for the parent bulk Manchuria in the varietal experiments 
in plats. Because this selection is inferior in both yield and quality 

to several other varieties, it is not considered to be of any particular 
value. 

WINTER WHEAT. 

Experiments with winter wheat on dry land have included tests 
of varieties and selections and of rates and dates of seeding. A large 
part of the nursery work also was devoted to the improvement of 
winter wheat by selection. Preliminary experiments showed defi- 
nitely that the only varieties of winter wheat adapted to the eondi- 
tions at Newell belonged to the hard red winter or Crimean group. 
The varieties grown in plats, therefore, consisted almost entirely of 
wheats of this type. 

VARIETAL EXPERIMENTS. 
- 

The varietal experiments with winter wheat were begun in the 
fall of 1907 and continued until 1917. The 1918 crop was com- 
pletely winterkilled, and no wheat was sown in the fall of 1918. 

Good yields were obtained in 1908, 1909, 1913, 1914, and 1915. The 
yields for the latter year were extremely large. The yields in 1910 

and 1917 were reduced by drought and in 1916 by winterkilling, rust, 

and drought. The crop of 1911 was completely killed by drought, 
and the wheat sown in the fall of 1911 did not emerge until late the 
following spring, so that no crop was obtained in 1912. The wheat 

was sown on summer-fallowed land each year and since 1912 has 

been grown in plats replicated three or five times. The yields are 
shown in Table XII. 

The varieties grown are all of the Crimean group except Alton 
(Ghirka Winter), an awnless hard red winter variety, and Fultz, a 
soft red winter wheat. Some differences in yields were obtained from 
several lots of the Crimean wheats, but it is not certain that these 

differences are significant. The five varieties which were grown each 

year from 1910 to 1917, inclusive, gave exactly the same average 
yield, 21.5 bushels per acre. 
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TaBLeE XI1.—Yields of the winter-wheat varieties groivn on dry land, on the 
Belle Fourche Experiment Farm, 1908 to 1917, inclusive. 

Yields per acre (bushels). 

| 

Group and variety. | on Average. 
= 

| 1908 | 1909 | 1910 | 1911 | 1912 | 1913 1914 | 1915 | 1916 | 1917 eee Fr 
1908— |1910- 
1917 | 1917 

} | 

Crimean: | 
Alberta Red.....| 2979 |..7...}....--| 1k |b 0 O8FS5°001 =22. 4 FP PEG |e eee 
Beloglina........ BGGy Ot Se cten ee 19. 2 0 [nl Reyes] ORT S OSM abe me PTS ee 21.5 

i eee os 5 eee Boers | 19.2 0 FF 3954690-3 59 4 7 Sn S| Se 
Gremean= ao. 32: DST Pag st Be Ry) ite | eee ee ne es Poacass Pee [eps eee pea ee 

Tpit yah tae 1437 | 25.3 | 36.0] 20.3 0 | (rid Gs ag 9] es fre Ge a BEI cyte ied LAL 
harkoiey 25-2. - 1442 | 25.4 | 40.3 | 22.7 0 0 | 38. 6| 28.7 | 63. 8 ee 4.7] 23.8| 21.5 

ares te 1583 | 22.5 | 39.0 | 23.6 O} 0] 38.8] 29.1] 62.6] 13.2] 4.7] 23.3) 21.5 
Doses = a US ee eee 1B CT ees cot) (pS el a ee Bie | he (eee eal eee ol met ees Wag 
Bae 71 (|e ee ae fe fee [ease eid Sees Bee | -918-be: Rae ee 

Pheiss aes WER | ae RE S | 19.4 0 036.8 131. 6} 66.3: 12.34 6.4). - 21.5 
Warkey i202) 0e | 1558 | 24.1 | 41.0} 17.8 0 NS Beas ej eee 65.0103) | 5.1 [5 

Deeg sk 1571 | 25.5 | 39.0} 20.3 0 0| 38.7] 29.6] 65.0] 12.3] 6.0] 23.5] 21.5 
Mase css S gaa este tbe | 15.0 0 O4639. Sikes: GOT 9:8 [2 See ee oes few. 
eee ras at el gece eee TEE UG al boa ge (eel i OY OP ge Wiaeees, BB EERE WAS S, . 
Ths Aegis ie 3055 | 22.3} 4451 (2) | 0 0 | 35.0 OCG G45 bs O56 fete F Pet Bene 

Alton | 
AUton= =- =>". LB SY ogee (ee 2 a get RS ON 2 eal eke ae fees el eae ga) Las tay’ el boa Fea bel Wee se Fel es 

Soft winter | 
Ree ek es eb eee pe See eg URE ee oe ss pees BY oie eerie ol Bee en Poaedegd (Ba) 2m 

a Did not emerge. 

In Table XIII are shown the average dates of heading and maturity, 
weight per bushel, and yields of grain and straw of two strains of 

Kharkof and one of Turkey wheat grown on the Belle Fourche 

Experiment Farm from 1908 to 1917, inclusive. The yields also are 
shown graphically in figure 6. It is seen that the dates of heading 

YIELO FER ACRE 
oO 10 

KHARKOF (C1. N0.1F92) 

KHARKOF (C.1. 0.1583) 

TURKEY (C.1.NO1S5 71) 

Fie. 6.—Diagram showing the average yields, in bushels per acre, of the leading varieties 

of winter wheat on dry land at the Belle Fourche Experiment Farm for the 12-year 

period from 1908 to 1919. inclusive. 

and maturity and the height are the same for all three wheats and 
that the differences in weight per bushel and yield are too small to be 
significant. From the results obtained it is concluded that the bulk 

unselected varieties, Turkey and Kharkof, are identical in all the 
above characters, including yield. These varieties, however, have 
outyielded all others grown in the plat and nursery experiments. 
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TABLE NIII.—Average agronomic data for three varieties of winter wheat grown 
on dry land on the Belle Fourche Experiment Farm, 1908 to 1917, inclusive. 

Variety. 

Straw 

Pounds. 
RAR Gees se ae oe } 2,319 

DIDS See A ee oe ene as 2,340 
[Pi Fa 6 gels sass st eee sae asase 2,347 

a Average for 6 years, 1910 and 1913 to 1917, inclusive. 
6 Average for § years, 1908 to 1910 and 1913 to 1917, inclusive. 
e Average for 10 years, 1908 to 1917, inclusive. 

EXPERIMENTS WITH WINTER-WHEAT SELECTIONS. 

About 600 selected heads of Turkey, Kharkof, and Crimean wheats 
were sown in head rows in the fall of 1908. Practically all of these 
were sown in 60-foot rows the following year and many of them for 
several years following. The selections giving the highest yields in 
the nursery were later grown in plats. About 35 of these selections 
were sown in plats in the fall of 1910, but they failed on account of 
drought. <A few selections were again sown in plats in the fall of 
1912 and these produced a crop in 1913. i 

Several additional selections which had shown high yields in the 
nursery experiments were sown in plats in the fall of 1914. The. 
better strains were continued in the plats in 1916 and a few in 1917. 
The 1918 crop was entirely winterkilled. The yields are shown in 
Table XIV. 

TABLE NIV.—Yields of the winter-iheat selections compared with the unselected 

parent varieties groicn on dry land on the Belle Fourche Experiment Farm, 
1913 to 1917, inclusive. _ 

Yields per acre (bushels). 

Group and variety c- e 3 

1913 1914 | 1915 1916 | 1917 Average 

| 
Crimean: | 

TRY E25 eee pear ee 1442 |. See 28. 7 23.0 | 13.4 AT: 
Dos aera a wet sere 4207 17.9 28.6 St Giotto See eee 

Parkey ee: 0 se sk ae 3055|. 207| 29.6] 533| 124 7.9| 248 
Patkey selection. 15922 23. 1300-2 eS 24. 2 27.1 55.4 | 15.3 8&9 | 26.1 
Gurkey selection 17322: 2 -.-|s 225 -- Spare wes ee te 57.7 | 94,4 oe aces eee 
farkey selection 2002.2. 6-2 | SS eee ah eee cb Ea GN SA Sees (eee ee a ieee, ee 
orkey- Selection: 285.2) 5-225 1s. 5 ee tes Be eS = 7.0 PAS 8 eee a! ee 8 
‘turkey Selection: 206; =~ 2.0252 [26h i | 21.4 27.3 52.0 13.3 | 7.3 | 24.2 
Crimean selection 378. ......_./........] 17.7 26. 2 7.0 13.3: | ze wecee ee ee 
Crimean selection 379-........).......- IG: OAs eso a st Seat laos eee ewes ee eee 

Alton (awnless): 
Alton selection 343.....-.....- peo eee 30.8 46.6 11.9 y (ae be Pee 
Alton selection 350.........-.-. lShee oe Bee bc, -eepeaeine, 2 43.9 1 eee ee = = 
Alton selection 352...........- 5299 | 15.6 31.2 49.8 12.1 6.8) 23.1 
Newton (Alton selection 367) - 5300 | 16.9 31.8 49,4 10.5 4.8 22,7 

Four selections were grown during each of the five years, and seven 
others were grown from one to four years each. Turkey, C. I. No. 
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3055, was grown each year, and Kharkof, C. I. No. 1442, was grown 
from 1914 to 1917, inclusive, for comparison. Four of these selections 
are awnless, very similar to Alton (Ghirka Winter) wheat. They, 
however, are more vigorous and have larger kernels than Alton. 

The grain is very similar to that of Turkey and probably equal to 
that variety in quality. 

Selection No. 159 produced the highest average yield, 26.1 bushels 
per acre, which was 1.3 bushels more than the parent strain, C. I. No. 
8055. This selection was one of the highest yielders in the nursery 
experiments, and it also outyielded all varieties and selections in the 

experiments under irrigation. Of the 600 original selections this 

is the only one which has shown a marked increase over the parent 
varieties. 

The awnless strains yielded less than Turkey or Kharkof and most 
of the awned selections. The highest yielding awnless selection, 
C. I. No. 5299, has an average yield of 1.7 bushels per acre less than 
Turkey, but it yielded slightly more than the Turkey variety in 1914. 
The better awnless selections have been fully as hardy and nearly as 
resistant to drought as the Turkey variety. Because of the lower 
yields of the awnless strains none of them was distributed. 

RATE-OF-SEEDING EXPERIMENTS. 

Experiments to determine the best rate to sow Kharkof winter 
wheat were attempted from 1910 to 1918, inclusive. ‘The 1910 crop 

failed to germinate, and the 1912 crop did not emerge until late in 
the spring following the seeding and was plowed up. The 1911 crop 
was killed by spring and summer drought and the 1917 and 1918 
crops were destroyed by a combination of winterkilling and soil 
blowing. Results from the rate-of-seeding experiment were thus 
obtained only during the period from 1913 to 1916, inclusive. (Good 
crops were obtained except in 1916, when winterkilling and soil blow- 
ing injured the crop, in addition to severe damage from stem rust. 
The rates of seeding here recorded ranged from 2 to 7 pecks per 
acre. The yields are shown in Table XV. 

TABLE XV.—Yields of Kharkof winter wheat grown in rate-of-seeding experi- 
ments on dry land on the Belle Fourche Experiment Farm, 1913 to 1916, 
inclusive. 

Yields per acre (bushels). 

Rate of seeding, per acre. 

1913 1914 1915 1916 Average. 

DRO CE KS res ere Sos coe eee hae we ee Seer 26. 4 23. 0 36. 7 3.1 22.3 
MOC KGa ee emer eit US oe wan Sal eee soe tee 28. 0 26.6 42.6 4,0 25.3 
LE TOUS a SS ae ai eg ie ea cece nn OTe 27.3 24,9 48.3 4.6 26. 2 
SCC Gene ene ie nicn ns a | hae ick SA eee ra 26.8 27.4 43.6 5.1 201 
GHCCK Grete ae me LS Ce ea a 27.4 24.6 45.8 5.4 25.8 
SBD CCK Sener win aase ca! Ades eee Ue Sk hd ee ea aloe 28. 2 27.8 44,0 | 6.3 26.5 

} 
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The yields from all rates of seeding from 3 to 7 pecks per acre 
are nearly the same. The yields from the 2-peck seedings, however, 
have been the lowest each year. In 1918, 1914, and 1916, the 7-peck 

seeding gave the highest yield, while in 1915 the highest yield per. 
acre was obtained from the 4-peck seeding. The 7-peck seeding gave 
the highest average yield per acre during the 4-year period, but the 
largest net yield was obtained from aecing at the rate of 4 pecks 

per acre. Sufficient data have not been obtained to draw definite 
conclusions, but apparently 4 pecks per acre is the most profitable 
rate of seeding. 

DATE-OF-SEEDING EXPERIMENTS. 

A date-of-seeding experiment with Turkey winter wheat was con- 
ducted each year from 1908 to 1918, inclusive. Drought destroyed 
the crops of 1911 and 1912, and he wheat was almost. entirely 
destroyed by winterkilling ad soil blowing in 1916, 1917, and 1918. 
‘Some injury from soil blowing resulted in most poner years of the 
experiment. The soil blowing usually occurred in early spring 
before the rains had begun and before the wheat had made much, 
if any, growth. The yields from the date-of-seeding experiment with 
winter eahea during the years: in which yields were obtained are 
shown in Table XVI. 

TaBLE XVI.—Yields of Turkey winter wheat grown in date-of-seeding exrperi- 
ments on dry land on the Belle Fourche Experiment Farm, 1908 to 1910 and 
1913 to 1915, inclusive. 

Yields per acre (bushels). 

Date of seeding. ea 

1908 1909 1910 1913 1914 1915 |Average.c 

PANCLOUIS Ul cepeanes (ole mare aie ec iaps nia meal afeicleie’ai- ictal ania aecterrall emer ciaiense 74th Olds aooosecloaoooS alsa] Sees eee 
PATA SUIS TAG eee ok ate ate eote ae orae eis eerie 37.5 19.3 28k) enka seco al eine ces Lee eee 
September Wes 2522 meesoecce ee 23. 0 39. 0 8.3 28a | ieee 2 28 | ene et | 
Sepbemperdl Gs see seeas seen bees 20.3 40. 5 22. 0 628.1 20.2 61.6 34. 
Ocioperistnas ee ene ae | 24.3 43. 0 (d) 28. 1 21.1 60. 9 35. 5 
OCOD EREIGE eas eke eee ee 24.7 42.0 13.3 21.4 20. 7 56. 5 Soul 
INoventberals ss ee weap eee 2535 37.3 13.2 16.3 19.1 D002 30. 7 
iNiowvemiberdlGm cence cok shee |e Set 5 | pat ceee ill eb eeceye See OCG} ied erases oy TR IN) (esi sr 

a Yields for 1910 omitted because of irregularities. c Sown September 20. 
b Not sown, yield assumed from earlier and later sowings. d Did not germinate. 

In 1908 the latest date of seeding, November 1, produced the high- 
est yield. In 1909 the October 1 seeding yielded the highest. The 
results in 1910 were very irregular, owing to poor germination and 
soil blowing on some of the plats. In 1913 the August 1 seeding 
gave the highest yield. A seeding was not made the previous fall 
on September 16, but as the yields from the seedings of August 16, 
September 1, and October 1 were all 28.1 bushels, the yield for this 
date was assumed to be the same, in order to determine the average 
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yield for five years. The October 1 seeding gave the highest yield 
in 1914 and the September 16 seeding in 1915. 

In the column of Table XVI showing the average yields, the re- 
sults for 1910 are omitted because of the large irregularities pre- 
viously mentioned. The highest average yield per acre was obtained 
from the October 1 seeding and the next highest from the September 
16 seeding. With the exception of 1908, seeding later than October 
1 resulted in decreased yields each year. 

Only limited data are available, but apparently there is no ad- 
vantage in seeding wheat earlier than September 16 at Newell. In 
1916 and 1917 the wheat in the date-of-seeding experiment was so 
badly injured by soil blowing and winterkilling that it was disked 
up. It was observed, however, that the plats sown late showed the 

highest winter survival, the earliest sown wheat having the lowest 
survival. In both of these years the wheat in the November 1 seed- 
ing did not emerge and apparently had not begun to germinate until 

spring. The hon in these late-sown plats Touede a much better 
stand in the spring than that in the earlier seedings where the plants 
had emerged in the fall. In the fall of 1914 the wheat in the Novem- 
ber 1 seeding started to germinate, but the plants did not emerge 
until about April 15 the following spring. The wheat sown Novem- 
ber 16 did not even start germination in the fall but it emerged about 
April 17. The average yield from the three plats sown November 

16 was 51.9 bushels per acre. 
Winterkilling at Newell is not due to heaving of the plants, but 

apparently is a result of low temperature, drying out of the soil, and 
mechanical injury from soil particles blown by the wind. The sur- 
viving wheat plants die down to the crown and make no growth dur- 
ing the winter period of nearly five months. It was observed in these 
experiments that wheat plants which had reached the 2-leaf stage 
survived the winter as well as or better than plants which had formed 
several tillers. 

NURSERY EXPERIMENTS. 

