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A SUMMARY OF RESEARCH EXPERIENCE WITH
STUBBLE-MULCH FARMING IN THE WESTERN
STATES

By A. W. Zingg, lechnical steff apoiuiist, Soil and Waler Conservation Research
Division, Agricultural Research Service; and C. ], Whitfield, research liaison repre-
sentative {or the Greut Plains Region, Soil Conservation Service—Agcicubtural
Research Service ?

Purpose

The purpose of this bulletin is to summarize the results of experiments
dealing with stubble-mulch tillage in the Western States. Because of
differences in results obtained a1 the various locations, it was necessary
to appraise and interpret available data, in order to define conditions
under which the stubble-muich practice was snccessful in controlling
erosion, reducing runoff, and ingreasing crop yields. This summary
should point the way to improved methods that will overcome defi-
ciencics in the present system. It should also emphasize the need for
intensified studies on faclors related 1o the successful use of stubble-
muleh tillage.

Background

The moldboard plow was the first tillage implement used in agriculture
in the Western United States. It was brought into the arid and semiarid
regions from the humid regions of the FKastern States, where it had been
used by early American {armers,

Breaking the sodlands of the Great Plains and farming them by “clean-
tillage” methods caused trouble almost immediately. At the sites of
early settlements, the soil became dissipated by drought and blowing
dust. This brought to light the hazards involved in growing crops in
regions subject to low rainfall and high winds.

The drought and duststorins of the 1930’s brought aboul intensified
rescarch aimed at stabilizing the surface of the lands against the ravages
of wind and water. In that decade, surveys were made in the Plains
region to determine the reasons for such disasters. These surveys brought
out the faet that not all lands were affected seriously. Fields having
Eood growing crops, or residues ol cither crop or weed growth, were not as

ad[y}{latnaged as were bare fields or fields with small amounts of plant
growth.

! Submitted for publication February 8, 1957

? The authors are indebled 1o a commitiee compnsed of H. A, Daniel, F. L, Duley,
and J. H. Stallings, soil conservationists (rescurclt), and M. M. Oveson, agronoinist
and superintendent, Agriculturat Research Service, for suggestions and sesistance in
preparing this publication,
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A few experiments in which attempis were made to assess the value
of residues left on ‘the surface were started in the early thirties prior
to the Dust Bowl period. Additional experiments were undertaken at
many locations in the late thirties and early lorties, following several
years of widespread duststorms,

As & result of ressarch and experience, it is now generally recognized
that restdues maintained on the surface of the sot! help control wind and
water eroston.  Lowdermilk {13. p. 28) ? states: "Leaving crop litter,
which is sometimes called stubble muleh or crop residue, at the ground
surface in {arming operations is one of the most significant contributions
1o American agriculture.  Certain adaptations of the method need 1o be
made to meet the problems of differemt fwrming regions, but the new
principle is the contribution of iniporiance.”

Experimental Locations

The locations of the 16 experimental stations (rom which results of
studies were summarized for this report are shown on the map (fig. 1).
Also shown are lines indicating humidity provinces according to Thorn-
thwaite (27).  Based on this climatic classification,9 of the locations are
in the semiarid region, 6 in the subhumid region, and 1 in the hamid
region. Studies of stubbie mulching were conducted for short periods at
locations not shown here, bt data from them were not readily avail-
able (or this report.  The locations shown, however, cover a wide runge
of climatic and soils conditions in the agricultural regions of the Western
States.

The following are the actual designutions of the stations where the
work was conducted at the 16 locations. Throughout this publication
and its tables, the stations are usually referred 10 by the name of the
location only, for convenience.

Fxperimental station Location
United States Akron Field Station. oo oo oo 0o oo Akron, Colo.
Tewnia Braneh Agricultneal Experiment Swation. ... ......... St Anthony, Fduho
Fort Hays Branch Stalion. ... oo Hays, Kans.
Farm leased by Eastern Mootana Braneh Station. ..o o 0L Feoid, Maont.
North Mentana Branch Station. ... ..o oo s Havre, Mant.
Central Montana Branch Station. ... .. oo iaiia et Macuasin, Mont.
Nebreaska Agriculiural Experiment Station, oooooo o0 o0 Lincaln, Nebr.
Narth Platie Experiment Station. ... o North Platte, Nebr.
United Stites Northern Greal Plains Field Station. ... ... ..., Mandan, N, Dak.
‘Wheat Lund Conservation Fxperiment Station, ., ..., ... .. Cherokee, Okla.
Oklahesma Agricultural Experimental Station (Peckins Faem) . . Stillwater, Okla.
Pendleton Branel Experiment Station. ..., ... o0 . Pendleton, Oreg,
Noewell Frrigation and Dryland Field Swadion. ... .. ... ... Newddl, 8. Dak.
Amurille Experiment Swalion. ... ... ... 0 oL Amacillo, Tex,
Soil Conservation Experinent Station. .., ... o Puliman, Wash.
Sheridan Substalion, .. ...t ot i e Sherulan, Wyo.

3 Ltaliec numbers in parentheses refer o Literature Gited, p. 29
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PRECIPITATION EFFECTIVITY
HUMIDITY PROVINGES B-E INDEX
el
HUMIO  EZ770 s
SUBHUMID {37370 0
32
SEMIARID
16
ARID

Freore 1.—Map of the 17 Weslern States, shawing humidity provinces and the 16
experimental locations of susbble-muleh experiments covered by this study.

Scope of the Investigations

Investigations at the different locations were not conducted in uniform
plot experiments; size ol plots, methods of tillage, and other {uctors
varied. The main objectives, however, were {1} 1o determine the relative
merits of the moldboard plow, the one-way disk plow, and the sweep
machine in the tillage operations respectively referred to in this publication
as plowing, one-waying, and mulching; (2) to determine refative yields
under these three tillage practices; (3) to evaluate erosion-control features
ol these practices: and (4) to determine the status of soil moisture.
Earticu]arly in its relationship to the various tillage practices used.

pecial emphasis was placed on developing and evaluating methods of
conserving soil and wirter.

_ Types of equipment vsed to perform the tillage operations varied widely.
In a few early studies, the duckfoot cultivator was employed; leaving
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residue on the surface was incidental to the tillage practice rather than
being its objective. The modified moldboard plew, commouly called the
“stuhby moldbeard,” wus used to perform stubble-mulch tillage in the
Palouse arca of the Northwest,

At the time the early studies were initiated. equipment had not been
adapted 1o perform stubble-mulch tillage as it is known today. At
several locations attemmpis were made to develop "sweeps” (sweepma-
chines) suitable for such tillage. Small sweeps were originally employed
in most of the experimental stndies. As better machines became avail-
able, the older types were discarded. In later years, sweeps 30 inches
wide or wider came into use al most of the locations. A sweep machine
in operation is shown (fig. 2}.

¢
[ L.
" Lo .
W, . r ' "o . . %
|- ITR ot W
- i - L -
- - L X -,
PR PR 4: P
. T Y] .

Ficune 2.—Firat tillage operation with a sweep machine in 8,000-pounds-per-acre
wheat stubhle on experimental plor at Pendleton, Oreg. {(Photograph by
T. R. lorning.)

At some localions protein content of wheat and ratio of straw 1o grain
were determined for the various tillage methods. Observations were
also made on growth ol weeds, incidence of plant discases and insects,
and other phenomena. In a few instances quantities of nitrate in the
soil under the various methods were recorded. Al certain locations such
soil properties as organic matter, infiltration rate, and bulk density were
measured and evaluated.

At all but a few locations wheat was the principal crop studied. At the
time the experiments were initialed, fertilizer was not included as a
variable.

Detailed information on the studies at the 16 locations, inchuding yields,
soil-moisture determinations, sizes ol plots, and seil types, are given in
appendix tables 9 through 24.
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Erosion Control
Wind

Field studies in the Great Plains under conditions of severe wind
erosion showed that varying amounts of anchored surface residue are
required to control wind erosion on represgntative soils, In studies of
conditions in east central Kansas by Chepil and Englehorn in March
1850, it was found that ] ton of anchored surface residue per acre 'was
required. Again. in studies made in western Kansas in spring 1954 by
Chepil and Woodraff (3}, it was found that 50¢ pounds of anchored wheat
gave stability. Zingg (29), working with a portable wind tunnel at
Amarillo, Tex.. found that the erodibility of a land surface was related to
the dry structure of the soil, the roughness of the ground surface, and the
amount of protective vegetal cover in the form of either growing crop or
plant residue.

Englehorn and cowarkers {10) conducted further wind-tunnef studies on
effects of wheat.residue cover and dry-clod structure on soil fosses occa-
sioned by wind. These studies yiclded estimates of the erodibility of
field surfaces, and its functional relationship to dry-soil structure and the
weight of anchored wheat residue on the soil surface. Soil removed by
a wind tunnel, when wind forees applied approximated those occurring
uncker nutural conditions, resulted in the formula

A5
Where XN=soil material croded. in pounds per acre:
A=npercentage of dry surlace soil particles less than .42 mm. in
diameter; and
R=weight of wheat residue anchored on seil surface, in pounds
per acre.

A limited plotting of this functional relationship is given (fig. 3}, in
which the weight of anchored residue required to limit erosion to given
amounis is shown in relation to the dry-soil structure present. The
graph indicates the difficulty of prescribing the amount of surface residue
required for protection without first determining the dry-soil structure.
The more erodible the soil, the greater is the amount of surlace residue
required to protect it. It is also apparent that succeeding increments of
residue provide less protection than the first increment.

One of the primary functions of crop residues maintained on the
surface is to decrease the force of wind on the soil itself. Quantitative
data on the ability of crop residues to remove the direct force of the
wind from the soil is given by Zingg (3I). In studies of field surfaces,
different amonnts, types, and orientation of residucs were found to
remove 5 10 99 percent of the direct wind force from the immediate soil
surface. According to Zingg (30}, reducing the magnitude of saltation
movement of erodi%le materials is the result of the transfer of wind forces
to plant-residue cover.

! Cyerin, W. S, snd Exceenozn, T, L. REFORT ON CAUSES AND EFFECTS OF WIND
EROSION IN EAST-CENTRAL KANSAS IN MARCH, 1950, Agron. Dept.,, Kans. Siate Col.
1951. [Processed.]
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1 1
SOIL REMOVED /
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[ ton per acre
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70 , -
Yz ton per gcre
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50 —
~—m 4 ton per acre

I
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DRY-SOtL PARTICLES LESS THAN 0.42 MM IN DIAMETER (percent)

o [ 2 3 4

A

WHEAT RESIDUE (tons per acre)

FicureE 3.—Tons of anchored wheeal residue required 1o limit erosion 10 given amounis
per acre on soils of varying siructure, based on wind-tunnel studies.




STUBBLE-MULCH FARMING [N THE WESTERN STATES

Water

Comparative figures on the average amounts of erosion experienced
over a G-year period at Lincoln, Nebr., and over a 10-year period at
Pullman, Wash., with a mulched surfuce and with a moldboard-plowed
surface, are shown (tahle 1}. About 1 ton per acre of mulch was retained
on the surface during these studies. The average rutes of erosion, in
tons per acre per year, were approximately 20 percent of those resulting
from the tillage methods in which moldboard plowing was employed.

Tasre 1.—Comparative annual average amounts of erosion for mulched and
moldhourd-plowed surfuces at 2 locations

Soil losses in
runoff when ayr-
Location and [iL- Crop sequence face was—
erature cefer-
CnCe

I\i[lllched;r Plowed

Tons * Tons
peor acre ’ per acre
Lineoln, Nebrd. ., .| Corn, aats, wheal 6 1.26 ; 6.02

Pulliman, Wash.2, .. Aliernate wheat and lallow, with 1 ] 3.63 ; 17.93
lon per ucre of slraw on surface :

of mulched plots compared with
no straw on sutface of plowed
plois.

! DuLey, F. L, and Russers, J. C. 1954, [Unpublished data.)
* Horngr, G. M. [BFFECT OF STUHRLE MULCH ON EROSION LOSSES AND WHEAT
YRILDS, PULLMAN, WASHINGTON.] 1954, |Unpublished data.|

Ficume 4—Erosion experienced on (4) unmukched and (B} m
runoff plote at Pulimzn, Wash_, 1954. (Photagraph by G. M. Horner.)
427173 O0—57 2
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Protection of the soil by muleh from the impact of rainfall and flow
of runoff water is somewhat anulogous to the priuciples involved in
vegetal protection [rom wind erosion.  Ellison (9) indicates that residues
on the surface tend to receive the direct impact of raindrops, lessen soil
splash, and provide roughness as an obstacle 10 flow of water over the
surface. Duley (5. 8) has shown that mulch tends to prevent compaction
and sealing of the immediate soil surface.  Little information is available
as to quantitalive effects of increasing amounts of surface mulch.

Amounts of 0, 1, and 2 tons per acre of muleh were employed in an
experiment al Puliman. Wash..,’ for a 6-year period under sweep-tillage
methods.  Average soil losses were 10.16, 3.63. and 0.8 1ons per acre per
year. respectively. A view of crosion with and without mulch at this
location is shown (fig. 4).

Controt of Sutface Runoff

It has been determined that average annual runofl is decreased by
leaving erop residues on the surface of the land. Average annual runoff
losses in inches, as measured at Lincoln, Nebr., Cherokee. Okla., and
Pullman, Wash., are shown (table 2), These data indicate that, on an
average annual basis for the period of study, approximately 4 to 1 inch
more water remained on stubble-mulehed felds than on moldboard-
plowed fields.

TasLe 2.-—Comparative annual surface runoff for mulched end moldbourd-
P 49
plowed surfaces at 3 locations

Average annual
- runoff when sue-
Location and liler- Crop sequence Period - fuce was—
alure relerence .

i Mulched, Plowed
i \

- Years ! fnches | Inches
Lincoln, Nebr.t. ... Corn, onts, wheat. . ......._.. .. _ 6. 0.70 . 2.09
Cherokee, Okla{#) 0 Continuous wheat. .. ............ 14 l 3.92 428
Pullman, Wash2, . .© Alwrnate wheat and fallow, with . 10 99 1.93
I ton per acre residue on surface ¢ i

ol mulched plots.

! See teble 1, footnote 1.
? See table I, footnote 2.

The elfectiveness of stubble mulching, as compared with that of plow
culture, may vary vonsiderably when individual storms and their runcoff
are considered.  Results recorded during 2 storms at Cherokee, Okla.,
1950, are given {fig. 5). The first storm was on August 15 and the second
2 days later. August 17.

5 Horner, cited in table 1, footnote 2.
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RAINSTORM AUG. i5, IS50

RAINFALL

Rate

Total

RATE OF RUNOFF
Plowed — —- -

Mulched — — — —
TOTAL RUNDFF

Plowed -—-—
Mulched — — — —

PREVIOUS RAIN
LAT" JULY 31, 1950

b - —55"

az l‘lh-”:—.o?"

200P M,

{inches per heur)

AMOUNT (inches }

w
(-
L
[ 4

RAINSTORM AUG. 17, 1950

| PREVIOUS RAINS ——
54" Aug. (5, 1950
037" Aug. t 7, 1950

2!N0AM,
TiME (hours}

Ficure 5~—Runoff from plowed and stubble-mulched plots aL Cherokee, Okla.,
during 2 storms (1950), showing cenlrast where soil was dry at tme of storm
on August 15 (upper graph) and soil was wet at time of slorm on August 17 {lower
graph).  Runoff datu are the composite of 4 plois of 2 10 3 acres for each condition,
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Plowed plots have a flash type runoff assnciated closely with rainfall
intensity, as the hydrographs indicate. Where residue covers are
present, as in stubble mulching, the hydrograph of runoff has a much
smoother appearance and the pesk is somewhat delayed, indicating the
retarding influence of cover on the movement of water over the surface.

