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Dry-Farm Crop Rotation Experiments
at Moro, Oregon

By

D. E. STEPHENS

INTRODUCTION
The raising of farm crops in Eastern Oregon, or that portion of the

state east of the Cascade Mountains, began about 1870. The first crop
following the plowing under of the natural wild grasses was wheat, and
the agricultural development of this region has been coincident with the
more or less gradual expansion of the wheat acreage. Practically all the
land suitable for raising crops without irrigation is now in cultivation,
the raising of wheat after summer fallow being the almost universal
farm practice.

Many reasons might be stated why farmers of Eastern Oregon
should adopt some systematic crop rotation to replace the present prac-
tice of growing wheat after a bare fallow. Some of these reasons are:

Crop rotation might lessen the drain on soil fertility, especially
organic matter and nitrogen, caused by the growing of a single crop
continually. Suitable crop rotations, including legumes, or nitrogen-
gathering crops, might be used to maintain or increase soil fertility.
Green manure crops might also be used to increase the humus content of
the soil and improve its physical condition.

Crop rotation might aid in the control or elimination of noxious
weeds and plant diseases. Certain weeds are troublesome only in cer-
tain crops. By changing crops, or using cultivated crops like corn and
potatoes, better weed control might be possible. A crop grown contin-
ually on the same land is more likely to become injured by disease be-
cause of soil infestation by disease organisms peculiar only to that crop.

The growing of several crops generally results in a better dis-
tribution of farm labor. The production of fall-sown and early and late
spring-sown crops, which mature at different times, more evenly dis-
tributes farm labor.

Crop rotation reduces crop risks and the hazards of low prices.
With the production of several crops, there is less likelihood of all of
them being low in yield or in price the same year.

The total crop output of the farm might be increased if the pres-
ent large summer-fallowed acreage could be reduced or eliminated by
the substitution for the fallow of a crop that will pay for the cost of
producing it and not decrease the yields of the following crop as com-
pared with yields obtained after fallow.

The labor expense of growing a crop is frequently reduced by
suitable crop rotations. Seed-bed preparation for cereals following cul-
tivated crops like corn and potatoes is considerably cheaper because
plowing is usually unnecessary.
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DIFFICULTIES OF PRACTISING CROP ROTATION
IN EASTERN OREGON

The three chief causes why the farmers of this region have not
adopted a more diversified type of farming are: (1) low annual precipi-
tation, which frequently makes annual cropping impracticable; (2) lack
of crops as productive as the small grains; and (3) the difficulty of mak-
ing livestock raising profitable with a scarcity of grazing land for sum-
mer pasture. Lack of stock water is also a serious handicap in some
locations where grazing land otherwise might be advantageously utilized.
Because of limited market, some of the crops other than grains which
might be grown cannot always be readily sold.

LOW PRECIPITATION LIMITS ANNUAL CROPPING
In sections of Eastern Oregon where the average annual precipita-

tion is from nine to fourteen inches, it is frequently necessary to fallow
in order to get enough moisture in the soil to grow a crop to maturity.
\Vhere the annual precipitation is much less than ten inches, there is
rarely a year when sufficient moisture is available to grow a profitable
grain crop without the aid of the soil moisture accumulated by a previous
season of fallow. Where the average annual precipitation is in excess of
twelve inches, the soil in the early spring may frequently contain its
maximum field-carrying capacity of soil moisture to a depth of six feet,
even when cropped the previous season. With soil moisture content
identical in the early spring, however, land fallowed the previous year
will generally produce higher yields of grain, especially winter wheat,
than land cropped the previous year, due to the plant food made avail-
able and stored in the soil during the season of fallow. Table I shows
the actual moisture content of the soil at Moro on April 1 for the years
1919 to 1923, inclusive, after fallow and after various crops the previous
year.

TABLE I. PERCENTAGES OF MOISTURE, BASED ON DRY WEIGHT, TO A
DEPTH OF SIX FEET IN SOIL IN EARLY SPRING AT MORO, OREGON,

FOR THE YEARS 1919 TO 1923, INCLUSIVE, AND PRECIPITATION
FOR CROP YEARS OF 1919 TO 1923. JNCr USIVE

The data in Table I show that on the average, fallowed ground con-
tained only slightly more moisture in the spring than ground on which
spring-sown crops had been grown the previous year. After a crop of
winter wheat the previous year, the average moisture content of the
soil in the spring was 1.8 percent less than that in soil fallowed the pre-
vious year.

1919 13.8 13.7 13.4 12.8 11.1 10.72
1920 13.2 12.1 11.2 11.0 10.5 11.35
1921 13.3 14.1 12.2 13.5 13.3 12.24
1922 14.6 13.8 13.2 13.2 13.0 10.32
1923 15.2 14.5 13.2 13.2 12.9 12.84

Average 14.0 13.8 12.4 12.7 12.2 11.5

Year After
fallow

After
peas

After
corn

%

After
spring
wheat

%

After
winter
wheat

Total precipi-
tation for crop
year Sept. 1-

Aug. 31

in.
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Small grains superior to other crops. For dry lands, the small
grainswheat, barley and oatshave proved superior to all other crops
in northern latitudes or in sections with cool climates, On the dry lands
of Eastern Oregon, no satisfactory crops have been found that will equal
the small grains in seed production. Corn can be grown in many sec-
tions of Eastern Oregon, but the returns from this crop on the drier
lands are comparatively small and usually not profitable unless utilized
for stock or hog feed without the expense of harvesting. In addition to
low corn yields, the yields of winter wheat are as a rule considerably re-
duced after corn as compared with growing winter wheat after fallow.

Alfalfa can be grown anywhere in the eastern part of the state', but
the yields from this crop on dry lands, when grown either in cultivated
rows or broadcast, have been disappointing. The growing of alfalfa also
seems to have a depressing effect in dry-land regions on subsequent
grain yields for several years.

Field peas have shown some promise as a substitute for fallow.
'vVhile the yields obtained are not large, the field pea appears to be suf-
ficiently well adapted to most of Eastern Oregon to justify growing the
crop, especially for pasture for hogs or sheep. One objection to it is
that from a labor standpoint it competes with wheat to a certain extent.
The peas must be sown earfy in the spring, when the farmer is busy
with his plowing operations, and they mature at nearly the same time as
winter wheat. The Russian thistle, a widely-disseminated weed in East-
em Oregon, is difficult to control in a field of peas, even when grown
in cultivated rows. In Central Oregon field peas when grown on dry
land are frequently injured by red spiders.

The growing of field beans would fit into a cropping scheme with
wheat better than peas, but the beans are less productive and where
tried have not yielded enough to pay production costs.

LIVESTOCK LIMITED BY SUMMER PASTURES
In any system of diversified agriculture, livestock raising necessarily

must be given a prominent place. The raising of much stock on Eastern
Oregon dry farms presents many difficulties, the chief of which are the
scarcity of grazing lands and stock water for summer pasture and the
lack of a perennial hay or forage crop sufficiently productive to war-
rant its inclusion in a crop rotation with wheat, the present sole cash
crop of the Eastern Oregon dry farmer. Few of the dry farms are for-
tunately situated near available grazing land on which livestock may be
pastured during the summer. On most farms the stock must be kept on
the farm every day of the year, if kept at all. There are numerous farms
with draws or canyons, and some shallow soils suited only for grazing,
but the areas of such land are limited and frequently so situated that
they cannot be advantageously fenced, thus making it necessary to sow
wheat land to a grass or pasture crop if much livestock is kept. No
forage plant has yet been found that will compete with winter rye or
winter wheat as a pasture or hay crop for most of this region. The
replacement of the present one-crop system of raising grain after a bare
fallow by a more diversified type of agriculture, including very exten-
sive livestock raising, though theoretically desirable from several aspects,
may be attended by so many practical difficulties as to make it of doubt-
ful financial advantage to the dry farmer at the present time. No argu-
ment, however, should be necessary to convince the wheat farmer of
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Eastern Oregon of the utmost desirability of his keeping enough live-
stock and poultry to supply family needs in the way of pork, poultry,
and dairy products.

CROP ROTATION INFORMATION NEEDED
Because of the limited number of crops that can be grown profitably

on these dry lands, no information is now available on the comparative
yields or probable profits from growing various crops in any systematic
rotation schemes in actual farm practice. Considerable information,
however, has been accumulated at the Branch Experiment Station at
Moro on crop yields obtained from a number of different crop rotations.
Descriptions of these rotations with the yields obtained are reported in
this bulletin, together with a brief discussion of the various crops and
of the probable value of different crop rotations for Eastern Oregon.
Some of the rotations at Moro have not been in progress long enough
to warrant drawing definite conclusions from the results. Others have
been in progress for a sufficient length of time to give information of
much value and to offer suggestive cropping systems to farmers who
desire to change from the present farm practice of growing only wheat
to a more diversified type of agriculture.

CROP ROTATION EXPERIMENTS AT MORO
At the beginning of the experiments at the Moro Branch Station,' a

series of crop rotations was carefully outlined by H. J. C. Umberger and
W. M. Jardine of the Department of Agriculture, and Prof. H. D. Scud-
der of the Oregon Agricultural Experiment Station. Fifteen rotations
were started in 1911; four others were started in 1913; and ten others in
1916 and 1917. The principal questions that it was hoped could be
answered from these rotation experiments were:

Which of the small grainswinter wheat, spring wheat, oats, or
barleyis the most profitable crop to grow after fallow?

Can the fallow be partly or entirely eliminated by the substitution
of a grain or cultivated crop? If so, what crop?

Can a legutninous crop be grown with profit in a rotation with
wheat?

Will the use of green manure crops to add organic matter and
fertility to the soil prove profitable?

The results obtained up to date and a brief discussion of the merits
of various crops for inclusion in practical dry-land cropping systems are
here presented.

'The Branch Expertment Station at Moro was established in 1909 and is conducted
cooperatively by the United States Department of Agriculture through the Office of
Cereal Investigations of the Bureau of Plant Industry and the state of Oregon through
the Oregon Agricultural Experiment Station. The money to purchase the land anderect the buildings was furnished by Sherman county. The soil on the Station is a
typical Columbia River Basin silt loam varying from three to seven feet in depth, to
the basalt with which it is underlain. The average precipitation for crop years ending
August 31 for the period during which the rotation experiments herein reported were
conducted, 1912 to 1923, inclusive, was 12.19 inches. The average precipitation for the
hve-month period, March to July, inclusive, was 3.60 inches for the above twelve-year
period.
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Plan of the experiments. Plots 2 by 8 rods, or an area of one-tenth
acre, are used for the rotation experiments. For each rotation as many
plots are included as there are years in the rotation, so that data are ob-
tained each year on each phase of the rotation. The plots are grouped
in blocks or series of ten, surrounded by roads 16 feet in width. The
plots within the series or blocks are separated by alleys 5 feet wide. A
general view of the rotation plots at Moro is shown in Fig. 1.

Fig. 1. General view of crop rotation experimental plots at the Sherman County
Branch Experiment Station, Moro, Oregon.

Check plots. In the rotation area two plots in each series of ten
(the third and eighth plots) are check plots uniformly cropped to wheat
anti fallow. One check plot in each ten is annually cropped, the other
being fallowed. When the third plot in any series is cropped, the third
plots of the adjacent series are fallowed, and when the eighth plot is in
crop, the eighth plots of the adjacent series are fallowed.

During the years 1911 to 1914, Pacific Bluestem spring wheat was
grown on the check plots. From 1915 to 1919 Baart spring wheat
was grown, and from 1920 to 1922 Turkey winter wheat was grown.
The annual and average yields of wheat from these check plots for the
years 1912 to 1922 are shown in Table II.

As is shown in Table II, yields for twelve years have been obtained
from the check plots for six series. From these check plot yields, which
represent the yields obtained from a single one-tenth acre plot from
each acre devoted to the rotation experiments, can be obtained an idea
of the uniformity of the soil of the rotation area.

For convenience of comparison, the rotations included at Moro have
been grouped into five classes: (1) land alternately cropped and fal-
lowed, (2) fallow once in three years, (3) fallow once in four years,
(4) no fallow, and (5) rotations involving the use of a green manure
crop.
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TABLE II. ANNUAL AND AVERAGE ACRE YIELDS OF CHECK PLOTS IN ROTATION EXPERIMENTS AT MORO, ORE-
GON, FOR THE YEARS 1912 TO 1923, INCLUSIVE

Plot No. 1912 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 Total 12-y:ar
ge 1917-23

773 and 778
783 and 788
873 and 878
883 and 888
973 and 978
983 and 988

1073 and 1078
1083 and 1088
1173 and 1178

663 and 668
863 and 868
963 and 968

In.
17.6
16.0
11.5
12.6
15.1
13.1

In.
23.0
19.1
23.4
18.5
19.8
19.0

In.
17.8
16.8
16.6
20.0
20.6
19.0
21.8
18.6

In.
16.1
18.7
18.8
15.8
15.5.
16.3
21.0
19.3

In.
40.4
37.1
33.8
47.8
39-4
39.8
38.7
38.2
40.4

In.
21.2
21.0
23.8
21.5
20,3
20.5
22.5
25.3
20.0
17.0
23.8
15.3

In.
17.5
15.3
16.8
21.3
18.7
1 7.8
14.2
18.0
16.0
14.2
13.5
13.8

In.
23.0
25.1
21.8
22.0
19.8
23.0
22.3
24.8
23.3
22.0
24.0
24.0

bu.

