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Technical Bulletin No. 312 May, 1936

-UNITED STATLES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

IRRIGATED CROP ROTATIONS IN
WESTERN NEBRASKA, 1912-34

By Stepuen H. Hasrings, principal agronomist, Division of Western TIrrigation
' Agm‘cuﬁurc, urean of Plant Industry
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o INTRODUCTION

&2 Crop production under irrigation is not subjected, to the losses
Afcurred as a result of periodical droughts often encountered even
the eastern United States. However, in eliminating this hazard
by developing an assured water supply, the irrigation Tarmer assumes
increased responsibilities. Not on y are_costiy structures required
for impounding water, or approximately equivalent investments
necessary for otherwise developing a water supply, but other expenses
are involved, ineluding the operation and maintenance of the system
as well as preparation of the ﬁand and application of the water—all of
which aré substantial items in the cost of crop production. Henee it
is evident that while the possibilities of insuring returns are grester
where the hazards of drought are eliminated, the financial risks are
somewhat increased. Furthermore, it must be recognized that in a
large measure the crops produced under irrigation come into direct
competition with thosc generally grown throughout the country.
It is evident, then, that if a successful irrigated agriculture is to con-
tinue, the yields harvested from these lands must be larger than those
of ordinary farming in order to absorb these increased fixed costs of
irrigation,
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It is becoming increasingly apparent that miaintaining crop yields
under irrigated conditions is dependent chiefly upon the following four
fretors: (1) The relation of the quality of the water supplies and the
charncter of the soil solution as influenced by the irrigation water
applied; {2) injuries sustained due to plant discases and Insect pests;
{8) knowledge as to asdaptable crops and varieties which will best
meet the existing economie, soil, and climatic conditions of the
region; and {4) recognition of the importance of various crop sequences
on the yields of subsequent erop yields, as well as the extent to which
yields are stimulated by such soll-improvement crops as sweetclover
and alfaifs as compared with fertilizers or farm manure. Factors 3
and 4 are essentinlly agronomie, and the work of the ficld stations
operated by this Division has been centered en these problems.

Like previous publications {4, 8) ! on the same subjeet, this
bulletin is devoted to a presentation of the results of a compre-
hensive series of rotation experiments conducted at the Scotts Bluff
{Nebr.) Field Station. In view of the fact that {he results cover a
23-year period extending from 1012 to 1934, they make a substansial
contribution to the knowledge «f the crops and rotational practices
best adspted to maintain or increase crop yields, so that even when
relatively Jow prices exist, as in the past few years, the better farm
practices have given profitable returns,

LOCATION AND SOIL CONDITIONS

The irrigated area here considered is Jocated in western Nebraska
end eastern Wyoming and includes some 375,000 acres in the North
Platte reclamation project and adjacent arens lying along the North

Platte River, extending some 20 miles into Wyoming and some 60

T

miles eastward from the Wyoming-Nebraska State line. The water
supply is obtained from the natural flow of the North Platte River,
supplemented by storage in the Pathfinder and Guernsey Reservoirs.
As the water comes from the high mountains of Colorado, the result
of rains and melting snow, its salt content is low.

The irrigated aren has an elevation of approximately 4,000 feet
above sea level and is located on the western edge of the region
where farming without irrigation is practicable. The local precipi-
tation is slightly move than 14 inches, most of which falls during the
summer months, April to September. The rainfall is decidedly
variable and much of it occurs in the form of light local showers;
in such instances it is of little agricultural significance and irrigation
is required if good crop yields are to be harvested. FHailstorms occur
occasionally. 'The average frost-free period at the field station for
the past 24 years has been 133 days.

The more important crops of the area are forage crops, alfalfa pre-
dominating, sugar beets, potatoes, small grains, and eorn.  Dairying
is also an important farm enterprise. As the North Platte project
is surrounded by extensive ranges, most of the surplus forage and
grain crops produced on the project are utilized by dairy herds and
in the fattening of lambs and to a lesser extent beef cattle. How-
ever, the most Important cash crops grown in the area are sugar
beets and potatoes. As this condition has existed for many years,
the problem of maintaining the yields of these crops has continually

! Htalic numbers in porenthesos refor to Literaturs Cited, p.ois.
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confronted growers. While farm manure has been available on many
farms, the amount has been far short of the requirements needed to
maintain the productivity of the soil. Therefore, farmers have had
to resort to such rotational practices as are conducive to meintaining
the vields of sugar beets and potatoes.

TK; chief soils of the project range from a sandy loam to loamy
fine sand, with the Mitchell, a very fine sandy leam, predominating
{9). The project is notably free from heavier soil types characteristic
of many irrigated arcas throughout the West. The land is relatively
productive and responds readily and favorably to good cultural
practices, such ns well planned rotations and applications of farm
manure. Aside from the lowlands bordering the North Platte River,
the agricultural lands mostly have matural and effective drainage.
'The soil where these investigations were conducted has been classed
as Tripp very fine sandy loam, typical of the extensive aress of fer-
races lying north of the North Flatte River. Soills of this type are
among the more productive found on the project.

The Scotts Bluff Field Station was established in 1610 on a tract
of land which had not previously been cultivated. The native veg-

Ficure 1.—A viow of some of tha plols in the irrigated rotulions ab {be Beolts Blulf Fiekl Station,

etation comsisted of herbaccous plants, chiefly grasses. The land
devoted to these Irrigated rotations was broken up in the fall of 1910
and seeded to onts In the spring of 1911. In the {all of thet year the
ficld was 1aid out in 5 serics of plots, erch comprising one-fourth acre.
In each scries there are 18 plots, or a total of 90 in the 5 series. The
plots are sepavated by 5-{oot alieys, except that a 20-foot crossroad
occurs between plots 5 and 6 and a 30-foot crossroad between plots
11 and 12 ncross the 5 series. The series ate numbered I to V from
wesb to east, and the plots nre numbered 1 o 18 from north to south.
 Prior to 1920 plots 2 to 11 in series V weve not used {or rotation ex-
perimentis, but in that year a new 4-ycar rotation, no. 45, was started
on plots 2 to 5 of that series, and & new B-yeur rotation was stavted
on plots 6 to 11. In 1920 a 7-year rotation also was begun on 7 plots
at the soutr end of a series adjoining series I on the west. These
plots were designated series O, and the plots in the new rotation, no.
71, are numbered 12 to 18, inclusive. A partial view of several of
the plots is shown in figure 1, looking to the southeast with series T
in the foreground.
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The rotation experiments conducted at the stafion arve similar in
scope and character to those included at this same time as a part of
the investigational program in effect at the Belle Fourche Field
Station near Newell, 8. Dak., and at the Huntley Field Station near
Huntley, Mont.,> which have been the subject of former publice-
tions ({, 2, 8, &, 6, 7).

PLAN OF THE ROTATIONS

The rotation experiments were planned to ascertain the effect on
crop yields of: (1) Growing crops in 2-year and 3-year rotations as
compared with growing the same crops continuously on the same
land; (2} applying farm meanure once during the cycle of these 2- and
3-year rotations, comparison being made with similar rotations in
which manure is not used; and (3) incorporating alfalfs as a crop in
the rotation, comparison being made with similar 2- and 3-year
rotations not including alfalfa,

In addition to these major questions, which constituted the chief
aim of the rotation experiments, information was sought on the fol-
lowing points: {1) The yields of winter wheat as compared with spring
wheat, both of which may be grown in the ares; (2) the effect on the
yields of spring wheat grown continuocusly, and returning to the land
ench year the straw produced with & view to maintsining the supply
of organic matter in the soil; (3) the effect of rye plowed under for
green manure on the yields of potatoes and oats grown as a 2-year
rotation in comparison with the yields from s similar rotation without
this treatment; (4) the influence on subsequent crop yields of upply-
ing farm manure to rotations including alfalfa, as well as the compar-
ative merits of alfalfa and sweetclover, the latter crop being har-
vested by livestock; and {5) in 6-year alfalfs rotation no. 65 the third
year of alfalla is harvested with hogs as well as the following crop
of corn.

The following crops were included in the original series of rotations
started in 1912: No. 1, oats; no. 2, sugar beels; no. 3, spring whest;
no. 4, potatoes; no. 5, winter wheat; no. 6, corn; no. 7, spring wheat
(straw returned); no. 8, alfaifa; no. 9, flax, Each of these crops has
been grown continuously on the same plot every yesr since 1912,

The following is & lst of the 2-year and 3-year rotations in which
the crops were grown in various combinstions: No. 16, corn, oats:
no. 18, spring wheat, sugar beets; no. 20, sugar beeis, potatoes; no.
22, oats, sugar beets; no. 24, oats, potatoes; no. 26, potatoes, corn;
no. 28, spring wheat, oats; no. 30, potatoes, oats, sugar beets; no. 32,
corn, oats, sugar beets.

The following 2-year and 3-year rotations had {farm menure applied
in the sequenco here indicated at the rate of 12 tons per acre: No.
21, sugar beets, manure, potatoes; no. 23, osts, manure, sugar beets;
no. 25, oats, manure, potatoes; no. 31, potatoes, onts, manure, sugar
beets.

In the following rotations alfalfa was grown for the period and in
the sequence indicated: No. 40, alfalfe (2 years), potatoes, sugar

2'These retation experbnoenty wero plannod and put into offect by C, 5, ScoBeld, agriealtarist la charge
of the Divislon of Western Irrigation Agricultura, in coliaberation with F. D. Farrell, The supervision
of the field work and the prepmralion of tho detmiled reports, upon which this bulletin Is based, were

uader the directlon of Fritz Kporr from 102 to 1817, Tha late Jsmes A. Dolden susoeeded ns super-
intendent of the station and acted I thal capacity until his death ln Decomber 1834,
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beets; no. 42, alfalfa (2 years), oats, sugar beets; no. 44, alfalfa (2
years), potatoes, vats; no. 48, alfalfa (2 years), spring wheat, oats;
no. 60, alfslfa (3 years), potatoes, oats, sugar beets; no. 62, alfalfa
(3 years), corn, oats, sugar beets. In addition to the foregoing, one
rotation included both manure snd alfalfa, no. 61, alfalfa (3 years),
potatoes, oats {mmenure), sugar beets,

The following include the subordinate rotations: No. 7, spring
wheat grown continuously on the same land, with the straw returned,
to compare with rotation no. 3; no. 27, oats, rve plowed under, pota-
toes, to compare with no. 24; no. 65, alfalfa (3 years, pastured with
hogs the third yesr), corn (harvested by hogs), flax, oats.

