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ON YIELDS OF IRRIGATED CROPS'IN
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INTRODUCTION

It is essential to a successful irrigated agriculture that such a pro-

am of farm management be in effect that ¢rop yields are maintained
imdefinitely and of & magnitude promising & profit on the enterprise.
It has been often demonstrated by farmers, as well as by investiga-
tors, that, where staple farm crops are chiefly grown, this may be most
effectively accomplished by crop rotation, including in the crop
sequence either a leguminous crop, such as alfalfs, or the occasional
application of stable manure, It has been found that most staple
fartn crops respond favorably fo applications of stable manure.
However, it is rarely available in adequate quantities to mest the
requirements on irrigation prcjects where cash erops such as sugar
beets, potatoes, and cotton are festured in the planting program.
This condition has resulted in the inclusion of alfalfn, sweetclover, and
eertain other leguminous crops in the eropping program, because of
the resulting benefits in the form of increased yields of subsequent
erops. This practice has been followed so generally and with such
beneficial effects on some crops under certain conditions that it is often
believed to have more genersl and litersl spplication than may be
justified, although it is recognized that the inclusion of such legumi-
nous crops as alfalfa in the cropping program has hed a profoundly
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favorable effect in mainteining the productivity of the soil. More
recent investigations have disclosed that serious losses have frequently
resulted because of insufficient information relative to the effective-
ness of leguminous crops as compared with applications of stable
manure as aids in improving and maintaining soil productivity,

These as well as other agronomic problems confronting the settlers
justified the establishment in 1910, by the Bureau of Plant Industry,
of three field stations in the northern Great Plains as follows: (1) The
Huntley station, located on the Huntley reclamation project, near the
town of Huntley, in southeastern Montana; (2) the Belle Fourche
station, located on the Belle Fourche reclamation project, near the
town of Newell, in western South Dakota; (3) the Scotts Bluff station,
located on the North Platte reclamation project, near the town of
Mitchell, in western Nebraska. The conditions existing st these
three locations are fairly representative of those found in the western
part of the States of Nebrasks and South Dakota and in adjoining
States to the west and south as well as in a large portion of Montana
where irrigation is practiced.

The average annual precipitation in this section of the northern
Great Plains 1s about 14 inches. Consequently, the climate is essen-
tinlly semiarid and irrigation is necessary if large crop yields are to be
assured, The growing season betwecn frosts is approximately 125
duys, which permits the successiul production of crops adapted to the
more northern latitudes of the United States. The Scottz Bluff
station hus an elevation of 4,000 feet, while Belle Fourche and Huntley
are approximately 3,000 feet above sea level,

The crops chiefly produced in the area are sugar beets, potatoes,
alfalfn, swectclover, corn, barley, oats, and wheat. For the past
several years sugar beets have been the chief cash crop on the Hun tley
and Belle Fourche projects. On the North Platte project large
acreages have been devoted to sugar beets, but during years when price
prospects have appesred {avorable substantial acreages of potatoes
have been grown. Cereals arc less extensively grown, their chicf
purpose being to supply the local feed requirements. There are
extensive acreages of alfalfa on all three projects intended, in a large
measure, to supply feed for livestock maintained on the farms, while
the surplus is absorbed by local and adjoining markets. The acreage
devoted to alfalfa has been stimulated still further because of the favor-
able effect this crop has had in Increasing subsequent crop yields.

The soil at the Belle Fourche station is a heavy clay, known locally
as ‘‘gumbo”’ and desi%nated technically as Plerre clay in the United
States Department of Agriculture, Bureau of Chemistry and Soils
survey of the county. Such soils warm slowly in the spring, cannot be
worked properly except when moisture conditions are favorable, and
dry slowly particularly when temperatures are low. Cool, damp
springs have so delayed planting or retarded plant growth that crop
yields have been markedly depressed. It has been found, that under
such conditions vicissitudes of the climate from vyear to year have had
a_greater influence on crop yields than has occurred either at the
Huntley or at the Scotts Bluff stations, which are located on loss
refractory soil types. The Plerre clny is developed from Pierre shale,
& fissured and salt-bearing formation in which saline subsoil water
acceumulates from canal seepage.
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The soil of the Huntley Field Station is a productive clay loam and
lighter in character than that at the Belle Fourche station. In texture
it is representative of extensive areas of the better lands under irriga-
tion throughout the Northwest. It overlies a gravelly subsoil which
is often filled with water under pressure from canal seepage.

The soil of the Scotts Bluff station is a friable fine sandy loam
and is fairly produetive when first broken from the native sod, but
soon loses its productivity unless stable manure is applied or a legu-
minous crop is included in the cropping program. The soil responds
very readily to various rotationsl trentments, such as the inclusion of
alfalfa in the cropping program, and to applications of stable manure.
Both the surface and subsoil take water readily, and there is sufficient
elevation to provide adequate subsoil as well as surface drainage.

The irrigation supplies at the Huntley and Scotts Bluff Field Stations
are of low salinity, while that of Belle Fourche is intermediate in this
respect. The soils and subsoils at Belle Fourche contain a good deal
of salt in spots; those at Huntley are less salty, though there are areas
of saline soils on the project. At Scotts Bluff salinity of the soils is
not an_important factor except in low-lying areas near the North
Platte River.

DESCRIPTION OF THE ROTATIONS

In 1912 a series of rotation experiments were inaugurated at these
three ficld stations. At the time these investigntions were included
as a part of the program of the stations the object in view was to
determine the cropping methods, erop sequences, and treatments,
including epplications of stable manure, best suited to improve and
to maintain indefinitely the productivity of $hese lands.  With the
close of the year 1932 an opportunity was afforded to observe the
varwous results obtained over a 21-year period. As the work has
ndvanced a number of papers huve been published relative to the
results obtained (1, 2, 8,4, 5, 6,7, 8, 8, 10).1

Suger beets, potatoes, and onts have been sclected for the purpose
of ascertaining to what extent alfalla and applications of stable manure
have influenced the yields of these crops in the different rotations on
the three stations. In this scries an opportunity is afforded of
observing over a 21-year period (1) the influence of 2 years of allalfa
on the yields ol these three crops in different sequences as compared
with identical rotations not including alfnlfa; (2) the extent to which
the yields are affected when alfalfa is grown for 3 years; (3) how much
yields have been stimulated by applications of stable manure; (4) the
value of manure as compared with alfalfa in similar rotations; and
(5) in two alfalfa rotations, 60 and 61, it is possible to observe the
extent to which crop yields have been influenced by an application of
stable manure every sixth year to a rotation inciuding alfaifa. In all
there are 21 pairs of rotations from which these results are obtained.
In each pair the only difference is that one rotation includes alfalfa
for 2 or 3 years while the other does not. In the cases where stable
manure was applied and comparisons are made, each rotation included
the same crops; one rotation reccived the manurial treatment whilo

1 Italle butnbors in parentbesas rofor Lo Lilerture Cited, p. 3,
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the other did not. The crops involved, the sequences of the crops,
and the indieated manurial treatment are as follows:

ROTATIONS WITHOUT ALFALFA COMPARED WITH THOBE WITH ALFALFA

20. Potatoes, sugar beets.
40, Potatoes, sugar beets, alfalfs, alfalfa.

22. Onts, sugar beets.
42, Oatg, sugar beets, alfalfa, alfalfa,

24, Potatoes, oats.
44, Potatoes, oats, alfalfa, alfalfa.

22. Sugwr beets, oats.
40, Sugar beets, onts, alfalfs, alfalia.

28. Wheat, onls,
48. Wheat, oats, alfalfa, alfslia.

30. Potatous, oats, sugar beets.
60, Potatoes, coals, supar beets, alfallz, alfalfa, alfalfa.

31. Potatoes, oats {(inanure), sugar beots.
61. Potntoes, onts {manurg}, sugar heets, alfalfs, alialfa, alfalfa.

32. Corn, oats, sugar beets.
62. Corn, oats, sugnr Leets, aifalfa, allalfa, alfalfa.

34. Potatoes, sugar bects, oats,
64. Potatoes, sugar bests, oats, alfalfa, alfalfa, aifalfa.

ROTATIONS WITHOUT STATLE MANURE COMPARED WITH THOBE WITH MANURE
20. Potatoes, sugar heets.
21. Potatoes, sugar beets (manure).

22, Bugar irets, oats.

23. Sugar beets, oats (manure).

24. Potatoes, oats.

25. Potatoes, oats (manure).

30. Sugar beets, potatoes, oats.

31. Sugar beets, potatoes, oats (manurc),
34. Oats, potatoes, sugar heets.

35. Oals (manure), potatoes, sugar beets.

60. Potatoes, oats, sugar beets, alfalfa, alfalfa, alfalfa.
Gl. Potatoes, oats (manurc), sugar bects, alfalfn, alfalfa, alfaifa.

ROTATIONS WITIHI MANURE {OMPARED WITH THOSE WITEOUT MANURE RUT
INCLUDING ALFALFA

21, Sugar beets (manure), potatoes.
40. Pofatoes, sugar beets, alfalfa, alfalfa.

23. Sugar beets, oats (manure),
43, Sugar beets, alfalfs, alfalfa, oats.

23, Sugar heets, onts (manure).
46. Sugar hects, vats, alfalfa, alfalfa.

25. Oots {manure), potatoes,
44, Oats, slfalfa, allalfa, potatoes.

31, Bugar beets, potatoes, oats (manure).
60. Potatoes, onts, sugar beets, alfalfa, alfalfn, alfalfa,

35. Potatocs, sugar boeets, cats (manure).
G4. Potatoes, sugar beuts, oats, alinlfe, alfalfa, alfaifa.

These serios of rotations at present consist of 42 different cropping
systems at Belle Fourche, 43 at Huntley, and 48 at Scotts Bluff. In
connection with the other information being accumulated as o result
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of these rotation experiments at the 3 stations it is possible in the
following tables to };gserve the effect of alfalfa on the yields of sugar
heets in 18 different combinations, the effect on sugar beets of applica-
tions of 12 tons of stable manure in 13 rotations, and the extent that
sugar-beet yields have been influenced by stable manure as compared
with elfalfs in 12 rotations. In the tables giving the results with
potatoes there are involved the effect of alfalfa in 14 rotations, the
applications of stable manure in 14, and the value of stable manure
as compared with alfalfe in 11. With oats there are available 19
pairs of rotations where the effects of alfalfa on the yields are recorded,
14 of which indicate the value of stable manure, and 12 where the
merits of alfalfa and stable manure are compared.

CULTURAL PRACTICES

In conducting these investigations throughout the 21-year period
it has been the aim to adopt the best cultural practices used in the
local community. Seed of the same variety of each erop is used
each season at any one station, although in a few instances through-
out the period it bas been found advisable to change the variety. 1t
is not believed that this substitution of varieties in the few instances
it has oceurred has influenced the results appreciably. The eultural
treatments applied and the planting dates were as nearly identical
at each station as conditions would permit.

At the Belle Fourche station all plots planted to sugar beets or
potatoes were fail-plowed and left rough throughout the winter. All
plots preceded by a cultivated crop were not plowed but were thor-
oughly disked in the spring preparatory to seeding. In the cases
where oats followed alfalfa or another cereal the land was fall-plowed.
Plots in allalfs to be followed by sugar beets or potatoes were plowed
m the fall, and in the spring the ground was worked with a spring-
tooth harrow or duck-foot cuitivator to kill as many of the plants as
possible. In those rotations receiving ferni manure the manure was
plowed under,

At the Huntley station all plots to be planted to sugar beets or
potatoes were fall-plowed to a depth of about 8 inches and left rough
throughout the winter. In the instances where oats followed a culti-
vated crop the land was not plowed but was double-disked in the
spring preparatory to planting. Where oats followed an uncultivated
crop the land was fall-plowed. In the event alfalfa was the preceding
crop the alfalfa was erowned, that is, the land was plowed to a depth
of approximately 4 inches and after about a week or 10 days it was
worked with a spring-tooth harrow and later plowed to the usual
depth. In those rotations so treated the manure was applied before
the second plowing,

During the first years of the experiment the practice at the Scotts
Bluff station was to plant sugar beets and potatoes on fail-plowed land.
In recent years these two crops have been planted on spring-plowed.
land except in rotations 24 and 25 where the oat-stubble land is still
fali-plowed for potatoes. Where potatoes follow alfalfe the early
practice was to fall-crown the alfalfa and then plow to a greater
depth the following spring. Now the alfalfa land for potatoes is
plowed in the spring efter growth starts. Where oats follow sugar
beets, corn, or potatoes the land was spring-disked before seeding.
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When oats follow alfalfa the land wes plowed in the spring shortly
before seeding. Manure was applied just before plowing.

At all three of these field stations farm manure was applied at the
rate of 12 tons per acre. In each case the plots are one-fourth acre in
size and are laid out in series separated by 40-foot roads and the plots
in the series by & 5-foot alley. At Belle Fourche the plots are 264 feet
long by 41.25 feet wide; those at Huntley ars 227 feet long by 48 feet
wide; while those at Scotts Bluff are 132 feet long by 82.5 feet wide.
Each rotation is so arranged that each crop in each rotation is grown
each year. To carry out this plan it is necessary to have ag many
plots as there are years in the cycle of each rotation. By the adoption
of this method it is possible to compare each year the yields from the
seme crops grown in each of the different rotations,

The responsibility for supervising the proper conduct of the field
operations of these rotation experiments, taking the field notes, and
compiling the data has been placed upon a station superintendent at
each of the three locations.?