19.7
19.0
18.0
22.7
20.0

I 21.7
21.7
23.7 .

23.3
18.0
19.8
18.8

In.
26.0
36.5
29.0
32.5
29.0
39.7
36.0
35.8
31.7
33.7
36.3
28.0

bu.

19.0
17.5
17.7
22.5
9.0

19.3
17.3
19.5
19.2
17.0
16.5
18.3

In.
36.3
39.0
38.3
37.7
37-5
40.5
42.0
47.3
41.8
37.5
38.3
41.5

In.
277.6
281.1
269.5
294.9
274.7
289.7
257.5
270.5
215.7
159.4
172.2
159.7

bit.

23.1
23.4
22.5
24.6
22.9
24.1

25.8
27.!

..

bit,

23.2
24.8
23.6
25.7
23.5
26.!
25.1
27.8
25.0
22.8
24.6
22.8

q

p

RI

zAverage 14.3 20.5 18.9 17.7 39.5 21.0 16.4 22.9 20.5 32.9 18.6 39.8



DRY-FARM CROP ROTATION EXPERIMENTS 11

Group 1. Land alternately cropped and fallowed. Yields of four
crops after fallow are available for the twelve-year period, 1912 to 1923,
inclusive. These are recorded in Table III, which shows the annual and
average yields of winter wheat, spring wheat, spring barley, spring oats,
and potatoes for this period.

The winter wheat yields are those obtained each year from eight
plots of Turkey wheat (Alberta Red, C. I. 2979) on early spring-plowed
fallowed ground in the tillage experiments. This ground is adjacent to
that used for the rotation experiments. The yields of spring wheat are
from the Baart and Pacific Bluestem varieties in the varietal ex-

periments. The spring barley yields are the average yields obtained
from two varieties-White Smyrna and Mariout-in the varietal cx-

periment. The oat yields are those obtained from the Sixty-Day va-
riety in the varietal experiment. The potato yields are the average
yields obtained from the Early Ohio and Irish Cobbler varieties for the
two years 1912 and 1913, and the average yield of five varieties for the
years 1914 to 1923, inclusive.

The grain yields recorded in Table III are about the same as those
obtained by farmers in the vicinity of Moro on early-plowed and well-
kept summer fallow. While the spring-grain varietal trials have not
been located on land adjacent to that used for the rotation experiments,
the areas for these trials have always been carefully selected for uni-
formity, and the soil, so far as could be observed, is identical in every
way with that of the rotation series. The yields obtain-d from the same
varieties in the varietal experiments after fallow and in the rotation ex-
periments after fallow usually have been in close agreement.

TABT.E III. ANNUAL AND AVERAGE YIELDS, IN BuSHELS PER ACRE, OF
WINTER AND SPRING WHEAT, SPRING BARLEY, SPRING OATS,

AND POTATOES GROWN AFTER FALLOW FOR THE
YEARS 1912 TO 1923, INCLUSIVE

Year

i912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
Toial
Average
Average pounds per acre
Average annuaI seed yield,

pounds per acre

When grown after fallow, the crop yield is divided by two to detertnine the annual
yield per acre.

The highest-yielding grain after fallow for the twelve-year period,
as shown in Table III, was spring barley, which produced an average
acre yield of 41.2 bushels or 1977.6 pounds. The second highest average

No. IA
Winier I

wheat
after

fallow

bu.

No. lB
Spring
wheat
after

tallow

bu.

No. IC
Spring
barley

after
fallow

br

No. ID
Spring

oats
after

fallosv

No. IE
Potatoes

after
fallow

b54. bu.
24.0 21.4 27.5 38.6 97.6
24.3 22.2 41.3 47.8 s3.l
28.9 23.4 39.4 65.6 91.2
25.9 25.3 52.1 57.2 154.5
40.9 39.1 70.5 80.3 230.2
22.3 18.6 41.7 37.2 100.8
21.3 13.9 25.9 36.9 132.0
37.5 24.0 37.6 52.2 114.5
31.7 20.3 34,8 35.9 147.7
32.9 22.5 39.7 45.6 14S.5
18.6 20,0 28.0 23.5 150.4
39.8 35.4 56.2 80.3 184.2

348.1 286.1 494.7 601.1 1634.7
29.0 23.8 41.2 50.1 136.2

1740.0 1428.0 1977.6 1603.2 8172.0

870.0 714.0 988.8 801.6
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yield was obtained from winter wheat, 1740 pounds per acre. Spring
oats ranked third and spring wheat fourth in actual pounds produced
per acre.

To determine the net profit to the farmer, the price per bushel
received for these grains and the cost of producing them must be con-
sidered. As all grains were produced after a season of fallow, there
would be only a slight difference in the cost of producing them. The
ten-year average farm price per bushel for wheat from 1913 to 1922,
inclusive, in Oregon (Yearbook, 1922) was $1.32; for barley, 88 cents;
and for oats, 59 cents. Using these figures and assuming costs of
production equal, winter wheat would be the most profitable crop
to grow, barley ranking second and oats third. The total acre value
of the winter wheat would be $38.28; the barley, $36.25; and the oats,
$29.56.

On account of the relatively higher prices paid for wheat during the
World War, the above comparison of prices might not be a fair one.
According to the Bureau of Crop Estimates of the United States De-
partment of Agriculture, the ten-year average farm price in Oregon from
1907 to 1916 was 89 cents per bushel for wheat, 62 cents per bushel for
barley, and 44 cents per bushel for oats. Basing crop values on these
figures, the winter wheat was worth $25.81, the spring barley $25.54,
and the spring oats $22.04, making the winter wheat only a slightly
more profitable crop to grow after fallow than spring barley. On ac-
count of the ready sale for wheat and the greater stability in the market
price from year to year, winter wheat is undoubtedly the most profit-
able grain crop to grow after fallow in Eastern Oregon. Another item
of considerable importance is that the winter wheat is sown in the fail,
when farm work in this section is generally slack, while the planting of
any spring crop interferes with the early rush work of spring plowing
for fallow.

Group 2. Fallow once in three years. In this group are five rota-
tions, as follows:

No. 2 Spring wheatspring wheatfallow
No. 3 Spring barleyspring barleyfallow
No. 4 Spring wheatspring barleyfallow
No. 20 Spring wheatpeasfallow
No. 25 Winter wheatspring ryefallow

Twelve years results arc available for rotations Nos. 2, 3, and 4,
eight years' for No. 20, but only six years' for No. 25. In each of these
rotations the ground is plowed for fallow in the early spring. In rota-
tions 2, 3, and 4, the seed-bed preparation for the spring grains following
spring grain has been spring plowing from four to five inches deep,
packing, and one harrowing with a spike-tooth harrow. For the peas
in Rotation 20, the ground is fall plowed, disked, and harrowed with a
spike-tooth harrow in the spring before planting the peas, which are
sown in double rows thirty-five inches apart and cultivated once or twice
during the growing season. The spring rye in Rotation 25 is disked in
on winter wheat stubble.

The annual and average yields of the crops grown in the five rota-
tions in which two crops are grown followed by a season of fallow, are
shown in Table IV. This table also shows the average seed yield per
acre in pounds and the average annual seed yield per acre in pounds for
all the crops in each rotation.



TABLE IV. ANNUAL ANI) AVERAGE ACRE YIELDS OF SPRI NG AND \\'TNTER WHEAT, SPRING BARLEY, SPRING RYE,
AND PEAS GROWN IN THREE-YEAR ROTATIONS, WHICH INCLUDE ONE YEAR

011 FALLOW, FOR THE YEARS 1912 TO 1923, INCLUSIVE

No. 2. Spring No. 3. Spring bar- No. 4. Spring
wheat-spring ley - spring barley wheat--spring
wheat-fallow fallow barley fallosv

Wheat Wheat Barley Barley Wheat Barley
after after after after aftei' after

fallow wheat fallow I barley fallow wheat

1912 17.6 11.6 17.9 13.2 14.3 10.9
1913 20.2 8.3 49.4 1.0 22.1 18.3
1914 20.6 12.5 27.3 21.0 18.3 15.6
1915 17.6 0 21.8 6.4 14.6 9.4
1916 38.1 23.3 72.5 63.0 41.2 56.4 40.3 27.2
1917 23.7 12.3 35.0 10.5 21.2 0. 21.0 1.0
t918 15.8 11.3 24.4 12.2 18.5 13.5 16.2 6.1 19.5 11.0
1919 25.2 10.7 43.0 17.1 24.2 22.5 21.7 10.3 33.2 11.0
1920 14.7 7.5 22.9 11.3 13.0 11.3 21.8 6.8 19.0 6.4
1921 24.7 17.8 33.1 31.9 24.0 34.8 25.8 9.3 36.2 14.0
1922 15.7 7.5 18.7 14.1 14.7 15.2 17.2 1.5 17.0 7.9
1923 39.8 31.5 56.3 33.5 38.2 43.6 41.3 14.2 32.3 30.8
Total 273.7 154.3 422.3 235.6 263.3 251.5 205.3 83.4 157.2 81.1
Average 22.8 12.9 35.2 19.6 21.9 20.9 25.7 10.4 26.2 13.5
Average pounds

per acre 1368.0 774.0 1689.6 940.8 1314.0 1103.2 1542.0 624.0 1572.0 777.5

Hi. hi-i. his. bu. by.. b-u. by. by. by. by.

Average annual seed I

yield, pounds per
acre - 714.0 876.8 772.4 722.0 783.1

'Spring wheat substituted for rye in 1923.

No. 20. Spring No. 25. Winter
wheat- --peas -- wheat-- -spring

fallow rye_fallosv

Wheat Peas Wheat Rye
after after after after

fallow wheat fallosv wheat
(I

U 1- -

y, F...
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A comparison of the yields obtained from the five rotations in Group
2 (two crops and a fallow) with those in Group 1 (a grain crop alter-
nated with fallow) shows that higher average annual acre yields were
generally produced from grain alternating with fallow than frdm grow-
ing two grain crops and fallowing one year. Spring wheat in Rotation
lB produced an average annual yield of 714 pounds per acre, identically
the same annual average yield as in Rotation 2, spring wheatspring
wheatfallow. It will be noted from Table IV that the spring wheat
after spring wheat in Rotation 2 returned profitable yields only in three
years out of twelve, 1916, 1921, and 1923, and was a failure in one year,
1915. The cost of producing spring wheat after wheat is considerably
greater than the cost of cultivating the fallow. The average yield of
wheat after wheat in Rotation 2 was 12.9 bushels per acre, barely enough
to pay ijroduction costs and interest on land valued at $25.00 an acre.

The annual average acre yield of spring barley after fallow in Rota-
tion 1C was 988.8 lbs. per acre as compared with 876.8 pounds per acre
from Rotation 3, with two barley crops and a fallow. In Rotation 3,
there were four years-1914, 1916, 1921, and 1923 when the barley after
barley produced enough to be profitable. The average yield was 19.6
bushels per acre, while barley after fallow in the same rotation averaged
35.2 bushels per acre.

The results as shown in Table IV emphasize the superiority of
barley as a spring-sown crop for Eastern Oregon. In pounds per acre
the rotation with two barley crops and a fallow averaged the highest
annual seed yield per acre, 876.8 pounds. The second highest was Rota-
tion 25, winter wheatspring ryefallow. This rotation has been in
progress only six years, and during one of those years, 1923, spring
wheat was substituted for spring rye. Spring wheat following the win-
ter wheat would undoubtedly be more desirable in this rotation than
spring rye because of the higher yields of spring wheat and because of
the difficulty in keeping the wheat free from volunteer rye even after a
season of fallow. Rotation 4, spring wheatspring barleyfallow, av-
eraged 58 pounds per acre more seed annually than Rotation 2, spring
wheatspring wheat--fallow. In Rotation 4, the spring barley after
wheat averaged 229.2 pounds per acre more than the spring wheat after
wi eat.

The wheat yields after fallow in Rotation 20, spring wheatpeasfallow,
arc higher than those in Rotations 2 and 4, which are similar rotations
without a leguminous crop. High yields of peas in this rotation were
obtained in only one year of the eight, the average being 10.4 bushels
per acre. With winter wheat substituted for the spring wheat in this
rotation, better results would undoubtedly be obtained because winter
wheat nearly always outyields spring wheat when grown after fallow.

Group 3. Fallow once in four years. In this group are the follow-
ing eight rotations:

No. S Spring wheatcornspring wheatfallow
No. 6 Spring wheatpeasspring wheatfallow
No. 15 Spring wheatcornoatsfallow
No. 17 Spring wheatspring barleyfallowcorn
No. 18 Spring wheatspring barleymanured fallowcorn
No. 22 Winter wheatpeaswinter wheatfallow
No. 23 Winter wheatpotatoeswinter wheatfallow
No. 28 Winter wheatpeaspeasfallow



DRY-FARM CROP ROTATION EXPERIMENTS 15

Twelve years' data are available for two, ten years' data for three,
and oniy six years' data for three of these rotations. Table V shows the
annual and average yields for the eight rotations in this group.

Of the rotations with a summer fallow period once in four years,
No. 18, spring wheatspring barleymanured fallowcorn, produced
the highest average seed yield, 988.8 pounds per acre annually. This
was higher than the seed yield of any rotation in Group 2, with a fal-
low period once in three years, and equal to the highest in Group 1,
Rotation 1 C, spring barleyfallow.