The contrast in runoff, as shown for the 2 storms, is typical for the
location. On August 15 the mulched plots absorbed approximately ¥ inch
more water than did the plowed plots, indieating that the soil reservoir
was filled 1o a greater extent on the mulched plots. For the storm of
Auvgust 17, however, a reversal In the trend of total storm runoff is
indicated; in this instance the siubble-mulch plot yielded the greater
amount of total runoff.

Comparing the runoff from both storms, it is seen that the lesser total
occurred on the mulched plots. However, the timing of amounts com-
prising the total should be taken into consideration in evaluating the
wfluence of tillage trestment on flooding of land by small streams.

In tests made with an artificial rain machine in Nebraska by Duley
(5). muiched surfaces maintained a relatively high rate of intake com-
pared with that of bare cultivated plots, for all periods of rainfall ap-
plication. This seems to indicate that only surface conditions limit
deeper infiltration and percolation of water into the soil profiles studied.
On other soils, such as those at Cherokee, Okla., fuctors other than in-
filtration into the immediate soil surface appear to be Important to total
rainfall intake.

Effects of Residues on Soil Moisture

As runoff, considered on an annual basis, is decreased where cover or
residue is present onr the land, more available moisture should pre-
sumably be present in the soil for subsequent plant or crop growth,
Average figures for soil moisture present under different cultural treat-
ments are shown (table 3). These averages cover a considerable period.
Differences in amounts of soil moisture, as determined by samplings from
plots treated by different tillage methods, were not great. Mulched
surfaces tended 1o have a slightly higher moisture content than plowed
surfaces.

At Amarillo, Tex., where increased yields were obtained from stubble
mulching compared with yields from one-way disk plowing, there was a
tendency for better stands of wheat to develop under the mulched con-
dition. This seems to be associated with a higher level of moisture in
the soil horizon immediately below the mulch and appears to be a pos-
sible factor in the favorable yields obtained. This is espeeially true in
dry years, as illustrated by photographs of the wheat stand and growth
for 1he two tillage methods in 1933 {fig. 6).

Available data on soil moisture for different locations are extremely
variable and are somewhat inconclusive. The differences measured by
inoisture sampling do not seem 1o be of ihe magnitude indicated by the
decreased runofl values secured on stubbleanuiched plots. It is apparent
that the inechanism of moisture movement under a mulched surface
needs considerably more study before it can be fully understood. There
are indications that, for a period following precipitation, the immediate
surface of unmulched plots dries faster than does the immediate surface
under a mulch. After a time, however, the diffusion process of the mois-
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ture transferred to the surface may occur at a greater rate or for a louger
periad of time on mulched than ou plowed plots.

Moreover, temperature effects capable of affecting moisture movement
are undoubtedly present in the soil. These, however, have not been

TaBLE 3.—Average soil moisture present under various tillage methods at
several locations

. Tillage method
Location and literature X Soil
reference Period depth

sampled | Mulching | Moldboard] One-
plowing waying

Years Feet Pereent Pereant Percent
Hays, Kans!. .. ... ..... 3 6 19.3 18,5 1.7
Froid, MonL.2. ..., ...... 11 5 i3.7 13. 4 13. 0
Havre, Mont®. .. .,.. .. i1 5 i2.6 12.3 12.2
Cherokee, Okta. {4}, ..... 10 3 11.3 I3 ... ...
Pendleton, Oregt. ... . ... 3 5 15.1 123 ...

! Brown, P. L. [STUBBLE MULCH EXPERIMENTS AT HAYS, wansas.] 1954, [Ua-
published data, March.)

2 Aasnem, T. 8. 1954. [Correspondence.j

3 Baxen, L. 0. [REPORT OF METHODS OF SUMMEK FALLOW PROJECTS IN WEHICH
STUBBLE MULCH TREATMENTS ARE INCLUDED AT THE NORTHERN MONTANA HBRANCH
STATION, HAVRE, MONTANA.] 1954. [Unpublished data, February.)

{ OvesoN, M. M. [STUBBLE MULCH DATA FROM THE PENDLETON, ORECON, BRANCH
EXPRRIMENT sTATION.] 1954. [Correspondence.]

RiF d . P, LA 3 ke

FicorE 6.—Better stand and growth of whest, Amarillo, Tex., 1953, on {4} stubble-i
mulched plots, as eompared with {B) plots on which the conventional one-way
disk plowing methods were used. (Photograph by C. E. Van Doren)
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determined eonclusively in conjunction with past studies. Lemon (12)
presents soil-temperature data obtained from two locations in Texas
under both mulched and bare surfaces. Continueus records indicated
that temperatures were not reduced under 2 mulch in the manner ex-
pected, but were slightly increased at some depths.  While lower tem-
peratures were found under the mulch at a depth of 3 inches, higher
temperatures were found at depths of 6 and 12 inches. The net result
was greater total heat in the soil profile under muleh. These results
led the investigators to believe that heavy plant residues on the soil
tend to conserve heat under certain conditions. The phenomena inay
logically be expected to vary with the secasons.

In 1938 Duley and Russel (7) made intensive studies of soil moisture
under 2-ton applications of straw as compared with disked plots with no
siraw cover. ]5uring the period April to September, 17.9 inches of rain
fell. During this same period, moisture penetrated 4 feet without the
straw. Penetrations of 5 to 6 leet were measured under mulches on
different plots.

In experiments with soil columns in cylinders, Russel (26} reports
that the main effects of mulches on evaporation persist for a period of
about 2 days following a rain. Ile found a reduction of {.1 inch in evapo-
ration during the first 24 hours after wetting the soil columns. Control
of evaporation in these experiments was not greatly enhanced by quan-
tities of residue greater than 2 tons per acre. To the investigator, this
indicated that the protection of a wet soil surface from solar radiation
is muclt more important than interruption ol heat flow downward or
obstruction of vapor diffusion.

MéCalla and Duley (23) found that heavy mulches, such as 8 tons of
siraw per acre, lowered temperatures as much as 17.7° €. at a l-inch
depth:.  They state further that for a period of 3 to 4 months after the
application of a straw mulch at the rate of 2 or 3 tons per acre, soil tem-
peratures may be reduced from 3° to 6° at the l-inch depth and from 2°
1o 4° at the 4-inch depth.  Soil temperatures at lower depths were not
determined by these investigators.

MeCalla (20) made light refiection and surface-soil temperature readings
on ficld plots mulched with dark and bright straw. e found a close
relationship between light reflection and soil temperature. The soil
mulched with bright straw reflected the most light and warmed the least.
When bright straw was used to completely cover the Marshall surface
soil, more than twice as much light was reflected from the mulched as {rom
the plowed land.  Since a 4-ton application of straw residues covered the
soil completely, no additional reflection was obtained by increasing the
rates of application up to 8 tens per acre. As decomposition progressed.
there was less ground coverage, and the residues became darker m color
with less light reflection.  Under most of the conditions of stubble mulch-
ing studied in the field, 1L wvas found that light reflection was not much
greater on mulched than on plowed land.

The investigziions showed that soil-moisture mov-  ent and conserva-
tion, nunder both mulched and bare soil surfaces, de  .as on many factors.
These include climate, soils, amounts and chara. .risties of residues,
soil temperatures, and length of time after rain.  Such factors cannot be
fuily evaluated without additional intensive stui.y.
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Effects of Tillage Practices on Wheat Production

Yields

Crain

A summary of average annual wheat vields fram all locations is given
(table 4).  The average yield figures under the three tillage methods are
for wheal following fallow or in a rotation system. and aiso for continuous
wheat. Most of the yields from one-way disk plowing are intermediate
between those from stubble-muleh tillage and those from moldboard
plowing.  This tendeney seems to hold. irrespeetive of whether muleh
culture or plowing opcrations resulted in the higher yvields. Although
interpretation of such data is difficult. it was evident that mauleh tiltage
gave the highest yield at some locations and moldboard plowing at others.

[t is apparent that increased vields from the stubble-mulch svstem are
associated with the lfocations having a comparatively dry climate. To
secure definite information as to such a trend, the value of Thornthwaite’s
(27) P-IJ (precipitation to evaporation) index was determined for 8
locations. Thornthwaite’s index has heen w idely used for humidity
classification.  As used in this study, the formula is:

_I_i}

Jeaper ' P ?
P-liindex= 37115 (TI”—; !.0) "

= Juely

In this equation. the crop-season rainfall is considered o be that for the 12-
month period beginning with July and ending with the following June.
The index is a semmation of data by months for this 12-month period.
where n indicates the value for a given month.  The value 113 is & con-
stant chosen to make the values of the fmlex figures from temperature
data approximate those of evaporation from n free-water surface. The
value of P is the amount of precipitation in inches for a ziven month.
The value of T'is the average monthly temperature in degrees Fahrenheit.
The power of -i,ﬁ governs the range of values when temperature instead of
evaporation is considered.

The anneaal erop-season precipitation in inches is given along with the
values of Thornthwaite’s P-E index (table 5).  Also given are the number
of years at cach location in which the vicld from stubble mulching was
eitler increased or deercased in comparison with the vield (rom clean-
tillage methads.  The last column gives the averuge vield ratio (stubbje-
mulching yicld in bushels per acre divided by clean-tiflage yield) secured
at each of the 8 locations.  These data indicate that as the value of the
P~k index increases, the refative yield of stubble-mudch methods decreases
in comparison with that from elean-tillage methods.

A concept of the yield ratio with respeet 10 values of the P-I index is
graphically presented (g, 7). The horizontal scale of 4 gives the
humiedity range, while the verticz] seales of 4 and 8 give the ratio of
yield from stubble mulching to yield from clean tifluge.  The points
plotted in A are averape values at each of the 8 locations. The trend
line drawn through these values indicates the favorable nature of yield
ratios in the semiarid region and the relatively unfavorable ratios in the
subhumid and humid regions. Data by individual years from cach of
the 8 locations is plotted in B. These annual values also indicate a trend




TaBLE 4.—Summary of average cnnual yields of wheat under various tillage methods at 15 experimental locations

Loecation and literatiure reference Period

Yield of continuous wheat when

Yield of wheat following fallow or
plots were—

in rotation when plots were—

Mulched One-

wayed

Muiched One- Plowed

wayed

Piowed

St. Anthony, Idaho2. ., .o, 000 . i,
Hays, Kans3. ... oiinyh
Froid, MontA (). .o vvniniviio v
Havre, Mont.5(1)....
Moceasin, Mont.? (1).....

Lincoln, Nebr?, .. ...coovt..
North Platie, Nebr 8, .. oo i 0 0
Mandan, N. Dak.?, .........
Cherokee, Okla. (4)... ...
Stillwater, Okla.W, . .., ....
Pendieton, Oreg oo vn
Newell, S. Dak.2.. ... .ol
Amarillo, Tex.? (11, 28)., ... .00
Pullman, Wash. W1, . oo 0oL

ORI RS

e e v e e

Maa e a ko

Bushels Bushels
per acre per acre
23.1 {....

Bushels
per acre

I o

Bushels
per acre

Bushels._

per acre

Bushels
per acre
23.2
25.2 23.9 Loiiien]-
19. 4
2600 4.0,

20,6
25.9
17.4
1.2

16: 8

26. 6
16.3
144
. 200 o]l
36. 1 30.2
19.7 oo
8.3 0.0, 16.0
28.9 34.6 I...

218
31.0
20, 1

yev v ces e sl oy

1.0

s n i e feaen . Ve aw e

T 906

IR

UBranpox, J. F. 01954, [Correspondence, March )

2 Smwpoway, F. H. [sTusBLE muLch Summary, st
ipano.]  1954.. [Unpublished data, March.]

3 See table 3; footnote 1.

4 Seetable 3, fooinote 2.

5 See table 3; footnote 3.

S Winntams, R, Mo [TRASH TILLAGE ON FALLOW WITH WINTER
WHEAT AT CENTRAL MONTANA BRANCH STATION, MOCCASIN, MONT.]
1954. [Unpublished data.]

7 Duley, F. 1. 1954, {Unpublished data.]

8 Ramic, R. E. [SUMMARY OF STUBBLE MULCH INFORMATION AT
NORTH PLATTE, NEBR.] 1954, . [Unpublished data, March.]

9 Haas, 1. J. 1954, [Correspondence, Northern Great Plains
Field Station, Mandan, N. Dak.]

ANTHONY,

0 Hanper, H. ). [EFFECT OF TILLAGE METHODS WITH AND WITHOUT
A SWEETCLOVER ROTATION ON WINTERR WHEAT PRODUCTION IN CENTRAL
AND WESTERN OkLAwOMA.] 1952, . [Unpublished manuscript.]

1 See table 3, footnote 4.

2 OsExBRUG, A. [SUMMARY OF TRIALS PERTAINING TO STUBRLE
MULCH FARMING ON DRYLAND AT THE NEWELL, SOUTH DAKOTA, 1R:
RIGATION AND - DRYLAND FIELD -5TaTion.] 1954,  [Unpublished
manuseript.]

1B Van Doren, C. E., and Wirrrigun, C. J.
STUBBLE MULCH STUDIES, 1942-53.] 1954,

H See table 1, footnote 2.

151 ton per acre of mulch applied artificially to both subsurface-
tilled and pllow'ed plots.

[SUMMARY REPORT—
[Unpublished data.]
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TABLE 5.—Annual crop-season precipitation, P-E index, vears of yield increase and decrease, and average yield ratio, under
‘ *stubble-mulch and (Ie(m-lzlln[.,(’ methods at 8 locations

i ; Years when yield' | Average
- f Average | wirg— yield ratio
Location and literature { Yearsof Crop sequence [)l‘(‘(l sita- | P-Findex), - - - - tofstubble
referénce © . orecord tion, .,ul)ﬂ ! mulch to
: June In- De- clean
| creased | creased tillage:

O GLILGE

LG

B et i

g

\mnbor o Inches Number | Number

o 2 ! Spring wheat on fallow : 11.29 24, 56 ]f; 4
v ? ; : Winter wheat on fallow . 4 s 1€

Amarlllo, Tex.2 (11, 28) | l,] {“ Tinter wheat, continuons 17.70 24.85 { 9
St. Anthony, Tdaho?, S 14 Winter wheat on Tallow 13. 74 38.49
Pendleton, Oreg.t. .. : 13 ... «lo . 17.56 ; 43. 74
Hays, Kans., : ‘ e 29.27 ¢ 46. 28
Cherokee, Okla. (4) 1 ? ’ 27.01 ! 47..92
Lincoln, Nebr.f, | | : Winter wheat in 3-year rotation : 28.33 1 56. 56
Pullman, \Vﬂsh.’. e : 7 Winter wheat on fallow, R 2]. 53 3 69. 66

DNTWHVI HOTNW-AT1d90IS

NI

THS

! See table 3, footnote 3. A Soe ldhlt 3 ﬁmlnou_ I,
2 See table 4, foolnote 13. % See table 4, footnote 7.
3 See table 4, footnote 2 7 See table I, footnote 2,
4 See table 3, footnate 4
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L5 |
o PULLMAN, WASH.
© AMARILLO, TEX
© { o HAVRE, MONT. ~8_
2 | ® ST.ANTHONY, IDAHO _ S “~w ®
& '°F & PENDLETON, OREG. T~ — v o
C o9k @ LINCOLN, NEBR. et
g8 el
W v HAYS, KANS. a
> O8] a CHEROKEE,OKLA. A
or f
A AVERAGE VALUES AT EACH LOCATION
o6 —% -
- M’!ID—»I-— SEMIARID ——t+—— SUBHUMID —+—HUMID--+
CLIMATIC CLASSIFICATION
2.5
el
20 i
o]
LS ) ) >
v
=] @ )
- e o @
o <] ] "““8\ o 0@ °
- a g [ @ ®
= o esa"“’x ﬁm @oagvh 2 K
10 ry & - 7 G A
o @ “aP 2 °
o o p . Cla a3 o
‘fo‘e s 2 o @
g te a 8o °
4 a o o
o O )
0.5 ) 3 a 5
£ ANNUAL VALUES AT EACH LOCATION
1 1
05!0 16 32 54 jielv]
P—-E IRDEX

Fievre T.—Graphical pletting of P-E jwdex and
I I &

wheal-yiekl

ratws, that is

yield from stubble-mulch system B . .
vield from l‘.'.It’.’I.l‘l-li|I't":l:\-;).';t‘l..:-t-l.l“- . at several locations in the West, showing:

A, Average values at each location; 1, annna! values at each location.

toward decreased relative yield with stubble-mulch tillage compared
with that frem clean-tillage operations. as the value of the P-E index
increases.  While the range of values about a possible average trend is
great, these data indicate that the practice of stubble-mulch tillage has
favorable yield aspects in semiarid regions.

