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Crop Rotation and '].‘i]]age Experiments at

the North Platte (Nebr.) Substation.
1907-34" ’

By L. L. Zouw, cxociele syronontst, wnd Bl B Wiaay, Judor agronontist,

Bivision of Sl Munagenent and Irvigetion, Durcan of Plunt tudusiry, Seils, -

it Jgrichitnral Kugincering, Agriewtiurad Resenrvh Administration?

{Tuited States Drepartinent of Agrievlture, Buceau of Plant Industey, Soils,
and Agriceltwal Engineering, in cooperation with the Nebraska Agricul-
lural Lxperiment Station :
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INTRODUCTION

The Kebraska Agricultural Bxperiment Substation, designated in
this bulletin as the North Platte Substation, is one of & group of sta-

PSnbmitted tor publicstion Augnst 40, 181, Rospended by wartime rostrie-
tions and resubmitied October G, 1040

e foliowing moen had Bmmedivte charge of the coxperimentsl work re-
ported b this bulletin: W. W, Rure, 1006-12; W, M, Oshorn, 1913-14; nnd L, L,
Zook, 115-34  H. 1, Wealkly assisted with eho experimentil work from 1923
to 1934 W, L, Soyder was sintion superintendent frem 1004 Lo 14934,
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tions at which the Division of Dry Land Agricultuve ® cooperated in-

studies of tillage practices and methods of crop production on the
: Great Plains. It is 3 miles south of North Platte, Lincoln County,

Nebr., about 75 miles north of the southern boundary of the State, and

60 and 160 miles east, respectively, of the Mebraska-Colorado and

Nebraska-Wyoming State lines. The vesults obtained ave applicable

to & large avea of lurd lands in central and western Nebraska and in
* smaller degree to northwestern Kansas, northeastern Colorads, und
sonthwestern Wyoming.

The stution was est: Dlished in 1904 the cooperative dry-land inves-
Ligations were begun in 1906. The felds used are on tableland vear
the south vim of the Plutte Vulley at un elevation of approximately
3,000 feet. 'This bulletin veports resuits obtained for the 28-year pe-
riod 1907-84. The original location was abandoned in 1934 tu provide
a right-of-way for an irrigation and power project. After revision
and enlargement, the work has been continued nearby since 1930.

AGRICULTURAL DEVELOPMENT

A valuable natural resonrce of the Central States as well as of all
the Great Tiains avea was its nafive grass cover. For centuries belore
the coming of white meu, decaying grass residues had slowly built up
organic matter in the surface soils. The sod cover wis an effective
protection against wind and water erosion. Grass supported large
herds of buifalo, deer, nnd antelope, which in furm sapplied nomadie
Indians with food and wearing apparel. The first white setflers
changed the buffulo ranges into cattle ranges, with littie or no dis-
tnrbance to native vegetation. Immigration inte the territory in-
creased, following the passage after the Civil War of laws allowing
Jand nequisition by settlement.  Level Tands were broken out for pro-
cduction of enltivated crops, and by the end of the nineieenth century
little of the original grass cover remained except in rough or sandy
areas, Cattle raising was pushed back into such arveas, where it hus
renuined as 1 comparntively stable and profitable business.

Chief wmong the hazards hindering the development of a stabilized
agriculture in the Great Plains is the limited amomnt and highly varia-
Bble distribution of its vainfall. The average raintall is not suflicient
to permit the betfer suils to reach their full capacity to produce.  Oe-
cusional years or geries of yeuars of above-average rainfall have pro-
duced abundant creps, stimulated the inflow of new settlers, and
enconraged undue inflation of land values. Periads of very low rain-

all with Tow yields or complete crop failure huve reversed these trends,
o that the development of established farming practices has been slow
and irregular.

Farming systems thai have contribufed most to a permanent develop-
ment of thie avea and in the lung run have proved most prolitabie in-
clude crop diversification and rotation. the production of some feed
crops, and the use of parc or all of the crops produced far feeding to
livestock.  Sueh systems can be most effectively organized where grass-
lands are included in the fiemunit. On this aceount. level farn lands

*Now i part of the Divizion of Soil Management and lreigation
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adjacent to broken or hilly arens are mcre fortunately located than
those in the large level areas where most of the grass has been broken
out. The reestublishment of grass on some of the large level areas in
order {o maintuin a balanced farming system is now desired by many
farmers. Other areas on steep slopes or poor seils that were unwisely
brolen out in the first place in many cases should be returned to grass.

The leading crops of the central Great Plains arve winter wheat and
eorn, with smaller acrenges of spring grains and sovghums. The most
noteworthy changes in recent years have been the increase in sorghums
as 4 replacement for corn, the increase in barley over other spring
grains, and the increase in fallowing as a prepaeation for winter
wheat,

Definite Tong-time crop rotations arve dificult to maintain becanse
of the frequency of crop failures and the necessity of nsing emergency
substitutes,  Common practices and crop sequences are: Seeding win-
ter wheat in stunding cornstalks: sceding spring grains on disked
cornland ; growing winter wheat after fallow, followed by corn; and
frequently continuing one crop on the same ground for several years.

SOIL CHARACTERISTICS

The tableland soil on which the station’s dry-land fields ave located
ix classified ns Floldrege very fine sandy loam by the United States De-
partment of Agriculture Soil Survey Report of Lineoln County,
Nebr. (No. 33, ser, 1026). This soil is derived diveetly from the
loess formation.  The color is dark grayish brown in the upper layers,
shading into the light geay of the parent material at depths of 3 to
6 feel.  'The most characteristic feature is the vertieal eolumnar strue-
turve distinet in the upper subsoil and fading out at depths of 18 to 24
ehes. The zone of maximum compaction. which is 10 to 15 inches
thick, lies between depths of 18 to 44 inches and has been developed
by the concentration of fine materinls washed down from above. The
upper layers have been leached of earbenates, and a concentration of
these is found at depths of 3 to 4 feet where lime appears in numer-
ous sens, streaks, Blotches, and fine winding threads.  Farther down,
the Boury. light-gray parent material is uniform and of great thick-
ness. The depth to water-hearing gravels ou the station uplands is
225 {0 250 feet,

The Tuited States Department of Aevienlture Burean of Soils in
1008 made physieal analyses of samplos fram the station fields, at
depths of 1 to 18 inches and 19 to 36 inches,  1n the upper section,
the content of course to fine sand was 3 percent: very fine sand, 50
pereent: siit, b percent; and clax. 6 pereent,  Tn the lower section
the content of medinm to fine sand was 3 pereent; very fine sand, 61
pereent; silt. 31 percent : and elay, b pereent.

Holdvege very fine =sandy loam virgin soilz are well supplied with
organic matter and are productive when moistwre is adequate.  The
high sand content makes them casily tilled and facilitates the absorp-
tion of water.

Fhere was sume varintion in goil Lype mnong the three experimental
fields from which the resulis repovied 1o thiz bulielin were obtained.
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These fields were at varying distances from a depression in which
the scil was the heavy basin phase of Holdrege. The soil of field 49,
nearest to this basin, approached this phase on its lowest side. The
soil of field 41, whicli was farthest from the basin, was generally
lighter, and on the highest ground the soil approached the Colby sevies.
Field 42 wus intermediate. Volume weights of cultivated soils in the
uppet foot section ranged from 70 to TT pounds to the cubic foot. The
heaviest soils were reached at depths ot about 4 feet and ranged from
85 to 92 pounds to the cubic foot. The average weight for the upper
6-foot section was about 83 pounds to the cubic foot. 'Lhe average
hygroscopic coeflicient was about 8.8 percent, and the average moistwre

Frouee 1—Field 49, looking enst, showing slope to vast amd north and gereraliy
level tublelatid of the surrounding country.  Nortl Platte Substation, July 19146,

equivalent ubout 21 percent. After prolonged drought moisture in
cropped soils frequently was less than the hygroscopic coeflicient.
The average quantity of water that could be stored for use of crops in
these soils was approximately 1.5 inches per [oot, or about 8 inches in
the upper G-foot section,

Figure 1 shows the slope of the land to the cast and nortly in field 49
and thie generally Jevel tablelanud of the siuvounding countey.

CLIMATIC CONDITIONS

Climatic factors ave the Jominant influences m crop production in
the Great Plaing vegion.  On solls capable of high produetion. aver-
age yields arve limited by an inadequate moisture supply.  High vavi-
ubility in the nature, Jdistribution. and amount of precipitation. in
temperatures, and in wind movenwnt creates conditions at times very
fovorable, at other thmes diznstrous. and normally more or less
hazardous.
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Climatic records covering 50 to 75 years are available from a
{inmber of stations. The United States Weather Bureau station at
Nerth Platte has been in operation since 1874, At the North Platte
Substation, observations were begun in 1907 and have been continnous
since that time. The observation station on tableland near the crop
rvotation fields was nmintained only for the 6-month pericd April 1
to Septeniber 30 each year. The records here presented ave from this
station for those months, supplemented by rainfall records from the
North Platre Station maintained by the Weather Bureay, and by tem-
perafire and wind velocity records from a station near the substation
buildings, for the time from October 1 fo March 31, ‘The monthly,
seagonal, and annual mean temperntures are shown in table 1.

Temperature extremes. sudden changes, and seasonal meuns exert
prosounced influences on crop production.  The longest periods -of
departure in one direction as shown in the table were the ¢ years be-
Tow normal annual mean temperature from 1915 to 1920 and the 5
vears pbove seasonal mean temperatare, 1930 to 193L.

Taser - -Venlhty, scasonal, wwd annunl mean tewmperotures and abgolute
marin wnd okinimum Hnpersiures for eael mopth ol North Plitie Sib-
sbadion for the 28 years, 19007=34
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Deeentber and January were gencrally the coldest months and July
was the warmest, The absolute minimum and maxinam temperatores
recarded during the 2n-vear period were =30 and 109° F. No winter
passed during this period without subzevo temperatures, The average
mamber of duys of sucl temperatures was 18 the lowest number in
any yepr was boand the highest, 3%, Previous to 1907, temperufures
of = 35 were recorded for both Januwry and February at the North
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Platte Weather Bureau station.” Temperatures of 100° or above were
vecordecl in 18 of the 28 years, and at some time in each of the menths
Muay, June, July, August, and September. The nverage nitmber per
year was #, and the greatest number was 32, of which 17 were con-
secutive, in 1934,

The frost-free period determines the growing season of tender crops.
The dates of last spring and first fall occurence of 32° IV, or lower
temperntures and the nuimber of days intervening ave shown in table
9, The spring dates ave trom the fablelund station. The fall dates
Lefore October 1 are from the tableland station: those for Oclober 1
or ier from the Leuchland station near the substation buildings.
The tableland station was near the table’s edpe where, on aecount of
the draining off of cool air to lower levels, the femperalures were sev-
eral degrees higher on still nights than in the valley or farther back
on the iuble. As a result, the Frost-free periods average somewhat
louger than for the general locality. The average length of season
was 151 days. ‘There was a tendeney for the shorter seasons to have
somewhat lower and the longer seasons somewhnt higher mean tem-
peratures for the April-September senson, although there were numer-
ous exceptions to this

Tanis S—Frogt-free periods b the North Plafte Substation for the 28 yeard
L0807 -3F
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Wind movenient was measnred by J-cup anemometers placed 2 feet
above the ground. Table 3 shows monthly, seasonal, and average




7

CROP ROTATION AND TILLAGE AT NORTH PLATTE

velocities for the 27 years 1908-84, and averages for all months and
annunl averages for the 20 years 1015-34. Wind movement is an
important factor in crop production. High winds create an ever-
present menxce from soil blowing whenever the surface is dry snd
not protected by n vepetative cover.  Damage maost frequently occurs
in the spring, when the velecities are greatest and the crops not yet
established.  Tn other seasons, special tillage preenutions ave necessary
1o control soil blowing on areas that are kept free of vegetation to
incrense moisture storage.  Wind movement increases evaporalion
andd transpieation and thus divectly aflfects both the storage and use
of moisture. At this substadion, seasonal avernge velocities mnged
Frome G0 miles in 1920 (o %0 miles in 1911 The highest velocities
ntlained For 24-hour periods were 33 miles per hour on Maveh 14,
L3, i 27,0 mtles per hour on Apreil 18, 1933, Reeords below &
atul above 20 miles per hour were relatively few.

Taniw J—NMNouthiy, seasonad, wnniel, and weerage wind reloclty (miles per
famey wl the Nuorfl Plate Subsfution fur tie 27 years 100814
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Evaporation regisicrs the combined cilecis of hamidity, tempern.

ture, and wind velovity and is often o cood index of the severity of
drought conditions. Table & shows the wonthly and scasonad evapora-
ton, the seasonal precipitation, and the ratios of evaporation to precip-
itution Tor the April-September season for the 28 years 1907-3+,  The
recurtds were compiled from daily readings made on # 2- hy 6-{oot:
round tank set into the ground abont 21 inches and with the water level
maintained af approximately the ground level,  Bvaporation-precipi-
lation ealios show o strong fuverse relationship to corn yields.  For
(he 12 years with vorn yields below 13 hushels (o the acre, the nverage
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evaporation-precipitation ratio was nearly 4 to 1. For the 6 years
with corn yields above 30 bushels, the average evaporation-precipita-
4ion ratio was stightly above2to 1.

Precipitation 1s the most important single factor in crop production
.thronghout the Great Plains. At North Platte, good crops usually
were produced with normal precipitation and distribution. The
normal distribution is favorable, as the greatest rninfall comes during
the season of maximum growth and crop need. ‘The chiet hazavds
are wide departures below normal precipitution, departures from
normal distvibution, and the lavee proportion of the tofal veceived in
small, iselated showers or in larger rains that fall too rapidly to be
effective.

Tanre 4~-3onlhly end scasonal cvaporation, gcusonal precigitution, and evapo-
ration-precipitation rutios for the period April to Sepiembier, ut the North
Pluttc Bubstation for the 28 years 1907-34
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Monthly, seasonal, and annual precipitation angd averages for the
28-year period 190734 are shown in table 5. The annual average
precipifation of 18.8% inches wax (.4 inch ereater than the normal
caTculated from the longer record of the Weather Bureaw at North
Platte. Annual totalsvanged from 1118 inches in 1910 to 3455 inches,
in 1915. The Jongesi periods of subnormal precipitation were the 5
years 1910-1t and the & yewrs 13L0-34b Above normal precipiiation
did not occur in move tham 2 consecutive years.  The average seasonal
precipitation of 14587 inches yas nearly SO percent of the annual
average. The greatest amounl of rain reeeived in any 24-hour period
was 3.90 inches on June 8, 1919, The longest period during the April-
September season without measurable rain was 34 days in July and
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August 1928. 'The longest period with no rain of 0.5 inch ormore in-
24 hours was 82 days from May 10 to-July 30, 1933,

The effectiveness of rainfall is determined to & large oxtent by the
amount received at one time and its rapidicy Jf fall. ~ Small, isolated
showers may give passing relief, but rains of less than one-half inch,
unless supplemented by ‘other rains &t short interv als, are of little .

value for sustaining plant growth or for seil-moisture storage.

TaBLE §.—Monthly, seasonal, and annual precipliction at the Norm'-_ift&tte

Substation for the 28 years 190784
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In table 6, seusonal rainfall as recovded at the tableland stution for
the April- "weptembet season is classified necording to the number of
days of mains of given amounts and the total qu.lntﬂ:\ contributed by
eacheluss,  Daysw ith recovded rainfall for the 183-day pulod ranged
from 32 in 1931 to 68 in 1915, The average nimber wus 47, or 1 day
inevery4. Dayswith Linch or more of rainfall ranged from 0 to 10,
averaged 3, and contributed 33 percent of the total rainfall. Ihy
with tainfall from 0.50 to 0. ‘)fl inch ranged from 0 to 12, averaged 7,
and contributed 31 pm(‘ent of the total. Days with rajn from 0.23
to 0.49 inch ranged from 3 to 15, averaged 9, and: contributed 20 percent
of the rainfall. The high number of rainfall days came in the class
with less than Q.25 ineh in amount.  The number mnﬁed from 10 to 41,
avernged 28, and contributed ouly 16 peveent of the rainfall.  Where
one-third of the normal rainfull comes in rains teo light for effective-
ness—~ that is, in amounts less than .50 inch—and « 1}01tion of heavier

rains is Jost by runoil, it is appavent that the total must be larger than
the actual erop needs if salisfactory yields are to be obtained.
§55904—50
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TANLE G—Number of duys and tolal gnount? of rainfall from cach of four
cluxacs, and tolals for the April-Seplemiber seazon at the Nopth Platte Sub-
station for the 38 years 18507-3)

0.01 ta 0.24 .25 lo 049 050 to 0.W 100 lnch or T
inch ineh Tneh niery Sensunul tolul
Year -
Lays | Tatal | Days | Totwl { Days } Talnl | Duys | 'Potal | Days ]}:::il'
Nitmi- Num- Nirtis Nt Nt
ber ber Fnekes ber Ler Inches tier Trnchea
s 10 : ST L 4 48 L4, 40
dl 12 AR 51 4 &2 1, 67
40 T ! N 47w
32 4 6! Ll 42 Wy
3 5 iy 3N 4 L. 40
] T 35 g 1 451 1iaw
N 1] R 11 = 0 Al 13,47
35 |G T 1 +1 1078
80 0y 8 131 10 ns RO
2 40 L% b K} e [ERI
M [ N ] mn 1 18 14,10
i 0 1] Hil 11,76
jall T 5 4 PLAR
ki 1] A4 Al 17, b
i 5. i) 4§ VAT
1t 5 4 40 14,91
n N 5 ¥ | & pamn)
1 H A H &4 .84
2 : 5 it T AT
b1 B 4 g EE] 1168
hE] . 3 4 A% 19, 42
H Hi 5 i) 15 16,08
25 ' 34 4 42 s
R u T 1] 47 18, 62
& T n; a4 $2 T 0H
Bl T 3 4l 31 16,07
Fr L] [ R ] 15, 59
ks . fie - 4 Rl 40 AL
AV e 25 2 . it 1 507 T { N i 188 47 1L &7
] i i

GENERAL CHARACTER OF THE SEASONS

The relationships of the various climatie elements are highly varia-
ble. Al times factors otler than elimate, such as weed competition,
inseet pests. ancd plant diseases, ave important in determining erop
growth and yield. The combination of conditions is never the same
inany 2 years. On this aecount, a briet review of the important fac-
tors operating each year wnd their reactions upon c¢rop production is
presented.

1907 —The season opeaed early, with favoruble tillage and seeding
conditions m March. April and May were cold and dry.  BEarly
crowth of spring grains was slow.  Weeds beeame established and
furnished strong compelition. Raintall was nearly normal in amount
but somewhat erratic in distribution.  Crops sutfered from lack of
moisture during several shovr intervals but were not seriously injured.
Crop yields were somewhat above the wverngs of later vears,

1908.—T'he senson was very favorable for evop production.  Timited
moisture in exrly spring prevented excessive vegetative growth, Later,
timely rainx made gowl filling possible, Seasonal and anunual roinfalls
wers above normal, with favorable distribution, and there were nu-
merots rains in adequate amonnts for effective storage and use. This
was the ondy year with both seasonal wied annual average temperntures
exactly normal. Yields of all erops were good. "The average yield of
26.6 bushels of spring wheat was not again reached in the history of
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the stution. The yields of oats were the highest of any year except
1925, Freezing temperature came 7 days early in the fall, but crops
were well-matured. .

1809.—Early spring conditions were unfavornble for the germina-
tion and growth of grains, Poor stands weve obtained, and the set-back
was so grent that crops did not respond to luter rains as in the previous
season.  Precipitation was above normal. Both spring und fall frost
dates were Iafe, and the frost-free season was < days longer than
normal. Small-grain yiells were slightly below wnd corn _yieﬂls above
nvern e,

1910.—1'his season was one of the driest of record.  Annual precipi-
tation wis the lowest and seasonal rainfall the second lowest of tho
98-yenr period. Lhe mean wind velocity for June was the lighest of
record. ‘The sensonal evaporation-precipitation ratio was the highest
of any yenr except 1031 The frost-free season was the second longest
of record,  Yields were faiv on fallowed land and low on cropped
land and probably would have been complete failures except for the
favornble moisture envry-over from the previous year.

1911.—T'his season wus the first of those of total crop failurves. It
way long, tomperatures were high, winds were persistent, and rainfall
was deficient,  June mean temperafure was one of the highest of record
lor the month, and evaporation of 1249 inches was the highest for any
month of record except July 193 Two additional abnormal condi-
tions contributed to the crop disaster. These were {1) the very dry
yeur preceding, during which there was very little accumutation of
moisture even in fallow; and (2) a very heavy infestation of grass-
hoppers. The only erop havvested was corn. of which the stover yield
nveraged less than half a ton sod the grsin yield less than 1 bushel
to the aere.