Rotation 17, which is the second highest yielding rotation in this
group that has been in progress ten years or more, is identical with No.
18, except that barnyard manure at the rate of ten tons per acre is ap-
plied in Rotation 18 preceding the fallow year. The wheat yields in
both rotations are practically identical, but the corn and barley yields in
Rotation 18, where the manure was applied, are enough higher than
those obtained from Rotation 17 to indicate a beneficial effect from the
barnyard manure in increasing yields when the manure is applied pre-
ceding a fallow. It is not certain that the same result would be obtained
if a small grain followed the fallow instead of corn. Too heavy appli-
cations of barnyard manure may reduce grain yields even after fallow in
dry years because of a too heavy drain on soil moisture by the excessive
vegetative or straw growth caused by the manure.

Two other rotations of special interest in this group are rotaCons
5 and 6. No. 5, which is a rotation with a cultivated crop (corn) re-
placing the fallow one year in four, produced an annual average seed
yield of 761.4 pounds per acre, while No. 6, which is a rotation identical
with No. 5 except that a legurninous cultivated crop (peas) replaces the
fallow one year in four, produced 798 pounds per acre annually. In
Rotation 6, the spring wheat after peas averaged 2 bushels per acre more
than spring wheat after corn in Rotation 5. The wheat after fallow also
yielded slightly higher in Rotation 6 than in Rotation 5.

That Rotation 6 would be a more profitable rotation if winter wheat
were substituted for the spring wheat is indicated from, the results ob-
tained from Rotation 22, which has been in progress only 6 years. Dur-
ilig this period Rotation 22, winter wheatpeaswinter wheatfallow,
produced an average annual seed yield of 883.5 pounds per acre, while
during the same six-year period Rotation 6, spring wheatpeasspring
wheatfallow, averaged only 801.8 pounds per acre annually.

Group 4. No fallow. In this group are listed nine rotations:
No. 8 Spring wheatspring barleycorn
No. 9 Spring wheatcornspring barley
No, 10 Spring wheatspring barleypotatoes
No. 19 Peas continuously
No. 21 Spring wheatpeas
No. 24 Winter wheatspring ryepeas
No. 26 Winter wheatcorn
No. 27 Winter wheatpeas--peas
No. 29 Corn continuously

Twelve years' results are available for four of these rotations, Nos.
8, 9, 10, and 19. Eight years' results are available for Rotation 21; seven
years' for Rotation 26; and six years' for Rotations Nos. 24, 27, and 29.
The annual and average yields for these rotations are shown in Table VT.



TABLE V. ANNUAL AND AVERAGE ACRE YIELDS IN BUS HELS OF WINTER AND SPRING WHEAT, BARLEY, OATS,
CORN, AND PEAS GROWN IN FOUR-YEAR RO TATIONS, WHICH INCLUDE ONE YEAR OF

FALLOW, FOR THE YEARS 1912 TO 1923, INCLUSIVE

rI'7o. 15. Spring wheat-
corn-oats-f allow

No. 17. Spring svheal-
spring barley-fal-

low-corn

to
17.5 21.6 31.3 17.0 F
15.0 23.0 15.6 17.0
41.6 42.9 60.2 30.0 w
2.5 12.7 0. 0.

14.3 10.3 17.3 28.0 z4.0 25.0 18.0 21.0
8.3 19.5 20.8 7.9
14.5 21.8 29.4 15.5 Ci)
14.0 15.8 18.7 24.0 -1
11.7 41.2 42.7 19.7

143.4 233.8 254.0 180.! H
14.3 23.4 25.4 18.0 0

900.8 1404.0 1219.2
J

1008.0 Z

907.8

F
F
1')
H

z
N.)0

No. 5. Spring wheat- No. 6. Spring wheat-
corn-spring wheat- peas-spring wheat-

fallow fallow
Year

Wheat I Wheat Corn Wheat Wheat Peas I Wheat Oats
after after after after after after after after
tallow corn wheat I fallow peas wheat fallow corn

bit. bu. tnt. bu. bit. bu. bit. bst.

1912 13.1 10.1 13.5 14.8 14.8 4.7
1913 19.8 12.0 0.4 21.0 20.5 10.5
1914 17.6 17.5 7.3 18.7 15.1 9.8 20.1 47.8
1915 13.6 9.5 16.0 13.6 16.1 11.8 20.8 0.
1916 36.3 32.1 26.8 40.8 37.5 30.8 38.8 67.5
1917 22.7 12.8 7.5 24.0 11.2 2.0 16.3 36.5
1918 16.2 14.8 18.7 15.3 12.8 5.7 12.7 28.4
1919 22.2 24.0 10.0 24.3 19.5 12.7 22.3 35.0
1920 16.7 13.5 7.4 17.2 16.2 5.0 20.7 17.2
1921 23.8 21.0 11.0 24.7 22.7 11.3 21.5 33.8
1922 14.8 12.2 12.0 17.0 16.5 8.3 13.8 21.6
1923 37.2 33.7 20.7 39.5 34.8 17.2 38.0 55.0
rota! - 254.0 213.2 151.3 270.9 237.7 129.8 225.0 342.8
As'erage 21.2 17.8 12.6 22.6 19.8 10.8 22.5 34.3
Average pounds per act-c 1272.0 1068.0 705.6 1356.0 1188.0 648.0 1350.0 1097.6
Average annual seed yield,

pounds pet acre I 761.4 798.0 812.1

Corn Wheat Barley Corn
after after after after

wheat corn wheat fallow

bu. bit. Hi. ho.



Year

1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
'rotal
Average
Average, pounds per acre
Average annual seed yield,

pounds per acie

No. 18. Spring wheat- No. 22. Winter wheat- No. 23. Winter svheat-
spring barley - manured peas--winter wheat- potatoes--winter wheat-1

fallow-coin fallow fallow

CornWheat Barley aftei Wheat Peas
after after manured after after
corn wheat fallow fallow wheat

Wheat Wheat Potatoec Wheat Wheat Peas Peas
after after after after alter after after
peas fallow wheat potatoes fallow wheat peas

bu.

10.3
22.7
21.1
35.7
17.0
36.0

142.8
23.8

1428.0

bit.

108.3
55.0
85.8
84.0

111.0
77.3

.52 1.4
86.9

5214.0

No. 28. Winter wheat-
peas-peas-fallow

ho. ho. ho. bu.

'-1

15.5 14.8 4.1 5.1
22.0 35.3 11.5 16.0
16.5 23.0 7.8 8.0
32.0 30.0 13.5 12.5
18.3 16.3 9.5 8.8 o
27.3 50.0 16.3 18.2 '0

131.6 169.4 62.7 68.6
21.9 28.2 10.5 11.4

1314.0 - 1692.0 630.0 684.0 0
-1

751.5
o

ho. ho. ho. ba. ba. bu.

22.1 30.6 17.1
16.6 23.1 18.5
42.0 63.1 31.1
20.6 18.2 19.0
16.5 15.4 35.2 17.0 4.3 16.7
25.0 27.1 10.0 28.2 8.5 28.9
14.7 15.0 9.7 19.7 6.8 14.5
25.5 33.1 14.5 36.5 6.5 32.3
12.7 22.5 24.0 17.2 9.0 15.2
41.8 44.2 22.1 38.8 18.0 35.0

237.5 292.3 201.2 157.4 53.1 142.6
23.8 29.2 F

20.1 26.2 8.9 23.8
1428.0 1401.6 1125.6 1572.0 534.0 1428.0

988.8 883.5 914.0



:

TABLE VI. ANNUAL AND AVERAGE ACRE YIELDS IN BUSHELS OF SMALL GRAINS AND CULTIVATED CROPS GROWN
IN DIFFERENT ROTATIONS WITH NO FALLOW

No. 8. Spring wheat-
barley-corn

No. 9. Spring wheat- No. 10. Spring wheat-
corn-barley spring barley-potatoes No. 19.

Peas con-Barley Potatoes tinuously oafter after
wheat barley

bit, bit. bit.
17.9 I 122.8 14.8 fl
12.3 68.0 24.0
17.7 41.1 19.0 ti
16.0 73.0 9.0 5<
51.3 146.6 27.4 5

0. 86.0 1.9
22.7 92.0 6.0
26.4 35.0 13.8
14.8 93.8 6.1
32.5 78.0 11.3 7
17.3 110.0 8.7
31.9 73.3 17.9

260.8 1019.6 159.9 (j')
-i21.7 84.9 13.3

1041.6 I 5094.0 798.0

1168.8 798.0 0
z

C

H
-i
z
N.)

'.0

Year Wheat Barley Corn Wheat Corn
after after after after after
corn wheat barley barley wheat

bit, bit. bit, bit, bit.
1912 10.3
1913 13.4
1914 15.3
1915 8.!
1916 31.7
1917 13.3
1918 17.2
1919 23.0
1920 7.5
1921 23.8
1922 12.5
1923 29.0
Total

i

205.1
Average 17.1
Average, pounds per acre 1026.0
Average annual seed yield, pounds I

per acre

21.0 15.9
1.6 23.0

23.5 18.5
29.6 16.3
78.5 36.3
16.5 13.8
26.5 15.8
35.8 23.2
13.8 21.3
33.5 25.5
16.2 16.2
37.5 33.5

334.0 259.3
27.8 21.6

1334.4 1296.0

Barley Wheat
after after
corn potatoes

bit. bu.
15.8 29.7 18.5 28.7
28.5 2.5 23.0 - 4.3
14.3 14.5 15.1 18.0
23.9 19.0 9.0 20.0
50.6 29.9 37.9 30.8

0. 2t.0 7.0 22.0
15.4 27.0 10.5 26.6
23.1 7.0 22.7 6.0
12.9 5.6 6.7 5.1
29.8 15.0 20.3 16.0
14.8 3.0 12.8 13.0
32.7 13.1 27.8 16.0

261.8 197.3 212.3 206.5
21.8 t6.4 17.7 17.2

1046.4 918.4 1062.0 963.2

996.9 ttl9.9



Year

No. 21. Spring No. 24. Winter wheat- No. 26. Winter
wheat- peaS spring rye-peas whe t -corn

Wheat Peas Wheat Rye Peas Wheat Corn
after alter I after atter after after after
peas wheat peas wheat rye corn wheat

bu. b-u. ha.
t916 43.2 27.0
1917 22.7 2.8
1918 13.3 1.7 10.0
1919 24.0 9.2 22.8
1920 16.7 4.8 t 1.0
1921 22.2 11.2 28.3
1922 16.6 8.3 12.8
1923 38.7 15.0 34.5
Total 197.4 83.0 119.4
Average 24.7 10.4 19.9
Average, pounds per acre._ 1482.0 624.0 1194.0
Average annual seed yield

pounds per acre 1053.0

Spring wheat substituted for rye in 1923.

ha. I b-u. ha. ha. ha. bu.

8.5
9.0
5.4

13.2
7.9

26.7"
70.7
11.8

677.7

799.9

4.1
9.7
6.2

10.3
7.2

15.0
52.5
8.8

528.0

7.5
16.5
25.0
11.2
26.7
14.8
27.3

129.0
18.4

1104.0

10.7
12.6

6.0
5.4

10.0
14.0
12.3
71.0
to.'

565.6

834.8

No. 27. Winter wheat-
peas-pt No. 29.

Corn
Wheat Peas Peas continu-

after alter after ously
peas wheat peas

14.0
22.3
12.0
28.0
11.3
28.0

115.6
19.3

1158.0

5.3
12.0
7.8

11.8
8.5

16.0
61.4
10.2

612.0

812.0

ha.

4.3
17.2
7.3

13.2
6.7

17.7
66.4
11.1

666.0

bu.

34.7
18.0

5.7
11.0
14.0
19.7

103.1
17.2

963.2

963.2



TABLE VII. ANNUAL AND AVERAGE ACRE YIELDS IN BUSHELS OF WINTER AND SPRING WHEAT, BARLEY, OATS, LI
AND CORN GROWN IN DIFFERENT ROTATIONS WITH PEAS OR RYE

TURNED UNDER FOR GREEN MANURE

No. 7. Spring
wheat-spring No. 11. Spring wheat-
barley-peas spring barley-rye turned

turned under- under-coin
fallow

Year
Wheat after
fallow and
peas turned

under

bii.
1912 14.8
1913 28.0
1914 26.1
1915 18.1
1916 40.3
1917 24.5
1918 21.7
1919 24.0
1920 22.5
1921 30.8
1922

i
16.5

1923 40.7
Total 308.0
Average 25.7
Average, pounds per acre 1542.0
Average annual seed yield,

pounds per acre

Barley Wheat
after after

wheat corn

ha.

707.1

ba bit. bu. bit.

17.0 27.4 i 12.0
22.5 4.0 9.5
20.6 13.1 12.1
24.6 22.0 7.0
54.8 27.8 47.5
0. 11.5 14.7

17.1 33.0 12.8
24.0 19.2 28.2
19.1 7.1 20.8
32.9 14.0 1 22.3
16.4 16.0 6.7
40.4 26.6 38.5

289.4 221.7 232.1
24.1 18.5 19.3

1156.8 1036.0 I 1158.0

No. 12. Spring wheat-
spring barley-peas
turned under-corn

Corn
Wheat Barley after
after after peas
corn wheat turned

under

831.7 864.9

bit, bit.