Strew

The records of wheat-straw production. as averaged for various periods
at 6 locations, arz given (table 6). Production from mulched and aun-
mulehed plots is summarized for comparison. At some of the locations,
figures for the unmulched plots are the average from both moldboard
plowing and one-way plowing operations.




TasrLe 6.—Wheat-straw production-and ratios of straw to grain at 6 locations

' Straw produced Ratio of straw to grain
when plots were—

Location and literature reference | - Crop sequence Period

Mulched {Unmulched] Mulched |Unmulched

Pounds Pounds
- per acre | peér acre

{Corn, oats, wheat - 2,573 2, 856
Qats, sweetclover, wheat. , .., 4,276 4,558

] , Wheat, fallow , 2,125
Stuillwater, Okla3., ............- 3 years wheat, oats, sweetclover ] 2,154
Cherokee, Okla. (4) Wheat, continuous ! 2,720
: . Wheat, fallow 2,155
Wheat, continuious ; . 1,029
{Wheal, fallow. ... ’ 2,083
| Wheat, continuous .

Lincoln, Nebr.l, . ...........0000

S o
PO 101 PO Do
WOQRWARP

Total years of data
Simple averages

!-See table 4, footnote 7. 4 See table 4, footnote 12,
2 See table 4, footnote 9. 5 See table 4, footnote 13.
3 See table 4 footnote 10 :
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On the basis of data presented. it is difficult to eredit either tillage
method with marked differences in straw production. There were
substantial reductions i the straw produced under the mulehed condition
al Lincoln. Nebr.: also under continuous wheat at Cherokee. Okla..
Newell, 8. Bak.. and Amarillo. Tex.  On the other hand. a substantial
imerease in straw praduction was ohtained at Newell. 8. Dak.. for wheat
under a wheat-fallow system, when comparing the mulched with the
unniulehed condition. A simple average of these data covering 101 crop-
year comparisons a1 the ¢ locations indicates 1 small decrease of 3.9
percent in the straw produced under the muleh svatem of eulture.

Ratio of straw to grain

The ratio of straw to grain. caleulated from an average of straw pro-
duetion and grain vields for mulehed and unmulehed plots. is also given
(table 6. In 6 of the 9 comparative figures. the straw grain ratio (ratio
of weight of straw to weight of grain) is lower ender the muiched condi-
tion than under the ummutched, Overall asverages are 1.87 and 1,98,
respectively. ’

Protein Content of Grain

When salues were determined experimentally. the protein enntent of
grain produced under stubble mulehing wax usually less than under clean
tillage, A sunrmary of data from seven locations is given (table 7).

AL 6 of the 7 locations. average values were lower under the wulch
system of culture, I only one instance  the 5 yvears of investigation

TAuLe T-—Protein content of whewt grain at 7 locations

Protein in grain whea
surface was—

Lacation and Heratore Crap sequenre Perionl
referenee
Mulehod 'n-
mulehed
Y orars FPoreont Foreent
S Authany, ldaha ! o Whean Tallow . 12 1. | 1 3
Havre. Yont.s . i o 12 16,4 O]
Moeeasing Monty 1 . 5 120 (2.6
Froid, Mong* . R (TR . T 1.4 [
Liinenln, Nelir.” " . . 5 13. 5 13) :;
. . Continpons wheat | | 12,0 2,
North Platte, Nebr” 0 j L 132
Newell S0 Dak s .. Continuons wheat 3 12,8 15,3
Tutal years of data oo ao o .
Stmple averapes. A o 13.5 Il

D Aee tthie 1. footnate 2,

See ible 3. fostnone 3.

See table L fuoimote o,

See table 3, fuotnoeie 2,

Dules. I L. 19535, jCurrespondence, Mav)

Protein values are averuges of 28 CROELE LT L=y CUF CONLp -
See wable 1 foolnate 8.

T Hee table L Rwtoote 12,
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at Lincoln, Nebr—was the percentage of protein in the grain bigher
under the mulch system.  As an average for the 7 locations covering 52
years of comparative data, the reduction in protein content of wheat
was 0.0 of 1 percent,

Effects of Fertilizers and Legumes Under Various Tillage
Practices

The average data secured at North Platte, Nebr., over a d-year period
in which 30 pounds of nitrogen fertilizer was applied 10 mulchied, plowed.
und one-wayed surfaces, are given (lable 8). "The results of this experi-
ment indicate that yields were not significantly changed by the fertifizer.
The protein content of the grain, however, was increased appreciably
under the wheat-fullow systent.  Nitrogen increased the protein content
of grain under continuous wheat also, although not as mueh as under
wheat-fallow. As an average for this period, mulching gave substantially
higher yields than did moldboard plowing. Muaisture rather than lertility
seemed 10 be the fimiting factor in wheat production for the period.

Tasri 8.—drerage data for « d-year period showing effects of 30 pounds of
nitrogen fertilizer on wheut yields and on protein content of wheat, for
different willage methods at North Platte. Nobr.!

! Yield from — Prolein content® of
grain lrom—

Crop sequence and tillage metlivd " Pluts with * Plots with
30 pounds  Check 30 pounds
of nitco- . plots al niteo-
zen per gcn }l{!l’
i oaered . apre

Bushels Bushels :
Continnous wheat: ©operacre | peroere . Percett | Percent
Mulched 16.8 I7.6 ! : L. 6
Plowed R 15.6 ; [5.2
Ong-wayed . 15,1 15,5
Wheat, fallow, wheat: : : . .
Mulched. .., , 26.6 ¢ .5 124 J
[Mowed : 5.1, 0 13.2 1 |
: 0.6 | 2 1
1 See table ik, footnote 8.
! Protein data for continuons wheat are averages for 3-year peciod (1950-52) only.
¥ Amount applied cach year. On wheat-fullow syscenn, 30 pounds of nitrogen is
applied on stubble aller harvest and the sume amount on wheat in the spring, making
a total of 60 pounls of nitrogen per acre for eech wheat crop.

.G
1.
l.

1.
1L

At Pendleton, Oreg.® and at Cherokee, Okla. (#), experiments were
carricd on to determmne the effects of applied nitrogen on wheat yields
from both stubble-mulch and plowing methods of culture. The average
results of these experiments are shown in graphs (fig. 8).

® Oveson (ciled in table 3, footnoLe 4),
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o 7 Ty PENDLETON, ORES,

WHEAT YIELD (BUSHELS PER ACRE}

——9— STUBBLE MULCHING ¢
-—-x=-- MOLDBOARD PLOWING =
20
X Lo
T CHEROKEE, DKLA.
0 5
o 50 100 150

NITROGEN APPLIED {POUNDS PER ACRE) .'

Freung 8--Average trend of wheet yields under stebble wmulching and moldboard
plowing in relation o amennt of nittogen fertilizer appdied.

The graphs show that in both instances, the stubble-mulching practice
gave the lowest vields where oo nitrogen lertilizer was applied.  With the
application of nitrogen fertilizer, & point was reached where the yields
from stubble-mulching were greater than from plowing.  Both locations
are in subhumid areas, where fertihity as well as moisture is often limiting.
Bath experiments were of short duration and were carricd out on s new
set of plots ecach year. Thus, cumulative effects of applied nitrogen ;
were not reflected in the results.  Furthermore, the problems experienced ;
with weed control at Cherokes, under a system of continuous wheat,
were nol present in this experiment,

These resulis, though meager, indicate that in subhamid areas, ap-
plication of nhrogen lertitizer is capable of resulting in yields under a
stubble-mulch system that compare lavorably with yiclds obtained
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under clean-tiffage methods. To substantiate this comparison more
conclusively, thorough investigations at several locations would be
neCessary.

Effects of Mulching Practices on Properties of Soil
Chemical Effects

Nitrates

The tendency of total wheat growth under a system of mulching to be
suppressed in comparison with growth under moldboard plowing indi-
cates the presence of lesser amounis of nitrates or, possibly, toxic chemical
effects. The measurement of nitrates was not a regular part of the studies
reported in this bulletin, but limited data were available from a number
of locations. Where nitrates were extremely high, as a1 St. Anthouny,
Idaho, values secured during a 3-year period averaged 62 and 64 pounds
of nitrates per acre in a 2-foot depth of soil under mulched and plowed
surlaces, respectively. At this loeation, no response was obtained from
the addition of nitrogen fertilizer, and no depressing effect on grain
yields was noted when 4,000 pounds of wheat straw were applied as a
muich.

Determinations made in October 1942 on an experimental site at Still-
water, Oklahoma {Perkins Farm) showed a tendeney for lesser amounts
of nitrates 1o be present on the stubble-mulehed plots than on those
that were moldboard plowed. The average differences were not great,
however, being 5.5 parts per million {p. p. n.} on the stubble-mulched
plots and 5.7 p. p. m. on the moldboard-plowed plots. On a group of 11
farm fields studied in central Qklahoma. average values of nitrates in a
6-inch depth were 2.9 p. p. m. on stubble-mulched plots and 4.2 p. p. m.
on moldboard-plowed or disked plots.

At Lincoln, Nebr. (24), the nitrate content of the 0- to G-inch soil
layer averaged 23.6 and 32.8 pounds per acre for mulched and plowed
plots, respectively over a 4-year period (1939-42) under a crop rotation
of corn, oats, whuat. Where sweetclover was used in the rotation {25},
the level was 61.5 pounds per acre for mulched plots and 71.7 for plowed
plots, as an average for several samplings in 1946,

The depression m nitrates may have been an indirect cause of yieid
increases from stubble mulching on the more fertile soils of the drier
regions, Where moisture rather than fertility is normally limiting,
depressions in vegetal growth possibly leave more soil moisture available
for sustuining the plant through the period of grain production. This is
a point eapable of elarification through 1he ;td(ﬁiion of vartable amounts
of nitrogen in conlrolled experiments.

Available phosphorus

Limited studies of available phosphorus were made at Stillwater,
Okla.,” and at Lincoln, Nebr.,f under stubble mulching and moldboard
plowing. At Stillwater, the difference in availuble phosphorus between
the 0- to 3-inch and the 3- 1o G-inch depths of soil on plowed piots was
only 2 p.p.m. higher in the first 3-inch surlace layer than in the second.
However, it was T p.p.m. higher in the surface layer thun in the 3- to
6-inch Layer when residue was keft on the surface.

T Harper (cited in table 4, fontnote 14},

8 Duley (eited in table 4, focinote 7).
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Studies in Nebraska showed a significant inerease in the acid soluble
and adsovbed phosphorus content of the surface inch of soil over that in
the 3- 1o G-inech layer of the subtilled plots. The variation in the aeid
soluble or adsorbed phosphorus at different depths of the plowed plots
was consistently less than that of the stubble-mulched plots. There
wus. however, Httle differenee in the total phosphorus content of the
0- to G-inch depth of the plots under stubble nulehing or plowing.

The foregoing duta indicate that available }Jh(h[}hdl(‘h tend Lo be
!.‘l}l'l('i‘lllldf(‘d nearer the surfave on stubble-ulched plots than on plowed
plots. It lollows as a reasonable assumptior that early seedling growth
and ront development of wheat after seeding will respond 1o this ad-
ditional concentration ol available }Jhlhl_]]]{)lll‘- L a greater degree on
mulched than on plowed arvas.

Organic mafter

While data are meager. there is some indication that stubble-muleh
tlillnge is cheeking the rate of decline of organic matter in Great Plains
aml.\. Ay l\m‘lrilh). Tex. (11, determinations of orgunie matter in a
(- 10 3-inch depth made in 1919 showed levels of 2200 and 2011 pereent
for muleh calture and one-w ay disk plowing. I('Hp[‘(‘t.l\l‘l\ These values
were seeured with continuons wheat after a 7-vear period. Uniler a
wheat-fallow svatem. r‘nm}nualbl(‘ ﬁ"‘llll‘n Wre 2.(1: and 1.96 pereent,
resprelivels. Alter 22 vedrs of ¢ uflmt‘ at Newell, 8.0 Dak Y the organie
matter in a2 [2-inch soil depth averaged 1.04 pere t'tll and 0.92 pereent
for wulehed and plowed plots. respectively.

Physical Effects

Studies of plot surfaces conducted at Cherohee. Ohla,'® showed o
tendeney Tor smallsized. water-stable particles to accumulate oo the
surface of subtilled plots. Measurement of water-stable particles (speiog
1953) shawed a subtilled surface 1o have V2.7 pereent of water-stable
aggregates of the siwe range < 1272002 mm. compared with 632
pereent on the surface of « p]m\ el plot.  For dry-aggregate determina-
tons made at the same time. the sucface of subuilled p|r|l‘~ contuined
6.1 pereent dry elods <0 .84 me. in size. compared with 31.2 pereent
for plowed plois. Thus. the surface soil of subtilled plots contained maore
material of sizes easily eroded than did plowed plots,

Measurements of dey-clad structure gt Amarillo. Tex )t {spring 1954
showed greater amounts of particles < (.81 mnw. in diameter on mulehed
than on plowed plots. Soch dilferences ranged from approximately 5
o 10 pereent for determinations made at different times during that
spring: thus. the wagnitude of difflerence was about the swime as that
micasured at Cherohee. Olla.

In studies at Lincoln. Nebr.® mulehed land was lound 1o have more
water-stable ageregates <025 mm. in the G- 1o L-ineh soil laver than did
plowed luned. _I)r_\ -efod-struetore analysis was not made at this location:
howevers the faet that more small water-stable particles were Tound is

¥ Osenbirng (cited in table 1, footnowe 12},

0 Zinca, A Wo, Cosrming Wl S0 wd Woonnerr, N, P JResULys OF #0WRTABLE
WIND TUSNNEL STUDIES VP THE WHEAT LAND EXPERIVENT STATION, GUEROR EE, Ok L]
Ann, Res, Rep. Manhatine, hans, 1933, [Unpubilished. ]

T Y an Doren and Whitheld (eited in table 1, fuotnote 13).