The preceding list of rotations include those that were starfed in
1912, In 1920 three additional retations were begun, sg foliows:
No. 45, onts, sweetclover, sugar beets, sugar beets {the sweetclover
seeded with the oats and pastured with sheep); no. 84, oats, aifalfs
(8 years}, potatods, sugar beets; no. 71, oats, alfalfe (3 years), pota-
toes, sugar beets, manure, sugar beets. The purpose of rotation no.
45 is to determine the possibility of keeping up the yields of sugar
beets in a short rotation through the use of sweetclover which is
pastured. This rotation is not directly comparable to any other in
the series; it is rather to bo grouped with the subordinate rotations
nos, 27 and 65. Rotation no. 64 may be compared with rotation no.
30, though it differs from the latter in two respects, namely, it includes
3 years of alfalfa and the sequencs of other crops is not the same. | In
rotation mo. 30, the sequence is potatoes, oats, sugar beets; whereas
in rotation no. 84 it is potatoes, sugar beets, oats. This rotation may
be compared also with rotation no. 60, from which it differs in one
respect, namely, in the sequence of crops other than alfelfa. Rota-
tion no. 71 is comparable with rotation no. 64, from which it differs
in having two consecutive crops of sugar beets between the potatoes
and oats, with manure applied to the second-year sugar beets.

In these rotation experiments each crop invelved in each rotation
is grown every year. This requires that as many plots shall be
devoted to each rotation as there ave years in the cycle of each rotation.
By this procedure it becomes possible to compare the yields each year
from the same crops grown in the different rotations.

LIST OF THE ROTATIONS

The following is & list of the rotations arranged in numerical order
for convenience of reference:

Crops grown continuocusly on the same plots

. Ontsa. 8. Corn. .
. Bugar bects. 7. Spring wheat (straw returned).
. Bpring wheat. 8. Alfalfa.

. Potatoes. 8. Max,

. Winter wheat.

2-year rotations

. Corn, osats. 24. Oats, potatoes.

. Spring wheat, sugar heets. 25. Oats {manure}, potaioes.

. Sugar beets, potatoes. 26, Potatoes, corn.

. Sugar beets (manurc), potatoes. 27. Onte (followed by rye plowed
. Oats, sugar beeta. under), potatoes,

. Outs {manure), sugar beets. 28, Spring wheat, cats.
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3-yvear rotafions

30. Potatoes, oats, sugar beets. 32. Corn, oats, sugar beets.
31. Pogattt)es, oats (manure), sugar
eets.

d-year rotations

. Alfalfa (2 years), potatoes, sugar 45. Oats seeded with sweetclover
beats. {sweetclover being pastured with
. Alfalfa (2 years), oatls, sugar beets. sheep), sugar beets (2 years).
. Alfalfa (2 yenrs), potatoes, onis. 48, All'alga (2 years), spring wheat,
onts.

G-year rotations

. Alfalfa (3 years), potatocs, oats, sugar beets.
. Alfalfn (3 years), putatoes, oats {manire), sugar beets.
. Alalfa (3 years), corn, oats, sugar beets.
. Alfalfa (3 years}, potatoes, sugar beets, oats.
5. Alfalfa (3 years, pastured with hogs the third wyear),” corn (harvested by
hogs), flax, oats.
T-year rotalion

. Alfalfa (3 yvears), potatoes, sugar beeis (manure), sugar beets, oats.

The lacation of these rotations with reference to one another in the
field is shown in figure 2,

CULTURAL PRACTICES

Tn conducting these investigntions the methods adopted in per-
forming the various cultural eperations were in lkeeping with the better
practices used in the locality. In order that the yields from the same
crop in different rotations would be directly comparable, all were
planted as nearly as possible at the same time and of the same variety
each year. The treatment the plots received was as nearly identical
as conditions permitted ; all crops were harvested at tho same time and
otherwise received the same treatmentinsofar as conditions permitted.

Irrigation water was applied so as to mmeet adequately the varying
demands of different erops, the aim being to maintain the supply of
soil moisture at the optimum for plant growth. Alfalfa, grain, flax,
and other drilled or broadeast crops were irrigated by the flooding
method, while row crops were furrow irrigated.

In the rotations where alialin followed sugar beets the secd was
sown in the spring without a nurse crop, after the land had been disked
and harrowed. In the rotations where the alfalla followed oats the
seed was sown with & disk drill in the oat stubble immediately after
harvest. Except in years when grasshoppers were numerous or exces-
sive weed growth interfered, this method of seeding has given good
results. When grasshopper or other injuries have been severe it has
been necessary to plow the oat stubble in the early fall or the following
spring and {o resecd the alfalfa. At times these unfavorable con-
ditions have occurred throughout the period, which accounts for no
first-year alfalfa yiclds being given in certain instances. In the new
rotations, nos. 64 and 71, allalla was seeded in the spr'm% with onts as
anurse erop. During the first years of this experiment alfalfa sod was
hroken by a shallow plowing in the fall, followed by disking and
deeper plowing the following spring. In recent ycars it has been
broken by plowing to a depth of about 8 inches after growth starts in
tho spring,
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Fioure 2—Dlsgrom showing Lhe fleld Jocation of the Irrigntad rotatluny st tho Seotts Bluft Flaid Station,
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Sugar beets were seeded on fall-plowed land where the crop fol-
lowed small grain and on spring-disked land where this crop followed
potatoes or gbeets. Seed of the Kleinwansleben variety was used
and was obtained from the local sugar company. The crop was
cultivated, thinned, and harvested according to local farm practice.

Where oats followed sugar beets, corn, or potatoes, the land was
disked in the spring Lefore secding. When the preceding crop was
small grain or flax, the land was plowed the previous autumn and
disked in the spring. When oats followed alfalfa the land was plowed
In the spring, just belorve seeding. A variety of oats ltnown as
Colorado No. 13 (Newmarket) was used from 1912 to 1927, and the
Kherson (Nebraska No. 21) variety has since been gIOWI.

Spring whent was sown on [ull-plowed land except in rotations nos. 18
and 48, In rotation no. 18 the preceding crop was sugar heets. In
this rotution the plot to be sown to wheat was disked in the spring
just beforeseeding. Inrotationno. 48, the preceding crop baing alfalfa,
the lend was plowed in the spring. The College Definnce variety
was used from 1912 to 1919; the Galgalos variety from 1920 to 1922,
and the Marquis variety from 1923 to 1934.  The plot used for
winter wheat was plowed and harrowed ahout & weele hefore seeding
time. The Turkey variety has been used continuously,

The plots to be used for potatoes were fall-plowed for rotations nos.
24 und 25 and spring-plowed for theothers.  In rotation no. 27, where
the preceding crop was oats lollowed by rve, the rve was seeded in
the oat stubble soon alter harvest and plowed under the following
spring. The White Pearl variety of potutoes was used from 1912 to
1918, the Downing in 1919, and the Bliss Triumph since. The plots
devoted to corn were all spring-plowed. A local variety of Calico
corn was used from 1812 to 1921 and o local yellow variety from 1922

to 1934,
CROP YIELDS IN DETAIL

The results from these rotation cxperiments from 1912 to 1925
were the subject of a publication in which the yields were given in
detail for the 14 vears (§). In the following tables only the mean
vields are given for the period from 1912 to 1925, and the anousl
yiclds of sugar beets, oats, potatoes, corn, wheat, and alinlfa are
included in detail from 1926 to 1934. Hence the annual yields for
the entire 23 years are made availuble for comparison in this and
the former publication, affording an opportunity to ecompare in a
number of ways the cffects of the different crop sequences and treat-
ments to which the crops under consideration have been subjected.
It also permits the reader to observe the annunl fluctuations in
yields and yield trends as influenced by the different treatments.

Substantial {luctuations in yiclds are to be expeeted in erop ex-
})eriments of this nature, involving several crops and covering a
ong period of years. These fluctuations occur not only from year
to year, chiefly because of the vicissitudes of the climate, but lso
within the same year due to nccidental crop injuries. The extent
to which eclimatic conditions have inflluenced crop growth is well
shown by observing the yearly menn yields for the different crops.
In a large measure the infiuence of the climate on the yields has been
minimized by ascertaining the yield departures of each rotation
and computing these mean departures by 7-year periods in the
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tables giving the summarized results. Where accidental injuries
have occurred they have been abscrbed largely by averaging several
units, so that the results recorded in the summary tables are believed
to reflect the normal differences which should be expected under
pverage irricated farm conditions in the Scotts Bluff area.

OATS

The yields of oats are given in detail in table 1, also the mean {rom
1026 to 1934, together with the mean for the period from 1912 to 1925.
The annusl means huve also been computed, and of the 21 rotations
those returning the highest and lowest yields are indicated. For
the last 9 years no complete crop failures have occurved, although
extremely low yields wore harvested in 1934. This was due chiefly
to a shortage ok:;:'rigation water which existed throughout the growing
season of that year. Also, relatively low vields were harvested in
1926 and again in 1931, largely due o unfavorable climatic conditions
while the oat crop was maturing.

TapLe 1.—VYields of oafls from the irrigeled rolalions e! the Scotls Bluff Fileld
Stalion, 1918-84
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Tor the ¢ years for which detailed yields are given, rotation no. 44
has returned the highest yields twice, no. 61 three times, and no. 71
four times out of the nine seasons. Of those rotations returning the
lowest yields, rotation no. 32 appeared twice and no. 28 ibe other
seven times. This Iatter is a 2-year spring wheat-oats eropping system,
which is a highly undesirable practice, due in 5 large measure to
excessive weed growth. These results indicate that for the first
14~§ear period as well as for the last 9-year period the most consistent
high yields have been harvested from: manured rotation no. 61.

