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Soil And Water Research
On A Claypan Soil

By V. C. JaMmisoN, D. D. SmITH, and J. F. THORNTON, Soil and Water
Conservation Research Division, Agricultural Research Service

SUMMARY OF RESULTS

Runoff and Erosion.—Soil and water losses from a sloping clay-
pan soil ! depend on both its cover and surface conditions. The
surface condition, including cover density and soil aggregate
stability, is related to soil fertility.

In earlier studies conducted at relatively low soil fertility levels,
grasses and sod crops in rotations appeared to be essential to soil
and water conservation on Mexico silt loam and similar soils.
However, the increased use of lime and fertilizer and the return
of heavier crop residues to the soil have reduced the erosion hazard
on these claypan soils of the Midwest. Although soil losses from
a sloping claypan soil producing continuous corn with a full-
fertility program are still higher than those from corn in a rota-
tion, the hazard is largely confined to the period from seedbed
preparation to the time of establishing a crop canopy. Even in a
corn-wheat-meadow-meadow rotation with a good fertility pro-
gram there are, during the time from seedbed preparation to
establishing a crop canopy, periods of erosion hazard for corn and
for wheat. But with the sod-based rotation, both the intensity and
frequency of the hazard are appreciably less than with continuous
grain cropping.

Although runoff is generally low and erosion of no consequence

/ from established pasture sods, both are moderately high from

small grain-lespedeza rotations. Grazing these areas increases
\ significantly both runoff and erosion as compared to using them
... for hay and grain production.

Average annual runoff from the small plots during 1941-50
varied from 6.8 to 11.7 inches for different cropping and fertiliza-
tion gystems. The lowest was for well-fertilized pastures of
timothy, sweetclover, and lespedeza and the highest for an unfer-
tilized corn-oats rotation.

Pasture production studies in the late 1940’s and early 1950's
indicated that pasture fertility improvement is profitable. Trends
in the late 1950’s and early 1960’s, with adequate soil fertilization,

! The results reported here were conducted on Mexico silt loam soil.
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showed that greater immediate profit may be expected from con-
tinuous corn than from pasture or rotation cropping systems on
Mexico silt loam and similiar soils; however, the erosion hazard
is higher.

Terracing.—Slope lengths too long for effective erosion control
by contouring alone can be shortened by terracing. Movement of
soil toward terrace channels can be counteracted by upslope plow-
ing of the terrace intervals.

In a 7-year observational study of channel grades for terraces
about 800 feet long, grades less than 0.3 percent were subject to
sufficient ponding to damage crops growing in the channel and to
hamper tillage and harvesting operations. Grades steeper than
0.5 percent subjected the channel to scour hazard for cultivated
crops, although grades up to 0.7 percent were relatively free from
scour when cropped to wheat or meadow. :

Conversion of conventional to parallel terrraces nearly doubled
the average contour row length, reduced the number of turns, and
decreased the point-row areas by 70 percent. Average rate of
travel of farm equipment was 16 percent faster on the land with
the parallel terraces. The average saving in production time for
corn and soybeans was about 24 percent, There was no apparent
increase in channel scour over that observed with conventional
terraces of equal grade.

Eleven years of terrace-capacity studies showed that the experi-
mental terraces were designed with flow capacities above experi-
enced runoff volumes. The terraces are the conventional type on
land with about 3-percent average slope, 0.33-percent grade, 1,050-
foot length, 21,-foot vertical interval, 23-square-foot average
channel capacity, and about 21/4-acre drainage area, Runoff from
the most severe storm of the period utilized about half the capacity
of the channels. Such a storm may be expected somewhat less
frequently than once in 10 years. For similar conditions, a channel
cross section that increases to about 20 square feet at the outlet
should safely accommodate the maximum runoff volume that may
be expected once in 15 years. With terraces designed to accommo-
date multirow farm equipment, channel capacity generally will
exceed that required to carry the runoff volume expected once in
15 years.

Soil Moisture.—The claypan restriction on internal drainage
increases the available moisture storage capacity of the silt loam
surface soil. The available water that the claypan itself may store
is somewhat less than might be expected, because a very high
proportion of the total stored amount cannot be extracted by
plants. The amount of rainfall that enters the Mexico silt loam
or similar claypan soils is dependent on soil surface conditions
as well as on the profile.