PRESENTATION OF THE DATA

In assembling the data for the 21 years the mean yields by 7-yeer
periods are given rather than the detailed matenial required for
recording individusl annual yields. In each instance crop yields from
rotations having the same major crops are compared, and the increase
or decrease which mey be attributed to the treatment is determined.
The only difference is that one cropping system has an applieation of
farm manure during its cycle or allalfa 13 included, whereas the other
has neither of these treatments. In the preparation of the tables and
discussion 1t wes found desirable to arrange the data according to
crops rather than treatments. By this method an opportunity is
afforded for observing directly the extent that yields have been
influenced by application of farm manure, the Inclusion of salfslfa
in the cropping program, as well as direct comparisons of the effect
of alfalfa end of nanure.

EFFECT OF MANURE ON YIELDS OF SUGAR BEETS

. In table 1 is recorded the extent to which applications of 12 tons of
farm manure have influenced the ylelds of sugar bects, expressed in
tons per acre by 7-year periods. In all instances the crop sequences
and treatments have been the same, the only difference being that one
rotation in each pair received the manurial treatment, whereas the
other did not. The manure was applied to the land immediately
preceding the beet crop except in the case of 2-year rotation 21 where
the treatment was applied preceding the potatoes.

t At Balle Fourche, Beyer Auno Ins heen superintendent singe 1800, 7. B, Lenly, ¥, 1. Mettico, and
Ceorge T, Rallifie hovo pided ot difforent tinies.  Dra Hnnszen hias beott stalion superintendent gt Hontley
sings 110, At thmtes during Lhe period covered by thesn iovestipations bo has been aided by J. M, Spain,
I. W, Knorr, E. G. Noble, and 13, A, Savage. From 1016 Lo 1910 Fritz Knotr way stutlon superintentont

nt Beotts Blufl. James A, Tiolden was In charge of the rotations from 1012 uulil 1916, aud sines 1916 he hias
heen station superintendent sud contintued e rasponsibility fur Lhese investigalions,
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TABLE 1.—Effect of manure on the yields of sugar beels {fons per acre) al the Belle
Fourche, Huniley, and Scotts Bluff Field Stations by 7-year periods, 1912-82

BELLE FOURGCIIE

Crop seyuonen WhHz-18 | 1019-35

Tons
Bupgar beets (moenuro), potntoss , 17.4
Bugar bosts, patatoes, 4.8

Difference In fuver of mangre . 30

Sugar besis, oats (manute) . 0.5
Bugar beoty, eats. ., . 2.4

4.1

Sugar beets, potatons, ants (MR oo oo oo u.
SuEaT beets, POLRLO0S, ORI c e diear oo oo

Differaace in v0r of tNERUTC. . oo oo eccacen aanaan .

Sugar heets, alinifn, aifalin, aifnlfs, potatoes, cats (nenure) . .
Sugar boots, alfaifn, aifaifn, RMnlfo, DOIREGES, OBIS.re naee e ol

Diflerence In favor of mnnure

Sugnr brits inanuge), potatnes
Supar hovts, potaboos

Eifferaeco in {nver of mupure

Buger beels, oals (manure). ..
Supr beeis, oals

Differcoes in faver of mantro...

Sugar heels, notatoos, nats {manure).
Seapnr boets, Potntoes, 0Ak . cceaas ..

Dilerence in fver of manire..

Bugar hoels, oats {manoure), potaloes.
Sugnar brots, oats, DOIALOS .o ...

Diflercnga in fuvor of manero. .o ...

Sugar beels, pifalfn, Rlnlin, alfuifa, pninloes, osts {inanure).
Sugar beels, nifalfa, slfnlls, alfalf, pototoes, onls .

SCUTTS BLUFF

Sugar beets {inanura), pointoses
Sugar beels, polntoes

Difference In favor of Meoure

Sugar beels, onts {manure)
BuEar Deets, ORS e o oo e mamaaae et et ———

Differance In favor of mnnwre. ool eman

Bugar beats, potatoes, ools (manured. . ___ Mmmm e i
Zugar beets, potatoos, cats

D¥flerence in Mver of manoro .- . ... s iman

Sugar beets, alialfn, nifaifa, nifalfs, potatoes, onls Grooure)_. .
Supnr beets, alfslls, alfalfn, aiftii, potaloes. pats

Difference In Invar of manurg J—

! ¥or the perlud 1$18-18 only.
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In every 7-year period at all three stations the benefits from the
application of farm manure were positive, the increased yields of the
treated over the untreated rotations ranging from a minimum of
0.7 ton to & maximum of 11.2 tons per acre. When the trend of these
yields is considered by 7-year periods it will be observed that there is a
definite tendency for the differences to increase progressively, the
only exception being the 6-year rotations 60 and 61. However, even
in this instance where 3 years of alfalfa was included in the cro ping
program, an application of manure stimulated the yields of beets
from a minimum of 0.8 ton to a maximum of 5.1 tons per acre. At
the Scotts Bluff station the highest yields have been consistently those
harvested from the alfalfa-manured rotation 61, where the yields
ranged from a minimum of 18.4 o a maximum of 19.9 tons of sugar
beets to the acre. In comsidering the yields from the untreafed
rotations it is apparent that when the yields from three 7-year periods
are considered, the sugar-beet yields are scarcely being muintained at
Belle Fourche and are decidedly reduced at Scotts Bluft and Huntley.
It 1s emphasized that a better opportunity is afforded for observing
yield trends of the treated compared to the untreated rotations by
considering only the differences 2s the influence on yields of the
seasonal variations is eliminated. Even when the hazards of a
varying moisture supply are not n factor, as has been the case under
the irrignted conditions where these investigations have been con-
ducted, often one or more seasons have been unfavorable for obtainin
satisfactory yields of beets during a 7-year period, which has depresseg
the mean; whereas throughout other cycles the seasons have been
generally more favorable. " This is apparent when the detailed sugar-
beet yields for the second 7-year period at the Bells Fourche station are
considered when the years 1922, 1923, and 1925 were very fuvorable
for high-average yields as compared with avernge yearly ylelds during
the other two periods.

EFFECT OF ALFALFA OGN YIELDS OF SUGAR BEETS

Table 2 gives the dctailed yields of sugar beets by 7-year periods
for the three stations, indicating the influence of alfalfa on the yields
of beets. In all rotations except no. 46 one or more crops intervened
before the sugar beets were grown. The planting of sugar beets
immediately following alfalfa ordinarily is not to be recommended,
because, owing to the prevalence of the damping-off f ungus, commonly
called black root, it is difficult to obtain n satisfactory stand.

At the Belle Fourche station in nll three rotations where alfalfa was
grown for 2 years, only one period is found where beet yields have been
stimulated as a result of including alfalfa, This occurred in the third
7-year period in rotation 40, where the increase was 0.7 ton per acre.
On the other hand, 3 years of alfalfa in 6-year rotations 60, 61, and
62 reacted favorably on the yields of bects but in rotation 64 yields
were reduced. It should be noted that these two rotations were not
included in the series until 1917 and consequently are for 16 years
only, whereas yields from ull other 6-year rotations at this stntion
are for the full 21 years. The most consistently favorable results have
been obtained from rotation 60 when compared with rotation 30.
While the sugar-beet yields from rotation 60 are not high, yet when
compared with no, 30, which is similar except that it does not include
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alfalfa, the inereases in the yields of beets for the three 7-year periods
are 2.4, 2.9, and 3.9 tons per acre, respectively.

TaBLE 2.-—~IE_Iﬁ‘ec£ of alfalfa on the yields of sugar beels (lons per acre} at the Belle
Fourche, Hunlley, and Scofis Bluff Field Stations by 7-year periods, 1912-32

BELLE FOURCIE

Crop setjienens -8 | KHD-25 | 1020-32

Suger heats, altalfs, alfalln, potatoes
Bugnr beals, DotRIUeS. o e eee——————————— e

—
-

L-2=1]
it

-0

Difforence in lavor of alfalfa

|
z

=
o

Buger beets, alfailn, aifnifn, oals A Am e —mrm———————————
Egar Boebs, OfbS. L. e e—mnea . ——————

=
ke
=1

Diifterence in frvor of alfalin

Suger boots, cats, alfulfy, alfala. ... -
Sugar Leots, 0mS. o ooo... M amemmeeemaesammmemmm e mmaseama——

1
=
1

=
]

B
~r

TifTeroneo in fvorof oifalfa_ o ____ trmmmernm—————

1
o
)

Supnr beots, alfain, nlfufs, alfsliz, potntoos, onde . .uoa..
Suger beets, PoIRLOES, 0818 ar . v uua v aciaa ey

ool § et ed | oaeadl ~

Dhiflerence bn fnver of alfadin

2w

Ergar beets, nifeifn, alfaifn, olfilin, potaloos, onts (anured
Supnar beats, patntoss, onks Gnapure)

s
- "
mE| e ed|w|Be

-

Sugar heels, alfalin, sifalf, altalfs, corn, oals..
Butgar beots, ¢orn, asls,

Differenca in favor af ndinliy

o9
L= L] -0 o= hgd o

Bupor beets, onts, aifnife, aifalfy, alfaln, potetoes. .
Supar HeELS, LS, PIRLGOS . oo e e .-

1]

Differenco i favor ef wlniln_ o oooooeeos wmma e

HUNTLEY

Sugar heets, alfalfn, rifalf, Dotalors oo oo e cee e i eaoen .
Sugar beels, PoLMEOeS e de i aaaes rm———— [ rrmmram————

Diiffarence fo favor ol AlRI . oo -

Sugnr beets, alfalfn, plfalf, onts.
Supar heels, onty,

Sngor beets, onts, alfrifa, alfaifa
Bugar Leots, ocls,

Sugar heots, sifalia, allnifh, aifalfn, potatoes, osis..
Bugar beets, potaloes, oals

Dfference Lo faver of alfalic

Supar heets, alfalfa, alfalfn, nlfalfs, poiatocs, onts (tupnure)
Sugar boats, potntos, oRLS UADUIC) . cvavue emae e aann

Diffarenoe in fovor of olfsls_ . ——

Sugar beats, oats, sHaila, slfalfa, alfalfs, POLOLEBES. . .\ecccmanea,.
Bugar beols, osls, polutoes o

Differoniva Jn favor of alfals. P ammea PO

{ For the perind 1017-18 cnly. ! For thw perfod 191418 omy.
137600°—35——%
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TaBLE 2—Effect of alfalfa on the yields of sngar beels (fons per acre) af the Belle
Fourche, Huniley, and Scolts Bluff Field Stalions by 7-pear periods, 1818-38-—
Continued

SCOTTS8 BLUFF

Crop setjuence Wie-53 | e-en

Bupar boels, alfaify, wifelfs, poisioes
Enpar Leots, potntoes

FAT

Driferenco In fivoe of nifnlin

IS

Sugar healy, nlfaite, alfalfe, only
Sugur boets, oals

=@
manfim | om|iw

ItTerance I favor of alfaifn

]

Supar beets, Allali, allnlfs, potnloes, 0uls. oo ceeiveiianan .
Sigoc buets, Dodntoes, oats

[am—
FEr.

Dlfferenco in faver of nifailn

W] =
LN R

Sugar beats, nilelfn, rifnifs, nifelfs, potolocs, onds Jmsnare)., . .
Supnr beets, potaloos, oals (naRare)

[o—

Differenco in Inver of slnlin

pa ff =

Supar Leets, nifaify, sififk, alfale, corn, onts . oo oaoao_.
Stgnr Do, COMH, OS e oo o cm i in me e am e an e me e s

M B

ErifTorames I Bvvor of mifwife . o oL oL .

At the Huntley Field Station the influence of alfalfa on the yields
of sugar beets was somewhat more favorable, as is evidenced by comi-
parisons between rotations including alfalfa with those not so treated,
This condition is definitely more apparent in the 6-year rotations
which include 3 years of alfalfs. With the exception of the 31 and 61
manured combinations, the differences in favor of alfalfn for the three
7-year periods increased progressively. These results indicate that
applications of farm manure are having a cumulatively favoreble
influence on the yiclds of beets in rotation 31; although applications
of both manure and alfaife in & 6-year rotation may not be economi-
cally justified, as is avidenced by the diflerences in the yields between
rotations 61 and 31 for the last 7-year peried. In the case of all three
4-yenr rotations having only 2 years of slfalfa, the yields for the last
7-vear period are materially less than those obtained for the second
period, and when the mean of the difference is determined for this
period there is but 0.3 ton per acre in favor of the rotations including
alfaifs. On the other hand, the mean of the differences for the rota-
tions having 3 years of alfalfa for the same period is 3.2 tons per acre
in favor of the rotations including alfalin.

At the Scotts Bluff station the effect of alfalfa on the yields of sugar
heets has been quite different from tha$ obtained nt the other two
stations. In considering the differences in yields in the five combina-
tions, beneficial effects have been obtained in every period as a result
of including salfalfs in the cropping program. This is particularly
apparent in the rotations including 2 years of alfal{a. However, as
has oceurred ot Belle Fourche and at Huntley, the yields of beets for
the last 7 venrs from both the 4-year rotations are less than for the
previous period,
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EFFECT OF MANURE AS COMPARED WITH ALFALFA ON YIELDS OF SUGAR BDEETS

Table 3 affords & direct comparison of the effect of stable manure
and of alfelfn on the yields of sugar beets. In all instances except in
rotations 21 and 35 manure was applied immediately preceding the
beet crop, and it mey be assumed thet the stimulating effect on beet

ields would be more pronounced than would have occurred had an
mtervenin%}crop such as potatoes been grown. On the other hand,
except in the case of rotation 46, at Belle Fourche and at Huntley 1

or more intervening crops were grown following aifalfe and preceding
beets, and 2 intervening crops cceur in rotation 60 at all 3 stations.