1912.—8pring work and seeding were delnyed by late snows and low
temperatures, Germination was tapid and early growth good. High
tewperatures and strong winds the latter paet of May created droughty
mmllii:i(ms. June minfall of .50 inch was the low record made for
that month during the 28 years, Geadonerops were saved from complete
failure by moderaie June temperatures and a $-duy period (June 5-13)
with elowdy. threatening weather. Winter whentl survived the winter
well. Tallows had not accumulated much moisture during the pre-
vions dey year, and the vield of winter wheat after tallow was only
+ hoshels above that after corn. Eavly growth of corn was curtailed
hy dey weather. but the plants were not injored bovond recovery as
in the previous vear. They responded to normal July and early
SAugnst eaintall, and despite a Tater dry period produced above-normal
vields of grain. This was one of the few yewrs when a favorable
combinalion of Factors brought about an above-normal corn yield
despite n heavy deficiencey in sununer rainfall, Potato and sorgo yields
were also slightly above normal,

1913.—An unusuanl weather feature of 1918 was the blizzard of
Morely 13-11. Precipitation in tlie form of stiow was L47 inches, the
minimum femperatures reached 02 1. aond the sverage wind veloeities
Tor the 2 days were 253 and 3463 niles per howr. Livestock losses
were heavy in the range territory. Another unmual feature was the
3.00-inch precipitation in December. This mised the annual pre-
cipitntion to practically normal, after 7 suecessive months of defi-
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ciency, Rainfall was deficient for most of the summer months; and
conditions were aggravated by violent tempernture changes, sensons
of hot wind, and one rather lieavy hail. Evaporation for June was
the fourth highest of record, and for the season it was the highest

previous to 1034. Onts were killed by a late freeze while emerging’

and had to e reseeded. Weed competition was heavy, and grass-

hoppers finished the crop. Winter wheat came through the winter

with good stunds, and made fuir yvields when seeded after corm and

fallow and poor yields when seeded after small grain. Corn was

damaged by grasshoppers and hail, as well us drvought. It failed to

procuce grain, and the stover yields were approximately three-fourths
- ton per ncve.

1914.—"This was the fifth successive year of poor crop conditions.
All months of the growing season except June and August were
below normal in rainfail. " Dry soil at winter wheat seeding time
resnlted in poor stunds. Soil blowing damaged the crop severely in
early spring, and weed competition wuas severe, The response to fal-
Tow was poor, and the avernge yvield of winter wheat was lower than
Tor the previous 2 years.  8pring grains miade poor yiclds. Corn was
damaged by grasshoppers as well as dry weather, and the grain yield
was Delow 3 bushels to the acre.  Sorgo was the only erop approuch-
ing normal yield. '

1915.—S8everal climntic records that still stand were established.
The seasonal precipitation and the annual precipitation were, re-
spectively, 194 and 184 percent of normal. Al months of the April-
September season were above normal in precipitation und, except for
temperature in April and wind in September, were deficient in mean
temperature and wind veloeity, ITivaporation was the third lowest
of recoed and 6.52 inches below the 28-year average.  Seasonal evap-
oration was only 1.23 times the precipitation. the lowest ratio of vec-
ord. April precipitntion exceeded evaporntion.  Ienvy snow fell on
May 18 and 19.  Soil moisture continued to accumulate durving the
growing seasor,  The maximum temperature was 101° ¥, on Muy 13,
and the next highest maximum was 91° on July 17.  Crop yields were
so greatly out of line with usual trends that o number of years were
required to correct the effect on continning nverages. The rank
growth of winter wheat on fallow and green-manure preparations
was flattened by the May snow, badly lodged for the vest of the season,
and damaged by scab and rust.  Preparations that normally pro-
duced low yields were at the top, and the preparations normally high
were at the bottom. Spring grains mnde excellent yields. On some
plots, the yield was mere than deuble the tofnl of the previous § years.
Seecding and havvest were unsensonably Iate.  Temperatures were too
low for the best development of corn.  Considerable damage was done
by hail on Angust 10, Yields were above normal but of poor quality
on account of poor maturity.

1916.—.\ fter the excesses of 1915, seasonal and annual precipitation
dropped back helow normal.  Beeause of excellent moisture conditions
at seeding time, winter wheal survived the winter with perfeet stands.
Aided by the Iarge moisture reserves and a high June rainfall, all
small graing made good growih. Yields were good and of high
quality. Conditions for corn were much less favorable. Earvly
growth was rapid and suceulent. A summer period of 38 days (June
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13 to August 1) with ue rain above 0.5 inch and with 31 days of 90° F.
or higher maximum temperature left corn with little chance of
recovery. July ovaporation of 11.03 inches and & menn temperature
of 79° were the highest records ever vecorded up to 1916 for that
month.

1917 ~-Precipitation, boih seasonal and nanual, was only slightly
below nornial.  Abuorinal distribution of precipitation was the chief
factor adversely affecting erop production.  May, August, and Sep-
tember had exvessive vaintall, but the other montls of the growing
season had a defieiency, A T-duy midsaaner deought from Juns §
to August 17, during which no daily vain veached 0.3 inch, greatly
vedueed Lhe yields of spring-sceded craps. Dry soil ab sceding time,
w Jong seuson ol low winter temperatures, nad dey weather and high
winds in early spring resulted in peor stands aud no survival of
winter wheat, Corn was sevlously set buek by the long season of
draught bul made some recovery with the August vamns.  Stover
vields were somewhnt above normualy but the grain yield was low,
imture, wid of poor guality.

1918,—This year was the Tust of o 9-year series, all exeept 1915, with
subnornal sensonnd and annual precipitation,  "There were no drought
periods so extended as those ol (he provious 2 years, but the raintail
of esch month of the prowing sensen, exveph April and May, was
below normal. Winker survival of fall-seeded wheat was poor,  All
rain erops were severely injured by laek of moisture and high tem-
peratures in June.  The vesponse of spring araing to fallow was good,
wind of winter wheat fair,  Smadl grain yields were generlly poor.
As in 101, corn was relarded by unfavorable growing conditions in
June, bul this was to ils later advantage, The medium-sized stalks
were wble to use o limited nioisture supply for grain production, and
above-normal yields of good guality grain were produced on less than
normal precipitation. '

19, Uhis seagon mavked a turning point from the long period of
generally sovere comditions, Tow yields, and erop failures. it ushered
s G-vear period extending to 19248 of pgenceally favorabie conditions,
with no complete failure of any crop and with above-normal yields of
one ovmore crops each year.  Seusonal and annuad precipitation were
nbove novand but rather poorly distributed.  'The June rainfali of 7.53
inches was the high record Tor (hat month duriug the years covered.
The vecord for asingle day, 3.98 nches on June 8, was also the high
record Tor the 28 venrs,  Winder wheat suevived with fall stands,  All
smadl grains e exeessive sleaw growih, vust injury was severe, and
some lodging oceurred,  'The heavy stnw growth exhausted moisture
rapidiy, and despite the excess early moisture, in('nm[l)lol'c fAlling re-
sulted from a short period of dey weather near the end of the scason.
Corn fired some during the latter part of the dt-day dry period from
August 2 (o September 11, inclusive,  However, deep penetvation of
moisture from early vaius wd moderale temperaluves permitied the
erop to carry through with very minor injury, and the avernge yield
of 341 bushels was the highest ever obfined up to that time.  The
erop was fully matured and of excellent quality.

1926.—1'he season was unusually favornble, with a fair exeess of
seasonal and annual precipitution, medinm-low {emperature, low
evaporntion, and low wind movement, Rainfall disteibution was
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somewhat erratic. There were deficiencies for June and September
and excesses for the other months of the growing season. April was
unseasonably cold, ~Small grains started slowly and tillered sparsely,
and weed competifion was severe. There were indications of mois-
ture exhaustion under small grains late in June, but timely rains early
1 July delayed harvest and completed flling of heads.” Fhere was
sonte rust injury, particularly to spring wheat. There was but little
favorable response of winter wheat to fallow. The avernge yields of
all grain ¢rops were above normal. Conditions were most favorable
forcorn. darly growth was curtailed by Iimited moisture and moder-
ate temperafures in June. The excess rainfall of August furnished
adequate moisture for later growth, and geod curing weather devel-
oped & high-guality erop. The avernwe yield of 382 bushels estab-
Lished @ new high record. Heavy frost damage to corn vecurred in
many nearby sections on Angust 13, but the minimum temperature
reached on the station wus 38°, Previous to 1920, only three crops ot
bromegrass and alfalfa had been harvested in 13 years.” This year was
the begiuning of w 6-year period without failure of these crops.
1921.—Precipitation, both seasonal and annual, was subnormal, and
distribution was distorfed. Tor the first 3 nonths of the orowing
season it was below, and for the last 3 months above normal. There
~was a good carvy-over of moisture from 1920. especially where late
summer weeds weve controlled.  Moderate tempevatures permitied ef-
fective use of the moisture availuble. Early growth was slow and
tilleving sparse, so that small grains filled well on a limited moisture
supply. The yield of winter wheat was above normatl, Grasshopper
damage on oats was spotted and was estimated at 40 percent on the
worst areas. The uverage yield of onts was somewhat below normal.
“The response of winter wheat and barley to fallow was very good and
of oats slight. Corn yields were about normal, and the quality was
good.
1922.—Precipitation was above normal for both the season and the
year. Monthly totals for April, May. and July were above normal,
for August nearly normal, and for June and Septemberbelow normal.
May rainfall was the highest since 1915, but was of low elliciency
because of the yapid fall and high runoff of two heavy rains. Winter
wheat survived with imperfeet stands. This proved beneficial, as full
stands would have suffered morve severely during the June drought.
The avernge yield wus the lowest since 1918, Spring grains were
severely damaged by the June dronght. and their yields were only
about half of normal.  Small-grain crops vespended well to fallow.
Climatic factors were more favorable for corn than for small graing,
Most of the plots were washed out by the heavy May rains and were
replanted June 2 und 3. The set-back was slight.  Midsununer mois-
ture and temiperatures were fuvorable. The crop matuved weil, and
the yields were about 30 percent above normal.
1923.This season was the nearest to that of 1915 in high precipita-
fion and low evaporation-precipitation ratie. Evaporation of 34.21
inches was the Towest of vecord. Drecipitation for the ¢ swmmer
months was 8.67 inches above normal. There were only 8 days with
20° K. or higher temperatures, the highest being 04°, Al grain
crops except winter wheat made liigh yields. Because of luck of
moisture at seeding time, winter wheat failed to survive on corn ground
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and late tillage after small grains. On fallowed land the spring
crowth was excessive, and the Joss was heavy from lodging, rust, and
oor filling. Contrasts were striking between results from early and
ate plowing. Conditions were very favorable for corn, and the aver-
age yield of 50.4 bushels to the acre wus the highest obtained in the
28 yenrs.

1924.—The outstanding f.ature for this yewr was the good to excel-
lent yields of all erops on n very limited moisture supply. The April-
September-season was the third driest of vecord, the precipitation for
each month except September being below nortnal. ‘Lhere was an
unusnally high carry-over of motsture trom the previous year. Low
femperainres, moderate wind veloeities, low evaporation, and favor-
able disiribution algo contributed to the effectiveness of the season’s
ruinfall. There were an unusual number of Hyht rains on successive
cays, with little runol¥ and high absorption.  Survival of winter
whent was perfect, Low spring temperatuves delayed the growth of
all small grains, and water requirerients of the plants were low, The
vields of spring grain were ulost as high as those of 1923 ; the yields
of winter wheat, the highest since 1915, The effects of early tillage
the previous fall were much greater than for any other year, the yields
o early-tilled plots being practically equal to those on fallowed land.
Tn many cases, {he vields on early-plowed plots were three times those
from adjacent Tnte-plowed plats.  Corn suffered from lack of moisture
during much of the growing sexson. buf severe burning was prevented
by Low temperatures. The quality was goed, and the yields were almost
normal,

1925 —recipitation, both seasonai wnd annuxl, was again deficient.
The reasonal deficieney was less than that of the previous year, but
this vear was at a disadvantage In starting with less moisture storage
aml in having higher sununer teriperatures and less favorable rainfall
distribution. Winter wheat stands and survival were good, and
spring-seeded crops stavted well.  There were froquent periods ot high
wind.  Ghain crops were severely injured by soil blowing and then T)y
lack of moisture. Corn wus burned by hot summer winds,  Yields
were generally good on fatlowed land.  On cropped land all crops
excopt sorge and potutoes were almost complete failures.

1926.—Seasonal precipitation was the fifth and the anmual the
fourth lowest in the 28 vears.  The precipitation was slightly above
nornia]l in June and Aungust. but for the other months of the growing
senson it was below normal.  Severe damnge vesulted from high winds
andl s0il blowing early in the spring.  Although mean velocitics were
not high, intermittent high winds were unusually destructive. There
were also intermittent periods of high temperatures. Iy soils at
seeding time were responsible for poor stands of winter wheat. Spring
arains likewise started poorly and were mostly destroyed early in the
geason.  Crops were harvested only on fallowed Jand, where medium
yields were obtained.  Corn suffered severely from insullicient mois-
tuve and high temperatiures in July, and it was not much vevived by
August rains,  Geain yields averaged only 2 bushels to the acre, and
stover was Light and of poor quality. The only crop producing a
novinal or better vield was potatoes. The yield of 237.3 bushels on
fallowed land wus the record yield made to this date.
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1927.-—The season was generally good. Precipitation for both the
season and the year was well above average. Rainfall was high for
4 of the summer months. Two dry periods, one in May and the other
in July, threatened crop injury, but these periods were relieved before
serious damage was done.  Stunds of winter wheat after corn and on
lute plowing after small grains were poor, but on early-plowed land
and on fallowed land they were good. No reseeding was done. The
response fo early tillage and to fullow was unusually good. The aver-
age yleld of winter wheat was above normal, but the range in yield
bete-een tillage methods was much wider than nsual,  Conditions were
favorable tur spring grains.  Response to early tillage and to fallow
were good but not so pronounced as for winter wheat, where differ-
ences in stand constituted & contributing factor. The average yield
of spring wheat was closer than usual to that of winter wheat.  Condi-
tions were unnsually favorable for corn. Low temperatures during
the dvy period in July prevented drought injury. “Ears were well-
matured, but leaves and stalks were still green when frosted on Sep-
tember 19. The corn yield wus the second highest in the station’s
histery. The cool temperatures and the short season were less favor-
able for milo, and its yield was farther below that of corn than for any
season during which crops were compared. The 5.6 tons to the acre
of Amber sorgo was the high record yield for this crop. Moisture
storage in fullowed Iand was -EL3 percent of the rainfall for the fallow
period. ‘Fhis was the highest percentage of rainfall stored du ring any
fallow season.

1928.—recipitation, bath seasonal and annual, was above normal
m falr amounts.  An unusual elimatic featurve was the establishment
of new low rainfall records for 2 months of the growing season.  April
and August were without measurable rainfall at the tubleland station,
and 0.04- and 0.11-inch rainfalls were low vecords for these months ut,
the Weather Bureau station. Rainfall for May and June was well
abeve normal: that for July was the highest of record. The combina-
tion of other climatic factors was favorable for crop production.
Winter wheat survived with complete stands on all preparations.
Spring grains were sown early, and good stands were obtained.  All
grains weve cheeked by a moistire shortage in April.  Response was
good to abundant rainsin May, June. and July, The growth of straw
was heavy. and there was some lodging on land that had been fal-
lowed.  Above-normal yields were obtained on all crop sequences and
preparations, sud the vields on fallowed land were outstanding, The
yields of 60.8 bushels of winter wheat and 88.9 bushels of vats to the
acre on clean fallowed land this year were record highs for these crops
during the investigations. Moderately low temperatuves prevented
excessive staik growih of corn during June and July. Yields were
somewhat reduced by the dry weather of August and September.
These conditions contributed to goed maturity and high auality, and
vields were well above average. Bromegrass, alfalfa, and potatoes
gave record yiells, The average of 2354 bushels of potatoes was
2.7 times the Tong-time average.

1929.—Seaxonal and annual preeipitation totals were subnormal by
msignificant amonnts, In comparison with the normal, the nrecipi-
tation was high in April, somewhat low in May, very low in June. low
mn July, and high in Aagust and September, ~ Goad stands of winter
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and spring grains were obtained, but crops were severely punished by
high wine(s and soil blowing before adequate rains came late in April,
Thae response of all grains to fallow was very good, and the yields on
this type of preparation were double or more those on cropped land.
Corn suftered severely from drought in June and July.  The crop
was saved from complete failure by moderate temperattres and gen-
srous rains in August, but the average yield was low. Milo fared
somewhat better and outyielded corn T)y about 5 bushels to the acre,

1930.—This was the last year of the series during which the seasonal
ancl anuual precipitation was about normal or substantially above.
Seasonal rainfail wasg ervatic ju distribution. Rainfall in May was
the highest of record for thut month, and in April and June it was
well above normal. July was very dry, and August and September
were below normal. There was no rain of 0.5 inch in amount for the
tid-clay period, June 25 to August 27, inclusive. Evaperation in May
was less than the precipitation, and evaporation for the scason was
the second lowest of record. Junuavy was ihe coldest month of
recovd, and the penetration of frost into the soil was unusually deep.
Midsummer temperatures were moderately high, but secompanying
wind movement wuas low so that evaporation was nob excessive.
Yiclls of all erops were excellent. Winter wheat survived the winter
with Full stands, regardless of low winter temperatures, The avernge
vield ot 23 bushels to the acre was the highest of record.  Differences
dup to tilluge and previous cropping were smaller than usual.  Only
1ol T4 plots produced less than 30 bushels to the acve.  Straw yields
were the highest on revowrd.  The yields of grain on fullowea and
green-manuved plots were reduced, and harvest was made diffieult by
loduing.  The yields of all spring-sown small grains were close to the
high records.  Although the growth of small grain was very rank,
the May and June rainfall was sufficiently high so that, as in 19185,
there was more moisture in the soil at the end than at the beginning
of the growing season.  During August, when the moistuve require-
meuts of corn were high and the supply had to be deawn from the
lower depths of the root zone, some wilting of plants occurred. With
normul meisture during this season, high record yiclls of corn prob-
ably would have been obtained. The average yield wus ubout 150
percent of normal, Conditions were more favorable for mito. Iis
vield of 46.9 bushels to the acre exceeded that of corn by 17 bushels
and was the second highest yield for that ccop.

1931—This was the st of a sevies of years of adverse climatic
conditions and severe reduction of erop yvields. Seasonal precipita-
tion of 7.38 Inches was the lowest of record, and the :‘u‘.mull precipi-
lafion was second only to 1010, June was the only simmmer month
with above-normal precipitation, and two heavy vains in that month
fell rapidly and were of low efliciency because of runoff. Temper-
atures were high, and evaporation G.06 times the precipitution was
1he highest evaporation-precipitation ratio of vecord. Days without
measurable rain during the April-Septeniber season also made a néw
high record. Ramn was vecorded on only 32 of the 183 days, making
approximagely a | ta G ratio in comparison with the normal of 1
ro -+ Despite extremely unfavorable celimatic conditions, all erops
except vorn and petatoes made about normal or higher yields. Grain
crops were favoved by o ligh meistuve storage at the beginning of
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the season and by the high June rainfall. The response to fallow
was excelient, In most cases, the vields on fallowed land were movre
thau double these ou cropped land.  Corn suffered severely as a result
of scant rainfall and high temperatures in July and Augost. The
yields were about two-thirds normal.  Without the favorable subsoil
moisture storage of 1930, the crop doubtless would huve been u total
failure, The conditions were mueh more fivornble for sovghums
than for corn. The yield of milo was the third highest of record
and nearly 2.3 times that of corn.
, 1932.—Precipitation was close to nerinl, but various adverse factors
teduced crop yields to low levels or failure. The vainfall of
April, June, and July waus above normal, and tor other menths if was
not so greatly reduced as in some other years. Temperatures, wind
veloeities, and evaporation were moderately high. Hoils were foo
dry in the fall for the germination of winter wheat. Even on fal-
lowed land with a faiv supply of moisture at lower depths, it was too
dry in the sceding nren Tor germingtion. Winter wheat was prac-
tically a complete failuve. There was moisture to germinate spring
grains, but the erops were damaged early by high winds and seant
moisture except on faltowed tand, Hail on June 11 damaged spring
grains an estimnted 13 percent,  Yields on cropped lund were less than
half ot noviand, but on fallowed land they were very good.  Corn was
developing well uniil almost completely wiped ont by hail on August 5.

1933.—As in 1932, precipitation wus about normal, Rainfall was
high in April. seeond onty to that of 1915, normal in May, very low in
June and July, and slightly above normal in August and September.
The soit was dry the previous fall. Winter wheat on eropped land
germinated poorly. and about 50 percent of it was abandoned. . Yields
on fallowed land were only fair. Spring gralus were punished by
April winds. the mean of which was the highest of record. The
response to improved moisture conditions fater was not favorable,
Straw growth was scavcely tall enough to be cun with a binder.  The
oning from fallowed land above other methods of preparation were
fess than usual for years of recluced yields.  Corn was delayed by dry
weather in June and July but made a faiv response to betler moislure
conditions in August aml September. Corn and milo were about
equal in yield and somewhat above normal.