A large part of the nursery work with winter wheat consisted of the 
testing of the several hundred selections from the Turkey, Kharkof, 
and Crimean varieties previously mentioned. In 1915, 1916, and 1917 
several hundred additional selections of Kharkof were made. Most 
of these were subsequently destroyed by winterkilling and soil blow- 
ing during the three rather severe winters of 1915-16, 1916-17, and 
1917-18. 
Some hybrids made between awned and awnless types also were 

destroyed during this time. A large number of winter-wheat varie- 
ties were grown in the rursery in 1909 and 1910 and a number each 
year since then. None of these except the hard red winter varieties 

T1754°— 4 
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of the Crimean group have given satisfactory yields. The Alton 
(Ghirka Winter) and Buffum No. 17 varieties were somewhat prom- 
ising, but were inferior to Turkey in both yield and quality. 

COMPARISON OF SPRING AND WINTER WHEATS. 

A comparison of the annual and average yields of Kharkof winter 
wheat with Kubanka durum and Power common spring wheats is 
shown in Table XVII. The average yields also are shown graphi- 
cally in figure 7. No winter wheat was sown in the cereal experi- 
ments in the fall of 1918, so the yield of winter wheat shown was ob- 
tained from a plat of the Turkey variety on fallowed land in the ex- 
periments of the Officeof Dry-Land Agriculture. The Kubanka and 
Power varieties were grown in the spring-wheat varietal experiments 

each year. Kubanka spring wheat, C. I. No. 1440, was sown in the 
same series with the winter wheat varieties from 1913 to 1917, in- 

VWIELO SF EFE pee 

BIN TER: 
AMIR EOF 

SLAING OURUM- 
MAULANA? 

SPRING COMMON: 

POWER 

Fic. 7.—Diagram showing the average yields, in bushels per acre, of the best varieties of 

winter wheat and of durum and common spring wheat on dry land at the Belle Fourche 

Experiment Farm for the 12-year period from 1908 to 1919, inclusive. 

clusive. The average yield during this 5-year period was the same as 
for Kubanka, C. I. No. 1516, in the spring-wheat varietal experiment, 
so the yields of the latter are shown here. In 1914 the spring wheat 
was sown on corn ground instead of fallowed land, so the yields are 
not entirely comparable with those of winter wheat, which was 
grown on fallow every year. Plats of Kharkof winter wheat, Ku- 
banka spring wheat, and Swedish winter rye are shown in figure 8. 

The crops of both winter and spring wheat in 1911 and 1912 were 
destroyed by drought. The 1918 crop of winter wheat was destroyed 
by fall drought, winterkilling, and soil blowing. 

Kharkof winter wheat has outyielded Kubanka durum, the highest 
yielding variety of spring wheat, in 7 out of 10 years in which a 
crop was obtained. The average yield of Kharkof is 20.7 bushels 
per acre, compared with 17.5 bushels of Kubanka and 12.9 bushels 

of Power. The crops of winter wheat in 1916, 1917, and 1918 were 
damaged by soil blowing and winterkilling, so that spring wheat 
was more successful during this period. The Kharkof variety was 
injured by rust in 1916 more than Kubanka. which is rather resistant. 
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TABLE X VII.—Yields of the better varieties of winter wheat and of durum and 

common spring wheats grown on dry land on the Belle Fourche Expert- 
ment Farm, 1908 to 1919, inclusive. 

Yields per acre (bushels). 

Groupand-- Cols |= | 
variety. No. | | | ee ae 

1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1917 1918 1919 | age. 5 

Winter: | | 
Kharkof. .| 1442 | 25.4 | 40.3 | 22.7| 0 0 38.6 | 28.7 | 63.8 | 14.2} 4.7] 0 j@10.0 | 20.7 

Spring durum: | 
Kubanka .| 1516 | 23.8 | 22.6| 5.3] 0 0 19:1) 9.6 | 54.5 | 19.7) 11.8 | 34.8) 89) 17.5 

Spring com- | | 
mon: kas | 
Power... - 63025 | 18.5 | 17.3 | 10.6] 0 0 16.6 | 5.1 | 43.4] 6.5] 10.2 | 30.04 6.3 | 12.9 

BOs yield from a single plat on summer fallow in experiments of the Office of Dry-Land 
Agriculture 
’ Pow er, C. I. No. 3697, grown from 1916 to 1919, inclusive. 

Winter wheat, although giving higher average yields, is somewhat 
Jess certain than spring wheat in the vicinity of Newell, owing to 
poor germination of seed during cold fall weather, greater injury 

Fie. 8—Plats on dry land at the Belle Fourche Experiment Farm in 1917: 17, Kubanka 

spring wheat ; 2, Swedish winter rye; 3, Kharkof winter wheat. Note the differences in 

stand and growth between the winter rye and the winter wheat due to the greater hardi- 

ness of the rye. 

from soil blowing, and the possibility of winterkilling. In case of 
failure of winter wheat from these causes, however, there is still an 
opportunity to sow spring wheat or some other spring crop. 

EXPERIMENTS WITH OATS. 

Oats is perhaps the most successful feed crop of all the small 
erains in this region. The yields of oats on the Belle Fourche Ex- 

periment Farm, however, usually have been less in pounds per acre 

than the yields of wheat. Oats are most profitably grown when sown 

on corn ground early in the spring. If drought or hot winds prevent 
the oats from filling, the crop can be cut for hay. 
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VARIETAL EXPERIMENTS. 

During the 12-year period from 1908 to 1919, inclusive, 19 varie- 
ties and strains of spring oats have been grown in plats. It was 
soon found that only the early varieties were well adapted to the 
region, but a few midseason and late varieties were continued in the 
experiments for comparison. Only three varieties of oats were grown 
during all of the 12 years. Several early varieties and strains were 
added to the experiment in 1910, 1912, and 1916. The annual and 
average ylelds of the oat varieties are shown in Table XVIII. 

Taste NVIII.—Yields of oat varieties groivn on dry land on the Belle Fourche 
Experiment Farm, 1908 to 1919, inclusive. 

Yields per acre (bushels). 

| | | (23) ees i 
| } 
| | Average. 

Group and variety. © : | | | | | | ; 

| Si il 00 1911, pe] 1913, 1914 1915 ae ick 1918 1919 1908 1912 1916 

| to | to | to 
| | | | 1810 19 18 

a CE oe arly yellow:¢ 
IGHErSOn eevee ee | 459)47, 5)25. 7/15. 0 0 6. 2.21. 9 13, 8/110. 8/40. 8 33, 8)37. 8| 4. 4/29, 7 33. 7 29.2 
ae ere ectceeosaS Fas aera abe 0 eg ea pee ana ey Cae Pe ea ee 

ixty-Day selection ---...- 25)...-|---- (14.4 0} 7. 9/21. 13.4 7 p74 ema o+-|----|---- [nese sees eee 
ee atte as oes 26/5 sia 16.6; 0} 9. 9/24. 6) 14. 2 117. 1/43. 4/35. 9|39. 8} 4. 2). .../36. 1/30.8 

1D) sae ee eee ee SEE Pers GA Aare 7. 1/23. 312. 2}106. 7/41. 8133. 834. 9) 4. "| - 33. 0128.6 

Diep en See | 165 EO ale koa gore te ee Eel Beas. tes 
562! | 

Albion (Iowa No.103)..-..|  729]....|....|..-.|..-: [ete teren seers |_....135.6/30.6|40. 6) 3. wl. len7 
Richland (Iowa No. i05)..| 787\........ eee beece Baa Pay el Ss 33.5 30 6130.3 Pt Sea ae o7. 1 
Seventy-five Day.-.-.-....- S387 | Wee = eee |e ee pose -|° 2-5} 28 O12 8025) oa oe Se ae oe eee 
Nebraska No. 21... -...... R40 opis foetal mets aes | See eed Ree: sia ie | 4. 4 sree aoa Ee 

gee ae a | 6 A 16. eco 38.0197. 4 4 36. are 7 a 7 29.4 URS ase ao Sep eter ls cee/See letst lessee - 5a dj. cae|ode - 
Midseason white: e | | is sl | beat 

Bit WOwr~ 2 as saa ee G58/- 2132. OL .3.6)-- OEMS. SO Ses So eae aoe ee eee 
Canadian. < 62225 2 2 | 444138. 8191.3] 4.41 -OH0.4|185| O | 92.9)..-.).-2_]---J.2.-}-e cleo feces 
ai le Se er Be eee Pee C12 Te | ead fea Faces |---| oe eae ae apne (eal begga) Fn al Et ee ee 2 
RFCAL Danese. paste - 8 eee eee sas) 20. Ol 242 4) coe eae eo lsseclese. | oc loool see ee eee 

: Swouisl: Select Se a i pele 2. 3) eae 0 j113. i 0)19. 1346 bead ed 
ate white (side): | 

WelowaGiant=s . 222. ees i 342,19.4)17.5) 0 A He 6 ogee eee Et eee ee are) ose ee = 5 
White Russian...........-. | 551/30. 9/20. 0} 0 0/22. 7|14. 3) 0 |106. 1.26.8 6. 4 46.6 1.7 23.0 28. 1 20.4 
White Tartarian.......... 922.8} 0} O ae Pa Paes FE a EN a 

« The Sixty-Day selections, and also Albion and Nebraska No. 21, which are selections from Knherson, 
have white Kernels, while the parent varicties usually have yellow kernels. 

Table XVIII shows that good yields of oats were obtained from 
all early varieties in 1908, 1915, 1916, 1917, and 1918. Fair yields 
were grown in 1909 and 1913, and poor yields or failures in the 
other years. In 1909, 1912, and 1918, the midseason and late varieties 
were somewhat favored by ample moisture late’in the season. In 

years such as 1910, 1914, 1917, and 1919, when the season was very 

dry, the early varieties yielded better than the later ones. The 
Kherson variety, C. I. No. 459, gave the highest average yield, 29.7 
bushels per acre, during the 12-year period. A panicle and spikelets 
of Kherson oats are shown in figure 9, The Swedish Select and 
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White Russian, both later varie- 
ties, yielded considerably less. The 
Sixty-Day selection, C. I. No. 626, 
has given the highest yields of any 
of the varieties since it has been 
included in the experiments. Dur- 

ing the eight years from 1912 to 
1919, this variety averaged 2.4 
bushels per acre more than Kher- 
son. This variety has a white hull, 
but usually has a low weight per 

bushel. 
The Sixty-Day variety, C. I. No. 

165, has been grown in all years 
except 1914. During this period 
it has averaged nearly the same as 
Kherson, with which it is practi- 
cally identical. The Burt variety, 
C. I. No. 293, has been continued 
in the experiments since 1912. 
The average of Burt was the same 
as for Kherson. The Burt variety 
as grown is a mixture of various 
colors of kernels. 

The Sixty-Day selection, No. 
165-566, has yielded slightly less 
than Kherson or the parent va- 
riety, Sixty-Day. It has a white 
kernel of good quality, however. 
The Richland and Albion varieties - 

have been included in the experi. 
ments since 1916, but have not 
yielded as high as the other early 
varieties. ; 

Table XIX shows the average 
data recorded on the dates of head- 
ing and maturity, the height, 
weight per bushel, and the yields 
of grain and straw for the three 
varieties of oats which were grown 
during the entire 12-year period. 
The average yields of these three 
varieties are shown graphically in 

Fic. 9.—Panicle and spikelets of the 

Kherson oat, the leading dry-land 

variety at the Belle Fourche Experi- 

ment Farm. 

figure 10. The yield differences are largely due to the greater earli- 
ness and shorter straw of Kherson. This variety has an average 
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maturity 11 days earlier than Swedish Select and 18 days earlier 
than White Russian. The average height of Kherson was 4 inches 
less than that of the other two varieties listed. The proportion of 
grain to straw also is much higher in the Kherson than in the other 
varieties. The Sixty-Day and other early varieties have given about 
the same data in the experiments as are shown for Kherson. 

: YIELD PER ACRE 

EARLY: 
AHER GON 

MIDSEASON: 
: SELLE SELECT 
LATE SIDE: 

WHITE RUSSIAIN 

FG, 10.—Diagram showing the average yields, in bushels per acre, of three varieties of 

- oats on dry land at the Belle Fourche Experiment Farm for the 12-year period from 

* 1908 to 1919, inclusive. 

In 1907, two plats of Boswell Winter oats, C. I. No. 480, were 
sown. Only a small percentage of the plants survived the winter, 
but these tillered so freely that a yield of 28.5 bushels per acre was 
obtained. This variety was again sown in 1908 and 1909, but winter- 
killed entirely each year. Winter oats are not sufficiently hardy for 
western South Dakota. 

TABLE XIX.—Average agronomic data for three varieties of oats grown on dry 
land on the Belle Fourche Experiment Farm, 1908 to 1919, inclusive. 

Date of— | Yields per acre. 

: ee < Weight 
Variety. a ae ‘ Heino ne 

; ead- ipen- bushel.a : 
ing.a nie Grain.? | Straw.¢c 

| 
t | 

i Inches. | Pounds. | Bushels. | Pounds. 
IKEROrSON=s ss ose eon eee tele 459 | July 2) July 23 24 30. 4 29.7 1,131 
Swedish Select...............------ 134 | July 11] Aug. 3 28 29.8 24.7 1, 330 
White Russian=-...........4:c.! 551 | July 19} Aug. 10 28 SA eT 1) 492 

_ a Average for 9 years (1908 to 1910, 1912, 1913, 1915 to 1917, and 1919). 
b Average for 12 years, 1908 to 1919, inclusive. 

; ¢ Average for 10 years, 1908 to 1913, 1915 to 1917, and 1919. 

NURSERY EXPERIMENTS. 

The growing of head selections of oats was begun on the Belle 
Fourche Experiment Farm in 1908, from selections made at the 
Highmore (8S. Dak.) substation in 1907. Other selections were added 

later, so that a considerable number have been tested. The two most 

promising selections made at Highmore were included in the plat 
experiments at Newell in 1912, one of which, No. 165-566, has been 

continued in the plats each year. As the average yield of this strain 
is slightly less than that of the parent variety, it is apparent that 
nothing was accomplished in the improvement of oats by selection. 
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Many varieties also were grown in nursery rows. Of these, an 
unnamed variety, designated as C. I. No. 357, outyielded all other 
varieties and strains during a period of several years. This variety 
was being increased for plat experiments in 1918, but was never 

grown in plats at Newell. 

RATE-OF-SEEDING EXPERIMENTS. 

A rate-of-seeding experiment with oats was conducted on dry land 
during six seasons. Good yields were obtained in all years except 
1910 and 1912. These rates of seeding varied by 2-peck intervals 
from 2 to 12 pecks per acre, but only four different rates were sown 

during all of the years. The varieties used in the experiment were 
Kherson, C. I. No. 459, in 1909 and 1910; Sixty-Day, C. 1. No. 165, 
in 1912 and 1913; and Sixty-Day selection, No. 165-566, in 1915 and 
1916. As these varieties are of very similar character, the data are 
practically as uniform as if the same variety had been grown through- 

out the entire experiment. The yields are shown in Table XX. 
The highest average yields were obtained from sowing the oats at 

the rate of 6 pecks per acre, with a gradual decrease if sown at 
higher or lower rates of seeding. The results were so strikingly in’ 
favor of the 6-peck rate that the experiment was discontinued in 
1916. 

TABLE XX.—Yields obtained in rate-of-seeding experiments with oat varieties 4 
on dry land on the Belle Fourche Experiment Farm, 1909 to 1916, inclusive. 

Yields per acre (bushels). 

-Rate of seeding per acre. 

1909 1910 1912 1913 1915 1916 Average. 

APOCKS Sores ee sere tenth ers POU ps eee tape lpm ems see ee eras Sareeee Gene eS acics [Racin ce sem [ee eeee Me 
AOC KGa i hire ae ek SS 30. 2 11.9 8.9 28. 2 120. 0 40. 0 39.8 
GCCKS eS Se seea eS ee ro. 32. 8 12,5 10.3 27.3 118. 2 42, 5 40. 6 
Sipecksat ee saree ee 35. 3 10.3 9. 2 27.3 104. 8 40.6 37.9 
PY Pecks. eee SS. 35. 9 4.1 9.7 28.1 109. 6 36. 1 37. 2 
W2MeCCKSE aa ete ea Song eee cass oe eesr 3.4 EL 285: 25 = ewajeniaia| satins Saenger 

a Kherson, C. I. No. 459, grown in 1909 and 1910; Sixty-Day, C. I. No. 165, in 1912 and 1913; and Sixty- 
Day selection, 165-566, in 1915 and 1916. 

Table X XI shows the average number of days from emergence 
to maturity, the height, weight per bushel, stand of plants per acre, 
and yields in pounds per acre of grain and straw of the oats in the 
rate-of-seeding experiments. The data are shown for only four 
rates of seeding, viz, 4, 6, 8, and 10 pecks per acre. The period of 

maturity and the height of the plants decrease with the increase in 
the rate of seeding. The weights per bushel are slightly higher 
from the heavier rates of seeding. The number of plants per acre 

is not quite proportional to the rate of seeding. This is due largely 
to the error in counting the plants in the thicker seedings where the 
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plants are too close together to be separated. There is also some 
apparent crowding out of weak plants. The number of plants 
counted per peck of seed sown ranged from 80,500 in the 10-peck 
seeding to 98,500 in the 4-peck seeding. The ratio of grain to straw 
was almost 1 to 1 except in the 8-peck seeding. 