Studies of the year-round volume moisture changes in the vari-
ous profile layers showed that moisture extraction by bluegrass
is largely confined to the upper 2 feet, whereas corn and alfalfa
extract appreciable moisture to depths greater than 4 feet. Volume
changes under claypan soils supporting deep-rooted plants are not
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restricted to the surface and claypan layers. Differential changes
under and around buildings in these soils cause stresses and
cracking of foundations and walls during changes from wet
weather to extreme drought.

Irrigation.—Evapotrangpiration estimates, rainfall records
since 1890, and available moisture capacity data for Mexico silt
loam were used to predict average drought frequencies in the
McCredie, Mo., area. These data indicate that 4 years out of 10
will be drought years when the yields of grain, hay, and pasture
crops may be materially increased by irrigation.

In a 10-year test of irrigation on corn, an average annual appli-
cation of 5.3 inches of water increased yields by 34 bushels per
acre. Based on an assumed cost of $4 per acre-inch for the water
applied, the cost of the corn-yield increase would have been $0.62
per bushel. If handling, storage, and marketing costs are added
and the average price to be expected for corn is less than $1 per
bushel, the profit will be small.

Irrigation of soybeans showed a profitable increase in only
1 year out of 6. A single application of 4.7 inches in August 1953
increased yield by 14 bushels per acre at an estimated cost of
$1.34 per bushel. It appears that irrigation water can be applied
more profitably to other crops than to soybeans at this location.

Although irrigation of pasture plots increased beef production
n 2 years out of 3, the value of the extra beef did not pay for the
cost of irrigation. Annual application depths varied between 214
and 12 inches. The estimated cost per pound of extra beef pro-
duced by irrigation varied from $0.25 to $0.74.

Irrigation of wheat grown in rotation with meadow may help
to insure a stand of grass-legume seeding in the wheat. A sig-
nificant yield increase of 3.2 bushels per acre was obtained 1 year
during a 5-year study period.

. Water requirements of crops, storage losses, and expected water
yields from the drainage area must be considered in the design of
a storage reservoir to be used as a water-supply source for irriga-
tion. Measurements at McCredie, Mo., during the drought year of
1954 indicated that evapotranspiration from small corn plots over
the 120-day production period averaged 0.185 inch per day, or
about 22 inches for the season.

Mexico silt loam is capable of storing about 6 inches of avail-
able mois_ture in the upper 4 feet of the profile. Since storage
recharge is complete at planting only about one-half of the time,
probal?ly no more than 4 inches of available water should be used
In estimating reservoir storage requirements. Considering the
application efficiency to be 75 to 80 percent and pond storage losses
to be about 14 inches (estimated seepage and evaporation losses
from the' 16-acre reservoir at McCredie during the irrigation
season), it was estimated that 532 acre-inches of storage would
be required to furnish an irrigation supply of 400 acre-inches.
This would be the annual requirement for 16 acres of corn and
16_ acres of pasture during extreme drought. A 2-year supply for
this acreage would require a storage volume of 1,190 acre-inches.
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Water-yield measurements for the 154-acre mixed-cover water-
shed at McCredie indicated that the expected minimum runoff
volumes for consecutive 2-year periods were three to four times
greater than for single years. The watershed area required to
furnish the 2-year supply would be 433 acres, whereas that needed
for a 1-year supply would be 806 acres. Thus, for a 1-year supply
on this soil, a reservoir storage volume of 1.39 acre-feet and a
drainage area of 25 acres would be required per irrigated acre.
For a 2-year supply, the required storage volume would be 3.10
acre-feet and the drainage area 14 acres.

Grass Waterways.—Bluegrass sod in waterways can withstgnd
high velocities of flow without deterioration of the channel if a
few conditions are met in channel construction. Sharp changes in
alinement, horizontal or vertical, tend to result in scour damage
under high flow velocities. However, increases in bed slope from
1 to0 4 or from 4 to 8 percent did not cause damage to sod by flows

up to 9 f.p.s. with a duration of 50 minutes. The rate of scour in-

inches per hour was directly related to the square root of the
average velocity in feet per second and inversely to the grass
density. .

For 2-year-old sods, Kentucky bluegrass gave better protection
against scour than did other grasses tested. But for 1-year-old
sods, timothy and redtop were superior to bluegrass. Kentucky
bluegrass,. 1 year after seeding, did not provide adequate protection
for velocities of 3 f.p.s. and greater. Bluegrass, 2 years after seed-
ing, withstood up.to 7 f.p.s. A grass mixture of timothy, redtop,
and bluegrass is suggested for these soils.