13.7 31.3
37.5 3.8
23.1 13.2
13.3 23.0
52.1 32.8
0. 11.3

15.8 39.0
22.3 23.6
15.0 7.7
32.1 13.5
15.8 24.0
37.0 32.7

277.7 255.9
23.1 21.3

1108.8 1192.8

No. 13. Spring wheat-
spring wheat-peas
turned under-spring 0barley

Barley
Wheat Wheat after
after after peas

barley wheat rurned
under

-
ha. bii. bit. H

H
9.2 15.5 18.5

11.6 9.5 33.7
13.6 12.5 23.7
8.0 9.8 21.8 Z

33.3 37.1 65.0
2.5 3.2 26.6 rj
9.3 12.0 22.9 i-3

15.7 11.2 I 35.2 u
7.8 7.8 16.5 -1

20.0 16.5 34.0
8.5 5.2 17.5 Z

30.2 24.8 46.9
169.7 165.1 362.3

14.1 13.8 30.2
846.0 828.0 1449.6 t

1

lii
780.9 ,-

15.3 12.0
21.9 11.2
25.2 15.3
29.6 8.1
68.1 36.9

0. 9.3
18.5 15.0
26.1 24.0
21.7 17.3
35.4 22.7
22.5 15.2
36.8 39.5

321.1 226.5
26.8 18.9

1286.4 1134.0

Corn
Barley after
after rye

wheat turned
under



Year

19 1'2
1913 -

1914
1915 -

1916
1917
1918
1919
1920
1921
1922
1923
Total
Average
Average, pounds per acre
Average annual seed yield, pounds per acre

No. 14. Winter wheat-corn--winter wheat- No. 16. Oats-spring bar-
peas turned under--winter wheat-potatoes ley-peas tttrned ttncler-

corn

Corn
Corn Wheat Potatoes - Wheat Oats Barley after
after after after - after after after peas

wheat I
corn wheat potatoes corn oats turned

under

to. bu. bit., b it. - bit. bu.
12.0 122.8 15.0
6.6 65.8 20.0

15.8 39.8 20.1 49.6 33.7 18.5
16.0 60.0 15.1 33.4 17.0 19.5
27.7 145.0 30.4 81.5 69.8 37.0
18.3 10.0 21.0 37.6 I 16.8 20.6
15.2 50.0 7.2 34.7 12.7 27.0
17.2 40.0 27.3 41.0 27.5 21.0
12.7 61.7 18.2 27.8 15.8 7.4
23.2 89.0 23.2 46.3 I 41.3 14.5
12.8 95.0 15.5 23.7 17.5 20.0
32.3 72.5 21.0 69.0 40.8 19.1

209.8 851.6 234.0 444.6 - 292.9 204.6
17.5 70.9 19.5 44.5 29.3 20.5

1050.0 4254.0 1170.0 1424.0 1406.4 - 1148.0
814.0 994.6

Wheat
after
peas

turned
under

bu.
14.3
11.4
22.6
13.8
31.3
21.5
11.2
29.0
16.0
32.5
15.3
40.0

258.9
21.6

1296.0

lot.
10.0
2.0
6.5

14.0
26.0
2.0

15.5
2.0
3.1
9.0

14.0
14.7

118.8
9.9

554.4
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in this group, with no fallow included, are found several of the best
crop rotations tried at the Moro Branch Station from the standpoint of
highest average annual seed production per acre.

The highest yield was obtained from Rotation 10, spring wheat
spring barleypotatoes. In computing the average annual seed yield
in this rotation, the yields of the potatoes are not considered. The yield
of wheat in this rotation was higher than that obtained from rotations
8 and 9, where corn was used as the cultivated crop. A fair average
yield of potatoes, 84.9 bushels per acre, was obtained. The potatoes,
however, when grown after grain on dry lands, are usually small, of poor
quality, and contain a high percentage of unmarketable tubers. The
yield recorded in this rotation is the total and not the marketable yield.
Considerably higher yields and better quality of potatoes can be grown
after a season of fallow. Potatoes in Rotation 1E yielded 136.2 bushels
per acre for the same period, with a much higher percentage of market-
able tubers. Even if the yield and quality of the potatoes justified it, the
crop could not be grown on an extensive scale on the dry lands of East-
ern Oregon because of the danger of over-production and low prices.

In rotations 8 and 9 the three crops, wheat, barley, and corn, are
used, but in a different sequence. Rotation 9, where the barley followed
the corn instead of wheat, gave the highest average yield for each of the
three crops, the greatest increase being in the average yield of the bar-
ley, which produced 1,334 pounds of grain after corn as against 1,026
pounds of wheat after corn in Rotation 8. The average annual seed
yields from these two rotations are higher than those obtained from any
in Group I, where grain was grown after fallow, the common farm prac-
tice in Eastern Oregon.

Notwithstanding occasional low annual acre yields, the average
yields of the wheat and barley in these two rotations are high enough
to warrant the statement that both of them would prove profitable for
farmers who cared to combine grain farming with livestock raising.

Somewhat higher average yields might be obtained from these two
rotations by the substitution of winter wheat for spring wheat. The
yields of winter wheat, however, in Rotations 26 and 27 in this group
indicate that this substitution might not greatly increase the yields.
Frequently spring wheat after any crop the previous year will yield
nearly as much as winter wheat, mainly because of the difficulty in
securing good stands of winter wheat after either a cultivated or a grain
crop.

Group 5. Rotations with green manure crops. The following six
rotations are carried on at the Moro Branch Station to determine the
effect on yield of turning under green manure crops.
No. 7 Spring wheatspring barleypeas turned underfallow
No. 11 Spring wheatspring barleyrye turned undercorn
No. 12 Spring wheatspring barleypeas turned undercorn
No. 13 Spring wheatspring wheatpeas turned underspring barley
No. 14 Winter wheatcornwinter wheatpeas turned underwinter

wheatpotatoes
No. 16 Oatsspring barleypeas turned undercorn
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In this group are five 4-year rotations, all including spring-sown
crops, and one 6-year rotation which includes winter wheat. Each of
these rotations, except No. 16, has been in progress since 1912. Rotation
16 was begun in 1914.

The rye for green manure in Rotation 11 is sown in the fall on
disl<ed barley stubble and turned under early in June when the crop is
about 50 percent headed. The field peas are sown in early spring on
disked grain stubble and turned under about the middle of June when
in blossom. No crop is grown the year the green manure is turned un-
der, but the land is left fallow, double disked and not plowed as a prepa-
ration for the grain crop following the green manure. When corn fol-
lows the green-manure crop, the land is plowed shallow in the spring
and harrowed as a seed-bed preparation.

In Rotation 7 the green manure is followed by a year of fallow, in
Rotation 13 the green manure is followed by spring barley and in Rota-
tion 14 by winter wheat. In all other rotations of this group, the green
manure is followed by corn.

The results obtained in these rotations involving the use of green-
manure crops are given in Table VII.

A comparison of the results obtained with the rotations included in
Group 5, where a crop is grown for turning under for green manure,
with the results from the other rotations in the preceding groups, con-
clusively shows that the use of green manure would not.be advisable as
a farm practice because of the failure of this method to increase yields
sufficiently to justify the expense of growing the green manure crop.
Winter wheat and spring barley produced lower yields following a
green-manure crop than when grown after fallow.

Rotation 14 included in this group, is the only one in the whole
series of rotations at Moro for which twelve years' data are available for
winter wheat grown after a crop the previous year. This rotation in-
cludes winter wheat after peas turned under, after corn, and after pota-
toes. The average yields obtained from the winter wheat after corn
and after potatoes were slightly less than the average yields of spring
wheat after corn and after potatoes in most other rotations. The com-
paratively low yields of winter wheat in Rotation 14 may be partly due
to the unfavorable location of the rotation for winter wheat, a north
slope, and also the failure in several seasons to get good stands of winter
wheat in this rotation.

Summary of rotation yields by groups. The data given in Tables
III to VII, inclusive, are summarized in Table VIII, which shows the
rotations arranged in groups as in previous tables, with average yield in
pounds per acre for each crop and for each rotation. The average yields
are for the twelve-year period, 1912 to 1923, inclusive, unless otherwise
stated. Where potatoes are grown the yields are not included in the
average seed yield for the rotation.

In comparing the average annual acre yields with those obtained
from alternating winter wheat and fallow, which is the established crop-
ping System Ofl practically all the dry lands of Eastern Oregon, it will
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be seen from Table VIII that the following rotations exceeded the win-
ter wheat-fallow rotation in average annual seed yields per acre.

No. 1C Spring barleyfallow
No. 3 Spring barleyspring barleyfallow
No. 17 Spring wheatbarleyfallow_corn
No. 18 Spring wlleatbarleymanured fallowcorn
No. 22 Winter wheatpeaswinter wheatfallow
No. 23 Winter wheatpotatoes_winter wheatfallow
No. 8 Spring wheatbarleycorn
No. 9 Spring wheatcornbarley
No. 10 Spring wheatbarley_potatoes
No. 21 SprIng wheatpeas
No. 29 Corn continuously
No. 16 Oatsbarleypeas turned undercorn

Of the rotations which have been in progress for the twelve-year
periods, Nos. 1C, 8, 9, 10, and 21 have produced the highest annual aver-
age yield of grain. No. 10, however, includes potatoes as a fallow sub-
stitute, and as the yield and quality of the potatoes would not justify
growing them, the same rotation with a fallow instead of the potatoes
would be a more profitable one.

The yield of spring barley after fallow in Rotation IC has exceeded
the yield of winter wheat after fallow in pounds per acre. The slightly
higher price paid for winter wheat, however, would probably make the
winter wheat after fallow the more profitable rotation of the two.

Rotations 8 and 9, in which the crops spring wheat, spring barley,
and corn are used, both produced higher average yields of seed per acre
than the growing of winter wheat after fallow. From the standpoint of
yield, crop utilization and salability, these two rotations are outstanding,
and seem to offer more promise in the way of successful crop diversifica-
tion in Eastern Oregon than any of the other rotations tried. Both these
rotations are admirably adapted to a combination system of grain and
livestock raising, and the net profit obtained from them as compared with
growing wheat after fallow would largely depend upon whether the
livestock could be made to return a profit. The corn yields in both
rotations are low, about seventeen bushels of grain per acre; but if the
corn were utilized for pasture or silage, it might prove profitable, es-
pecially for farmers otherwise favorably situated as regards grazing land
for livestock. The barley in this rotation could be utilized for stock or
hog feed, leaving wheat as the sole cash crop.

The results obtained from Rotation 21 (spring wheatpeas), vhicli
has been in progress only eight years, indicate the possibility of the
successful introduction of this leguminous crop as a fallow substitute.
If the price of peas were computed at their feed value, they would not
prove quite so profitable as corn, but due to the total low production
because of the restricted areas in which peas can be profitably grown,
the market price per potind for peas is always considerably more than
that of corn. Peas, too, have the advantage of being a leguminous crop,
which in any rotation is generally considered highly essential from th
standpoint of soil fertility.



Average annual yield
Rota- per acre for

tion No. Crop Rotation

lbs. lbs.
Group 1. Fallow and cropped alternately

IA Winter wheat-fallow 1740.0 NO.0
lB Spring wheat-fallow 1428.0 714.0
1C Spring barley-fallow 1977.6 988.8
lD Spring oats-fallow 1603.2 801.6
lE Potatoes-fallow 8172.0 4086.0

Group 2. Fallow once in three years

2 Spring wheat-spring wheat-fallow
Spring wheat after fallow 1368.0
Spring wheat after wheat 774.0 714.0

3 Spring barley-spring barley-fallow
Barley alter fallow 1689.6
Barley after barley 940.8 876.8

4 Spring wheat-spring barley-fallow
Wheat atter fallow 1314.0
Barley after wheat 1003.2 772.4

20 Spring wheat-peas-fallow (8 yrs.)
Wheat after fallow 1542.0
Peas after wheat 624.0 722.0

25 \Vinter wheat-spring rye-fallow (6 yrs.)
Winter wheat after fallow - 1572.0
Rye after wheat 777.5 763.1

Group 3. Fallow once in four years

5 Spring wheat-corn_spring wheat-fallow
Wheat after fallow -- 1272.0
Wheat after corn -- 1068.0
Corn after wheat - 705.6 761.4

6 Spring wheat-peas-spring wheat-fallow
Wheat alter fallow 1356.0
Wheat after peas 1188.0
Peas after wheat 648.0 798.0

IS Spring wheat-corn-oats-fallow (10 yrs.)
Wheat after fallow 1350.0
Oats after corn 1097.6
Corn after wheat 800.8 SI 2. 1

17 Spring wheat-barley-fallow-corn (10 yrs.)
Wheat after corn 1404.0
Barley after wlteat 1219.2
Corn after fallow 1008.0 907.8

18 Spring wheat-barley-otanured fallow-corn (II yrs )
Wheat -after corn 1428.0
Barley after wheat . 1401.6
Corn after manured fallow 1125.6 988.8

22 Winter wheat-peas--winter wheat-fallijv (6 yrs.)
Wheat after fallow 1572.0
Peas after wheat 534.0
Wheat after peas 1428.0 883.5

23 Winter wheat--potatoes-winter wheat-fallow (6 yrs.)
Wheat after fallow 1428.0
Wheat after potatoes -- 1314.0
Potatoes after svheat 5214.0 9l4.0

28 \Vinter wheat-peas-peas-fallow (6 yrs.)
Wheat alter fallow 1692.0
Peas after wheat 630.0
Peas after peas 684.0 751.5

Vield of potatoes 11ot included.
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TABLE VIII. SUMMARY OF YIELDS OBTAINED IN ROTATION EXPERI-
MENTS AT MORO, OREGON, SHOWING ROTATIONS ARRANGED BY

GROUPS, AND THE AVERAGE YIELD IN POUNDS PER ACRE
OF EACI-I CROP AND OF EACH ROTATION
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TABLE viu (CONCLUDED). SUMMARY OF YIELDS IN ROTATION
EXPERIMENTS

Average annual yield
Rota- per acre for

tion No. Crop Rotation

*Yield of potatoes not included.

lbs. lbs.