TABLE NXNI.—Average agronomic data for oats grown in the rate-of-seeding 
experiments on dry land on the Belle Fourche Experiment Farm in 1909, 
1910, 1912, 1913, 1915, and 1916. 

| 
. \ > Wael : 

Emer- : Weight | Stand | poo © 
Rate of seeding per acre. gence to | Height. per per —= 

\maturity. bushel. | acre.b Grain irae 

Pounds. | Plants. | Pounds. | Pounds. 
RCC a ead! Ba eee 83 26 31.2| 394,000] 1,273 1,275 
RIPCCKS es Ses. che eee oon See ee oe 82 26 32.1 | 525, 000 1, 298 1,315 
SIPCCKSs ee eats ka Sea Se Bt cee 81 25 32.7 | 672,000 1,213 1,319 
BOMPCCKS 2 Sia eR SS Ae Se eaphe Po See 80 23 32.8 | 805, 000 1,190 1,213 

a Average for 4 years, 1909, 1913, 1915, and 1916. b Average for 3 years, 1909, 1915, and 1916. 

EXPERIMENTS WITH BARLEY. 

The yields of the best varieties of barley in pounds per acre on 
the Belle Fourche Experiment Farm have been nearly as large as 
those of oats and spring wheat. Most varieties of barley mature more 
quickly than oats or wheat, and the crop can thus be sown at a later 

YIELD PER ACRE | 
O 5 10 1S. 20 25 2) 

SWX-ROWLD HULLED- 
ODESSA 

GATANM! 

SU-ROWED, NAKED: 
NEPAL 

Fig. 11.—Diagram showing the average yields, in bushels per acre, of the leading varieties 

of barley on dry land at the Belle Fourche Experiment Farm for the 8-year period from 

1912 to 1919, inclusive. 

date. Barley grown on the dry lands of western South Dakota. is 
used almost exclusively as a feed crop and its market value is of 
minor importance there. 

Winter barley has been sown several years, but has never survived 
the winter at Newell. 
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VARIETAL EXPERIMENTS. 

Since 1908 25 varieties and strains of barley have been grown in 
the varietal experiments. Only 1 variety has been grown during the 

entire period, but 4 
varieties were grown 

continuously from 
1909 to 1919, inclu- 

sive. The yields are 

shown in Table 
XXII. The average 
yields of 6 varieties 
of barley are also 
shown graphically in 

L fioure 11. 
» | In Table XXII it 

can be seen that high 
yields of barley were 
obtained in 1915, and 

fair yields in 1908, 
1909, 1916, 1917, and 
1918. . Durimg the 

other seasons the 
yields either were 
small or else almost 

complete failures. 

These differences 
were chiefly influ- 

) enced by the seasonal 
precipitation. 

In general the 2- 
rowed varieties have 

~ _ produced the highest 
yields. Of the two 
leading 2-rowed vari- 
eties, White Smyrna 
has given the highest 

average yield. Be- 
| cause of its earliness 

this variety has yield- 
ed well in dry seasons, Fic. 12.—Heads of the two leading varieties of barley 

but the EHannchen eo grown on dry land on the Belle Fourche Experiment 
2 a- : : Farm: 17, Hannchen; 2, White Smyrna. 

riety yielded best in 
favorable seasons. Heads of Hannchen and White Smyrna barley 

are shown in figure 12. The Odessa is the highest yielding 6-rowed 

T7754 °—22_5 
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variety which has been grown for a long period, but the Coast variety — 
has a higher average yield during the years it has been grown, The 
Gatami variety yields well in dry seasons, but not especially well in 
favorable seasons. It has further objections in having black glumes 
and a very brittle peduncle. The Manchuria, which is the leading 
variety of barley in North Dakota, South Dakota, Minnesota and 
Wisconsin, has not yielded well at Newell. Three strains of this 
variety have been grown. 

> 

TABLE NXII.—Yields of varieties of barley grown on dry land on the Belle 
Fourche Experiment Farm, 1908 to 1919, inclusive. 

Yields per acre (bushels). 

ae | | 
| eee 

1908) 1909 1910/1911)1912)1913 

Average. 
Group and variety. No. 

1914 1915 1916 1917 1918/1919 106 19121915 
0 | to 

1919 1919 1919 

metelenies[Sxneleeae 82, 8)18, 3)22, 1/18, 4] 9. 8}....{.... 
Six-row aL hulled: | | | | | 

oS 

| 

0 
eS Be SS re 82 22.1 <il0 9. 8] 8.7] 3. 5/69. 4:26 dae aorco a Wigie one 
Manchuria(Minn.No.105)} 354 |..._}..../.... ae 1G) ON Glos 2 ec Seal Ne ae eee 
Manchuria (Minn. No.6)..} 638 |....|19.8| 5.2) O | 8.1) 8.0} 4, 2/62. 1/20, 212.918. 3} 9. 0|15. 3/17. 9/24. 5 
Manchuria.......-...---.. 643 126, 0|17.3| 4.3/0 | 7.2|....|....|..-- eee ses Weak Pipe Foe or 

Six-rowed, hulled, black: | | 
Gaiam 2 ee GY (a5 pera CUS, NE S| ee 18, 3} 8.2) 6. 9/50. 6/28, 2/26. 014. 4) 7.1)... ./20. 0/25.3 

Six-rowed , naked, awned: | | 
Himalaya (Guy Mayle) 52620) sores lce al ee lee toe 58. 4/18, 3/12, 4/12. 7} 5. 4 S| Se 21,4 

Six-rowed, naked, hooded: | 
Nepal (White Hull-less)-..| 595 |12.0) 9.0} 1.7} 0 {10.7} 8.9) 4.9]50. 813.1) 9.5) 8.7 5 olin dae 

oi ey sen ee ee 262: 16235) 99. Gl; 200 | Oss lon eal ase a] aentl- woe aan kl >> oafasas|a ee taeee eee eee 
ieerasel: hulled: | 

Chevalier II BAS co pepe eae paO sl s22122. FEO SEO: Oe E6reiel|: cee |e ee ee eS eee 
Qnnds.22 svete see eee 24129=0|23° 8|=150|- OretO= Ogee. foe lcase eee eee eeee eee eee ome 
DO coke eee eee 2037272912 AIIa4 20] OS ieee oe Oe Seve en eee et] py] ee 

Hannchen oe ee eee SSE ees 19) 213580 O26 ee 5,17. 5/23. 6] 6. 1:18, 0/22. 0.31. 3 
White 2 Speyeua fuels) Os Pete see [pores| eee a pee Peepeepee ert ben 9,2)... .|23.9 30.3 

} ees 
The yields of the naked varieties Himalaya and Nepal have been 

much less than those of the hulled varieties. If the weights of the 
glumes are considered, the average yield of Himalaya has been equal 
to that of several of the hulled varieties, though not to the best. The 
Nepal is not sufficiently vigorous to be productive. 

The average dates of heading and maturity, height, weight per 
bushel, and yields of grain and straw for four varieties of barley are 
shown in Table XXIII. The Hannchen variety shows a considerably 
later date of heading than the other varieties, but this is partly due to 
the failure of the heads to emerge promptly or fully from the sheath, 
even though they were well developed. The Hannchen has the 
heaviest weight per bushel and the highest yields of grain and straw. 
The Odessa and Manchuria varieties were taller than the Nepal and 

Hannchen, 

en a ee eee 

* 

5 
bs 
NS 
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TABLE XXIII.—Average agronomic data for four varieties of barley groiwn on 

dry land on the Belle Fourche Experiment Farm, 1909 to 1919, inclusive. 

i 

Date of— Yields per acre. 
3 C.I Weight 

Group and variety. NOS Height.a per 

Tee nee bushel. | Grain. | Straw.a 

Six-rowed, hulled: Inches. | Pounds. | Bushels. | Pounds. 
Odessa- ==. --- Bi guecncasecedese 182 | July. 2 | July 20 25 42.7 17.6 1,217 

_ Manchuria (Minn. No. 6).-..... 638 | July. 56) July 22 24 42. 4 15.3 1,048 
Six-rowed, naked, hooded: 

Nepal (White Hull-less). ...-- 595 | July 3c) July 24 21 57.4 10.8 1,058 
Two-rowed, hulled: 

HIANMCh ene eee ees nese 531 | July 13d) July 24e e21 € 45.1 18.0 1, 254 

a@ Average for 9 years, 1909, 1910, 1912 to 1917, and 1919. 
b Average for 8 years, 1909, 1910, 1912, 1913, 1915 to 1917, and 1919. 
e Average for 8 years, 1909, 1910, and 1912 to 1917. 
d@ Average for 4 years, 1909 and 1915 to 1917. 
e Average for 8 years, 1909, 1910, 1913 to 1917, and 1919. 

NURSERY EXPERIMENTS. 

The nursery experiments with barley consisted almost entirely of 
tests of varieties. No promising varieties not already being grown 
in plats were observed in the nursery experiments. Progenies from 

a few natural hybrids of barley found in the plats at Newell were 
grown for observation. The strains isolated were not as promising 

as other varieties previously mentioned. 

RATE-OF-SEEDING EXPERIMENTS. 

Rate-of-seeding experiments with White Smyrna barley, C. I. No. 
658, were begun in 1917 and conducted for three years. The barley 
was sown at four different rates, ranging from 4 to 10 pecks per acre. 

The data are not entirely conclusive, but are of considerable interest. 
The yields are shown in Table XXIV. 

The highest average yield was obtained from the plats sown at the 
rate of 4 pecks per acre. In 1917, however, the 8-peck rate gave the 
highest yield. The barley in the varietal experiments usually has 
been sown at the rate of 5 pecks per acre, and from the average re- 
sults shown in Table XXIV this rate appears to be ample. On a 
well-prepared seed bed the sowing of 4 pecks of clean barley seed 

per acre apparently is sufficient. 

Taste XXIV.—Yields of White Smyrna barley grown in rate-of-seeding experi- 

ments on dry land on the Belle Fourche Bxrperiment Farm, 1917 to 1919, in- 

clusive. 

Yields per acre (bushels). 

Rate of seeding per acre. 

1917 | 1918 1919 Average. 

Wien eaee ern ee oe ee ee 28.7 25.7 9.7 21.4 
ETDS ah oS Se ge era eee ete ets hee 31.3 20. 9 9.4 20. 5 
SADC CG) Sets pe SS ds i ee eS es ee Con ae ge OS 25 33:3 18. 0 8.7 20. 0 
PRMD Kase ee aN ure ahs a a eS eS Dae nea we, - 28. 2 19. 3 8.0 18.5 
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EXPERIMENTS WITH MINOR CEREALS. 

The cereals of minor importance which were grown in experiments 

on dry land at Newell are proso, rye, emmer, spelt, buckwheat, and 

the grain sorghums. 
The work with these, with the exception of proso, has not been 

very extensive. 

: SPRING EMMER. 

One variety of spring emmer, Vernal (White Spring), has been 
grown on dry land each year since 1908. No crop was produced in 
1911, 1912, and 1914. The highest yield, 3,518 pounds per acre, was 
obtained in 1915. Emmer is severely injured by extreme drought 
and under such conditions it yields considerably less than adapted 
varieties of barley. Table X XIX (p. 41), showing a comparison of 
yields of the various grain crops, presents the yields of Vernal 
emmer in pounds per acre for five years from 19138 to 1917, inclusive. 
Vernal emmer yielded an average of 1,179 pounds per acre, compared 

with yields of 1,378, 1,415, and 1,405 pounds per acre, respectively, 
for Kubanka wheat, IXherson oats, and Hannchen barley. Under 
conditions at Newell the better varieties of oats and barley may be 
expected to yield considerably more grain per acre than emmer. 

WINTER EMMER AND SPELT. 

Winter emmer has been grown in both the plat and nursery experi- 
ments on dry land. Black Winter emmer, C. I. No. 2337, was grown 
in plats in 1909, but only 1 per cent of the plants survived the winter. 
It has been grown in the nursery for several seasons since then, but 
the yields and winter survival were always low. Buffum Improved 
Black Winter emmer, C. I. No. 3331, was grown in plats from 1913 

to 1917, inclusive. The crop was entirely winterkilled in 1917, and 
the spring survival was low in the other seasons, not more than one- 
third of the plants surviving even the mildest winters. 

The yields of Buffum Improved Black Winter emmer are shown 

in Table XXIX (p. 41). The average yield for the 5-year period 
from 19138 to 1917, inclusive, was 639 pounds per acre, compared with 
1,800 pounds of Kharkof winter wheat. Considering the low market 
and feeding value and the low winter survival and yield of the winter 
emmer, it can not be recommended for growing in western South 

Dakota. 
A single variety of winter spelt was grown in 1917. This was a 

brown winter spelt, the seed of which had been imported from 
Switzerland, about 1913, by a farmer in the vicinity. Although 
this was slightly hardier than winter emmer, it was much inferior 
to winter wheat in both yield and value. 

bh he 
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RYE. 

Spring rye has not been grown at Newell except in 1908 and the 
crop was not very successful. Winter rye is considered much 
more promising. Winter rye was grown from 1913 to 1917, in- 
clusive. Only one variety, Swedish (Minn. No. 2), C. I. No. 137, 
has been grown in plats on dry land. In 1913 this was injured at 
flowering time by hot winds, which caused considerable floret sterility 
and also before maturity by a hailstorm which shattered much of the 
grain. The 1914 and 1917 crops were reduced by drought, the 1915 
crop was slightly injured by rust, and the 1916 crop by both drought 
and rust. The yields ranged from 5.3 bushels in 1913 to 44.5 bushels 
per acre in 1915. The 5-year yield is 20.6 bushels per acre. The 

“yield of Swedish winter rye in pounds per acre in comparison with 
winter wheat and several spring grains is shown in Table X XIX 
(p. 41). The rye has yielded less than winter wheat, spring wheat, 
oats, and barley, and is consequently considered a less profitable crop 
to grow. However, it is hardier and more certain than winter wheat 
and can be sown later. The greater hardiness of winter rye is 
shown in figure 8. Rye may be drilled in small grain stubble in the 
fall, with fair chances of obtaining a crop of grain or hay. 
Two other varieties of winter rye have been grown in nursery 

experiments. One of these, North Dakota No. 959, is very hardy, 
but neither this nor the other v ariety, known as C. I. No. 178, ee 
as well as the Swedish variety. 

BUCKWHEAT. 

The growing of buckwheat on dry land was attempted only in 
1908. Noseed was matured. Apparently buckwheat is not adapted 
to growing under the dry conditions which usually prevail at Newell. 

PROSO. 

Proso,? or hog millet, is an early maturing millet the seed of which 
-is used for grain. It is best adapted to the northern Great Plains 
and prairie sections, where it is grown to a limited extent as a catch 
crop. It is well suited to the climatic conditions in South Dakota. 
Other spring cereals on the average produce more grain per acre 
than proso, but in some seasons proso has outyielded all other spring 
grain crops. It can be sown even as late as July 1 and still mature 
seed. 

VARIETAL EXPERIMENTS. 

Varietal experiments with proso were begun in 1908, when a few 
varieties were grown in plats and several others in rows. From 1909 

°For further information concerning proso, see Farmers’ Bulletin 1162, “ Proso, or 

hog millet,”” by John H. Martin, 15 p., 4 fig. 1920. 



38 BULLETIN 1039, U. S. DEPARTMENT OF AGRICULTURE. 

to 1915, inclusive, because of the minor importance of the crop, the~ 
proso varieties were grown only in rows. These rows usually were 
60 feet long and replicated two or three times. During this period 
the highest average yields were obtained from the Turghai and Red 
Russian varieties. © 

In 1916 a few of the leading varieties of proso from the nursery 
row experiments were sown in plats. These were continued for 
three years more and several additional varieties also were grown in 
1917 and 1919. The Dakota Kursk, a millet of the foxtail group, 
was included in both the nursery and plat experiments for compari- 
son with the prosos. The yields of the varieties are shown in 
Table X XV. 

TABLE XXV.—Yields of proso varieties grown on dry land on the Belle Fourche 
Experiment Farm, 1916 to 1919, inclusive. 

Yields per acre (bushels). 

Group and variety. 2 z 

1916 1917 1918 1919 | Average. 

Spreading, white seeded: 
iH ev Oy 29 Wie oer ts Rabat es age il Sh a rat ah i ps 4 24.1 23.7 44,3 O20 24. 4 

CONV Ahn G22 oa ais CONE WN ewaa nity ei WSalecaesoeees PD SS ale ccpeere ere 5: Sul ase ees 
EPATISOM se Yel PR a is Rouen 179 27. 2 18. 8 33. 6 9.7 22.3 

Spreading, red seeded: 
IReGaRWSsigmse ec Aer eee eee ee nae 61 25. 0 W/E) 55. 4 1372 27.8 
UA Wii h ed OEY Late ar ee NN Sa ek Ena an ey a te 31 21. 4 NPE esas eceaa® 13} |b Boe eee 

Loose, yellow seeded: 
ellowa Manitoba ere aoe eee rere eats NOU ee ce emene a Sires A eel T0638 tess oesae se 

Loose, black seeded: 
Blacks WiOrOnez hess men nee eee 27 a 23.5 16. 4 38. 8 14.0 23. 2 

Compact, red seeded: 
VEC RVIOLOM EZ Ia she sor xk aes espa a PA oie Pass ee Tb AS) seers cece S2 OMe 2 Soe 
Mellow:Sarep tas se) sen Mere ices Uys e L(G heed Saas PSG | eye ects Wal Bes eee 

Foxtail millet: 
Dakotaykoars key ie aa Oe Sens le Be ee ete GiBklesccewe oes net oe 

~— 

@ Grown in a spacing test adjoining other varieties. 