The hydraulic data for bluegrass at maximum growth stage
(headed out) were used to prepare charts for channel design. The
factors considered in these charts are the expected maximum rates
of discharge, average velocity of flow, and bed slope. These are
used to determine the appropriate channel width and depth. Sepa-
rate charts are presented for use in designing channels with trape-
zoidal or parabolic cross sections.

Subsoiling and Deep Fertilization.—Subsoiling alone had little
effect on yields of corn, small grains, and soybeans on Mexico
silt loam. Application of lime or lime and phosphate in the subsoil
during the subsoiling produced small increases in yields of corn
and alfalfa and enhaneced the depth of rooting of sweetclover. How-
ever, the yield increases were not enough to recommend the prac-
tice for practical farm use.

Reclamation of Severely Eroded Land.—The returns from re-
claimed areas on the Midwest Claypan Experiment Farm over a
5-year period justified the costs of filling in gullies and smoothing
and fertilizing eroded and infertile areas in Mexico silt loam and
associated soils,
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INTRODUCTION .

The claypan soils 2 of the Midwest prairie region are problem
soils. A clay subsoil layer beginning at a depth of 7 to 18 inches
restricts air and water movement and retards the development of
plant roots. The upper horizons are usually low in natural fertility
and, unless corrective treatments are made, the profile down to and
including the claypan is usually acid. Neglect, misuse, and erosion
have further depleted fertility and reduced the productivity of these
soils. However, many of them respond very well to good manage-
ment practices; and, with a fairly deep silt loam surface remain-
ing, they can be brought to a level of production approaching that
of the best soils.

The total area of claypan soils of the Midwest (fig. 1) has been
estimated to be about 10 million acres (52).* The principal ex-

" tensive areas are in Missouri, Illinois, and Kansas. Secondary, less

extensive areas are in Nebraska, Oklahoma, and Iowa. The latter
are fringe areas, where the soils are so nearly like claypan that
much of the information on claypan management practices applies
to them also.*

® The studies reported here were conducted on Mexico silt loam soil, which
is considered typical of the sloping Midwest claypan soil.

* Italic numbers in parentheses refer to Literature Cited, p. 108.

* Personal communication from Roy W. Simonson, Director, Soil Classifica-
tioln and Correlation, Soil Conservation Service, U.S. Department of Agri-
culture.

ILLINOIS

KANSAS

MISSOURI

OKLAHOMA

BN-30363

Ficure 1.—Extent of claypan soils in Midwestern United States. Research
results at Midwest Claypan Experiment Farm may be considered directly

applicable for dark areas and generally applicable for larger outlined (2)
areas,
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The term “elyypan” usuplly refers to those solls in which a clay
subanil layer has formod during seil development and maturity
(38), although seils with elay subsoila that were deposited in place
have sometimes ules been called cluypan {72), Most of the Midwest
clay pun soils were developed under grass vegetation, although some
oceur under foreet cover (&, §6). The largest areas are in the more
humid prairie region, but some clappan sofls are found in deigy
chernogem avess (7, 40, 70),

Extensive aread of claypan are relatively flat praivie lands,
Stregms and patural depinageways dissect the prairie, forming
gently rolling slopes, which pre occasionally more than & percent.
The sloping claypan solls are subject to erosion unless wize
managed. Soll surveys prior to 1056 showed a loss of abolt
inches, or about one-ball the oripinal topsoil, from the sloping
clavpan soilg of Boope and Callaway Countles, Mo, in about T0
yeara.? During this periad, inereasing arcas of the sloping claypan
soils were plowed from pagture or meadow and planted to amall
grains and intertilled crops without fertilizer and usually without
regard to slope, Production declined with continued removal of
nutrf:nts. by tho crops &nd through loases from runoff and
arogion.

Description of Hepresentative Claypan Prefile

Mexico silt loam §s representative of most of the gently rolling,
more erosive soils of the claypan arsas in the Midwest, A typleal
profile s shown in figure 2.

surface layer (A, 0-7 inches) s very dark grayish-brown
friable ailt loam (27). A lighter gray horizon is often incorporated
with this layer in cultivated apils, The next surface layer (A, T=11
inches) s dark gravish-brown fine silt loam, with fine apluto_ﬂing of
dark yellowish-brown stains, The strocture is weakly developed,
Ane-to-medivm granolar.