2 Duley (eited i able 7, fooinote 33,
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consistent with findings reported in preceding paragraphs, that stubble-
mulched soil surfaces tend to have more erodible dry particles <0.84 mm.
in diameter.

McCalla (J6, 17) repurted that when plant residues decompose on
the surface of the soil, numerous byproduets are formed which favorably
influence the stability of soil aggregates and 1he rate 2t which water
runs through the soil. McCalla (19} also found that when residues de-
compose on the surface of the soil, aerobic types such as fungi are in-
volved. Fungi are highly effective in improving the stability of the soil
against the impact of falling water drops.

MecCalla {14) repuried that organic matter, both on the surface and
in the soil, creates soil conditions favorable to the intake of water. Un-
decotnposcd residues on the surface afford protection to the soil by pre-
venting surface sealing. McCalla (27) also found that organic matter
in certain stages of decomposition stabilizes the structure within the
soil s0 as to permit water to move between the aggregates.

Studies ut Manhattan, Kans.. by Chepil (2) showed that decomposing
vegetal matter in the form of wheat straw or green alfulla, mixed with
the soil. initially increased both the size and proportion of water-stabie
aggregates,  Gradually. the initial cementing materials formed by de-
composition appeared 1o lose their sticky propertiy. or 10 be destroyed
and replaced by secondary materials. The coarse primary and secondary
agaregates then lended to disintegrate to & more or less granulated
conditivn. ‘The resultant granules were essentially water-stable.  They
formed a friable, mellow soil but. unfortunately. a soil more erodible
by wind. The investigator concluded that continual additions of vegetal
matter should tend Lo produce wind-resislant aggregates. aud thus tend to
countlerbalance excessive granulation and inereased wind erodibility
cansed by sccondary products of decomposition.

In general. when crop residues are employed as & protective muleh on the
soil surface. the structure of the immediate soil surluce is modified.
Results  demonstrate that such struclure is more water-stable and
more desirable from the standpoint of water intake and tllage. Results
also indicate that the size of stable ageregutes losmed is smail. and that
they may not be resistant to wind in the absence of residue cover. This
vondition, however, is not necessarily undesiruble from the standpoint
of wind-erosion control. for the erodibility of a land surface is deterinined
by the total effvets of residues, soil structure, and surlzce roughness.
These three factors, considered together, constitute the land-surface
couplex,

Decompaosition of Crop Residues

MeCalla (37) Tound that decomposition of ¢rop residues left on the soil
surface takes place as a result of the action of numerous organisms. Since
the amount of crop residue available o proteet cultivated land may be
either limited or abundant. the rate of decomposition and the means of
speeding or retarding it are of vital interest in the successinl management
of crop residues for protection of the land. According to McCuliz (18).
the rate of decomposition is important in the development or maintenance
of soil structure and in the preduction ol available nutrients, especially
nitrogen.  The rate of disappearance of crop vesidues through decom-
position js influenced greatly by temperature, moisture, mineral nutrients.

427172 O BT
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chemical compositon, and maturity of residues. as well as by the number
and types of micro-organisms,

The rate of decomposition of crop residues at the suclace of the soil
is imporiani, because the amount of protection afforded the land is
m\'ersel} related to the degrec of decomposition. while the release of
nutrients from plant material is direetly proportional to the process.
From the standpoint of protecting the land. crop residues resistant to
decomposition are desirable. For ihe release of nutriemts. a rapid de-
composilion process is desirable.  Between the need for preserving the
residues on one hand and the need for decomposing them on the other,
a compromise that meets speciﬁc rcquiremcnts must be worked out, es-
pecizlly in the more humid regions of the West.

MecCalla and Duley (22) found that when straw was used as a muleh in
the field for 6 months, & 2-ton application lost two-thirds, a 4-1on ap-
plication- lost one-half, and an §-lon application lest one-third of the
added material. After 18 months there was litile residue left except
with the 8-1on application. When 2 tons of cornstaiks were left at the
surface. about one-third of the material disappeared alter 6 months.
After 18 months, some cornstaiks remained.

McCalla (15) found that in the maintenance of a plant-residue muleb
for soil and moisture conservation. deteriorstion ¢f the mulch is in-
evitable. Undue mixing of the residue with the soil and excessive [rag-
mentation by tillage machinery should be avoided. as these cause rdpld
Joss of residue. In eastern Nebraska. proper cropping sequence as well
as fertilization was found 1o provide ddcqud‘te COVEr.

Weed Control

Cheutgrass or downy brome {Bromus tectorum) caused more trouble
than other w eeds al locations where these studies were conducted,

In the semiarid region, little difficulty was experienced with cheat-
srass or other anoual w veeds when a system of wheat-{allow wus employed.
Under this crop sequence, subsarface tillage with sweeps was found 10 be
sucressful in controlling weeds. Moreover, in the drier portions of the
semiarid area. little difficulty was experienced with cheatgrass under
subtillage methods in which wheat was grown continuously.

F(mm:l the eastern portions of the sc:mmnd region. however, weed
control became a problem under a system of continuous wheat.  This
was true al Akron. Colo.:™ a1 Froid. Mont.:™ and at North Platte,
Nebr¥ o A1 North Platte, under continuous wheat, downy bronu,gmss
wils most serious in years when insuflicient rainfall oceurred prior to
sceding time Lo germinate the weed sced.  In years when sufficient rain-

fall or'murf:tl 0 “that the weeds germinated before wheat-seeding time,
the weeds were controlled qm(f_aq{ul]} by the use of a rod-weeder,

It the subhumid arca around Cherokee, Okla. (T) serious trouble was
encountered with cheatgrass under annual cropping to wheat. At this
location. heavy weed infestalions oceurred followlmr vears of low Sep-
tember rainlall: this was becaunse their germination was det ayed until alter
wheat secding,

% Brandon {vited in table 4, footnote 1)
H Aasheim (eited in table 3, footnote 2).
5 Ramig {eited in table 4, foatnote 8).
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At Lincoln, Nebr.,'® and at Pendleton, Oreg., ' in the subhumid
region, reasonable cheatgrass comtrol was obtained through secondary
sillage by use of the skew-treader {ollowing subsurface tillage operations.

At Pullman, Wash.,'8 under humid conditions, cheatgrass was a serious
problem. This problem was encountered especially during the Jast 5
years of the experiment. Weed growth at this location wus considered
responsible for a large part of the yield reduction on subsurface-tilled land.

From these studies, it is apparent that the weed problem, particularly
the occurrence of cheatgrass, increases from dry to humid areas. Better
methods for its control are needed and should be investigated more
thoroughly, under both subhumid and humid conditions.

insects and Plant Diseases

At only one research location, trouble attributabie directly to subsurface
tillage was experienced with insects and with plam diseases. At Chero-
kee, Okla. (), fool rot was a problem on wulched areas. At this location,
counts showed an averuge of approximately eight times as many white-
heads in wheat grown on subtilled land as in that grown on plowed land.
Some straw-worin damage occurred at Cherokee in 1943,

Counts of the population of greenbugs on plots with different tillage
treatments at Amarillo, Tex..”® (11, 28} did not show incrcased numbers
on subtilled plots.

Methods of Petforming Stubble-Mulch Tillage

Methods of managing residue on the soil surlace have varied consider-
ably through the years. as evidenced by the procedures outlined for the
different experimental locations (see appendix tables 9 through 24).

At Amarillo, Tex. (11), sweeps alone were used successfully.  The best
angle between the blades of the sweep proved to be 60°. It was found
that the sweep should be operated “flat”—that is. in a horizoutal position.
It was alco found desivable to have a rolling coulter ahead of each sweep.
Under Lhis method, the initial sweep operation was performed at a depth
of 4 16 5 inches. From } to 2 additional subsurface-tillage operations at a
shallower depth were made prior to sceding with a deep-turrow shovel
type drill.

St. Anthony, Idaho, has & semiarid climate similar to that of Amarillo.
The practice employed during later years of experimentation was to use a
sweep machine operated al a 5- 1o 6-inch depth for the first tillage opera-
tion. In the wheat-fallow system, from 2 10 5 secondary operations, as
necessary 1o control weeds, were carried out with a rod-weeder. A
single-disk, press-wheel, power-lif1, single-fAuted, force-feed grain drill was
used in seeding operations. This drill worked well when surface stubbie
did not exceed 2,000 pounds per ucre. When heavier stubble conditions
were encountered, a deep-furrow dril] was used.

Subsurface tillage at Cherokee, Okla. (4), was accomplished by using
sweeps of various iypes. Seeding of continuous wheat was carried out

% Duley {cited in table 4, footnote 7).

¥ Oveson {eited in table 3, footnote 4).

1t T{orner, (cited in table 1, footnele 2}.

2 ¥an Doren (cited in table 4, footnole 13).
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with a semddecp-lurrow, disk type drill.  In some years, difficulties werce
encountered in controlling weeds. In addition, 2 compacted soil condi-
tion tended to develop at sweep depth. Vartable (or “Hexible”) 1illage
practices were cmployed in later vears, to arrive at a more adaptable
method of maintuning residues on the soil surface and overcoming the
dificulties encountered.

A variety of subsurface titlage methods were studied under the sub-
humid conditions at Lincoin, Nebr. Based on these researches, Duley
oullines four methods of performing stubble-muleh faurming in wheat-
faflow arcas under varying conditions.  He states (6. p. 6}z “No one set
of tools is best for all conditions.  Many combinations of tillers, packers,
weeders and drills may be used so as Lo result in a good joh.™

In the experimenmtal work at Pendleton, Oreg.. the practice under a
wheat-fallow system was to use the sweep machme in the spring of the
fallow year. The rod-weeder with Lller-bar attachment swas wsed for
seeondary lillage operations.  When wheat stubble was extremely heavy,
a skew-treader was used before the rod weeding. Te meet problems
encountered in a rotation of wheat and peas, where residue weights
above 6,000 pounds per acre were present, the following procedure was
developed: (1) The residues were “stubble busted” alter harvest. while
still drys (2) sweepmg, plowing, or cultivating was done in the fall, to
mix residues with the top 3 inches of seil; (3) the first tillage operation in
the spring was accomplished with a high-clearance, spring-tooth cultiva-
tor: (4) rod.weeder equipment with shovels was used to bring clods,

I TP
LN
gt

Fuiore Y.—-Desirable complex (residue, roughness, soil structure) after drilling wheat
{Lincoln, Nebr.). "This resulied from applying stublbc-nmlch nanagement methods,
as set Torth in this bulletin,  (Photograph by . F. Duley.)
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weeds, and volunteer wheat to the surface, in order to fevel the ground
and pack the soil below the surfuce; (5) a shovel type, deep-furrow drifl
wag used for seeding wheat in the fall. A single-disk, semideep-furrow
drill proved best for seeding peas.

From the foregoing account of the different methods used at a few of
the experimental locations, it is apparent that a standard method for
stubble-muleh tilluge applicable 10 all locations and conditions wus pot
developed in these studics; nor is its development likely. The objective
was 1o provide an anchored eover of residue material after the new crop
was secded, in combination with a Fairly cloddy and rough surface capable
of resisting the forces of wind and absorbing rainfall.  The desired eondi-
tion is illustrated {(fig. 9).

Certain tillage practices were tound to be undesirable.  The most cow-
mon fault in muny farm operations was excessive working of the soil.
Tillage now regarded as excessive was carried out at a few of the experi-
mental locations, with as many as 7 to 9 operations in one fallow seuson.
Tt was determined that 100-frequent tillage tends to destroy the residue
cover, pulverize the surface soil, amd in general nullily the benefits ob-
tainable from the mulehing practice.  Another mistake was to maintain
a constant depih of subsurface tillage: this resulted in an undesirably
compacted subsurface soil condition.  Varying the depth of subsurface
tillage, with the first operation carried out at the greatest depth, helped o
correct this condition. (Occasional use of a chisel type implement to break
up compaction below sweep depth was also found desirable.

Summary of Investigations

This report presents and interprets data that were readily available
for studying the status of stubble-muleh tillage in the West. [t was
undertaken to overcome deficiencies in existing methods in certain
areas, to define the conditions under which such methods were being
successfully employed, and 1o point the way jor improvement through
research.

The practice of stubble mulching was demonstrated 10 be of practical
value in controlling wind and water erosion and surface runoff. Under
measured conditions in the West, the practice redueed soil losses from
intense rainfall to about 20 percent of the amounts lost when surfaces
were moldhoard plowed. As guged at certain locations, mulching reduced
the average annual runoff by approximately % to 1 inch, or about one-
half the amount that oceurred without mulching. Studies of field sur-
faces showed that residues of various amounts, types, and orientation
are capable of removing from 5 to 99 percent of the force of wind from
the immediate soil surfuce.

Differences in the soil moisture under mulched and unmulched sur-
faces, as determined {rom wmoisture samplings, were not great. Mulched
surfaces tended to have a higher moisture content than those that were
moldboard plowed.

In semiarid locations the practice of leaving a stubble mulch on the
surface generally resulted in small yield increases of the wheat crop. in
more humid clitmates, small yield decreases usually resulted.

At most locations, the amount of wheat straw produced under a mulch-
ing system was slightly less than under clean celtivation. A simple
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average of data covering 101 crop-year comparisons at 6 locations showed
a small decrease of 3.9 percent.

The avecage ratio of straw 10 grain was lower for the wheat crop under
stubble mulching than under motdboard plowing. Averuge values were
1.87 and 1.98, respectively.

The protein content of wheat averaged less under stubble mulching
than under moldboard plowing.  Average daia lor 7 locations. covering
some 32 crop-year comparisons, showed a reduction in protein content
of 0.6 of I percent.

In annual fertilizer experiments in the more humid re sions of the West,
Iavorable yicld responses were obtained from nitrogen [lertilizer.  The
relative yield of wheatl froim mulehed surlaces. compared with that [rom
unmulched surfaces. was increased by the application of nitrogen fer-
tilizer.  No response of consequence was ohtained in semiarid regions,

There was a 1endeney for mulehes an the soil surface 10 reduce the
quantity of soil nitrates,

Available phosphiorus appeared (o be concentrated nearer the soil
surface on mulehed plots than on moldbuird-plowed plots.

Measurements of orgunic-matter contents of soils indicaied that the
practice of stubble-mulch tHage serves 1o retard the decline of such
contenis in the Great Plains soils.

It was determined that both the water-stable and the dry-clod strue-
ture of soils are modified by surface mulching. The changes that oc-
curred were found to be desirable from the standpoint of water infiltea-
tion and soil tilth. The structure formed, however, did not tend to be
resistant 1o the action of wind.

From the standpoint of protecting 1he land, crop residues resistant to
decomposition were found to be desirable. A rapid decomposition process,
however, was found desiruble for the release of nutrients. Between
the need for preserving residues on the one hand and the need for de-
ecomposing them on the other. a compromise is necessary, especiallv
to the more humid regions ol the West.

Cheatgrass, or downy brome. caused more trouble than did other weeds
atlocations where studics were conducted. [t was apparent that the weed
problen: in ygeneral --and cheatgrass in purticular -inercases as we proceed
fron: dry 10 humid areas.  Methods lor contral of such weeds necd more
investigation under both subhumid and humid conditions.

Exeept in isolated instances, the incidence of insects and diseases
in the wheat crop, attributable directly to subsurface tillage, was in-
consequentizl in the Western States.