As shown in Table XX XVI, the Red Russian variety produced the 
highest average yield during the 4-year period. The White Ural, 
the next highest yielding variety, produced 3.4 bushels per acre less 
than Red Russian. Both the Black Voronezh and the Hansen yielded 
less than the White Ural. The Turghai was the highest yielding _ 
variety in the nursery experiments, but it did not yield as well as 
Red Russian in the plat experiments. It was not grown in plats 
in 1918, however. 

Average agronomic data for the proso varieties grown in 1917 and 
1919 are shown in Table XXVI. 

, 
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TABLE XXVI.—Average agronomic data for the proso varieties grown in plats on 
dry land on the Belle Fourche Experiment Farm in 1917 and 1919. 

Date of— Yields per acre. 
C.I Weight 

Group and variety. N Sa uae re Height. [OP 

Heading. | Maturity. bushel. | seed. | Straw. 

Spreading, white seeded: Inches. | Pounds. | Pounds. | Pounds. 
Walniey Winall sists eee Wea 4] Aug. 8 | Aug. 22 18 53. 6 817 il PAY 
IAN SCNaee mn lsece see sees 179 j...do....| Aug. 23 23 54,1 797 1, 012 

Spreading, red seeded: 
Rede UsSsian) «nes =e ee 61 | Aug. 9 | Aug. 24 24 55.7 861 1, 300 
ANON OG Se els eee ae ees Ban 31} Aug. 11} Aug. 29 25 55. 8 876 1, 762 

Loose, yellow seeded: 
Yellow Manitoba.............. 101 |S adon ele does: 29 55. 5 748 1, 300 

Loose, black seeded: 
Black Voronezh..............- 27 | Aug. 12] Aug. 31 29 57.0 851 1, 533 

Compact, red seeded: 
Red Voronezh.............--.- 26 | Aug. 10| Aug. 26 20 55. 8 681 1, 037 
Y ellowasareptarenc sss ee 17 |..-do....| Aug. 25 20 56. 2 639 937 

Foxtail millet: 
Wakovakurrskes hoe See Aug. 26 | Sept. 16 20 52.2 535 1, 180 

RATE-OF-SEEDING EXPERIMENTS. 

A rate-of-seeding experiment with Hansen proso was conducted 
on dry land in 191/. ‘The experiment was sown at three different 
rates, in triplicate, on June 19. The plats sown at 15 pounds per 

acre yielded an average of 20.3 bushels, those sown at 22.5 pounds 
yielded 22.3 bushels, while those sown at 30 pounds yielded 23.0 
bushels per acre. It is thus seen that the 30-pound rate gave a 
slightly higher net yield than the 22.5-pound rate. Under con- 
ditions of earlier seeding or late drought a thinner seeding might 
have given the highest. yield. Conclusions can not be drawn from 
a 1-year experiment, but apparently not less than 25 to 30 pounds 

of proso should be sown per acre for best results under the conditions 
at Newell. 

SPACING EXPERIMENTS. 

Black Voronezh proso was grown in an experiment in 1916 and 

1917 to determine the distance between drill rows which would pro- 
duce maximum yields. The seed was sown with the grain drill in 
rows 7, 14, and 21 inches apart in triplicated plats. The drill was 
set in the same notch for all spacings, so that the plats having rows 
7 inches apart were sown at the rate of about 28 pounds per acre, 
those with rows 14 inches apart at the rate of 14 pounds per acre, 
and those in rows 21 inches apart at about 8.5 pounds per acre. The 

yields from the experiment are shown in Table X XVII. 
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TABLE XXVII.—Yields of Black Voronezh proso grown in spacing experiments 
on dry land on the Belle Fourche Experiment Farm in 1916 and 1917. 

Yields per acre, bushels. 

Distance between rows. 

1916 1917 Average. 

EAT CHOSE he peer ee ee a peptn oal ae gea aati OL NNR Th RZ, es Ac ee a ge Ca cet ean 26. 1 24.4 25m, 
MENON 4 etSueeodsr ote Sopkend tioestane cet arene cqodusenadaoste coset Saas DARE) 20. 9 22.2 
DUE TIC IVES ees area apap eal aren oye Apa ay ce hana perpen can) omy peo ey SU SR eH eT 16.0 16. 7 16.3 

The average yield from the plats sown in the regular 7-inch drill 
rows was 25.2 bushels, from the 14-inch rows 22.2 bushels, and from 
the 21-inch rows 16.3 bushels per acre. Proso has rather coarse stems 

and spreading branches, and it was thought that the wider spacing 
might show a slight advantage. The yields, however, were strongly 
in favor of the thick spacing. Unfortunately, the rates of seeding 
were different with each spacing, but the results obtained in this and 
the rate-of-seeding experiment previously described seem to indicate 
that proso should be sown in drill rows about 7 or 8 inches apart at a 
rate not less than 25 to 30 pounds per acre, 

EXPERIMENT WITH GRAIN SORGHUMS. 

One or more varieties of grain sorghum were sown at Newell each 
year from 1908 to 1917, except in 1911, when the soil was too dry for 
the seed to germinate. Most types did not produce seed and did not 
always form heads because of the cool weather. The only varieties 
which matured seed were extremely early, and included Manchu 
Brown kaoliang, Dwarf milo, and Freed sorgo. The Dwarf milo pro- 
duced seed only in 1913. The yields of the leading grain-sorghum 
varieties are shown in Table XXVIII. 

TABLE XXVIII.—Yields of the leading varieties and strains of grain sorghum 
grown on dry land on the Belle Fourche Experiment Farm, 1908 to 1917, 
inclusive. 

Yield per acre (bushels). 

Group and variety. ct en 
1908¢ | 1909b | 1910a | 1912 | 19136} 1914¢}1915¢|1916¢c | 1917d| 1909 

to 
1917. 

Kaoliang: 
Manchuebrowillesenieceece ce WE 2209) |e (eu 0 5.0) |) 436 0 Oa eas ee 

Manchu Brown Selection 3-1. WOM oes oa LS OFS eee 0 GoZhtirowo 0 Oe a Ce igehaee 

Manchu Brown Selection 3-5. 2611 naar UB Pa AP 2 0 4.6] 1.5 Qa eGR 

Manchu Brown Selection 4... 2G see eee 12, By] SAB 0 6.2} 2.5 0 QO). aR ee 

ManchuvBrowlleueseececeeee B28hleee aes 9. 4 8. 0 0 4,2} 6.6 0 0 23. 6 6.5 

Milo: 
IDK We acs as ae RA elie na te ee ee Seellaneocia| aso 4 5.0 0 0 Ol cic ee ieee 

ce on Spc Nit Ale Mn Bes cater ain A VR ak, aye nats eat Hoe eS IT Ts Al si OsiO 0 Qi eas alee 

a Yield calculated from that of an 80-foot row. c Yield calculated from that of two 132-foot rows. 

b Yield calculated from that of a 132-foot row. d Yield calculated from that of a tenth-acre plat. 

eer 
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Strains of Manchu Brown kaoliang produced the highest yields 
during all of the years from 1909 to 1916, inclusive. Complete fail- 
ures were recorded in 1912, 1915, and 1916, on account of early frosts 

which killed the plants before the grain was ripe. Drought and 
frost caused low yields in all other years except 1917, when a yield 
of 23.6 bushels of nearly mature kaoliang was obtained. The grain 
sorghums have yielded less than any of the other grains at Newell 
and are not adapted to the prevailing climatic conditions. 

COMPARISON OF GRAIN CROPS. 

A comparison of the yields in pounds per acre of all grains on 
the dry land at Newell are shown in Table X XIX. The yields 
shown are for the 5-year period from 1913 to 1917, inclusive, when 
nearly all of the small grains were being grown in plats. For the 

entire period of the cereal experiments at Newell the comparative 
yields of the crops would be somewhat different. The crops were 
not all grown under comparable conditions each year. However, 
the rye, winter emmer, and spelt were sown in the same series and 
on the same date as the winter wheat. The yields of spring wheat 

shown were obtained from replicated plats sown in the winter-wheat 
series each spring. The spring emmer was grown along with the 
barley varieties. The oats usually were sown in the same series 
with barley. The proso and kaohang usually were sown on the 
same date and on adjoining land. 

TABLE XXIX.—Yields of the leading varieties of different grain crops grown 
on dry land on the Belle Fourche Experiment Farm from 1913 to 1917, in- 
clusive. 

Yields per acre (pounds). 

Crop, group, and variety. 

Se | lei 1914 1915 1916 1917 | Average. 

Crimean winter wheat: 
IQHADKO RS: rama see et he 5a: 1442 2, 316 1,722 3, 828 852 282 1, 800 

Durum spring wheat: 
tila inca esa ee ns ee 1440 1,074 1,014 2,940 1,014 846 1,378 

Winter emmer: 
Buffum Black Winter.-...... 3331 1, 085 1, 248 848 625 0 639 

Spring emmer 
Vernal (White Spring)...-.. 1524 500 0 3, 513 1,100 781 1,179 

Winter spelt: 
REST Oy sTN Wa LIN GOT ces ty ee ors ea areca | lease orev | ieleveloie Seere [ere min cceiai| mesa amie ciere LOO Se ee 

- Winter rye: 
Swedish Gains No: 2)o-522= 137 296 890 2, 497 1,116 980 1, 156 

Spring oats: 
SHOPS OMA vee c So soaids Se lea'slge 459 700 442 3, 547 1,305 1,081 1,415 

Spring barley: 
Hiannehenesee sone oN. 531 609 321 4,123 1,133 840 1, 405 

Proso: 
PUedeussiann caer cscs ee 61 0 2704} @1,368 1, 400 980 890 

Kaoliang: 
Manchu Brown.......-.-..--- | 328 244 383 0 0 1, 368 399 

¢ Yields from two 60-foot rows. 
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The average yield of Kharkof winter wheat during the five years 
was 1,800 pounds per acre. Jherson oats yielded at the rate of 1,415 
pounds per acre, Hannchen barley 1.405 pounds, and Kubanka spring 
wheat at the rate of 1,378 pounds per acre. Other cereal crops 
yielded less than the spring wheat. The period from 1913 to 1917 
was usually favorable for winter wheat, but this crop, although 
rather uncertain, may be expected to yield more than other cereals 
on the average. The yields in pounds per acre of well-adapted 
varieties of spring wheat, oats, and barley are nearly the same. 
The Manchu Brown kaohang, because of its resistance to early 
drought, outyielded all other crops in 1917. In 1916 the Red Rus- 
sian proso produced more grain than the other crops. This was 

YIELD PER ACRE ~ 
oO i, FOS 15 

LEUROPEAN SEED: 

DAMON T=------- 

RESERV E------- 

N.OAK. RESISTANT NOE2 
WORT FIBER: 

NOB RESISTANT WO./1F 

PRINIOST=- ------ 

Fic. 13.—Diagram showing the average yields, in bushels per acre, of the leading varieties 

of flax on dry land at the Belle Fourche Experiment Farm for the 6-year period from 

1914 to 1919, inclusive. 

partly because the kaohang was frosted, while the other crops were 
injured by rust, soil blowing, or drought. 

EXPERIMENTS WITH FLAX. 

Flax is a crop usually grown on new sod land. However, when 

grown in rotation on land fairly free from weeds it can be grown 
successfully on land which has been previously cropped. ‘The yields 
of flax at Newell have compared rather favorably with the small 
grains when the value of the crop is considered. Flax is less certain 
than the small grains, as it is more easily injured by drought, frost, 
and soil blowing. 

VARIETAL EXPERIMENTS. 

The varietal experiments with flax were begun in 1912. Twelve 
varieties have been grown in plats on dry land during the period 

: 
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of the experiments, but only three varieties were grown all of the 
seasons. Good yields of flax were obtained in 1912, 1915, and 1918, 
fair yields in 1916 and 1917, and poor yields in 1913 and 1914, while 
the crop was a complete failure in 1919. The yields depended chiefly 
upon the seasonal precipitation. Very little injury from diseases 
was observed. The yields are shown in Table XXX. 

It will be observed (Table XXX) that the Damont variety, C. I. 
No. 3, gave the highest average yields during both the 6-year and 
8-year periods. The next highest yields were obtained from the 
Reserve variety, C. I. No. 19. This variety was formerly known as 
Russian and North Dakota No. 155. The wilt-resistant varieties, 
North Dakota Resistant Nos. 52 and 114, have not yielded as well as 
the other varieties. None of the varieties has been reduced in yield 
by wilt injury. The average yields of the flax varieties from 1914 
to 1919, inclusive, are shown in figure 13. 

TABLE XXX.—Yields of flax varieties grown on dry land on the Belle Fourche 
Haperiment Farm, 1912 to 1919, inclusive. 

Yields per acre (bushels). 

; leer | | | | Average. 
Group and variety. No. | | 

1912 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | jo15 | yo14 
to to 

1919, | 1919. 

European seed: 
Select Russian (N. Dak. No. 

608) 
Select Bisa (Que Dale o 19k) oc Pa/010) Gls asta [oc |, eal ee ee oes [bc gece Bieticl Sea” 
Damont (N. Dak. No. 1215). . Seale Zeon 7 Ab sO adel ls (674 {elles ibs) 0) 8.6 8.7 
Kazan (N. Dak. No. 1329)-.... 2 Sal acohi th Sees) Onc Eee Aibasdosllbstoadlodeusn lansSoqlapasod||Ssopoc 
Stepan (N. Dak. No. 1340)..-- 5 U7 See Sa scise sees (ie See Panel ernest rel Peery Ie ons 
HrOMiCK Nps ak Mond om oraih Lil dae noe sear coe lee cameo mm cle maa sees alls fe Gel ee cee ae 
IRESORN Cree eras ok oe cee 19} 89] 5.2 3 Sileees On| Mnids|| O59) | eG 0 7.9 8.2 
N. Dak. Resistant No. 52..... Siilsse swe AID n | een | Oba eoly eLeien Ostet lela O Pie Ole alee 6.8 

Short fiber: ° 
N. Dak: Resistant No. 114...) 13 |.....-|-.---- Mel eG aie lie ONS) econo: | LORE Cai I aaa 6.7 
Primost (Minn. No. 25)....... 12 OS ALS Ee | 27.8 6.2 |. 6:9) |) 1204 0 7.4 7.5 

Turkish: 
aie kas hits acs tee ouimeavioscn « pa Ue CO ers |) age | waa ais eternal iets! Se (nae Seva s eeietais 
SMP NMA Ee eas cee aec BOE aa aeleass  es aat eee 1 bed Wal a A ae Cees Mig een AS ey 

a Reseeded, first seeding failed to emerge. 

RATE-OF SEEDING EXPERIMENTS. 

Rate-of-seeding experiments with flax on dry land were conducted 
in 1912 and again from 1915 to 1918, inclusive. The variety used was 
“common” flax in 1912, Primost in 1915 and 1916, and Damont in 
1917 and 1918. Except in 1912, sowings were made at three rates, 

viz, 15, 22.5, and 30 pounds per acre. The highest average yields 

were obtained from the plats sown at the rate of 30 pounds per acre. 
During the five years, 1912 and 1915 to 1918, inclusive, the 30-pound 

rate gave an average yield of 0.8 bushel per acre more than the 15- 



44 BULLETIN 1039, U. S. DEPARTMENT OF AGRICULTURE. 

pound rate. The net increase for the 30-pound rate is only about 0.5 
bushel, which probably is not significant. However, these experi- 
ments were all conducted on a weil-prepared seed bed, and probably 

the results from the 15-pound rate are better than would be obtained 

under ordinary seed-bed conditions. The best rate of sowing for flax 
on dry land at Newell probably is about 2 pecks (28 pounds) per 

acre. The data from the rate-of-seeding experiments are shown in 
Table XXXTI. 

TABLE XXXI—Yields of flaxr® grown in rate-of-seeding experiments on dry 
land on the Belle Fourche Experiment Farm in 1912 and from 1915 to 
1918. inclusive. 

Yields per acre (bushels). 

Rate of seeding per acre. 
set | 

1912 1915 | 1916 1917 1918 ; 1912 and 
| 1915 to 1915 

1918 5 to 
| | 1918 

SS. Sey a ee ek a 

epgMneevlel Seed) So ert od 9.6 23.6 | 3.2 | 7.8 | 9.2 12.2 | Rie 
De ORIG res oe ox eg 25. 6 | 8.4 | 7.8 } i229 12. 45). eee 
SSOUMES 2 ee 7h ee ee 11.2 27.0 | de 7.4 9.5 IFES 12.5 

a Common flax used in 1912; Primost, C. 1. No. 12, in 1915 and 1916; and Damont, C. I. No. 3, in 1917 and. 
1918. 

TABLE XXXII.—Yields of fiar groin in date-of-seeding experiments on dry 
land on the Belle Fourche Experiment Farm, 1912, 1913, and 1915 to 1919, 
inclusive. 

Yields per acre (bushels). 