The upper illuvial claypan layer (Bs, 11-16 inches) ia dark
gravish-brown silty clay, highly moitted with vellowish red. There
are numerous small iron concretions, The atructure s very fine,
maoderately developed, angular, and bloeky, with thin clay akins
on some aggregate Taces, The next clavpan laver {He, 16-2G6
inchea) is dark grayish-brown silty clay, with Ane reddizh-brown
mottling end numerous small coneretions, It is plastic when wet
and breaks indistinctly into fine angular fragments, with thin clay
coatings on the faces, The lower illuvial claypan layer (B. 25-34
inches), which 1= the transition zone, is 3 massive hrown silty clay,
with large aplotches of vellowish-brown and yellowish-red stains.

The parent material {C laver, 34-50 inches), or deep subseil, iz
dark grayish-brown silt lnam to coarse silty clay loam, There are
aplotches of brown and dark-red concretions, The strocture 2 mas-
aive, The C layer is loessal in origin and often overlies a layer of
gumbotil (28},

" Personal communigation from H. E. EWEFH. Stnte Soil Sokenilst, Sodl
Congervation Bervice, 1.5, Department of Agriculture.

e
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VruBR & —Typical dMoexies it lugm profile,

The loessal parent materials of the Midwest claypan soils are
peherally considered to be of windblown or eoliap origin (14, &0,
21,57, 82 84,80, 57, 55, 60, 61, 63). The claypan soila of the north-
central Missoori prairie have developed in Yarmouth loess over-
I¥ing rlacial till of the Kansas stage (67,

Physical and Chemical Characteristics of Claypan Scils

The claypan soils of the Midwest are naturally acid and low in
some nutrient elementa in the upper layers end in the elaypan.
The original loessal material was rich in lime, magnesium- and
potasginm-rich minerzls, and phoaphates. The percentages of
potassium and plagioclasze feldspar in the st fraction these
s0ils are directly proportional to sofl fertility and indirectly pro-
Portional to degree of silt weathering (/%). Younger =oils near
loessal sources of deposzition are naturally higher in fertility than
the mature claypan soils, Soil maturity increases in loeszal-derived
golls with windwnrd distance from the major stream source (26).

ing not anly removes the carbonates from the A4 and B hori-

eons but redoces the caleium, potassium, and other nutrient
cations from the primary mineral erystals of the soil surface layer.
he exchange complex of the secondary minerals of the Midwest
prairie claypan soils is dominated by hydrogen unless lime i5 ap-
plied to correet soil acidity, The surface lavers are low In total
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phosphorus. The deep subsoil loessal layer beneath the claypan is
usually richer in phosphorus than either the claypan or the layers
above it (15, 16, 33). With an increase in acidity, the phosphates
remaining in the claypan layer are transformed to less soluble or
fixed compounds of iron and aluminum or to strongly adsorbed
phosphates. In the surface layers this tendency is counteracted
somewhat by the accumulated organic matter (1, 10).

The soil surface layer or A horizon is markedly different physi-
cally and chemically from the claypan or zone of clay accumula-
tion. The A horizon is high in silt content. This is inherent from
the loessal parent material for most of the Midwest claypan soils
(67). Weathering of some of the loess and movement of the very
fine secondary clay particles formed by the process to the lower
horizons leave the soil surface as coarse or a little coarser in tex-
ture than the parent loess. Some organic matter accumulation in
the surface may give a degree of aggregation and str_uctur.al
. stability not present in the parent loess. Because of its high silt
content, the surface layer is usually high in total and available
moisture storage capacity (23). Available moisture storage ca-
pacity of more than 0.25 inch of water per inch of depth has been
estimated for a surface layer sample of Mexico silt loam.

Although leaching has reduced the fertility of the soil surface,
nutrient deficiencies in this layer are not difficult to correct. Be-
cause of its silty nature and relatively low clay content, the ex-
change capacity of the surface is not extremely high. Moderate
applications of lime and potash fertilizer will adjust the exchange-
able calcium and potassium to desirable soil test levels (17).

The principal clay minerals in the claypan layer are of the
montmorillonitic group, which is characterized by an expanding
crystal lattice. When wet, these clays swell, closing cracks in the
claypan layer and forming a plastic mass with a very slow rate of
absorption. Upon drying, the mass will shrink, forming some large
cracks and numerous small ones. The bulk density of the wet soil
may not be very high; yet, because of fine particles, the perme-
ability is low. With drying and shrinking, the bulk density in-
creases. The density of a hard, dry fragment between cracks may
be more than 1.6 grams per cubic centimeter, whereas the cor-
responding dry-weight density of a mass of the wet clay may be
less than 1.2 grams per cubic centimeter.