14747°—36——2
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There is afforded a direct comparison of the effect on the yields of
oats of applications of farm manure as compared with alfalfa in
rotations nos. 23 manured and 42, which has 2 years of alfolln. Tor
the last 9 years no. 42 has outyielded no. 23 by 5.6 bushels per acre.
The same comparison may be made with rotation no. 31 as compuared
with no. 60, the latter outyiclding the former for the same 9-year
period by 11 bushels of onts per acre. It is apparent from these
results that applications of farm manure have not stimulated the
vields of onts to the extent that alfalla has.

When the annual mean yields for the first I4-year period, 1912-25,
are comparcd with the subsequent 9-year period it will be found that
there is o difference in yield in favor of the former of 15.9 'bushels per
acre. Henceit appears there has been a general decline of productivity
of the plots as 2 whole. Relerence to the yields recorded in a former
publication (8) indicates that the land was in a favorable condition for
producing uniformly high yields during the early years. Tlor the first
3 years, 1912 to 1914, the mean annuel yield was 85.5 bushels per
acre-—a, mean annual production not since equaled. In view of this
relatively high productivity of the land when these experiments were
nitinted, it 1s to be expected that the mean annual yields would tend
to decline, as a substantial namber of the practices have proved to
have an adverse effect on the yields of oats.

SUGAR BEETS

The acre yiclds of sugar beets arc given in table 2, as this crop
appears in 17 rotations. = As has occurred with oats, the mean annual
sugnr-beet yields of 1934 were the lowest recorded for 23 years, chiefly
due to a shortage of irrigation water.

TavLe 2.—VYields of sugar beets from (he irrigated rolations at the Seotts Bluff
Field Station, 1912-34

Acro viekls (tons}
Rotntlon no M [
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9.3 04 )l 881 LT[ DB 4d5] 6y 41 2.7 54
Il 281 Bof wol] wa f.2] T.1 TE| Bo| 43 7.4
sl 80| 641050 vyl &0 720 4.0 0.4 4,1 o4
W4 16,0 0 L3 |20 10,5 18.8] 148 5.0 18 111 .2
L3 o one| wa| w3 1.o il .l 8.4 4.1 81
W2lnalwwa|2s|molansf s 1.0 | 7.7 | 1.4 18.0
1.7 Wi 1] 7.5 0.5 a,f B4 7.2 b1 80
eyl 5o 2nLs | 1810w | s e 157|121 17.4
T me] g4 mzy o1 ime 4.8 4.5 6.2 &0 8.4
1800 w8 ooz me 158 1,2 (124 0.4 14.1
ol d ) ns)ing | s |15 15,3 | i0.2] 10,8 14.2
TG MeA LIRS INE| | B 10| 175 | 18| 121 I7. 1
G e dso |y | 4 M2l | 17 By 14,3
WL [ 18| 1l | 167 1| e B0 10408 10,0 | 10,2 i2 8
WA | Ml an | 2atb 2l gyl ing 1T 4 B0 | 13,7 i7 4
MraLsfzs et | ins 1.3 1ne LLO | 131 | 1o 12.5
IV MUY M2 g1 | n LB LT 158 | 107 15.2
e e 2000 120 LB | 14| 20| 1L4410.0 M.l
| 1wy malan| g0l e 1371 202]17,5{ 4.2 17.7
Annun! mean... ..., 18 18,5 LUTET A e res ] e e 01 11.a
3 i : :
g oot JY B Y Y Y P Y ey 1 ey e
Rodatinns retnrnlng lowest i
vleldo -, - 2 2 2 1 2 2 2 3 2 1 2

! 'Thers nre 2 crops of sugar beots grown dirfme the eotnplition of the cycle of ratnian oy, 45 and 71;
45-1 implics tha first erop and 45-2 the seeoml. T he sume procedury s followed in rolation no. 71,
t Mean, 1020-25.
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The mean yield for the period 1912 to 1925 is 15.6 tons per acre,
with sweetclover pastured rotation no. 45-1 returning the highest
yield, although this rotation was not ineluded in the series until 1920.
On the other hand, manured 2-year rotation no, 23 returned the high-
est yield for the 9-year period 1926 to 1034, with 0.9 ton more than
the yield from no, 45-1. ‘When the highest annual mean yields for
the 9 yvears are compared, no. 61 had 3 years, no. 23 had 4 years, and
rotations nos. 71-1 and 71-2 had 1 year each when the yields were
equal to or the highest of the 17 cropping systems. Tt is particularly

Fiouns 3.—a, Suger beets {n rolation 42, wihich lad neither alfali por mopove,  Mesn yicld of heats,
1926-34 8.4 tons per pere. Comnpara wilh B, {Photgprapled July 22, 1030.) B, Supger beols io ro'ellon
45-1, walch had sweetclover I17nstur|:d 1year., Menn yicld of beets, 1020-3, I7.1 fons per acre, Compard
with A. (Photogrophed July 22, 1030,)

significant that all of these rotations returning the highest yields had
applications of farm manure or pasturing was practiced. In every
instance rotation no. 2, which is constantly cl‘og;ped to sugar beets, Is

the lowest. Of the untreated volntions, no. 32 bhas returned the high-
est mean yield of 8.4 tons per acre. This iz 8.7 tons per acre less
than has been harvested from no. 45-1 for the same period. This
lntter rotation has only 1 year of sweetclover which is pastured,and
is otherwise intensively cropped, as one oat and two bect crops are
grown during each cyele (fig. 3).
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POTATOES

The mean acre yields of potatoes are recorded in table 3. In con-
trast to the yields of oats and sugar bests, the mean annual potato

telds for the first 14 years were less than those harvested during the
agt O-year period. A review of the yiclds for the first fow yonrs
subsequent to 1912 indicated that the virgin soil conditions existing
at that time were not favorable for the production of as high potato
yields as has developed subsequently,” As has occurred with the
previous crops, low yields were harvested in 1934 because of o shortage
of irrigation watcr.

W oem e

[

FioUng 4.—A, Polntocs in simplo 2-yenr rotalion no. 20. Mean yield of notutoes, 1020-34, 144.0 bushels per
acre.  Compure with 8. (Phologiaphed August 10, 19.11.? BiPutnt.nes in4-yoearrotation oo, 40, which {9

similar Lo retatlon oo, 20 except Lhnk §t bl 2 ?vumﬂ of nlfnll.  hean yleld of potatoes, 1028-34, 284.5 bush-
els per pero.  Compare with . (Pholographed August 16, 16931.)

For the two summarized periods, 1912-25, and 1926-34, the high-
est mean annual yiclds of potatoes were harvested from 6-year alfalfa
rotation no. 64, with. 6-year manured alfalfn rotation a close second
m both instances. When tho mean individuel annual yieids are con-
sidered, rotation no. 71 was the highest once, nos. 60 and 64 twice
cach, and no, 61 returned the highest yiclds three out of the nine
instances. In all 11 instances the lowest yield was harvested from
continuously cropped rotation no. 4. Comparsble with the results
obtained with oats, including alfalfs in the cropping program, partic-
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ularly for 3 years, has been distincily more beneficial in its effect on
potato yields than have applications of farm manure. The favorable
irfluence which alfalfa has had on the yields of potatoes is apparent
when the yields from this crop are compared in rotation nos. 40 and
20. These two rotations are similar except thet no, 40 has 2 years
of alfaifs, whereas no. 20 is an untreated rotation. For the Jast 9
years the mean yield from no. 40 was 139.9 bushels in excess of the
vield from no. 20 (fig. 4).

TanLe 8.—Vields of polatees from the irrigaled rolaiions al the Scotls Bluff Field
Siation, 1912-34
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WHEAT

The acre yields of wheat as this crop has appeared in tho various
cropping systems are given in table 4, The yields which have been
harvested throughout the 23 years indicate that wheat is not a good
crop under irrigation in the Scotts Bluff eres. The results further
justify the belief that wheat is less profitable than either oats or corn.

TABLE 4.—Yields of wheat from the irrigated rolaiions al the Scotls Bluff Ficld
Station, 1912-834
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Rotation no,
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However, it should be noted that in any of these rotations which
include wheat crops are not included that would contribute to the
production of large wheat yields. From 4-yesr aifulfa rotation no. 48
tho highest yields have been harvested in all instances with the excep-
tion of the abnormal year 1934. Because of the water-shortage con-
ditions that year such minor yield differences as did oceur are value-
less. Disregarding the year 1934, the lowest yields came twice each
from rotations nos. 3, 5, 7, and 28,

CORN

Corn appears in 5 different cropping systems in these experiments,
and the results are given in table 5 for the 23-year period. In the
unfavorable year 1934 the yields frem this crop were distinctly more
setisfoctory than were those {from either oats or wheat, the mean
being 25 bushels per acre. The highest mean annual yields of corn
were harvested from 6-year alfalfa rotation no. 62. For the two
summary periods, 1012-25, and 1926-34, the lowest mean annuasl
yield was from continuously eropped plet 6. In 5 out of the 9 indi-
vidual years plot 6 also returned the lowest yield and no. 16in 3 of them,
For the last 9-year period it is worthy of note that when the mean
yield from plot 6 is compared with the 2-year corn-oats rotation no.
16 there is a difference of only 0.4 bushel per acre in favor of the
latter cropping system. Thus it appears that in the case of a 2-year
rotation including corn and oats but liftle better results may be ex-
pected with corn than would be the case were corn grown continuously
on the same land.