Date of seeding. | | Average } i ? 
1912 1913 1915 1916 1917 | 1918 | 1917 to 

1918 

PEREIP OU LO oe sso 22 nae s- oes lbs Se ae aee eee (2) 5.8 9.2 rae 
Me LO Oa ee ate a cee ee 7 A 20. 0 6.3 | 5.3 | 10.8 8.0 
ME Vel LO ees a RS ie] Vee oo Beatap ll [See GML EY ie Spe ee as SEN) 11.4 8.4 
NE ANEAN DR = SS ot a oon ee eae 4.8 | 21.5 | 6.9 [oe eee 
HHEMELO HO eee. a See 10.6 3.0 | (b) es eo 4.2) 6.5 5.4 

a Early seeding blown out. b Did not emerge. 

DATE-OF-SEEDING EXPERIMENTS. 

Date-of-seeding experiments with flax were conducted in 1912, 
1913, and 1915 to i918, inclusive. The Primost variety (C. I. No. 
12) was grown in 1912, 1913, and 1915 and Damont (C. I. No. 3) 
in 1916, 1917, and 1918. Sowings were made on two, three, or four 

dates each season. The dates of seeding were not the same each 
year, because the soil frequently was too wet when the sowings 

should have been made. Because of the variable seasons and the 
irregularities in the experiment it is difficult properly to summarize 

i 
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the yield data. In 1913 and 1917 the earliest dates of seeding gave 
the highest yields; in 1912, 1915, and 1916 the latest dates gave the 
highest yields, while in 1918 the medium dates were most favorable. 
The flax in the last sowing in 1915 did not emerge and that from 

the earliest sowing of 1916 was blown out. Late summer rains in 
1912 favored late sowing of flax, but in general the yields from flax 
sown after May 20 were comparatively low. The best date of seed- 
ing for flax on dry land at Newell, although undetermined, prob- 
ably occurs between April 15 and May 15. The data are shown in 
Table X XXII. 

EXPERIMENTS ON IRRIGATED LAND. 

In 1912 a large part of the Belle Fourche Experiment Farm was 
placed under irrigation, and experiments with cereals on the irrigated 
land were begun at that time. A few varieties of spring wheat, oats, 
barley, and flax were sown on irrigated land in 1912, 1913, and 1914. 
In 1915 the number of plats was increased to include experiments 
with winter wheat and grain mixtures, and in 1916 and thereafter a 
number of additional experiments were in progress. The irrigated 
plats were one twenty-fifth of an acre each in 1912 and 1913, but in 
1914 and thereafter nearly all experiments were conducted in tripli- 
cated fiftieth-acre plats. 

Most of the cereals grown under irrigation were sown on land 
which had produced an intertilled crop, such as corn, potatoes, roots, 

or sunflowers, the previous year. The land was double disked and 
harrowed or “ floated ” before seeding. The cereal crops received two 
and sometimes three irrigations during the season. The time of irri- 
gation was gauged by the condition of the soil rather than by the 
stage of growth of the grain, because it was practically useless to 
irrigate until the surface soil was sufficiently dry and cracked to take 
up water. The quantity of water applied was not measured, but was 
approximately 4 or 5 acre-inches at each application. Water was ap- 
plied by flooding from field ditches, which usually were constructed 
along the ends of the plats. 

The average yields from the irrigated land are not greatly in excess 
of those from the same crops grown on the dry land. In 1915 the 
yields on dry land were much higher than on irrigated land. 

From 1912 to 1915, inclusive, the irrigation experiments were con- 
ducted on rather unfavorable soil, while in 1916 most of the crops 
were damaged by soil blowing and rust. The irrigated grains were 
sown on previously cropped land following either small grain or an 
intertilled crop, while many of the dry-land experiments were con- 
ducted on summer fallow. In most seasons the grains were sown on 

_ the dry land earlier than on the irrigated land, chiefly because the 
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soil was dry enough to be in condition for seeding before the irrigated 
land. This favored higher yields from the dry land. : 
On the whole, the yields from the cereal plats on irrigated land are 

considerably higher than the average for the region, where the condi- 
tions, as on the Belle Fourche Experiment Farm, usually are not 
favorable for maximum grain yields. 

EXPERIMENTS WITH WHEAT. 

SPRING WHEAT. 

VARIETAL EXPERIMENTS. 

Ten varieties of spring wheat have been grown in the experiments 
on irrigated land. Three of these were grown during the entire 
period from 1912 to 1919. The experiments were on rather poor soil 
from 1912 to 1915. The seeding was late in 1915. In 1916 the wheat 

25 30 

COMMON 
CUIFE* ygpRGUID 

POWER 

BLUESTEM: 
HAYNES 

PRESTON: 

QURUM 

Fie. 14.—Diagram showing the average yields, in bushels per acre, of the leading varieties 

of spring wheat on irrigated land at the Belle Fourche Experiment Farm for the 6-year 

period from 1914 to 1919, inclusive. 

was damaged by soil blowing and also was severely attacked by rust. 
Good yields of most varieties of spring wheat were obtained in 1917, 
1918, and 1919. The yields of the spring-wheat varieties on irrigated 
land are shown in Table XX XIII. The average yields for six years 
also are shown in figure 14. 

The average yield of the Kubanka variety during the 8-year 
period, 1912 to 1919, inclusive, was 25.2 bushels per acre. During 
this same period Power yielded 20.8 bushels and Haynes Bluestem 
18.6 bushels per acre. During the 6-year period, 1914 to 1919, in- 
clusive, Kubanka yielded an average of 27 bushels per acre. The 
next highest yielding variety was Champlain, which produced 22 
bushels per acre. Marquis during this period yielded only 20 bushels 
per acre. This was partly due to poor growth in 1917 and 1919. In 
1917 the Marquis was sown at 4 pecks per acre, by mistake, while 

the other varieties were sown at the rate of 5 pecks per acre. The 
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average yield of Power is 1.6 bushels per acre higher than Marquis, 
but because of the irregularities just mentioned this difference may 
not be significant. Marquis is the leading variety of wheat in the 
vicinity of Newell and, because of its high quality, earliness, and 
short, strong straw, is probably to be preferred to other common 
wheats for growing on irrigated land. The Kubanka, a durum 

- wheat, has outyielded all other varieties to such an extent as to make 
it the most profitable variety. Even at the lower price obtained for 
irrigated durum wheat, the net return doubtless will be higher than 
from any of the common wheats. 

TABLE XXXIII.—Yields of the varieties of spring wheat grown on irrigated 
land on the Belle Fourche Experiment Farm, 1912 to 1919, inclusive. 

Yields per acre (bushels). 

| | 
GET | Average. 

Class, group, and variety. INtoe | 
| : | | SN io are 

1912a | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 1912 1914 

| | to to 
| | 1919 | 1919 

| | 

COMMON. | 
Fife: | 
MALGQIISS-ehea eee SAG a er | 18.3 3 | 18.0]. 9.4 |620.1 | 35.0 | 19.4 |.....- 20.0 
POWs se ee ae 3025 | 19.5 | 17.0 | 17.0 | 14.7 | 8.4 | 27.3 | 35.0 | 27.5 | 20.8 ; 21.6 
Saskatchewan Mile-s 5... Sosa slessa. slaee eee | ere (lar arise liens lasoeea| sos ccc sa see eee 
GHITEKA<S PHN Gass ose ee esl t/a Goa alee aa [EPs ees ce ety US Sl le ese emis pe Ie elec 

~ Bluestem: 
Haynes Bluestem...-......... 2874 | 22.0 | 14.2 | 15.4 | 11.5 | 7.3 | 19.8 | 30.7 | 27.5 | 18.6 | 18.7 

Preston: | 
Cham plamese sence ee AS( Pala case eee 1920 =) AD2al 6555/2955 131.6 {221.3 15. oe 22.0 

Unclassified: 
Regenerated Defiance......... 3103) |Seacss be | WS sOsl se Sa 0n] 2.08 be el esees |ooeaee| semess | eeeeee 
DICKIOW: os Semis Soeioee eee SOO ater ers Ie Seas | eraeio es | Stare aes ore ers | esse oe 1954 2| 235 [neers 

| 

DURUM | 
| | . 

Wenies 5 me ha ee ie a Seo | ee ele wae earn 3082 | 264cl oe Eee 
1 LRU of Well (2s Se See earn eee 1440 | 20.8 | 18.6 | 22.8 | 22.0.| 20.6: | 25.2 | 41.7 | 29.7 | 25.2 27.0 

a Grown in single plats in 1912. b Sown at a lower rate. 

The Haynes Bluestem variety is late, easily injured by rust, easily 
shattered when ripe, and a rather poor yielder. The average yield 
of this variety during the 8-year period is 6.6 bushels per acre less 
than Kubanka. : 

The Champlain variety, also called Pringle’s Champion, is an 
awned variety having semihard to hard red kernels. This wheat is 
apparently of lower quality than Marquis, Power, or Haynes Blue- 
stem. 

Two varieties of white wheats have been grown, but without much 

success. The Regenerated Defiance was severely injured by rust in 
both 1915 and 1916 and was discontinued from the experiments. The 
Dicklow variety, a soft white wheat extensively grown under irriga- 
tion in Idaho, was included in the experiments in 1919 only. It was 
outyielded by all varieties except Marquis, which yielded the same. 
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The Acme variety, a rust-resistant durum wheat originated at the 
Highmore (S. Dak.) substation, has not yielded as well as Kubanka 
under irrigation. 

TaBLE XXXIV.—Average agronomic data for five varieties of spring wheat 
grown on irrigated land on the Belle Fourche Experiment Farm, 1914 to 
1917, inclusive, and in 1919. 

aes 
aes | Date of— Weight | Yields per acre. 

Class, group, and variety. | N a [as SP Height. per | 

"Heading. | Maturity. bushel. | Grain. | Straw. 
ee eee as See eee ee 

COMMON. 
Fife: | | Inches. | Pounds. | Bushels. | Pounds. 

Marquis] <2 te See ea ea 3276 | July 13} Aug. 8 29 58. 3 17.0 1, 409 
FEL GWGTe ht oo Oa Se ee ee ee ee 3025 | July 15} Aug. 10 31 58. 6 19.0 1,729 

Bluestem: P : 
Haynes Bluestem............. 2874 | July 17 | Aug. 14 35 56. 0 _ 16.3 1, 666 

Preston: 
Champlain ss oe 4872 | July 14} Aug. 10 33 Died 18.9 1,511 

DURUM. 

LOS TEST eh or OR eae gen a ey 1440 35 62.3 24,1 1, 708 July 12} Aug. 11 

Table XXXIV shows the average dates of heading and maturity, 
the average height, weight per bushel, and yields of grain and straw 
of five of the varieties of spring wheat grown from 1914 to 1917, 
inclusive, and in 1919. The Marquis variety is the earliest and 
shortest. The Haynes Bluestem averaged six days later in maturity 
than Marquis and gave the lowest weight per bushel of any of the 
varieties. Kubanka, a durum wheat, had an average weight per 
bushel of 62.3 pounds. 

NURSERY EXPERIMENTS. 

The nursery experiments with spring wheat on the irrigated land 
consisted in the growing of a considerable number of foreign varieties 
in preliminary row tests. Nothing of unusual value was observed 
in the experiments. 

WINTER WHEAT. 

VARIETAL EXPERIMENTS. 

The varietal experiments with winter wheat under irrigation were 
begun in the fall of 1914. when seven varieties and strains were 
sown. The wheat was sown on land which had been both irrigated 
and summer-fallowed and was thus in excellent condition for pro- 
ducing a crop. The resulting yields were quite large, but this was 
partly due to the very favorable season of 1915. 

In 1916 and 1918 the winter-wheat varieties were sown on corn- 
land which was irrigated, disked, and harrowed before seeding. 
Figure 15 shows construction of a ditch to irrigate the cornland 
before sowing winter wheat. The 1916 crop was greatly reduced by 
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stem rust. The wheat did not fully emerge in the fall of 1917. 
The 1917 crop was sown on beet land which had previously produced 
alfalfa. The wheat was partly destroyed by an accidental flooding 
late in the fall. Although the stands were thin the yields were 
fairly high in 1917. 

The annual and average yields are shown in Table XXXY. 

Fig. 15.—Constructing an irrigation ditch on the Belle Fourche Experiment Farm. The 

corn ground is irrigated before sowing it to winter wheat. 

TABLE XXXV.—Yields of varieties of winter wheat grown on irrigated land 
on the Belle Fourche Experiment Farm, 1915 to 1918, inclusive. 

Yields per acre (bushels). 

Group and variety. C. I. No. 

1915 1916 1917 | 1918 | Average. 

Crimean 
Peloghinaaea cane ees ee ec ad 1667 a 52.1 8.7 30. 7 24.0 | 28. 9 
JE OYE isl 0 es os oe a ee ee eee 1583 66.3 11.3 29.5 23. 4 32.6 

TD Yo \ag sae hag oe a he a RA ea 4207 TTS see ee ee IS ee bso ne ee 
InKe yey here ee eee 30555 |e eee ee 8.7 26.7 DAS 3 at aerate 

a Markey SelectiOmsso-—-5- eee 02 2 3055-159 66.6 IES 31.0 26. 5 33. 9 
ton: 
Alton (Ghirka Winter).............. TAR Se epee ees See | 8.8 19) Oi Seat) a eee eee 
Al fourwselechion: 23-5. ae este ee 5297 59. 1 5.2 28. 5 26. 5 | 29.8 

1) OSS eee es Roe oy See ee 5298 Dieu lee sere tice es MBARerese Same. Ses. 
igs es. os eee Oe, 1437-394 ET EU eae |e cede BONN ban renin Mc 

@ One plat only. 

In Table XX XV it will be observed that the Turkey selection, 
No. 3055-159, produced the highest yield each year. This strain 



50 BULLETIN 1039, U. S. DEPARTMENT OF AGRICULTURE. 

averaged 1.3 bushels per acre more than Kharkof, C. I. No. 1583, 
and also considerably outyielded the parent variety, Turkey, C. I. 
No. 3055, during the three years the latter was grown. The Be- 
loglina yielded nearly as much as the other Crimean strains except 
in 1915, when only a single plat of that variety was grown, this being 
im an Teele location. 

The awnless strains of the Alton (Ghirka Winter) group Retr 
less than the awned varieties of the Crimean group. The Alton 
variety was grown only in 1916 and 1917 and did not appear prom- 
ising. Three other strains or selections of a type similar to Alton 
have been grown. Only one, C. I. No. 5297, an awnless selection or 
separation from Kharkof, was grown during each of the four years. 
Although this variety yielded somewhat less than Kharkof, it has 
the advantage of being awnless and is probably nearly equal to 
Kharkof in quality. 

RATE-OF-SEEDING EXPERIMENTS. 

Rate-of-seeding experiments with Kharkof wheat, C. I. No. 1442, 
were begun in the fall of 1915. The wheat was sown in triplicated 
fiftieth-acre plats at the rates of 3, 4, 5, and 6 pecks per acre. Re- 
sults were obtained during three seasons. 

The wheat was badly rusted in 1916, under which conditions the 
highest yields were obtained from the thickly sown plats. In 1917 
and 1918 emergence was late and the stands of wheat were thin in 
the spring. The wheat was sown rather late during each of the 
three seasons, because of having to wait for the removal of the corn 
or root crop before preparing the land for wheat. 

The yields are shown in Table XXXVI. 

TABLE XXXVI.—Yields of Kharkof winter wheat grown in rate-of-seeding 
experiments on irrigated land on the Belle Fourche Experiment Farm, 1916 
to 1918, inclusive. 

Yields per acre (bushels). 

Rate of seeding per acre. 

1916 1917 1918 Average. 

BRRCCKS oe en Sel cy fe eee he a en ea Sa a ae ee 8.3 33. 1 23.6 21.7 
LEGG eee RO Connie ne ern iehe ee ee ee eee te in Sie 10.1 34. 0 28. 0 24.0 
BRPCCKS 225 See aria elo ste co has SE rar ee er Sa 5 ee 10. 2 33. 5 31. 4 25.0 
Ce PCCKS $s soe aoe eee cee oe Oe ae ene ae ee ee 10.7 31.6 29. 7 24.0 

The highest average yield was obtained from the plats sown at 

the rate of 5 pecks per acre. The 6-peck rate gave the highest 
yield in 1916, the 4-peck rate in 1917, and the 5-peck rate in 1918. 

When the wheat is sown late the rate of seeding should be 5 pecks 
per acre. A seeding of less than 4 pecks per acre may be expected 
to cause reduced yields. 
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DEPTH-OF-SEEDING EXPERIMENTS. 

Depth-of-seeding experiments with Kharkof winter wheats were 
conducted on irrigated land in 1917 and 1918. Only one fiftieth-acre 
plat was sown at each depth in 1917, but in 1918 the experiment was 
triplicated. The yields are shown in Table XX XVII. 

TABLE XXXVII.—Yields of Kharkof winter wheat grown in depth-of-seeding 
experiments on irrigated land in 1917 and 1918. 

Yields per acre (bushels). . 