TanLe 3.—Effect of manure and aifalfa on yields of sugar beels (fons per acre) at the
Beile Fourche, Huntley, and Scotts Bluff Field Stations by 7-year pertods, 1918-82

DBELLE FOURCHE

Crop seaueneo 1412-18 =25 | 132

Sugar beets (ninnured, petntoos. ..
Sngrr beels, pifatfy, allulin, potatoas

bl
i

Difference in Mvor of muaure.,

Sngar heats, oats (manure)
Sugar boeels, nifalfa, nkisln, gots

._
Bs
[0+ ]

S
=2 =)

Difference In (avor of maznure,

Supar hrets, onts (mpnure)
Bupner beots, onts, alfalln, nifall.. .

Differanca {n favor of ianure

an

Suunr beets, potutoes, aads fmapured ...
Bugar beets, ulindfa, nifolfs, alfnlfs, polatoos, als

Difference in fevor of monyre

Sugar beels, nals { %, pRIntoDs.
Bugar beets, onts, aifaifa, wlfdfy, alfaifn, potntoes

¥ b h el
[T AR | PR

Diflerence in evor of minnure

Supnr beals (manure), 1olnloes
Supar beels, alfatfn, alfnlin, poluioes

o i.a

Differencs ju favor of munure_ ..

ETN

oo Dy

Sugar beels, onts (nRnarod, potnloos,
Bupar heats, oats, nlfalfa, nifaMe, nifndn, potatees

PriTerenue In favor of ¢ 0.

& For Lhe periad 1917-18 gnty,
* For the period 191218 onty.
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TanLe 3.—Effect of manure aad alfalfa on yiclds of sugar beels (tans por acre) at the
Belle Fourche, FHunilcy, and Secotts Bluff Field Stations by ¥-year periods, 1912-38—
Continued

500T'FS BLUYF

Holn-

o Crop seizanco G018 | BMO-2R | I9es-0E
10,

Tens Pona
Bugsr heets (manrn), npotntoos 15,4 1.5
SBugnr beots, alfalfa, alflh, POLALOBS c i e cccc e cmiacenas 1.2 1.8

Differanco {n favor of inamire -8 -3

Supor beels, ongs { } - 18. 3 8.1
Sugar beets, aifaifa, sifalis, onls 15.8 10.0

Differonce in fvvor of Hure .5 l 21

Sugnr beats, potaboes, onlz OBanrod [EN 7.2
Sugar heets, nlfalfn, nifalfn, slfntin, vatatoos, onis L4 W8

Diferones In {faver of Junnuro . 4.1 I )4

The superiority of farm manure as compared with alfalfs is clearly
appercntin table 3. For thelast 7-year period manure has stimulated
the yields of beets in excess of alfnlfa, ranging from a minimum of
1.4 tons to & maximum of 11.1 tons per acre, with & mean increase of
5.3 tons. By individuel stations, the mean superiority of manure
over alfalfn for the same period is for Belle Fourche 4.8, for Huntley
7.4, and for Scotts Bluff 3.4 tons per acre. I$ has been shown that
better results with sugar beets have occurred when at lesst one crop
removed from glfalfe, preferably with a cultivated crop similar to
potatoes intervening, Such n case oceurs in retation 64 at the Belle
Fourche and Huntley stations. HEven under such conditions when

. compared with rotation 35, with manure applied to the potatoes and
the sugar beets immediately following, the superiority of the manurial
trontment is npparent particularly for tho Inst two 7-year periods,

EFFECT OF MANURE ON YIELDS OF POTATOES

The extent that farm manure influenced the dyields of potatoes is

indicated in table 4, which shows the yields and differences from com-
perable rotations. Io only three instances was the menure applied
directly preceding the potatoes; these were rotations 21, 25, and 35.
In sll other cases where 2- and 3-year rotations were involved the ma-
nure wag applied to the sugar beets followed by potatoes. Inrotation
61 the menure was spplied to the sugar beets which were followed
by 3 years of alfalfa, and then the potatoes were grown,

A comparison of the three periods indicates that there is an apparent
tendency for applications of farm muanure to increase the yields of
potatoes at gll three stations with the exception of the G0 and 61
rotutions. In these 2 rotations not only are there 3 years of alfalia
preceding the potato crop, but 1 year of suger beets and 3 years of
alfalfs oceur subsequent {o the manuriel treetment and before the
potatoes are grown. 'These results indicate that stable manure
applied to this rotation did not appreciably increase the yields of
potatoes nt any of the siations nor for any of the three 7-year periods.
However, when the yields from rotation 31 are compared with those
from rotation 30 st Huntley it appears that the manuarial treatment
has had & negative value for the first two 7-year periods.
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TaBsue 4—Effect of manure on yields of polaloes (bushels per acre) of the Belle
Fourche, Huntley, and Scolls Bluff Ficld Stations by 7-year periods, 1812-32

BELLE FOURCHE

Roptus .
on Crop sequcneg 1H2-1E | 1f10-25
no.

Tushels | Bushely
Totutoes, stiger beolts (IMBOUTE) . vevecear s [ 15 188
Polntoes, SOERE BBLIS. | . v ccnmevaee cmruvoaemmssan—————— 121

Differohico In faver of manure 34

Potatoes, onls (monure). ... 144
FPaotntocs, onts.. . ... . . 15

Dlifferonce In Iaver of manure. 419

Potetoos, onts {mature), suenr Lesls 140
Bolaloes, oats, sugny beols oo ovvs

DMiference In favor of menure.

Potatoes, sugar Dovty, onats {monurs)
Pataloes, sugnr Leals, aols

THMerenes in f0vor of IMOUIG. e ey en

Totntoes, anls {mumitro), sugur heois, nifalin, alfait, alial
Potidoes, ounts, sugnr lwets, alfalfn, alinbf, otfalm. ... _

Differenee bn fuvor of manura

Potaloes, sugar Leots (manure)
Polatoes, sugar beols, ... PR

Lifferetice lo favor of mnnure

Polatoes, onts (I0BLMEY e e e ————
Potaloed, oabs. oo .. i e e mam A ma

Difference In favor of MANOTe... o\ oo e PR

Pointoes, cats (nanure), sugnr beebse oo oo oo
Polutoes, onts, sugar beets

THiference in fwvor of ninoure o dvmr e adpraan ey

Potoloes, sngor heets, onts (nanure) oo, M bermmmm—————
Potalous, SUEHT BUCLE) GIIlSar cam s csiersc e neremmssn +nmens s

DilTorence it Favor of IGO0 oo v e

Poluloes, ontz (manure}, supar beels, aifalle, wlinlfu, ol ...
Polatoes, onls, sugnr beats, allulfn, alinlf, alfnlis

DHfprerres o fevor of wnoure....o . .

sCOME BLUFR

Totatoes, swear Beots (manured . oo e eeaas [ o
Tolatows, supsr bedls it e miunaan

DiiTerenco in Myor of IRIEFG. o u . comme aveens e iaee oo

Totntees, pats (Mebare) . o.aoa.. mmaaaa A Armemamrema = ra e
Pounbngs, 0ntS. oot e e

DITereneo it fvor Gl A oo caemvae s areeian

Pataloes, onte {InHIUre), SUZNE DOCLS. e eenr iy mannn
Potatows, onts, SHEAF Be0tS. oo et veecmreranrs .

Difference In fiavor af MABIIG . oocee e e waee

Pololoes, cols {tonnure), sager eots, wlfalin, alfulis, slilb. oo
Potaloey, onds, sogar besls, slfwifa, wlfulfe, almdm

Ditfernnes In favor of mantre

I For the period 1910-18 only,
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EFFECT OF ALFALFA ON YIELDE OF POTATOES

_ The influence of alfalfa on the yields of potatoes at the three stations
in 14 instances is recorded in table §. The potatoes immediately
follow the alfalfa crop in all the rotations corupared; hence the potato
yields from the different combinations are directly comparable,

TFanLE 5.—Effect of alfalfa on the yisld of poialoes (bushels per acre) af the Belle

Fourche, Huntley, and Seatts Bluff Field Siations by 7-year periods, 1912-32
BELLE FOULROHE
Rotn-
Lion Crap sequence Wiz-18 | 191923 | 1920-82
g,
Rushels | Bushels | Bushels
40 | Polstoes, sugsr heels, alfalfu, olfalfu 118 165 123
20 | Potntoes, sugar beels. o oceeenaan 121 140 88
Difterence In favor of alfalfa_ —5 &5 35
4 | Potatoes, oais, alfally, alfndlia 130 180 in7
24 | Petaloes, gots. __oeeeuu - 115 128 114
Diference in favor of wlfoMw o e 4 42 &L
60 | Potutoes, onts, sugnr beats, nlfnlfa, sl alfulf. o cee oo oaee.. 113 145 140
30 | Pototoos, onts, SHEAY DEBLS o uma v e e oo e oo 103 133 T4
Ditlerenca in favor ol alfalff - oo oo em e rnmae 10 12 29
61 | Polatoes, oats (mnnumg, sugnr beats, alfal, alfnils, sitalfa. ... 114 140 133
31 | Potatoes, cats (manure), SUERE BOBLS . oo e Ty 188 157
Dillgrence in favor of alfalf v e et ~a% —df —2
64 | Potetoes, sugar beets, onts, sfalfn, nlih, alfelin . ___. 112 130
34 | Potatoes, sugar beets, onils. . oo .. SRR 1549 13
Difference in faver of alfalfa. oo e . —i7 -3
HUNTLEY

40 | Pptatoes, sigar beets, alfnbl, alfabi oo 269 250 272
20 | Potalucs, sugar Deats_ _oooeooceaceaas v m— e m 200 185 134
Drifference iu fvor afallaln_ oo i 3 74 T4
44 | Potoloes, onls, alindfu, alalin e e e 2418 I8 25
24 | Potatoes, 818 ool i JP—— hm e iriimsssaammees 258 a7 127
Difereces in favor of alfolfa . oo oo —50 14 84
20 | Potutoes, oals, sugur Leets, alfuly, alfalb, alfalbo oo ... R a1 235 palr)
30 | Potatocs, oils, SUEAE BeelS e 20i {i] 1460
Differenen it kivor of alfli. e e e 83 14 138
61 | Potaloes, cals (manure), sugar becls, alfalfy, alfalf, alfuii_. . . Hia 210 vih
31 | Potatoes, oats Guanure), SUEAr BEgES oo e s 200 4% 182
DliTerence in favar of nlfalfo. e caaereen R 133 IR K] ML
64 | Potaluos, sugar heels, cots, alfnlfe, alinlf, alfalln . oL - 1308 272 343
3 | Polatoes, sUgar DECLS, D8t e am e am e e e e 1347 247 177
Differenve in favor of alfalfd . ai e -0 a5 1]

t For 1he period 1918-18 only,
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TapLe b—Efect of alfalfa on the yield of potatoes (bushels per acre) at the Belle
Fourche, Huntley, and Scolts Bluff Field Stations by 7-year periods, 1818-32—
Caontioued

8COTTS BLUFF

Rota-
tion Crop saquencs 1g12-18 | 1910-25 1926-32
oo.

Buzhels | Bushels | Duzhels
Palaloos, sugsr beals, alfula, alfu ony 26 290
Polatoes, Sugsr bests_ - - ) 130 149

Tifieronns jn fnvor of alfsla 87 o 130

Potstoes, oats, slfalfn, nlfalfa 286 2 27
Folatoes, oats . 178 143 145

Djferwnes In fnver of abalfo o e 108 12 125

Polntnes, oats, sugar beots, sifalfa, alfslfs, alfalfa ) w5
Pointoey, onts, sugar heats 05 163

Differance in fuvor afalfalln, oo eee i aaie s [ 1z

Potatoes, outs {mabure), supnr beets, slfulfy, alfalin, alfalin 00 320
Potatoes, oats (manure), suger beets 223 244

Diilference in fuvor of nlfalfs. . a7 76 34

The results recorded in table 5 indicate that slfalfa inereased the
yields of potatoes materially for the 3 periods and in all 4 combinations
ot the Scotts Bluff station. At this station the smallest increase of
36 bushels per acre occurred in the 61 and 31 combinations, and vhe
highest yields {for the 3 periods were obtained from rotation 61, which
has alfnﬂa and, in addition, an application of manure once during its
6-year cycle. At the Huntley station there were no consistent differ-
ences in favor of alfalfa during the first 7-year period. On the other
hand, the differences are all in favor of alfalfa for the sccond and
third 7-year periods for the 5 comparisons. Contrary to the results
obtained at Scotts Bluff, the most favarable effects from alfalfa at the
Huntley station eccurred in the manured 61 and 31 rotations, where
the yield differences in favor of alfalfa are 133, 143, and 141 bushels
per acre, respectively, for the 3 periods. The results obtained at the
Belle Fourche station have not been consistent, although the differ-
ences are in favor of alfalfs for the first 3 comparisons made for the
second and third 7-vear period. In comparing rotation 61 with rota-
tion 31 at the Belle Fourche station, both of which had applications of
manure, but the former having 3 yoars of alfalfa, the results indicate
that the manurial treatment alone was more effective in maintaining
the vields of pofatoes at this station than was a combination of manure
and alfalfa. When the mean yields from the 3 stations are compared
it, is evident that the heavier soils of the Belle Fourche station are not
as favorable for large potato yields as are the somewhat lighter soils
of the other 2 stations. Not only have the yields of potatoes been
relatively low at Belle Fourche, but over the 21-year period the annual
yields have fluctuated within wide limits, chiefly because of unfavor-
able weather. When such conditions occur the injury sustained by
the different plots is often wvariable, and the yields recorded for such
seasons do not reflect accurately the differences which under normal
conditions may be attributed to rofational treatments.
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EFFECT OF MANURE AS COMPARED WITH ALFALFA ON YIELDS OF POTATOES
L4

In table 6 with 11 pairs of rotations it is possible to observe the
effect of form manure as compared with alfalfa on the yields of pota-
toes in similar rotations at the 3 stations. In rotations 21, 25, and 35,
the manure was applied to the potato crop. In rotation 31 it was
applied to sugar beets which crop immediately preceded potatoes in
the rotation.