Because of its fine porosity, very little oxygen can diffuse into a
wet claypan. The pores in this layer will remain nearly full of
water over a wide range of low suctions for claypan of Putnam,
Mexico, and similar soils (28).

Although the total moisture-holding capacity of the claypan
layer is high, the available storage capacity is somewhat lower than
that for the silt loam surface, because a large part of the stored
water is retained in the clay when the wilting point is reached
(23).
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Climate of Area

The climate of the claypan prairie area of central and north-
eastern Missouri is continental (35). There are frequent changes in
the weather, both from day to day and from season to season.
Missouri lies in the path of cold air masses moving out of Canada,
dry air from the West, and warm moist currents from the Gulf of
Mexico.

The average annual precipitation for 1891-1960 for weather sta-
tions in the vicinity of McCredie, Mo., was 37.95 inches (table 1).
In the cool months, part of the precipitation occurs as snow. Most
of the snow falls in December, January, and February, but some
may fall as early as October or as late as April in the central
prairie area of Missouri. The average annual snowfall north of the
Missouri River is 18 to 22 inches. It is unusual for snow to remain
on the ground for more than 1 or 2 weeks.

The average monthly rainfall is highest during the late spring
and the summer. The storms during the warm season usually have
greater intensity. Since they often occur during seedbed prepara-
tion or before growing crops provide adequate protective cover,
they may cause considerable erosion damage.

Rainfall during the crop-production period varied widely. The
T0-year average (1891-1960) for the July-August period was 6.98
inches. The typical claypan soil will store 6 to 7 inches of available
moisture in the upper 4 feet of soil (27). With adequate moisture
supply, the average evapotranspiration rate at McCredie is about
0.2 inch per day during the 3 summer months. Thus, if the soil
storage capacity is filled at the beginning of the hot summer season
and average rainfall is so distributed that runoff losses are small,
there will be sufficient moisture to supply the needs of most
crops. However, such a fortunate combination of cireumstances
will occur in only about one growing season out of two. At the
Midwest Claypan Experiment Farm, moisture has been a limiting
factor in crop production in about half the summer seasons.

The average annual temperature for 1941-60 was 54.7° F. (table

2). The average annual night temperature (minimum) was 23.0°
loyver than the average annual day temperature (maximum). The
wide periodic variations in temperature throughout the year are
obscured in the tabulated averages.
_ The average date of the last freezing temperature (28°-32° F.)
in the spring is April 18 at Mexico, Mo., and of the first freezing
temperature in the fall is October 18. The average frost-free in-
terval is 183 days.

Midwest Claypan Experiment Farm

The Midwest Claypan Experiment Farm was established near
McCredie, Mo., in 1937 by the Soil Conservation Service of the
U.S.. Department of Agriculture, in cooperation with the Missouri
Agricultural Experiment Station, to study those problems common
to the gently rolling area of Midwest claypan soils (fig. 3). The
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tation for 1941-60 and 1891-19601

cipt

TABLE 1.—Average monthly and annual pre
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* Data for 1891-1940 derived from Mexico and Fulton, Mo., records and for 1941-60 from McCredie records.
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TABLE 2.—Average monthly and annual temperature at McCredie,

Mo., 1941-60
Month Maximum Minimum ‘ Average

°F. ° F. °F.

JANUATY cevevvireeeiecrereeceenerennienns 40.60 20.67 30.6
February . 45.00 23.69 34.3
March .... 53.01 30.56 418
April 66.84 42.85 54.8
May 75.40 52.17 63.8
June ... 84.26 61.90 73.1
July .. . 88.84 65.14 71.0
August ...... . 88.54 64.02 76.3
September 81.84 55.11 68.5
October 70.96 45.32 58.1
November ... 54,78 32.59 43.7
December ........cccocveeeniiiinvrccreisonnana 43.83 23.99 33.9
Average annual ................ 66.16 43.17 54.7

experiment farm soil, classified as Mexico silt loam, is repre-
sentative of the soils of the area. The farm is located on U.S.
Highway 40, about 22 miles east of Columbia and 1 mile east of
Kingdom City.