1934.-—The closing vear of these investigations set varions new ad-
verse climatic recovds and added another season of practically total
crop failure, The preeipitation for both the growing season and
the year was low enough to account for crop failure. .\slded to this
were all-time high femperature und evaporation records and wind
veloeities nearly equal to previous high recowds.  Theve were 32 days
with maximum temperaiures of 100° F. or more.  Of these, 1T were
consecutive. July 8 to 24, During this period. an absolute temperi-
ture of 1007 was renched three Hines, and records of 10059 or more were
niade on 10 days, Seavonul evaporation of 5354 inches was 13.32
inches above (he long-Uime average aud 3.57 inches above the previous
high vecord, munde in 19173 Daily evaporution records above 0.3 inch
were madde on 1 days and above 0.7 ineh on 2 days. Under the
extremely adverse climatic conditions, crops had little chanee of
survival. A few plots of grain on fallowed land were harvested.
The viekls averaged about halt the usual yields on cropped land.
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Corn produced no grain, and the stover yield of $32 pounds to the
acre wus the lowest of record.  Drilled Amber sorgo produced spprox-
mmately 1 ton to the aecve, and mile produced wo grain,

EXPERIMENTAL METHODS AND CONDITIONS

The different investigations of rotations and methods of tillage at
this station were lovaicd in three fivlds. These, in order of their
estublishiment, were designated as fields -H1, 49, and 2. Diagrams
of these fields are shown as fgures 2, 3, and 4+ Annual movement of
crops within rotations was to the next highest lettered plot, and from
plot A back to the lowest lettered plot. '

In field 41, there were 92 plots of which 78 were used in 23 crop
rotalions varying in length from 2 to 6 years. ‘Uhe remaining 16 plots
were nsed for continuous eropping and alternate fallow, cropping
withd different crops.

I diclkd -1, there were originally 90 plots of which 83 were used for
27 crop rotations varving in length from 2 to 3 years, and 7 plots were
userd for continuous or alternate fallow cropping with winter wheat.
A later extension of field 49 contained 36 plots, divided into 12 crop
rofntions.

Field 42 was designed 1o obiain more accurate data in comparisons
between w few tillage practices and cropping svstems. It contained
105 plots, in 6 series of 18 plots each.  Continuous cropping, 2-year
rotations, and 3-year rotations only were used.  TFor continuous crop-
ping, corn, cats, sl winter wheat were each grown under 2 methods
of tillage, cach method being replicated 4 times.  Each of these grain
erops was grown in 2-year roiations with corn and winter wheat in
alternation with fallow, Tach of the four 2-vear combinations was
uzed on 2 methods of tillage, and each method was replicated 4 times.
L d-yvear rotations, corn and winter wheat were cach used in 2 crops of
the other, and 2 crops of winter wheat were grown sfter fallow, Each
of the three 3-vear rotations was veplicated - times.

Records from field L cover the 28 years beginning with 1907 ; from
field 49, the 23 years beginning with 1912 on the original fields, and 14
years beginning with 1921 on the exiension: and from field 42, the 12
years beginning with 1923, The work on 211 three fields was termi-
mated with the crop of 1934, Altogether a {otal of 6,H6 plot-year
records were ebtained.

The plois were 132 feet long by 33 feet wide.  They were separnted
along the side by 3.5-foot slleys, and alang the ewds by 16.5-foot. road-
ways in fields +1 and 42 nd by 20-Taot roadways in ficld 49, The plot
lengihs were in an east-west dirvection in fickds 41 and 42, and in a
north-south direction in field . The allevs were clenn-cultivated,
No fixed tillnge practice was Followed on the roadways.  Insome years
they were clean-cullivaied, in some vears secded in the spring with
wintér rve, and in other years summer-secded with Sudan grass,
Cropping the roadways aids in controlling soil erosion by washing
aml blawing, but it increases the Iabor of handling tillage implements
when two or more plots in line receive the same treatment.

The methods of enltural treatments under trial were dislking, spring
plowing, and fall plowing for corn and spring grains: disking, early

plowing, and late fall plowing for winter wheat and rye; disking and
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Frouik 2.~Diagram of field 417 d¢s = disked corn stubble; efp = early Tallplowing; fp = fall plowing; fst == following summer tillnge;

mnp = greén MANUre Peas; guir = green wanure rye;.m = barnyard manure; sp = spring plowing.
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Fieie --Dingrans of field 49: dbs == disked barley stubble; des = disked corn stubble; dos = disked onls stubble;
apl, = disked potato land; drs = disked rye stubble: dws == disked wheat stubble; efp = early fall plowing; fp
== fall plowing; fst-== following summer tillage ; gmp = green manure peas ; ginr = green mapure rye;-m == barn-
yard munure; sp = spring plowing, ‘
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IGere d~=Diagram of fleld 42

spring plowing for sorgo and milo: disking and fall plowing for
potatoes; swmmer fallowing for all evops: and green manuring for
winter wheat and oats,

Al plowing was done with a two-way moldboard plow. Al disk-
ing was doubled hy lapping the disk half way to keep the surface
level. Diskingand spring plowing forsmall grains were begun as soon
as the ground was free of frost and in proper condition for tillage,
These operations were usnally completed so that seeding was done in
Mareh or early April.

Spring plowing for corn and Iater erops was done after small-grain
seeding was complete.  Envly fall plowing after small grain was done
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a5 soon us possibla after harvest and threshing, usually between July 15
and August 10. Some later tillage was usually necessary on early-
plowed Lind to kill weeds and volunteer grain.  Late full plowing for
full-seeeled grains was done from September 13 to 20, which was shortly
betore seeding time. Nearly all plowed land was firmed by going
over it immediately after plowing with a Campbell-type subsurface
packer, Lund left loose by double disking was also packed in yewnrs
when the moisture content was low.

Swamer fallow, except for special treafients, was disked in the fall
if necessary to destroy the weeds nud volunteer grain; disked again in
the spring to control early weed growth: nnd plowed between June 15
and July Li Cultivation alter plowing was done only to the extent
required Lo destroy Tafe weeds, wiile o spike-tooth or spring-tooth
harrow, dueklfoot cultivator. or rod weeder. Tse of a disk was
avoitded, ns it pulverizes the soil excessively and leuves it in condition
o blow.,

Aier plowing under winter rye and lield peas for green manure,
trentmen: was the same as for the simpmer-tilled Tand,  The green-
manured land aecomiated less moisture than (hat clean-fallowed for
the full season, Barnyard manure was used ons fow plots,

Tuble 7 shows (he cesulis of these eultnral-treatment experiments,
The varieties grown were those that woere considered best adapted to the
Ineality. The same variety was seeded on all plats of each erop in any
given year, but changes o other varieties were made from line to
Fime as better varicties were indieated by resulis Trom vavietal tests
at the sintion,

Tannk T 'rops, cariciics, sceting rute, :HHH!!’(‘J" of ploty sceded annnaily, and
averaye dite of secding in erop polalifon wnd Hiltage coperimeniz ol North
Phutie Substation

Muts I Averga

L'rops ; Variety * st nisel peraere - seetdid nn- dato of
' : i nuaily | s Engg
H Nwher ’
1"urn e . PEndmtilon Whie . tn SN Alay 12
Sprag Wit . . {P‘ll'lri:::"k:" v e ""}I ek . 1923 | Murghces,
e kberson s N ek wi gt
s _[\‘t-hmhk:l‘.’l . " pecks 262 Aprdld,
LIS Beriy T I
. Smaroa. .. . . A b .
lariey Vel ont. ) Jn tweks .. . Ak I Aprl e
N ACamfrl !
Winter wheat . Tarkey L e . { ks OR-T2, Mopl, B,
" . [ nmzman o | F— g aE o -
Winter rau | Husent : ) . ]uu]’w R TA i Bepl, X,
. TEazly (hin . ] s i .l ‘
ll’ntdlm'( . LLreit Cuhiblor ]ln busluds L : [ i Aprbt o,
=Orgi . - Aintwr . 1 pneks . : 4 5 June f,
Mida . Irwarl Yellow . ., tpatmlds L f daned
Tis . PR .. Catar ula Field . oL LR gwnituds a5 Aprll L
Bruneprass smoath L - (R FRTT R, L. Aprilg.
MAdh Co. erapean o Yhpomuls 1Al 46,

Larn phanted At average spacitye of 12 inehes, later thinned o 24 inches Detween plots e row,
SCHEDCLE OF CROPPING SYSTEMS

The following iz o list of the rotations and continuous cropping
mielhads used 1o each ekl showing (he erops and tillagre 1l)r:1_ct1ces wsed
in each syatem. In fields 17 and 1D the rotutions are designated by
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numbers and the plots within rotatiors by lettcrs. 1In field 42, the des-
ignations are Roman numerals for serles of plots and consecutive
Arabic numbers for plots within series. In this field, each cultural

meéthod was replicated four times,

Numerical Liat of Orop Roiclions in Rield i

Rotation 1:
Wheat on disked corn ground,
Qats on early fall plowing.
Corn on enrly fall plowing.

Rotation 2:
Wheat on spring plowing.
QOats on spring plowing.
Coru on spring plowlng,

Rotntlon 3:
Wheat on fall plowing.
Oats on early fall plowing,
Corn on carly fall plowing.

Rotation 4:
Oats on disked corn pround,
Whent on early full plowing.
Corn on curly full plowing.

Rotatlon 5:
Wheaf on summer fnltow,
Outs on enrly full plowlng.
Summer fullow.

Rotatlon 6:
Burley on disked corn grounl,
Oats on catly fall plowing.
Corn on early full plowing.

Rointion 7:
Oals on spring plowing.
Barley on spring plowing,
Corn on spring plowing.

Rotntlon §:
Onts on sommer fallow,
Whesat on early fall plowlng,
Summer fallow,

Itointion 2
Onts en spring plowing.
Whent ou spring plowing,
Corn on spring plowlug.

Rotation 14:
Winter rye on full piowing, lurned
under.
Onts on rye turned under,
Corn on spring plowing,
Whent on disked corn ground,

Rotation 16
Peng gn fall plowing, turned undoer.
Quts oo pens torned under.
Corn on spring plowing.
Wheat on disked corn grouml.

Rotation 19:
Sumumer fallow,
Oats on summer failow.
Corn on spring plowing.
Wheat on disked corn ground.

Ttotatlon 40
Summer fallow.
Sorghum on sununer fallow.

[otation 41:
Bromegrass,
Bromegrass.
Bromegrass, broken up In fall,
Oats on sod broken previeus fall,
Corn on spring plowing.
Whent o disked corn gronnd,

Letatlon 42+
ALl oo Tall-plowed land,
Adfulfa,
Alfuita.
0:;_!:5?“0:1 alfnifn sod plowed previous
all,

Corn on spring plowing,
Wheat on disked corn ground,

Ttotation 43:
Wheat on fall plowing.
Onts o lund muanured
plowedd,
Corn on full plowing,

flolntion 44
Wheat on disked corn grounil,
Sorzo on land manured and spring-
nlowd,
Corn on fnll Mowing,

Ltatation 45
Winter rye on disked corm groum,
_turned under,
Onlg on vye turned under.
Corn on early fall plowing,

Ltofntion <4G:
Peais on fall plowing. turned uoder,
Oats on pueas turncd under,
Corn en early fall plowing.

Ealution 47:
Sorge on land manured and spring-
plowerd,
OuLs on spring plowing,
Corn ou early fall plowing.

Lulation 45:
Whent on spring plowing.
Outs on spring plowing.
Sorge o spring plowiong,
Hotation 4

Corn on fall plowing.
Wheat on digked eorn gFround.

Itatulion 50
Bmnmer falloew,
Oats m suwmmoer faitow,
Corn on spring plowing,

and fall-
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CGontinuous and Alterneiely Gropped. Plots in Field 44

Crop
Spring wheat on spring plowlng.
Spring wheat on early fall plowing,
Spring whent nlternnting wlth fallow,
Outs oo spring plowing,
Quts on early full plowlng.
Onta alternaling with fallow.

.~-~--. Burley on spring plowing,
-— Barley on carly fail plowing,

Barley alternating with fullow.
Corn on spring plowing.

Corn ou fall ploving,

Corn alternating with fuliow,

Nunmericul List of Crop Rotations in Fietd 40

Roetation 15
Winter rye on Eall plowing, turned
under,
Spring wheat on rye turned under,
Coyrn ¢n spring plowing.
Oats on disked corn ground.

Lotntion 17:
Leus on fnl? plowing, tarned uander,
Bpring wheat on peas turned under,
Corn on spring plowing,
Quts on disked eorn ground,

Rolutien 18:
Hunmer fallow,
Spring wheat gn summer tallow,
Corn on spring plowing,
Ouig on disked corn ground,

Rotudon 20:
Winter rye on early Lall plowing,
turned under,
Winrer whest on rye turned under,
Corn g eurly nll plowing,
Ouis on disked corn ground.

Holation 246

Winter rye on early [nll plowing,

Lurnix¢l under,

(ks on rye toened under,

Corn on enrly full plowing.

Winter wheat on disked corn grouwml,
Hotutlon 28;

Sunnner falHow,

Winter wheat on summer tallow.

Corn on eavly fall plowing,

Qurs on disked ¢orn ground.

Rotation 60:
Barley on disked corn ground.
Corn listed in barley stubble,

Rotntion 81:
Summer tnliow,
Oats on summer fallow,
Corn g carly fall plowing,
Winter wheat on disked corn ground,
SRSGH -0 ——

Rotation 01
Peas on early fall plowing, turned
under,
Winter whent on peus turned under,
Corn on early fall plowlng,
Outs on disked corn grooand,

Rotation 97
Peas on enrly [all plowing, taried
under,
Chits on pens burned under,
Carn on enrly (all plowlng,
Winter whent on disked corn ground.

Rotatlen 101:
Suwmer fnllow.
Winter whent on summer fullow,
Outs on fall plowing.

Rotntien 102
Corn un Iatl plowing, i
Winter wheat en disked corn ground.
Outs on fall plowing,
LRotution 1038
Corn vn fnll plowing.
Winter wheat on isked corn ground,
top-dressed with manure,
Outs oo fall plowing.
Rotation 104:
Outs ou diskegl corn ground.
Winter wheut on early disking, late
plowing.
Corn on fall plawing.
Rotation 103
Winter wheat on disked onts stubble,
Potatoes on enrly full plowing.
Onts on disked potato land,
Lotation 106 :
Corn un early fall plowing.
Potatoes on disked corn ground.
Oatz on disked polato lnd,
Horation 107:
Summer fallow.,
Potiatoes an sunner fzllow,
Gats wn disked potate Tand,
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Numerical Ligt of Orop Rotationg in I'ield 49—Continued

Rotution 108:
Qats on disked whent stubble.
Patntoes on elirly fall plowing.
Spring wheut on disked potate land,

Rotatlen 109:
Oata on disked wheat stubble,
Potntoes on early full plowing.
Winter wheut on disked potato land.

LRotatlon 110:
Winter whent on disked ¢orniand.
Corn on [all plowing.

Ttotation 111:
Winter wheat on disked covnland,
Corn, ¥ stand, on {all plowing.

Rotntlon 112:
Winter whent on disked cornland.
Corn on fall plowiog.

Rotation 113+
Winter wheat drilled in corn stubble
Corn listed in whont stublble,

Rofution 314
Summer fnllow {weedy).
Winter wheal on weedy sumer
Fullow,

Rotation 114
Wiunter wheat, continuous on early
fall plowing, after 10 years fallow,
Winter wheit, conlinuous on eurly
full plowing, after 10 oreps rye
plowed under,

Rotution 120:
Summer fallosw,
Winter wheat on summer fullow,
Corn on fu]l plowing.
Onts on disked corn ground.
Surge on spring plowing,

totation 181;
Whoier wheat on disked gnis stabble,
Potatoes on disked wheaf stulble,
Onts on diskod potato Liund.

Kotntion 408:
Corn listedl on disked rye stubble,
Mily on spring plowing,

ftotation 408—Continuwed
jurley on dlsked milo stubble,
Itye on enrly fail plowing,

Rotation 400:
Ailo on spring plowing.
Corn Hsted on disked mito stubble,
Bariey on disked corn ground,
flye on enviy fall plowing.

Rolatlen 410:
Winfer whent an envly £nll plowing.
Cern listed on disked wient stubble.
Barley on disked corn ground.

Rotation 411
Winter wheat on dlsked barley stub-
Lile,
Oats on fall plowlng,
wrley on diskad oats stubble,

Rotatlon 412
Alilo on spring plowing.
Barley on disked milo growml,
Quis on fall plowling,

Rointion 434
Mo en spring plowing,
Barley on disked mile ground.
Winter wheat on lute tull plowing,

Ruotation 414:
Summer fallow,
Barley ou sumwer fallow,
Guts on carly full plowing.

Ltoration 415

Sununer fallow,

Winter rye on sumunter fallow.

Tarley on early full plowing,
Rotation 416+

Winter rye on tlsked barley stubble.

Corn Hsiwd in rye stubble,

Barley on disked corn groun,
Hufution 117 ;

Barley on spring plowing,

Corn listed on disked barley stubble,

Ainter rye on disked corn ground.
Ltotation GOL:

AMilo on spving plowing.

Burvtey on disked milo gronnd,

Cuntinuoity and Aficrnatety Croppeid Plots in Pickd 49

Crop

Winter wheat ou late fail plowing.
Winter wheat on early fall plowing.
Winter wheal on early tall plowing, top-dressed with waaure,
Winter wheat alternnting with fallow,
Cheek No. 1o Winter wheat on Inte fnll plowing.
Winter whent on late fall plowing,.

Oulline of Confinticus und Folution Cropping in Field 42

Corn, vontinnons:

Spring-uizked ard lster-plunted—series 1 it 1L plois 1 awd 8.
Full-plowed nnd lister-plinted-—servies [ and IV, plots T and 8.
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Winter wheat, continuouns:
Tate tall-plowed—sertes T and 111, plots <4 end 16,
Eavly tnll-plowed—screles TI and IV, plots 4 and 16,

(ais, continnpus:
Alternntely disked and spring-plowed—-sevies T and I, plots 7 and 135,
Early Lullptowed—series 1T amd 1V, plols T and 16

deyenr rotntions:
Corn, spring-ilisked and lgler-plantod—series T and 111, plots 2 and 11,
Winter whont, deilled in stunding sinllks—soeries @ amd L1, plots 8 und 12,
Corn, carly tall plowed—sories T and 1V, piols 2 aod 1L
Winter whont, dlsked corn stublble—sories [0 and [V, plois 3 gnd 12,
Fullow, Istod—aeries T and ILL plots 10 angd 17,
Whiter whont, listed ullow-—serles T amd LU plots O ol 18,
Tailow, plowed-—sories 10 nnd 1V, plots 10 angd 17,
Winter wheat, plowed Tullow—socles 1T and 1V, plets 9 ang 18,

Cori, spring-disked nnd Hator-planted—serios T it 111 plots € and 13,
Onts, disked corn stisbble—secios Tl ILL plels 3 and 14,
Corn, carvly Tull-plowed——sorles 1§ and TV, plols 6 and 13,
Oats, spring-jlowod—soeries [Land LY, plols D and 1L
verent rotulions:
Corn, dlsked and Uster-planted—series Voand VI plols 3 and 11,
Winiver whont, disked eorn stubblo—serios Vooul ¥ plofs 1and 12,
Winter whear, dlskid wheat stubblep—serles Vool V1, plots 2 aud 10,

Corn disked and Hater-ptanted—serles Voond VI plods 6 and 135,

Corn, disked and Hster-planted—series Voamd V1, pleis 4 and 33,

Winter wheat, dlsked corn stubbile——geries Voand V1, plats 5 and 14,
Pullowy, Nsted —series ¥V amd VI plots 0 and 17,

Winter whoeit, Hsted nllow-—xerivs ¥V and V19 plols 7 ang 18

Winier wheat, disked whent stubbleg—zerles ¥ oanid V1, plots 8§ and 16,

AVERAGE YIELDS OF ALL CROPS

The wverage yields of all erops for the years they were grown
during the 28 vears 1907-34 are shown in table 8. The nverage yields
include all plots of n @rain crop on all methods of tillnge in use cach
year. The numbers of plots arve not the sume tor all years, and the
relative numbers of good and poor methods are not the same for all
erops. but the differences due to these fuctors are not great snd do not.
maleriatly change the results. "The average yields serve as indices of
erop prodnetion Tor single seasons and for the period the crops were
grown. Yields of all erops except barley aversged somewhat higher
Tor the Thyenrs 1921=3t than for the LEyears 1007=20, notwithstanding
the fact that the average precipitation for the enrlier peviod was 1.4
inches greafer rhan for the Jater period.

For the 14 years 1021-34, the average grain yields of the various
crops in pounds per acre were—milo, 13215 coru, 1,215 ; winter wheat,
1,080 barley, 9355 oals, 979 vye, 883; and s yring wheal, 828, The
slight inerease of milo over corn is not sufticient 1o offset (he Tower
feeding value of milo. The difference in yield between barley and
oats is not sullicient tor this period te deleeming the choice ot the crop.

CROP YIELDS FROM TILLAGE AND CROP SEQUENCE PRACTICES
In the following pages each crop under trinl in the rotation and

fillage experiments is discussed separately in relation to tillage
metheds and crop sequences,
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Tasrg S—Annual and averugo acre yields of crops grown in three erperimental
flelds at the North Plaite Substiation for the 28 yoarg 1907-84

: corn Bar- Sncbnge Win- | Win. Branie-] Alfnl- I"atn-

Year fey Oats wht‘nll:' wr ter | Alilo | Sorgoe wnss |l tovs
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1 Yjold regerd lest,
WiNTER WHEAT

Nebraska has been one of the leading States in winter wheat pro-
duction since hard red wintwr wheat became established in the United
States. For the 20-year period, 1915-34, the average annual produoc-
tion from an average of 3 million acres harvested was 47 million
bushels. In acreage, Nebraskn was cxceeded by Kansas and Okla-
homa, but in average production by Kansas only,

Although winter wheat has been extensively grown in the State for
more than 40 years, there has been » decided shitt in arveas during the
past 20 years. The first established winter wheat belt was chiefly
gonth of the Platte River and eaxt of the 100th meridian. In this avea
winter wheat was introduced and supplanted spring wheat during the
last 20 years of the past century. From 1000 to 1910 winter wheut
in this section was a stable crop on an acreage not much below that in
uge 2t the present time. The peak in acreage was reached during and
immediately after World War I, followed by a cecline nearly to the
previons level. Tartlier west in the State, the winter wheat acreage
had increased with land settlement during the early vears of the,
present century and was greatly stimulated during World War 1. In
contrast to the reduction in acreage in the older wheat helt following
the war, acrenges in the west continued to expand, owing principally to
the increased use and efliciency of power machinery and the lack of
competition from other crops as well adapted to the lower rainfall in
this section.