TasLE 6.—Effect %’ manure as compared with alfalfa en yields of polatoes (bushels
per acre) al the Brile Fourche, Huntley, ond Scotls Bluff Ficld Stalions by 7-year
perfods, 1912-32

BELLE FOURCEE

Rota-
ilon Crop sefjuence 1012-18 | 1610-25
no.

Bushels | Rushels
Potatoes, sugar beets, allalfa, alfnlfa 11 155
Potatoes, supgar beels (manure)..._. 188

Difference in favor of alflls . -33

Potatoes, oots, nifalfa, sifnifa 180
Potatoes, nats {manure) 184

Diflerenca in favor of allali. . in

Potatoes, oots, sugar beets, alfulfa, alfalin, slfnifs.
Potatoes, oats (manore), sugar beets 188

Differencs in favor of alinlfa. . —13

Potatoes, sugar beets, onts, alfalfa, alfaifa, alfalfa
FPotintoes, sugar beats, ouls (manure)

Ditferenes in favor of niialfa

HUNTLEY

Potntoes, sugar beets, alfulfa, nlfnlfu
Potatoes, supnr beats (mapore)

Differsnpe in faver of alfulfn

FPotatoes, oats, alfnlfn, alialfs
Potatopes, onts {munura) ..

Difference in favor of alinlfa. .

FPotstoes, onls, sugar beels, alfalfa, alfalf, slfalfa
Pototpes, ouls {tonnure), sugar heels.

Difference in fnvor of alfalfa. ..

Potatoes, sugnr beatz, ants, alfolfa, alfalf, alfalfa
Potntoos, sugnr bests, oats (manure)

Difference in fovor of alfalla

BCOTTE BLUFF

FPolotoes, suear heats, alislfa, alfalin
Tototees, supar beels (manure)

Diflerence in fuvor of nlinifn. ..

Polnioes, oots, alfulfy, nifalfs,
Pototoes, outs (inanure) .

Diflerence in [uvor of aliall

Potaloes, onls, sugnr beats, alialta, wfalfs, nifalln
Potatpes, oals {manure), sugnr beots

T¥ifference in favar of alfalf. .

! For the period [116-15 only.
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The yields of potatoes at Belle Fourche, as a result of the manurial
treatment, was in excess of the yields from rotations including alfalfa
in all instances except in the 44 and 25 comparison, when the cliffer-
ences for all the periods are slightly in favor of alfaifa, At the Hunt-
ley station increases in the yiclds of potatocs resulting from 2 or 3
years of allnlfa as corupared with farm rranure have been neither
consistent nor pronounced with the exception of the 60 and §1 com-
parison. A comparison of these 2 rotations by 7-year periods reveals
a uniformly substantial difference in favor of the rotations including
alfalfa. Only three pairs of rotations are available at the Scotts
Bluif station. In all 7-year periods but 2, and they occur in the last
period, alfalfa shows some superiority over stable manure in inftuene-
g the yields of polatoes. The superiority of alfulla at this station
is minimized, however, when the mean inerenses for the three 7-year
periods are computed. Beginning with the 191218 period the mean
increases are 58, 51, and 0 bushels per acre. This would indicate
that the manurial treatment is developing a mere favorable soil
condition then is alfsifa. The trend of the potato yields in the
different individual rotations tends to support this hypothesis.

EFFECT OF MANURE ON YIELDS OF QATS

In table 7 are recorded the yvields of oats to show the influence of
applications of farm nmianure on this crop in 14 comparisons at the
3 stations. In view of the fact that oats was not considered a major
crop at the tine these rotations were inaugurated, the manure was in
no case applied directly preceding the oat crop, as had oceurred in
several instances with potatoes and sugar beets.  One or more crops
always intervened, and in rotation 61 five seasons clapsed between
the taime of application of manure and that when the oats were grown.

TanLe 7-—Effect of manure on wirlds of eats (bushels per acre) al the Belle Fourche,
fTuntley, and Seolts Bluff Fielt Stations by T-yrar periods, 101232

BELLL POULICLS

i
Crup setuenen L=l fovme—es | o1gao-a0

e e o = e s e
© Pushels | Dushels l Itushels
i ny i 7]
ar

Liffereses in fover of monum.__ ... e e -1 5

Cats (tuanure], supne heeis . e e e e el
IS, Sungnr DOats. . . .onves o n e mmman e e . )|

Onis {mutrtire), POUOOS o e ceccaee e Cae o "":*i ' 3
(ks potilons hweme e BN

Pilerence in favor of manure, . . ... . . . L L =i

Culs Gonnured, supsr Begls, polattes. . R
Gul s, sugnr beels, polatoes.. e

Differenoe in favor of muanure.. . coooon ool

5 {uds (maoured, potatoes, sumr e e L
2 Unls, potaLoes, SUEer Deetse.oe oo ...

Didferenee o fovor of manure. .,

I
61 : Oats (umanumd, sugar beels, olfalf., alfalla, ndf00, pod daes .
G Oats, saar Deets, slflfy, alfliy, w16y, jntaie s .

DHTeronee in £3v00 0] BRI G e o aer .

LAP600°—35—3
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TasLE 7.—Effect of manure on yields of oals (bushels per acre) at the Belle Fourche,
Huniley, and Scolts Bluff Field Stulions by T-year periods, 1912-32—Continued

BUNTLEY

Crop soguenee IM2-18 | 91325

Dushels | Bushely | Doshels
73

Ouls {manure), supnr beets z
Cuts, sugar beats - ‘- 80 i)

Ditference iv fuvor of mnnure... —1G

Onis (ruanure), polatoes__ .
Ol s, potulons,

Differcoce In Faver of tnunure

Quels (rnnure), sugar heots, pobitocs,
Qals, sugar buets, jolakoes

BliTercrce b faver of unpure

Qats Gmenbitre), (iatoos, suger beels
C3215, POLAEUS, SUEAL BOGUS . o e e e

Lifference i favor of mtoure

Cats (ngnuared, supar beels, alfaifs, alfnlfi, nifal:, potatoos
Oats, stgar beeds, nifalfa, alfatfy, adfalfa, polnlees_ . ________

Difference In faver of muenure

Onls nnuure), sugnr beals.
Cais, sugar boels

Uifiereney in faver of manure

Quis {tmonura), polatoes
215, Thotubes -

Difference in favor of manere._.

Qats (manured, sugnr beets, polnloes_
Oats, sugar eels, potatoes

Difference bn faver of mupure

Onis {mnnure), stgar beets, aifvifs, ki, olfuifa, potntoes
Unis, sugar beets, sialf, nlfiliy, alfifa, poinkoos,

ifference in favor of manure

! For the peraod 1416-18 ooly.

A compurison of the differences between manured and untreated
rotations st the Belle Fourche station for the three perieds indicates
that applications of manure did not incrense the yields of oats appre-
clably except in the cats-polato rotations 24 and 25 and in 3-year
rotations 30 and 31. The results for tlie three 7-year periods show
that there has been a delinite tendency for the cat yields to decrcass
in rotation 24, whereas there was @ slight but progressive increase in
the oat yields in rotaiion 25.  Applications of furm manure influenced
the yields of oats favorebly in votution 31 as compared with similar
rotuation 3¢, which waus untreated. Significant differences in the yields
of vats did not occur during any of the periods in 2-year rotations 22
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and 23, 3-year rotations 34 and 35, nor in the 6-year rotations 60 and
61. At the Huntley station the manurial treatiment did not materi-
ally increase the yiclds of outs, except in the case of ont-potato rota-
tions 24 and 25 where the differences are significant. The results with
oats ab Scotts Bluff indicate that applications of stable manure over
a long period may be expected to increase yields in crop Se{uUCnees
similar to those recorded here with the exception of 6-year alfalfa
rotations comparable to 60 and 61. For the first 7-year period in the
nonaHalfs rotations, in none of the comparisons wag the diflereuce in
yields greatly in favor of themanure. The superio rity of the manured
rotations was definitely greater for the second 7-year period: and {or
the last 7-year period, 1926-32, the mean inevense for the first 3 rota-
ttons was 31 bushels to the acre and within the narrow range of 29 to
32 bushels.
EFFECT OF ALFALFA ON YIELDS OF QOATS

The extent to which alfalla influenced the yields of oats at the 3
stations is recorded in table 8, which includes 19 comparisons.  I¢ will
be noted that in rotation 42 the oat crop immediately follows alfalf a;
wherens in other cases there is an intervening cultivated crop such as
potatoes, which is usually considered a better farm practice.

TanLe B.—Effect of alfaifa on yiclds of ooty (bushels per acre) ol the Belle Fourche,
Huntley, and Scolls Bluff Field Stations by 7-year periods, 191282

BELLE FOURCIE

Rotn- I
tino Crop sequence 19112-18 a 106-02
no,

!

furhels | Dusiels
Onts, sugar Deets, alnl G, ol ceny .o oL i
Oals, supar beets e criman v 52

Differenco in favar of alfalfn

Qals, nlflin, nliata
Ouls, polatoes_ . ...

Difference In favor of alfalfe. ... . __...

Onts, altalin, plEI0, Spring wheab.....oooon. oean ..
Onts, spring whent.

Diference in faver afnlfalfa. ... ...

Qs suger heats, plfalfn, slfalts, slflf, poLatoes. .. . ... 3
QLS SN DEELS, [0S eeme e oomoe oo

Difference in fuvar of nifalla

Qnts (manire), sugar beels, nlfabfs, alfyli, alfalln, paintoes
Oatls (Dtanury), Sugsr beals, alotoes .

DHference in favorof nlfalfn. .o, ..o ...

Onls, sugar beets, nlfalls, alfalfs, alinlin, enr._o oo .
Onls, sugar beetd, e0MN_ o oeeee e,

Difference in favor of slfalfa_ oo e e

Oals, nlfalla, alfslla, alfafa, polatoes, slgar heets., PSRV
Oals, PoLntees, SUEAT BROLS .\ v eoe e s

Difterenca in favor of alfalta. ... .._.
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TapLe B-—Effect of alfalfa on y
Huntley, and Scolls Bluff Field

ields of sats (bushels per acre) at the Relle Fourche,
Stations by T-year perteds, 1912-32—Continued

NGNTLEY
Rota- i
tton Crop setjuzetice 912-18 | 101025 | iwos-3e
T,
Bushels | Bushely | Bushels
42 1 Onis, sugar heets, abinbe, abfadfe .. _________________ rm—— 0 90 01
22| Outsysugar beets..o_ o [0 IITTTTTTTIT it 7 w
Difference in fvor of ol ___. emm—— e cecmmmm——————] —3 it pid)
4 | Outs, ntfalfa, atfalta, potatoes. . oooooeeo o] Fi:] i) a7
23 | O, WORMAS  vm o TR p————— 85 Fit 5
Difference {n fvorofmiftin. .___ .. ... 1 -7 15 32
I
46 | Ouls, altalfa, nlfalfa, sugar L 187 iy @
22 | Onts, senr beews ... ..ol LTI o2 T8 e
Difterence In favor of alfalf. oooae oo oo e -5 Y . 2
60 | Ouis, st beets, aifnifa, nifalin, aliifa, poiloes. oo ... k1] iH im
30 | Outs, SLERE DOCS, PO cey e e ome e HH 1] 57
Drliference b favor of mitnli. . oo 21 30 &3
GLJ Onts fuminare), sugee heets, alinla, miftifn, nlfalf, [Hrntoes. ... o7 2 iz
31 1 Oats Guanure), SUEST Beels, DHnees._ o i/ T2 151}
Pffereneo dn favor of alfuiin. ... ..o . o &) 0
& 1 Ouis, ifnlfie, nlindi, alfnlfa, potatocs, sugnr beets..... . ____ R 187 | ] i
M Qals, piatees, sugarc Eal.’el..‘é---._---_._.--.-._.-‘_._..-..-_..._-...i L 45 81 i}
Difference in favar of alfalfe___. . ..__.coo..oo o] -8 8 21
I3
BCO0TES BLUPF
42 | Onts, Sugar heets, shlalln, elinbfe.. oo oo L. 73 4]
23 | Onts, sugwr beetse oo ooe el LT {5 43 30
Drifferenes in favor of nifaifa._ _______ e mmeemrsemmm—m————— 8 23
44 | Qats, aifnita, nlflfa, potakoes oo . 75 0 &3
24 | Onts, BoutoBS oo w oo Ll [ mmmamgomran ug EE] 25
Differenee in faverafalfalfa, ... . ... . ] 28 4
48 | Qaty, nlfalfe, wltalie, sprime whosto ... e an i3] 1] i ]
28 | Onts, SPHmE Whenhe oo ool [P &5 34 29
Difference in faver of sifulfa. . - . it 36 | ]
G0 | Outs, sugar beots, sifd, alflhy, sifeif, potatoas.o o oo ___ ... 7 74 7t
31 Onw, sugar beyts, OALOS oo .. . GG 52 ay
BDitlerence in favorofnalalfa. _______..__.. PR 4 a2 42
811 Onts {mnnure), supnr beets, alfalf, sbiif, alfslfa, paittoes. oo, I il B
31 | Onts (mnnure), suger beets, potalaeS_ . oo oo oo eeeeniion. . 77 ] 58
Erifferones in nvor ofalfalfa_ .. . A cmmr e ————————— —i ¢ 2
623 ¢ Ouls, supar heets, aMalfe, nifalfi, AL, 00N oo oo eeas 50 i1 03
32 | Oats, sugar beets, corn. ... emmmcmm e s 54 38 24
Dilfereneo in favor ofabfalle .o oo iioe e, 3 EH £

! For tha jeriod 1618 caly.