The practice of maintaining crop residues on the soil surface. as demon-
struted by research experience. was found to be generally successtul
m semiarid climates in maintaining yiclds and providing effeetive water-
and wind-erosion control,

Conclusions

Results of the research proved conclusively thal adequate planl or
residue cover cun be used cflectively for soil protection against both wind
and water erosion.

b was demonstrated in the course of these in vestigations that physieal,
chemical, microbiological, and soil elinGe changes attend the practice of
maintaining residues as w protective muleh on soil surlaces. These
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influences arc evident not only in the soil, but also in plant growth, At
certain jocations, combinations of these factors were found beneficial 1o
the production of crops. In other environments, the combined effeets
resulted in decreased yields. More intensive and well-rounded research
than has been possible in the past will be necessary to explain these
intereelated phenomena,  Coordinated team cfforts of scientists with
specialized training arve necded for the task,

In the drier regions of the West, the practice of leaving residues on the
surface of the soil usually results either in increased yield of wheat or in
Iittle chunge in yield. Int these regions. the practice of stubble muiching
is crmc.all) needed 1o combat wind erosion; and it is now regarded as
adaptable for this purpose throughout much of the Great Plains.

In the more hemid regions of the West, the practice of mainiaining
erop residues on the soil surface bias not been fully developed. It has been
determined, however, that regulution of available soil nitrogen, control of
weeds, and the adaptation of suitable cropping sequences are essential if
yield deereases are to be uvoided under o mulching practice.

Machinery capable of effectively managing residues on the soif surface
is now available commercially, Stubble mulching 15 being accomplished
successfully with a variety of machines rather than an 1mp]cment of a
given type. [n genecal, however, experieuce has shown that sweeps about

2 feet wide or wider manage surface residues most efficiently.  In the
driec regions of the West. the sweep alone is used successfully. In the
more hunmid regions, il seems necessary 1o use secondary tillage tools,
such as the rod-weeder, the skew-treader, or chisels, in order to secure the
desired weed control and good secd-bed and root-bed conditions for crops.
Reduction of heavy straw by beaters {or “stubble busters™) is practiced
in the Pacific Northiwest, where wheat growth is greatly enbanced by the
application of fertilizers.

The lurge variety of conditions encountered I different climatic and
soil areas, us well as great variability trom year to year ot a given location,
make it difficult to prcscrlbc standard tillage methods.

Chentical weed control now offers possibilities for avoiding excessive
soil cultivation and destruction of residues, but studies on this subject were
initiated 100 recently to be considered in this report.  Combinations of
subsurface tillage operations and chemical control appenr promising, but
further research is necessary for their practical application,
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Appendix.—Tabular Summaries and Detailed Information on
Experiments at the 16 Locations

The mention in this publication of a commercial company or of any commercial
products or equipment does not imply endorsement by the United States Department
of Agriculture over other companies, products, or equipment not mentioned.

TasLe 3. —FExperimental data from Akron, Colo., under elternate winter wheat and
Jalln, 1942-53

Crap-year
precipila-
ing

i
(Judy—June]

Winter-wheat yield !
when plots were—

Btrnw yield when plota
were—

Maulchie:t Plowed

Mulched

Mowed

Trchiog

Baskels
Her ﬁff‘i

Bushcls
poroere

Pauds
per acrit

Paunds

per aern

3,567
5,287

Gi=g2... . L 228 : 1.5 9.2 3,512
194253 ... ... . 15.3 4,470
L e . T 13.1 3,223 2,437
44—t . . . . 0L L 8.9 E 4,457
194516, .. e e e e 8.7 . 3. . e
19H=47,.. . . . . R 8.8

I47-18,... . . R 16. %
WG ek 23.3 !
1949-50.. ... ... .74
1950510 L L. .0
1951-532.. . . .. .. .. 16.8 |
1952-53.0 . oo o 0.5

Average. .. Coe oo . 1K1

t Buels yiekt figore fa the wverage abtained feom 3 plots,

AnpitioNatr. Ixroamartion For TasLe 9

Plot characteristics.—Plots were Mg acre in size. The soil at this location is a Ruge
silt loan:, on slepes of 1 to 2 percent,

Type of equipment and sequence used in performing titlage.-—A duckfoot or field culti-
vator was uged Lo perform suldillage at a depth of approximately 3 inches. Plowin
was at a depth of 6 inches. Both operations were performed in the spring, in o dc]nycs
fallow system. Subsequent operations were with the duckfoot eultivator on mulehed
plots. A Dempster sweep machine with 30-inch sweeps was purchased and used
in 1953.

Amonnt of residue retained on surfuce of experimental pdots.—Residues tended to
disintegrate with duckfoot fallowlng operations, and on{y very small amounts were
present ai wheat-seeding time.

Weeds, plant diseases, and insects.—No trouble was cxpericnced with plant diseases
and insects as a result of sweep tillage. Under an alternate wheat-fallow system,
no difliculties wers experienced with weed control. Weeds, however, ure always
# difliculty with anmumberopping systems, such as eontinuous wheat, regardless of
tillage methods.




TanLe 10.—Experimental data from-St. Anthony, Idaho, under alternate winter wheat and fallow, 1940-53

. Nitrate nitrogen . in 2-foot
Crop- Winter-wheat yield 1 *wheni T'otal.goil moisture in 6-foot depth when plots were— depth of soil at time of | Protein contentd of grain
year plots. were— drilling . winter whent, when plots” were—
pre- when plots were—
cipita- P-E
tion index i .
(Au- Mujched Plowed Que-wayed
guat- One- Qie- )
July) Mulched; Plowed. ) wayed . ] Mulched] Plowed | wayed {Mulched| Plowed
Spring - Falt Spring Fall Spring Fall

Bashels | Bushils t Bushels Pounds | Pounds | Pounds
per acre § peraere ! per acred Inches § Inches | dnches | Inches | Inches | Inches | per acre | peracre’} per acre | Perceat | Percent | Percent
193940, . ..{ . JL.9L | - 37.27 26.5 27.7 ¢ B8 I AU S D . AT 13.04 12.64

194041, , . N 40,42 33.0 29,2 2094 ... . . SRR FITPURPI T -8 13.29
194142, , . 52,39 25.9 22,1 R AU SN KUURER DR PN . 15. 45
194243, .. 3. 46,95 : 18.0 17,24 0. o A . o AR Bt 16.19

104341, , 37,80 23,3 22,71 L T L £ IR, B 4. 14,38
194445, o 16,90 9 26.8 28,9 18,3 . N -
1945-46. . . 2. 3814 29,0 206, 4 26.9 . . NN BRI ; 13.51

1946-47., .. .9 36.27 23.9 23,8 B P P o U 3 12,98 13.02
1947-48., .. 28, 9% 3.2 25.8 30,4 S .. . ERAN S R L 2 13.68 | 14,12

1948-49, | . 49,39 g 12200 10 4 o S SR PR 41 15.07
1949-50. ) . 0L 336 | BsS ) IR A S NS FRRRRTRET SRR NS .2

195051, - | - 15, : . 21,9 | 234
1951-52. .. 1 0.5 : A T o : ‘ ORI S I N DR S
1952-53 . . . X 28, : TR 10.91 . PR SR o v DUREE SRR ENO . 1752 V1763

Average. .} 13.74 3849 5 | 235 2395 ... . R AU P Lo PN . 14.33 Lt 40

1 Each yield figure is the averige-of 3 replications, 2L, 8, DL oat S-pereant lével, 0.37 pircent.
2 L. 8. D, (least significant difference) at-S-pereent Jevel, 1 bushel per acre.

AvpimioNan InForyaTion vor Tasre 10

Plot characteristics.—Plots were: 133 by 32 feet. ~ The soil is Tetonia (1entative classification) silt loam, on slo;vcs of 4 10 6 percent.

Type of equipment and sequence used in performing stubble-muleh tillage.-~The lister-bottom plow was used during the first 2 years of the
experiment. -~ Maodified moldboard was the subsurface plow used-until 1948, After that year, various sweep type plows were used, making
this treatment a-composite of various types of subsurface implements. :

Amount of residue rt‘lﬂiilCl; on surface after wheat seeding.-—Approximately 2 pounds of straw were produced for each pound of wheat grain.. In
years when straw residues were long and heavy, some straw was teft on the surface after moldboard plowing. The one-way disk left
approximately 40 to 60 percent of the strawonthe surface, and the subsurface plows, approximately 95 pereest.

Weeds; plant diseases, and insects, —None of these problems were encountéred at this station.  Cheatgrass, however, was and still is a problem in
some of the semiarid dryland areas of southeastern Idaho.

SUIVIS. NUHISIM HJHI MI DNIWIVI HOTOW-HI1d40LS



http:19.'~~-��i"�112.a9
http:1942-.13
http:PflUml.Ii
http:19,10-.53

Tawrg |~Fxperimental data from Hays, Kans., under continuons winter wheat; 1943-53

¥e

i i
I; . Continuansewinterswheat Average soil moistare o
L Crapsyienr | o oyielld when plos were-— Fomppee 6 feet of soil, when
Popreeipitas Dt of plots were—
tion 1 Eindey | deferminas ‘
LJuly : : X tion 1 i :
Junes Atulehed: Mowed & Ope. | | Mulehedi Plowed | Ones
: ; Cowayed i ; : wayed

| : :
L Bushels © Bushels ;- Bushels ; . |
o dnehes L DOr aere L per gere | per-gere L Percent !t Tereont | Doreent
1042 43 1653 ¢ 0,8 10,6 ¢ 1 1143412 21.10 20.8 : 20.5
1943 A : 22,99 - 4 L2 Je o 10/6143 18,3 ¢ 1779 T
191113, : ‘ 5 1.9 ; ! '
1945 16. : f 28, : : 7.0 s L IR6. 1T 16,2
1936 ; LT Med 3 : ot
1947 - . ; 55.90 ¢ 341 3.0

19148 - : 27,921 51,76 3.3 300
1949 540, A+ 33,51 - 204 0.6
105051, <29 #2,25 32,0 3.0 .
150 -5 : 22 15,52 . 362 3857
1952 5: L 15 25. 84 3.0 2.8

1.1 20,5 IR LT SERS 08 20 R 2

Average. 2 : 10,28

i
|
i

i

Each vield figire is the aveeage from quatraplicate plots,
Anprrosan Ixvorwarox ror Tanne 11

Plot. characteristics.~-Plots were Ly acre in size.  The experiments were conduceted on Yoremento silt loam, on a nearly level land area,

Type of equipment and sequenco used in performing tillagé.~Subsurface tillage was at'a depth of 3-inches after harvest, duckfoot cultivator
with 12:nch sweeps being used.  Subsequent tillage was given with the duckfoot as necessary, to conirol weeds and volunteer wheat,  In
years of hedvy straw, a disk harrow was substitated for the dunckfoot in the luter tillage,

Plowing was al a depth of 6 inches, alter harvest, - Subsequent tillage was at a-depth of 3 inches, a disk harrow being used as necessary, o
control weeds and volunteer wheat.  Tn some years, the rod-weeder was used as the final tillage implement.

One-waying operations were performed after harvest, at a depth of 4 inchies, SuhSl-ql\ufnl tillage with the one-way to control weeds and
volunteer wheat was performed as necessary at a depth of approximately 3 inches.  In some years, the rod weeder was used as the final
! A ! ) Pl Y ) s

tillage implement,

Amount of residue retained on surface of experiniental plots.-~Residue on surface of subtilled plots at seeding time varied froni approximately 2
10 75 pereent of the amount-grown. ~ Only a trace of residue remained on the surface of plowed plots,

QUALTADIYOV A0 "1ddd 'S 'Q ‘9911 NLLIATIAE TVOINHOIL
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TawLE 12 -—Evperimental duta from Froid, Mont,, under alternate spring wheat and fallow, 1941--51
' ! J pring

Spring-whent vield T when plogs © Soil ‘moirtpre in 5.0t t depth 2

previpita. W time of seiding spring wheat,
tion when ploty were—
{July e e e e e e e e e+ it e
Juney :

Cropeyear

:\‘Il]l'hl'il% Plowed - Opeswaved  Mulehed ! - Plowed ‘Onc-wnycd

Hnshels Rushels | "Bushels
; Inches per acee L peraere o per dere Percent Percint 4 Percent
194041, . . LO7 34 33.7 ! 31.9 13,3 4 .
1941 -42; i 40 3 3.3 33.1 11,9
1042-43 . dobt ; 3 20.3 15.3 1
194344 . H 26. 27,5 29,2 13.3 ¢
194445 : G '

104546, : ; 21. 61 22,9
191647, v 5.7 2 7 210
194748 . ; { : 8] '
194849 : . .5 L7 16,6
1949- 50 Al A0 33,0 |
1950-51 : 34, W8 8.9 1 18,0

Average ‘ L Y 27,5 1 6.1

! Eaely yield fignre in the average of 3 replieations. I No record for November.
2 Bach niointure figure is the average of 60 determiantiong U No yields obtained,
by 1efaot-depth increments, * No record for March,

Apmronan Inroryarion vor Tanrg 12

Plot characteristivs.-—Plists were 3 aeres in area and were Ineated ‘on Lihen sandy loam soil, on land slopes of 4 to 6 pereent. :

Type of equipment and seqitence used-in performing tillage, ~Subsurfuce-tillage operations were started in the spring of the year following harvest.
Thiree cultivations were given \\'il‘{l the sweep machine at different depths as required to control weed growth.  Other eultural methods
were algo carried ‘out.in the spring of the fallow year.

Amount of residue retained on surfaco of experimental-plots,— From 20 10 40 percent of the vesidue was retained on the surface of subdlled plots
at seeding time.  The plowed plots represented a black fallow condition.

Weeeds, plant.discases, and insects.-~More difficulty was experienced in conirolling shallow-rooted” w ¢eils on subsurface fallow than on fallow
worked with a onesway or o moldboard plow. ~ No difficulties attributable to the methods of fallow were engonntered with plant disgasesor
mseets,

SEIVLIS NUAISIM THIL NI ONINGVL HOTAW-ATEE0LS

ge



http:nllf~-wny.iI
http:1').\7.11
http:19111-.11
http:19""~.15

Tanrg 13, ~lixperimental data from Havre, Mont., under alternate spring wheat and fallore, 1912-53

g . . [ . !

U Spring-wheat yield 1 when  Vest weight of whent when ! Average protein content 1 Moisture at 5-foot depth

Crop-y var | plots were-— i plots werg-— : 1 plots wergs when plots were-—

Cprecipinis [ K indes

tion (fuly | .
Juned

‘ L

| Mulehied; Plowed . One. { Mulehed Plowed  One- ?-.\hnlchcnl: Plowed | One. { Mulched! Plowed | Oné.