TarLE 8.—-Yicelds of corn from the drrigaled rolations atb the Scotls Bluff Field
Slation, 1912-84
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FLAX

While flax has been included in two cropping programs in these
experiments, continuously cropped plot 9 and rotation no. 65, the
results obtained have been very unsatisfactory. In 7 out of the 14
years, 1812-25, no mesasurable yields were harvested from this crop
(8). The yields obtained from 1926 to 1934 have been even less
satisfactory. Conscquently, a table giving the yields of flax is not
included in this bulletin. Throughout the 23-year period it has been
spparent thet in the Scotts Bluff area the conditions, believed to be
chiefly climatic, are not favorable to profitable yields of this crop.
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ALFALFA

Alfalfs was incorporated in these experiments primarily for the
purpose of observing its residual effect on succeeding crop yields
when grown 2 or 3 successive years in a number of rotations as com-
pared with similar rotations not including alfalfa. Also, there is
afforded an opportunity of observing the influence slfelfa has exerted
on the vields of the different crops under consideration as compared
with applications of farm manure. While alfaifa is grown for 3
successive years in rotation no. 65, the yields from only 2 yeers have
been harvested; the third year the crop was pastured with hogs. The
alialfs yields recorded in table 6 have been assembled in such a
manner that it is possible to ohserve the yields the first, second, and,
where they occur, the third year from seeding. The alfalfa yields
given for no. 60-1 signify the first year from seeding, no. 60-2 the
second year, and no. 60-3 the third-year crop. No yield is recorded
for continuously eropped plot 8 in 1934, DBecause of excessive weed
erowth, which materially reduced the stand of alfalfa, this plot was
plowed in the fall of 1933 and remained fallow throughout the follow-
mg season.  Yurther, it will be noted that in a number of instances no
firat-year yields were harvested. Because of unfaverable weather or
other conditions at the time of spring seeding an unsatisfactory stand
resulted. When this has occurred the land has been fallowed through-
out the summer and reseeded in the late summer or early fall.

TaBLE 6.—Vields of alfalfa from the }’rﬁgated rotations, Scols L™y Field Station,
a1
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The lowest mean annual yields for ench year and from both periods
have resulted from the first season, as is to be expected. Satisfactory
vields have been harvested the second season, bub as g rule the third-
year ylelds are somewhat greater. For the 9-year peried, 1926-34,
the highest mean yield for the third year, 5.63 tons per acre, is from
manured rotation no. 61-3. The second highest yicld of 5.57 tons
for the same period is from rotation no, 65-2, the second year from
planting and in & rotation which includes harvesting the third-year
alfalfs and the following corn crop with hogs. These annnal mean
vields of alfalfa afford an opportunity to observe the variation in
yields from one season to another and the vields which ordinarily may
be expocted. From 1926 to 1934 the third-year mean annual yields
have ronged from a minimum of 4.07 tons to & maximum of 6.10 tons
per acre, with » mean for the 9-year period of 5.2 tons per acre.

ANNUAL FLUCTUATION IN YIELDS

There have been given in the foregoing tables the crop vields of
oats, sugar beets, potatoes, wheat, corn, and alfalfs summarized for
the years 1812 to 1925 and 1n detail for the vears 1926 to 1034, ‘This
method of presenting the data affords an opportunity to observe the
trend of the yiclds throughout the 9-vear period as compared with
the previous l4-year mean for the different crop sequences as well as
the annual fluctuations. It is apparent that for the ¢ years where it
is possible to observe the yields in detail there have been seasons
highly favorable far large erop yields, such as occurred in 1928, and
other seasons when the conditions were highly unfavorable, such as
was experienced in 1934,  For the 9-year period the growth or other
conditions have so operated that the crop yields were correspondingly
{avorably influenced, as in 1928, and depressed, 2sin 1934, However,
other seasons have occurred when the yields of a certain crop have
been high, such as those from potatoes in 1933; whereas for the same
year sugar beets returned the seccond lowest mean yield harvested
durtng the 9-year period.

In order to afford an opportunity of observing the annual fluctua-
tion of yields from 1926 to 1934, table 7is presented. The yiclds are
expressed as percentages for each crop listed, based upon the mean
annual yields for each crop and its departure from the mean for the
§ years. Also, following these ficures, there are inciuded the mean
yiclds similarly expressed for the entire 23 years but divided into
three 6-year periods and one 5-year peried computed from the 23-year
mean yields.

Tasoe ?2—Menn annual acre yields of oals, sugar beels, poinlocs, corn, and wheat,
expressed as percentages of the mean yidds of alf plots ta detail from 19.26 to 1934
anrd &y periods for the enlire 23 years
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In considering individual years, with the exception of corn, the
highest percentages occurred in 1928 with an ennual mean for that
year of 134, definitely the highest for the 9 years. The lowess for all
crops except corn occurred in 1934, when the mean percentage for
the year was only 52 percent, 32 points less than for 1931, the next
lowest year, These figures emphasize the fact that the 4 years, 1926—
29, with & mean percentage of 112 were distinctly more favorable
than the following 3 ycars, which have a mean percentage of 91,
This is further reflected in the summary percentages given in the last
four columns. The highest mean of 122 percent occurred the first-
year period, and the lowest of 77 percent was recorded during the last
5 years. The next lowest was for tho 1918~23 period.

YIELDS FROM THE VARIOUS CROPS IX THE DIFFERENT ROTATIONS
SUMMARIZED

In compiling the results from these rotation experiments (tables
§-10, 12, and 13) it appeared thatrotutional effects could be most satis-
factorily observed and compared if the yiclds were summarized as
nearly as possible in four equal periods. By determining the mean
yvields for a period of years the fluctuations not sttributed to treat-
ments to which the different crops have been subjected are minimized,
with the result that these assembled yields more accurately portray
the differences which may be expected under average farm conditions
in the North Platte Valley. The results are summarized for the 23
vears by three 6-year periods covering 1912 to 1929 and a 5-year
period, 1930-34.  1n addition fo comparing one rotation with snother,
the rotations are grouped in such a manner that the yiclds from the 2-
and 3-year rotations, both untreated and treated, as well us those
having 2 and 3 vears of alfnlfa, muy be compured with the coutinu-
ously cropped rotations. Pasturing is incorporated as a treatment,
with sweetelover in rotation no. 45 and with alfalla in rotation no. 63,
It is pussible to observe the influence this treatment has had on the
vields of sugar beets, oats, and corn.  Following these yield figures
arc the standard errors Tor each pertod iu eaeh rotation for the five
erops under consideration, As far as possible to eliminate seasonal
variations, these standard errors have been computed from the depar-
tures from the mean annual yields of all the rotations. These standard
errors afford a measure of the significance of the yield differences which
hiave occurred,

In columns 7 to 10 (tables 8-10, 12, and 13} are given the departures
of these menn yields [rom the various rotations for the five crops [rom
the mean yields of all rotations for eachol the four periods.  The mean
departures for the four periods or for the past 23 years are given in the
Inst column. This method of presentation affards means of observing
the departures of the yields from each rotation referenced to the mean
of all the different rotations for the different periods as well as indi-
cating the yield trends. These yield differences have a practical
application, particularly when sugar beets are considered. 1t hns
been found $hat the mean yield of heets from all of these rotations
has not varied greatly from the project yields as reported by the
Bureau of Reelamation.  Hence it may be assumed that the rotations
which have returned a minus difference are below the North Platte

AHTHT P
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Valley average, whereas those with a plus difference are above, the
extent of course depending upon the magnitude of the plus or minus
differences. In 2 measure, comparable comparisons may be made
with the other crops involved.

Among other features these results emphasize the need of a con-
structive system of crop rotation or special treatment of the soil if the
productivity of the soils on the North Platte project are to be main-
tained. In addition they contribute further evidence that while
satisfactory yields may be obtained for some years if only crop rota-
tion 1s practiced and no special treatment is included in the cropping
program; yet eventually yields will decline without an oceasional
application of farm manure or unless such soil-improvement crops as
alfalfa and sweetclover are included in the cropping program. It has
been spparent that most immediate results in connection with the
improvement in yields may be expected from applications of farm
manure. However, the livestock population on the North Platte
project has been able to supply only a small part of what would be
required were maintaining the productivity of the soil dependent
wholly upon such treatment. 'This condition was recognized at the
time these experiments were begun, and alfalfa was included largely
for the purpose of determining how effectively it could be utilized in
the cropping system as o substitute for manure. Later sweetclover
was added, partly because of its more rapid growth the first season
and also because when it is pastured the danger of bloat is less than
with alfalla. In certain rotations observations have been made to
ascertain how profitable the procedure may prove to be when corn,
alfelia, and sweetclover are harvested with livestock as compared
with the more common pructices of harvesting tlese crops for grain
or hay. It was belioved that determining the eflect on succeeding
crop yields when this practice was followed might result in assembling
further information on how crop yields could be even more economi-
cally stimulated aside from the applications of farm manure.

In tables 8 to 13 the benefits in the form of increased yields due
to improved cropping systems are clearly apparent. However, there
are other important advantages not always reflected in crop yields.
Growing the same crop on the same land even for o few years not
infrequently results in excessive weed growtl), intensifies the damage
by plant diseases and insect pests, or increnses the expense of their
control. There are still further advantages resulting from ecrop
rotation, When such a practice is followeg, two or more crops are
necessarily included in the cropping program, thus diversifying the
farmer’s activities. It is generally accepted as & fact in areas devoted
to the production of the more commen farm erops that farmers who
diversify are able to utilize their ime and equipment more effectively
than if they are largely or wholly confining their operations te one
crop. When farmers are not dependent solely upon an income frora
a single crop, as a rule their business is on a more stable basis, and a
financial loss resulting from low yields or depressed prices on a par-
ticular crop does not necessarily indicate that they will sustain losses
on their combined operations {or the season. It is obvious that all
the advantages of a well-planned rotation are not reflected in the
foregoing anﬁ following tables, but such factors should be taken into
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consideration when the com arative merite of the difflerent cropping
systems arv being considered. ) o
Tn making comparisons of the differences in vields obtained from

v

the various crop sequences and treatments applied in these rotations,
which ere summarized in tables 8 to 13, it is recognized that but
little emphasis should be placed upen the results for the first 6-year
period, 1912-17, The land where these experiments were conducted
was quite productive when first broken, with the result that in almost
2]l instances good yields were harvested during -the first few years,
as is apparent from the detailed results previously recorde (8).
Hence trl’le differences in yiclds which have occurred during the latter
years may be attributed to the rotational practices and treatments
to which the different crops have been subjected.