Under the conditions at

the Belle Fourche station the most con-

sistently unsatisfactory results occurred where the oat crop immedi-
ately followed allalfa In rotution 42 as compared with rotation 22.
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The largest difference in favor of alfslfa for the three 7-year periods
was In the oats-spring wheat rotations 28 and 48. It s worthy of
note that in all 7 pairs, with the exception of the 22 and 42 rotations,
the differences for the last 7-year period, evenif slightinsomeinstances,
are in faver of the rotations having alfalfa.” Including alfaifa
in the cropping program at the Huntley station has had a uniformly
beneficial effect on the yields of onts, as is evidenced by a comparison
of the three 7-year periods. ¥wven where the oat crop immediately
follows alfalfa in rotation 42 as compared with rotation 22 the differ-
ences inereased progressively for the 3 periods. The results at Fluntley
indieate further that the better yields of oats are to be expected in
rotations like ro. 80 having 3 years of alialfa. That the oat yields in
rotation 60 have tended to inercase, whereas those harvested from
rotation 30 have progressively decressed is shown by a comparison
of the threo 7-vear periods.  Alfalfa included in five of the rotations
ab the Scotts Blull station had a definitely stimulating influence on
the yields of oats in all rotutions, particularly during the last two
7-year periods. At this station there have been no inereused yields
of outs as a result of 3 yenrs of alfalfa as compared with 2 yeurs,

EFFECT OF MANURE AS COMPARED WITT! ALFALFA ON YIELDS OF OA'TS

The extent that alfaifa influenced the yields of oats as compared
with applications of farm manure is shown in 12 compurisons in table
9. In all cases where the manurial treatmont was applied one or
more crops intervened between the trealment and the oat crop. On
the other hand, in one instunce (rotation 42) the ont crop immediately
followed aifnlfa, while In others a cultivated crop intervened between
the alfalfa and the oat crops. In rotation 64 following alfalla two
cultivated crops were grown-~potatoes and sugar beets,

TapiE 9.—EBffect of manure as compared with alfaifa on yields of eats (hushels per
acre} at the Belle Fourche, Fluniley, and Seofts Bluff ‘Fictd Stations by 7-year
periods, 1913-32

VELLE FOURCHE

: N ;
Rata- - H T
Linn ! Crop soqtence ' -8 I910-25 1 1026-32
na, 3 ) il

pe- - i

1, Bushels © Huahels | Bushels
12 et 1% - bt 44
] !

! Ouis, suzer beets, alfndfs, alfalfn. . oo oooo e
| Ouls {ImAnuTe}, SURHE NBLS. e . avssosm oo

Dilference fn fovor af o). . ... ...

Qnits, alfdln, alialin, polatoes. .. .. ...
Oals fruumired, poinloey

EHfferenco in favar ef abinifa. . . ... .. L.

Onts, stynr beets, alfuifn, abfadia, alfla, potatoes. .. .. ..
Quts {usinure), sugur beets, potiloos,

Differenes in favor of aHalfy

Cavts, alintin, swlfalin, sdbaMn, pototoos, seymnre boets
Onis (Hnsrare), potaloes, SUERE Beats. L. ooial_eee...

Difference n Mvor of a8l . . ooeeoniiieeieeea ..



http:ALFA1.FA

22 TECHNICAL BULLETIN 483, U. 8. DEPT. OF AGRICULTURE

'TauLe 9.—Effect of manure as compared with alfalfa on yields of oats (bushels per
acre) at the Belle Fourche, Funiley, and Scolts Bluff Field Stations by T-year
periods, 1912-32—Continued

HUNTLEY
Ratn-
tlon Crop sequenee 1012-15 | 100-25 | 1925-32
ro.
Fushels | Bushels | Bushels
42 | Oals, sugar heets, alialfs, afaltn. . 84 ) 1M
23 | Owis (mwnure), sugar beels_ 2D oo 79 7B j:1]
Differenee in favor of alislfs_ . .. 7 12 10
44 | Onts, alfalfn, nlfalfn, BotlOes. oo oo eeaeas 8 ] 07
25 | Oafs (manure), PotdlOeS. . er. . o mmm e — et ad b ——— 02 84 o
Dilereneo i favor ol nbalh. . Lo oo i e —14 2 1
96 | Onts, plfalla, aliifa, sugnr beets_, . L&Y o | 1]
23 | Oats (mAnure), sugnr beets ... 178 73 I B
Difference infaver of alfalfn_ .. __.._.o.o. . ooiinees 1 12 [ u
80 | Oals, stigar beeis, nifalia, alfalf, nlfalln, potatoes. .o .oeeee oo 1 M 1g
31 | Onty {mnnure), SUEAF DUELS, POMIOTE. oo meonas s oo 70 72 o6
Difference in fver of olfalfn. . .. ... . oviceicennenen, 15 22 4
G4 | Cats, nlfnlfa, nlfalfs, nlfalin, potaines, suger heets 157 41} B
35 | Onts (manure), polatoes, Sugar beeis. 188 BG T4
Difference in Mvor of Al oo e vvmsrse e e ceenn —1 3 15
BECOTTE BLUFF
42 | Qats, supnr beets, nifalfn, edaMa_ .o e e 73 G 63
23 | Onts (manure}, SUERr beetS .o e [ 42 G2
Difference {n favor of alAIN oo e e, Kl 4 8
H | Oats, olialfa, allalin, yonioes o ... ___.._. e memaanaan 75 0 ]
25 | Gals (monure), DOMGES oo meeee . . [i] i)} ]
Difference in favor of Ml . .. ooieiieyeeee vvaeioes 10 u | 13
06 | Onls, suear heets, ntfuifa, alfalin, slisbin, potators. . oo .. T I Tl
31 | Oats (munure), SUgnr Beets, POTRLOGS . __ . oo won o oo T ! 58
Difereaca it Qvor of Aol . coeeoeeeeee o e -7 'y 13

1 1010-1% only.

_ The results obtained thus far at the Belle Fourche station indicate
that applications of manure incrensed the yields of oats more than the
alfal{a for all 3 pertods in the 42 and 23 comparison. When the results
from the othoer three pairs of rotations are considered, the differences
ere not_consistent or of a magnitude to be considered significant.
At the Huntley station the differences in the oat vields for all three
7-year periods in the 42 and 23, the 46 and 23, and the 60 and 31
comparisons are more consistent and of a magnitude to indicate that
alfalfa in such crop sequences is distinetly superior to farm manure.
Negative results have occurred where oats and potatoes have been
grown in the 44 and 25 rotations. For the last 7-year period the
difference of 15 bushels per acre in oat yields in the 64 and 35 rotations
indicates that the cumulative beneficial effect of alfalfa is in excess of
that from stable manure. In all but 1 instance the differences in
ot yields at the Scotts Blufl station for the three 7-year periods are in
favor of alfalfa. However, these differences are not great.
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RESULTS OF THE DIFFERENT TREATMENTS SUMMARIZED

While generally the beneficial effects on subsequent crop yields
resulting from including o leguminous crop in the cropping program
have been too long and too well recognized to require emphasis, the
results of these investigations have disclosed that there is grave
danger of overestimating the value of a legumincus crop such as
nlfalfa in stimulating crop yields as compared with applications of
farm manure. The inadequacy of the information with respect to
the merits of these two soil-improvement agencies has resulted in the
too reaeral assumption that the inclusion of alfalfa in the cropping
program is, in a large measure at least, a satisinetory substitute for
appheations of farm nmanure. From these resuits it is apparent that
there is need for more precise information regarding the comparative
merits of the two agencies under varying soil conditions, as well as
the frequency of their appearance and location in the cropping
program. Iurthermore, the application of manure is a laborious
task, and, partly because of this fact, there is o tendeney among many
farmers to allow the accumulation of this valuable farm assct to waste
with the expectation that their crop yiclds may be maintained satis-
factorily by means of alfalfa, These investizations indieate that such
in assumplicn is not always well founded, particularly when sugar
heets are involved.

The effects of manure and of alfalfa on the yields of sugar beots,
potatoes, and onts have been recorded in the foregoing t;ablcsbby 7-year
periods jor the 21 years. By this miethod of presentation it is possible
to show the actunr mean yiclds harvested in the different rotations for
the three periods and the yicld trends, that is, the extent that yields of
sugar beets, potatoes, and oats have been diminished or increased as o
result of the use of manure or the inclusion of alfalfa in the rotations.
The following tables and discussions are devoted to a summary of the
results obtained from the diffevent rotations and treatments in which
the mean yields, the differences in vields, and the standard error are
computed. These condensed tables have been compiled for the pur-
pose of ascerteining and comparing the magnitude of the differcnces
and its significance as expressed by the standard error. The yields
from each of the 3 stations are given in each table in order to afford a
direct comparison. of results obtained at the 3 tocalities. In order to
afford an opportunity to observe the extent to which the different
treatments have influenced the yields of the 3 crops at the 3 stations,
the combined mean differences for similar rotations have been
computed.

In considering the summary of the results recorded in the following
tables it should be recognized that the second nnd particularly the last
7-year period more accurately reflect the differences which may be
attributed to the rotational freatments. 16 hias become incrensinply
apparent that 7 years is too brief a period to afford reliable conclusions
even for rotations as short as those having a 2-year cycle. When
those having a 6-year cycle are involved it is obvious that but 3 com-
plete cycles will lz;'ave been completed at the end of the third 7-year

eriod. In such instances it is evident that but little significance can
e placed on the yields and differences recorded for the first two
periods. While it 1s apparent that the mean yields for the combined
21 years completely mask yield trends, yet this method of presenta-
tion affords an opportunity to compare directly the 21-year mean
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vields for the different treatments and the reliability of the results by
determining the standard error at the 3 loeations.

The extent that yields of sugar beets have been influenced at the
3 stations by applications of stable manure is given in table 10, The
inereases in yields have ranged from & minimum of 2.5 tons at the
Belle Fourche station in the 61 and 60 6-year rotation, which includes
3 years of alfelfs, to p maximum of 7.8 tons at the Scotts Bluff in the
23 and 22 pair, which are 2-year rotations with oats the preceding crop.
Not only are the increases in yields of beets appreciably due to applica-
tions of stable manure, but when the yield differences are comparecr with
the standard error they are found to be significart in every instance.

TanLe 10.—The influence of stable manure on the mean acre yields of sugar beels at
the Belle Fourche, Fluntley, and Scoils Biuff Ficld Stations for the period 1212-32

Trelle Fourchie Tuntiey Scolis Biluafl
o c
on TOD SOLENCH N ;
no. Avra Slr:,?ld Acre Sf;;’;réd Acra St;:%d'
¥leld § o | Yol | oppgr | ¥ § e
Tons Tonz
21 | Bogar beets {mnzure}, po |13 0.8
o0 { Sufar beets, potatoes 12,9 el 5,7
Difference i favor of manpire. oneeeas L7 | 0.5 4.3 I 40,78

23 | Sogar beets, oats (IOABWEREY oo ooo. M4 ; ........ H.2
22 | Bugar beebs, vats . o ocaiaiioamaa H.7 | 8.5
Differenge I Inver of mantte... A7) e 5T
31 | Supar beots, polatoes, anis (manureh. . .. i2,q | I PR
20 | Sugar beels, POLBLOLS, ORES murar s e mm e e b | .01
D!fference In kavor of manure_ ... .. .4} +,53 5.0
35 ! Bugar beels, onts (manvre), potntoes. oo feviaanns crmmen | THLE
24 | Sugnr beets, onts, PotRIES oo raiaonan, R e L.t
Differance in favor of mapute...... . ._f..._-.“ ........ 4 1 E00 1 VOO T
8i | Sugar beats, allaif {3 yeprs), potatoes, outs { f
413713113 4 [V W2 .. &0 1t
03 { Sugar beets, sifalfe {3 yenrs), potiatoes, ouis.. B0 feaan.. R & A, L E T DU
Diferenve i fovor of IMARUTC. .. _—oeee. Lol =67t sz t =+, 73 47 +=7
Meanditference of rotntions 21 nud 26, i i
=3 aned 72, 31 and 30, and 61 and 60..... L AR, i L 7% 3 N {170 S S

Par tie perlad 1918-32 only.

It will be observed fron: the results at the 3 stations that in every
instance the increases hiave been the largest at the Scotts Bluff station,
which has the lightest soil. At the Beile Fourche station, which hag
& heavy gumbo soil, the increases in yields attributed to the manurial
treatment are consistently the lowest. The soil conditions at the
Huntley station are infermediate between the other two, as are the
differences. The mean differences in favor of manure for the 4 similar
rotations are: Belle Fourche 3.6, Huntley 4.8, and Scotis Blufl 6.4
tons per acre, or an increase of about 55 percent for the Scotts Bluft
station.

There are T pabs of rotations which indicate the effect of alfalfa on
the yields of sugar beets.  The results from 4 of these pairs have been
accunulated over the entire 21-year period for all 3 stations. The
moeen yiclds and differences for the 3 stations are given in table 11,
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TarLe 11.—The influence of alfalfa on the mean acre yields of sugar beels at the
Belle Fourche, Huntley, und Scotts Bluff Ficld Stations for the period 1912-3%

Belia Fourche Huntley Beotdy Blul

Crop sequencs -
Acro S’:}?}d
¥ield

Acro |Btand-1 44

Btand-
yleid 4| ylend d

Tons
1.4

Sugur hecls, nlfadfn {2 voars), potinioes
Sugar beals, potutoes

Differenco In fovoer of alfalfa

Sugar heots, alfulfa {2 yeurs), oats
Sugar boels, onts,

Difference in favor of slfnifs,

Bugar beets, oats, alfalf {2 youts)
Buger boets, oats

Diflerencs in fnvor of alfalfa

Bupar beets, nlfallh (3 yonrs), potntoes, onty.,
Supnr beots, potatods, vals

Differenes kn fsvor of ndfalin

Bugar beets, nlfulfa {3 years), poteloes, oats
manure)
Supnr Leots, pothties, ouly (uenueg)

Differeven in {ovor of aiinlin

Bugnr beets, rifalfn {3 yenrs), corn, onls
Sugar beets, onts, cord

Differcnes In favor of alalfn .. oo

Boyar hoets, onts, mifalfn (3 years), nolatoss, |
Sugar beels, oats, potnatoes

Differenva in favor of alfaifa

Mern difference of rotatlons 40 nnd 29,
42 poed 22, 60 tioed S, wed 51 nnd S

i For the perlod 1016-32 only.