By 1930, the winter wheat acreage of the nine counties of the south-
west section plus the three countics on the south side of the Pan-
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handle had reached more than 1 million acres, or nearly one-third
that of the entive State. In most of this section it is the predominat-
ing crop, exceeding corn and other row crops by » ratio of 3 or more
to 1 and spring-sown small grains by a wide margin,

When the North Platte Substation was established in 1904, the adap-
tability of winter wheat to thut part of the State was not yet deter-
mined and it was not one of the crops used in the first dry-land rotation
and &illage experiments which weve begun in 1806, Winter wheat
was grown on the general fields of the station, and en uceount of the
favorable results obtained there, as well as on farms in the surround-
ing tereitory, ih was given a prominent place in the experimental fields
taid out Juler.

The results with winter wheat veported in this bullefin are from the
2 experimentanl fields 49 and 2. In field 49 winter wheat was grown
on 25 plots for 23 yenrs, on 3 plols for 14 vears, and on 2 plots for 11
years.  In [fiekl 42 the erop was grown on - plots for 12 years.

In field 49, the cultural tre.tment was us follows: Late and early
plowing, wnder continuous crepping; disking only, early disking and
late plowing, late plowing, and early plowing after onts or barley in
3-yeur votations; disking and seeding without disking after corn in 2-
J-. and d-year votations; fallowing in 2-, 3-, 4-, and 5-year votations;
green manuring inb-yerr rotations; and early plowing and continunus
cropping atter 10-year preliminary peviods of fallowing or plowing
under rye for green manure, '

In field 42 the fellowing cultuial program was carried out: Late
and early plowing under continuons cropping ; disking after wheat in
S-year rotations of two crops of wheat and one of corn ov fallow ; seed-
g in standing cornstalks without preparatory tillage; disking corn
stubble in 2-year rotations of corn and winter wheat and in 3-year rota-
tions of two crops of wheal and one of corn or twe of corn and one
of wheat; after plowed and listed alternate fallows; and after listed
fallow in 3-year rolations of two crops of wheat and one of fallow,

WINTER WHEAT CONTINUOUSLY CROPPED OR AFFER GTHER SMALL GRAINS

In seetions of the cenival Great Plaing where winler wheat is the
predominant crop it is comnonly grown for 2 or more years in sue-
cession on the same land. Under these conditions and also where
winter wheal Tollows other small grains, the tilinge practiced beiween
harvest and seeding time is an important factor in detevmining crop
yields. In areas where the rainfall is usually loss than suilicient for
the needs of the crop during the time of is most rapid growth, any
available water that has been stored within the voot zone of the plants
bocomes greatly reduced.  In the drier sections the normal condition
is complete exhaustion by barvestiiime. In sections of somewhat
higher raintally o residue of zvallable water is at tiines earried over,
Adge some water may be present al this season us 2 result of heavy
late vains, although the =oil may have been completely dry at an
earlier date.

At North Platte, the minfall hetween harvest and seeding time
ig about one-third of the wnnual lotul.  Under high sommer tempera-
tures, weeds and voluateer grain develop rapidly when meisture is
present.  Ivaporation losses are also high.  When vegetation is al-
owed to grow, moisture storage is reduced to a minimum. In seasons
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when the soil remains too dry after harvest for vegetation to develop,
early tillage contributes nothing to moistuve storage. The bencfits
of early tillage therefore depend upon the frequency and adequacy
of summer rains. At the Flays, Kans,, station, on land continuously
cropped te wheat, higher vields have been obtained on early than
on late plowing in all years that a crop was produced. At the North
Platto station, the higher yields have been obtained in a few instances
on late plowing, but in o much greater number on early plowing, and
the average ditference has been distinetly in favor of early plowing,

At Colby, ICans,, and Akven, ('olo., where the rainfall is somewhat
less and the soils ave lkely to remain dry for longer periods affer
porvest, early plowing has not resulred in consistent gnins over late
plowing. Although rather large increases oceasionally have been
obtiined from early plowing, these are largely offset by rveversals in
other years and the average dilferences are smull and of low signifi-
cance. LTTnder these conditions, the advisability of growing winter
wheat i successive years is questionable. A rotation with intertilled
crops or fullow is more apt to bring profitable returns.

Tanng Q—annual and qrcrege yields of winter wheel from conlinvous eropping,
eerly and tgte plowing, and ampiel and arevuge increases from carly plowing
wl North Pratie Sulstation, ficld 38, 1M2=34, and field 32, 102834

[Bee pp, 20 to 27 for rotation sehedeles!
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Exrly plowing and late plowing under coniinuous cropping of
winter wheat were compared on adjacent single plots in field ) for
the 23 years 1912-34, and on four paivs of plots, each pair with ends
Tacing across roudways, in field |12 Tor the 12 years 1923-31  Average
dales of early plowing, late plowing, and seeding were August 10,
September LE and September 20, respectively. That is, the average
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difference in plowing dates was 33 days. Early plowing averaged
41 days and Lite plowing 6 d.ws before seeding. Xt necessary to
control weeds or volunteer grain, the early- ;)iowed land wus disked
or duck-footed. This was dene in about half of the sensons. The
annual and avernge yields are shown in tuble 9. There were 7 years
of crop failuve on late plowing and 5 such }mus on early plowing.
Tn field 49, slightly higher yvields were obtained from the late plowing
in 2 years, 1819 and 1923, ~ In beld 42, the highor yield was on early
plowing ench year that a vrop was p:odut ed.  Torthe 23- -year period
1912231 the average gain in yiekl of enrly over late plowing was 3
bushels, or 42 percent.  For the 12-year period 1023-34 the gain
for carly plowing in field 4 was 7.6 bushels, ov 69 pereent, and in
field 42, 6.1 bushels, or G4 percent.

A group of three 3-year votetions in field 42 furnish a comparison of
the effocts of three Gilage methods on winter wheat yields for the
Ti-year period 192134, These ure rotations +11, -+t and 410, Yields
are presented o table WL In cach roetation. winter whewd follows
barley. and the preparation culture includes disking, fafe plowing. and

early plowing.  Tlie erops preceding barley were ants, corn, and milo
in the respective rotations, .\lthuu"h differential effects of cropping
and tiflage at times persist for more than L year, these delayed effects
are ll\lld“\ secondary 1o the eflects of the cropping and tilluge of the
year imnediately pli.'vo{ltnw The predominating factor in determin-
g the diffirences in winter wheat yields in these rotafions is con-
sidered to be the tillnge preparations for whest on the harley stubble,
The avernge dales of the various operarions were: Early plowing,
August 107 disking, Seprember 21 date plowing, Septembier 15; and
seeding, September 21, The average times before seeding when early
plowing, disking, and late pim\m'f was done. therefore, were 42, 19,
anel S days, vespectively.  In 7ol the 14 years, disking or dncl\leoimg
was vequired afier plowine on the early-plowed tand to control weeds
or volunteer grain,  lu 5 vears, a seeond disking was reguived on the
disked plots for {0 smme veason, The yield trom early plowing ex-
ceeded that From date plowing every year except 1552, when crop
fallure nnmu‘tl for all methods, amd that from iil‘wlx!nff every year
exeept 18922, The average mmh of early plowing over lade plowing
und disking were 10,7 and 8.7 bushels per acre. respectively. The dif-
ference tn favor of carly plowing in this case s grearer than that for
the same vears reported in table 8,

Tante W~ Tnnead and aqeerage yickls of winter wheat on disking, lie plowing,
aad curly ploacing after bacfey Do d-poui rotations in ficld 9 al North Plaile
Nubatution, 182433
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In field 42, wheat followed wheat in two sets of 3-year votations. In
one of these, the first crop of wheat was grown on fallow and in the
other on disked corn stubble. Preparation fev the second crop of
wheat was disked wheat stubble. Anwual and average yields af the
second-year wheat erops and the guin in vield frowm the tallow rota-
tion are shown in table 11. G:um varied from vear fo year, but were
positive in all years that a crop was produced. The avernge eain was
3.1 bushels per acre. This is minor in comparisan with the di ffevence
in fivst-crop wheat yields stter corn nud fallow, where the gain for £al-
low was 16.2 bushels, This gain is largely offset by an average \'mld of
18.3 bushels of corn |)10ducod in the corn rotation while land in the
fallow rotation was ont of production. On the basis ot 2 yvems of
cropping, production for the fallow-wheat rotation was 283 bushels of
wheat.: for corn-wheat, 304 busliels (183 corn nnd 12,1 \\ll(\tt) This
is a fuir balunce when thc price of wheat is not too far ubove that of
corn.  Addition of the second-evop wheat yields, however, weigh the
balance more heavily in favor of ihe fallow-wheat-wheat Walom In
this cuse the value of 42,8 bushels of wheat (0 plus 283 plus 14
bushels) exceeds {he value of 1.7 bushels {183 corn plus 12,1 wheat
plus 11.3 wheat) by a positive margin.

Tanre: 1L—dnnuul and acerage yiclds of winier wheal on disked stubdle after
wheat second pear afler enrn and gecond pear after fullow, awd gaing for second
peur uﬂm fallow in S-pear rolations 0 ficfd 52, ab Norih Platie Substetion,
192334

[See p. 20 for enlation sehadiles]
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WINTER WIEAT APTER CORY

In the centrad Great Plains, corn is the crop most generally used
for rotation wirh winter wheat, Where the acreages nre aboul equal,
iocommon pragiice st alternafe the twao crops annoally, Where
one or the olher crop predominates a balanee is maintained by growing
ong crop for twa or more successive vears on part of the acreage before
changing to the othee erop. Where winter wheat is seeded alter corn,
the vsnal practice iz Lo seed in the standing stallks before the corn is
harvested, A Tess common practice than seeding i the standing stalks
is removal of the corn crop fur fodder or ensilage and deilling wheat
in the corn =tubble either divectly o aftor addirional Gillage, such us
disking.
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In field 49, winter wheat followed coru it aine crop rotations, The
length of the votations and their annual aiul avernge yields are shawn
in table 12, The eorn crop was removed before wheat was seeded.
Thie corn stubble land was disked except us indicated in the table.
Plots not disked were drilled without other preparation. In puived
comparisons the higher vield was move frequently from disked plots
thant from those not disked. The results ave not conclusive, hiowever,
because of other complicating fuctors. lu the 2-year votntions the
lowesk average vield was [rom rotation 118 in which no disking was
done. The hl"h(‘\i‘_ vield was feam rotution 111, but this i mcmase ig
censiderad to e due te the reduced {one-halt rate) s(‘mds of corn
alleruating with the wheat erops. Five plots not disked in rotations
Lo 'mtl 112 produeed as well as compunion disked plots.

In -year rotations, plois not diskegd in rotution 102 produced less
than digled plots in rotution 10, four out of five times. [w this case
the resubts may be infivenced by the use of barnyard manure as a top
dressing on wheat in roiation 103,

T the six comparisons in the -year vetations. the higher yield oc-
curred after disking in 3 years and affer no disking in 3 yvears. The
averages were practically the sume,

Pank 12— \hnnad and gverage ichis of winler whenl fraom xeedings on w0l

wisked nnd disked corn gtubble from wine crop rottions in fielid §0 al Norih
Platte Subslatisn, 1012-34

[=ee pp, 23 te 26 for rotalivn svlu.-d les]
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Y el Gt plors seeTed withont disking. Al atlers were disked before seeding,

T field £2, for the 12-year period 192331, winter wheat was seeded
on disleed eorn ground and in standing aalfs in : 2-year rotations and
on disked corn ground afrer one and after fwo eropr of corn in 3-year
rotations, Each method was replicated four times. Annnad and aver-

NI = G5i—
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age vields ure shown in table 13. The crop friled in 5 of the 12 years,

" For the seven crops produced, the higher yields in each cuse were from
the disked sinbble plots. The avernge of 7 bushels in favor of the
disked plots is greater than that between any other tillage preparations
for wheat on eropped land in this Held.  As judged by other corn
yiekds of the same years the differences scem to be due more to depressed
yields froni seeding in standing stalks than from increased vields from
the disked stubble plots.  Although corn had genseally veached fair
maturicy before being cut for foddes, it seems propable that the stalks
left stauding continwed to wse moisture for a longer time and that
wheat on the stubble plots had the advantage ol & greater residue of
motsture, This difference in fnitial molsture was probably of greater
importance in determining yield than was the difference due to tillage.
Wheut sn standing stalks at times henefits by moisture sained by
grenter amotnt of snow held by the stulks, i these fests this seems to
ﬂa\]f been less inportant than the wmoisture jost by lafe growth of the
stalks.

Taves 13—t mivnl and grovage pichly of wintor wheat seeded in standing slalls
and on disked eorn sinbbie, and gain in gicltd from. disked eorn afiabble in
&pear rolutions in fickd J2, ut North Platie Sebzlation, 1923-3}

ES00 27 for rotation svhodnled
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Winter wheat yields afler one and {wo crops of corn, Trom J-vear
rotations in field 12 ave compared in table 14, T the 12-vear poriad
there were four wheal-crap futlures. When erops were prodiced yields
were consistently higher wfier two than after one erop of corn, aver-
ages were LT and 120 bushels, respectively. The advantage of 2
over 1 year of corn is a result of more Tuvorable moisture from (he
former.  Corn exbunsts maisture less thoroughly than small grain,
and eornland asually hias more moisture remsining at crop removal
time than does <madi-geatn land at haevesttime,  The interval afier
winter wheat harves altows soe moisture to be vestored in the npper
soil before seading time.  Corn during this peried is wsing moistare,
and the surface zoil may be (oo dry Tor gond germination at wheat-
seeding (ime,  Tmperfect stands oceur more frequently on corn ground
than after wheat where weeds and vohiteer grain wre controlled by
carly tillage.  When gond stands are obtained, however, wheat has
the advantage of a betler subsoil moistuwre supply following corn.
Through o weries of vears the advantages from Detier stands in one
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vase and from better subsoil moisture in the other tend to equalize
each other, aud wheat yields after corn and after wheat on early fall
tillage have been similar.

Panty M~-itsinval end average pickis of winter wheat ¢fter ¥ and 2 years of
corn in S-year rotations in fictd 32, North Platie Substation, 1023-34

{See p. 27 for rotation scheduies]
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WINTER WIHEAT AFTER POTATOES

In field 49 winter wheat was grown on disked potato Tand in rotation
109 angd on disked cornland 1o rotation W2, These nre S-year rota-
tions, with vais as the erop following wheat.  Annual and average
yields and increases after potatoes are shown in table 15. The yield
averages are sinilar—I17.6 after potatoes and 16.7 atter corn. ‘The
chief differences are that wheat failed more frequently and also pro-
dueed more high yields after potaioes, Failures were cight after
potatoes und five after corn.  Yields above 30 bushels were G after
potatoes and -+ after comn.

PanLE 15— dnriped ol aecrege giclds of winter twheat on disked polato land
ond cornbaid, gd yoarly pains afier potalots in fictd 39 af Xorth Platle
Hwbstation, 1912-3)

[#ee po, 2 (o M for rovation schedules]
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s potatoes were harvested earlier than corn in these tests, there was
more time for moisture storage before winter-wheat seeding itime.
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Moisture stored during this time may greatly improve whent yields,
On the other hand, when rainfall during this period is light and the
soil dry at seeding time, potato land, finely pu\verized by cultivation
and digging machinery. is less vesistant than corn stubble land to soil
blowing. which may result in severs injury to poorly established wheat
stands.” Thus in some years potato land provides more favorable con-
ditions than cornland for producing high wheuat yields und in other
yenrs ereater risks trom loss of stands.

WINTER WHEAT AFTER FALLOW

Summer fallowing insures deeper penetration of moisture inlo the
subsoil than has been obinined by any vther dey-land tillage method.
By keeping the tand uncropped and free of weed growth for & crop
seagon pact of the moisture that would have been wsed by plant growth
s stored [or Inter use of crops. Usually by the end of 4 fallow season
at North Platte. the sail is moist to it= approximate carrying eapacity
to.a depth of G feet. Extremes for driest and wotfest years have been
3 to 10 feet. _On the other hand, eropped soils ab seeding time usually
carry limited quantities of available moisture below depths preater
than 2 or 3 fect.

TPawee 1G.—Length of slorage periods, precipitation, incles af waler gtored, and
perecntage of precipitalion stored i the fullowwed plo! of the winter wheat
tillige servics, fickd 49, uf the Xorth Plutte Sibstafion, for 20 periads during

28 years, IH12-5%

Procipitation stored
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Jsy19ts.. L . : a
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The moisture reserves secumulated by summer Tallow ave important
when the needs of erops for cevtain periods of development exceed the
supplies from the ugual rainfall of such periods.  Summer fallow g
not highly efiivient on the basis of the amount and proportion of (he
rainfall of the failow season that is preserved for Inter crop use.  Its
limitafions are due (o storage or holding eapacity and initial warer
content of the =oil and {o the nuture and distribution of the rainfull.
Summer ruins frequently fall in hard, dashing showers, The pud-
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dling effect on bare soils rapidly reduces the rate of absorption, and
runoff losses may Le heavy, “These way be veduced or prevented by
terracing, contour furrowing, and the maximum use of crop residues
for surface protection. The greatest unpreventable losses ave from
evaporation that takes place from surface soils. These are greatest
from isolated light showers.  Bhowers of less than one-half inch that
fall on warm dry sofls seldom econtribute anything io soil-moisture
stornge.  ‘Table 6 shows that approximately one-thivd of the tolal
seasonal rintall at this station has Deep In rains of less than one-half
el Tuble 16 shows the amount of water stored in the upper 8 fect
ot soil during 20 sununer allow periods.

..‘ ‘;;;-’: ) 'W%"rm

Foa w3 Winter wheat after fallow, showing lalging in yeur of fovorable
thod=ture. The vield wax ol the rage of 352 bushels e aere, North Pintte
Rubisintion, July §, 10430,

In yvears of above-noroal maintall and moisture storage, excessive
straw growth onsummer-fullowed tand w thines results in heavy lodg-
figre TE this aceurs when (he geain is innualore 3t may interfere with
the complete llling and o poor-qualicy grain resulls,  Severe lodging
of wheat en fallow in 1930 ixshown in fgre 5.

The inerease in the water content of this section varied from 1.8 to
T invhes, amd averaged 508 inches,  The proportion of rainfall stored
varied frons 5.5 to LT percent. and averaged 270 pereent. The low
iererse i stornge in 1916 was due 1o the high initial weisture con-
tent of the ~oil lelt by the high minfadl of the previous year. Tow
storage in 13,1925, and 1926 was doe 1o high temperature and high
evaporation losses during the sunauer.

I the Central Plains winter wheai i the leading evop on fallowed
el Its vigoraus rooting habit enables it 16 recover stored moisture
from grreater depths than most spring-seeded crops.  Tts fall growth
sepves as a protection from seil blowing during ihe winter. At North
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Plaite, from soil samples collected in April or Muy live winter wheat
roots have frequently been recovered at depths of 6 to § feet on fal-
lowed land. By harvesttime moisture reduction has at times tuken
Place at rreater depths than this, Under spring-sown graing moistave
vedtuction seldom extends deeper than 3 feet and under corn, -t or
4.5 feet.

Cultivation of summer fallow in these teats was defermined chielly
by the requiremients for the control of weeds and volunteer grain for
the entive fallow season. The usual practice was Lo give one or two
disking or duckfootings in the fall, veprat in the gpring for early
weedd control, md follow this by plowing June 1o . By this time
wueh of the weed seed had been germinated and Inter operations with
springtooth harvow or duckfoot served the cambined purpose of con-
{rolling weeds ad loosening soil nfier compaction by rain for better
penctration of larer moisture and seedbed preparation. Variations
From this standared practice were the omission of any tillage betore
plowing in one ense, nud the nse of listing and listed corn-cultivation
machinery to replace plowing and other level cultivation in other
LS,

Tu field 49 winter wheat was grown in 2-year rofations alternating
with [llow, wnd alter fallow in 3=, 4=, mud S-year votations containing
other crops. In feld k2, 2-yemr wheat-fallow rolations were used for
comparisons of plowing and listing, Ina S-year rotation fallow was
followed by two crops of whest, A1 field 42 methods were used in
Tour replications.