By combining the yields from the different crops and trectments into
5- and 6-year periods extreme seasonal variations and accidental
injuries have been minimized, yet there have been cycles of several
years when the mean yields were relatively high as compared with
other periods. Sach conditions obtained tﬁroughout the first G-year
period, 1912-17, for sll crops, as is apparent from the percentage
figures given in table 7. Lower yields were harvested for the second
B-year period, seasonal conditions being distinctly unfavorable for the
potato crop in 1918, for sugar beetsin 1920, and somewhat unfavorable
for oats in 1919 and again in 1921. On the other hand, for the three
major crops, oats, sugar beets, and poiatoes, the yields were above
the average for the third 6-yzsr period, 1924-29. The lowest ylelds
for all five crops were for the 5-year period, 1930-34. There were 2
unfavorable sensons during these 5 years. In 1931 the climatic
conditions were unfavorabise for satisfactory yields for all crops listed.
Again in 1934, chiefly due te a shortage of irrigation water, very low
vields were harvested from the five crops. During none of the
years 1930 to 1034 were conditions notably favorable for the produc-
tion of large yields, as the highest mean percentage for ell crops
given in table 7 is 107 with a 5-year mean of 77 percent. In a large
measure these facts afford an explanation as to why the yields of
sugar beets, oats, and potatoes, particularly for the last period, are
materially less than for the previous peried, 1924-29, even with the
better cropping programs. Consequently, in comparing the results
given in the tables consideration must be given to the varying seasonal
conditions in order that erroneous conclusions may not he drawn.

OATS

The avernge annual yields of oats with the standard error and
depnrtures are given in table 8 for the 4 periods. In addition to
affording an opportunity of comparing the summary yields from the
different, rotations, one with anether, the rotations are grouped and
the yields averaged as follows: Continuous cropping, 2-year un treated
rotations, 2-year manured rotations, 3-year rotations untreated and
1 having an application of manure, 4-year rotations having 2 years
of alfalfa, B-yeer rotations including 3 years of alfalfa, 2 rotations
having 3 years of alfalfa and also an applieation of farm manure once
during the completion of its eycle, and 2 rotations, nos. 45 and 63,
which include harvesting crops with livestoek.




Tasrr 8.—Mean annual yields of oals compared with the arwnual means of all rotations, showing the effect of continuous cropping, simple
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rolations, manure, alfalfa, alfulfa and maniure, and pasturing at the Scotls Bluff Field Station, 1912-34

Rotation

Crops in the rotation

Mean acre yields of oats (bushels), 6-and 5-year periods
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63.6:-3.12
.66.2£2 81
63, 542,61

78. 244,57
76.941.21
7144202

45.84:5.73
54 644,02
45, 73.82

72.0

4.4

75.5

18.7
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6-year alfalfa rotations, nntreated:
No. 60
No. 62
No. 64

.| Alfalfa (3 years), potatoes, oats, sugar bruts-

“Alfalin (3 years), corn, oats, sugar beets. ..
"Alfalfa (3 years), potatoes, sugar beets, oats
(started 1920), ‘

8 and 7-year alfalfa rotations, manured:
No. 61

No. 71

Mean.....

_| Alfalfa (3 years), potatoes, oats (manure),

sugar beets,
Alfalfa (3 years), potatoes, sugar heets
(mnnure), sugar beets, oats (started 1920).

Pastured rotations:
No. 45

immsn emmesmmen—— PR

No. 85.

Mean.

68, 32, 09
55, 4::4.01

08, 741,25
65. 41, 81
65, 0:4:3. 22

83,642, 90
70. 02, 57
74.24:4.22

40, 6:3.55
47.82.04
44.1£3.58

619

60. 4

78.9

47.2

60,74 .58

73, 1:£3.37
61.24-3.26

95.54:2.17
82,74:0.61

5430812

53, 0-4:4. 88

67.2

§9.1

53.7

Oats with swoetclover, sweetclover pas-
tured ‘with sheep, sugar beets (2 years)

" {(started 1920).

Alfalfa (3 years, pastured with hogs third
year), corn (harvested by hogs), fla, oats.

56 7£3. 04

72.8:E4.90

57.62.99

76. 4:£4. 52

30,82, 52

44.64:6.04

wm e
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7.0

42.2
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In considering the mean yields of the different rotation groups, the
lowest yields have been harvested from the cuntinuously cropped
oat plot, with those from the untreated 2-year rotations sccond.
With one exception the highest yiclds have been harvested from the
G-year alfalfa rotations, which received applications of farm manure.
Of the 21 votations the most favorable results with oats have occurred
in rotation no. 61, which has a plus departure of 18.2 bushels per
acre. The second most fnvorable results have been obtained from
tue comparable rotation, ne. 71, with a nean departure of +-14.2 for
the three periods. TPasturing has not stimulated the yields of oats as
comparved with 2- or 3-year alfalln roiations, as rotation no. 45 has
o mean departure of enly 4-0.1 and no. 653 --10.9, with 2 niean for
the two of 45.1. FHowever, it should be noted that no, 45 has
2 years of sugar beets following the pastured sweetclover, and the
oat crop is preceded by noerop of flax in no. 65, In this latter rota-
1Eion the weed problem in the oat crop has been a yield-depressing

netor,

In the mean departures for the 4-year period plot no. 1 has »
mean of —17.7, the lowest of any of the treatments, with the 2- and
3-year untrented rotations next in order, Applications of farm
manure have proved distinetly beneficial in stimulating the yield
of oats as compared with those rotations not so treated, as plus
departures have occurred in the mean for the two 2-yvear rotations
and the one 3-year rotation. The highest mean departure of 16.2
bushels is from rotations nos. 61 and 71, both having 3 years of
efalfa and nn applieation of manure during ench eycle. In analyzing
the results from the individual rotations the lowest oat yiclds have
been harvested from rotation no. 28, oats and wheat, This has not
proved to be a desirable combination [or obtaining satislactory
vields of cither oats or wheat, the yields being materially depressed
due 1o the difliculty of controlling weed growth. Weed growth also
has been an important factor in depressing the yiclds of vats in the
next lowest plot no. 1, with a departure of —17.7 bushels.

SUGAR BEETS

Table 9 summarizes the mean acre yiclds of sugar beets, presenting
the results statistieally, as were those obtained with oats in table 8.
In all there ave 17 rotations and 19 yield comparisons, as the sugar-
heet erep appears twice during the compleation of the c¢yele of nos.
45 and 71.

Consistently the lowest yields hove been harvested from plot 2,
with the three 2-year and the two 3-year untreated rotations giving
the second lowest yields. The next poorest results have been obe
tained from the three 6-year alfalfu rotations, nos. 60, 62, and 64,
which have a mesn plus departure of only 0.6 ton per acre.  Of the
remaining groups the two manurcd-allalfa rotations, nos. 61 and 71,
have the mean highest departure, with the {wo 2-year manured rota-
tions 0.1 ton less for the 23-year period.  Of the remaining groups
the most satisfactory yields have resulted from rotation no. 45, and the
two 4-year alfalfs rotutions, nog, 40 and 42, of 4+2.3 and 1.9 tous,
respectively.




TaBLE 9.—Mean annunal yields of sugar beels compared with the
rotations;, manure, alfalfe and manure,

annual means of all rolations, showing the effect of continuous cropping, simple

Rotation

Crops in the rotation

and pasturing at the Scotts Bluff Field Station, 1912-34%

Mean siere yields of sugar beets (tons), 6- and 5-year periods

Periodic yields and standard error

Increasé (+-) or decrease (—) as
compared with the periodic
means of all rotaticns

191217

1918-23

1924-20

1930-34

1912417

1018-23

1924-29

1930-34

Continuous cropping:
Na

A e L PRS- PPN

2-year rotations, untrented:
No. 18
No. 20..

nured:

Mean......... ?

3-year rotations, untreated:
NO B0 mvwe - vsnenvcnn -

NOB2 o camsimimmnvaniamnan
S UV T R

‘3-year rotation, manured:
N3 o cinmmamnas PO, PN
4-year nlr:(;)xm rotations:

NO 40t annn

Sugar beets. .. ouncenn emimm—ann Geemrannan

Wheat, sugar beets
Sugar bedts, pointoes
QOats, sugar beets.....

Sugar beets (mhmxrc), POLAtOES cumevasvnss
Oals (manure), sugar beets... ... s

Potatoes, oats, sugar heetS......-... mcoumn
Corn, 0ats, SULAL DECLS. ivaurrommseacnn--

‘Potatoes, onts (manure), fugar beets

Allaifn (2 years), potatoes, sugar beets... ..
Alfalfa (2 years), oats, sugar beets. ........

10. 8:+0.30

7:84:1.03

7.6:0.42

4.0:4:0.35

14. 6 .76
1315 .59
12,84 .48

8.5 .89
10. 3:4 . 44
0,84 .71

0.7 .43
10,23 (42

9.9 .52

. 34= .31
1 .24
.2 .78

13.5

0.5

9.9

7.2

14, 7:£1.00
17,44 .51

16, 7 .37
18. 1k . 61

18. 5= . 68
19, 84z . 58

15,34 .70
17.0% .79

16.1

17.4

19.2

16.2

12,94 . 04
1294 .50

0.9:4 . 52
0.74 .08

10. 44 . 31
10. 2k , 41

7.1z .48
7.6 .50

129

0.8

10.3

7.4

18,2484

10. 9% .42

18,84 .70

10,84 . 57

17,64, 50
14.84-1.382

18.04:1.27
17, 14 .99

15,74 .08
15, 14 . 89

.4k .77
13.9:4 . 86

10.2

17.6

15 4

14.2
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TABLE 9.—Mean annual yields of sugdr beels compared with the annual means of all rotations, showing the effect of conlinuous cropping, simple
rolations, manure, alfalfa and manure, and pasturing at the Scoits Bluff Field Station, 1912-34—Continued.

Mean acre yields of sugar beets (tons), 6- and 5-year periods

Increase (4-) or decrease (<) as
Rotation Crops in-tha rotation Periodic yields and standar error compared with the periodic | Mean

means of all rotations depar-
turesfor

the 4
periods

1912-17 1912-17 | 1918-23 | 1924-20

g-year sweet clover (pastured) rotations:
No. 45-1 «.=aa} Oats with: sweetclover, sweetclover pas- 16.24 .93 | 19.44 .64 | 16. 7= .40 3 +4.4
No, 45-2. L(m-ed \\]'i]thq S)thp, sugar beets (2 years) 140198 | 10.2: .54 | 13.6 .85 |. -+ +1.2

. started 1020).