; waryed . wityed : ! wayed i o owayed
| i )

i } Poundy | Pounds * Pounds | ‘
Rushels 1 Rushels | Bushels per 1 oper g !
por acre ; per acre ! per aerel bushel : : Dercent ' Pereenit | Percent | Pereent
1911 . . k 19,11 3 1.4 5.5 1 560.7 570 1605 ¢ 15 16,0 12.9
19124 k 21,7 2 2N 5 | ; 56.9 1 . E I 4.5 .7 15.6 141
1013 .77 | 55 Tal 266! 7 3 57 70 157 Co459 0 130R
1911 : 3 5 13.0 3. ), 59.3 .4 16.5 16. 13.4
1915 3 Nk 13.20 18,8 S0 50,71 59,7 12:5
1016 . % 2115 1 158 16, 10 550 35.6 12,8
1917 .52 22,63 - ; 5 1.7
1918 . 16. 67 10,2}

13.0 |

1.3

ool

1

DN -]

bt e 2

7

1099500 ¢ A 26,15 ;

1950 31 : N : 25, 14

1951-52 - . : : 32,60 .5 ;

19532 53 . CeT12.08- 0 20,45 LT 3 a9

7
8
gl
2;
T
5
8.
f: N

=]

=
=

ay

Avernge Tor 12 years, : 11.29 21,56 57,9
Average for L year,,: . :

T Euch yield ligure is the average from triplicate plots,

ApoiTionat Invoryarion ron TasrLe 13

Plot characteristics.-~Plots were 044 acre in area and located-on Joplin loam sail, on very flat slopes.

Type of equipment and sequence ased in performing tillage.~~A 5-foot-wide blade was used for subsurface tillage. Al tillage methods were started
in the spring of the fallaw year, and sécondary tillage was performed as necessary 1o control weed growth,

Amount of residuv-retained on surface-of experimental. plots—~Under subsurface tillage methods, 10 10 30 percent of the residue producéd was
retained at seeding time, depénding on - the amount produced. A very small amount was retained with one-way-disk plowing, and the
plove produced a black fallow condition. ) : ‘

Weeds, plant diseases, and insects.~More weeds were normally present on the plots receiving subsurface tillage, but these were not a problem
ef consequence. No disease or insect problems were encountered.

GYALTNOTHOY 40 "IdId 'S A ‘991T NILATINE TVOINHOAL =~ Qf
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TanrLe 14.—Experimental data from_Moceasin, Mont., under . alterndte winter wheat and failow,

1949-53

194819, .
194950 -
1950-51 .-
195152,
1952-53,

Annual
precipi=
tition

Winter-wheat yield?
when ploty were—

Trash on surface at
seeding time when
plots wére—

Protein content 'when
plots were—

One-

wnyed

t
Mulched |

Muiched | Orie-
. wayed

Muilched One-

wayed

Inches
12,87
16.29
12.63

9.76
15.35

Bushels

per acre
25, 40
20,57
14,17
21.63
24,46 ¢

Bushels
per acre

22,97
13, 86
22,62
25.13

Pounds
perucre
110

‘Pounds
per acre
1,862 |
2,891
842 -
1,183

Percent Percent
12.1 2

Average. {
¥

13.38

2121 | 2197

1,783

1 Each yield figure is the avérage from triplicate plots.

Apmirtonar INFORMATION For Tanne 14

Plot characteristics.—The soil is a dark clay Toam with gravelly limestone subsoil.  The slope is approximately 1 percent; although it may vary

from Y, 1o 114 percent.

Type of equipment and sequence used in performing tillage—The Noble blade sweep machine was ised after harvest, followed by Noble blade
The one-way disk plow was used continually-on unmulchéd plots.

weeder sweeps and the Dunham packer during the summer.

SELVLS NYTILSEM HHIL NI HONIWIVL HOTAW-XI990ILS
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TanLe 15, Laperimental data from Lincolt, Nebr., under corn-oats-wheat rotation, 1939

Winter-wheat Siraw produced | Winter-wheat- | Steaw produeced
: Crop. : fyiehd Pwhen plots when plots i yicld 2 when plots © when plotg
.opreeipie T : Wirea— WEre=- werge— . werée—
Year tation indey ) o R
tJaly ; : ; . i
Junei ; I'Mulehed] Plowed [ Mulehed] Plowed Sub. . ;i Plowed ! Bul- ? Plawed
, H ! i tilled i i oiilled

5. 3.() 18.0 3,385 3,507 27.5 311 3,426 3,769

=
»

35.8 36.9 4,276 4,558

56. 56

Average. . 25,15 26.9 2,573 2,856

1 i H :

N Y Bushels | Bushils i Pounds s Pounds | Bushels | Bushels 1 Poitrids | Pounds

i dnehes Lper grere § per acre . perdicee | per aeree L per aeee | por aere L pee acre b per acre
1038 39, ; 24, A8 42,90 | : 17.2 1,122 1, 190 S I PR,
193940, . .. : 17,79 3490 ¢ 30.3 2,042 2,087 1 . L
o411, .. . i 27,11 55,21 ¢ 20.5 2,045 1 3,860 1 .. 1
1041 B 3 N B T 42,2 3,220 3,692 4 b
194243 - i 25,55 14.95 ; 18.5 1 3,100 3,880 ¢ ... R N
104341 L. : 32,21 6171 f 17,2 1,865 2,175 24.0 25.9 3,025 3, 485
M-8, 00 1 31.59 061,55 | 40.3 [ 4,650 4,689 1. 0 b I S B
194546, { 2. 25 40,93 } 340 3,545 3,571 1 492 50.5 0, 050 6,275
194647, - . 63 06. 55 40. 4 3,346 1 4,605 32,2 28.5 35,1457 6, 058
194748, . .. . 57 ¢ 55.481 ; 25.8 1,825 1,735 1 45.8 47.7 3,410 3,670

1 §
194819 ... . A 82,22 26,4 | 3,085 2,955 | 30,1 32.6 1 4,320 4,790
19.49-50. 7, } 50,43 25.3 I, 648 2,143 10.6 403 1 4417 4,270
1950-51 . . : B8R.0Y 19.9 2,206 2,398 N R [
95152 . 63.28 T 5.7 1,381 1,482 46.5 | 5,882 5,854

5! . 50.33 i 14,0 844 1,363 20.6 25.3 2,471 2,849

LYiehlg itre averaged from tripl na rotition-of corn, oiats, wheat,
2 Yields are averaged from 4 plots in « rotation of sweetclaver (2 years), wheat, corn, ontg,

FUALTAOTEOV 0 "IdAA 'S "N ‘9917 NILATING TYIINHITL ]¢




Tasre 15A. —Runoff and soil crosion from land during a 3-year votation of corn,.oats, wheat,
Lincoln, Nebr.!

i .
Months:  Runofl when plots were— | Brosion when plots were—
Crop ceop witk on 0 -

iand

Miilched . Plowed Mulched Plowed

; Tons per Tons per
Inches i Inches acre acre
CCornos L . 2,01 .99 | 9. 26
Onts, ., oo L R : 179 L9y ! 5. 76
Wheat .., .00 oL ‘ 1. 68 L1901 310
Total ... 00 N . : 5. 51 3.77 18,12
RN . Lo e 0 1,84 1.26 6. 04

U Average results for the Gayvear period, Inly 19.40: June 1946.

ADDITIONAL INFORMATION FoR Tanres 15 anp 15A

Plot characteristics—~Plots were 21 by 35 feet and were located on a Sharpsburg silty clay loam soil; on a slope of approximately 8 parcent.

Type of equipment and sequence used in performing stubble=muleh-tillage.~~Plowing operations were with a two-way plow parallel to ihe direction
of the Tand slope. Blade type implements were used for subtillage; these were either 24-inch sweeps or 5-foot, single-sweep Noble tillers.
After the tiller operation, a treader or skew-treader was used on both plowed and subtilied land, 10 condition it for seeding. . Preparation
of the scedbed for wheat was started immediately after oats harvest.

Yellow-blossom sweetclover was seeded on limed. land that had been prepared by subtilling and. then compacting with a treader. The
sweetclover was sceded at the rate of 12 pounds per acre with a sceder attached to a treader. Two methods were used in seeding the
sweetclover: (1). Oats werg secded first as a “nurse ” crop; (2) the sweetelover was sceded alone. The nurse crop of oats tended to keep
the weeds down, bul at the same time, it reduced the yield of sweet clover. - When seeded alone, the sweetclover made more growth the
first year but sonietimes became weedy.  Growth of the clover the second year was about the same for the two methods. 'The sweet-
clover was either mowed in the late-bloom stage or harvested for sced.  Tmmediately after these operations, the land was tilled in prepara-
tion for secding wheat.  Half the plots were plowed and the other half were subtilled. - Subtillage was followed immediately by a treading
operation. “The sweetclover straw on the subtilled plots interfered with planting. - 1t was determined that this condition resu?ls in an un-
even stand, and that it may lower yields. :

Amounts of residue retained onsurface of experimental plots.—Under subsurface tillage methods, from 25 to 40 percent of the residues produced
were retained on the surface at the time of seeding wheal.

Weeds, plant diseases, ‘and insects. —Growth of cheatgrass oceurred with subsurface tillage, but -reasonable control was obtained by using the
skc;v-l.rcadcr. Weevil infestations were present in the 2-year sweetelover-wheat rotation but were notatiributable 1o the eultural variables
under study.
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TasLe 16.—Experimental data from North Platte, Nebr., under continuous winter wheat and alternate winter wheat on fallow, 1950-53

oy

Yield from continuous winter wheat Yield from alternate wintér wheat on fallow

Crop-year .

prcg;p’;tu- Without nitrogen when plots With 30 pounds nitrogen per Without nitrogen, when plots With 30 pounds nitrogen per
tion were— . acre, when plots were— were— acre. when plots were—

(August—
June)

Mulched Plowed wc‘)l';i;] Mulched Plowed ‘?;;c';d Mulched Plowed v:v)z:;ec-d Mulched Plowed \?u';'(:d

: Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels Bushels
. ! Tnches peracre: |" peracre | peracre. | peracré | peracre | peracre | peracre | peracre per.acre | per acre per acre | per acre
1949-50,....... Ve 14.53 18.5 14.6 .7 i5.7 13.2 16. 4 35.7 38.4 38.9 37.6 40.5

1950-51,.. 5 21.7 22.3 18.9 26.9 20. 6 18.7 . .7 17.5 18.3
195152, .., ....., v N 23.2 23.2 22.7 25.3 27. 1 25.6 3 . 3 32.4 29.0
1952-53 . 3.7 2.3 41 2.3 .0 1.3 i . 17.4 21.0

Average 3: 16.8 15.6 15.1 17.6 15.2 15.5 - 26. s 26. 6 26.5

Protein content of continuous winter wheat Protein.content of winter wheat on fallow

Without nitrogen, when plots With 30 pounds nitrogen per Without nitrogen when plots With 30 pounds nitrogen per
were— acre, when plots were— were— . .acre, when plots were—

Mulched Plowed ;8:;‘:(] Mulched Plowed woz:lycc'd Mulched Plowed \s(x)xly"t:::l Mulched Plowed \?1;;":(1

Percent Percent Percent Percent Percent Percent Percent Percent. Percent Percent Percent Percent
1949-50. .. ... ... ey 13.1 12.3 12.6 13.1 12. 4 11,2 2.4 12.5 j2.8 13.9 13.3
1950-51.. . [T . 10.6 3 11,2 11.0 11.5 . 12.5 12,2 13.0 L 13.1
1951-52. R . 10. 4 10, 10.9 11,4 11.2 8 14.2 13.5 14.4 3 19.8
1952-53. ;.. . . . 15.1 .0 .0 .0 13.9 13.7 14.8 . 14.7

Averige. ... e v 111 111, 4 1116 1118 11,7 . 13.2 13.0 13.8 v 14.2

HUALIAOIEOV J0 "IdIA 'S A 9911 NILATIAE TVOINHOUL

I Protein averages for continuous wheat are for 3-year period (1950-52) only, for comparison hetween check plots (no nitrogen) and plots receiving nitrogen treatment,




ApprtioNAL INrORMATION ¥OR TABLE 16

Explanation of the study.—This was an investigation of methods of résidue management with and without nitrogen fertilizer in the production
of winter wheat. 'One part-of the study was in a continuous-wheat cropping system; the other, an alternate wheat-fallow cropping system.
Plot characteristics.—Plots were 1/19 acre in size. A split-plot experimental design was used with 3 replications on Holdrege very fine sandy
Joam. Continuous winter wheat was on land with a slope of slightly less than 1 percent. Alternate wheal with fallow (on stubble-mulched
lots) was on'Jand with a'slope of 2 to 2.5 percent. Each residue-treatment plot was split; one-half of each received no nitrogen, while the
other half received 30 pounds of available nitrogen per acre. , ,

Type of equipment used in performing tillage—In the continnous-wheat cropping system, the differential residue-management tillage operations
occurred in late July or early August, after the wheat crop had been-combine harvested. The nitrogen application was made after stubble
burning and prior to the tillage operation.. The plots were rod-weeded or lightly disked, to control weeds if late summer rains occurred or
volunteer wheat growth began. Plowing was to’a depth of 4 10 6 inches. The rod-wee,din? of plowed plots was often difficult because of
buried residues wrapping on the rod. Noble 75-degree-angle, 6-foot, single-sweep subtiller with a single-radius, 6-inch blade was used
for subtilling at a depth of about 4 to 5 inches. "A rolgl;ing coulter was used ahead of the standard. A John Deere one-way disk, with 22
inch disks spaced 8 inches apart, was used to one-way the plots to a depth of about 3 to 4 inches. The same tillage operations were made
on the alternate wheat-fallow-system stubble plots at the same time with the equipment just described, and no subsequent tillage opera-
tions occurred until the following spring. :

Amount of Tesidue retained on surface of experimental plots.—The stubble after continuous wheat was not particularly heavy, varying from 0.5
10 0.75 ton per acre. I'n the alternate wheat-fallow system, the stubble provided about 1.25 to 1.75 tons of residuc per acre. After a season
of fallow, the subtilled and one-way-disked plots had some crop residue on the surface but not enough 10 hamper seeding operations.

Weeds, plant diseases, and insects.—Diﬁ?cull » was experienced with weed growth in the continuous-wheat cropping system. . The broad-leaved
weeds were controlled with 2,4-D) weed spray. The control of downy bromegrass in the subtilled plots was only fair, but it was rather
complete in plote tilled by other methods. In years when late-summer rains germinated the down{' bromegrass, it was quite successfully
destroyed by rod weeding or light disking prior to wheat-seeding time. - These wheat crops were relatively free of downy bromegrass. In
years during which no precipitation. of consequence occurred after subtilling operations in late summer and wheat seeding in September,
the downy broinegrass germinated and emerged with the wheat after sufficient precipitation. No weed trouble occurred in the alternate
wheat-fallow system, :

SHLVLS NYTLSHM HHL NI ONINIVI HOTINW-AT990IS
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TasLe VT lxperimental data from Maridan, N. Dak., under altornate spring wheat and Jallow,
1932 53

43

Yield t from spring wheat - Straw pragdaiced when plotg
Crop-year on fallow whenplots were—- WEFe~
precipitae s
Cotion (May
- September) AMulehed PMowed - - Mulehied Plawud

Busheis Bushels Pouads Pounds
Inches . per acre per aere per aere pee gere’
1931 . . ; 7 20,0 20.7 2,100 2,260
1932 33, AP 6. 67 1.5 L7 2,080 720
1933 . S : . 5.08 . : . .
1931 35 . 13,28 K ’ 1,390 2,050
1935-36. . 95 L S . .. .
193637, . 10.15 . ; 1,800 1,750
193738 . . . 9,40 2 1,670 1,850
1938 . 92,01 i 3,000
1939 40 . 20,7 ¢ 2,010
1910 41 oo 3 : 3,370
194142, . o . .99 L8 2,520
194248 . . . . . : 2,05 . : 2,210 ,

‘A f9011 NILITING TYIINHOAL

19 , 10. 56

104145 . .. - . 6.28

1915 46, : : 7.18 1

1916 47 . ; 1356 L5 ‘ 1,430
YOiT a8 8. 61 ' 1,930

1048490 10. 62
194950 . : 9,25
] : 9,63

0. 62

13.25

Average. . 9, 33 3 .5 1,945

Wheat-yield fignresare from single plota,

HYNLI00TYHV 40 “Lddd 'S
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Plot characteristics—~Plots were 1/10 acre in size. The soil at this location is-a Cheyenne fine sandy loam on lar
Type of equipment and séquence :
depth of 3 to # inches. A rod-weeder withtiller-bar attachment was use
was to a depth of 6 inches.
Amount of residue retained on surface of experimental plots.—From 4 10 8 tillage operations were performe
¢ number of cultivations were required to control weeds.

retained on the surface in years in which a lar,
to be more prevalent on duckfoot-cultivated land than on plowed fallow. No differences

f

Weeds, plant discases, and insects, —Weeds tender

ADPDITIONAL TNFORMATION FOR TABLE 17

used ‘in performing tillage:—Stubble-mulch tillage was carried ont with 1 narrow

d for secondary cultivation and weed control.