Group 4. No fallow

8 Spring wheat-barley-corn
Wheat after corn 1026.0
Barley after wheat 1046.4
Corn after barley 918.4 996.9

9 Spring wheat-corn-barley
Wheat after barley 1062.0
Corn after wheat 963.2
Barley after corn - 1334.4 1119.9

10 Spring wheat-spring barley-potatoes
Wheat after potatoes 1296.0
Barley after wheat 1041.6
Potatoes after barley 5094.0 1168.8*

19 Peas continuously
Peas after peas - 798.0 798.0

21 Spring wheat-peas (8 yrs.)
Wheat after peas 1482.0 ...
Peas after wheat 624.0 1053.0

24 Winter wheat-spring rye_peas (6 yrs.)
Wheat after peas 1194.0
Rye after wheat 677.7
Peas after rye 528.0 799.9

26 Winter wheat-corn (7 yrs.)
Wheat after corn 1104.0
Corn after wheat 565.6 834.8

27 Winter wheat-peas-peas (6 yrs.)
Wheat after peas 1158.0
Peas after wheat 612.0
Peas after peas 666.0 812.0

29 Corn continuously (6 yrs.) 963.2 963.2

Group 5. The use of green manure crops
7 Spring wheat-spring barley-peas turned under-

fallow
Wheat after fallow and peas turned under 1542.0
Barley after wheat - 1286.4 707.1

11 Spring wheat-spring barley-rye turned under-corti
Wheat after corn 1134.0
Bailey after wheat 1156.8
Corn after rye turned under 1036.0 831.7

12 Spring wheat-spring barley-peas turned under-corn
Wheat after corn - 1158.0
Barley after wheat 1108.8
Corn after peas turned under 1192.8 864.9

13 Spring wheat-spring wheat_peas turned under-
spring barley

Wheat after barley 846.0
Wheat after wheat - 828.0
Barley after peas turned under 1449.6 780.9

14 Winter wheat-corn-winter wheat-peas turned under
-svinter wheat-potatoes

Wheat after peas turned under 1296.0
Corn after wheat - 554.4
Wheat alter corn 1050.0
Potatoes after wheat ... 4254.0
Wheat after potatoes 1170.0 8140*

16 Spring oats-spring barley-peas turned under-
corn (10 yrs.)

Oats after corn 1424.0
Barley after oats 1406.4
Corn after peas turned under 1148.0 994.6



Winter Spring
wheat wneat
after alter

fallow fallow

After
I

culti- After
vated grain
crop

1. Double disking $0.75 $0.75 $0.75
2. Plowing 2.00 2.00 $2.00
3. Harrowing 0.80 1.00 0.40 0.40
4. Weeding 1.50 1.50
5. Packing 0.20
6. Seeding 0.50 0.50 0.50 0.50
7. Cost of seed 1.00 1.00 1.00 1.00
8. Harvesting 3.50 3.50 3.50 3.50
9. Interest on land (6% of $50) 6.00 6.00 300 3.00

10. Taxes 1.00 1.00 0.50 0.50

$17.05 $17.25 $9.65 $11.10
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CROP VALUES AND PRODUCTION COSTS
In order to determine the value of any particular rotation, cost of

production and the values of the crops produced necessarily must be
considered. In order to compare the value of the crops in the different
rotations, the following prices for the various crops have been assumed:

Wheat lic per lb.
Oats, barley, and corn 1+c per lb.
Peas 2c per lb.
Potatoes to per lb.
Wheat straw 50c pci acre
Oat and barley straw 75c per acre
Corn stover $1.50 per acre

The following figures have been assumed to be approximately the
cost of various tillage and harvesting operations:

Double disking $0.75 per acre
Plowing 2.00 per acre
Harrowing 020 per acre
Weeding 0.75 per acre
Seeding grain and peas 0.50 per acre
Cost of seed, treated 1.00 per bushel
Harvesting grain 3.50 per acre
Cost of marketing, including bags - 0.15 per csvt.
Cutting and treating seed potatoes 300 per acre
Planting potatoes 2.50 per acre
Planting corn 0.50 per acre
Cultivation of corn and potatoes 0.50 per acre
Harvesting corn 2.50 per acre
Harvesting peas 4.50 per acre

In addition to the actual operation costs, it has been assumed that
the land is valued at $50.00 an acre, on which an annual interest charge
of 6 percent or $3.00 is allowed. Fifty cents an acre has also been al-
lowed for taxes.

Based on these figures, the actual cost of raising wheat, barley, oats,
corn, peas, and potatoes, exclusive of marketing costs, would be as
follows:

ACRE COST OF RAISING WHEAT



ACRE COST OF RAISING CORN

ACRE COST OF RAiSING PEAS

After
grain

After
I

fallow

I After
rye

turned
under

After
peas

turned
under

1. Plowing $2.00 $2.00 $2.00 $2.00
2. Harrowing -- 0.60 0.80 0.40 0.40
3. Planting 0.50 0.50 0.50 0.50
4. Cost of seed - 0.40 0.40 0.40 0.40
5. Cultivating twice 1.00 1.00 1.00 1.00
6. Harvesting 2.50 2.50 2.50 2.50
7. Interest 3.00 6.00 6.00 6.00
8. Taxes .50 1.00 1.00 1.00
9. Disking 1.50 0.75 0.75

10. Seed for green manure crop 1.00 2.25
11. Seeding 0.50 0.50
12. Harrowing 0.20 0.20
13. Weeding 1.50

$10.50 $17.20 $16.25 $17.50

After
grain

1. Plowing i
$2.00

After
peas

2. Disking $0.75
3. Harrowing 0.60 0.60
4. Seeding 0.50 0.50
5. Cost of seed 2.25 2.25
6. Cultivating twice 1.00 1.00
7. Harvesting 4.50 4.50
8. Interest 3.00 3.00
9. Taxes 0.50 0.50

$14.35 $13.10

ACRE COST OF RAISING POTATOES AFTER GRAIN

1. Plowing $2.00
2. Ilarrowing 0.80
3. Planting 2.50
4. Cost of seed (15 bu. at $1.20) 18.00
5. Cutting and treating seed 3.50
6. Cultivating three times 1.50
7. Dtggin picking and sorting 7.50
8. Interest and taxes 3.50

$39.30

After
fallow

After
grain

After
culti-
vated
crop

After
peas

turned
under

1. Double disking $0.75 $0.75 $1.50
2. Plowing - 2.00 $2.00 2.00
3. Harrowing 0.80 0.40 0.40 0.40
4. Packing 0.20
5. Seeding 0.50 0.50 0.50 0.50
6. Weeding - 1.50
7. Cost of seed 0.85 0.85 0.85 3.10
8. Harvesting 3.50 3.50 3.50 3.50
9. Interest on land 6.00 3.00 3.00 6.00

10. Taxes - 1.00 0.50 0.50 1.00

$16.90 $10.95 $9.50 $18.00

28 0. A. C. EXPERIMENT STATION BULLETIN 209

ACRE COST OF RAISING SPRING BARLEY AND OATS



Of these eight rotations, three were in Group 1, where the land was
alternately cropped and fallowed; four were in Group 4, where no fal-
low occurred; and one was in Group 3, with the fallow occurring once in
four years. Of the eight rotations listed above, only four are in the ltst
given on page 24 which showed a higher average seed yield per acre
than the rotation, winter wheatfallow. Two of these, Rotation 21,
spring wheatpeas, and Rotation 9, spring wheatcornbarley, re-
turned a nct average profit per acre more than that obtained from the
rotation, winter wheatfallow. No. 22, winter wheatpeaswinter
wheatfallow, showed a slightly less profit per acre than growing win-
ter wheat after fallow, and No. 1C, spring barleyfallow, though pro-
ducing more pounds per acre than winter wheatfallow, dtd not return
as great a profit because of the barley being valued at c per pound
less than the winter wheat.

\'Vith the assumed crop values and production costs, rotation i E,
potatoesfallow, ranked highest. As pointed out previously, however,
this rotation would be an impractical one for general practice on the dry
lands of Eastern Oregon. The second rotation in point of profit was
peas continuously, with peas valued at 2c a pound. If the value of the
peas were based on about their worth for feed, or the same as the values
placed on corn, oats, and barley, lc a pound, this rotation instead of
showing a profit would have shown a slight loss.

Rotation 21, spring wheatpeas, which has been in progress eight
years, showed a profit of $2.32 art acre more than the rotation, winter
wheatfallow. With the peas valued at 1c in this rotation, they would
have been grown at a loss and the annual profit per acre on the rotation
.vottld have been reduced to a little less than $3.00 per acre.

Rotation 9, spring wheatcornbarley, returned a profit of $3.75
an acre, a little more than the returns obtained from the standard rota-
tion, winter wheatfallow. A similar rotation, No. 8, with the same
crops used in a different sequence, returned a profit of $2.36 per acre.

Annual
acre

profit per
on rotation

iN. Potatoesfallow $7.34
19. Peas continuously 565

21. Spring wheatpeas 559
9. Spring wheatcornbarley 3.75

IA. Winter wheatIallosv 347
22. Winter wheatpeaswinter wheatfallow 3.25
27. Winter wheatpeas--peas 302
IC. Spring barleyfallow 2.80

DRY-FARM CROP RorATIoN EXS'ER IMENTS 29

In Table IX are listed the various rotations, grouped as previously,
with the acre yield in pounds, the value of each crop, cost of producing
it and the profit or loss per acre on each crop and on each rotation.
Different conclusions might be drawn from the results of these rotations
if different figures were used for crop values and production costs. It
is believed, however, that the figures are relatively fatr and will serve
as an equitable basis for comparing the value of the different rotations.

According to the figures used, all rotations show a profit, though
seven of them netted a profit of less than $1.00 an acre. There were
more profitable rotations in Group 4, where fallowing was not practiced,
than in any other group. The following rotations were the most profit-
able in the order named:
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TABLE IX. AVERAGE YIELDS FOR THE YEARS 1912 TO 1923, INCLUSIVE,
FOR EACH CROP GROWN IN THE ROTATION EXPERIMENTS, WITH

VALUE OF THE CROP, COST OF PRODUCING IT, AND
ANNUAL PROFIT PER ACRE FOR EACH CROP

AND FOR EACH ROTATION

lbs.
Group 1. Fallow and cropped alternately

IA. Winter wheat-fallow 1740 $26.60 $19.66 $3.47 $3.47
18. Spring wheat-fallow 1428 21.92 19.39 1.27 l.27
IC. Spring barley-fallow 1978 25.47 19.87 2.80 2.80
tD. Spring oats-fallow 1603 20.79 19.30 0.75 0.75
1E. Potatoes-fallow 8I72 73.55 58.88 7.34 7.34

Group 2. Fallow once in three years
Spring wheat-spring wheat--fallow

Wheat after fallow 1368 21.02 19.30 0.86
Wheat after wheat 774 12.11 12.26 -0.15 0.52

Spring barley-spring barley_fallow
Barley after fallow 1690 21.87 19.44 1.21
Barley after barley 941 12.51 12.36 0.15 1.86

Spring wheat-spring barley-fallow
Wheat after tallow 1314 21.21 19.22 0.50
Barley after wheat 1003 13.28 12.45 0.83 0.61

20. Spring wheat-peas-tallow (8 yrs.)
Wheat after fallow 1542 23.63 19.56 2.13
Peas after wheat 624 15.60 15.29 0.31 1.46

25. Winter wheat-spring rye-fallow
(6 yis.)

\Vinter wheat after fallow 1572 24.08 19.41 2.34
Rye after wheat 778 11.67 10.82 0.85 1.84

Group 3. Fallow once in four years
3. Spring wheat-corn--spring wheat

-fallow
Wheat affer fallow 1272 19.58 19.16 0.21
Wheat after corn 1068 16.52 11.25 5.27
Corn after wheat 706 10.32 11.56 -1.24 1.11

6. Spring wheat-peas_spring wheat-.
fallow

Wheat after fallow 1356 20.84 19.28 0.78
Wheat after peas 1188 18.32 11.43 6.89
Peas after wheat 648 16.20 15.32 0.88 2.33

15. Spring wheat-corn-oats-fallosv
(10 yrs.)

Wheat after fallow 1350 20.75 19.28 0.74
Oats after corn 1098 14.47 11.15 3.32
Corn after wheat 801 11.51 11.70 -0.19 1.15

Spring wheat-barley-tallow-corn
(10 yrs.)

Wheat after corn 1404 21.56 11.76 9.80
Barley after wheat 1219 15.99 12.78 3.21
corn after fallow 1008 14.10 18.71 -2.30 2.10

Spring wheat-barley-manured fallow
-corn (10 yrs.)

Wheat after corn 1428 21.92 11.79 10.13
Barley after wheat 1402 18.27 13.05 5.22
Corn after nianured faf low 1126 15.57 22.89 -3.66 2.01

Winter wheat-peas-winter wheat
-fallow (6 yrs.)