Mean. . . 15.1 7. . 2] 428

Alfalfa (3 years), potatoes, oits, sugar beets. 14. 74 .72
Alfalla (3 years), corn, oats, sugar beets..,..}| 14. 14 . 66 | 14,43 .33 :
Alfalfa (3 years), potatoes, sugar beets, oats 14.8+41. 20 . 14.3x .82

(started 1920).

P - - 14.6 3 13.0

6- and 7-year alfalfa rotations, manured:
No. 6L.

Alfalfa (g j'tixs\rs), potatoes, oats (manure), | 18,54 .60 [ 19.0=£ .86 | 20.5+ .58 | 16.3+ .59

sugar beets.
No. 71-1 - Allaffn (3 years), potatoes, sugar beets |. 17,04 .62 | 16.34- .00 | 13.94:1.62
. (manure), sugar beets, oats (started 1920) 17.741.08 | 19. 0% .45 | 17. 22,18

Mean...... ann| 18 17.9 18.6 15.8
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When the results from the individual rotations are reviewed it is
found that the highest yields have been harvesbed from the 6-year
alfalfa rotation no. 61, which has an application of manure preceding
the beet crop. This cropping system shows an indicated increase of
10.9 tons per acre over the continuously cropped no. 2. The next
best results have been obtained from the 2-yenr oats-beets rotation
no. 23, which gets an applieation of manure every other year pre-
ceding the beet crop. As compared with the continuously eropped
plot, there is an indicated superiority of 10.4 tons per acre throughout
the 23 years. The other 2-year manured rofation, no. 21, is superior
to the continuously cropped plot by 8.7 tons of beets. However, in
this instance, manure did not inmuncdiately precede the beets as in
rotation no. 23, but was applied to the preceding crop, potatoes.
The yield differences of beets resulting from rotations nos. 45-1,
31, and 71-2 closely follow those obtained from rotation no. 23,
From these results it appears that harvesting one ot more ¢rops by the
pasturing method is nearly as effective in stimulating the yields of
beets as are applications of farm manure.

Alfslfa alone, whether growing for 2 or 3 years und regardless of the
crops and sequences, has not resulted in stimulating the vields of
beets as have applications of farm manure or the practice of pasturing,
The largest increase over continuous cropping is 8.6 tons per acre from
rotation mo, 40; no. 64 is sccond with 8.3 tons. In both of these
rotations the beets are preceded by potatees. In other instances
oats are the preceding crop, a sequence which has not resulted in as
satisfactory vields as have occurred where the beet crop has followed
potatoes. The exceptions have been with nos. 23 and 21, but in these
cases the eat crop is followed by an application of manure in no. 23,
whereas in no, 21 the manure is applied to the potatoes.

A comparison of the beet yields from rotation no. 40 with those
from rotation no, 42 shows an increase of 0.9 ton per acre in favor of
no. 40. Rotations nos. 60 and 62 have minus departures of 0.1 and
0.2 ton of beets, respectively. This may be attributed chielly to
the faet that not only do oats precede beets in both instances; but
also that two crops intervene hetween the alfuifa and the beets, as
compared with only one crop in the cuse of retation no, 64, which
has o plus departure of 2.0 tons of beets. These results further
indicnte that as favorable results may be expected with 2 years of
nlfalfa as with 3 years; this is apparent when the beet yields from
rotation no. 40 are compared with those from no. 64.

POTATOES

The yields of potatoes are given in table 10 as this erop appears
in 15 different cropping systems. There is one continuously cropped
plot, four 2-year rotations untreated and two which receive apphean-
tions of farm manure, one 3-year untreated rotation, and o similar
rotation to which mnanure is applied. There are six alfalfa rotations,
two having 2 years of alfalfa, two having 3 years of alfulfa, and two
having 3 years of slfalfa together with an application of furm muanure
during eack cycle.




TABLE 10.—2Mean annual yields of potatoes conipared with the annual means of all rotatiohs, showing the effect of continuous cropping, simple
rolations, manure, alfalfa, and alfalfa and manure, at the Scolts Bluff Field Station, 1912~34

Rotation

Crops in'the rotation

Mean acre yields of potatoes (bushels), 6- and 5-year periods

Periodie yields and standard error

Increase (+) or decrease (—) as
compared with the periodic
means of all rotations

191217

1912-17 [ 1918-23 | 1924-29

Continuous cropping:
No. 4

2-year rotations, untreated:
No. 20,

‘Potatoes, sugar beets. .-ocmiumumnaioans -
Potatoes, onts_ ...
Potatoes, corn e em—
Potatoes, oats (followed by rye plowed

LT 111 J PO

126.5-:18.02

59.111..50

111.4410.79

65. 2:4-26. 05

—140. 8

-1182.3:116. 43

183, 4--82.21
175, 7413, 84
188, 94-27.32

108.0::15.53
121. 0418, 74
101, 6:1-11. 62,

152.24- 9.84

170, 14- 8.37
184,74 8.84
147. 5= 8.45

274, 114, 86

126.34:19, 11
112,3:4:13.49
104, 34-22, 97

173.5:k 7.45

—79.8
-03.8
—101.7

—32.6

Mean....

Potatoes, sugar beets (manure).
Potatoes, oats (manure)

182.6

120.7

194.1

129.1

—77.0

212, 14-13. 97|
229, 74-10. 01

154.5:4:17.18
191. 44 9. 57]

334, 112,08
326, 9:116. 21

235. 5:+:16. 87
221. 2::18. 59,

+29.4
+$15.1

990. 9

3-year rotation, untreated:

4-year alialfa rotations:
No. 40
No. 44

Mean.. .

Potatoes, oats, sugar beets,
Potatoes, oats (manure), sugar bects

Alfalfa (2 years), potatoes, sugar beets,
Alfalfa (2 vears), potatoes, oals

73.0

330.5

228. 4

=+22.3,

225.44= 9.42
246. 13- 4.21

131, 8+ 7.03
185. 5:4:15. 25

218. 5:4-13. 15
339. 54-18. 67

166. 8+19. 36,
263, 912,04

~39.3
+57.8

269. 9:4-20, 95
205. 53-15.09

242.0: 9.31
215. 2.4:20. 86|

344. 5:4-19. 30
330. 53-16.92,

258. 425,92
222.1:£29. 49

+52.3
~+16.0|

282.7

228. 6

337.5

240.3

+34.2

.
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6-year alfalfa rotations, untreated:
No. 60. .
No. 64

Mean

Alfalfa (3 years), potatoes, oats, sugar beets.|

Alfalfa (3 years), potatoes, sugar beets, oats
: (started 1920)....._..

278. 4:1:13. 06)258. 7-+-16. 13

241,90 5.30)

372.7£12. 21
383. 44 7.68)

276. 612,44
303. 315,83

485.4|. +86.4]

+71.0 +97.1

6-and 7-year alfalfa rotations, manured:
No. 61

No. 71

Mesn:

| Alfalfa (geiears). potatoes, oats (manure),

278. 4

250. 3

378.2

200.0

4782 oL8

sugar beets
Alfalfa (3 years), potatoes, sugar beets (ma-
nure), sugar beets, onts (started 1920).___

200. 3:£19.18{277. 7-15. 46,

210, 2::23. 76

305.4- 8. 51
361.5-:11.18

285. 6412, 63
276.2-:25. 31

-+104, 3| --109.1

+39.3] +75.1

206.3 244.0

378.5

280. 9

+71.,s| o231
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As has occurred with oats and sugar beets, the lowest yields have
been harvested from the confinuously cropped potato plot, which
for the 23-vear period has & minus departure from the mesan yield of
127.7 bushels per acre, The next lowest yielding group is the one
including the four 2-year simple rotations, which have a minus
departure of 65.8 bushels, with the 3-year untreated rotation third.
Of the three remaining groups which include alfalfs and applications
of {farm manure, the largest mean departure is from the 8-year rota-
tions including alfalfn, secondly from the two alfalfa rotations to
which manure is applicd, and thirdly the 4-year rotations includin
slfalfn. Applicationz of furm manure spparently havo stimulate
the yields of potutoes above the mean yie{ds of all rotations to the
extent of 15.8 bushels in the 2-vesr rotations and 36.4 bushels per
acre in 3-year rotaiion no. 31.

A comparison of the resulis from the individuel rotations shows that
the highest yvields of potatoces for any period and for the entire 23 years
have been huarvested from rotation no. 61, to which farm manure is
applied. This rotation has & mean yield for the four periods of
313.8 bushels wnd o plus departure of 91.3 bushels per acre. How-
ever, this vield is only 17.2 bushels in excess of no. 60 having o similar
period of alfalfn but not receiving the manuvial {reatment. In view
of the fact that there is o relatively high standard error, this dilfer-
ence eannot be considered gignificant. The results obtained from
no. $0 as compared with no. 61 sre confirmed by those recorded from
rotation no. 71, which has the munurial freatment. The benefits in
the form of increased yiekls of potatoces from 3 years of alfalia as com-
pared with rotations nos. 40 and 44, having bud 2 years, are clearly
appurent, there being s mean departure differance in favor of the
former of 31.4 bushels per acre.

Applications of farm manure have dofinitely stimuluted poteto
yields. Rotations nos. 20 and 21 are similar as to Lrops, but the Iatter
had an application of manure every other year and preceding the
potatoerop.  Thewmenn plus departure of 87.2 bushels per acre may be
ateributed to the manurial treatment.  This is o slightly more {avora-
ble difference than the 73.2 bushels per acre hebween the 3-year
rotations nos. 30 and 31. That rye plowed under has had a beneficial
effect in stimulating the yields of potatocs is apparent when the
vields {rom rotation no. 24 are compared with those from rotetion
no, 27, there being a diflerence of 47.1 bushels in favor of rotation 27,
The mean yields for the 23-year period from rotations nos. 20 and 24
are quife compareble, but the potato-corn rotation, no. 26, has return-
ed the lowest yield next to continuously cropped plot 4.