Both operations were started in May following the year the crop was grown.

were observed in diseases and insect pests.

TabLE 18,— Experimental data from Cherokee; Okla., under continuous 1

Crop-year
precipi-
tation
{Juty-
June)

194142, .. ... T TP

1948-149 .
1949-50
1950-51 ..

P-E
index

52,95
34,38
42,74
57. 64
35,57

46. 43
37.64
83.40
26. 86
61. 55

Yield ) of con-
tinnons winter
whicat when plota
were——

Straw produced
wher plots
were—-

After harvest
when plots
were—

d on summer fallow.

After seeding

when

plots

were—

i slopes of 1 to 3 percent.

shovel duckfoot cultivator ata

Mol

vinter wheat, 1942~51

dboard plowing

Little residue was

Soil-moisture Jeterminations ?

At beginning of
spring growth
when plots were—

Runoff (contour
farming) when
plots were-—

Mulched] Plowed
Bushels
per acre
15,2
10.0
21,6
26,4
27,4

Bushels
per acre

16.+4
7.6
15.8
16.
18. ¢
22,8
16,8
10, 1
21,3
22,0

Mulched

Plowed

Pounds | Pounds
per acre | per acre
3,440 3,160
1,380 2,020
2,920 3,720
3,3 3,480
2,620

1, 560

Maulched

Plowed

Percent | Percent.
11. 80 13.25
10 10..67

8. 8. 80
6. 5.
8.

69 |

Mulched

Percent
13.
13.

8.
13.
13,

13.

14,
11. 84
1

Plowed

Percent
13.
13.

8,
13,
12,

14,

14,
11,
1

Mulched|- Plowed

Mulched{ Plowed

Percent | Percent

Inches

. 837
2.745
5. 895
3. 558

Fnches
4,277
1,125
2.512
5. 142
2.838

1.852

. 836
10. 533

Average: i, .. e A

47.92

- | STwe S

9.4

2,328

4.284

1 Each yield figure in-the average from triplicate plots.

2 Mointure in 3-foot depth of soil.
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Apprtioxan InvoryvaTioN vor Tanne 1§

Plot characteristics.—Plots were 2 1o 3 acres in area and were equipped with rate-measuring flumes to gage runoff.  The soil at this location is
Grantsilt loam, on 2- 't 3-percent slopes.

Type of equipnient and sequence used ‘in- performing lill(lg(';-—«S\vecl)s and tillers used in this experiment during the crop years 1942-51 were the

“plow-“lay” sweeps and the Raydex sweeps. - The plow ““lay™ sweeps were used during the first tillage after harvest, while the subsequent

cultivations were performed with the Raydex sweeps.  The wheat was seeded with a semideep-furrow, disk type drill with 10-inch spacings.

Amount. of residue retained on_surface of experimental plots.—With subsurface tillage, it was estimated that approximately 65 percent of ﬁ)c
residue produced wasretained on the surface.

Weeds, plant diseases, and insects.—~Cheatgrass was a serious problem on the subsurface-tiled plots.  Weed infestation was 5.6 times as great on
continuously mulched areas as on plowed land.  In years of high Septeinber rainfall, the weeds germinated and were killed prior to wheat
seeding. - Heavy weed infestations occurred subsequent to years of low September rainfall; this was because their germination was delayed
until after wheat seeding.

On mulched areas; foot vot of wheat-was a problem.  There was an average of 8.8 times as many whiteheads in wheat grown on subtilled
land as in that grown on plowed land. - Some straw-worm damage was observed on mulched land in 1943, ‘

Soil properties.~—There was a tendency for small-sized water-stable particles 1o accumulate on the surface of subtilled plots. Measurements of
water-stable particles in spring 1953 showed a subtilled surface to have 72.7 percent of water-stable aggregates of the size range <0.427>0.02
mm. compared: with 65.2 percent on the surface of a plowed plot: “According to dry-aggregate determinations made at the same time, the
surface of subtilled plots coutained 60.1 percent dry clods <0.84 mm. in size compared with 51.2 percent for plowed plots.  Thus, in the

absence of cover, the surface of subtilled plots tended to contain more material of sizes casily (:roch than did pH)wcd ]J«)ls.

TavLE 18A ~~dAverage yields obtained in_nitrogen experiment on continuous winter wheat, Cherokee,
- : Okla., 194550 !

Grain yield when ploin ] Siraw’ yield when plots
were— were—

Rate of nitrogen applied (pounds per acre)

Mulehed Plowed 3 Mulched Plowed

Bushels % Bushels Pounds Pounds
1

per qere per acre per dere,

None, .. 7. e . el 4 16. 2,100 2, 020
S S o o . . e R N 5 16. 1,960
2,360
2, 400
2,400
2, 600 2,520

per- acre
15,

1 Experiment condnieted on new plots éach vear (not the plots deseribed inexplanation following uible 18).

¥
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Tanre 19.—FExperimental data from Stilhwater, Okla. (Perkins Farm), under a rotation of iinter
wheat, oats, sweetclover, 1941-52

194041, ... ...
1941-42 .,
194243, .. .-
194344 .,

1944450 o

1945-46., . ..
194647, .. .
194748, ..

1948495 0L

1949-50, ... ... .
1950-51. ..
1951-52

Average,....

Crop-year
precipitas
tion
Ity
June)

Winter wheat yield ¥ when
plots were—

Winter whent straw pro-
dhiced when plots were—-

Soil.moisture determination
in 3-foot soil depth (Oc-
tober only) when plots
were—

Mulched

Plowed

One-

wayed

Mulched] Plowed | One-
wayed

Mulched| Plowed

Bushels

per acre

19,1
12,6
32.9

16.7
21.0
36.3
22.2

341
23.5
13.0
2.2

Rushels
per acre
6.2

.5
27.2.

Bushels
per acre
6.9

16,2
10.6
33.0

17.1
18.1
35,6
23.3

Pounds™} Pounds | Pounds
per acre | per acre | per acre

1,503 1,277 1,429

2,105 1,867 1,724
1,055 1,303
2,792 2,409
2,951 2,886
1,768
3,318
1,683

2,830

1,775

Percent
3.6
16.0

21.8

21. 6

2,156 | 2,154

T Wheat-yield figures are the averuge of 6 replications fromi 3 crops of wheat grown in 4 5-year rotation, including onts
and wweeiclover,
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ApPDITIONAL INrorMATION FOR Tanre 19

Plot characteristics.—Plots averaged 20 by 70 feet in size. Land slope was approximately 2% percent.  The soil was a Norge loam.

Type of equipment and sequence used in performing tillage.—The tillage implements used were a two-way moldboard plow, a basin lister with 8-
inch.shovels spaced 21 inches apart, and a one-way disk with 26-inch blades.  During the first 2 years, a 42-inch Pence blade was used for
subsurface tillage. - Beginning with the third year, these blades were replaced by 30-inch Dempster sweeps.

Amount of residue retained on surface of the soil after wheat seeding.—~The residue retained on the surface of the soil was measured during early
years of ‘the experiment by using a line-transcet procedure. Tn 1942 the percentage of cover on the surface of the ground on plots tilled
with the Dempster sweep was 15.6 percent at time of planting.  The percentage of cover on the surface of the plowed plots was 0.8 percent.
This amount of cover controlled erosion hetween terraces.

Weeds, plant diseases, and insects—No difficulty was experienced with weeds, plant discases, or insects.

Soil-nutrient determinations.—Determinations of easily soluble phosphorus and exchangeable potassium after 7 years demonstrated the tendency
of subtilled land to be more productive in the 0- 10 3-inch layer.. - The difference was not so evident in the moldboard-plowed soil. -The
average variation in exchangeable potassium in the 2 layers of s0il collected from the plowed plots was only 5 parts per million (p. p. m.),
‘whereas the exchangeable potassium in the surfice 3 inches of soil from the plots subtilled with sweeps was 48 p. p. m. higher than-in the 3-
o 6-inchilayer.  The difference in available phosphorus was only 2 p. p. ni. higher in the 0- to 3-inch layer on the plowed plots, but it was
7 p. p.m. higher on plots where the residue was left on the surface of the land, as compared with samples collected-from the 3- to 6-inch

layer on these plots,

FIOLIADIYDY J0 "IdAd 'S ‘A ‘991T NITITING TVOINHOAL 9%




TaBLE 20.—Experimental data from Pendleton, Oreg., under winter wheat, 1941-53

Yield 7. from continuons . Yield ! from winter wheat on fallow, on leased property.
winter wheat when plots Yield ¥ from winter wheat on fallow when plots were— (Hill snd_Kipg Farms, near Helix, Oreg.) when plots
Crop- i were— : werg— . w
year H
pre- -k c
Year dipita- | index Mulched Plowed ! One-wayed Mulched Plawed One-wayed g
tion —_
(July- Maualehed! Plowed | - One- - . =
June) wayed | Non- | .Ferti- Non. Ferti- Non. Perti- Non. “erti- Non: | Ferti- Non. Ferti- &
ferti- Yized 2 ferti- Tized 2 ferti- fized? | ferti- tized 2 ferti- lized 3 ferti- lized: 3 L
lized lized lized lized . {ized lized é
Bushels 1 Bushels | Bushols | Bushels { Bushels | Bushels | Bushels'| Bushels § Bushets Rushels | Bushels | Bushels | Bushets | Bushels | Buishels Q
Inches peiacre | per acre Hper-acre’} per aere | per.acre | per acre | per acre | per acre | per acre | per acre | per-acre § per-acre § per acre | peracre | per-aere el
1940-41 ., & - 19.54 42,22 24.3 26.7 25.7 oo JCAE SN U N | DU AL FNURNU DI N P I .- .
1941-42. .. .7 2046 46. 59 35.0 3I5.0 LI Lo T e D S PP B T e F R Cebaen =
1942-43... . 20.70 55. 26 AL 59.5 38.2 F. L b BT P IR P PITO RIS FINNFPINS PN S PN >
194344, .5 .1 12,49 27.98 26,2 34.0 3 25.5 33.2 39. 4 39.4 33.6 33.2 .. e IV PRV S [ P I paeny §
194445, .. .1 15.65 36.88 11.9 19.8 10.7 21. 6 21,4 20..3 23.3 23.7 E
1945-46. .. .1 17.84 4444 32.8 37,2 19.0 21.0 32.7 35.1 22,0 23.3
194647, ...} 16.27 37.22 41,0 #8.7 40,2 40.0 46.0 4.0 43.7 42. 4 Q
1947-48....] 22.76 57.20 23.8 23.3 Y250 oo e e Sl E
1948-49., ., .1 - 14.95 5. 2¢ 39:3 12.3 37.2 33.4 12,0 42,1 3.3 as. 1
194950, .. .1 16.43 45.22 38 8 39.8 45.0 3. ... P D S S S el =)
1950-51., .. 18,62 48.91 24.2 25.7 313 28,2 3.2 36.4 49.3 33.7 42.2 m
1951-52. ...} 15.85 39. 82 30: 2 3.5 0.2 4. ... L IS PURRERNTEE SPN DA e o=
1952-53.. ..} 16.68 41.63 33.9 39.2 29.3 32.0 39.4 * 346 40,6 .5 39.5
Average..|  17.56 43.74 3L0 36.1 30.2 ¢ 29.9 37 i 35.2 8.7 3117 ; 341 §
- w
1 Each-yicld figure is the average of 3 replications. - =
2 Prior 10 1951, 10 ponnds of nitrogen were added at wheat-seceding time.  Startingfin 1951, nitrogen applications were at the rate of 30 pounds per dcre. 2l
3 20 pounds of nitragen: were added at wheat-sceding time. . ;
w
i)
o
H
=
4]

Ly
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TanLg 20A.—Winter-wheat yields with various rates of nitrogen fertilizer applied at plowing time,
ori mulched and clean-fallowed plots, Pendleton, Oreg., 195152

Pounda per acre of fertilizer wsed, and preparation of plot

; P
Yeur None : .
(check plots) 3 66 9 132
e T ; N | -
;Muh-hcd, Plowed {Mulched] Plowed { Mulched! Plowed | Mulched| Plowed | Mulched| Plowed
. I i 1
....w u’, i + i i
Bushels | Bushels | Bushels { Bisshels | Brishels ] Bushils | Bushels | Bushiels | Bushels | Bushels
per acre peracre | per acre | per acre | per acre | per acre | per acre L per acre | per dere | per-acre
1951, ... . 33,20 40.3 .40 52,9 87,7 56.5 56.9 60.6 59,7 3.
1952 .. 42,0 1 39.6 55,3 50,9 62,0 53.5 62. 1 58, 4 61.5 59.8
Average for 1951 52, 37.6 ' 40,0 4' 51,9 L 51.9 5.9 ; 55.0 59.5 59.9 621 57.8

¢ Amount of moisturein 5-foot depth of soil
Yeur B U P TV :
H Unit T'n mulched E 1n plowed |7 ni one-
;¢ ploty ! plots i wayed plots
NN e B - i - e . [ TS SV PO NPT

19400, . o Pereent L.l N 21.30% 19.50{ 21, 20
19512, . e ke, oo 0 o 12,66 | m,az& .....
19522, ... . e [ [ M ol AN f l(l.ﬂ?i 7.5-1‘,.

i i

! Determination in fall following summer fallow,
2 Determination in April, at heginning of growing season following suinmer fallow,

8V
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AppiTionan InFormaTion For TanLes 20, 20A, and 208

Plot’ characteristics.~Plots were 0.1 acre in size, on Walla Walla silt loam. -Average slope is 2.7 percent, running at. a slight angle but length.
wise of the plots.. The extreme slopes are 2 to 3.5 percent,  (These characteristics not apphicable to plots on Hill and King Farms.)
Type of equipment and sequence used in performing tillage—Under wheat-fallow sysiem, the first operation with the sweep machine was inade

durin '(:u: March or early April. - The rod-weeder with tiller-bar attachment was used for sccondary operation. hére stubble was ex-
trcmjy heavy, the skew-treaher was used before rod weeding. The rod-weeder was used for subsequent cultivation, ,
Amount of residue retained on surface of soil after wheat seeding.—‘ily subsurface tillage, it has been possible to retain a large proportion of the
residue produced on the surface.
Weeds, plant diseases, and insects.—Cheatgrass was a problem in some years where the sweep machines were used. It vas found - that a skew-
treader tends to control and Kill cheatgrass. :

w
:
o
=
=
s
&
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=
-
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=
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o
Z
[42]
H
>
3
<]
4]