Wheat after fallow 1572 24.08 19.41 2.34
Peas after wheat 534 13.35 15.15 -1.80
Wheat after peas -- 1428 21.92 11.79 10.13 3.25

Winter wheat-potatoes-winter wheat
-fallow (6 yrs.)

\Vheat after fallow 1428 21.92 19.19 1.37
Wheat after potatoes 1314 20.21 11.62 8.59
Potatoes after wheat 52t4t 44.32 45.95 -1.63 2.43

lO% deducted for unmarlsetable tubers.
115% deducted for unmarketable tubers.

Annual profit or
loss per acre

Rota- Average
tiorl acre On On rota-
No. Rotation yield Value Cost crop lion



lbs.
Group 3. Fallow once in four years (continued)

\Vtnter wheat-peas-peas-fallow
(6 yrs.)

Wheat after fallow 1692 25.88 19.59 3.14
Peas after wheat 630 15.75 15.30 0.4
Peas after peas 684 17.10 14.13 2.97 2.42

Group 4. No fallow
Spring wheat-barley--corn

Wheat after corn 1026 15.89 11.19 4.70
Barley aftei wheat 1046 13.82 12.52 1.30
Corn after bat-Icy 918 12.97 11.88 1.09 2.36

Spring wheat-corn-barley
Wheat after barley 1062 16.43 12.69 3.74
Corn after wheat - 963 13.53 11.94 1.59
Barley after corn 1334 17.42 11.50 5.92 3.75

Spring wheat-spring barley-potatoes
\Vheat after potatoes 1296 19.94 11.59 8.35
Barley after wheat 1042 13.77 12.51 1.26
Potatoes after barley 5O94 43.30 45.80 -2.50 2.37

19. Peas continuously
Peas after peas . 798 19.95 14.30 5.65 5.65

21. Spring wheat-peas (8 yrs.)
Wheat after peas ...._ 1482 22.73 11.87 10.86
Peas after wheat . 624 15.60 15.29 0.31 5.59

24. Wiitter wheat-spring rye-peas (6 yrs)
Wheat after peas 1194 18.41 11.44 6.97
Rye after wheat 678 10.17 10.67 -0.50
Peas after rye . 528 13.20 15.14 -1.94 1.51

Winter wheat-corn (7 yrs.)
Wheat after corn 1104 17.06 11.31 5.75
Corn after wheat 566 8.57 11.35 -2.78 1.48

Winter wheat-peas-peas (6 yrs.)
Wheat after peas 1158 17.87 11.39 6.48
Peas after wlteat 612 I 5.30 15.27 0.03 -

Peas after peas 666 16.65 14.10 2.55 3.02
9. Corn continuously (6 yrs.)

Corn after cot-n 963 13.53 11.94 1.59 1.59

Group 5. The use of green manure crops
7. Spring is-heat-spring barley-peas

turned under-fallow
Wheat after fallow and peas turned

under 1542 23.63 26.76 ---1.04
Barley after wheat 1286 16.82 12.88 3.94 0.20

It. Spring wheat-spring barley-rye
turned under-corn

Wheat after corn 1134 17.51 11.35 6.16
Barley after wheat 1157 15.21 12.69 2.52
Corn after rye turned under 1036 14.45 17.80 -1.68 1.33

12. Spring wheat-spring barley-peas
turned under-corn

Wheat after corn 1158 17.87 11.39 6.48
Barley after wheat 1109 14.61 12.61 2.00
Corn after peas turned under 1193 16.41 19.29 -1.44 1.40

t3. Spring wheat-spring wheat-peas
turned under-spring barley

Wheat after barley 846 13.19 12.37 0.82
\Vheat after wheat 828 12.92 12.34 0.58
Barley after peas turned under 1450 18.87 20.18 --0.66 0.02

14. Winter wheat-corn-winter wheat-
peas turned under-winter
wheat-pot aloes

Wheat after peas turned under 1296 1994 20.04 -0.05
Cons after wheat 554 8.42 11.33 -2.91
Wheat after corn 1050 16.25 11.23 5.02
Potatoes after wheat . 4254 36.16 44.72 -8.56
Wheat after potatoes 1170 18.05 11.41 6.64 0.01

l5% deducted for unniarketable tubers.

A verage
acre . On On rota-
yield Value Cost crop lion

DRY-FARM CROP ROTATION EXPERIMENTS 31

TABLE IX (CONTINUED). AVERAGE YIELDS IN ROTATION EXPERIMENTS
Annual profit or

loss per acre
Rota-
tion
No. Rotation
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TABLE IX (CONCLUDED). AVERAGE YIELDS IN ROTATION
EXPERIMENTS

Annual profit or
loss per acre

Average
acre On On rota-
yield Value Cost crop lion

lbs.
Group 5. The use of green manure crops (continued)

16. Spring oatsspring barleypeas

SUMMARY BY CROPS OF YIELDS IN ROTATION
EXPERIMENTS

In Table X is a summary by crops of the yields obtained in the
rotation experiments at Moro, with the yield of each crop expressed in
bushels per acre, and the profit or loss shown for each crop. This table
shows that in the twelve rotations in which corn was grown it was pro-
cluced at a loss in nine. In four of these rotations, however, the corn
followed a green manure crop, and the total cost of growing the green
manure crop was charged to the corn. Corn showed a slight profit in
Rotation 8, spring wheatbarleycorn, and in Rotation 9, spring wheat
cornbarley. In only one other instance did corn prove profitable
when grown continuously in Rotation 29, which has been in progress
only six years.

Peas showed a net loss in two rotations, after wheat in No. 22, and
after rye in No. 24, and showed only a small profit when grown after
small grains in five other rotations. Peas following peas returned a prof-
it of more than $2.50 an acre in three rotations, Nos. 19, 27, and 28.

Potatoes showed a loss in three rotations in which the crop followed
grain, and showed a profit only when grown after fallow in Rotation 1E.

Spring wheat, which occurred in twenty-one rotations, was grown at
a loss in only two, after wheat in Rotation 2, and after peas turned un-
der in Rotation 7. When grown after fallow, spring wheat returned a
profit of less than $2.00 an acre in five rotations out of seven. When
grown after corn, spring wheat returned a profit of from $4.70 to $10.13
an acre, averaging higher than winter wheat after corn in two rotations,
Nos. 14 and 26. In the two rotations in which spring wheat occurred
after peas, a net profiL of $6.89 was returned in one and $10.86 per acre
in the other.

Winter wheat after fallow occurred in five rotations and returned a
profit of 1.37 to $3.47 per acre, or considerably higher than the profit
returned from spring wheat after fallow. In the three rotations where
winter wheat was grown after peas, the profit ranged from $6.48 to $10.13
per acre, averaging about the same as spring wheat after peas.

Barley was grown in fourteen rotations and, like the other small
grains, returned the highest net profit when grown after a cultivated
crop. Barley was produced at a loss in only one rotation, No. 13. when
grown after peas turned under. Barley was grown after other small
grains in ten rotations, returning a profit as high as $5.26 an acre after
oats in Rotation 16, and as low as 15 cents an acre when grown after bar-
ley in Rotation 3.

turned undercorn (10 yrs.)
Oats after corn
Barley after Oats
Corn after peas turned under

1424
1406
1148

18.55
18.32
15.85

11,64
13.06
19.22

6.91
5.26

1.68 2.20

Rota-
tion
Nr Rotation



Ciop, rotation number, and period grown
Average

acre yield
ProFit

or loss

Winter wheat
Fin.

After fallow
Rotation 1A 29.0 $3.47
Rotation 22 (6 yrs.) 26.2 2.34
Rotation 23 (6 yrs.) 23.8 1.37
Rotation 25 (6 s's.) 26.2 2.34
Rotations 28 (6 yrs.) 28.2 3.14

Average 27.1 $2.69
After corn

Rotation 14 17.5 $5.02
Rotation 26 (7 yrs.) 18.4 5.75

Average .. 17.8 $5.29
After potatoes

Rotation 14 19.5 $6.64
Rotation 23 (6 yrs.) 21.9 8.59

Average 20.3 $7.29
Alter pess turned under

Rotation 14 21.6 -$0.05
Alter peas

Rotation 22 (6 yrs.) 23.8 $10.13
Rotationt 24 (6 Irs.) 19.9 6.97
Rotation 27 (6 Irs.) 19.3 6.48

Average 2t.0 $7.86

Spring wheat
After fallow

Rotation lB 23.8 $1.27
Rotation 2 22.8 0.86
Rotation 4 21.9 0.50
Rotation 5 21.2 0.21
Rotation 6 22.6 0.78
Rotstion 15 (10 yrs.) 22.5 0.74
Rotation 20 (8 yrs.) 25.7 2.03

Average 22.8 $0.86
After bailey

Rotation 9 17.7 $3.74
Rotation 13 14.1 0.82

Average 15.9 $2.28
Alter wheat

Rotation 2 12.9 -$0.15
Rotation 13 13.8 0.58

Average 13.4 $0.22
After cornt

Rotation 5 17.8 $5.27
Rotation 8 17.1 4.70
Rotationt It 18.9 6.16
Rotation 12 t9,3 6.48
Rotation 17 (10 yrs.) 23.4 9.80
Rotation 18 (10 yrs.) 23.8 10.13

Average 19.8 $6.92
After potatoes

Rotation 10 21.6 $8.35
After peas

Rotation 6 19.8 $ 6.89
Rotation 21 (8 vrs.) 24.7 10.86

Average 21.8 $ 8.48After peas turned under and fallow
Rotation 7 25.7 -1.04
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TABLE X. A SUMMARY BY CROPS OF YIELDS OBTAINED IN ROTATION
EXPERIMENTS AN.D PROFIT OR LOSS FOR EACH CROP
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TABLE X (CONTINUED). SUMMARY OF YIELDS IN ROTATION
EXPERIMENTS

Crop, rotation number, and period grown
Average

acre yield
Profit

or loss

bu.
Barley

After fallow
Rotation 3 35.2 $1.21
Rotation IC 41.2 2.80

Average 38.2 $2.00
After wheat

Rotation 4 20.9 $0.83
Rotation 7 26.8 3.94
Rotation 8 21.8 1.30
Rotation 10 21.7 1.26
Rotation 11 24.1 2.52
Rotation 12 .. 23.1 2.00
Rotation 17 (tO yrs.) 25.4 3.21
Rotation 18 (10 yrs.) 29.2 5.22

Average 23.9 $2.46
After barley

Rotation 3 19.6 $0.15
After oats

Rotation 16 (10 yrs.) 29.3 $5.26
After corn

Rotation 9 27.8 $5.92
After peas turned under

Rotation 13 30.2 -$0.66

Spring rye
After winter wheat

Rotation 24 (6 yrs.) 11.8 -$0.50
Rotation 25 (6 yrs.) 13,5 0.85

Average 12.7 $0.18

Corn
After wheat

Rotation 5 t2.f -$1.24
Rotation 9 17.2 1.59
Rotation 14 9.9 -2.91
Rotation 15 (10 yrs.) 14.3 --0.l9
Rotation 26 (7 yrs.) 10,1 --2.78

Average 13.0 -$0.98
After barley

Rotation 8 16.4 $1.09
After fallow

Rotation 17 (10 yi's.) t8.0 -$2.30
After peas turned under

Rotation 12 . 21.3 -$1.44
Rotation 16 (10 yrs.) 20.5 -1.68

Average 20.9 -$1.59
After rye turned under

Rotation 11 113.5 -$1.68
After manured fallow

Rotation 18 (10 yrs.) 20.1 -$3.66
After corn

Rotation 29 (6 yrs.) 17,2 1.59

Oats
After fallow

Rotation 1D 50.1 $0.75
After corn

Rotation 15 (10 yrs.) 34.3 $3.32
Rotation 16 (10 yrs,) . 44.5 6.91

Average 39.4 $5.11
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TABLE X (CONCLUDED). SUMMARY OF YIELDS IN ROTATION
EXPERIMENTS

bu.
Potatoes

After fallow

Winter wheat. In agricultural importance winter wheat takes first
rank among the crops grown in Eastern Oregon. In the counties of
\iVasco, Sherman, Morrow, Gilliam, and Urnatilla, the acreage sown to
this crop annually far exceeds that sown to all other crops combined.
It is one of the important farm crops in all other counties east of the
Cascades, though in the mountain valleys and higher plateau regions hay
and spring-sown crops considerably exceed winter wheat in total acre-
age. When grown after fallow, no crop except perhaps winter rye will
equal winter wheat in total yield. A good variety of spring barley sown
early may exceed winter wheat in grain yield, but in total crop weight
winter wheat will generally yield about one-third more than any spring-
sown grain. In the vicinity of vforo winter wheat after fallow usually
produces from two to four tons of hay per acre. The small grains, most-
ly winter wheat, are extensively used for hay in Eastern Oregon, com-
prising in many counties from 50 to 85 percent of the total acreage de-
voted to hay attd forage.

'vVherever it can be growtl, winter wheat is one of the most valuable
dry-land crops. Because it makes a large part of its growth in cool
weather, the water requirement of winter wheat is lower than that of
spring wheat, barley, or oats. The earlier maturity also frequently en-
ables winter wheat to escape drought that might seriously injure spring-
sown grain. In addition to its superior yield as a dry-land crop, another
item of much importance to the farmer is the fact that winter wheat is
sown in the fall when farm work generally is slack. The spring sowing
of grain comes at one of the busiest times of the year for the dry farm-
er, who must have his land spring-diskcd or plowed early if he gets
maximum returns.