In the foregoing discussion of the results with potatoes in the rota-
fions totsl wields have been recorded. Throughout the 23-year
period. therc has been n marked variation as to the quality and size
of the potatoes from the different rotations. Tubers harvested from
the continucusly crepped plots and the 2-year rotations showed
definitely more seab injury, whereas in the longer rotations, partic-
ularly those inchuding alfalis, they were nearly free from the disense.
These facts are not reflected in the vyields reported. Throughout
the period a record has been kept of the percent of cull potatoes
based upon local standards. In order to afford an opportunity of
cbhserving the varistion in the percentages which have occurred,




IRRIGATED CROP HOTATIONS 29

table 11 is included. 'This gives o description of the rotations and the
percentage of cull potatoes. ‘

TaBLe 11.—Percentage of cull potatacs preduced in the irrigeted rotations, Scolls
Bluff Field Stution, 1824-38

Rota-
Per- | “tion Craps in the rotatlon
no.

Crapa o the ratation

Taotatoes continuonsly Potalpes, sugsr beets, alfalfs ({2
Potatoes, sngar beets F GUTS
FPotatoes, sugar heety (manure) __ .. Potntoes, onts, elfallfa (2 yesrs)
Potatoes, outs Totatoes, oais, sugar bests, alfaifn
Puolatoes, oats (mpnure) ] (i years).
Potatges, corn Potatoes, oats (manure), sugay beets,
Potatoes, oatz (allowed by ryve alfalfa {3 years)

p]owe(i under) Fotutoes, sugar boets, oats, alfalla {3
Potatoes, oats, sugar beets years)
Potatoes, oats (manure), sugar beets. Potaloes, sugar beets {naoure),
sugar heets, oats, wifalla (3 years). .

R

BV ]

The results recorded In table 11 are for the 10-year period 1924-33.
The year 1934 was not included as the data for that season were not
complete. The earlier years were omitted, for it is believed that the
recent conditions more nearly reflect what should be expected under
farm conditions were these rotation practices in effect for a corre-
spondingly long term of years. The highest percentage of culls has
been harvested from continuously c¢ropped plot 4. The next iwo
highest percentages of cull potatoes were harvested from 2-year
rotations nos. 20 and 26, each of which have 18 percent. These

results indicate that applications of farm menure have reduced the per-
centege of cull potatoes in comparable 2-year rotations, as is evident
when the cull percentages from untreated rotations nos. 20 and 24
are compared with those from manured rotations nos. 21 and 25.
The lowest percentages of cull potatoes consistently have been har-
vested {from the 4-, the 8-, and the 7-year alfalfa rotations,

WHEAT

Table 12 affords an opportunity to observe the effect of six diffev-
ent cropping systems on the yields of wheat. There are three plots
continuously eropped to wheat, two 2-year untreated rotations, and
one 4-year alfalfa rotation. In one of the continuously cropped plots
the straw is returned to the land and plowed under preparatory to
the next season's seeding. The other twe plots include one devoted
to spring wheat and the other to winter wheat., With the exception
of slfalfa rotation no. 48, it was not anticipated that any of these
cropping systems are of a nature to return satisfactory wheat yields,
aithough it was believed that useful information would be developed
as to the extent that wheat vields would be influenced by such farm
praetices.

The lowest yields have been harvested from the three plots con-
tinuously cropped to wheat, and only from alfalfa rotation no. 48
have reasonall))ly satisfactory yields been obtained. For the 23-year
period this rotation has returned a yield of 24.7 bushels per acre.
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TanLE 12.—Mean annual yields of wheat compared with the annual means of all rotations, showing the effect on wheat yields of conlinuous
cropping, simple rotations, and alfalfa rotations al the Scotts Bluff Field Station, 1912-8)

Rotation

Crops in the rotation

Mean acré yields of wheat (bushels), 6- and 5-year periods

Periodic yields and standard error

Increase (+) or decrease () as com-
pared with the periodic means of all
rotations

1912-17

1018-23

1930-34

1912-17 | 1918-23 | 1024-20 |- 1930-34

Mean de-
partures
for the 4
periods

Continuous cropping:
No.

T B O

2-year rofations:
No. 1

Spring wheat__
Winter wheat

Spring wheat, sugar beets .
Spring wheat, oats. ... o ame e anas aea

............... sy tan

Alfalfa (2 years), spring wheat, oats., ... ...

23. 921,05
24,342 84
22,64 .82

11,341, 02
16. 421, 81
12,04 .47

12. 540,70
14, 741,50
12, 241,24

.6

13.2

13.1

27.8::1.60
22.94:1.81

19,441, 31
15,44 .41

16.04- .68
1214 .74

9, 6:£1, 02
9.2+ .76

25.4

17.4

14.1

9.4

3L 4L 10

25.0::1. 53

19, 7:4:4. 08
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These results indicate that the wheat straw returned actually has
had 2 slightly adverse effect on whent yields, as no. 7, where this
practice has been followed, has returned 2 23-year mean yield of
only 13.8 bushels, the lowest of any of the cropping systems. The
next Jowest yield is from continuously cropped spring wheat plot 3,
with & yield for the complete period of 14.0 bushels; the 2-year spring
wheat-oats totation is third, with a mean yicld of 14.9 bushels.
Slightly better results were obtained with winter wheat continuously
cropped, which has a mean periodic yield of 15.7 bushels. However,
none of the difference existing among nos. 3, 5, 7, and 28 can be con-
sidered significant,
CORN

In table 13 ave given the yields of corn in the five different cropping
systems which include this erop. Corn is grown on one continuously
cropped plot, on two 2-year simple rotations, on one 3-year stmple
rotation, and on G-year alfalfa rotation no. 62.

As has occurred with the other crops discussed in this bulletin the
lowest yields of corn have been harvested from the continuously
cropped plot with the twe untreated 2-year rotations the second
lowest and the 3-year rotation third. The highest yield, §5.7 bushels
of cotn per acre, has been harvested from the 6-year alfalfa rotation
no. 62. 'This is 20.3 bushels in excess of the yicld from the continu-
ously cropped plot, which returned a per acre yield of only 26.4

bushels. That corn yields are materially in excess of those harvested
from the wheat plots is apparent when the results in table 12 giving
the wheat vields are compared with those from corn recorded in
table 13. The highest wheat yield, barvested from alfalfn rotation
no. 48, totaled 24.7 bushels per acre, or 31,0 bushels Jess than the corn
yields from rotation no. 62. There is a slight difference in the yields
of corn between the two 2-yeur and the one 3-year rotation, but the
differences which have oceurred are slight and when compnred with
the standard errors are not considered signilicant.

COMPARATIVE VALUE OF THE DIFFERENT ROTATIONS

The foregoing pages have been devoted to a presentation of the
results indicating the extent to which the various crop sequences and
treatments have influenced the yields of oats, sugar beets, potatoes,
wheat, and corn; but this method does not afford an opporiunity of
evalunting and comparing the varfous rotations when each is eon-
sidered as o complete unit. 1tis apparent that the yiclds have fluctu-
atad within wide limits as certain crop sequences have resulted in good
yields while with others less satisfactory results have been obtained.
Because of the higher production costs of the staple farm crops,
trrigation farmers are forced to increase their yields proportionately
if they are to compete successfully with those engaged in similar enter-
prises. on unirrigated fand. While relatively large yields nvo essentinl
to n successful irrigation agriculture, the actual and indirect costs
incident to obtaining such vields are of equal importance, Suguar
beets and potatoes are tho chief cash erops produced on the North
Platte project and for 23 years have proved to be the most profitable
crops grown, but it should not be assumed that the eropping systems
returning the highest yields of these crops are the most profiteble.




‘TaBLE 13—~—Meéan annual

yields of corn compared with the annual means of all rofations, showing the effect on corn yields of continuous crop-

ping, stinple rolations, and alfalfa rotations at the Scotts Bluff Field Station, 1912-3)

[P ———

Rotation

Crops in the rotation

Menn acre vields of corn (bushels), 6- and 5-year periods

Periodic yields and standard error

Increase (4-) or decreass (=) ns com-
pared with the periodic means of all
rotiations

1924-29

1912-17 | 1918-23 | 192420 | 1030-34

Continuous cropping:
No.

2-year rotations:
No.
No. 26.

D5 .\ D O

vy e e

S L LT Y —ewen

3~yen§ rotdtion:

8-year zz']!nlfn‘;éil;tfoﬁ:”
No

DV

COMMe it nnnicmennnn .

Corn, onts........
POLat0es, COMN o m vneimvmimmarnnrnasmonnsns

R LTI L T T Tyt

B et o T P O S

Corn, oats, SURAT DEELS. o vnernianns. oo, l

Alfalfa (3 years), corn, oats, sugar beets. . ..

38.1:43,35

27.34:2.45| 20.9:£2 66 [ 10.2:4£2.50

—-87

o4, 14-1, 41
48, 91,69

19,241, 32
24.2:42,15

20.6:1.80
31.043. 85

21,942, 32
27.2:4:2.96

L5

30.3 24,6 2.7

A8, 441,34
58. 43 54

33. 71,71
56. 1:4-5, 23

30.832.23
57.24:5. 76

20. 34:2, 02
50.942.75

.

A4

TEOALIADMEDY JO-"IdHA "8 0 ‘219 NILWTING TVOINHOEL
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Before this can be ascertained, information must be made available
as to the estimated net returns from all erops included in the cropping
program. In general, diversification of crops is to be commended,
but; the resuits recorded in the following tables emphasize that con-
siderstion must be given as to the expected returns from the enter-
prise as a whole if the farmer is to make the most of his opportunities,

In addition to affording an opportunity of ascertaining the merits
of diversification insofar as this practice is followed in these various
rotations, other significant comparisons may be made. It is possible
to measure the vaiue of stable manure when it is applied every vear
to the plot continuously in alfalia, to ascertain the value of mapure in
& Z-year rotation, and whether manuring is more proiitable in 2-year
or in 3~yvear rofations. In rotation no. 61, which receives an appli-
cation of stable manure every sixth vear preceding sugar beets, it is
possible to determine to what extent such g practice increases the net
returns by comparing it with no, 60, which does not receive such
treatment. The total value of each of & number of rotationsin which
alfaifa is included has been determined and may be compared with
others where this crop is not included. Considering the mitial high
{irst-vear cost of sced and seeding together with the low yicld, some
information is made available as to whether alfalin should be left in
for 2 or 3 years. In rofation no, 45 the harvesting of sweetelover by
livestock has been practiced, which is followed hy sugar beets for 2
stuecessive years. A measure of the merits of this practice is possible.