Depth of seeding. | 

1917 1918 | Average. 
= Ge | 

LISTWTAYO) a eee nei clk ce aa cea Gee ee aU a ane PONE Ute Simian Pn ee 24.5 35. 9 30. 2 
i SSUES VENTE ieee Fa acs Sais AES Ag aN cee ee Re ce Enc te a aR a a 30.0 34. 2 yaa 
PA TIGYG) OVS) Se ak i AE 2 al ik dal A ag i PUN a ce Conner Rae a ae 28.5 32.3 30. 4 

In 1917 the seeding at a depth of 13 inches gave the highest yield, 
while in 1918 the highest average yield was obtained from seeding 
at a depth of 1 inch. The 13-inch depth of seeding gave the highest 

average yield for the two years and, although the results are not 
very conclusive, this appears to be the most favorable depth. 

COMPARISON OF SPRING AND WINTER WHEATS. 

In 1916, 1917, and 1918, three plats of Kubanka durum spring 
wheat were sown in the spring in the same series with the winter- 
wheat varieties for comparison. During each of these years Ku- 
banka considerably outyielded all of the winter-wheat varieties. In 
1915 the winter wheat was sown under very favorable soil conditions 
and the yield was unusually high. The 4-year average yield of 
Kharkof, C. I. No. 1583, winter wheat was 32.6 bushels per acre, 

while Kubanka spring wheat yielded an average of 27.3 bushels. 
Because of the conditions in 1915, however, these yields are not quite 
comparable. 

In the irrigated rotation experiments on the Belle Fourche Ex- 
periment Farm, conducted by the Office of Western Irrigation Agri- 
culture, spring and winter wheat have been grown in continuous 
culture in adjoining plats each year since 1913. Since 1915 this test 
has been duplicated in another part of the rotation field on better 
soil. The yields on this good soil have been nearly twice as high as 
on the poorer soil. The average yields from the good and poor 
plats are used for comparison from 1915 to 1919, inclusive. The 
same variety of spring wheat was not used during all seasons. From 
1913 to 1915, inclusive, Regenerated Defiance, C. I. No. 3703, was 

the variety used. In 1916 Marquis, C. I. No. 3276, was sown, but 
since 1917 Kubanka durum spring wheat was used. Because of the 
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greater yielding power and rust resistance of Kubanka, the yields 
of spring wheat doubtless would have been much higher had this 
variety been sown in the earlier years of the experiment. 

The annual and average yields of spring and winter wheat in 
these experiments are shown in Table XX XVIII. 

TABLE XXXVIII.—Yields of winter and spring wheat varieties grown continu- 
ously in adjoining plats on irrigated land on the Belle Fourche Experiment 
Farm, 1913 to 1919, inclusive. 

Yields per acre (bushels). 

Group. - | [ | 

1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | ae 

| My abet, Paste: ies ee tees 
Winter ee ee eee ee pe TSUN PDA BDAC? AGO A 1S Se One ee 18.6 
Spartina eae oe Spee hoe eee hk Tea 15.5] 19.2 | 20. 0 SG DN Bula Ten ee 16.9 

2 Data from rotation experiments of the Office of Western Irrigation Agriculture. 
® Single plats in 1913 and 1914; average of two plats, 1915 to 1919, inclusive. 
¢ Regenerated Defiance, C. I. No. 3703, in 1913, 1914, and 1915; Marquis, C. I., No. 

3276, in 1916; and Kubanka, C. I., No. 1440, in 1917, 1918, and 1919. 

Winter wheat outyielded spring wheat in these experiments in four 
out of seven years. The 7-year average yield of Turkey winter 
wheat was 18.6 bushels per acre. The adjoining plats of spring 
wheat produced an average yleld of 16.9 bushels during the ‘same 
period. In general, winter wheat may be slightly more productive 
than spring wheat under irrigation, but in many seasons the reverse 
is true. Winter wheat is not as well suited to growing under irriga- 
tion as spring wheat because of the rotation scheme. Wheat on 
irrigated land is usually sown after an intertilled crop, such as corn, 
roots, or potatoes. These crops are usually not removed from the 
ground until rather late for sowing winter wheat. When winter 
wheat is sown following a small-grain crop, it is necessary to plow 

and irrigate the land rather promptly after the previous crop is 
thrashed. Spring wheat also is a more convenient nurse crop for 
alfalfa, sweet clover, or grasses, which frequently are sown with the 
grain. 

EXPERIMENTS WITH OATS. 

VARIETAL EXPERIMENTS. 

The experiments with oat varieties under irrigation were begun 
in 1912. Fifteen varieties have been grown in plats, but only four 
of these were grown during all of the eight years. Fair or good 
crops were obtained each season, but the yields are not large. The 
crop was almost free from diseases or other injury, so that the yields 
were chiefly limited by the character of the growing season, seed bed, 
and soil fertility. The yields of the oat varieties are shown in Table 
XXXIX. 
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During the 8-year period, 1912 to 1919, inclusive, the White 
Russian variety averaged 51.7 bushels per acre. This was higher 
than any of the other varieties grown during the period. The aver- 

age yield of White Russian during the 5-year period, 1915 to 1919, in- 
clusive, was 57.9 bushels per acre. A panicle and spikelets of the 

White Russian oat 
are shown in figure 
16. During this 
same period the Sil- 
vermine variety av- 
eraged 58.2 bushels 
per acre. Panicles 

and spikelets of the 

Silvermine and 
Swedish Select vari- 
eties are shown in 
fieomanrre, hfe. 2 Eohte 
Sixty-Day variety 
averaged only 47.3 
bushels. :These 
yields are shown 
graphically in fig- 
ure 18. 

Early oats do not 
appear to be well 
adapted to the ir- 

rigated land at 
Newell. 

The Sixty-Day oat 
4s a small, short- 

strawed, yellow va- 
riety which matures 
very early. It ma- 
tures too early to 
make the best use of 

the irrigation water 
supply, but is well 
adapted to the dry 
land. Because of its slow maturity the White Russian, a late side 
or horse-mane oat, is able to utilize the soil moisture and to occupy 
more of the growing season. Of the midseason varieties, Silvermine 

has given the highest yields and is perhaps the best variety for the 
irrigated lands. Several other midseason varieties, such as Cana- 

dian and Swedish Select, produce large, plump grains, but the 
average yields have been less than White Russian and Silvermine. 

Fig. 16.—Panicle and spikelets of the White Russian oat. 
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Fic. 17.—Panicles and spikelets of oats, two varieties; 1, Silvermine; 2, Swedish Select. 
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TABLE XXXIX.—Yields of the oat varieties grown on irrigated land on the 
Belle Fourche Experiment Farm, 1912 to 1917, inclusive. 

Yields per acre (bushels). 

. Aver- 
Group and variety. oe age | 1915 

* | 1912 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1912 | to 
to |1919. 
1919 

Early: 
SEX YE DAN s cone een eee 165 | 25.0 | 47.1 | 32.5 | 34.0 | 28.8 | 51.5 | 75.0 | 47.2 | 42.6 | 47.3 
KEN CLSO NE eae = ee! AS OE ley (sie sel eto ee |e ere fey see ges [EAN ee oN sca IC | Spe | eee 
Albion (lowa No.108)....... PATS eg RSE te bee eget es cet 20S ii ee eal era Sera Sarai Gallet = oe lene eee 
Richland (IowaNo.105)....| 787 |......|....-- foe bag meee ee Igoe Le Ele ar SA a cl Pe ei Lat ee 

Midseason: 
Swedish Select.............. 134 | 35.2 | 33.0 | 41.6 | 46.5 | 39.6 | 54.6 | 77.9] 52.1] 47.2 | 54.1 
Canadians see eine 444 | 31.2 |-39.3 | 42.4 | 44.7 | 25.91 65.8 | 85.2] 50.5 | 48.1 | 54.4 
‘lL DaliaVevo) Walp Sse eee atk ie eats (hen Bel lien el leer Declan DOF Ties ed Ospedale Dro lee di ea | eigen 
Stlvermlinesssaaaee ees ae Qe |e eeee te een ok etree S25Sr | e41e Or sOleta {O21 56g8e\2. 222 58. 2 
PeterMdiwardsiess.. 222-22. LG x | see | aera OOsia OLS) Roi 4a|OuncE eioanai eon On|k aa. 56.3 
Mibundancer sae accs sce eee (SIs seal Nar Sotaelngssas BONO OO naan eect eee | 2 errs 
(Garee bel OE Taenee eee eee Spee] BBBE eins Scmose Iacunoe VEN) eck eS yes hes ese eee al eae | een cael Eee D ea ak 
INeWwAW Hite anish esse esse Arn colecue alien eee lene eealeceg see SAS Gebers weal etek ep amass eee eae ae 

Late: | 
Mammoth Cluster...... see Peal 7 AS ral ee a eh a SR AB Nese on Ae Tale eee | ane | sees | eat Pater 
WhiteRussians.-5...--222_- STEFAN 4 3350. 1 48. 62/552- 8 [4205622 (7715.3) | 63. 0 ols v.11. 9 
White Tartarian..........._. BO Oz A OB ies ee a Peo hp | acl Nea | a pai ea 

a A local variety of the Swedish Select type. 

LARLY: 
SIXTY DAY 

WIOSETISON: 
SHEDISH SELECT 

CANAOIAM 

SILVER NINE 

LATE SIDE- 
WHITE RUSSIAN 

Fic. 18.—Diagram showing the average yields, in bushels per acre, of five yarieties of 

oats on irrigated land at the Belle Fourche Hxperiment: Farm for the 5-year period 

from 1915 to 1919, inclusive. 

TABLE XL.—Average agronomic data of oat varieties grown on irrigated land 
on the Belle Fourche Experiment Farm, 1912 to 1917, inclusive, and in 1919. 

D — Ai re. A ate of Weight ields per acre 

Group and variety. NOME Eee on eS Height. per 

Heading.|Maturity. bushel. | Grain. | Straw. 

Early yellow: Inches. | Pounds. | Bushels. | Pounds. 
SIDA DE iyeities Saat Me eee ee oe 165 | July 41 July 26 26 32.7 38.0 1,035 

Midseason white: 
Canadian me Santas sascha cee 444 | July 13} Aug. 2 33 36.3 42.7 1,498 
Swedish Select..2----.--2.-.-s- 134 | July 14] Aug. 5 31 34.9 42.8 1, 408 

Late side: 
WihitemRussian. 2.5 ccsse sc 551 | July 19 | Aug. 13 33 33.7 48.3 1, 793 

Table XL shows the average dates of heading and maturity, height, 
weight per bushel, and yields of grain and straw of the four oat 
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varieties grown from 1912 to 1919, inclusive. The results for 1918 
are not included. During this period the Sixty-Day variety matured 
7 days earlier than Canadian, 10 days earlier than Swedish Select, 
and 18 days earlier than White Russian. The Sixty-Day oat was 
also shorter and had a lower weight per bushel than the other 
varieties. 

RATE-OF-SEEDING EXPERIMENTS. 

Silvermine oats were grown in rate-of-seeding experiments at 
Newell in 1918 and 1919. The seed was sown at four different rates, 

viz, 6, 8, 10, and 12 pecks per acre, in triplicated fiftieth-acre plats. 
The yields are shown in Table XLI. 

TABLE XLI.—Yields of Silvermine oats. grown in rate-of-seeding experiments on 
irrigated land on the Belle Fourche Experiment Farm in 1918 and 1919. 

Yields per acre (bushels). 

Rate of seeding per acre. 

1918 | 1919 Average, 
} 

v 

GSC GES 5 oto ee coos EI pe OO a ret ya Ng sn ee ee Pa Utes) 58.5 67.8 
fo] OO EE ee Ne Reve Be eS os a ae Wn an ae Meee Soe ene 79.9 | 61.7 | 70.8 
IDs OAS Se See seen tees ae Se Ae eit eects Sn aa Seek 73-2 | 64.6 | 68.9 
TA a e\e) tere hee Lt re ae rae ea yeep eee oe ENE oes Sit eee eer NY Se 69.6 (3.3 66.5 

The 8-peck seeding gave the highest yield in 1918 and the 10-peck 
seeding in 1919. The yields were good and quite uniform in both 
seasons. ‘The average yield from the 8-peck seeding was 70.8 bushels 
and from the 10-peck seeding 68.9 bushels per acre, with the 6-peck 

and 12-peck seedings yielding shghtly less. At Newell 8 pecks per 
acre seems to be sufficient seed for Silvermine oats, but for greater 
certainty of crop the seeding of 10 pecks per acre would be desirable. 

EXPERIMENTS WITH BARLEY. 

VARIETAL EXPERIMENTS. 

Eleven varieties of barley have been grown on irrigated land at 
Newell. None of these were grown during all of the eight years from 
1912 to 1919, but four varieties were grown continuously for six 
years. The yields in general were not very large, but good crops 
were harvested in 1915, 1917, and 1918. The yields are shown in 
Table XLII. 

The Chevalier II variety produced the highest average yield, 38.5 
bushels per acre, from 1914 to 1919, inclusive. This variety also 
gave the highest yield during the three years 1917 to 1919. A head 
of Chevalier II barley is shown in figure 19. The Trebi variety 
yielded nearly as well. ‘The former is a late 2-rowed barley which 
is able to develop fully in the presence of sufficient soil moisture. 

; 
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The Hannchen variety, 
which was grown during 

four of the eight years from 
1912 to 1919, is slightly 
earlier than the Chevalier 
II, and it probably will 
yield nearly as well. The 
Chevalier II is a selected 
strain of the Chevalier, de- 
veloped at the Svalof Ex- 

periment Station in Swe- 
den. A field of Chevalier 

being irrigated is shown in 
fioure 20. 
The Trebi is the latest and 

also the highest yielding of 
the 6-rowed varieties grown. 
This variety is also well 
adapted to the irrigated sec- 
tions of Idaho. The Coast 
variety yielded an average 
of 43 bushels per acre. This 
variety has strong persist- 
ent awns, which make it 
harder to thrash and _ less 
desirable for feeding than 
the other varieties. The 
erain has a bluish appear- 

ance. The different strains 

of Manchuria do not seem to 
be well adapted to the irri- 
gated land at Newell, as the 

yields are less than from the 
other varieties. The Man- 
churia barley is the one most 
commonly grown throughout 
the Dakotas and Minnesota. 

The Himalaya (or Guy 
Mayle) is a blue hull-less 
variety, having awned 
spikes. When the amount 

of hull on the hulled varie- 

ties is considered the Hima-. 

laya has yielded about as 
well as any of the 6-rowed 

57 

Fig. 19.—Heads of two varicties of barley: 17, 

Chevalier ; 2 
SF) Nepal. 
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varieties with the exception of Trebi. The Nepal (White Hull-less) 
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variety has not given good yields, its only advantage appearing to be 
the lack of awns. A head of Nepal barley is shown in figure 19. 

Fig. 20.—Irrigating a field of Chevalier barley on the Belle Fourche Experiment Farm. 

TABLE XLII.—Yields of varieties of barley grown on irrigated land on the Belle 
Fourche Experiment Farm, 1912 to 1919, inclusive. 

Group and variety. G eo 

1912 | 1913 | 1914. 

Six-rowed, hulled: 
Coasters ane tee en aaereing GOO) | a sis | Baca al or: 
Manchuria (Wis. No. 13).....- OOS eo osee 25.8 | 21.8 
Manchuria (Minn. No. 6)..... (OP YS MGSO) We ssasalsccade 
Manchuria (Minn. No. 105)...| 354 |.....- BBB | AZo} 
Odessa ses es apart lele Nau WDA ata eg Wi ra ear ee 
DY eo) 6) Lae I ea 93 Gia] Bove co lee ella (eae 

Two-rowed, hulled: 
Chevaliers concep eee PAG Ziel ee ae aaa 26.8 
Chevalier T= sheet oewecesee 580n| ss Onseaeee 23.0 
ELaTIMN Chena pee om eee cee 531 | 19.8 | 32.9 | 15.0 

Six-rowed, naked: 
Himalaya (Guy Mayle)....... 620s es eee 26.6 

Six-rowed hooded, naked: 
Nepal(White Hull-less)...... aaa sulle ee 19.2 

Yields per acre (bushels). 

1915 | 1916 | 1917 | 1918 | 1919 

17.5 

18. 4 

Average. ¢ 

1914 | 1917 
to to 

1919 | 1919 

aeee 43.0 
27.6) S60 

al La 

"38.5 deca 

28.6 | 34.6 

24s Dal eo Oa Q 

Table XLIII shows the average dates of heading and maturity, 
height, weight per bushel, and yields of grain and straw of four 
varieties of barley grown from 1914 to 1917, inclusive, and 1919. The 
average yields of these four varieties are also shown in figure 21. 

are 
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‘The Chevalier II is taller, later, and produces much higher yields 
than the other varieties. 

Taste XLIII.—Average agronomic data of four varieties of barley grown on 
irrigated land on the Belle Fourche Experiment Farm, 1914 to 1917, inclusive, 

and in 1919. 

eas Wan : oe Date of- Weight elds per acre 

Group and variety. No | ee eee Height. per 
: Head- | Matur- ushel Grain Gerae 

ing.a ity.a xrail. raw. 

Six-rowed, hulled: Inches. | Pounds. | Bushels. | Pounds. 
Mamohuriass es ea .905 | July 10) Aug. 7 26 47.7 | - 19.8 1,145 

Two-rowed, hulled: 
CGhavalien Ele css, ee ee 530 | July 17} Aug. 17 27 50. 1 31.3 1,472 

Six-rowed, naked: 
Himalaya a gee GaN, armrest 620] July 9] Aug. 4 23 60. 0 PANS 995 

Six-rowed, Vasdeat naked: 
Nepal. 5 GU SSC OREO R Ee aaa anne 595 | July 10} Aug. 6 25 60. 3 19.0 917 

a Average for four years, 1915, 1916, 1917, and 1919. 