Rotation 1E 136.2 $7.34
After winter wheat

Rotation 14 . 70.9 -$8.56
Rotation 23 (6 vrs.) 86.9 -1.63

Average 76.2 -$6.25
After barley

Rotation 10 84.9 -$2.50

Peas
After spring wheat

Rotatioit 6 10.8 $0.88
Rotation 20 (8 yrs.) 10.4 (1.31
Rotation 21 (8 yrs.) 10.4 0.31

Average 10.6 $0.55
After wtnter wheat

Rotation 22 (6 yrs.) 89 -$1.80
Rotatiott 27 (6 yrs.) 10.2 0.03
Rotatton 28 (6 yrs.) 10.5 0.45

Average 9.9 -$0.44
After rye

Rotation 24 (6 yrs.) 8.8 -$1.94
After peas

Rotatton 19 13.3 $5.65
Rotation 27 (6 yrs.) 11.1 2.55
Rotation 28 (6 yrs.) 11.4 2.97

Average 12 $4.20

Average Profit
Crop, rotation number, and period grown acre yield or loss
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When the rotation experiments for the Moro Branch Station were
planned in 1910, spring wheat was chosen as the principal grain crop to
be used although at that time winter wheat was the most extensively
grown crop in Eastcrn Oregon. The reason for including spring wheat
as a major crop in the rotation experiments, as stated by Superintendent
Umberger at that time, was not because spring wheat is the most suc-
cessful grain crop but because there is more generally a certainty of
securing a stand of spring wheat every year than of winter grain and for com-
parative purposes spring wheat is as indicative of different soil influences
as the winter varieties." Because it has been found that winter wheat
shows a comparatively greater benefit from fallow than spring wheat,
and because of the higher yields obtained from winter wheat, in 1916
several rotations with winter wheat were added. Since 1920 all the check
plots have been sown to winter wheat instead of spring wheat.

The average winter wheat yields obtained in the rotation experi-
nients are shown in Table X. The average yield for winter wheat after
fallow in Rotation 1A is that obtained each year froni eight one-tenth-
acre plots in the tillage experiments for each of the years 1913 to 1923,
inclusive. The yield for 1912 was that obtained in the varietal trial for
the same variety used in the tillage experiments (Alberta Red, C. I. No.
2979). The yields of winter wheat after fallow in the other rotations are
averages for single one-tenth-acre plots for six years, as indicated in
Table X. A period of fallow also occurred only once in every three or
four years in Rotations 22, 23, 25, and 28, and other crops than winter
wheat were grown in these rotations.

The averages included in Table X are weighted and are not strictly
comparable, but it is thought that they can safely be used as a basis for
comparing differences in yields and profits in growing winter wheat
after fallow and after different crops.

The average yield for winter wheat after fallow for all rotations, as
shown in Table X, was 27.1 bushels per acre and the average annual
profit $2.69 per acre. 'flie next highest average yield for this crop was
obtained after peas turned under, the wheat in this rotation being grown
at a loss if the cost of the green manure crop is charged against it. vVin-
ter wheat after potatoes returned fair yields and .a high average profit
per acre, but the potatoes in both rotations were grown at a loss.

Winter wheat after peas returned an average yield of 6.1 bushels per
acre less than winter wheat after fallcv. Partly to compensate for this
reduced yield is the lower expense of seed-bed preparation for winter
wheat after peas. The winter wheat is sown on disked pea land without
plowing. In annual profit per acre, growing winter wheat after peas
averaged $7.86 per acre, or higher than when grown after corn, potatoes,
or fallow. Whether winter wheat can be profitably grown in rotation
with field peas vihl depend upon whether the peas can be grown without
too great a loss. They did not quite pay production costs in the three
rotations in which they were grown after wheat for a six-year period, as
shown in Table X. When grown for pasture, with harvest cost elinii-
nated, peas grown in a rotation with wheat might be profitable for farm-
ers who can handle hogs or sheep.

Winter wheat after corn has averaged 9.3 bushels per acre less than
winter wheat after fallow. This decrease in yield, as in the case of field
peas, is partly compensated by the reduced cost of seed-bed preparation
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For winter wheat after corn. The winter wheat is also sown on disked
corn ground without plowing.

Whether corn can profitably be used in a rotation with winter wheat
will depend, as in the case of peas, upon the profit made from the corn.
If these crops can be grown without a loss, the growing of winter wheat
after them might prove more profitable than gro\.ving winter wheat after
fallow because of the lower expense involved in seed-bed preparation.

In farm practice the principal difficulty in growing winter wheat in
any crop rotation without fallow is that of getting a stand of winter
wheat because of the normal dry autumn weather which prevails in most
sections of Eastern Oregon. A comparatively light rainfall may put the
fallow soil in condition to germinate and keep winter wheat growing.
When sown on corn or pea grotincl, failure to get a stand of winter
wheat may result either because of insufficient moisture to germinate
the wheat or insufficient moisture to keep the wheat growing after
germination. Because winter wheat as a rule considerably outyields
spring wheat and because of the extra expense of reseeding if a failure
or thin stand results from sowing winter wheat on corn or pea land, the
growing of winter wheat after fallow will probably remain for a long
time the most popular method of growing this crop on the drier lands of
Eastern Oregon.

The results obtained on the typical Columbia Basin silt loam soil
of the Moro Station, where the average annual precipitation during the
period of the experiments was a little more than twelve inches, amply
justify the statement that in the more favored sections of Eastern Ore-
gon, where the average annual precipitation is fourteen inches or more,
corn or peas grown in a rotation with winter wheat would prove more
profitable in the long run than the present winter wheat-fallow system
of farming, especially in locations favorably situated for livestock rais-
ing. This statement is based on the assumption that the yields of winter
wheat, corn, and peas would be higher than at Moro and that the reduc-
tion in yields of winter wheat after peas and after corn as compared with
growing winter wheat after fallow woulrl be proportionately the same as
at Moro. The soil fertility problem incident to any one-crop system of
farming may sometime compel a change in the present wheat-fallow
system now so universally practiced in Eastern Oregon. Or such a
change may be brought about by difficulty in controlling noxious weeds,
insect pests, or wheat diseases.

Spring wheat. In total acreage and production, spring wheat is the
cereal second in importance in Eastern Oregon. In a few counties, the
total acreage exceeds that of winter wheat. Even in counties devoted
primarily to winter wheat production, the raising of spring wheat always
will be important because of the necessity of sometimes reseeding to
spring wheat land sown to winter wheat.

A direct comparison of the difference in average yield of spring and
winter wheat after fallow for the twelve-year period is best obtained
from the yields of Rotations 1A and lB as shown in Table X. During
this period the average yield of winter wheat after fallow has been 5.2
bushels per acre greater than that of spring wheat after fallow. The
average yield of six varieties of Turkey winter wheat after fallow in the
varietal experiments for the ten-year period, 1914 to 1923, inclusive, was
31.5 bushels per acre and the average yield of the two best spring wheat
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varieties after fallow for the same period was 26.3 bushels per acre, a
difference also of 5.2 bushels per acre in favor of winter wheat.

The average yields of spring wheat after the cultivated crops corn,.
peas, and potatoes, as recorded in Table X, are a little higher than those
of winter wheat grown after these crops. 'Winter wheat, however, has
been grown after a cultivated crop in only one rotation, No. 14, for the
whole period of twelve years. In this rotation winter wheat after corn
has averaged slightly less in yield than spring wheat after corn in the
rotations which have been in progress twelve years. The low winter
wheat yield in Rotation 14 may be partly due to its unfavorable location
for winter wheat. The difference in yield, however, in Eastern Oregon
between winter wheat and spring wheat sown after cultivated crops is
not so great as when sown after fallow, when the yield of winter wheat
nearly always exceeds that of spring wheat. In seasons when the au-
tumn rains come early enough, winter wheat on corn or pea land may
considerably outyield spring wheat on similar land, but when a thin stand
or late emergence of winter wheat occurs because of moisture deficiency
the reverse may happen . At present the results of the rotation experi-
iiients show an advantage in yield of spring wheat over that of winter
wheat when these crops are sown after corn, peas, or potatoes, but it is
thought that after the rotations have been in progress a few more
years, the advantage will be slightly in favor of winter wheat.

Of the seven methods of growing spring wheat shown in Table X,
the highest yields were obtained after peas turned under for green
manure anti fallow. Because this method is equivalent to, but more
expensive than, two years of fallow, the yields were not high enough to
justify the extra expense. The next highest yields were obtained by
growing this crop after fallow. Spring wheat after fallow occurred in
seven rotations and the average yield obtained was 22.8 bushels per
acre with an average annual profit of $0.86 per acre as against $2.69 per
acre for growing winter wheat after fallow. Tn only one of these rota-
tions, No. 1B, was the spring wheat regularly alternated with fallow. In
the other rotations the fallow occurred once every two, three, or four
years.

The average yield of spring wheat after peas was only one bushel
per acre less than that obtained after fallow. If peas can be grown at
not too great a loss, spring wheat grown after this crop would be con-
siclerably more profitable than when grown after fallow. The spring
wheat after peas returned a net average pro.fit per acre of $8.48 in two
rotations. When valued at 2c per pound, the peas also were grown at a
slight profit after spring wheat in three rotations. The regular rotation,
No. 21, of spring wheatpeas also produced art average net profit per
acre of $5.59 per acre, or $2.12 per acre more than Rotation 1A, winter
wheatfallow. The yields of spring wheat after potatoes have also
been nearly as high as after fallow. After corn, spring wheat yields
have averaged three bushels per acre less than after fallow. The yields
of spring wheat after barley and after wheat are significantly lower than
after a cultivated crop or after fallow, though in only one rotation out
of four was the wheat after a grain crop produced at a loss. Spring
wheat after barley has averaged 2.5 bushels per acre more than spring
wheat after wheat.

The data in Table X show quite conclusively that if Eastern Oregon
farmers were limited to the growing of spring wheat, the summer-
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fallow might advantageously be entirely replaced by the introduction of
corn or peas in the rotation. This has been found true in the extensive
crop rotation experiments in the northern Great Plains by the Office of
Dry Land Agriculture of the United States Department of Agriculture
and by state experiment stations. The investigations conducted in that
region generally show a reduction in yield of spring wheat after corn
as compared with growing this crop after fallow, but on account of the
added expense of the season of fallow and the cheapness of seed-bed
preparation in growing spring wheat after corn, more profitable returns
can generally be obtained by the substitution of corn for the fallow.

Barley. Barley is the standard feed crop of Eastern Oregon. It is
fed to all classes of livestock, being nearly always first steamed and
rolled or ground. In actual pounds of seed per acre the average yield
of spring barley after fallow has been a little more at Moro than that of
winter wheat for the twelve-year period 1912 to 1923, inclusive, and con-
siderably more than that of any other spring-sown crop.

In Table X are given the average yields obtained from growing bar-
ley after fallow, after wheat, after barley, after oats, after corn, and after
peas turned under for green manure with the average annual profit per
acre for each method of growing the crop. Highest average yields were
obtained by growing this crop after fallow in rotations IC and 3, and
the annual profit per acre was considerably higher than growing spring
wheat after fallow with the value of the crop figured at Ic per pound
less. The next highest yields were obtained from growing barley after
peas turned under, a considerably more expensive method of growing
the crop than after bare fallow. Barley after oats in Rotation 16 for ten
years gave an average yield of 8.9 bushels per acre less than growing the
barley after fallow. A reduction in yield of 10.4 bushels per acre was
obtained in Rotation 9 from growing this crop after corn as compared
with the yields obtained after fallow. Barley is admirably adapted to
most sections of Eastern Oregon and should have a prominent place in
any rotation system which includes spring-sown crops. Barley is one
of the best grain crops to grow after corn.

Oats. In Eastern Oregon the acreage sown to oats is less than that
of any of the other small grains. As a feed crop, barley largely takes
the place of oats in this region. The average yields in pounds per acre
of oats and barley after fallow, as shown in Table III, are considerably
in favor of barley, this crop averaging 37 pounds per acre more for the
twelve-year period than oats. As is shown in Table X, the average yield
of oats after corn was 39.4 bushels or 1260.8 lbs. per acre and the aver-
age yield of barley after corn 27.8 bushels or 1334.4 pounds per acre, in-
dicating also that when grown after corn, barley is the more profitable
crop in this region if the value per pound is assumed to be equal. One
objection to oats is that the crop is not very well adapted to harvesting
with the combined harvester. The loss from shattering when left stand-
ing in the field after ripening is considerably greater in oats than in
most varieties of barley or wheat.

Rye. Spring rye is used in two rotations both of which have been
in operation only six years. The yields of this crop after winter wheat
in both rotations are so low as to indicate its unsuitability for use in any
rotation system in Eastern Oregon. Winter rye would probably give
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higher yields than spring rye, but at Moro the seed yields of winter
rye after fallow have nearly always been much less than those of winter
wheat after fallow. Because of its hardiness and its ability to grow in
colder weather than wheat, rye makes an excellent pasture crop, but
its usefulness is apparently limited to the colder and drier sections of
Central Oregon and to limited areas in the Columbia Basin with shallow,
sandy soil. Rye is a poor crop to grow on a wheat farm because it
volunteers and becomes an objectionable mixture in the wheat.

Corn. Corn is the principal cultivated crop grown in rotations with
small grains in the northern half of the United States. It is well suited
for that purpose because it requires late seeding and matures after the
grain harvest is finished, thus more equally distributing farm labor.
Seed-bed preparation for small grains after a cultivated crop like corn
is inexpensive, a double disking and harrowing usually being the only
operations necessary.