Nanig 1T - Wil amd nreeage gicdds of oaeirboe wheal dnoofterade fullawe-

whea! rolativns and after fidtaw in 2- 3=, - and S-joar votations in ficld 49 at
North Mlutte Subgtetion, 1012-34

[=ee s 23 Ly 25 for rotibwn seliedules)

i . 1
Your Rovuion  Mots Tpor - Botslion ; Hoetation ! Rotation
1 B oW b T
—— l |
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wy . . FatL I 31,3t
L] 1 MG
we .o T 15,7
1023, b 303 -
124 i 9 al.7
1925 . 13 ;5
10k u o P
Ly 147 a0
1025 . 54 +.0
JRE Hon 26,8
imd... 1 el 2
FUZ .57 4,0,
1932, pt] n
LT <+ S - . . - LN 2.,
1031 .em - e A7 7.8

AVORM . L. L L e e e W3 i bt |

Winter wheat yields after summer fallow in field 49 ave shown in
table 17, In rotaion FLE there was no fall tillige and no spring
tillage previeus to plowing. Tt is designated as a weedy fullow,  In
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rotation 120 there was no fall tillage, as the sorghum crop preceding
fallow oceupied the land too late in the fall for weed gmwt}i to develop
nfter harvest,  With these exceptions tillige of summer fullow was
similar for ol rotations. A compavison of the 2-year fillow-wheat
roflions 1Lt amid 1) or B shows that with the exception of 10135, 1916,
and 1920 the lower vield was from 114, which recetved no titlage pre-
vious (o plowing,  Woed growth during this period redueed molsture
storage, mkd vields were reduced for 18 of the 2t yeurs tn quantities
from 2.3 to 23.7 bushels, ov an average of 6.8 bushels.  ‘The average
viekt afier the weedy fullow was ondy 3.5 bushels more than the whent
yield after corn (table 12} und 2.0 Lushels more than that from
contintous wheat on eariy fall plowing (iable 9).

The highest average yield in these comparisons is 20,1 bushels from
the d-year rotation No. 28, This is probably the result of its favor-
able loeation on the fower side of the field rather than of any difference
between eropping systens, 'The lowest yield, exeept from the weedy
Fallow, was from the d-year rointion Na, 121k This is considered (o
be the resuli of the shorier fallow season where the fallow period,
comes afler surghum justead of o small-geain erop. Alihough yields
were ustially depressed by reduced woisture storage from weeds in
rotntion 114 und a shorter stornge period in rotation 120, this redue-
tion was anoadvantage in exceptionnd years, sueh as 1915 and 1018,
when vields o the other rotations were reduced by severe lodging und
poor ([ling of grnin, Ne lodging oceurred at any time in rotation
LI-H oy 1,

Table 18 shows comparative vields of winter wheat from plowing
and Hasting in 2-venr fullow-wheat rotations und for the first crop of
winler wheat afler listed fallow in a 3-year vobution of fallow and
two eraps of wheat,  The yvield averages ave practically the same from
the 2-vear rvotations, The somewhat lower yield trem Llhe 3-year
faliow probably is the result of canses other than differences in prep-
aration of the fallow. With two crops of wheat after fallow any
benefits from moisture not wsed by the fust erop would be carvied
over to the second erop lnstead of being added to the moisture supply
af the next fallow, ax in alternale fallow-wheat cropping. The 3.3
bushe] tower yield in this 3-year rotution in comparson with thag
from wliernate Tallow is practically the same as the gain of the second
crop after fallow in comparison with the second crop alter con, as
shown in table 11, '

Banng 18- ~Lrerpge and annial yicldy of winter wheat effer lisled and plowed
Jullowe in fictd 42 ab Xorth Plutic Substelion, 18234}
[See g3, 27 for rotatdon seliednies .

i’lm\'odj Eigled ! Listd
fullow § 4 fullow * ¢ fuliow ?

- . - Plowed  Listed Listod
Year Cfaliew 1 fillow 2 fadlowd

Yoare

. i i

v Mrghels * Dinshels | Fushels | fiushels 1 Hushels | Hushels
v . A d0.0 L b R 1T D ! ~!G.U1 i 48.n
W ... QU 45,9 . gy X e b i, D
W P 2Lt L3} 0.7 e [ i 4]

| L T 1. €227 15,3 2 S 5 4, w8
Wy . i i 4.4 : 07 . R . CoBd 4.1
e X 5.t 6.6 - :
W 25, o PP, I Averpee - i, , o, 1

FAeries L and TV, plots O or 10 and 17 or §8; 2yer rotations,
2 dnried Eonnd (11, plots 9 or 80 mmd 17 or 1% 2vear rotations,
S 3eries Vamd V1, plets 7, 8, ur O aned 14, 33, o 18; Boyvear rulatfuns.
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In comparing yields niter fallow with those from cropping systems
that use all the land each year, consideration must be given to the
loss of the land for cropping during the fullow year. Tov equal
returns, the fallowed lan(][ must produce a yield increase approxi-
mately equal to the value of the crop that might have been produced
upon it while under fallow. IFor exnct comparisons, any ilferences
in operating costs, amount of seed used, and other expenses should
also be given consideration. Under ordinary conditions, the tillage
required to maintain a clenn fallow is not greatly in excess of that
required for the intertilled crop, such as corn or potatoes. Neither
do the costs exceed greatly those of thovough early tillage for con-
tinuous grain cropping. - U'he increases in tillage costs of the fallow
are not infrequently equalized by the saving in costs of seed and by
the decreased ncreage covered in seeding and havvesting. In the
present studies, differences in operating costs mre not considered.
Yields atfter fallow are divided by two, hereafter referred to as half-
acra yields, for compurison with wheat yields from continuous crop-
ping. For comparisons between winter wheat atter fallow and winter
wheat after corn, the wheat increuse from the former is compnred
with the corn yield of the latter,

anne 10 —dA nnnad and wecrage yiclds of winter ioheal from continnonsly eropped
fand plowed letc anud early, one-half of annual yiclds from cleas fallow, dand
painy from one-half were yiclds from follow over piclds from econtinnous
cropping ltle and early plowing from ficlds 32 and 49 af North Plutic SBub-
Station, 1912-34
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Anmual and average acre yields of winter wheat from continuounsly
cropped land plowed eavly and plowed late, half-acre vields after
clean fullow, aud increases from the latter, are shown in table 19, Che
yields from fields 49 and 42 are averaged. Those for continuous
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cropping are those used in fuble § and those for fallow are one-half
of the annual average yields of all clean-fallowed plots in the two
fields. Whether more or less wheat was produced by fallowing half .
of the Iand than by growing wheat continwously was determined by
the time of plowing.

In comparison with late plowing, there was an average gain of 1.3
bushels nnd higher yields from fallow in 16 of the 23 years. In
comparvison with early plowing, there was an average loss of 32
bushels and lower yields from fallowing in 14 of the 23 years. Ful-
lowing did not prevent tailuve, but the failures (3 _\'curs)l on fnllowed
fand were § fewer than the number on early-plowed land and 7 fewer
than the nunber on late-plowed land (fig. 6). Annual and avorage

-

QS THIN -
yiehl 03 vight, first crop alter Callow, Fleld 238 bushels, Norilh Platte Sab-
atation, June 4, 195k

yields of winter wheat seeded on corn stubble and atter fallvw, the
vaing from fallow, and corn yields after wheat are shown in table
20, The yields from 1912 ta 1022 ave from fivld 49 only, and from 1923
to 1034 Trom ull plots ol the respective treatments in the two ficlds.

The avernge yield of wheat after fallow was 8.3 bushels per acre
more than the average frem seeding on corn stubble. The average
yield ol eornafter wheat was 21.0 bushels to the acre.  In other words,
Tor each bushel of wheat guined by fallowing, 2.6 bushels of corn were
produced in the rotations where corn preceded wheat. During the
years covered, the average loeal market value ot & bushel of wheat was
about equal to that of 1.3 bushels of corn.  On the basis of production
alone, r}wse comparisons indicate that each average bushel of wheat
gained by fallowing was obtained at a loss equal to the value of 1.3
bushels of corn.




‘42 TECHNICAL BULLETIN 1007, U. S. DEPARTMENT OF AGRICULTURE

TARLE 20— Anuugl and twérayc Hields of winter awhoat dfier corn and after fallow,
gain in pleids ofter fotlow, and pields of cvorn «fter wheat from jlelds 42 and
49 at North Plette Substation, 1512-3)

{See pp. 25 bo 27 for rotatlon schedules]
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2 Avernge of all corn yields ufter winter whent, flelds 49 andd 420 1012-20, U jHofs; 162:-22, 10 plots; 1023-14,
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Tt shouid be kept in mind that in this comparison winter wheat
was grown on corn stibble.  As shown in table 13, there was n marked
diffevence in wheat yields from seedings on disked corn stubble and
seedings in standing stalks. Yields of winter wheat from seedings
in st‘mdnw cornstalks nud after fallow, the increase from fallow, and
yields of corn are shown in table 21, In thisc ase, the average increase

PanLi 21— Annual and averuge plelds of winter wheat seeded in standing corn-
stelhe wnd uﬂm jm‘fmv incrense b wheal yields affer fuilow, and corn yw!’«!s
after wheat in feld 42 at North Platie Subsiation, 1923-34
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from fallowing amounted to 19.7 bushels to the acre. The eorn yield
wis 23.2 bushels to the nere.  The ratio of increased wheat after fallow
to the corn produced on the land where whent was seeded in the
standing sta l}{s was 1 to 1.18. With 1 bushel of wheat equal in value
to 1.3 bushels of corn, the fallow-wheat system produced slightly more
adte than the corn-whent combination with wheat seeded in the
standing stalls. '

RESPONSE OF WINTER WILEAT TO MANURE

Tn field 40, winter wheat was grown in several cropping systems in
which green manures or burnyard manure were used as soil amend-
ments.  In the 4-year rotations 28, 20, and 91, the cropping sequence
after fallow, rye, or peas for green manuve was winfer wheat, corn,
and onts,  Rotations 81, 26, and 97 were the sane, exeept that wheat
and oats were interchanged so that wheat followed corn and was the
third instead of the Rrst erop after the lreatments.  Lillage prepara-
tion for the green manures was early fall plowing followed by surtace
cultivation to control later growth of weeds and volunteer grain.
TFullow was tilled by the standard miethed for clean fallow described
earlier. Rye was seeded and plowed under on the average dates of
September 22 and June 7, peas on April 7and July 1. Tillage atter
the grreen manures were plowed under was similay fo that for fallow
for the same period.  Annual and average grain and straw yields of
winter whent immedintely after fallow, rye, and peas for green
manures are shown in table 22, :

TABLE P2 —dAnnunl and average yelds of winter wheal grain und gtraw after

elfcen fallow (rotation 28Y, rye green munkce {ratation 20), end peas green
waere {rofution 81y {n field J8 at North Plalie Substution, 1712-8)

TRew b 23 for rowstlon schedules)

Apre yields of winter whieat foliowing—

{redut btz {reddnklon 01}

Fallaw {rotation 28} { Hyo gripr evwnrd Tena grotn IRLieg

Girnla Staw 0 (hmin I Hirpw Clrnin Straw
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In general, the yields after the green manures were lower than after
fallow. For the 20 years in which crops were harvested the yields
after fallow and rye were equal in 1.case, higher atter fallow 14 Eimes,
and higher after rye 5 times,  After peas the yields weve higher than
atter fallow 5 times and lower 15 times. The 23-vear average after
fallow was 1.2 bushels higher than that after rye and 3.3 bushels
higher than afler peas. The higher yields after fallow were due
chiefly to the fact that more favorable moisture conditions cecurred
tfollowing this practice than after the green manures. Use of mois-
ture by the greeu-manure crops shovtened the season for soil-moisture
storage and limiled the amount accumulaied. For the fast crop
following the treatments the disadvantage of a reduced moisture sup-
ply was a move important factor in determining yield than the increase
n fertility vesulting from use of the green manures.

PanLe 23 —dnnual and wcerage piclds of whiker whcat grain and straw follow-
ing eorn & goars 4 fier follow, rye, and peas for groeit aumre e f-poay rolalions
ot North Plutic Sebstalion, {912-8%
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As nitrogen i3 the clement of fertility most freguentiy low in drey-
land solls, it would be expeeted that greater benefits wonld be derived
from a Tegume than a nonlegume wsed as a green-manuve crop.  This
does not appear in this comparizon between peas and rye.  An ex-
planation 15 again found in meisture.  Although ryve oceupied the
land for a longer growth period than peas and may have us great
capucity for waler use, its earlier matwrity and removal leaves a tonger
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period for soil-moisture accumulation. This is especially important,

gince the 3-weeks’ difference in plowing dates occurred in June, w hich
is the month of highest rainfali. Dulmg this period the plo\\cd rye
land was In good condition to absorb moisture while peus were using
moisiure [Iurlnfr the time of their most active growth. Another ad.

vantuge of rye “over peas in this ease was the wmtm cover protection
n-mm-.L soil blowing and washing furnished by rve. This difference
could have been recueed by ‘-‘-Hl)tlﬁll]"‘ instead of fall plowing the tand
for peas.

Annual and wverage yields of winter wheat u fter corn in the 4-year
rotitions where whealt is the third crop aftee fullow ad green manures
are shown in table 23, On account of less favorable moisture condi-
tions the yields are rrte.ltlv reduced mud the number of crop fajlures
ineveased in comparison with those shown in table 22 The differ-
ences in wheal yields were not geeat, but these ditlferences were gen-
eradly somewhat higher from the green-manured than from the fallow
yotations.  Also with moisture conditions on a more nearly common
level, peas made & more favorable showing when compared with rye
s iU greci manure,

The differences are grenter for steaw than for grain, indicating the
tendeney for stiniulited vegetafive growth o exhaust soil moisture at
the expense of complete (lc\'nlopmeut of gruin.  The elfects of green
mannre crops in relation to moisture are more clearly shown bj sepa-

rating annual yields into high and low geoups. There were 8 years in
which wheuat yields the thirl vear after fullow were above 23 bushels
per acre. There were 8§ years in which all yields were below 20
bushels, 3 in which they were below 15 bushels. The 8-year average

vields of the two groups are shown at the hottont of lable 28, Ob-
viously mnisture wuy a more severely limiting factor in the second than
in the first group.  In the high-yielding group the uverage yields
from the “'l['('l'l-llldlllll(‘d rotations were well sbove the aver age from
the Tallow rotafion und Lhe highest average yicld of both grain and
straw jg from the rotation in which pers were used for green manure.
On the other hand for the low-yielding group the diflerences for the
varions rotations are small, except that the lowest average grain yield
15 fron the rotation in which peag were the green-manure crop.  The
conlrasting results indicate that high fmtlllty ig an advantage only
when there Is mdequale moisture for complete crop (le\olopnwnt and
may be a disadvantuge under conditions of severe moisture s:hoLt.lgr
Plowing under rye in an extremely dry year is shown in figure 7, and
pluwmn' uncler pens in a good year is shown in figure 8.

A further ex: unple of the cltect of fertility Jevels on winter wheat
crain and straw yields in relation to moisture is furnished by rotation
113, No crops were harvested from the two plots for the 10 years
1012 to 1921, Plet A was clean-fallowed. On plot B a crop of rye
was grown and plowed under each vear, Deterniinations of totai
carbon and nitrogen made ol the end of this peried are shown in
table 24,

From 19232 to 1031 le plots were early fall-plowed and seeded to
winter wheat. The 1922 2 yield is omitied on account of the difference
in moisture conditions on the fullowed and cropped land.  Grain and
straw vields, areanged inoaseending order of yields from the A plot,
and precipitation for 12 months or wheat-ceop-year periods ending
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Fgvee T—Plowing under rye for green smtnure in o oxtremety dey yenr. No
hesnls, exeept pear cultivated alley, My 1984,

FrgUuy 8—Ulowing under fivltd peas for goeen manwre in o gomd year,  June °€7,
i,

June 30 ave shown in fable 23, Average preeipitalion for the 12-year
period of I8.3 inches ix practically equal to the long-time average at
North Platte.  Crop-year nmounts vanged from 1.8 o247 inches, Tn
the severely dey vears 1026, U832, and 1934 with crop-vear precipitn-
tion less than 14 inchies, the whent erops were totad failues.
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Tanes 26 —Potal carbon wnd nitrogen in udjacent plots of rotution 143 after 10
years of clean fullore or 1§ erops of rye for greed Mindre, North Platte Sab-
slition, 1912-211

CROP ROTATION AND TILLAGE AT NORTH PLATTH

Fee p. 26 for rowkion schiednlde]
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earhot

1 Diepth ‘nitrogen

i Trentmeng

| fuches | Pervcent
U~ | 0.5

fi-12 1 L)
] " I -}
i (reei-manure rye . 0-17 -
i : T

! Delerminatlong by Oswald Selireiner, Bareau of Clemistry and Sefls, 1022,

{ Pailuw . 0
! 1.4
LIt

Tasre Zh—— I nntal and areeye yictds of winter wheat giain and straoe after
2 years of follow end ryo grecit maaire, arvenged fn aseviding order of yickds
after fitllow; and seasonul g grervge rainfoell for 2-month period ending
Jine 30wt Novth Platie Substotion, 10233}

[ 37 for rotation sehedodes]
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For the 3 venrs 1925, 1033, 1829, 1901, and 1927, précipitation was
b the 17- to 2l-inch range, Plot .\ vields vanged from 6.7 to 19,5
lushels.  Tnoall cases grain vields were higher on the less fertile A
plot and straw yiclds were higher on the more fertile B pre The
vear 19238 also falls within this gronp, as a large part of the aigher
precipitation of that year came too late in the season to benefit the
erop. The three yvears 1428, 1924, and 1930 were nnusually favorable
Tor wheat production on cropped land. Precipitation for the erop
yvear was normal or above and favorably distributed. ‘The response
to high fertility was positive. Both grain and straw yields from plot
B were substuntially higher than those from plot A, Under favorable
moislure conditiong increased vegetative rrowth was able to naturve
a enrvespondingly higher yvield of prain. FFor the 12-vear period wver-
dgee grain vields on the two plots weype identical. Tligher grain yields
Trom the less feclile plot under approximately average moisture con-
ditions were balanced by the higher vields from the more fertile plot
under favorable conditions, Straw yields were uniformiy higher from
the more fortile soil,
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Plots B and © in the winter wheat tillage series in field 49 furnished
limited information on the effect of barnyard manure on wintei wheat.
The two plots Iay side by side and were given the sume tillage treat-
ments. They were continuously eropped to winter wheat, and prepara-
tion for the succeeding crop consisted of plowing as soon as possible
after each cvop was removed. Plot ¢ was given a light top dressing
of Larnyard manare late in fall of each year to determine the cffect ot
such protection on winter survival. There was no apparent benelit
onsurvival from thixtreatment. The repeated applications of manure,
however, vesulted in a growth stimulation.  Annual and average grain
and straw yields are rhown in table 26,

TABLE 26— Anuwal und average groin amd shraw yields of winfer wheat on con-
tinnonsly croppcd tand, with and without top dressing with barnpard manire
in ficld 49 ol North Pluile Substation, 1012-3.

[Soe p. 2 for retntion srhedintes)
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P Qeain ¢ Saw Grain Straw

I Bushels ¥ Poundy Ruzhels I’om;da
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During the 23-vear period there were 3 {otal failures and 18 crops
were harvested. The higher yvield of straw was from the manured
plot with 2 exceptions. The higher gruin vield was tfrom the un-
manured plot with only -+ exceptions. The average grain yields from
the manured and nnmenured plots were 13.2 and 16.9 bushels, respec-
tively, and stravw vields were 2.390 and 1.885 pounds, In this ease a
light application of bharnyard manure applied late in the fall on
winter wheat incensed straw production 26 pereent and decreased
grain produetion 11 pereent.

The 3-year rotations 102 und 103 contained oats, corn, and winter
wheat. Tillage in the 2 votations was similar, exeept that in rotation
102 the corn stubble was not disked for winter wheat in 5 of the 23
years {sec table 12} und wheat in votalion 103 received a light top
dresstirg of barnyard manure late in the fall.  The volations were not
atljacent but separated by & intervening plots. The yiekls of grain
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-and straw are shown in table 27,  As manure was applied to the same
ground only once in 3 years, its accumuiating effect was slower than
on the continuously cropped plot C (tnble 26) and the grain and
straw yields were less affected. "Therve were § years of wheat failure
in the rotation without manure and 6 in the rotution with manure.
The higher yield of straw was produced on the manured plot 13 times
and on the unmanured plot 5 times. The 23-year average yield of
straw wus 86 pounds to the nere greater on the manured than on the
unmanured plot.  Vegetative growth was not sufficiently stimulated
te depress grain yields, the difference being only 0.6 bushel to the
acve and in favor of the manured votation.  The higher grain yield
wag on the manured plot 12 years and on the unmanured plot 6 years.

LABLE 27 —Annual and average gickds of winker wheal grain and straw after
carn in $-pear rolelions; wot manured, 102, maonnred, 103, in ficld 49, et the
North Plalte Substation, 1812-3)

[e¢e . 25 for rolationt schedules)

Aene yields of wititer wheal

Yenr Not mnnulré.éi. FOLILIOR 3 ysenured, rotntlan 103
firain E Bimw Cirnin Struw
1
L Husheftr 1 Powmis Ruaheix Pounids

we . . EE 1, 60G 1,2 1, 8§70
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14 . X 5.7 1, 440 .3 1, 060
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LT . . .. el 3, w20 423 4,20
Wiy . PR, [ 0 4 0
I . ; 51 850 | 5.3 480
wig . ua5 3, 800 7.3 200
TEI - 248 § gt .5 1, 140
02 . @3 1,574 18.5 1, M0
I‘J:-"-’ wnb, 260 6.3 1,950
1023 gl 17 G b
192t N 20 1.8 2, 490
1925 9.7 sy | 10.3 1,059
[T a ! 1 L] o
. m e 2,330 o & 5, 170
E] . 2.0 [ o] 2,360
vz -- .0 1,510 iy 2, 306
Juast. - 5.0 500 | 40,3 1.5%
} }:l, - - M5 E:) 613 : 33.0 4 933
2 ¢
oL 0 o] o 0
. - ool . h 0! 0 G

Avemee.. . Cem e e as_:l {780 7.3 1, 575

1

Srerxa Woear

Except in limited areas and oceasionally fur reseeding when winter
wheat iz abandoned, spring wheat is of minor importance in Nebraska.
By the rime land has been prepared and spring wheat has been seeded
aned germinated, winter wheat usually has gained considerable head-
way. This advantage, which under normnl conditions continues until
liarvest, enables the winter wheat Lo complete ils growth and mature
carlicr and therefore nnder more Tavorable temperature conditions
than wsnally prevadl later. On this account, when the survival of
winter wheat 1s good. ifs yields arve usually higher. At this statior
for the 23-yeat period 1912-30%4, o comparison of the wverages for all
methods of tillage given in table 8, shows that the yield of spring wheat
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was 76 percent of that of winter wheat. Improvement of earliness,
and yield of spring wheat. und at the same time u greater than normal
abandonment of winter wheat, has to some extent Treduced the lead of
winter over spring wheat in recent years.