NURSERY EXPERIMENTS. 

About 35 varieties of barley, representing a wide range of types, 
were grown in 17-foot rows under irrigation in 1917 and 1919. The 

YIELD PER ACRE 
Of 70 20 JO «70 __—«5O 

SIX-ROWLO HULLEOD- 

MANCAUIIA 
7W0-POWED HULLED: 

CHEVALIER IT 
91X-ROWLED NAKED? 

HVMALAYA 

SVX-ROWED HOODEO, NAKED: 
NEF PIL 

Fig. 21.—Diagram showing the average yields, in bushels per acre, of four varieties of 

barley on irrigated land at the Belle Fourche Experiment Farm for the 6-year period 

from 1914 to 1919, inclusive. 

object was to observe the behavior of the varieties under irrigated 
conditions. In general the late varieties produced the highest yields, 
which was in accordance with the results from the plat experiments. 
Further tests would be necessary to determine definitely the yields 
in comparison with the varieties grown in plats. 

EXPERIMENTS WITH MINOR CEREALS. 

SPRING EMMER. 

One variety of spring emmer, Vernal (White Spring), has been 
grown under irrigation each year in comparison with either the 
barley or oat varieties. The soil and preparation have been the 
same each year for both oats and barley, and usually spring wheat 
also, so that these crops can be compared directly with the emmer. 
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The yields of emmer have ranged from 24.5 bushels in 1912 to 88 
bushels per acre in 1918, with an average of 48.1 bushels of 32 pounds 
each per acre. The yields of Vernal emmer in pounds per acre for 
the five years from 1915 to 1919, inciusive, are shown in Table 
XLVIII (p. 65), which gives a comparison of the yields of the grain 
crops. During this period Vernal emmer yielded an average of 
1,911 pounds per acre, Kubanka wheat 1,667 pounds, Chevalier IL 
barley 2,016 pounds, and White Russian oats 1,852 pounds. Emmer 
is used as a feed crop and thus competes only with barley and oats. 
The results obtained at Newell on irrigated land show that barley 
is a more profitable feed crop than emmer, and it also has a higher 
feeding value. 

WINTER EMMER AND SPELT. 

One variety of emmer (Buffum Black Winter) and one of spelt 
(Brown Winter) were grown on irrigated land along with the winter- 
wheat varieties in 1916 and 1917. Single plats of each were sown. 
During the winter of 1915-16 a part of these crops was winterkilled, 
so that the stands were thin. The emmer yielded at the rate of 425 
pounds and the spelt 100 pounds per acre. Kharkof winter wheat 
in the same series yielded 678 pounds per acre. The winter of 1916-— 
17 was more severe, and both the emmer and spelt were almost en- 
tirely winterkilled. The plats were disked to destroy weeds. 
Kharkof winter wheat in the same series yielded 1.394 pounds per 

acre. Neither winter emmer nor winter spelt are sufficiently hardy 
to be safely grown in western South Dakota. They yield less and 
are also less valuable than winter wheat. 

RYE. 

Two varieties of winter rye were grown in the experiments along 
with the winter-wheat varieties on irrigated land from 1915 to 1918, 
inclusive. The rye was sown at the rate of 5 pecks per acre. Winter 
rye is more hardy and consequently more certain than winter wheat. 
The yields obtained from the rye were less in pounds per acre than the 
wheat yields in all years. The average acre yield of the Swedish 
rye during the four years was 23.6 bushels of 56 pounds each, while 
Kharkof wheat during the same period averaged 32.6 bushels of 60 

pounds each. 
The North Dakota No. 959 rye averaged only 0.9 bushel per acre 

less than the Swedish. This was partly due to the former being on 
poorer land in 1915. The North Dakota No. 959 rye is probably the 
hardier, but both are sufficiently hardy for the climate at Newell. 

The yields of rye in comparison with Kharkof winter wheat are 
shown in Table XLIV. 
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TapLeE XLIV.—Comparison of the yields of tiwo varieties of winter rye and 
of Kharkof winter wheat on irrigated land on the Belle Fourche Experiment 
Farm, 1915 to 1918, inclusive. 

[Yields of wheat computed at 60 pounds per bushel, rye at 56 pounds per bushel. ] 

Yields per acre (bushels). 

Crop and variety. C.I. No. 

1915 | 1916 1917 | 1918 Average. 

e: | 
SiwiedisnceMinn NOs 2) 952-2 2-8 ocean fee ae 137 | 44,6 10.8 21.3 te 23.6 
INES Eu KONT On 05 Ge ee top i Ne Ss 175| 438.8 eT 25.4 14.8 22.7 

Winter wheat: ; 
IGN ATK OR Se re ee eee | 1583 66. 3 11.3 29.5 23.4 32.6 

a One plat only. 

BUCKWHEAT. 

Buckwheat was grown only in 1916 and 1917 on irrigated land. 
In 1916 a plat of about 0.15 acre was sown to buckwheat on May 31 
at the rate of 6 pecks per acre. The seed was of the Japanese type 

obtained locally. The plants were in full bloom during the hottest 
weather and many of the flowers were blasted. Although consider- 
able plant growth was made, the plat yielded at the rate of only 21.1 
bushels per acre. In 1917 a plat containing about 0.9 acre was sown 
to buckwheat on June 16. The land was sloping and the buckwheat 
was injured by the soil washing at the first irrigation. The land also 
econtained a considerable growth of volunteer barley, alfalfa, and 
weeds, which the buckwheat failed to check. The yield was 12.7 
bushels per acre. Buckwheat is not as productive as other grain crops 
at Newell. 

PROSO. 

Proso was grown only in 1918 and 1919 on irrigated land. It is 
not well suited to irrigated conditions, and many other late sown 
crops doubtless are more profitable. The yields were not large dur- 
ing either season, and in 1919 the crop was damaged considerably by 
birds. Four varieties of proso were grown under irrigation, the yields 
of which are shown in Table XLV. 

TABLE XLV.—Yields of four varieties of proso grown on irrigated land on the | 
Belle Fourche Experiment Farm in 1918 and 1919. 

| Yields per acre (bushels). 

eaee Cok 
Variety. No. 

| 1918 | 1919a@ | Average. 

WAR LCaUIR batt = ee has Soi ale oleae Somamine Sas cie ee wai | = 21.4 5.9 Lis 
23 TEST ae Fee A a re ee A eee Pane 1GSa)| Se Yi 10.6 
ER CRDIER ISS EATER ie earns oe Se ees Sea eee ae re 61 27.1 | 16.5 21.8 
TEER TRIGA Ts J ee oe en aS ep Shs sce sees ae See 27 25. 9 | 11.6 18.8 

« Damaged by birds in 1919. 
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The Red Russian variety gave an average yield of 21.8 bushels per 
acre. while the next highest variety. Black Voronezh, yielded 18.8 
bushels per acre. The Hansen variety gave the lowest yields during 
both seasons. 

EXPERIMENTS WITH GRAIN MIXTURES. 

WHEAT, OATS, AND BARLEY MIXTURES. 

Mixtures of grains, chiefiy of barley and oats, have occasionally 
been grown by farmers. The mixtures are often referred to as 
“succotash.” An experiment to determine the value of this practice 
of growing mixed grains on irrigated land was begun at Newell in 
1915 and continued for three years, after which further experiments 
seemed to be unnecessary. 

The varieties selected were the Chevalier II barley, Swedish Se- 
lect oats, and Kubanka wheat. From past observations these varieties 
were known to mature at practically the same time if sown on the 
same date. This proved to be the case in these experiments. These 
varieties were well adapted to growing under irrigation, were not 
easily shattered at maturity, and were not subject to severe rust 
injury. 

In the plats sown to the single grains the barley was sown at the 
rate of 6 pecks, the oats at 10 pecks, and the wheat at 5 pecks per 
acre. The grains were sown with a disk drill which, when set to sow 
the above quantities, was found from calibration tests to sow the 
proper measured quantity regardless of bushel weight. In prepar- 

ing the mixtures the weights per bushel of the grain were first de- 

termined. The mixtures of two grains contained seed of each to 
sow half of the quantity of seed used for each grain when sown alone. 
The mixture of barley, oats, and wheat contained one-third of the 
quantity of seed used for each grain sown alone. The drill was. cali- 
brated for each mixture so as to sow the proper quantities of mixed 
grain. The proportions of each grain in the thrashed crop were not 
determined. 

The yields of the mixed grains, the grains grown alone, and the 
average yields of the two or three grains grown alone are shown in 
Ak niles XLVE : 

Good yields of all grains were obtained in 1915 and 1917, but the 
yields in 1916 were reduced somewhat by soil blowing and rust. In 
1915 about 10 per cent of the grain from the grains ae mixtures was 
shattered by hail while standing ; in the ele The barley had been 
thrashed before the hail. howev er, so the yield shown for 1915 has 
been reduced 10 per cent to make it comparable with the other grains. 

eet » Rare tert sat? se ~* 
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TABLE XLVI.—Yields of wheat, oats, and barley, separately and mixtures of 
these crops, grown on irrigated land on the Belle Fourche Experiment Farm, 
1915 to 1917, inclusive. 

Yields per acre (pounds). 

Crop and mixture. 

1915 1916 1917 Average. 

1849 iH [y/o SBR SORES ee ROSE Tees aes ee eres entre Sree 1, 830 | 1, 108 2, 516 1,818 
ORS Se SSS SSSS CRESS SSAC Ste IS es eee se Sarai lee aE fed SP 1, 825 1,300 2, 325 1,816 
IW CAGE ee alstran iaicters cpa nessa anise oben © mean os Ne ee eeee 1,641 1, 083 2, 391 1,705 
PB arleyaent OA US eos a oe sere ees oe se ee Seo 1, 950 1,300 2,516 1,922 
BarleyeanG wih tas seve ce a sen ee Sete ee oe 1,775 1,083 2, 300 1,719 
Oatsrandewihea teases eerste ne ae ea ee emcee ee 1, 750 1, 333 2, 225 1, 769 
Barley, .0ats.anG-wiheaben 2.22 sss. 5 cea noes oe eee eae ae 1, 930 1, 283 2, 108 1,774 
Averages of crops grown alone: 

Banley-an Goats emecsecse cece ns csc ee seep eee See oeeeaee 1, 828 1, 204 | 2, 420 1,817 
Barley and wheat........-- Sie, Se ee eat Set Re ER ae 1,735 1,096 | 2, 453 1,761 
Oatsandiwheatassen sone soe see See ee a cet ee Soe Gees 1,733 1,191 2,358 1,760 
Barley, Oats ,andewheatens. «oe sesoe nee area ne seme aaa 1,765 1, 164 2,411 1, 780 

In 1915 all of the mixtures and in 1916 all of the mixtures except 
the barley and wheat showed higher yields than the averages of the 
crops grown alone. In 1917 the barley and wheat, oats and wheat, 
and the barley, oats, and wheat mixtures yielded less than the aver- 
ages in the grains sown alone. The 3-year average yields show very 
little advantage in growing the grain mixtures. The barley and oats 
mixture yielded 105 pounds per acre more than the average of the 
two crops grown alone, but the other three mixtures yielded nearly 
the same as the averages of the same grains grown alone. Under 
the conditions of the experiment the growing of grain mixtures 
would not be advisable. If the varieties of the different crops had 

very different habits or periods of growth, increased yields from 
mixtures might be expected, but this would be offset by the difficulties 
and losses in harvesting. 

WHEAT AND FLAX MIXTURES. 

The experiments with mixtures of wheat and flax were begun in 
1916. After the crops had emerged the severe soil blowing early in 
May destroyed nearly all of the flax plants, both in the mixtures and 
where sown alone. Most of the wheat plants survived, but the mix- 
ture experiment was of no value. The mixtures of wheat and flax 
were again sown in 1917 and 1918. The flax, Damont, C. I. No. 3, 
was sown at the rate of 15 pounds per acre, whether mixed with 
wheat or sown alone. 

The wheat, Marquis, C. I. No. 3641, was sown at the rates of 37 
pounds and 75 pounds per acre alone and mixed with flax. The 
almost total absence of weeds from the plats made the experiment 
of less value, because the object of the mixture of wheat and flax 
is to overcome or replace weeds. The relative quantities of wheat 
and flax produced in the mixtures were determined only in 1917. 
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The yields of the wheat, flax, and the mixtures of both are shown 
in Table XLVIT. 

TABLE XLVII.—Yields of flax and wheat separately and mixtures of these crops 
grown on irrigated land on the Belle Fourche Experiment Farm in 1917 

and 1918. 

Rates of seeding and yields per acre 
(pounds). 

Crop. Yields. 
Seeding. 

1917 1918 Average. 

laa Poti oes tc halos leg Eee hs are eer 15 941 867 904 

2 10 £2), See Mae eee MRE ares Ney Tr ite en ee aye Sccin Seika NR 15 S Mixture) oohcce coo Sete ries ee eee Ae \ 1,150| 1,408 1,279 

Wincatot: eecenee Mia aCe a ae 5 TE ee ee as RVG) | Rabo es ah ee 1, 204 

ayo Tit Kap, cramps ma SOND NG aed Caine Meni ORR Re Re aN ARs ae Oe A a 15 < iPS chet! gars area eo Se eames eganee ig ee Sd eh Ze \ 1,425] 1,467 1, 446 

Wiener sc See ee ee al ere 75| 1,300| 1,442 1,371 

Larger total yields of wheat and flax were obtained from the mix- 
tures than from either crop grown alone. Wheat predominated in 
the mixtures. The value of the practice of growing the mixture 
of wheat and flax will depend on the relative prices and yields of the 
two crops. The cost of separating the thrashed crop must also be 
considered. It was necessary to let the wheat stand for some time 
softer it was ripe before the flax could be harvested, and it was also 
rather difficult to thrash the flaxseed without cracking many of the 
wheat grains. 

COMPARISON OF GRAIN CROPS. 

In 1912, 1918, and 1914 the only small grains grown in the cereal 
experiments under irrigation were spring varieties of wheat, oats, 
barley, and emmer. In 1915 and since several additional grains have 
been grown. The annual and average yields of the leading varieties 
of each of the grains grown in 1915 and later are shown in Table 
XLVIILI. 
Winter wheat andwinter rye were grown during only four of the 

five years from 1915 to 1919, inclusive, while winter spelt, winter 

emmer, proso, and buckwheat were grown only two years each. In 
terms of pounds of grain per acre, winter wheat gave the highest 
yield in 1915, oats in 1916 and 1919, spring wheat in 1917, and barley 
in 1918. Chevalier II barley has outyielded all other grains during 
both the 4-year and the 5-year periods, for which the average yields 
are shown in Table XLVIII. Vernal spring emmer and White Rus- 
sian oats gave the next highest yields of grain. Winter emmer, win- 

. 
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ter spelt, proso, and buckwheat produced rather low yields and are 
not well adapted to growing at Newell under irrigation, and none of 
these four crops except proso are at all adapted to the dry-land con- 
ditions there. 

TABLE XLVIII.—Yields of the leading varieties of different grain crops grown 
on irrigated land on the Belle Fourche Experiment Farm, 1915 to 1919, 
inclusive. 

Yields per acre (pounds). 

: (Chat Average. 
Group and variety. No. 

1915 1916 1917 1918 1919 1915 1915 

to to 
1918 1919 

Kharkof winter wheat...........-.. 1583 |@ 3,976 Ofor== LTO \)> alee ae ee Weis isecoooce 
Swedish (Minn. No. 2) winter rye... 137 |@ 2,496 655 | 1,192 Us esascose ISB El eedococ 
Buffum Black Winter emmer.....-.. B8al |e ese. 425 sO SE oF chr aa Sa area Do eae 
Vernal spring emmer..........-....- 1524 | 1,855) 1,141 | 1,845) 2,816) 1,900| 1,914 1,911 
Kubanka durum spring wheat....... 1440 | 1,320) 1,248) 1,968] 2,016] 1,782 | 1,638 1, 667 
Brown Winter spelt..........--.-- Seu |e oeistee tamere ee 100 QE anlar tat Sl etry cee eee 
Chevalier II barley..............--.-- 530} 1,881 | 1,150] 1,848] 3,567] 1,536] 2,112 2, 016 
White Russian oats.................. 551 1,690 | 1,347] 1,798 | 2,410; 2,016] 1,811 1, 852 
Red Russian proso.................-- Gil pl ce a (oe Seen ale morepe c 1, 518 O24n erie sors See ee 
Japanese buckwheats 5.20 sass sees | te ote ees esces > 8 1, 042 C00 So see leace waists eee al Bese 

=—=>. 

a Not comparable with spring grains; grown on better soil. 

EXPERIMENTS WITH FLAX. 

Flax has been a fairly successful crop on irrigated land. It also is 
an excellent nurse crop for alfalfa. The yields obtained at Newell 

WELD PER ACRE 
O Ss 0 1S 20 

EUVROPEAN SEED? 