The mean yields of the 4 rotations for the 3 stations show that only
0.6 of a ton Increase may be attributed to alfalfa at Belle Fourche,
1.9 tons at Huntley, and 4.1 tons at the Scotts Bluff station. These
mean results indicate that on the average alfalfa has not materially
stimulated sugar-beet yields on the heavy gumbo soil at the Belle
Fourche station, but at Huntley some increase is noted, while at the
Scotts Bluff station definitely favorable results have been obtained.
It should be noted that at Belle Fourche negative differences have
been obtained in the yield of beets from each of the 4-year rotations
having 2 years of alfalfa. On the other hand, when the differences
are computed in the 6-year combinations having 3 yesrs of alfalfs
there is 2n increase in the yields in 3 cases out of the 4.

Somewhat comparable results have been obtained at the Huntley
station. There were slight increeses in the differences in 2 out of 3
instances in the rotations having 2 years of alfalfa, but in none of the
combinations are the differences significant. At this station a definite
increase in the yields of beets is apparent when rotation 60 is compared
with rotation 30. However, in the other 2 combinations 3 years
of alfalfa have had o less favorable influence on the yields of beets.
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The yicld differences from each of the combinsations at the Scotts
Bluff station in favor of salfalfs range from a minimum of 1.2 to a
maximum of 6.2 tons of beets to the acre. Furthermore, contrary to
the results obtained at the other 2 stations, at this station 2 vears
of alfalfa have materially stimulated the yiefds of beets, there being
2 mean difference of 5.8 tons per acre for these 2 rotations, The
mean difference for the 2 pairs having 3 years of alfalfa and where
the manurial treatment is not involved is only 3.7 tons, or a difference
in favor of rotations having only 2 years of alfalfa of 2.1 tons of
beets to the acre. From these results it might appear that 2 years
were superior to 3 years of allalfa. However, 2 crops come between
the alfalfa and sugar bects in rotations 60 and 61, whereas there is
only 1 crop in 4-yeer rotations 40 and 42,

For all 3 stations the second largest mean yield of beets, 14.6 tons
per acre, is from rotation 31, to which farm manure was applied every
third year to the beet crop. Rotation 61 is similar as to major crops
end aff;.o as to manurial treatment, but 8 years of aifalfa is ineluded
between the beet and potato crops. The mean yield of rotation 61
for the 3 stations is 16.1 tons per acre, the largest yield of any of the
14 rotations listed in this table and 1.5 tons per acre in excess of the
companion rotation 31. These results indicate that increases in beet
vields may be expected even in rotations which include applications
of stable manure by having alfalfa in the cropping program.

Table 12 affords comparison of the yields obtained {rom the 3 crops
during the 21-year period from applications of farm manure as com-
pared with alfalfa in otherwise similar crops and crop sequences. This
tnble presents available evidence from 13 different combinations, In
only 1, rotation 21 as compared with rotation 40 at Scotts Bluff, has
alfalfa been as effective as the menure in increasing the yields of beets.
When the mean difterences for all the combinations for each of the
3 stations are considered it will be found that as compared with alfalfa
the manurial treatment has increased the yields of beets 3.5 tons at
Belle Fourche, 3.4 tons at Huntley, and 1.9 tons per acre at Scotts
Bluff. However, in the 31 and 60 comparison it should be recognized
that the manure is applied immediately preceding the beets in rota-
tion 31, whereas 2 crops, potatoes and oats, come between the alfalfa
and the beets in rotation 60, In this latter rotation it seems probable
that the productivity of the soil may have been somewhat exhausted
by the time the beets were grown.

The increase in the yields of beets as a result of the manurial
treatment as compared with alfalfa ranged from a minimum difference
of —0.2 ton from rotations 21 and 40 at Scotts Bluff to & maximum
difference of 8.3 tons per acre from rotations 23 and 46 at Belle
Fourche. The differences from both the Belle Fourche and Huntley
stations indicate definitely the superiority of applications of farm
menure as compared with alfalfa, particularly in the rotations having
only 2 years of alfalfa. The manurial treatment at these two stations
was superior to alfalfa even in the 31 and 60 and the 35 and 64 com-
binations, which had 3 yenrs of alfalfa. It is possible to observe the
effect on the yields of beets as compared with alfalfain only 3 instances
at the Scotts Bluff station. In 2 out of the 3 combinations the ma-
nurial treatment has proved to be superior to alfalfa, the yield increases
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being 2.5 to 3.5 tons per acre for these 2 pairs of rotations. It is
apparent that applications of the meanure have been distinctly
superior to alfalfa in stimulating the yields of suger beets in these
crop sequences at the three stations. From the 3 similar rotations
increases sre shown ranging from 12 percent at Scotts Bluff, 30
pereent at Huntley, and 33 percent at Belle Fourche.

TasLp 12.—The influence of stable manure as compared with alfalfa on the mean acre
yields of supar beels at the Belle Fourche, Fluntley, and Scolls Bluff Ficld Stations
for the period 1318-38

Belle Fourelie Huntley Seatts Blul

Crop senuenve Acro | Stend- o | Stand-t o0
sleld Field d | visid

Staml-

£ Tong

Supar beets Guanure), potaloes. X ., 6. %

Supnr beets, slfalln (2 years), potataes. . . . K 7.0
Difference a2 favor of MANHTC e vey. s : .

Sugur beels, onts {runnura)
Sogar boests, aifila (2 vonrs), onts

Diflerenca fa favor of manure,

Sugar beets, onts (nanurc)
Buogar beots, onts, aliclf, alfdfa. . L.

Differenee in fivor of manure

Bugar heets, potntoes, onts fomnured ... ...
Supnr beets, nifsila (3 vears), polntons, oats.,

Ditference n Invor af manure

Sugnr beals, oais {(vamare), POLGLORS .o ono..
Bugnr brels, oats, silain (3 yenrs), potntoes. |

Dlfferance [n favor of mbnure. . oo.....,

Wlenn difference of rotations 21 aml 10,
2% and 42, und 3 and 60

t For the perlod 10H-32 only,

The extent to which applications of farm manure influenced the
vields of potatoes is shown in 14 different instences in table 13, The
mean increase which may be attributed to the manurial trestment for
all the combinations at Belle Fourche is 32 bushels, at Huntley 50
bushels, and at Scotts Blulf 67 bushels per acre,

The yield increases of potatoes as a result of the manurial freatment
ranged irom —4 bushels per acre at Belle Fourche in the 61 and 60
rotations to & maximum of 139 bushels per acre at Huntley in the
25 and 24 rotations, In all but two instances significant increases in
yields were obtained as & result of this treatment. For the 3 stations
farm manure applied to rotation 61 resulted in the lowest increase,
the mean being 14 bushels per acre. In this rotation 4 years elapse
between the applications of manure and the potato crop. It is
reasonable to assume that the favorable effects of the application of
12 tons of manure would not be so apparent after 4 years as would
be the case if only one erop intervened or the application were mads
just prior to the potato crop.
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Tanre 13.—The influence of stable manure on the mean acre yields of polatoes al
the Belle Fourche, Huntley, and Scotts Bluff Field Stations for the period 1912-32

Belle Fourcho Huntley Scotts Bluf

Rota-
tion Crap saiuenc

Stand-
ho. Acro Acre

Stand-
yield yield | ard

Acre
yield

Buahels Bushels Bushels
Potatoes, sugar heols {manure) 1682 243 232
Polntoes, sugar beets 103 190 0

T Merence in fuvor of mnnure... ... 54 . 23

Potatoes, onls (tonnure) 149 248
Pototoes, onts__ 133 156

I¥ference in tavor of manuore. 2n . 5 93

FPolntces, onts (manure), suger beets. 105 T 200
Potatoes, oafs, Rugar heels ny 187

Difierence in favar of manure. 48

Fotatoes, sugar beels, auts (manura} 185
‘Potatoes, sujar besls, ools 144

THfferance in favor of monure..________{ 36

Totatoes, oals {manure), suger beels, alfalin
(4 yeurs) 120
Totatoes, ools, sugar beels, alfalfn (3 years)__ 133

Pifference in favor of manure - 25

Menn difference of rolations 21 and 20,
25 and 24, 31 und 30, and 61 and 60__. 50

The extent to which alfalfa influenced the yields of potatoes is
indicated in table 14. There are 14 instances where the diifferences
may he observed for the 21 years. The mean differences for similar
rotations show that alfalfa has increased the yields of potatoes at
Belle Fourche 12 bushels, at ITuntley 85 bushels, and at Scotts
Bluff 104 bushels per acre.

TaBLE 14.—The influence of alfelfa on the mean acre yields of polatoes at the Belle
Fourche, Huntley, and Scotls Bluff Field Stations for the period 1912-82

Bells Fourche Huotley Seotts Rluf

Crop sequence Stu’:':_lid- Acron | Stend- Acry | Stond-

Apre
vield | M4 | yiald

yield

Bushels Bitshels Buehels
131 07 7
Puiolees, sugar heots b 190 150

Difforence in favor of Wifnife___________ . 71 3 127

Poinloes, sugar beets, alfalfa {2 yenrs)

Potatoes, onts, slfilin (2 years) 202 273
Poinloes, onls... 184 155

Difference in favor of wlialfs 7 18 . 118

Potatoed, onts, sugar beats, nifulfn (3 yesrs).. 200 200
FPolutoes, outs, sugnr becls. 176 | 187

Diiference in fvvor of alfalfs. ... 114 L 112

Pointces, oats (manurs), sugar beets, nlfalfa
(3 years) k5
Polutees, onts (munure), sugar heels... ... 176

Differcncs in favor of aifnlfy : X 130

Potatoes, sngar beets, oals, alfidin (3 yeors)_ . 308
Tolatoes, sugar heets, onls. “u7

Differenco In favor of alfalfu. . ... [

Meon differenee of rotations 40 and 26,
44 and 24, 80 and 30, ondd 01 aod 31, g5
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The maximum increase which may be attributed to the slfalfa of
139 bushels per acre ocourred at Huntley in the 61 and 31 rotations,
both of which had applications of farm manure. At Belle Fourche
involving the same pair, there is a —36-bushel decrease. In none of
the five combinations did the increase exceed the 39 bushels per acre
at Belle Fourche. On the other hand, at Huntley substantial in-
creases are apparent in each of the 5 comparisons except in that
involving the 44 and 24 pair, where the increase was only 18 bushels
per acre, with a standard error of +18.2, At Scotts Bluff substantial
increases in the yields of potatoes occurred, ranging from a minimum
of 59 bushels t6 & maximum of 127 bushels per acre.

In 11 different instences at the three stations an opportunity is
tfforded to compare the effect of alfalfa with applications of farm
manure on the yields of potatoes. The mean differences in favor of
alfalfa from the same rotations at all 3 locations indicate that alfalfa
as compared with manure has influenced yields of potatoes to the ex-
tent of —17 bushels at Belle Fourche, 9 bushels at Huntley, and 36
bushels per acre at Scotts Bluff. 'The summary of the mean yields
and the differences are given in table 15.

TABLE 15.—The influcnce of alfolfa as compared with stable manure on the mean
acre yields of potaloes at the Belle Fourche, Huniley, and Scoils Bl Ficld Stations
Jor the period 1912-32

Baila Fourche [untloy Heolts Blul

Cron sequence . . N
Acre Stand Acre Stnnd Acre Sl

vield yietd | A | fipld

Buahels Hushels Tuahels
Polntoes, sugar bects, aifalfa {3 years} 131 267 Pixd
Tylntoes, sugar beets (imanure) 12 243 o

I3iference In favor of alfolfs : i 24 . 44

FPolatoes, onls, nifalfn {2 years)_ 202 el
Pototoes, oals (muanure)

Differonce in favar of slfnlfa

Potsloes, onls, sugnr beats, alialfn (3 yeurs) ., .
Potutecs, onts (manure), sugar beets

Difference in favor of nifalla

Polatees, sugnr beets, onls, alfalin (3 yours) .
Polatoes, sugar hoels, onls (manure)

Difference In faver of alfalfn. .. _.___.

Mean diffarence of rotations 40 apd 21,
44 nnd 25, and 60 apd i1

L Fer tho period 1610-32 only,

In only 1 instance out of the 4 did elfalfs prove to be as effective
with potatoes as applications of manure at Belle Fourche, and this
occurred in the 44 and 25 pair where the increase totaled only 13
bushels per acre, accompanied with a high standard error. In the
other three instances the differences are definitely in favor of the
manurial treatment. At the Huntley station the mean differences
are in favor of alfalfa with the exception of the 44 and 25 comparison.
The lowest mean yield at this station, 202 bushels per acre, is from
rotation 44 having oats and 2 years of alfalfa as the companion crops.
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In a large measure the relatively low yields of potatoes harvested
from rotation 44 as compared with the vields from the other alfalfa
rotations is believed chiefly due to the fact that the soil where rotation
44 is located is less favorable for potato production. When the
manure was applied to 2-year rotation 25 with oats as the com panion
crop, snd the manure applied following the oat crop, 313 bushels of
Potatoes have been harvested, the highes; mean yield recorded at
this station, and 111 bushels per acre in excess of the yield from rota-
tion 44. At Huntley only one observation is possible where an inter-
vening crop was grown hotween the manurial application and the
potatoes, and that is rotation 31 with a mean yield of 176 bushels per
acre. 'This rotation may be compared with no. 35 having the same
crops but in slightly different sequence, the manure heing aplied
directly preceding the potato crop, and & mean yicld produced of 298
bushels, or 122 bushels per acre in excess of rotation 81. Yield
increases which may be attributed to alfalfa as com pared with manure
at the Scotts Bluff station are moderate but consisten t, the maximum
being 44 and the minimum 235 bushels per acre.