The varieties used were Kubanka durum from 1907 to 1928 and Ceres
from 1929 to 1034,

TABLE 28— Annual and averagy yields of apring rcheul efler different crops and
 Yullow land and titlage mathods in field 32 af Noerth Platie Substation, J1907-34

{Evw rm. 2ito “5 lor rumtian 'u'hettuii,s]

E .Arn.-. yivlds of spring wheat followug——
o e e ——n — ey e
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: . i
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&b 581 L3t i1 6.0 7 16.4
A0 20 420 23 4.2 0.2 17. 5
100 12,4 % 121 - 7.0 11,3 12.7 (18-
1a. 4 .z Iwyg - 155 1.8 ] 2.0
A4 L5 LG a7 14,7 1.4 .5
€3 1.3 4.4 RN L3 4.4 1L, 0
0.7 - 0.7 . 154 15,2 o0 14, 7 2L 5
IE ] 18,5 | 15,8 - b0 .8 @5 a2
i 50 0.0, T4 7.0 6,3 20, 6
1 1 |1 B 1] o] il 1, 5
58 1.7 JA, Y . I8 G 17.1 13,8 20,3
M, L5 Ty, 2 17,2 1 L HA g H.d
1.4 1.2 .1, 12,41 Nl jI LT
2,4 . i o040t 7.y = AR w2
150, 16,5 ° 17.9 12,4 2.0 1.0 o), i)
55 on 0 6,5 " SR] 5.3 U504
1.0, L7 Ho. 11.0 | 14,6 4 4,7 185
1 {11 G [ I 1IN a3 3.4
Averge., - nn. 1, LK 7, 10,9 i 12,5 ¢ 10,7 ; 19.1
i 1
l](nlalionﬁl 11, 18, 19, 41, 42,44, 490, 4 Rotations 4, 8,
1 Hotation 2. * Notatlon 45,
t Rotatlons 3, 4. 7 lotations 4, C or 13,

¢+ Rotatipn 0,

Spring wheat vields on digked, spring-plowed. and fall-plowed corn
stubble Luul afrer small orain on spring and fall pln\\'mr_r. after sorgo
on spring plowing. and on summer fallow are shown in table 28 for
field -1, On eropped lind vield differences doe fo erop sequence and
tillage were not great. No CLrops were harvested on cropped lund in
the years 1011, 1926, and 19584 Al cropped land vields were below 3
Dushels in 1913 unl 122, Following corn, average differences in yields
us o vesult of tillagre methods were less thon 1 bushel.  Fall plowing
produced the hwlwat vields, disking the next hl‘"!l(“-.l.. andl spring
plowing produced the Towest v wltls TAfter small grain there wag an
average ditference in yield of 2.4 bushels in favor of fall plowing,
v this ease an advants age s .'_":lll\i'd by plowing enrvly anc preventing
loss of moisture from weed growtl that occurs on land left for spring
plowing. The lowest average yicld was on spring plowing after sorgo.
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The low yield in this case is due to the late growih of the sorgo crop
and its thorough exhaustion of soil moisture.

Afler fellow there was only one complete spring wheat failure, and
but three yields were under 1 hushels.  Tn the drier vears, yields after
fatlow were genceally more than double the vields on eropped land.
The average vield of 19.1 bushels after fallow was less than double
that en eropped land, and on the basis of these tests greater stubiliza-
tion of gields was obtained at the expense of somewhat less total
production,

Spring wheat yields from ficld 44 are shown in table 28, Prepara-
tions ineheded plowing under of pens and rve for grees manures nnd
fallov- treatment in d-vear rotations and alter potaioes in n 3-year
rotation. T these votations yields were inlluenced greatly by location,
Rotation 15, with spring whent Tollowing rve for mreen manure,
was on the lowest corner of the field and this plol ot iimes received
runolt waier from lund nbove i, The consistently higher yield from
rotalion 15 was wilhout doubt due morve lorgely {o this moisture
advantage than to any other cause.  Hotation 17 with peas for green
maaure anl rotation I with fallow before the wheat crop were in
comparable foentions. The higher vield after fullow was due to
betler moisture stornge after the fallow. That is, any advantage
from increased fertility from plowing under the peus was more than
oifset by the moistuee used in their growth and lost to the wheat crop.,
Rotation s with potatoes preceding the wheat crop was loeated
at considerable distanee Trom (he other votations.  The average yield
of 149 bushels of spring wheal alter potatoes wax somewhat greater
Chan spring wheal vieldsaflercorn, axis shownin tuble 28,

Tanng 2 - banuel awd avorage piclds of spring wheat afler craps and fallow
and illage mothods By ficld 38, ol North Plalle Substation, 1812-34
ISee i 08 o 3G Tor pedstfon sehedulest
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Qars

The record of oats production in the central Plains has been one of
occasional good crops, numerous mediocre yields, and a considerablo
number of fuilures. The c¢rop generally has been among the leasl
profitable of the extensively grown small grains. An acreage un-
justifiable by its H)erfurnmuce hias been mnintained on account of the
popuhu'il:f-' of both grain and straw for feed und the ease with which
it is hanclled in harvesting and threshing.  Vurietal improvement has
been an important factor in maintaining acreages.  LEarvlier maturing,
higher yielding, and more drought-vesistant varieties and selections
have been introduiced Irom time Lo time and have replaced less well-
ndapted sorts. These changes have reduced the spread bebween onls
and some of the other smiall grains, but the crop still remains relatively
unprofitable, Grasshopper injury is another heavy handicap sulfered
by outs. The open heuds and slender exposed pedicels permit the
kernels Lo be clipped olf easily, and Josses from this source frequently
ruttinte high pereentuges.

Ag in the rgriculture of the surrounding tecritory, outs were given
nomore prominent place in the crop rotations at this station than the
results have justified.  In field 1 oats were used on 23 plots for 28
years, in lield -0 on 20 plots for 23 years and on 3 additional plots for
14 years, und in fleld 42 on 16 plots for 12 years.  The seedbed prepara-
tions included disking, spring plowing, eavly fall plowing, late fall
plowing, green manuring, and fullow. Preceding intertilled crops
were corn nnid potatoes; drilled annual erops included continuous oats,
spring wheat, winter wheat, barley, and sorgo. Sod crops were
bromegras< and alfalfa. - Rotations varied in length from 2 to § yeurs.
Seed used was standard Kherson from 1907 to 1915, and Nebraska 21,
1016-3:4.

Results from the three liekis and from similar treatments and crop
sequences are shown intable 3¢, Al vields previous to 1912 and those
after sod erops, green manures, nid sorgo were from field 41, Yields
after smull grains were avernwes of all plots with similar treatments
in fields £1 and -1 from 1912 to 1923 and included yields from field 42
beginuing with 1923, Yields after fallow were from fields 41 from
1907 to 10, and field 40, 1012-3+ The sequence most frequently low
and with the lowest nverage yvield was outs afier alfalfa.  In only two
very favorable venrs, 1015 and 1924, were the yields of oats from this
rotation above those on carly-plowed land after small grain or those
following intertilled crops.  The carly mrowth of oats after alfalfa
was usuitlly luxuriant, but limited meisture as the oats approached
maturity except in the most favorable yenrrs resulted in deterioration.
Oats after alfulfu in Jdev and in wet vears wre shown in figures 9 and 10,

During 9 years, that is practieally 1 out of 3, yields of oats after
alfalfa were under 3 bushels per acre. Crops were complete failures
in<of these vears,

The next lowest average yields were after hromegrass and sorgo
und on spring plowing after =mall grain. After bromegrass and
sorgo, there was less stimulation of early growth than after airfalta,
and yields in somre of the poor vears were not so low. On spring-
plowed land after small grain, vields were not so hieh in Tavorahle
venrs as frons the treatments just considered, but the average was muain-
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tained by a greater number of better intermediate yields. Annual
and average ylelds from full plowing after smail grain and tollowing
intertilled crops were similar and from about 4 to 6 bushels per acro
above the yields after the sod crops, sorgo, and spring plowing after
small grain,  These gains were due to Detter moisture conditions ve-
sultmn' from control of weeds after harvest where early plowing wis
])mctl(.ed atter small grain and from less complete moisture exhaus-
tion by intertilled cr ops.

TanLh 30—Annual and averuge yiclds of outz following different erop sequences
wae tillage treatments al North Platte Sulisiation, 1907-34

[Soa ppx 2 e 27 for rotatlon sehedoles]
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§ Rotalious 8, 10, 50, C or 13, 81,

On fallewed land many good and few poer vields were obiained.
Yiclds exceeded 85 bushels | per aere twice and 70 bushels five times.
There were only 2 years of complefe l.ll]llll", and 3 adeitional years
with yields below 20 bushels per aere. The inerease in yield ‘from
fallowing was not suflicient. however, to make up for the loss in use
of the lantt during the fallow years.  In only 7 venrs were {he vields
after fallow double o more than double (hose from some one ov
all of the methods used for snnual cropping.  This is a frequency
of 1 year out of b On Lhe basis of averape yleldw one-half of the
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yield after fallow was 7.3 bushels, or 28 percent, less per acre than the
vield on early plowing after small grain and 8.9 bushels, or 32 percent,
less than the yield atter intertilled crops.

Che average yield of oals after failow was 10.3 bushels por acre
more than the yield following corn and potatoes. The vield of corn
on enrly fall plowing after small grain was 19.8 bushels per acre (see
table 33).  Using these vields to compare fallow-oats with corn-oats
sequences, cach bushel of oats gnined by the former was offset by 1.9
bhushels of corn gained by the latfer.

The respense of oats [o green manuring was less favorable than the
respouse to fallowing, The average yield afler green manures ex-
ceeded that after fallow in only 2 vears, 1927 and 1930. The
average vield of 314 bushels after green manuve was 7.0 bushels per
aere less than the nverage after fallow,

The difference betweon the elfeets of rve and peas for green-nunure
erops was within the limits of ervor,  The vields of oats were sonie-
what better after peas than after rye in field 1, and the reverse was
Erue in Reld 49,

The yields of outs wore depressed ather than increased by the vse of
barnyard munure in ene B-veamr rolation {No. 43, fiedd 41). The
munwre was applied on wheat stubble before plowing in the fa1l in
preparation foreats. Anadjneent rotution, Ne. 3, was similay in crops
and tillage but with uo wanure. The 2%-year average viells were
200 and 20,9 bushels per aere, vespectively. — ‘The higher yield of oats
wust From (he masred rotation 6 times and from the nnnanored vo-
tation 18 times,

Bariey

Tn the ceutral Plains during the past 10 (o 20 yems, the increase
in acreage of barley hns not been equaled by that of any other spring
grain evop. Tre Nebraska, the acreage ratio of barley {o oats has in-
creased Fram about 1to 6 in 1920-23 (o the present ratio of nearly 1
to 5. 1n some sections, burley exceeded eats in aereage and quite oon-
erally outyiclded oats in pounds of hull-free geain per acre,

Burley was less extensively used in the erop rotalions st (his station
than would have been justified hy its importance in (he region,  Bar-
fey was secded Tor the 28 years, I97-34 in field 41 in one 8-year rota-
tion on disked cornland and in one 3-vewr rotation on spring plowing
i fter onts, on continwously cropped fand spring-plowed and early fall-
plowed, and in alternation with fallow, In fiekd 49, harley was used
for the 1b vears, 1921-34, in 2- 3= ol deyear rotutions on disked eorn-
land and disked milo land; and in 3-vear rolaiions on disking after
oats, and spring plowing and early fall plowing nfter ryve and after
fallow.  Yields are shown in table 3L From 1007 to 1930, the vields
were from field H1. For the period 192134, plots having similay
Freatments in the twe fields were combined and the average vields used.

Barley wus a total failure in 1912 on all methods of preprration, and
111920 and 1903t on all methods excopl faltow.  After small eraing fall
plowing produced higher yields than spring plowing 16 fimes and
fower yiclds § times.  The 28-year average wins 4.4 bushels higher for
fall plowing.  Forthe Bi-year peviod 1921-34, the higher vield was
from fall plowing 12 timesand from spring plowing 2 [imes, the aver-
age difference being 7.5 bushels. Disking afior sl geain vepre-
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:Sented by one plot only for the 14 years 1921-34 produced abput the
same as spring plowing for that period.

Mapin 31 -—Annual and everage yields of barley from different crop sequences
and tillage trectments at Norith Platte Substation, 1907-84

(See pp. 24 to 20 for rotation seheduies]
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t Rotetlons 7, 447, ©C-A.  CC deslpnates continuous cropping,
5 Ratatlans 415, dé-n. to Qeslguates continuous eropping.

« Rotntlons 6, 440, 404, 410, 410,

+ Rotatlons 408, 412, 413, 601,

1 Rotntion 444, Qor D,

On disked cornland barley made a relatively poorer showing than
other grain crops on that preparation. For the 28-year period yields
on disked cornland and on spring plowing after small grain were
about equal. For the i4-year period the difference was 2.9 bushels in
favor of the cornland. After covn, barley yields averaged 2.1 bushels
more per acre than after milo. :

After fallow, barley failed completely in only 1 of the 28 years.
‘There were only 2 yields below 10 bushels and 4 yields below 20 bushels
to the acre. The yields of barley after fallow wers donble or more
those after small grain 9 times when the preparation of the latter was
fall plowing and 13 times when the preparation was spring plowing,
and double or move those on disked cornland 11times. Omne-half of the
98-year average yield of barley after fallow was 6.3 bushels per acre
less than the average yield on early plowing after small grain, The
average loss from fallowing is offset to some extent by the greater
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stability of yields from this method during dry years. Failures and
low yields tend to increase prices, and moderate yields at such times
may have more value than higher yields with lower prices.

The 28-year average yield of barley after fallow was 13.2 bushels
mote to the ncre than the yield on disked cornland. The yield of corn
on fall 1plawing after small grain was 19.3 bushels to the acre (table
13). Using these yields to comparve fallow-barley with corn-barley
practice sequences and treatments, each bushel of barley gnined by the
fovmer practice was offset by 1.5 bushels of corn gnined by the latter
praciice,

Winter Rye

The chief values of winter vye ave its superior winter hardiness,
adaptation to sandy soils, and ability to furnish pasture in fall and
late spring when many other plants are dormanté.  On the betier hard-
land soils, rye is less productive than winter wheat and is not usually
grown there except for pusture or under conditions where wheat is
Jess apt to survive. Rye and corn are the chief annual crops grown in
the Nebraska sand hills.  Rye is usually seeded in the standing corn-
stalks, and corn is listed into rye stubble. In this way, maximum
protection is obtained agninst soil blowing. The market price of rye
is usually well below that of winter wheat and often below that of corn,
As 1t has a feed value approximately equal to these grains when fed
in mixinres with other grains, it should be used more extensively for
Teed on the farms than as o market evop.

At this station, rye was used as a green-manutre crop in comparison
with field peas and fallow. The yields of crops after vye for green
manure were usually higher than those after peas for green manure,
This was due to more favorable moisture conditions after rye. Tis
carly development allows it {o be plowed under several weeks before
peas, and the additional length of the fallow period after plowing per-
mits a longer time for moisture accumulation. On the other hand,
less moisture was stored after rye green manure than during a full
sengon of fallow. That the difference in moisture was of greater
importance than the increased fertility supplied by the green manure
was indicated by greater crop yields after fallow than following either
of the green-manure crops.

Winter rye wus one of the crops grown in five crop rotations in field
49 fvom 1921 to 1934 {table 32). Previous cultural treatments were
as follows: Disking after barley on one plot, fall plowing after barley
on two plots, disling after corn on one plot, and fallowing on one plet.
The average date ot fall plowing barley stubble was August 11, and of
disking, September 9. The Iater date for disking, which permitted .
areater use of moisture by weed growth than after plowing, was proba-
bly o greater factor in reducing yields than the difference In manner
of tillage, Average yields were 11.4 bushels on disking and i4.5 on
plowing. The vield on disked cornland was 11.8 bushels, or only
slightly more than for disking after barley. The 27.1 bushels average
vield of ryve after fallow was more than double the average yield from
cropped land, indieating that rye like winter wheat is able to make
rood use of stored moisture. A plot of rye on fallowed land is shown
in fignre 11.  Average yields of winter rye ranged from 75 to 85 per-
ceni of the yield of winter wheat following similar preparations, for
the 14-year period 1921-34.
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are rotated and supplies the most econowical prepuaration for their
seelling. Listing is the usual method of planting. This method re-
quires a minimum of prepavation nmltillage. 1t also retards toa rapid
early growth, and the smaller plants that have not used excessive
moisture in vegetarive growth have a better chance to mature grain
on & limited moisture supply.  Where cornis followed by winter wheat,
the most common method of seeding the wheat is drilling between the
rows of standing corn,  Limited arveas are drilled on corn stubble
after the corn is removed for ensilage or fodder,  The usual prepara-
tion of cornlund For spring grains is disking.

The average yields of corn it the seerion are low, and mnnual vari-
ations are greal.  These handieaps are olfset to some extent by low pro-
duetion cosis, nnd corn has long been regarded as one of the most sat-
isfactory dey-land crops, Recently its pozition has been challenged
somewhat by improved enrvlier maturing types of geain sorghum. The
superior droughtl-resisting qualities of the sorghus has enabled them
ab times to muke fair yields when corn has failed compleiely,  ‘The
sorehums are also less severely injured by geasshoppers.  On the other
hand, they start slowly and replanting is more often necessary than
with corm.  Also, sorghtms dey the soil more thoroughly and fre-
quently depress the yieldsof the crops that follow them,  There isittle
doubl that the improvenent in geam sorchuns will allow them to be-
come peenanently estublished farther torth in the central Pluins.

Onoueccunt of the importanee of corn as= ¢ votation crop and its estub-
lished feeding and market value, it is probable that it will vetain a high
propertion of its acreage even where yiekls are somewhut lower and
nrere varianble than Trom the grain sorghmme.

Corn wix more extensively used than any other erop in the dry-land
crop rolations at this station, 1t was grown after each of the small
arains. after sorgo, alter mito. and continuously on the same land.
Iillage prepavations were fallow. fall plowing, spring plowing, disk-
ing, and listing only, AU planting was done with a lister regardless
of previous preparation.  Substation White, a medimm-carly variety
relocted for smooth kernel iype and purity ol color was used in all
VOULS.

Tn dield S vors was grown b 2-, 3- 4-oand G-year rotalions after
small grain on nie spring-plowed awd nine fall-plowed plots in one
J-year rotation on fuil plowing after sorgo. continuously eropped
on Tadl anel =pring plowing, and alternating with fallow on one paiv
of plots. The yields by preceding erops and tillage are shown in (eble
0.

After wosmadl grain there were  vears in which vields of less than
1 bushel on both spring aud fall plowing were obtained, 4 years of
practivadly equal yield, 3 years with the higher yield on spring plow-
e, and LT oyears with che higher yiekl on fall plowing. Average
vields were 17,0 hushels with spring plowing and 195 with fall plow-
ing. One of the fall-plowed plots {rotation No. 1) was plowed about
a omoith later than ihe others.  Its vield was only TH1 bushels per
acre. Buenyared nsoore was applied before oats in rotation Na. 43
and Lefore sorghum in vatation No, 37, Corn yields on Tall plowing
in these rofations were 1310 and 176 bushels per acre. respectively.
Corn yields after fall plowing in the six rewssining rotalions were
all ubove 20 ishels and their average was 212 bushels, which is 8.8
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bushels more than the average yield of the nine plots on spring plow-
ing. Corn yields from rotations in which green manures were used
were no greater than from rotations without such treatment.

Tasie 33 —Annual and average yields of corn from different erop seguonces and
titlage methods in field 41 al North Platte Substation, 1907-84

[feo pp. 4 te 25 for rotaticn sehedules)
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The single plot of corn following sorgo produced an average yield
of only 14.9 bushels. There were five complete failures and five yields
below 5 bushels per acre. This poor record is the vesult of the
thorough drying out of the soil by the sorgo crop. Barnyard manure
applied before sorge in this rotation was probably a contributing
factor in producing good corn yields in yemrs of more favorable
moisture, as 1913, 1920, 1923, 1927, and 1930. More frequently, with
moisture a limiting factor, yields were further depressed vather than
incrensed by manure.

The average yields of continuously eropped corn were essentially
the same on spring and fall plowing, the 98-year averages being 21.4
and 21.1 bushels per acre, respectively. For the full 28-year period
the average yield of continuously cropped corn was 2i.3 bushels
(table 33, coltunns 5 and 6) in comparison with 18.4 bushels for corn
in rotations after small grain {columns 2 and 3).