Aside from its general lack of adaptability to climatic conditions in
many parts of Eastern Oregon, the growing of corn has several disad-
vantages for the dry farmer, whose major crop is wheat. The growing
of corn requires extra machinery and equipment and considerable hand
labor if harvested. The growing of corn also presupposes the handling
of livestock, for which many of the dry farms are not well adapted. In
locations favorable for the raising of stock, corn, where it can be grown,
may be found profitable if the crop is largely utilized for pasture. The
comparatively low seed yields obtained from corn on most of the dry
lands of Eastern Oregon and its exclusion from other areas because of
too low temperatures during the growing season, preclude the possibility
of the crop ever being a very important one. Most of the flint and many
of the earlier-maturing dent varieties like Northwestern Dent, Minne-
sota No. 13, and Minnesota No. 23, will generally mature seed in the
Columbia Basin and Blue Mountain region where the altitude is less
than three thousand feet. In the central plateau region and in the high-
er altitudes in other sections, corn cannot be successfully grown be-
cause of the low summer temperatures. In these areas sunflowers al-c
being grown for silage to a limited extent, but mostly under irrigation.
On the dry lands, sunflowers have not shown much promise.

In Table X are given the yields of corn for the rotation experiments
at Moro after fallow and after various crops. The highest average yield
of corn, 20.9 bushels per acre, was obtained by growing it after peas
turned under for green manure. The yields of corn obtained after green
manure crops, after fallow and after manured fallow, as shown in

Table X, were not nearly high enough to pay for the cost of producing
the crop by these methods. In pounds per acre, the average yield of
corn after fallow was not nearly as high as the yields of winter wheat,
spring wheat, or spring barley after fallow.

The average seed yields of corn obtained after wheat in all rotations
were 13.0 bushels per acre, too low to be profitable unless used for pas-
ture so as to avoid the expense of harvesting. The yields of .stover
averaged about 1.5 tons per acre for all rotations. Some of the rotations
with corn and spring grains, especially rotations S and 9, which have
been previously discussed, have returned higher average annual seed
yields and higher net profits per acre than most of the other rotations
tried. In fact, the growing of corn as a substitute for fallow could be



Fig. 2. Field peas grown on cultivated rows in a rotation th wheat.

Field peas. Field peas have been grown in the rotation experiments
as a cultivated crop for the twelve-year period, 1912 to 1923, inclusive.
Peas have some advantages over corn as a substitute for fallow for the
dry lands of Eastern Oregon. Being a legume, they will aid in the solv-
ing of any soil fertility problems likely to arise from the continual grow-
ing of such crops as corn and wheat. As peas are comparatively a cool
weather crop, the areas to which they are adapted in Eastern Oregon
are not quite so restricted as those of corn, although in certain locali-
ties summer frosts may sometimes prevent the forming of a normal
seed crop. If sown early in the spring, field peas make a fairly good
growth and, as shown in Table X, will average from eight to twelve
bushels per acre in seed yield when sown after grain crops. While this
yield is lower than that obtained from corn, the market price for peas
is generally considerably higher than that of corn or the small grains.
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amply justified from the results obtained at the Moro Branch Station
if spring-sown crops only were considered. As a fallow substitute in a
rotation with winter wheat the results are not so favorable, though
indicative of profitable returns in sections of higher rainfall. At Moro
the reduction of 9,3 bushels in the acre yield of winter wheat after corn
as compared with winter wheat after fallow is too great a margin to be
made up by any probable profits from growing the corn. Corn after
winter wheat, too, in rotations 14 and 26 yielded less than corn after
spring wheat. Most of the rotations with corn and spring grain, how-
ever, show a greater average annual profit per acre than growing spring
wheat after fallow. Another important item to be considered is the pos-
sibility of increasing corn yields by the production of higher-yielding
and better adapted dry-land corn varieties. Large annual imports of
corn into the Northwest make corn culture desirable in sections of high-
er rainfall.
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The yields of grain following peas have been higher than grain yields
following corn. Winter wheat and spring wheat averaged about two
bushels per acre more after peas than after corn, as is shown in Table X.

Aside from the low yields obtained, the principal objection to field
peas is that they require early spring seeding at a time when the dry
farmer is busy plowing and preparing his ground for fallow. The crop,
too, usually ripens at about the same time as winter wheat, thus com-
peting with that crop from the labor standpoint. The harvesting of
peas for seed with a mower, hay-rake, and stationary thresher, also is
more expensive than harvesting small grains by the methods generally
employed on the dry lands of Eastern Oregon. Experiments have been
conducted in Eastern Oregon on pasturing peas with hogs and sheep,
and the results indicate that this crop can be successfully used for that
purpose.

Potatoes. Potatoes have been grown in the rotation experiments
after fallow, after winter wheat, and after barley. The average yield of
potatoes after fallow for the twelve-year period, 1912 to 1923, inclusive,
was 136.2 bushels per acre. The yields after winter wheat and after
barley were 76.2 and 84.9 bushels per acre, respectively. The quality of
the potatoes after fallow has generally been fair, and careful selection
to eliminate disease or the securing of disease-free seed at frequent
intervals would make it possible to grow at least enough potatoes on the
dry lands of Eastern Oregon to supply local demands. To grow pota-
toes as a commercial crop on the dry lands in competition with irrigated
or more humid sections would be impractical.

Alfalfa. Alfalfa has not been used in any of the regular rotation ex-
periments, but the crop has been grown on the Station and considerable
information obtained upon its effect on subsequent gr crops. In
1916, spring wheat, oats, barley, and corn were grown on iand which had
grown alfalfa in 1913 and 1914 and been left fallow in 1915. In every instance
there was a reduction in yield of these crops as compared with the same
crops grown on similar ground which had not grown alfalfa. In 1917,
one acre of ground which had grown alfalfa in 1913, 1914, and 1915, and
which was fallowed in 1916 was sown to spring wheat. It produced 15.9
bushels per acre, while an adjacent acre of ground, which had been
alternately cropped and fallowed, produced 20.7 bushels per acre of the
same variety f spring wheat.

In 1918 several rotation experiments were started on ground on
which alfalfa had been grown in 1914 to 1917, inclusive, and which had been
left fallow in 1918. The average yield of spring wheat in 1918 on the
check plots of the rotation series which had never grown alfalfa was
17.5 bushels per acre. The average yield of spring wheat on three plots
which had previously grown alfalfa was only 13.8 bushels per acre, a re-
duction of four bushels. The average yield of winter wheat in 1918 on
old alfalfa ground which was fallowed in 1917 was 3.8 bushels per acre
less than the average yield of adjacent plots on which alfalfa had never
been grown. Grain yields following alfalfa are reduced for at least two
crops even when the alfalfa is followed by a season of fallow and the
second grain crop preceded by fallow.

Alfalfa, like other perennial crops which have been tried on the Sta-
tion, requires considerable cultivation to keep it free from weeds. The
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low yield of hay per acre (from one to one and a half tons), together
with the apparent reduction in yield of wheat following alfalfa, precludes
the possibility of making this crop a profitable one for most of the dry
lands of Eastern Oregon. In Sections with higher precipitation than at
Moro, it may prove to be a paying crop if, with higher yields of hay,
it has the beneficial effect on soil fertility and increasing wheat yields
which usually accompany the growing of alfalfa in humid, sub-humid, or
irrigated sections.

Alfalfa, in cultivated rows and broadcast, has been tried for seed on
the Station, but the yield of seed has been too low and too uncertain to
justify recommending the crop as a profitable one to grow for seed on
a commercial basis.

SUMMARY
Wheat is the most important farm crop grown in Eastern Oregon.

It was first raised in Ijmatilla county about 1870, and the acreage de-
voted to the crop has gradually increased until nearly all cultivable dry
farm land in Eastern Oregon is now, devoted to wheat raising.

The substitution of suitable crop rotations to replace the present
practice of growing wheat after fallow would be desirable because it
would mean less trouble in maintaining soil fertility, better distribution
of farm labor, the increasing of total farm output, and the reduction of
crop risks and hazards of low prices.

Some of the difficulties in the way of practicing crop rotations in
this region are low annual precipitation, lack of crops as productive as
small grains, and scarcity of grazing land for livestock raising.

The annual precipitation in Eastern Oregon ranges from nine to
twenty inches, most of which comes during the months of September to
June, inclusive. Where the precipitation is from nine to twelve inches,
it is usually necessary to fallow in order to get enough moisture in the
soil to grow a crop to maturity. Where the annual precipitation ex-
ceeds twelve inches, the soil in the early spring may frequently contain
its maximum field-carrying capacity of soil moisture irrespective of
previous cropping or cultivation. The average percentage of moisture in
the soil to a depth of six feet in early April at Moro for the five years,
1919 to 1923, inclusive, was 14 percent after fallow, 13.8 percent after peas, 12.4
percent after corn, 12.7 percen* after spring wheat, and 12.2 percent after
winter wheat. The average precipitation of the crop year, September 1
to August 31, for the same five-year period was 11.5 inches.

Crop rotation experiments were begun on the Branch Experiment
Station at Moro in 1911. Five rotations on land alternately cropped and
fallowed have been continued since 1912. Of the grain crops grown
after fallow, spring barley produced the highest average annual seed
yield, 988.8 pounds per acre, winter wheat second with 870 pounds per
acre, spring oats third with 801.6 pounds per acre, and spring wheat
fourth with 714 pounds per acre.

Rotations which included a summer fallow once in three years and
once in four years did not on the whole produce as high annual yields of
grain as alternating spring barley or winter wheat with summer fallow.
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The following rotations have produced higher average annual seed
yields per acre than the standard rotation, winter wheatfallow, which
produced an average annual yield of 870 pounds per acre:

Potato yields not included.

The cost of production and the value of various crops grown in the
rotation experiments are given on pages 27 to 32. Table IX shows
the average acre yield of each rotation, the cost of producing the crop,
and the annual profit or loss on each crop and on each rotation. Accord-
ing to the figures used, the most profitable rotations that have been in
progress at Moro have been the following:

Annual profit per
acre on rotation.

lE. Potatoesfallow $7.34
19. Peas continuously 5.65

Spring wheatpeas 5.59
9. Spring wheatcornbarley 3.75

1A. \Vinter wheatfallow 3.47
Winter wheatpeaswinter wheatfallow 3.25

27. Winter wheatpeaspeas 3.02
IC. Spring barleyfallow .. 2.80

Discussion of the various crops best suited for growing in dry-land
crop rotations is given on pages 32 to 43.

Winter wheat will likely always remain the leading dry-land crop
in Eastern Oregon because of its high yield when grown after fallow and
because of its advantages in farm labor distribution.

Spring wheat proved slightly superiir to winter wheat in crop ro-
tations w.ithout summer fallow. The yields of spring wheat sown after
corn, peas, and potatoes, were a little higher than the yields of winter
wheat after these crops though when sown after fallow, spring wheat
was outyielded by winter wheat.

Barley, which is the standard feed crop in Eastern Oregon, pro-
duced more pounds per acre than winter wheat when grown after fal-
low. This crop is admirably adapted to most Eastern Oregon soils and
should have a prominent place in any rotation involving spring-sown
grains.

Oats did not produce as high yields as barley when grown after fal-
low or when grown after corn in the rotation experiments.

Corn in various rotations produced average yields of from ten to
twenty bushels per acre, with stover yields of about 1.5 tons per acre.

Average annual
seed yield per

acre

Spring wheatbarleypotatoes
lbs.

11 68.8
Spring wheatcornbarley 1119.9
Spring wheatpeas 1053.0
Spring wheatbarley_corn 996.9Oatsbarleypeas turned undercorn 994.6
Spring barleyfallow 988.8
Spring wheatbarley--manured fallowcorn 988.8
Corn continuously 963.2
Winter wheatpotatoeswinter wheatfallow 9l4.0
Spring wheatbarleyfallowcorn 907.8
Winter wheatpeaswinter wheatfallow 883.5
Spring barleyspring barleyfallow 876.8
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For Eastern Oregon dry lands, corn will probably prove profitable only
when utilized for pasture or silage. Winter wheat yields after corn
averaged about nine bushels an acre less than after fallow. Spring wheat
yields after corn averaged about three bushels less than after fallow.
Yields of oats and barley after corn also were not so high as when
grown after fallow. Reduction in seed yields of small grains grown after
corn are partly compensated by the lower expense of seed-bed prepara-
tion.

Field peas after cereals at Moro averaged about ten bushels per
acre when grown in cultivated rows. The chief value of this crop also
lies in its use for pasture purposes. \Vinter wheat and spring wheat
averaged about two bushels per acre more after peas than after corn,
but less than after fallow. As in the case of corn, seed-bed preparation
for cereals grown after peas is less expensive than when cereals are
grown after fallow.

Potatoes have proved profitable only when grown after fallow at
Moro. When grown after grain, yields are low, with high percentages
of unniarketable tubers.

Alfalfa has not been included in any of the regular rotations, but
the crop has been thoroughly tested at Moro and on the average has
not proved profitable. When grown in cultivated rows, hay yields of
from 1.0 to 1.5 tons per acre were obtained. Reduced yields of cereals
were obtained for two seasons following alfalfa even when the alfalfa
was followed by a season of fallow. Alfalfa, in cultivated rows or
broadcast for seed production, has not proved profitable at Moro.