In planning these rotation experiments the chief objective was to
arrange the crop sequences and the time of applying the manure so
that the two major cash crops, sugar beets, and potatoes, would be
in a position to benefit most from the crop sequences and treatments,
Oats were selected from among the cereals to be included in the rota.
tion, partly for the purpose of observing the efloct of a cereal on sub-
sequent crop yields of both potatoes and sugnr beets. At the same
time it was recognized that the feed requirements of many farm
enterprises are such that one of the cereals could be incorporated
advantageously in the cropping program and that information con-
cerning the effect the different treatments and crop sequences would
have on oat yields would be highly useful in conducting the farming
operations efficiently.

The mean acre yields of oats together with the standard error are
given in table 16 as this erop appeass in the different CrO Sequences
where manure is applied as eompared with those not so trented. Tho
mean yield increases from comparablo rotations for the three stutions
are: Belle Fourche 4 bushels, Huntley 6 bushels, and Scotts Bluff 15
bushels per acre.

Yield differences are recorded in 14 instances, and vield increases
are positive in 13 of the 14. The differences range from 0 in the 35
and 34 pair at Belle Fourche to 19 bushels per acre in the 31 and 30
comparison at Scotts Biuff. At the Belle Fourche station the maxi-
mum incrense of 11 bushels per acre occurs in the 31 and 30 com pari-
son. The other 4 differences range from 0 to 4 bushels per acre. At
this station applications of farm manure did not increase the vields
of oats materially, although yield increases occurred in 4 of the 5
instances. When compared with the standard error they appear to
be significant. At the Huntley station the maximum increase was
17 bushels and the minimum —1 bushel per acre, and in the 2 othes
rotations increases of only 2 bushels per nere occurred. In only 2
instances of the 5 are there significant differences when compared
with the standard error. The vield differences recorded for the
Scotts Bluff station indicate that'in all instances the manurial treat-
ment had a favorable influence on the yields of oats, Tenging from 5
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to 19 bushels per acre; although in the 61 and 60 comparison, both
of which had 3 years of alfalfs, there was only a 5-bushel increase.

TABLE 16.—The influence of slable manure on the mean acre yields of oals al the
Belle Fourche, Huntley, nnd Scotts Bluff Field Stations for the period 1812-32

Bella Fourghe MTuntley Sentls Bluf

Crao] sefuance | [
Stand-
Acro { Tl

yinld i error

Staml-
arl
errar

Stand-
aril
error

Acra
wlujed

Avre
el

ixhelx Buthels Finxhels
- [ I 2]

Chits (nnuared, sognr beets. oo ..., . &l .
Qals, sugar bects P ! - 52

Differenee in favor of manure k L —1

Ouly (muniire), polatoes._......., I T [T
Cils, polnLess <. e |

I Merenes in fsvor of mannura....

Qnts {Innnure), sugnr Beets, patoloes, ... .
Ouls, supEnr Loel s, potnioos

Difference it fovor of manure.. _.,

Onts (manure), palntoes, sopar beels. ...,
OnLs, poletnes, SUEIC DEELS. .o oo evee. ...

Difference 2 favar of manure.........."

Quis (mmnured, sugar heels, allsifa (3 veours), |
DOIBLDCS e s oo e vt memee e wrae
Qns, sugnr beews, alfalln {3 yenrs), pointoes. .

DifTerenee in fuvor of manure, ...,

Alenn MiTerence of rrtalions 28 and 22,
25 and 24, 31 nand 30, and 61 snd 80,
i

t For the perfad 1910-32 pnly,

At the three stations there was nn opportunity to observe the influ-
ence alfalla exerted on oat yields in 19 diferent, instances. There are
4 identical combinations at the 3 stations with a mean yicld diffcrence
from similar rotations of —3 bushels at Belle Fourche, 22 bushels at
Huntley, and 20 bushels per acre at Scotts Bluff. The results are
recorded in table 17.

The differences for all stations varied from —16 bushels in the
42 and 22 pair at Belle Fourche to 34 bushels per acre in the 60 and
30 pair at Huntley. When the results from the 3 stations are con-
sidered separntely it is apparent that at the Belle Fourche station
there is a definitely significant increase in the yield of cats in only one
instance. 'This is revealed by a comparison of the yields from rota-
tion 48 with those from rotation 28. Consideration should be given
to the fact that rotation 28 has a 2-year cycle and the companion crop
of onts is spring wheat. This has proved to be an undgsimble se-
quence and has notably depressed the yiclds of both wheat and oats,
chiefly because of weeds. The mean yield of oats in this rotation is
27 bushels per acre, the lowest of any in the series listed in this table.
Consequently, it is believed that the weeds in this rotation have been
the chief cause of the lower oat yields rather than the gradual exhaus-
tion of the productivity of the soil. Eliminating the 48 and 28 com-
bination and taking a mean of the differences of the remaining 6 com-
binations, it is found that alfalfa has neither depressed nor increased
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oat yields for a 21-year period under the heavy soil conditions
axisting at this station.

TaBLE 17.—The influence of alfalfa gu the mean acrg yields of ovals at the Belle
Fourche, Huntley, and Scotis Bluff Field Stations for the period 1912-32

Belle Fourche Hurtley Scotts Bluff

Crop sequence . .
Aero Sinnd Aere Stand Acre

i ard argd :
yield | geror yietd errar vield

Hushely Bushefa Bushelr
. 44 a2 &

Quiz, sqgar becta, alfalla {2 vears)..
Outs, supar beets

Drfferenen fn fnvor of nifslla

Duts, alfaifn (2 vears}, potatoes
Dats, potatoes

Iifference in fasor of aifwifa, ., ..n . oo 6] =£4.2

Crats, altalfn {2 yesrs), SUgur et oo et nicmimes 1 ........ 1
Onig, sugar beels [P PP

Difference In tvar of allnlh. oo eave canias

Quis, alinifn {2 years), spring whent. . _ ...
Oats, spring wheal

Differencs in fovor of alfaifn

Culs, Sugar boets, alfalia {3 yeurs), potatoes.
Oats, SURDE BOeLS, PO GES e e ccaanran ;

i

Difference in favor of allalfa.. .o .ooaet

Qats (maonre), sugar bests, alfnlfs {3 years), |
5 i

potaloes
Cats {manure), sugur beets, potatoes.

Difference in favor of alfalin

! Qats, sugar heets, alfalfo (3 years), earn. ... .
+ Oats, sugar beets, corn

Difference ia favor of alfalls

Oats, alfulls (3 years), potatges, sugac heets.
Quty, potatoes, spnr begly i

PiMerence in laver of alfada_ ..., ...

Menn diflerence of rolations 42 amd 22,
44 nmd 24, 50 and 30, and 6} and 3.

t For the period 1916-32 goly,

These results indicate that at the Huntley station the inclusion of
alfalfa in the ecropping prociam consistently increased oet yields,
although in 3 of the 6 rotation comparisons the differences are small
and not particularly significant when compared with the standard
error.

In all but one instance the differences are substantial and significant
in favor of alfalfa at the Scotts Bluff station. Alfalfa did not mate-
rially stimulate the yields of oats in rotation 61 as compared with rota-
tion 31, The mean increase in the yield of onts for the ather 5 com-
parisons is 25 bushels per acre, with a relatively low standard error in
every instance,

By selecting comparable rotations, those having in them an appli-
cation of farm manure and the others including alfalfa, it ia possible
to observe and compare directly the extent that these treatments
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have influenced the yields of oats. There are 5 pairs of rotations
effording such comparisons, and for the 3 stations 12 differences are
available. Table 18 records these results.

TapLe 18,—The influence of alfaife sz compared with steble manure on the meen
acre yields of oals al the Belle Fourche, Hunlley, and Scotls Bluff Field Stations
Jor the peried 1212-32

Belle Fourche Buntley Bootis Bluit

Crofr senuence

Aere | Stond-l o | Aece | Stead-

yield yield yield

Dushels Dushels BRuashels
Ouly, supar beeks, wialfn (2 yenrs) ... .. 34 02 it}
Oats (manure), sugar beets . : 1= S

Difference in favor of nlfulfn —18 ] %2 B

Ouds, nfalin (2 yenrs), potatoes
Cats (mubure), potaloes

Diflerenco It Iavar of nlfalfa

Quts, nifalfn (2 yoars), sugar beels ..o .} L2703 IR ...;..-.._.‘i. em———
Outs (monure), sugsr beels | rED i

Dilferenvo fz: favor of alflfu- oo.oewes b oo 12] g2

Oulg, st bhoats, sl {3 yours), polstows_
Cnts (mipnure), supnr beats, polaloss i

Difference in favor of aifalfa

Qals, alfalln (3 years), potatoes, supgar beets.
Cals (monite), potatons, sugnr beets

Differenoe n favor of slislih

Mean difference of rotativns 42 nl 23,
44 and 25, pod B0 ami 31 . . 11 i-....___‘

1 For the perlod 1916-32 only.

When the mean differences for the same rotations at the three sta-
tions are computed it is found that at Belle Fourche the inclusion of
alfalfa in the cropping program, as compared with the manurial treat-
ment, influenced oat yields to the extent of —8 bushels, at Huntley
11 bushels, and at Scotts Bluft 6 bushels per acre. In only 4 instances
of the 12 were there significant yield increases which could be attrib-
uted to the alfalfa as compared with the manured rotations. At
Belle Fourche negative differences occurred in 2 instances, and in
those cases where positive inrreases occurred there is only & 2-bushel
difference. The most favorable results as far as alfalfa is concerned
oceurred at Huntley where significant yield increases are to be noted
in 3 of the 5 instances where comparisons are possible. At Scotts
Bluft, apparently, alfalfa, as compared with manure, did not stimulate
the yields of oats materially, the maximum being only 10 bushels per
acre in the 44 and 25 comparison.

INFLUENCE ON SUGAR BEET YIELDS OF PASTURING OTHER CROPS
IN ROTATIONS

In the series of rotations herein reported, which include those
receiving applications of farm manure as compared with alfalfa, the
resulis indicate that, as far as the yickds of sugar beets are concerned,
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the manurial treatment is distinctly more effective than alfalfa in
maintaining and improving yields, particularly at the Belle Fourche
and Huntley stations. “%181’1 the beet yields in rotations having 2
years of alfalfa are compared with those where alfalfa has been grown
3 years, the favorable effects on the yield of beets are more pronounced,
At all three stations, however, the manurial treatment still is dis.
tinctly superior to alfalfa, even in the rotations having 3 years of
alfalfa, although the position of alfalfs and the manurial treafment in
relation to sugar beets should be recognized.

Where alisifa or sweetclover is grown chiefly for the purpose of
stimulating crop yields, some available evidencs indicates that if
these crops are pastured 1 or more years the yields following such a
practice are materially in excess of those obtained where such crops
are harvested for hay. At the time these rotation experiments were
inaugurated information as to the possibilities of such a procedure
was not available. Only & few rotations inc]uding pastured crops
were incorporated in the series of experiments, and, unfortunately,
these were not directly comparable, particularly as to sequences,
with any of the other rotations. In 1926 several additional rotations
were added fo the series, including-sweetclover or slfalfs to be pas-
tured. Comparable rotations, unpastured, are a part of this series.
Results are available for only 7 years; consequently, not too much
credence should be given to the results obtained for this relatively
short period.

Table 19 shows the extent that sugar beet yields have been influenced
by pasturing in 2 pairs of rotations, 1 pair at Belle Fourche and the
other pair at Huntley. All four rotations include 3 years of alfalfa.
The comparison availsble at the Belle Fourche station is between
rotations 71 and 60. During 5 of the 6 years of the cycle the crops
were the same, but for the sixth year 1 rotation included oats and the
other beets. The sequences varied slightly, but it is believed that the
differences in yiclds of heets which occurred may be attributed in a
large measure to pasturing hoth corn and alfalfa. The comparison
ab Huntley is between rotations 67 and 60. In both rotations the
beet crop 1s 2 years removed from slfalfa. The condensed results are
recorded in table 19, which includes the mean yields for the three 7-
year periods, the mean yield for the 17 years at Belle Fourche, the
mean yield for the 21 years at Huntley, and the standard error.