The gains for continuous corn were usually greatest in years of
1:elative?y tow yield when moisture lmitations were most severe and
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for the earlier years of the comparisons. Omitting years of failure
and yields of Tess than 1 bushel and dividing the remaining 24 years
into two yield classes of 12 yenrs each, the averages of the 10w groups
were 11.2 and 17.5 bushels, rvespectively, following small grain and
corn. This is 2 gain of 5.3 bushels, or 47 percent, for continuous
corn.  On the other hand aversges of the high-yielding group were
essentially the same, 315 Tollowing small grain and 82 for continuous
vorn. Failure of continuousiy eropped corn to maintain the gains
made in the earlier years is shown by dividing the 28-year period into
two lf-year perieds, again using average yields of columns 2 and 3
and & and 6 of table 33. TFor the first 14 yenrs average yields were
16.7 and 21.7 bushels after small grain and corn, respectively, while
Tor the sevond 1d-vewr period the avernges weve, vespectively, 20.8
und 213 bushels. That is, the gain for the first period was 5 bushels,
or 30 percent, and for the second peried it was only 0.5 bushel, or
2 percent,

Continuvus-cropped corn declined progressively in stover as well
ax in grain yield. Yor the first 14-year periads stover yields after
small grain and for continuous corn averaged 2,333 and 2,220 pounds
per acre, respectively. For the second 14-vear period the averages
were, respectively, 2,770 and 1,920 pounds.  In other words, following
small geains (he wverage stover yield of the second period gained 417
poands over the first period, but there was a loss of 300 pounds be-
{ween these periods in the case of continuous corn. The sum of these
differences ix 717 pounds, or 33 percent of the average stover yield
fov the st 1+ years, and indicates that a deeline in plant vigor and
yield may be expected from lung-time eropping to corn alone.

Corn made the poorest relative shov.ing of any of the crops grown
on fullowed land. Tooonly 4 years—1010, 1014, 1923, and 1926—were
mood vietds on fallowed land associated with poor yields on cropped
Innd. " These were the only yeurs in which the yields on fallowed land
were more than double the yields on cropped land. There were 3
other dry yvears—i911, 1913, and 1#3+f—in which corn wns a failure
or produced low yields on eropped land and in which it was a failure
or produced low yields on fallow. Huil damage was the cause of
Tow yields on all methods in 1932,

There were 11 years in which lower yields were obtained after fallow
than fron continuous corn on spring plowing, and 10 vears in which
there were lower yields atfter tallow than on fall plowing after small
grain.  The average vield of 24 bushels atter fallow was a gain of
only 2.4 bushels over the average from continuous vorn on fall plowing
and 4.7 bushels over the average of corn on fall plowing after small
arain. In moest yenvs, the early growth of corn after fullow was
slower than on cropped land. Frequently the plants were lighter
areen in color.  Laek of vigor was indieated by sparse tillering. In
vears of high temperatures and Jight rainfall, these differences were
overcome by midsummer, and the plants on fallowed Jand made good
arowth after the plants on cropped land began to deteriorate. In
more favorable seasons, the growth frequently was less on fallowed
Tand than on eropped 1land throughant the season.

The results with corn from field 49 ave summarized in table 34 In
this feld, corn was prown in 2-, 3-, 4-, and 3-year rotations following
«mall grain listed with no previous preparation, listed after disking,
spring-plowed, and fall-plowed; and on disked milo stubble. Some
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of these vesults were for the 23-vear perigd, 1912-34.  All were for the
14-year period, 1921-34. .\\01 ages are shown Tor both periods,

In this field, differences between the average yields on spring-plowed
and on fall- plow(-tl land were not Hl"’ll]ht‘.lllt Tor the Li-vear period,
disking wave practieally the same vesult as plowing.  Tn most years
the \lt‘](lh were lower from listing without previous preparation than
from the other methods, the avernge ditference being about 2 to 3
bushels per acre. With no preparation previous (o listing, weoed
growth and volunteer grain wsaliy had made considerable headway
hefore corn planting time wid (he soil was reduced in woisture andl
broke upr in clods. The average vield of corn on disked milo was 2.6
bushels Tess than after small greain with the sone prepueation. Milo
grows lale in the fall and exhausts soil moisture thoroughly.  Corn
on disked land in this sequency apparently bad about the same mois-
(ure handicap as with no disking on small-greain stublble.  The result-
ing Li-year average vields of 21,1 and 20.0 bushels to the nere were
u])]}m\nn.ltv}\ (he same.

The yields of corn in field 2 from 2-yeur ratations and from con-
tinueus cropping ave shown in table 357 Eneh vield was the average
of four ll‘[)Hil’.‘lll()l\h In the 2-yvear rotations, the preparalions were
gpring isking smd enrly fall p'lu\\mtr after onts and winter wheat
and disking and Iate fall plowing alter corn.

PTanee b Awunuel and arerage plolds of eora froi differend crop Sequenecs and
filtage methods in ficlid 19 ot North Platie Suhstation, 1912-34
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Tante 3F—Annual und average yiclds of corn on gpring disking and early fall
plowing ufter ouls ind tointer wheat in 2year rolations, and on gpring disking
und full plotwing from continuwong cropping of corn in fleld 32 ! Norih Platte
Subsiation, 1928-34

|Sew 12, 26t 27 for rotaticnsehediles)
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Afler oats, corn yields were consistently higher after carly fall
plowing than alter spring disking and the I2-year average was 4.0
bushels higher on the early full-plowed land.  After winler wheat,
disking prodoeed the highest average yield of any prepmeation ov
crop sequence.  In this ease it is probable that unother Fuctor was
of greater importance than the tillage preparation in determining
results. This was the time of harvesting the corn crop.  Iu all other
croups. corn wus harvested with o corn binder and vemoved from
the Jund before winter wheat was seeded.  In the group of plots that
were spring-tisked for corn, winter wheat was seeded in the standing
stalks wnd the corn was husked at w later <ate.  Although corn was
usunlly well-matured when cut with a binder on the other plots, it
wax apparent hat (he geain on the plants left standing filled morve
completely, and that the relatively higher yvields were a result of this
development rather than from a dilference in the titlage preparation.

In this lield, continuous ut'u]:pi'ngnl’ corn did not imake so favornble
a showing as it did in the early yewrs of the lunger period in field 1.
This may have been due to a somewhat higher proportion of favorable
years during the later period.  Asshown by the results from field 41,
corn continuously cropped made a more favorable showing in com-
prrison with corn after small geain in years of low or mediom yield,

In the B-year rotations i NS (tuble 36) the avernge corn yiclds
were higher by ohout L bushel 1o the nere where one of the two pre-
cedingr erops was corn than where bothy erops were winter wheat,  The
order v [ the crops when bothv corn aind wheat were used preceding corn
did not affect the averuge yield of corn.

In these 3-year votations, the preparation for corn was spring disk-
ing before listing awd fall disking of winter wheat stubble when
comditions were suell that the growth of weeds and volunteer wheat
would huve interfered with soll-moisture storage.
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TABLE 38— Annual aud average yields of corn following corn and wieal, wheat
and corn, and {100 crops of wheal, in 3-year rotations, in ficld 32 at North Plulte
Subsiation, for the 12 years, 1023-34

{5¢o 1. 37 for rotation scheduales]
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In discussing the resulls with corn, mention was made of chunges
during recent years in corn and grain sorghum acreages. Dwark
Yellow milo, \\'flich was usedd in these experiments, has been shown by
recent trials to be inferior in vield and carly mmlurity to several of
the Improved grain sorghums now :a\'aili;b]t-. lis performance in
comparison with corn was less favorable than would be expecied from
the newer ypes.  Milo was growa In five rotationy in field 49 for the
14-year period 1921-3+. The preceding crops were corn, rye, oats,
winter wheat, and barley. The illage preparation was spring plow-
ing in all exses. The seed was surface-planted in 42-inch rows, and
the plants were thinned to uniform stands spaced at an average dis-
tance of about § inches,

Tante 37 —Annuel end average giclds of wito aflfor smell grafn and corn and of
corn afler small grain and wilo in feld 18 af North Platte Substation, 1321-34
[See s 20 for rointfon scheduies]
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Yields of milo and corn are shown in table 8%, The higher yield
of milo was obtained more frequently after corn than afier small grain,
and the average after corn was higher by 1.7 bushels to the acre,
Corn, however, made its higher yield more frequently atfter small graiu
than after milo, wnd the average wus higher after small gruin by
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1.8 bushels to the acre. The nverage yield of milo after corn wns
3.9 bushels to the acre more than the average yield of corn after mile,
Tn this field, barley followed milo and corn each in four rotations.
The Leyear nverage yields of barley were 16.8 bushels to the nere after
milo and 19.5 bushels after corn, or 2.7 bushels less bwdey from the
milo sequence.  With Dwarf Yellow milo as the grain sorghum crop
there was ittle difference in its average yield and that of corn.

The mavket value of milo is somewhut below that of corn, and also,
as yields of the crops by which it is followed in votutions were de-
pressed, there was clearly no advantage in most years in these tests in
subsiituting milo for corn. If years like 1930 and 1951 were more
frequent or it ane of the Improved types of grain serghum had been
used, ® better showing for the use of grain sorghum would doubtless
have been made.

Sorco

Sorgoe lms been for many years the most dependable dry-land
fornge crop of Lhe Central Plains. Its ubility to vecover and continue
arowih atter drounght periods of varying intensity enables it to
make fir vields when many other crops ave'complete or near failures,
The erop is usaally consumed on the farms where grown, When cured
and stacked, its Teed value does not deteriorate rapidly and many
Farmers coeey over o supply as insurance against a feed shortage in
very dry years.

Norao was grown for forage following wheat, oats,and coru in 3-year
rotations aod in alternmion with fallow in one 2-year rotation in field
41, and nfter wheat in one S-yvear rotation in field 490, Except on fal-
low, the preparation was spring plowing in all rotations.  Barnyard
mannre was applied before plowing at the rate o abouf 10 tons to
the acre in two rotations.  Yields are shown for the 21 years 191434
in table 88, First results from fallow were obtained in 1914, The
omissions of results for carlicr years from ihe other rotutions does
not materially change comparative yields,

Taung 48-- Lrniad und aecrage yiclds of drilled gorgo on spring plowing, after
suttdd grain aeith oend withont menare, wfter corn with wiqunre, and after
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The yields after onts were avernges from 2 rotutions; those from
other sequences were from single rotations. The yields following
wheat with manuore and onts without manure were approximately the
sume.  The yield nfter corn was higher than that after small grin
14 times in the 21 yewrs.  The average inereuse in favor of the corn-
landl was 0o ton, vr L4 percent,

The vield affer fallow was higher than that wfter corn 15 times
in 2L compurisons.  ‘The average vield after fallow waus 043 ton, ar
13 percent, more than the yield Tellowing corn, and 0.88 ton, or 2§
percent, more Lhun the avernge o Bersmnll greain,

1t ls been shown in fables 3t and 33 that the yields of crops Tollow-
ing sorgo were frequently lower than frrom other sequences, .\ crop
season 18 lost during the fallow preparvation, sud this toss 15 lowost
where crop prospects are lenst. This is more apt to be true follawing
sorgo than after snmdt weain, The Tallow season is shorter after sorgo
than after sanll graing Consequently, in some vears the subsoil
within rench of erop roots may curey less water al seeding tine, and
this difference in meisture is veflected in crop vields. 10 is shown in
talsle IT that the nvernge yield of winter wheat on fallowed land after
sorgo in rotalion 120 was 17 bushels less than from the D and 12 plots,
which were nearby and alteenately cropped to winter wheat and
fallowed.  The veduction in the yield of winter wheat on fallow after
sorgro wis appirently due to less Tavornble moisture storage in this
sequence in drey years.  On ihe other hand, in seasons of more plenti-
ful raindall theve was Liitle if any lodging of winter wheat on fullow
afler sorgo, whereas on fallowed land in other sequences Todging was
offen u canse of considerable loss. A factors considered, where
sorgo and fallow sre used in n system of diversified farming, fallowing
after sorgo appenrsta be preferable to fallowing before sorgo.

PoraTors

The commerein] production of polatees in (he cenfeal Great Tlains
is confined maindy to the irrigated areas. Some warket polatoes nre
crown on sandy soils, amd the production of certified seed potaioes
has been developed inte an important industey on hoth diy land and
under irrigation in western Nebraskn and eastern Wyoming.

A this station, potatoes were grown in six S-vewr rotations in
field -1} for the 23 veaurs 1912-3L  Preceding freatments given were
a5 folows: Disking after wheat, envly Tall plowing afier wheat aul
oats, spring disking after corn, and fallow.  Yields are shown in
Falle 39, .

The 1923 resulls were aflected by brregular stands and lNooding
injury on some plots and were not used in the table. The yields on
early [all plowing after small grain were nyverages from 3 relations,
Other yields were from single rotations.  Following small geain,
spring disking and early fall plowing preparations gave higher vields
from the former 5 Gimes and from the Tatter 16 {imes. The avernge
aain in Tavor of early fall plowing wans 17.2 bushels, or 21 percent,
The advantage of early Fall dillage is in moisture saved by control
of weeds For the alter-harvest senson,

The poorest showing waz ot disked cornland. The average yield
adfter corn was 21 bushels less than that on earely plowing after small
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grain, and there was a tendency for the difference between these prepa-
rtions to increase with increasing years of comparison. For the
1L yenrs 1012-22, the averngo decrease in yield of corn ground in
comparison with that from early plowed grain land was only 2.6
bishels per acre. For the 1L years 192433, (he decrease was 39.3
bushels. It is not improbable That polato disenses were n factor in
the inereasingly poorer relative yields from corn ground,

Tanns B0 lnnned i aveeage pickis of potatocs fron different erap SegNeees
wnid fillege mcthods fn fleld 439 ol North Platie Substutivn, Mie-94 (1923
aniiticd) ]
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When only 2 years intervened between potato crops, as in these
d-year rotutions, the rotation furnished favorable eonditions for cavry-
aver ol potalo-disense ovgnnisms. The yields indicated that corn resi-
ducs may be belter enrviers of potato-disense organisms than was grain
stubble, '

Adter summer fallow, polato yields were higher than after any of
the cropped land methods (6 times awd lower 6 times. Half of the
wnins were sibstaniind in wwount. the vest imimportant, The wvernge
gain of 214 bushels over tlmt from earcly plowing after small urain
approsimated the value of the wheat erop that could have beew pro-
duced diing the time that the land was being prepaved by tallowing,
Again in yiekl usually suflivient (o offset the increased cost and an
oveasionnl gain much in excess of this cost justified the nse of fallow
for potinto production on dry land. Figure 2 shows potutoes after
vats, premaburely killed by low moisture and high tenupernture, in
rofnlion 109 Iigure 13 shows polatoes on fallow where stored
motstuire has kept the vines growing and nude a good yield possible.

ALFALFA axp Broaecrass

The vank growing habit wnd resulting high water requirement of
alfalEa it is best production in the centeal Greal Plains to loeations
where the natural eainfall ean Le supplemented by water from some
other souree. Most of its acrenge is located under irrigation or in
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river vulleys where the water tuble is within reach of its desply pene-
trating roots. On uplands, good crops are produced on limited arens
where runoft water can be converged from higher levels. Crops in
these areas ave uncertein on nceount of the high variability in amount,

.
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Frovn: 12.—Potatoes followlng oats,  Vines killed by drought. Yield, 63,2 bushels
{41.0 bushels No. 1 grade) o ihe aere, Novtl Platte Substotion, Fuly 1982
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Fiauee 13—Potatocs on fallowed land, Yield, 190.8 busbels (1380 bushiels No, 1
grade} to the sere. North Platte Substaiion, July 1982,
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Jistribution, and nuture of the rainfall from which runoff water is
derived. Where no supplemental water is available, good cvops nre
produced in the infrequent years of highest rainfull, or move partic-
ularly in those less frequent periods when more than one such year
ceeurs in succession, Stands on uplands ave dillicult to establish and
difficult to maintain, us the plants deteriovate rapidly when the mois-
ture supply is msullicient to support normal growtl.

When nft’ull"n is estublished In locations where deep subsoils have
neewmutated moisture below the feeding depth of other erops, 16 may .
persist for some thne by extension of its voots and use of water from
this sonrce. .\fter the limits of this process ave reached und stands
have died out, it may be many years before moisture is vestored and
alfutfa can be reestablished.  On necount of its palatability and high
putritive value, alfaltn is one of the most profitable fornge crops obtatn-
able for the arcas where it ean be grown. It will alse vepay consider-
able effort and expense in obtnining supplemental waler for limited
nreas where the general rainfall as inadequute.

Snigoth bromegrass (Bromus inermis) is one of the few introduced
grrasses that has been grown with a measure of success in many locn-
tions in the eenteal Grent Plains. After estublishunent, it approaches
the nutive grass mixtures elosely in persistence and production. In
contrast with most ot these grasses, it staris growth earlier in tho
spring, persists Inter in the fall, and tends to grester dormaney during
hot, dry periods in midsummer.  On upland, at this station, brome-
grass seeded e 1905 was alive with good stands when plowed up in
1935, Stands at (imes were reduced du ring dry periods, but recovery
by spread of rootstalks from surviving plants was vapid with o return
of Tavorable conditions, ln the severe drought of 1934, 25 to 60 per-
cent of the plants perished, but recovery was rapid in the wet spring
of 135, and complete vecovery was indicated when the nrea was
abandoued in midsummer.

Alfalfa and bromegrass were used as sod crops in single adjacent
G-year votalions in field 41 for the 28 venrs 1907-34.  The sod was left
[ue 3 years, and the crops for the follewing 3 vears were oats, corn, and
spring wheat.  Annual and average vields of hay for the first, second,
aud third yenrs after seeding are shown in table 10, The yields shown
in table 8 are the avernges of the second- and third-year crops.  Yields
from the yenr of seeding were obtained twice for Lromegrass and only
once for nlfalfa. Yields for the second and thivd years atter seeding
were highly varinble and the avernges low. In practically halt of the
years, ne recoverable hay yields were obtained. Tn about half of the
years of fuilure for hay, some pasturage was available. Tu the vemain-
ing vears, the cover was largely weeds. Maximum yvields were stightly
below 1 ten per acre for bromegrass and slightly below 2 tons per ncre
for wltalfa,

Average yields were higher for the third than for the second year
erop. IFor the 28-vear period. the avernge yields for the thivd yeay
were stightly above one-fourth ton to the iere for bromegrass and
slightly above one-half ton for alfulfa. Tt is thought that yields would
have been improved it the sod had been left down for longer periods.

There was # distinct gain in the nomber and size of crops produced
for the second over the first Tb-year period. The factors contributing
to Lhis gain were & somewhat lower ncidence of adverse weather con.
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ditions and changes in the methods of seedbed preparation and seed-
ing. In the earlier years seed was broadeast and harrowed in the fall
or late in the spring on fall-plowed ground that was at times quife dry
and loose. As the advantages of early plowing, weed control uwtier
harvest, and firm seedbeds became apparent for all crops, greater cave
wag given to timely and thoreugh seedbed preparation for the sod
crops. After the first 10 years, plowing was done soon after hurvest,
packing was consistently practiced, and broadeast seeding and harvow-
ing were done carly in the spring alter the lnnd was corrugated with
a press drill. During the first L-year period. there were 15 veseedings
of bromegrass and 12 of alfalta. For the second L-year period, there
was 1 resceding of bromegrass and 4 of alfalfa. Average vields of the
second period were more than double those of the first period for
bromegrass and nearly triple for aifalfa, "These results indicate that
conservation of moisture and thereughly firmed seedbeds are highly
important practices in seedbed preparation for these crops.

Pang d0—Axnnel and arerage yields of bromegrass awd alfelfa hay from
firnt-, seeond-, oo d Lhird-gtar slands 0 single G-gicad ralutions in field 41 al the
North Platte Substation, 19073}
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As g result of moisture Hmitations, the crops following sod were
more often affeeted] ndversely than beneficially. This ixshown for vats
in Lable 30, The average yields of corn the second year and ol spring
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wheat the third yenr after sod were also somewhat lower than in other
votations of the same iinmediate treatment and sequence.

The combination of velatively unprofitable yields of the sod crops
as such and their tendency to depress the yields of annunl crops that
follow Teaves but one Factor that i distinetly in favor of their use.
This is the conserving effect upon the soil. This effect is shown by the
high yields of cvops in the relatively few years when inadeguate mois-
ture 15 not & seviously limiting fuctor. Tn 1915, the Th4-bushel yield
of oats atter alfalfa was the highest of any crop sequence for that
vear,  Tu L1924 1028, and 1930, the yields of oats after alfalfa were
hgrh, bot the moisture handicap operaled sulliciently {0 prevent their
excesding those [rom ofher metha(is. In 1928, the yield of 59.7 bushels
niter hromegrass was higher than from any other sequence excepl green
nanure and fadlow. Relatively high yields nfler bromegrass wers
w50 obtained in 1920 and 1930, The highest yields of corn of record
i fiekd 41 were GLD bushels the second vear after nlfalfa and 60.2
bushels the second year after bromegrass in 1923,

When good stands of sod crops wre obtained, the cover aBords all-
yeur protection From wind amd water vrosion, 'Fhe vesidue of fibrous
roots prolongs @ purt of this preteclion for several years after the
sed 1 broken ap. These factors vetied {0 0 marked degree the ke
of nitrogen aud organic matter loss in comparison with that resulting
from the continuous use of annuad evops.