The procedure followed in arriving at the estimated net returns for
each rotation was as follows: The production costs were defermined by
using for the cultural-operation costs those rocoenized as somewhat
standardized in the community, such flor instance, as contract laber,
hauling sugar beets, harvesting grain, plowing, taxes, and irrigation
water. Other items of cxpense, such as disking, harrowing, and plant-
ing, were estimated, bused partly on the experience in performing
these operntions at the stution as well as observations made among the
farmers on the project. Inarriving st the costs of growing sugar beets,
518 was the figure used to cover contract labor costs. In all instances
%17 per acre was allowed for water costs, tool maintenance, miscel-
laneous repairs, interest, and depreciation. The cost of applying
farm manure was estimated as 87 per acve.  The wnit value placed on
the different crops is believed 1ot to be in excess of the average value
of these crops for the 5 yenrs, 1930-34, and is as [ollows; Alfalfn,
$7 per ton; sugar beets, 86 por ton; oats, 40 cents per bushel; market-
able potatoes, 50 cents per bushel, while culls were valued a6 15 cents
per bushel; corn, 60 cents per bushel; wheat, 75 ceais per bushel. The
net returns have been computed on only one rotation, no. 45, where
harvesting with livestock has been practiced. Other expenses in
connection with pasturing sweetclover in this rotation were the value
of the grain or hay fed, together with the estimated costs incident to
caring for the livestock, In this instance 87 per acre for the season. The
returns were computed upon the net gain in weight and the value of
the gains based on the prevailing price paid for such livestock to
farmers in the community. In computing the returns, the mean
yi%ilds for the 23-year period have been used. The results are given in
table 14.
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TasLe 14.—Comparative value of the different rolations, Seolts Bluff Field Station

Ronta-| Rela- Rota- | Reln-
Crops, treatmments, nod sequences | it tive Cro|s, treatments, il seruonces | tion | tive
ne. | vnluel . |vnlug 1

Bugar heels (mnnure), potatoes.._. $28. 23 || Alfalfa {2 years), oatls, sugar beats___
Gois (with swestclover), sweot- Alfalfa (2 years), potatoes, oats._..
clover pastured, sugur beets (2 Potatees, onts, sngar
years 24,26 || Oats (rye plowesl under)
Alfelin (3 wears), potatoes, supar Bugnr beats, potatees...
beets (mAnure), sugar heets, onts. 2445 || Outs, sugur beets.....__
Oats (mupure), sugar beets F 21.32 i} Spring wheat, sugar beetls._
Alfnlfa (2 years), potatoes, supar orn., onts, sugar beets_____ .. ...
beet: 21.05 || Allalfa (2 years), spring wheat, onts.
FPolatoes, oats {mnoure), sopnr Sugar beets contlnuously
(5 2. 50 || Quts, polatoes
Allalin (3 years), potaloes, oats Corn, onts
(manure}, sugsr begts A4t 1 Polatoes, corn__.
Allolfa {3 years), Dotuloes, sugar Coro eontintons
heels, oabs. ... ... M 15 [ Outs continuously.
Allalfa (3 years), polatoes, osls, Snring whest, cots. , .
sugar beets. ... ... 3. Winter wheat conliguously.__ . ..
Ouis {monure), potaloes. . ........ . Spring wheat continuously. . .
Alfalfn contiguously. ... ... ... . Spring whent, straw returnerd
AI&LI'? (3 years), corn, outs, sugnr Potaloes continwously...._.... ...
8. aaeen .. .

—h

! The ininus sign (—) indieates loss.

The rotation indicating the highest net return is no. 21 devoted to
potatoes and sugar beets, the chief cash crops of the area. While this
rotation was the highest in respect to net returns, there were eight
rotations returning higher yields of potatoes, and five from which
larger yiclds of sugar beets were harvested. The cropping program
which has proved to be the second most profitable is no. 45, which has
2 years of sugar beets and includes sweetclover pastured. Of the
eight rotations indicating a satisfactory net return of $19 or more per
acre, five of them have received applications of farm manure, one has
pasturing, and the other two include alfalfa. There are five pairs of
comparable rotations, the only difference being that one in each in-
stance has an application of farm manure during its cycle, whevens the
other does not have this treatment. The difference in the net returns
provide an opportunity of ascertaining the value of the manurial
trenment. This treatment has increased the differences between
rotations nos. 20 and 21, $27.58; nos. 22 and 23, $21.19; nos, 24 and
25, $14; pos. 30 and 31, $18.31; and nes. 60 and 61, $7.33 per acre.
1t 1s evident that applications of stable manure have increased sub-
stantially the per acre net returns for exclusive alfalfa rotations,
nos. 60 and 61; there is a mean per acre value increase for the remain-
ing four pairs of $20.27 per acre, which may be attributed to this soil
amendment. Similar comparisons may be made with three pairs of
rotations, one of which in each instance includes alfalfa and the other
does not include this crop. These three pairs are nos. 20-40, 22-42,
and 24-44. The mean value increase which may be credited to
alfulfn is $12.20 per acre. Similar comparisons may be made with the
two 6-year rotations, which have 2 years of alfalfa and indicate o per
ncre value increase of $18.77. With the exception of alfalfa, all crops
grown continuously on the same land year after year indicate losses,
the maximum of $28.08 having occur.reg with potatoes. Furthermore,
all %imple 2- and 3-year rotations either show a loss or a very slight

rofit.
P SUMMARY

This bulletin records the results from a series of rotation experi-
ments conducted at the Scotts Bluff (Nebr.) Field Station, Jocated on
the North Platte reclamation project.
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JRRIGATED (CROP ROTATIONS

It is not to be expected that an irrigated agriculture where staple
farm crops are produced ear be successfully maintained unless the
yields harvested are relatively high., It is well recognized that the
adoption of a proper erop rotation or treatment of the soil is one of the
more important prerequisites to obtaining erop yields of a high order.

The Scotts Bluff ares has an elevation of about 4,000 feet above sea
level, The climate is semiarid, with a mean annual rainfall of slightly
more than 14 inches and a mean Trost-iree period of 133 days,

The chicf crops grown in the ares are sugar beets, potatoes, alfalla,
corn, and smull grains, Dairying is an umportant farm enterprise,
and winter feeding of range stock is somewhatb generally practiced.

The soils in the Scotts Bluft area largely range from a sandy loam
to n lonmy very fine sund, with the Mifchicll, & very fine sandy loam,
predeminating,

There are 34 different cropping systems included in the series herein
discussed,

The culturnd methods followed, which are briefly discussed, hnve
been the same for all rotations cacl year in owder to aveid insolnr as
possible differences in vield due o factors other than the treatments
to which the crops ha e been subjected.

The chief purpose of these rotations was to ebtain information that
would be useful to persons engaged in crop production on the project
and also to those engaged in similar agricultural enterprises on adjoin-
ingirrigated avegs having comparablesciland climaticconditions, This
information was soughb by compuring the yields from certain crops
grown continuously on the same land with numerons crop sequences in
which tho retations were otherwise untrented, aseertaining the effect
of applications of stable manure in 2- and 3-vear rotations, and deter-
mining the value of allulin when included in certain ¢ropping systems.
The effeet on erop viekis of harvesting certain crops with livestock
instead of in the customary manner may he observed in certuin rota-
tions; the value of ¥ve as’a green-manure crop may be observed in
onerabtation; the effect of an application of manure in a cropping sys-
tem including allalfa may be compared with others not so treated.

The mean annual yields of onts, sugar heets, potatoes, corn, wheadt,
and alfalfa are given for the years 191225, followed by the annuul
yields of these eraps from 1926 to 1034 together with the nean for this
9-year period.

To aflord an opportunity of ohserving the annual fluctuations of
the mean yields for the six crops, a table 15 presented expressing the
yield {luctuntions in pereentages, The lowest mesn vecorded {rom
1926 to 1934 occurred in 1934 and the highest percentage in 1928,
When computed on the basis of periods the highest percentage, 122,
was for the first 6-year period, 1012-17, and the lowest, 77 pereent,
oeenrred in the Iask S-year penod, 183034,

The yields from the different crops are summarized and compared
for the purpuse of determining wiell trends and to what extent pro-
duction has been influenced by the dillerent cropping systems through-
out the 23 years,

Thelowestmean yickds of oats have been from the plotrontinuously in
onts und from the 2-year untreated rotations, while the highest menn
vields have been harvested from manured alfalla rotations 61 and 71.

Sugar-beet vields have been the most favorably influenced by appli-
cations of farm manure and by harvesting one or more crops in the
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rotation by livestock. While alfslfa has definitely increased beet
yields, the incresses have not been so great as has resulted from the
manurial treatment or when pasturing has been practiced.

Contrary to the results obtained with sugar beets, alfalfn has
exerted a more favorable influence on the yields of potatoes than have
applicetions of farm manure. The highest mean yields of potatoes
have been harvested from the two 6-yenr alfalfa rotations, secondly,
from the two alfalfn rotations to which manure was applied; and
thirdly, from the two 4-ycar alfalfa rotations.

The effect of the different rotational treatments on the quality of
potatoes is discussed, A table is included giving the mean percentage
of cull potatoes for the pericd 1924-33. The iﬁghest percentage of
culls has come from the continuously cropped plot. In every instance
the lowest percentages of cull potatoes liave been harvested from the
rotations including alfalla.

Due to the types of rotations, the yields of wheat have been quite
low. The highest mean yield, 24.7 bushels per acre, for the 23 years
was harvested from 4-year alfalin, rotation no. 48.

Yields of corn have been distinctly higher than wheat. The highest
mean yield of corn, 55.7 bushels per acre, came from 6-year aifalfa
rotation no. 62,

The comparative value of the different rotations has been deter-
mined. This affords an opportunity of determining the merits of the
different cropping systems as a complete unit. The highest net
return is from manured rotation no. 21, devoted to sugar beets and
potatoes, the chief cash crops of the area. The next highest return is
from pastured rotation no. 45. Of the 8 rotations inﬁicating o net
return of $19 or Inore per acre, 5 of them receive applications of farm
menure, 1 includes pasturing, and the other 2 are alfalfa rotations.
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