DAM ONT=-----== 

RESERUE=-= = === 

N.DAK. RESISTANT NO52 
SHORT FIBER: 

N.DAK. RESISTANT NOH 

PRIM 08 T= == 22 === 

Fig. 22.—Diagram showing the average yields, in bushels per acre, of the leading varieties 

of flax on irrigated land at the Belle Fourche Experiment Farm for the 6-year period 

from 1914 to 1919, inclusive. 

were fairly good except in 1913 when the flax was grown on poor 
land. Some infection of wilt and canker has been observed in the 
experiments, but the injury usually was very slight. A spot about 8 
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feet in diameter, mostly in a plat of North Dakota Resistant No. 52, 
was made almost bare by wilt in 1916. The same land had produced 
flax in 1914. 

VARIETAL EXPERIMENTS. 

Varietal experiments with flax on irrigated land were begun in 
1912. Ten varieties have been grown, three of them during each of 
the eight years. Five varieties were grown during the six years from 
1914 to 1919. inclusive. All varieties were of the blue-fiowered, 
brown-seeded type. The yields of the fiax varieties are shown in 
Table XLIX. The average yields of five varieties are also shown 
graphically in figure 22. 

TasleE XLIX.—Yields of flar varieties groicn on irrigated land on the Belle 
Fourche Experiment Farm, 1912 to 1919, inclusive. 

Yields per acre (bushels). 

CI Average. 
Group and variety. noe 

1912 | 1913 | 1914 | 1915 | 1916 | 1917 1918; 1919 1912 | 1914 

to to 
1919 1919 

| | | 
European seed: | | 

Russian (N. Dak. No. 608)---- j Fo Peete ics Se 4 i RS Sr A) tad Acces, Pema eae) (Pe aes fret a) | | See, 
Damont (N. Dak. No. 1215). . a ete | Po eee 11.8 | 145 | Of ed lea, | 10.7 Lea See 14.1 
Frontier (Russian)..........- 10) 10: Se eee. J] Se a cee ee ee ee eee 
Reserve (Russian)......-.---- 19 | 12.5 5.3 | 10.0 | 14.1 | 12.7] 13.6 | 19.1 | 11.9} 12.4] 13.6 
N. Dak. Resistant No. 52....- 8 | 11.9 .8 5.8 | 13.6 10:7} 32. 92) 20287} 1222) | EO Ae 
Gonmen. ©. oe AO eee dd SS I Oe BS oe Hated hes aes pee e | Feu PS tare 

Short fiber: | | 
N. Dak. Resistant No. 114.--- [REY Sees Bee VELA 284 Fer (ore ey Mal Ned Snags $:6 (2-2 | 10.9 
Primost (Minn. No. 25).....-. 124407 | 5.3) 186 1-12:9 |- 9.0} 10-0 | 90-5 112 eee 

Turkish: 
DP KISNS se tes Soe eae eee i fa Reese 4.4 i Fs eae SSeS Geno Sees Sees oem a == 
SMyrn aes ee Sees SON Soe on at soae eee 6.075.401) esescheee = ES Soeees ec. Se- 

The Damont and Reserve varieties have produced the highest 
yields, the former averaging 14.1 bushels and the latter 13.6 bushels 
per acre. Both of these varieties are rather tall, with medium-large 
seeds. The Primost and North Dakota Resistant No. 114 varieties 
belonging to the short-fiber group have short stems and small, dark- 
brown seeds. Neither of the wilt-resistant varieties grown produced 
the highest yields, because of the almost total absence of wilt. 

The two varieties of the Turkish group, Turkish and Smyrna. 
which were grown in the experiments produced relatively low yields 
and were almost too short to harvest with the binder. 

Table L shows the average dates of heading and maturity, height, 

weight per bushel, and yields of seed and straw of three varieties of 
flax grown from 1914 to 1919, inclusive. The Damont was one and 
two days, respectively, later than the North Dakota Resistant No. 52 

and Primost varieties. The average height apparently is the same 
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for all three varieties, but in general Primost is somewhat shorter 
than the other two. The weight per bushel of the three varieties is 
about the same. 

TABLE L.—Average agronomic data of three varieties of flax grown on irrigated 
land on the Belle Fourche Experiment Farm, 1914 to 1917, inclusive, and 
in 1919. 

Date of— Yields per acre. 
CI Weight 

Group and variety. Nos Height.a per 

a  |Maturity. bushel. | seed. | Straw. 

European seed: Inches. | Pounds. | Bushels. | Pounds. 
DWaAmOnbet asco cteee ascsee lees 3] July 13] Aug. 6 20 54.3 12.6 | 1, 027 
N. Dak. Resistant No. 52..-.-.-- 8| July 11} Aug. 5 20 54.5 11.0 949 

Short fiber: 
- Primost (Minn. No. 25).-.-.--.-- 12} July 10} Aug. 4 20 54.3 16h 3 891 

a Average for 1915, 1916, 1917, and 1919. : 

NURSERY EXPERIMENTS. 

Several varieties of flax were grown in 17-foot rows under irriga- 
tion for preliminary testing during the 5-year period, 1915 to 1919. 
None of these yielded as well as varieties already being grown in 
plats. Some selections of Smyrna flax, C. I. No. 30, were made in 
1915 to increase the height of the variety. Strains of the parent type 
1 to 2 inches higher than the parent variety were isolated, but the 
yields were not sufficiently large to justify their being increased. 

RATE-OF-SEEDING EXPERIMENTS. 

Rate-of-seeding experiments with Damont flax on irrigated land 
were begun in 1916 in single fiftieth-acre plats. In 1917, 1918, and 
1919 the experiment was triplicated. (Good yields were obtained in 
all years. The flax was sown at three different rates during each of 
four years, with an additional rate in 1918. The yields are shown 
in Table LI. 

TABLE LI.—Yieids of Damont flax grown in rate-of-seeding experiments on irri- 
gated land on the Belle Fourche Experiment Farm, 1916 to 1919, inclusive. 

Yields per acre (bushels). 

Rate of seeding per acre. 

1916 1917 1918 1919 | Average. 

TLE CITES ce SAS eae lee pee eee ee Ce | 10.7 13.8 17.7 10.7 13.2 
Sound stances ts eo Sey ee ose ene ba 9 OES (hemes See DVS |S. coahees | eee oe 
SGRNDING Seto Oe cee a 10. 2 15.2 23.7 13.7 15.7 
LEE CUE TGTE OE ee el 11.0 14.2 23.4 13.8 15.6 

The highest average yield was obtained from the seeding of 30 
pounds per acre. The 45-pound rate yielded 0.1 bushel per acre 
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less, while the 15-pound rate yielded an average of 2.5 bushels per 
acre less than the 30-pound rate. The best rate of seeding for irri- 
gated flax on a clean, well-prepared seed bed apparently is about 

30 pounds per acre, but under less favorable conditions more seed 
might be desirable. 

DATE-OF-SEEDING EXPERIMENTS. 

Damont flax was grown in date-of-seeding experiments from 1916 

to 1919, inclusive. Because of seasonal irregularities, especially 

spring rains, it was not possible to sow the flax on the exact dates 
planned. Seedings were made on three dates in 1916 and on five 
dates during each of the other three years. The experiment usually 
was conducted in duplicate. Good yields were obtained each year. 
The yields are shown in Table LIT. 

TABLE LII.—Yields of Damont flax grown in date-of-seeding experiments on ir- 
rigated land on the Belle Fourche Experiment Farm, 1916 to 1919, inclusive. 

Yields per acre (bushels). 

Date seeded. HERE 

1916 1917 1918 1919 | 
- 1916 to. | 1917 to 

1919 1919 

PATS Osh O23 ee area. Unie Se ee Ri) 4s See ee 2a0 1304S 2 oes eee eee 
May al O; 82 oe ees see ec we ee Hevereee neers 16.9 24.9 UGS Vb ene eee 18.3 
IM aval 526012 OSes see ee eee | 11.6 12.3 23. 2 12.5 14.9 16.0 
UTMOST ONO es ak eee re ee eee | 12.5 14.2 20. 4 12.1 14.8 15.6 
feb LOO as orate a a ee pane [Sea See 10.7 | 14.6 1 gl peer ee 12.5 
URNS Ora ee eee ee ee ee eee SRE A Da ssrcwoowe ache ce soeeeee 

The highest yield was produced by the latest date of seeding in 
1916, the earhest date in 1917 and 1919, and the second earliest date 
in 1918. The results are somewhat inconclusive, but in general early 
seeding 1s somewhat more favorable for flax. The highest average 
yield for the 3-year period from 1917 to 1919, inclusive, was obtained 
from the seeding of May 1to 8. The later dates of seeding produced 
progressively lower yields. Fair yields of flax from late seeding 
may be obtained in some years. The seeding of June 30, in 1917, 
was fully matured, but yielded only 5.3 bushels per acre. The flax 
was damaged considerably in irrigating, however. When possible, 
flax probably should be sown on irrigated land at Newell not later 
than the first week in May. 

LATE IRRIGATION EXPERIMENT. 

Irrigation of flax after it is in full bloom has been supposed to be 
detrimental, as it causes a renewed or second blooming and delays 
the maturity of the seed. In 1916, a single twentieth-acre plat of 
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Primost flax, C. I. No. 12, was given a late irrigation on July 25, 
while an adjoining plat of the same size was not irrigated. Both 
had been irrigated 15 days previous. When this late irrigation was 
applied the flax had peely completed blooming and most of the 
bolls were formed. 

The late irrigation ned considerable late blooming, perhaps a 
third more than occurred on the check plat. Maturity was delayed — 
only three days as compared with the check plat not irrigated. The 
plat receiving the late irrigation yielded at the rate of 15.7 bushels 
per acre, while the adjoining plat yielded only 13.3 bushels. The 
season was dry and warm, so that the increased soil moisture proved 
to be beneficial. This might not always occur, but it indicates that 
flax may be irrigated after blooming in most seasons without injury. 

TILLAGE EXPERIMENTS. 

Most of the spring grains under irrigation were sown on disked 
corn ground. The soil was a heavy clay and usually quite compact 
at the time of seeding, even after being double disked and harrowed. 
An experiment in tillage treatment of corn ground in preparation 

for spring grain was conducted during the 1915-16 crop year. The — 
plats were all one-fiftieth of an acre in size. 

Thirteen plats were plowed in the fall to a depth of 7 or 8 inches, 
13 were subsoiled about 12 inches deep in the fall, while the 13 
remaining were not touched until spring. Plowing was done with 
a disk plow. The subsoiler was run twice between the rows of corn 
stubble on unplowed land. Im the spring all plats were double 
disked and floated alike and all subsequent treatment of the plats 
was the same. 

The plats were sown to Kubanka wheat, Swedish Select oats, 
Chevalier barley, and Primost flax. Three plats each of wheat, 
barley, and flax and four plats of oats were sown on ground repre- 
senting the three different tillage treatments, making a total of 39 
plats in the experiment. Because of soil blowing, rust, and the 
presence of considerable wild oats, the yields obtained were not large. 
The yields from the experiment are shown in Table LITT. 

TABLE LIII.—Yields of spring wheat, oats, barley, and flax grown following a 
corn crop ina tillage ADELE TL on irrigated land on the Belle Fourche Hx- 
POMNENE Farm in 1916. 

Yields per acre (bushels). 

Fall tillage. 
Kubanka Swen Chevalier} Primost 
wheat. sates barley. flax. 

Plowed A 6 BOB OE Eo Ee SME SR ORCAS SE Ae Se ae te ees 16 40.6 18 
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The differences in yields obtained from the three tillage treatments 
are rather small. However, the results were the same for all four 

crops. In all cases the plats receiving no tillage treatment in the 
fall gave the highest yields, the plowed plats gave the next highest, 
and the subsoiled plats the lowest yields. Under the conditions of the 
experiment, plowing or subsoiling of corn ground in preparation for 
spring grain proved to be harmful rather than a benefit. The results 
are not entirely conclusive, because of having been obtained for only 
one year. 

SUMMARY. 

The experiments here reported were conducted on dry land during 
the 12 years from 1908 to 1919, inclusive, and on irrigated land dur- 
ing the 8 years from 1912 to 1919, inclusive. 

The Belle Fourche Experiment Farm is located in the western part - 
of South Dakota, about 30 miles northeast of the Black Hills. The 

results obtained are applicable to western South Dakota and adjoin- 
ing sections in northeastern Wyoming, southeastern Montana, and 
southwestern North Dakota. 

The soil on which these experiments were conducted is a heavy, 
impervious clay, or gumbo, known as Pierre clay. 

The average annual precipitation for the 12 years was 14.31 inches 
and the seasonal precipitation, March to July, inclusive, averaged 
8.57 inches. The annual precipitation ranged from 6.64 inches in 
1911 to 21.02 inches in 1915. The seasonal precipitation is an impor- 
tant factor influencing the yields of grain. The average yields of the 
best varieties of wheat, oats, and barley on dry land have been fairly 
satisfactory, but partial or complete failures in some years have made 
grain growing uncertain. Other small grain crops are not as suc- 
cessful as wheat, oats, and barley. 
Durum wheats have given higher yields than common spring 

wheat. Kubanka is the highest yielding variety. Marquis has given 
the highest yields of any of the common spring-wheat varieties. 
Kubanka wheat should be sown at the rate of about 4 pecks per acre 
on an ordinary seed bed. The wheat should be sown as early as 
weather and soil conditions permit. 

The hard red winter wheats, Turkey and Kharkof, have produced 
the highest yields of the winter varieties. These two varieties are of 
equal value and are apparently identical. 

Seeding at the rate of 4 pecks per acre has given the highest net 
yields on fallowed land. The best date of seeding for winter wheat 
is about September 16. Early-sown wheat does not survive the 
winter better than late-sown wheat. 
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Winter wheat has produced higher average yields than spring 
wheat, but is rather uncertain on account of winterkilling and soil 
blowing. 

Spring emmer has not yielded as well as the best varieties of oats 
and barley. It is not resistant to extreme drought. Winter rye has 
yielded less than winter wheat, but it is hardier and more certain. 
Winter emmer and winter spelt are not hardy enough to be grown 
successfully in western South Dakota. 

The early varieties of oats, Kherson and Sixty-Day, have given the 
highest yields. These varieties should be sown at the rate of 6 pecks 
per acre. 

White Smyrna and Hannchen are the highest yielding varieties of 
barley on the dry land. The barley should be sown at the rate of 
4 to 6 pecks per acre. 

Red Russian proso has given the highest yields in plat experi- 
ments, and the Turghai in nursery experiments. Seeding proso in 
ordinary drill rows at the rate of 25 to 30 pounds per acre has given 

the highest yields. 
Grain sorghums mature too late and require too much warm 

weather to be successfully grown at Newell. Manchu Brown kaoli-' 
ang is the most certain of the grain sorghums yet grown there. 
Damont (Select Russian) flax has given the highest yields. Re-" 

serve (N. Dak. No. 155) is the next best variety. The best rate of 
seeding for flax on dry land is about 2 pecks per acre. Flax should 
be sown before May 15. 

The following varieties of grain are recommended for growing on 
dry land: 

Spring wheat.—KKubanka, Marquis. Barley—White Smyrna, Hannchen. 

Winter wheat—Turkey or Kharkof. Proso.— Red Russian, Turghai. 

Oats.—Kherson or Sixty-Day. Flar.—Damont, Reserve. 

On irrigated land the Kubanka variety has produced the highest 
yields of spring wheat. Of the common spring wheats Marquis is 
perhaps the best, although Power and Champlain have given slightly 
higher average yields. 

The hard red winter varieties, Turkey and Kharkof, are the best 
winter wheats for irrigated land. A selection from Turkey has 
produced the highest. yields of the winter-wheat varieties. 

Kharkof winter wheat should be sown at the rate of 5 pecks per 
acre on irrigated land. The best depth of seeding winter wheat is 
about 14 inches. 

Winter wheat has yielded slightly more than spring wheat under 
irrigation. 

Spring emmer has yielded less than the best varieties of barley on 
irrigated land. Winter emmer and spelt are not hardy and give 
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small yields on irrigated land. Winter rye is not as productive as 
winter wheat. Buckwheat has not given good yields on irrigated 
land at Newell. 

The highest yielding varieties of oats on irrigated land are Silver- 
mine and White Russian. The Silvermine oat produced the highest 
vields when sown at the rate of 8 pecks. per acre. 

Chevalier II and Trebi barley have yielded best under irrigation, 
Proso is not a very successful crop on irrigated land. 
Mixtures of wheat, oats, and barley have not produced signifi- 

cantly higher yields of grain than the average of the crops grown 
alone. Mixtures of wheat and flax have yielded more than the crops 
grown alone, but wheat predominates in the mixture. 

The Darnone and Reserve varieties of flax have given the highest 
yields on irrigated land. These varieties also yielded best on the dry 
land. Flax under irrigation should be sown at the rate of 30 pounds 
per acre. Flax sown between May 15 and 26 pun cee the highest ~ 
average yields on irrigated land. 
Com ground should not be plowed or subsoiled before being sown 

to small grains or flax. 
The following varieties of grain are recommended for growing on 

irrigated land: 

Spring wheat—Kubanka, Marquis. Barley.—Chevalier, Trebi. 

Winter wheat.—Turkey or Kharkof. Flar.—Damont, Reserve. 

Oats.—Silvermine, White Russian. 
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