Determinations of soil weight and usitrogen content were made on
all plots i the experimental felds and upon adjacent native sod aveas
when the investigndions weve closed in 1935 FPhese data for the two
G-year sod votations aud for seven nearby HB-year rotations cropped
one-third (o corn and fwo-thirds to small grains ave shown in compari-
sott with native sod in table -£L

Tauer 4).~-Weight per cubic fool, perecntuge, aitd gitonnt of nitrogen per gere
frean flrst amd second G-tneh Seetions and surface fool of soil in 1835 from
wudive sad, Bgpear rolutions Ralf Hure in sod, aid S-poar rotetions of aanial
crapsy eqlerlated tolal und annieal tosses for di-wear period 18901 834, Hi-year
profimivry period TSD0-1006, wnd 2pewr erperimenial period IM9I-84 in
Hetd §F af Xorth Ptette Substation
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This table sliows nitrogen losses in pounds per scre for the 44 years
of cultivation und separately for a 16-yeur preliminary and 28-yesr
experimental period. It is assumed that nitrogen in the native sod
Iand has remuined constunt, atthough it is probable there lins been u
slight increase both in organic matter and nitrogen. It is assumed
also that the nitrogen loss during the 16-year preliminary period when
the land was used chiefly for corn was at the smne rate as from the
doyear votations daving the 28-year experimental petiod. This
assumption is probubly even less correct than (he one just mentioned,
There is considerable evidence indicating that Josses nre more rapid
during early than during luter years of cultivation. It this is true,
the Qifferences would be greater than these indicated in the table
The cultivated soils have w hizher volume weight than the native sod,
and those in the S-year rotations were slightly heavier than those in
the sod rotations. 'Lhe percentage of nitrogen wus in inverse ovder
to the wmott of cultivation. In the upper G-inch section and for
the entire foot seetion, nitrogen per acre was also in inverse ovder
Lo the wmount of cultivation.  In the 7- to 12-inch seclions, however,
on aceount of their higher volume weights, the cultivated soils con-
tained nove pounds of nitvogen. The nitrogen loss for the 28-year
period was approximately twice us great from the 3-year votations as
from the 6-year votations, in which the land wus in sod one-half the
time,

Tlhe chunge in the location of the nitrogon in the surfuce foot of the
cultivated soils—u loss in the fivst G-inch Juyer and an increase ju the
second—indicated that some of it may have been carried Lelow the
first foot. 1f this be true, the total loss from the soil might be less
than that shown by these detevminations, which were from the fivst
foot, only.

SUMMARY AND CONCLUSIONS

The Novth Platte Expevimental Substation is one of a number of
locationg in the Great Plaing arew at which dey-land crop rotation
and tillage investigations have been conducted cooperatively by the
Uniled States Depurtment of Agriculture and State experiment sta-
tions. The rvesults roported in this balletin cover the 28-year peried
1907-34, in which the staple farm crops of the section were grown in
various cropping and methods-of-tillage experiments.

The experimental Helds were located on tableland at an eleyation
of approximately 3,000 feet, o 200 feet above the Platte River Valley.
The soil is Holdrege very fine sandy lowm, whicl is fertile, easily
tilled, nnd capable of producing good crop yields nnder favorable
weather conditions,

Woeather data have been recordedd at the substation sinee its estal-
lishoment.  The United States Weather Buveau huas continuous data at
Norvth Platte since 1874 Adverse wenther is the highest ranking of
the hazards with which the farmer has to deal. Ruintall, with its
limitations and unpredictable variutions, occupies first place. Wind
andl temperature extremes are also desiructive ab times.

Crop yields were determined more by the amount and distribution
of precipitation than by any other single factor. The 28-year (1907
34) average yearly precipitation measured near the experimental
fields for the April-September season and at the North Platte Weather
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Bureau, October-March, was 18.80 inches. This is adequate for pro-
duction of most annual crops if distribution is favorable and other
weathier factors normal.  Annunl amounts vavied between the ex-
tremes of 1118 nches in 1910 to 84.53 inches in 1915,

Novmal distribution is favorable, as the Targest amounts oceur in the
sommer months when crop needs are greatest. Departures from
monthly normals are frequent and at tines wide, Each month had
a low precipitation record of one-half ineli or less af some tlme during
the years covered. I'wo factors contribute to Jow ruinfall efliciency.
Heavy raing often oceur in hard, dashing showers that cause losses
From runoff.  Teavier losses redult from evaporation on account of
the high proportion of the vainfall that oceurs in small isolated
showers, I.Fm' the April to September season the average number of
lays of rain of ditferent amounts and the proportion that cuch clasg
eontributed to the tofal were ag follows: Uinch or more, 3 dauys and
23 pereent, respectively: one-half 1o 1 inch, ¢ days and 31 percent;
less thans one-half ineh, 37 days nnd 30 percent.

The combined elfects of humidity, wind movemernt, and temperature
nve reflected inevaporation.  ‘I'he average seasonal {April to Septemn-
ber) evaporntion was 2,02 inches.  Annual amounts ranged from
3021 inches in 1923 (o 5334 in 193 The lighest month was 13.30
inches for July 1834 and tlie highest single day 0.732 inch on July
210 13 The avernge evaporation-precipitation ratio was 2.83 to 1.
Lxtremes were 1,33 fo 1in 1915 and 606 1o 1 in 1831, The average
ritio Tor 11 years with corn vields below 13 bushels was <+ to 1, and
for ¥ years with yields above 30 hushels, 2 to 1.

Temperaiwres Tor the 28-year period eovered the vange from —30°
to L0071 The average number of days per venr with subzero mini-
mum temperaivre was L8, and the avernge number of days with maxi-
puim lemperalure above 1007 was 4. The annual average tempera-
tiire was 507, Number of davs between femperatures of less than
B4 from spring to fall ranged Teom 127 in 1931 to 176 in 1933 and
nveraged 191 days,

The dilferent rotation and tillage experiments were located In three
liclds, The experimental units were plols of one-tenth acre in size,
anct the tokal number nsed was 326, The number of plot-year records
involved was G486, The tillage methods under trial were disking,
spring plowing, fall plowing, listing, swmmer tallowing, and green
manuring. There weve T votaiions involving differences in tillage or
erop sequence, and 5 erops were grown continuously on the same land
undee ditferent methods of prepacation or in allernation with fallow,

The lending small-greain erop in the eentral Great Pliins is winter
wheat, Tn Kansas iis seveage exeends that of any other crop, and in
Nebhraska it i second in acrenge only to corn. In western Nebraska
winter wheat exceeds corn In sereage by w ratio of 3 or more to 1,

T nder continuous erapping or after other small grain higher yvields
were more frequently produced on early than on late plowing.  In 54
comparisons the average gain in favor of early plowing was -Ei bushels
per acre, or 39 pereent. and late plowing produced higher yields in
only 3 instanees. I lH=-vear comparison the average yiekd of winter
wheat from plowing on the average dafe of August 10 was 2085 from
dizking on the aversge date of September 2, 12,1 ; and Trom plowing on
the average date of September 13, 10,1 bushels.  The yield inereases
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from early tillage arve chiefty the vesult of moisture conserved by the
destruction of weeds and volunteer grain and to some extent to the
better conditions furnished by early tillage for development of ni-
trates.  Early tillnge contributes to a reduction of weed infestation,
while delayed tillage, by sllowing a greater amount of weed seed to
matuve, builds up infestation,

After several years there is usually a sharp contrast between weed
populations in grainficlds where tilluge has been practiced proniptly
after harvest wid in fields where tillage preparations have been delayed
untii pear seeding time.

The major effects of tillage and previous croppings aie reflected in
the immediniely succeeding crop.  In certain instances, measurable
effects are carried over to later crops.  In S-year rotnlions comparing
fallow and two crops of wheat with corn and two crops of wheat, the
12-year average yields of the second crops of whent were L4k and
114 bushels per acre. respeetively.

In 2-year rolations of corn and winter wheat, I2-year avernge vields
of wheat weee 9.7 bushels from seeding in standing stalks and 16.7
bushels where the stalks were vemoved and the stubble disked before
seeding to wheat. 1t is probable that there was a further use of mois-
ture where the stulies were left standing and that (he Tollowing wheat
yields were reduced on this acconnt, Disking where the stalks were
removed might have been a benefit to the wheal erop in this rotation,
but this is considered to be ot lesg imiportance than the soil-moisture
factor,

In Sayear votations, comparing two crops of corn and one of winter
wheat with one crop of corn and fwo of winter whoat, the 12-year
average yvield of wheal after corn for 2 yearsa was LT bushels and atier
corn tor 1 year 12.1 bushels.  Ax corn exhansls soil moisture fess thor-
oughly thun wheat, 0 more favorable moisture reserve is established
from two corn crops than from on of corn and one of wheat,

Winter wheat on disked potato wind on disked comntand produced
about equal average vields. Tan dry years wheat stands were injured
more by soll blowing on the finely puiverized potate tand and n greater
auiber of complete fuilures resulted. On the other hand in years of
favorable moisture the gaing mude on potato land were suflicient to
oflset the losses From the drier vears

Summer fallowing is an cffective method of building up » supply of
subsoil moisture, and winter wheat, more than any other evop, has
madle the most eflicient use of this supply.  On elean fallow in feld 49
the 23-veur average yicld of winter wheat was 26.9 bushels (o the acve,
and in field 42 the 12-year average was 283 bushels,  Whent failures
on summer faltow woere below 10 pereent and less than from any of the
other (illsge methods under trial. When winter whent vields affer
tallow were divided in half fo allow for the Toss of n erop during the
vear of fallow, the yield after fallow wax 2.2 hushels less {0 the aere
tHian from continnous ecropping and eavly plowing nod 1.3 bhushels loss
than from late plowing,

In field 44 the 2dyear average yield of winter wheal was 8.3 bushels
more per acre after fallow than following corn. The average corn
vield in this field was 203 bushels, For each bushiel of wheat gained
by Fallow, 2.6 bushels of corn wmight have been prodoced if corn had
been substituted Tor Fallow. In fiedd 42 for 12 years the rmiio wasg
1 bushel of wheat to 118 bushels of comn.
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In field 49 for x 23-year period the growth of weeds und volunteer,
arain on f.tll(:wod land in fall and {‘lll\ spring reduced the yield of
the following erop of wheat by 6.8 bushels, or 16 pereent, in compar-
ison with the yield after elewn {illage for the entire fallow period.,

Gieeen manuviog, tike fallowing, inv dves the toss of the use of the
land for a crvop season. Winker wheat yields the lrst year afler plow-
ing under rye or pess Lo greon manure were loss than after clean
fellow,  HBenefils that wight uve been gained from inereased feriility
were tore thany offsel by the moisture lost in producing the green-
nmnure Crops,

On aecounl of carlier plowing snd a longer fallow period after vye,
vields wore depressed less after eve than aftor punn. L d-year rote-
tions with winter wheat as the third instond of the first crop after the
sweeen innhires or fatlow, vields were somewhat higher after the green
manures. With moistuwre diflerences equadized ln the mlm\uuntr
crops. winter wheat yields were improved slightly by the use of green
N ULe,

Aatjacent plots were prepared for i 10-year period by continuous
clean fallow on one plot sl by growing anl plowingr under rye for
reen puoare vach year on the ot her plot. Winter wheat was grown
on Hhese plots oy (he following 12 vears.  The average vield uf straw
was L pereent higher on the green-manored plot than on the fallowed
plol. There was no difference in aver age grain vields.  Increased
seeain vields in vears of fuvorable wwoisture were offset by decreased
vields i dey yesrs when the stimalated early growth of straw on the
wreen-matnred soil exhausted soil moisture before the grain was
maiure.

Fop dressing of barnyvaed manure depressed the vicld of grain and
inereaved the \‘wld of siraw on adjacent plots of (‘(}Hlllllilllh’_} cropped
whent.  Ind-year rotations top dressing of bharnyard manure on wheag
ou the same plot each third year had Bttle effect on the yield of either
SLTRW Or gram.

Spritie Cwheat ix nnimportant except in limited areas in the northern
part of the contral Great Plains, I ix grown to some extent on abu-
doned winler wheatl: andd. At the North Platte Substation, the aver-
age vield of spring wheat feon D wethods of Gilliage was 76 pereent
of that of winter wheat.  After corn, 28-year average acre yields of
spring whueat were 12.1 hlhilul- lrom diskeing, 118 bushels from spring
plowine, and 127 bushels from fall |:lm\nnr Adfter siall gradn, the
averaige acre vields were 112 bushels on spring plowing and 13.5
bushels on alt plowing. A fer sorgo. the average acre yield was
10,7 hushels and after iblow 11 Inehels. Whea allownnee was made
for the toss of land in fnllowing, less wheat was produced by fallowing
every other vear than by continuous cropping, By fallowing, how-
ever. thu mnnber of crop failures aud Jow vields were considerably
viedueed.

Otz ave generally the Teast pmht nl;lv of the mradn crups e\lensn'ol)
grown in (B eentral Great Plains, Cood v ieldS are obtained in favor-
able yesrs, but tow yvields wnd crop fnilures are froquent.  Yields u
the =itbst ation were Jowesd aftor abfalfa, bromegrass, and sorgo.  After
small mnin, average acre vields were 225 bushels on ﬂ])!li!l"-pio\\ed
lenad, aned 26,0 bushels on fall-plowed kal. On disked corn ardl polato
lands the avernge vield wus 25,1 bushels.  The munber of crop failures
and low vields woere redueed by Tullowing, but vields afler fallow were
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_double those on cropped land in only 1 year out of 4. The average
half-acre production after fallow was 28 percent less than the avernge
acee production on early plowing after small grain and 32 pereent
less than the average acre vield ondisking after intertitled erops.  For
each average busliel of vals gnined by fallowing, L9 bushels of corn
was produced where this crop veplaced the fallow.  verage yields
after green manures were lower than afrer fallow.,  Average yields
were alse depressed by the use of barnyard manure.

Barley acveages in recent years have Inereased wore than have the
acrenges of uny of the other spring gaine, A this station the 28-year
average vields after small prains were 218 bushels on carly plowing
andd 10,5 on late plowing,  On disked corvhond the average was 17,4
bushels.  War ihe 1 -yenr period 12134 the average viekl ou disked
corntund was 1.5 bushels, and on disked milo Tand 168 bushels,
After fullow the average vield of BE 1 bushels exeeeded (he yield after
corn by LiL2 bushels,  Toach bushel of barloy gained by fadlowing was
offset by 1.3 hushels of vorn that might have been produced by sub-
stituting corn for the fullow. TIn 1 yeur onl ol 3, however, harley
yvields sflec fallow were nore than double the yvields slier corn, and
there was only oue (otal Tailure of bactey alter fullow, while three
occurred following corn.

Rye in this seefion iz prown chiefly on sandy soils. T is used bolh
for pasture and grain production, aud the stnbble Tnrishes good pro-
tection against soil blowing.  On hard-land soils, rye is usually Joss
productive than winter wheal wnd it has a lower muavket value, Af
thiy station. the yields of eve on different preparations vanged Tfrom
73 to 86 percent of the yields of winter wheat.  After barley. average
acre yiekds for the Td-vear peviod 12130 were 1435 bushels on carly
ol plowing and 114 bushels on stabble and disked at a later date.
On disked corn-stubble land. the average nere vield was 118 bushels.
The avernge acre yield of 27,10 bushels after Taliow was more than
double the yields of other treatments except early fall plowing.

Corn is the leading intertilled erop in the central Great Plains. 1t
ig the chief crop with whiel small grains ave vointed.  Listing is the
predominating moethod of planting.  Tillage costs ave low, and profit-
able production is possible Trom moderstely low yields. Ia recent
years, a partof the corn acreage has been {aken over by improved
grain sorghums. These ave morve dronght-resistant than eorn but
less suitable for rolation with other erops.

In field 41, the 28-vear average acre vield of corn in vobations alter
smadl grain was 174 hushels on spring-plowed fand and 10.3 bushels
on fail-plowed innd.  The Towest average yvield was 119 bushels after
sorge.  (orn affer corn produeced more than corn afler snwll grain,
but long centinued grewing of corn on the same land resulted in de-
creased vigor of stalk and 1w ability to vespond Lo favorable conditions.
Clorn munde the peorest response o fullow of any of the erops grown
on that preparation.  The avernge vield of 240 bushels to the neve on
fallow was les2 (han 3 bushels @nin over eontinnowsly eropped corn.
In field A9, after small mrajns the sverawe aere vields of corn for n
bE-vear period were 200 bushiels with no tillage previous fo listing,
93,7 bushels wherve the land was disked hefore listing, 2482 with spring
plowing, and 241 with fall plowing,  The average yield on disking

b

aftor milo was 21,1, or 2.6 hishiels less than the same reabivent adter
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snll geain,  In J-year votations in field 42 for u 12-year period, the
averagre yield of corn was about 1 bushel higher when one of the two
previous crops was corn than when both ¢rops were winter wheat.
In this leld, the yields of corn from continuous cropping were about
the smne as after small greain, '

Milo for o Hi-vear period produced average acre yields of 23.3
bushels after small grain and 25,0 after corn, “The yields of milo and
cortt alter small genins were practically equal, but mile after corn
produeed 5.8 ushels (o the nere nore than cocn s fter milo.  The yields
of barley alter milo pvernged 168 bushels (o the aere, and after
corn 184,

For a 2levear period, the average acre yield of drilled sorgo was 3
tons wifter small reaing 3.0 fons after corn, and 4 tons ufter fallow.  In
i Tarming system using botly fullow and sergo there are morve wd-
vantages bt plaving Tullow altee, than befoce, the sorgo crop.

Potatoes were grown in d-vear rotations for a 21-venr period,
Alter smadl grains, the average acve vields were 52,8 bushels on disked
amd 90,1 bushels on cavly fall-plowed ol On disked cornlind, the
average yield was 735 hushels, and o greater deeline in yield occurred
in (hix sequence as the investigations were prolonged. It is probuble
that 2 verrs ol other crops between polatoes were not suflicient to vid
the soil of polato-disense organisms. After fallow, the average vield
wis LELD bushels (o the avres There were no complete failures and
ouly three vields below St bushels. The inereased yield and quality
of the erap on fallowed land excesded thie value of o grain crop that
mirhi live been produced during the venr of Tallow,

Al and bromegrnss wsed as sod crops for 3 years in G-year
rotntions prodoecd low vields and depressed the yields of the sueceed-
ingr erops. The sod crops were benelielal with vegard to the loss of
wreanic mafter amnd nitrogen Trom the geil and to the prolection of the
sl from wind and water erosion. “The rate of nitvoeen loss from
these G-vear rotalions was practically hnlf the rate of loss in adjacent
S-venr rolations containing annaal erops only.

The resulis obtained with all crops :«"m\\‘ a hiph relationship between
erop yiekd ] mmoune of rainfall during and preceding the growing
sensott. Available moisture i the chiel liniting facter in erop pro-
duetion.  Crop vields follow an frregular pattern of very good to excel-
el vields in n relatively fow years of high rainfall, fair to goed vields
i a e wnnber of vears with more nearly normal eninfall, and
very low yiclds or erop Fatlare in years of great eainfall deficieney.
The ieregilar vecurrence and aneertain direction of vainfall deparinees
~timplate ihe hope that ench approaching year will bring o bumper
erop and at the sanwe Lime keep alive in the mind of the experienced
fenier the viske of possible Tuilure, Risks of erop lToss can be reduced
by vise ol stmmer Tallow, and moisture ean be conserved by a con-
tinting program of weed conteal. s some losses Trom runofl from
fisnd dashings vatas amd heavier Tosses Trom evaporation are Frequuent,
~torage of moisture by stimmer fallew for later use by erops s not
highly efficient. TPor 20 sinmer Tallow periods ol North Platte. the
amaunt of precipilation stored vavied from 8.5 fo FLT perceut, and
avernired 27.0 pervent. Depth ol soil moisturee at the end oF a summer
Tallow seazon has psually been 3 to 6 Feet and oceasionally 8 to 10,
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Under continuous cropping soil moisture seldom extends to depths
of move than 3 feet.

With continuing years of eropping and tillage, decreasing fevlility
becomes of inerensing importnnee,  Under (ll_\ furming ])l«lt‘lll‘l'h in
general use, soil organic matter and nitrogen are exhuusted mors
lllpll“\' than they wre restore] awd the vupnvll\ of soils Lo praduce
gradunty declines.  Yidd trends are ditticult io follow on uecount
of the wide Mluctuations vesulting from rainfall vaviations. and, para-
doxically, under dev-Tand conclilions (here is al Gimes an inyerse rela-
tionship between high Tertilicy wod erop yield, High fertility associ-
ated with innl‘uhlv maisture and temperature conttitions stimulates
excessive vegelutive croweh that may exhaost the moisture supply
before llwuup isafred, Under these vonditions vields may be lower
than where enrly growth has been retarded by ]Illlllt‘(l Fertility and
moisire ‘«I1|J[}{}ll\ lrm\\th througl o longer pmmtl Faurm muannres
are valuable in maintaining Fertitity but must be used sparingly where
meishure is limited. to prevent atlmul.xlmn of vegetative "Ill\\”'l. pre-
mature exhanstion of woisture, and injury (o crops h(-lm o minlurity.
Green monures have in general produced disappointing vesults.
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