6¥




Tanre 2).—FExperimental data from Newell, So. Dak., under alternate spring wheat and fallow and continuons spring-wheat, 193253

Spring-wheat yield ¥ in-alternate wheat<fallow gystem Spring-wheat yield ! on duckfooted-and full.plowed .
grain stubble in cominuous wheat Proteiii - content V' of con.
e S e FE P D AU OO S tinmous  spring.  wheiin
when plots were—

Cropeyear
precipita- :
tion Grain yield when plots Straw yield when ploti Crain yield when plots Steaw yicld when plots
{Seprember - Wwere: were—— were— were—
Augunt)

R . e e B - JR— DU F

Mulched | Plowed Mulchesd Plowed Ditckfoored Plowed Duckfonted Plowed Mulched Plowed

Bushels per § Bushels pier | Pounds per | Pounds per | Bushéls per | Bushels per | Pounds per | Pounds per
’ Inches acre aere arre Pereent
1931-32,, .. .. ... ©19,28 17.7 19,3 3,440 S .
1932-33, . Lo 9, 18.8
193334, . e L3 17,7
1934435, ... .. . 0.7
1935-36,, ... ..., . . 0. 7 [
1936-37.,. . 16, 1. 8
1937-38, . . 13.6 1,615 1,635

1938-39,,, ... 1.3 N SO EE R NN AU
193940, . . 15 ) ) ®

1940-41,. . . . . 4,Mm5 3,465
1041-42., .. L . 4 38,3 4400 3175
1042-43,. 0 100 : 2 : 3,125 3,100
194334, 0, 17, . 3,590 3,050
194445, o] : 2,610 2,180

1945-46,. . .. . 23, 36 . 3, L5 2, 435
1946-47,, . . 19.56 | . 2,840 2,595
1947-48,.. .. . 17.50 ar. 2,765 O
1948-49.,. . 11, 65 15.7 k 1,610 : . BT
1949-50,, ... ... 14, 61 . 1,160 -+ i 590
1950-58,. . .., 14,25 4. 2,880 3. 1,670
1951-52,, ... ... .. 1 13. 24 ( 2, 1,373 . 8 353
1952-53... .. 15.93 2,207 ’ . 5.6 ) 123 2,189

Avernge., . 15,73 9 2,300 2,155 . 961 1,029

USSP SV S S .

1 Bach yvield or protein figure is the avernge of 2 plots,
2 Crop completely destroyed by hail,

ADDITIONAL IavORMATION ¥OR TanLe 21

AYALTIADIYOV IO “TdId 'S A ‘9911 NILETIAL TVOINHOLL 0¢

Plot characteristics—Plots were 0.1 aere in size, located on Pierre clay with land slope of 1 16 2 percent. .
Type of equipient and e used-in performing tillage.~~Under -altérnate wheat-fallow system, grain stubble was diickfooted in the sprin
when weeds were well started, and ‘thereafter as necessary to control weeds. Depth of cultivation ‘was limited by the condition of soi




I e e

and capacity of the field cultivator, and it varied from 3 to 5 inches, Plnwinﬁ was performed during the last half of May, if possible,
" but seasonal conditions necessitated considerable variation in time of plowing. The plowed land was left rough and was duckfooted when

necessary during the remainder of the season, 1o control weeds.  Plowed fallow required an average of 2 cultivations with the duckfoot
cultivator for the season, while duckfoot fallow required a total of 4 cultivations per season. Under continuous wheat, tillage operations
were started immediately after harvest. :

Weeds, plant diseases; and insects~—Greatér amounts of annual weed grasses appeared on duckfoot-cultivated plots than on plowed plots, and
additional cultivations were required to control them. ) ’

Soil: properties.—Determinations .of organic matter were made on mulched and plowed fallow plots in 1953." The rate of decline of organic
matter appeared to have béen checked by snbsurface-tillage methods. -~ The percentage of organic matter in a 12-inch soil dépth averaged
1.04 and 0.92 for mulched and plowed plots, respectively.

Table 22.—FExperimental data from Amarillo, Tex., under continudsus winter wheat and a wheat-
Sfallow system, 1943-53

Wheat yield ! Striw prodiiced

under wheat-

Wheat yield Straw produced

Crop-year
precipitas

- index

from continuous
wheat when plots
werg—

from whent-fallow

system when plots;
i

were—

under vontinuons
wheat when plots
were—

{allow syitem
when plots were—

tion (July~-
June)

i
| Mulched! One-
wayed

Mulched:  One-
wayed

Mulched! One-
wayed

Muiched! One-
I wayed
I

i i i . .
Bushits © Bushels | Bushels i Bushelx | Pounds i Pounds | Pounds | Pounds
per acre | per acre | per acré | per acré | per acre | per acre | per acre | per acre
. 6.0 . 1.y 1,512 1,451 2,462
26.4 24,5 3 . 2,091
6.9 6.3 , ) 439
6.0 2.6 3. . 1,040

S 3434 28
6.2 |

) Thaches
194243, ...

1,038
1,676
3,560
194748, . ] : . . 1,
1948~49 . . : . 9.4 21
1949-50... ... .1 0 .
1950-81,., .. ... .82 | 8.6 1.

1951-52, .. ... s 5.4 +4.
1952~53, . 6

24,85 1.0 l 9.6 X 16.0

Wrm e« DU DN

SHLVIS NYILSTM THI NI ONIWNYVL HOTANW-JATIE0LS

1,796

Average, ..

I‘ Untit 1948, each yield figure is the average from 4 replicated plots,  Subkequent data are the averages from duplicate
plots.
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Table 22A.—Soil-moisture determinations' at Amarillo, Tex., under continuous winter wheat
and a wheat-fallnw systera, in varions years

Moisture under continuous| Moisture under  wheat-
wheat when ploth were— fallow systent when plots
Date of determination were—
Mulched One-wayed Mulched Onc.wayed

Inches Inches Inches Inches

October 1943, . ;| e i 0.90 0.7 3.90 3.90

“ November 1944, ST DI 2.96 6.10 2.20 5.50

October 1948, . . ., .o e PPN 1,40 2,50 .70 5.70

- March 1949, ..., S F S e 2,00 2,50 3.90 3.70

May 1949, 0 0 0 2.80 1.80 4.30 1.50

July 1949, ... . . . F O T SN .40 .40 1.70 .60

October 1949, ... 1 . o e e e 2.40 4. 50 3.40 4. 70

February 1950, ... .. o o000 J P 1. 50 3.00 L10 3.10

March 1950, ... ... .. .. T <90 2.20 1. 60 2,20
May 1950, ... o0t e .60 .80 1.10 2,30 -

June 1950 . .., oo o 1. 90 3.50 3.30 3.7

October 1950, o000 i . 3.30 3.30 5.10 5.36

1 Available moiature to 4-foot depth.

Table 22B.—Permeability data obtained during fallow-at Amarillo, Tex., by using a rainfall
applicator, fall of 1951

(A8
[}
&
Q
:
Q
»
[
w
&
=
=
2
=
i
<D
VO
d
12
=)
3
Q
|
»>
Q
e
[~
Q
d
|
% |
g
=]
=

Amount of—
Condition of surface ! Moisture condition of soil
Water Runoff Infilteation
) Inches Inches Inches
Stubble mulch ondelayed fallow. ... 00,0 2. 43 0.21 2.22
2,45 1.28 1.17
Stubble mulch oneacly fallow. .. .. .. ...... ..., 2.24 .23 2.01
2. 44 . 60 1.84
One-wayed fallow without muleh. ., .. Cieeldia 2,34 1.30 1.04
2.29 1.63 . 66

! Pullman silty clay loam with 12 to 3:percent slopes.




Apbitionai, InFormation For TABLES 22, 22A, Anp 22B

Plot chardacteristics.-—Plots were 80 by 200 feet, or about 0.37 acre in area, on Pullman silty clay loam. Slopes were 0 to 1 percent. (These 7

_ characteristics do not apply to plots used for study of permeability data.) ) )
Type of equipment and sequence used in performing tillage.—On continuously cropped wheat plots, the practice 1942-48 was to use 30-inch sweeps
after wheat harvest. An additional cultivation was given with sweeps prior to seeding. Beginning in 1944, the first operation with sweeps
was at a depth of approximately 4 inches. = Subsequently, 2 shallow operations were performed before seeding. :
‘On alternate wheat and fallow, the first cultivation with sweeps was performed from April through July of the fallow year, depending on
wt]:led or volunteer-wheat growth.  From 210 3 additional shallow operations with sweeps were performed prior to wheat seeding in the
fall. :

Use of the sweep machine alone was satisfactory for weed control and seedbed preparation. )
Amiount of residue retairied on surface of experimental plots.—The amount of residue retained after a year of fallow following the 1949 wheat

‘crop was 56 percent for sweep cultivation and 12 percent for one-way-disk methods. : .
Weeds, plant diseases, and insécts.—No plant disease or insect damage attributable to stubble-muleh tillage was observed.” A higher proportion

of stinkgraes was observed in the weed population in stubble-mulched plots during-a prolonged wet spell in 1950. No difficulty was ex-

perienced in killing grassy weeds with a sweep machine operated at a depth of 1} inches.
Soil properties.—Muich tillage is checking the rate of decline of organic matter in a 0- to 3-inch soil depth. In 1949, the content of organic
matier in the surface soil under continuous wheat was 2.20 percent as compared with 2.11 peréent wEere the one-way disk plow was used.
Under wheat-fallow, comparable figures were 2.07 and‘l.9é percent, respectively.  Wind-tunnel studies of erodibility and dry-aggregate
studies of soil structure were made on selected plots.

Protein content of grain.—In 1949 comparisons of protein icontent of wheat under stubble-mulch and one-way cultural systems were made.

Wheat following fallow had 13.4 percént compared with 16.5 percent for stubble mulching and one-waying, respectively. - Under continious
wheat, comparable values were 12.9 and 15.8 percent, respectively.
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TanprE 23.—FExperimental data from Pullman, Wash., under a wheat-fallow system, with different rates of straw applied, 1943-52

Yield 1 2 of winter wheat from plots with
ateaw applied at the rate of—

Anwount of runoff? from plots with atraw
applied at the rate of—

Amount of soil lost3 from: plote with straw
applied at the rate of<—

2 tons per
acre for——

1 ton per
acre for—

(None for
check plots)

2 tons per
acre for—

1 ton per
acre for~—

{None for
check plots)

2 tons per
acre for—

1 ton per
acre for—

{None for
check plots)

Crop-year precipitation
{July—June)

P-E index
Muiched
plots

Mulched
plots

Mulched
plots

Mulchied
plote

Mulched
plots

Muiched
plots

Mulched

‘M ulched

—
N

. 7
.0
.0
4
.3
3
1
1
3
.1

1 Each yield figure is the average from duplicate plots.

2 L. S. D, (least significant difference) at 5-percent level, 1.3 bushels per acre.
3 Runoff and erosion data are for November through March, the period regarded as the *‘erosion year."
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ADPDITIONAY, INFORMATION FOR TaABLE 23

Plot characteristics—Plots were 12 by 90 feet and ran parallel with a 25-percent land slope. - The soil at tkis location is Palouse silt Yoam.
Type of equipment and sequence used in performing tillage.—Cultural operations were performed during summer fallow season as follows: Initial
“tillage was performed during the period May 1-15, depending on the weather. Implements were operated perpendicular to the econtour

(lengthwise of the plots) at a depth of about 6 inches. Within 1 or 2 days, after initiz] tillage, a spike-tooth barrow was operated on the
plowed land and a rotary hoe (treader) on the subsurface-tilled land, parallel with the initial tillage operation. Land was thereafter rod-
weeded when necessary for weed control. . Two or three weedings were required each season; these were performed on the contour across
all plots, at a depth of about 3 inches. - Wheat was seeded on lﬁc contour during the period October 1-20, depending on moisture condi-
tions. In dry seasons, seeding was delayed until about mid-October, the seed being planted in dry soil.. Wheat did not make sifficient
growth prior to the erosion season to have any appreciable effect on runoff or soil losses.
The eéquipment used consisted of: Subsurface tiller—a pull type machine equipped with three 30-inch sweeps, rolling coulters, and power
lift; moldboard plow—a 3-bottom, 18-inch tractor plow part of the time, and at other times, a single-bottom plow attachment on wheel
tractor; treader—an 8-foot section of Dunham rotary hoe, operated so that the teeth dug into the soil; rod weeder—a 12-foot unit equipped
with high-cleerance shanks and power lift; grain drill—a John Deere 10-foot press-wheel drill with double-disk furrow openers.

Amount of residue retained on surface after wheat seeding.—Siraw was added or ru-noved from all plots to secure specified amounts each year
before cultural practices were initiated. A considerablc amount of siraw was retained on the surface of subtiiled plots at seeding time,
whereas only traces were present on the surfaces of plowed plots. ~

Weeds, plant diseases, and insects.—Cheatgrass was the most common weed encountered, especially during the last 5 years of the experiment
when 2, 4-D was used. 'Weeds probably caused part of the yield reductions secured on sﬂbsuri’me-ﬁllcd land. = No plant diseases or insect
problems appeared to be associated witi: methods of fallow.
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Tanve 24 —FExperimental data from Sheridan, Wyo., under spring and winter wheat grown in a
wheat-fallow system, 194351

Spring-wheat yield ! Winter-wheat yield !
when plots were— when plots were—

Mulched Plowed Mulched Plowed

Bushels per | Bushels per |- Bushels per i+ Bushels per
acre acre acre
19.3

AVErage.o.cv' v el

I Eacti-yield figure is the average obtained from 3 plota.

ApprmioNar InFoRMATION FOR TanLe 24

Plot characteristics.—Plots were 1/55 acre (6 by 132 feet) in size. Two of the ficlds used in this study have soils classed as silty clay loam and
are on a slope of about 2 percent; the other two ficlds have soils classed as fine sandy loam and are on a slope of 4 to 5 percent.

Cropping system.~—This consisted of fallow, grain-variety trials, subtillage experiment, then corn.. These treatments were located on the various
fields at random. Thus, as this cropping system went through the 4-year period, any one treatment had only a random chance of occurring
¢ d O] y g year | » any y g

on the plot it occupied 4 years earlier.

Type of equipment and sequence used in performing-tillage.—For plowing, a moldboard plow was used. After fall plowing, the ground was left
rough through winter and harrowed smooth prior to spring seeding. -~ Spring plowing was followed by disking, and sometimes harrowing,
then seeding. When a duckfoot cultivator with 8- to 10-inch sweeps was used, no other tillage was involved. The duckfoot was used
once or twice in the fall and once or twice in the spring prior to seeding. When: a lister was used, fall-listed ground was left rough through
winter and harrowed down in spring; spring-listed ground was disked after listing, then seeded. When a subsurface tiller was used, it
consisted of a Chase sweep implement with 18-inch sweeps; _this was used in the same manner as the duckfoot.’ When a basin lister was
used, the listing was done in the spring and followed by the use of the disk prior to seeding. . When the double disk was used, it consisted
of a standard 12- to 14-inch tandem disk; this was employed in 2 treatments—one in the fall and one in the spring.

¥~  £561+301490 ONIINI8d INIWNNIAOD 'S N

L

FYALINOIYOV A0 “IdHAd “S ' ‘9911 NLLATINE TVOINHOHL 9¢