Tanue L—The {nflucnce of pasturing other crops on mean acre yields of sugur
beety (lons) al the Belle Fourche and the Huniley Ficld Stationy, 1016-32 wnd
1812-32

BELLE FOURCHE

. N . P IRt Ryt
Crop sequenea YHG-18 | 13935 | 1uGeg2 ienn

Supnr heets, onts, uifulln, nifslls, sl (pastured), Pons

corn (harveslad witlt lnrobs). 8 10 ..
Suprr Leets, alfslfa, jifaliy, slinte, potatoos, obLs .. FLURTIN R

Difference in fuvor of pasluring . . H 3.0

! For d-yenr perlod only.  Other dgires nre for T-year periads,
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Tasur 19.—The influence of pasturing ofher crops on mcan acre yields of sugar
beels (long) at the Belle Fourche and the Huniley Ficld Slations, 1816-32 and
1912-32—Continued

HUNTLEY

2-year

'ron seuenee 101525 | 192692 | = h

Bugnr beols, alfalfs, allalls, alfnlfn {pastured wlih | Tons Ton! Tans
hogs), eorn fhorvested wilh hogs), X e oen ceeen . 3.1 1 T, 15,7
Sugnr beets, nlindfn, alfalls, aifslis, potatoes, outs.. .. L 5 . 3 w7

Difference in favor of postoring e ce i ccceeans 3. 24 g5 4.0

At Belle Fourche the beet yiclds from rotation 71 were consistently
higher than those harvested from rotation 60 and definitely so for the
last two 7-year periods. The mean increase for the 17-year period is
3.0 tons of beets to the acre, or 28 percent, which it is believed may be
attributed chiefly to pasturing the alfalin the third year and harvesting
the ecorn crop with lambs., At the Huntley station the third year of
alfalla and the following corn crop were both harvested with hogs.
Here again substantial yield inereases occurred when rotations 60 and
67 are compared, ranging from a minimum of 2.2 tons to a maximum
of 3.5 tons, and a mean increuase for the 21-year period of 3.0 tons per
acre, or approximately 24 percent.

Tt is recognized that the foregoing resnits indieating the extent that
sugar beet yields may be influenced {avorably by pasturing are not
conclusive, Howoever, they do eonform with results obtained with

certain other crops when alfalfa was pastured (7, 2} and emphasize
the need for further information with respect to the possibilities of
the practice.

YIELD MMFFERENCES EXPRESSED AS PERCENTAGES

The mean. viclds of sugar beets, potatoes, and oats in the various
rotations which received applications of farin manure and those which
include slfalfa are recorded in the foregoing tables. These results
have becn compared with similar rotations not so treated and the
differences in the yields determined.  While these data permit o study
of the yields from difierent cropping systems and the extent that vields
have been inflluenced in tons and bushels, direct comparisons cannot
be made by this method. Fowever, such o comparison is made in
table 20, in which thoe yield differences are expressed in percentages
and include the results from all three stations. By this method it is
possible to present, in terms of percentages, the influence of the manure
on the yields of the 3 crops as compared with untreated rotations as
well as with those which have 2 and 3 years of alfalfn. Percentage
figures are given indicating the extent that yields are influenced when
alfalfa is grown for 2 and 3 yvears as compared with similar rotations
not inclmﬁlng alfalfa. It is possible also to make 2 yield comparisons
with the alfalfa-manure rotation with 1 untreated and another
hagling alfalfa only. The various percentage differences are given in
table 20.
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TaBLE 20,—Yield increages or decreases expressed in percenlages, following appli-
cations of stable manure und including alfalfa in the crop rolations ot the Belle
Fourche, Huntley, and Scolls Biuff Ficld Stations, 1912-32

Stuble mAnUTe comphared Alfaite colnpurcd | Alfaife 3 yeurs snd
with— with untrestat— !!lmlu;ﬁ;\iﬁ"lﬁ[mred
Cropz and field stations

where prow

Alfnife [ Alfsifa | Alai | Alfalin § Unlresl- | Alfiifs
2yenrs | dyears | 2yenrs [ 3 years ed nisno

Bugar beots: Percent | Pereent | Percent | Pereemd | Pereent | FPereend
Rulio Fourrhe 44 B0 a —1f 15 T 2
Tuntley o el & 48 ] 4 i
Bontta Bl e - 8 24 M a5

Potatoes:
Ielie Fourche 3 3 39 i) -2
sty o - H 3] —2t it 42

Beplis Hlull [ —13 =15 ] Li]

COnts:

Bells Fourche., .. 5 4 L3 8

Huntley_. e —T7 —i7 14 i)

Beotis Blull b —i -4 a2 {if

e GO :38..-

el e

(5]
i

Yield increases of sugar beets as & result of applications of farm
manure were substential in every instance except at Scotts Blull when
compared with 2 yeais of alfalfa, where the increase is only 8 percent.
At tﬁe other 2 stations the manurial treatiment was distinetly superior
{0 2 years of alfalia, showing an increase of 60 percent at Belle Fourche
and 46 percent at Huntley. Apparently 3 years of alfalfa had a more
favorab]fe effect on the yields of beets than 2 years of alfalfa, but even
when these rotations are compared with the manured rotations the
latter treatment proves to be distinctly superior in its effect on beet
yields, Two ycars of alfalfa appear to have depressed beet vields at

elle Fourche and not apprecinbly increased them at Huntley, Omn
the other hand, at Scotts Bluff there is an indicated incrense of 54 per-
cent from 2 years of alfalfa. There is & 15-percent increase as a
result of 3 years of alfalfa at Belle Fourche and & 36 and 35-percent
increase, respectively, at the other 2 stations. The largest percentage
increases of beet 31rields occurred at all 3 stations from a rotation in-
cluding both alinlfa and manure as compared with those from the
corresponding rotation untreated, the range being from 74 percent
at Belle Fourche to 99 percent at Huntley, Farm manure in rotation
61 resulted in vield increases ¢l beets ranging from 15 to 24 percent
as compared with rotation 60.

In considering the percentage differences with potatoes, the yield
increases are less than with sugar beets and also somewhat less con-
sistent. As compared with the untreated rotetions manure definitely
stimulated potato yields. When the manurial treatment is compared
with 2 and 3 years of alfalfa at Belle Fourche the percentage figures
are In favor of manure; the results are not consistent at %Iuntley ;
while at Scotts Bluif the potato yields were betier following alfalfa.
Rotations including alfalfs as compared with those untreated returned
the largest increases with one exception, By comparing the alfalfa-
untreated percentages with those given in the two manure-alfalfa
columns it becomes apperent that, with the cxception of Belle
Fourche, alfalfa had o more favorable influence on the yields of
potatoes than applications of stable manure. Grouping the results
from the three stations, the most favorable increase in the yield of
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potatoes occurred when the alfalfa-manure rotation is compared with
the untreated one. These percentages further indicate that when
manure is applied to rotation 61 as compared with 60, material
increases in the yield of potatoes are miot to Ee expected,

The manurial treatment applied to these rotations increased the
yields of oats only slightly at Belle Fourche and Huntley, but it
mcreased the yield materially, 38 percent, at Scotts Bluff. On the
other hand, alfalfa appears to have had a more favorable influence
on yields of cats both at Huntley and Scotts Bluff, with the manurial
treatment slightly superior at Belle Fourche, When the 2- and 3-year
alfalfa rotations are compared with the rotations not including this
crop, the percentages from all 3 stations are in favor of alfalfa. As
occurred with both sugar beets and potatoes, oat yields responded
most favorably 1o the alfalfa-manure treatment when compared with
a rotation untreated. Percentape differences in favor of the manure
in an alfalfa rotation, although slight, are consistent.

In the foregoing pages, which have been confined to the discussion
of the influence of farm manure and alfalfa on the vields of sugar beets,
potatoes, and oats, consideration has been given only to the difference
1 yields as influenced by these two treatments under varying con-
ditions. Notably at Scotts Bluff the quality of the potatoes was
adversely affected by scab in.the shorter rotations not including
slfalfa but receiving applications of manure. On the other hand, even
in the shorter rotatfions, such as 40 and 44, but which include alfulfa,
the potatoes were notably free from the scab disease,

In all instances applications of farm manure stimulated the yields
of sugar beets, However, there is evidence to indicate that as sugar-
beet grields are increased their sucrose percentages decrease some-
what® At Scotts Bluff, where extremely heavy applications of farm
manure were made on land to be planted to sugar %eets, the sucrose
contentof the beets wasunfavorablyinfluenced ns compared with lighter
applications of manure and the lower yiclds of beets resulting there-
from. At present there is no evidence to indicate that the same result
would not occur where beet yields were materially increased by
including alfalfs in the cropping program.

SUMMARY

The 21-year resulis of experiments with farm manure and alfalfa
on subsequent crop yiclds were obtained at the Belle Fourcho
(3. Dak.), Huntley (Mont.), and Scotts Bluff (Nebr.) Field Stations.
These stations are located in the northern part of the Great Plaina.
The crops involved are sugar beets, potatoes, and oats.

The cTimate i3 semiarid and does not differ materiaily at the three
locations. The soils at the three stations range from a heavy clay or

bo at Belle Fourche to a friable, fine sancfy loam at Scotts Bfuﬁ'
he soil conditions at Huntley are about intermediate.

The rotations from which results are recorded were selected from
o relatively extensive series inaugurated in 1912 as a part of the
investigational program at the three stations.

There are nine pairs of rotations which include alfalfa as compared
with those having the same crops and sequences but without alfalfa.

¥ NUCHoLs, 5.1, T REXINUAL EFFECTS OF MANURIAL TREATMENT UON THE QUALITY OF SUGAR BEETY,
[in manuscript.]
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Five pairs of rotations received applications of farm manure as com-
pared with similar simple rotations. In six instances the manurial
treatment is compared with similar rotations but including alfalfa.

In presenting the data for the 21 years, the mean yields by 7-year

eriodg ere given first, In each instance mean yields from sugar

cets, potatoes, or oats are compared, and the increase or decrease
which may be attributed to the treatments is determined.

At all three stations applications of farmn manure increased the
yields of sugar beets materially in every instance, the maximum
increase amounting to 11.2 tons per acre.

The increased yields of sugar beets as a result of including alfalfa
in the cropping program werse not consistent. At Scotts Bluff in-
creased yields ofp beets as o result of alfalfa occurred consistently.
At the other two stations 2 years of alfalia have increased the yields
of beets in only o few instances,

The effect of applications of farm manure as compared with alfalfa
on the yields of beets is given in table 3. In every instance during
the last 7-year period the manurial treatment proved superior to
alfalfa, the vield increases ranging from a minimum of 1.5 to a maxi-
mum, of 11.1 tons per acre.

Applications of farm manure resulted in increasing the yields of
potatoes at all three stations, although the increases were not so

ronounced as in the case of sugar beets. The manurial treatment
s not increased the yields of potatoes in an alfalfa rotation.

When the potato yiclds from similar rotations are compared with
the one including alfal{s and the others not having this crop, it is
apparent that alfalia favorably influenced the yiclds of potatoes at
Scotts Bluff and at Huntley, Consistent results were not obtained
at Belle Fourche where the soil conditions are less favorable for potato
production.

At Belle Fourche in 3 out of 4 rotations larger yields of potatoes
resulted from the manurial treatment than occurred following alfalfa.
The results at the other two stations were less consistent, although
it is evident that the manurial treatment sustained potato yields
better than alfalia.

During the first two 7-year periods applications of farm manure
did not increase the yields of oats materially in & large majority of
mstances at the 3 stations. Increases in the yiclds of oats which may
be attributed to manure oceurred at the 3 locations for the last 7-yenr
period in all but 1 instance.

The inclusion of alfalfa in the crop]lving program stimulated the
elds of oats In every instance at Huntley and gcotts Bluft and in all

u$ one instence at Belle Fourche during the last 7-year poriod.
Less consistent results occurred for the earher periods.

The merits of farm manure and alialfa are compared. At Belle
Fourchoe the manurial treatment developed the best results in a ma-
jority of instances, On the other band, at Huntley and Scotts Bluif
alfalfa has produced the best results. The results of the different
freatments are sununarized for the 21-year period und the standard
error i computed.

Significant increases in the yields of sugar beeis attributed to
applications of farm manure occurred in every instance, ranging from
n mean of 3.6 tons at Belle Fourcho to & maximum of 6.4 tons per acre
at Scotts Bluff. Yield increases of beets in the alfalfa rotations,
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compared with those not having alfalfa, ranged from s mean of 0.6
ton at Belle Fourche to & maximum of 4.1 tons per acre at Scotts
Bluff. The mean superiority of the manured rotations as compared
with those having alfslfn amounted to 3.5 tons at Belle Fourche, 3.4
tons at Huntley, and 1.9 tons per acre at Scotts Bluff.

Applications of farm manure resulted in increases in the yield of
potatoes in most instances, the mean increases at the different stations
ranging from 50 bushels 2t Belle Fourche to 67 bushels per acre at
Scotts Bluff. It was found that alfalfa definitely stimulated potato

ields at Huntley and Scotts Bluff but not consistently at Belle

ourche. When the effectivencss of both manure and alfalfa are
compared in similar rotations, the manurial treatment appears to
have beon slightly superior at Belle Fourche, wherens ab Scotts Bluff
alfalfa produced somewhat better results,

Significant mean increases in the yields of oats as a result of the
manurigl treatiment did not occur at either Belle Fourche or Huntley.
However, tlie application of manure resulted in a material increase
in the yields of oats in the three rotations not having alfalfs ot Scotts
Bluff.  When oat yields from alfalfa rotations are compared with those
not including that crop, it is found that alfalfe definitely stimulated
oat yields at Huntley, whereas the results from the different rotations
at Belle Fourche were not eonsistent.  When oat yields from menured
rotations are compared with those from rotations including alfalfa,
the mean of the differences indicates that the manurial treatment was
somewhat superior at Belle Fourche, whereas at Huntley and Scotts
Bluff slightly better yiclds resulted from including alfalfa in the
rotation.

In & nuntber of instances the results obtained with sugar beets at
Belle Fourche and Huatley indicnte that slfalfa did not materially
stimulate yields. Two comparisons are available as to the effect of
pasturing other crops on the yields of sugar beets as compared with
similar rotations not so treated. The results indicate that pasturing
materially stiimulates the yields of beets.

To afford a more diroct comparison of the effect of the different
treatments on the yields of sugar beets, potatoes, and oats, table 20
is included which expresses the yield differences in perceniages.
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