The tract contains approximately 300 acres, most of which is
typieal claypan soil. Except for small areas of exposed glacial ma-
terial on the steeper slopes adjacent to the drainageways, the soils
are developed on loessal deposits. The soil on the higher and flatter
areas in this vicinity is classified as Putnam silt loam, whereas the
loessal-derived soil on slopes is Mexico silt loam.

Shortly after the farm was acquired, all the areas designated as
cropland were seeded to meadow. Most of this land was subse-
quently used in various experiments. The experimental plots, fields,
and terraced fields established during 1939-52 are shown in figure
4. Major changes in the studies were made during the next 2 years.

The first experiment (series I), started in 1940, consisted of five
2-acre pastures with three subplots, each equipped for measuring
runoff and erosion (figs. 4 and 5). The second experiment (series
IT), started in 1941, consisted of 39 plots, each 0.022 acre, for
study of runoff and erosion from grain and meadow crops in vari-
ous rotations. In 1955, a study on the effect of contouring on runoff
and SOll'IOSS from continuous corn was started. Two 1-acre contour
plots with a slope length of 420 feet were equipped to measure
runoff and soil loss.

T}}e ﬁrst experimental field terraces were constructed in 1941 to
obtain information on construction methods, channel design for
lnter.ceptl.on of subsurface flow, terrace grade, and channel capacity.
Modification of the conventional terraces to parallel ones on fields
2, 3, and 4 began in 1950.

Subso_llmg and subsoil fertility treatments (series III) were
started In 1942 on 27 plots. These were to test the response of corn,
Small grains, sweetclover, and alfalfa to subsoil shattering, with
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BN-30051

FIGURE 3.—Midwest Claypan Experiment Farm at McCredie, Mo., as it appeared when purchased in 1937,
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FIGURE 4.—Midwest Claypan Experiment Farm, showing location of experi-
mental plots and fields, 1939-52.

BN—304Ty

FIGURE 5.—Pasture plot 4, showing small triplicate subplots from which soil
and water losses were measured.
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and without lime or [ime and phosphate fertilizer, Series TV plots
were stirted in 1942 to study the yield effect of row width and
direction (contour versus up-and-down slope). Several studies on
Ccrop response to irrigation were started in 1948,

The results of these various fleld experiments are discussed in
this bulletin,

RUNOFF AND ERO3ION

Equipment and Procedurs

In the early studies, the effects of pasture crops and grain crops
and their sequencs in & rotation on runoff and erosion were empha-
diged. The pasture plots (seriez 1) staried in 1940 were on five
Z-acre fields (#5). Water- and soil-loss measurements were made
on pasture plotz 1 through 5 from small triplicate subplots within
each pasture area (fig. 4). These small plots were 1014 by 90 feat
and were laid out lengthwise with the slope, which averaged about
3 percent for each plot. These subpiots were discontinued in the
fall of 1950,

The 39 grain-crop plots (=eries 11) started in 1941 were also
1044 By 90 feet and on a 3-percent average slope (fg. 6). They
were laid out and farmed lengthwise with the slope. Both pasture
and grain-crop plots were enclosed by ztes] dividera on the zides
that were driven into the soil about 6 inches and extended about 4
inches above the surface. At the upper end of the plotz waz a amall
eurthen dike. Borders were laid out 314 feet on each side of each
grain-crop plot and farmed the same ag the plot itaelf,

The runoff- and soil-loas measuring equipment was essentially
a standard installation (45, 54, 68). The system conszisted of a
sediment tank and a nine-slot divisor, 14 by 4 inches, with a silt-
water storage tank having a maximum capacity of about 7 inches
of runofl (fig, 7).

Representative triplicate samples of silted water and sediment
were obtained from the tanks, and the volumes in the sediment and

1% - FsEs

FriovRe 6.—Lrain-erop plets (series I1) az thoey appearcd on December 23,
1940, showing equipment for measuring ranafl and z0il Joss
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E a—"‘.L-I-.._:fr-I-'-!.‘-ﬂ“...-.

{11 S TF LT

FIGITHE T.—Eﬂ'-l”'"l“l"l'l-t for mEani il i el and soil loggvs, ?lm'll'-'“:lﬁ' ninealol
diviscr for separating one-ninth aliquet of overflow From sediment tank
{foreground) for larre runcfl wislume storms. Silt-water storage lank m

hackground.

storage tunks were measured before cleaning, The sediment in the
tanks could usually be stirred into suspenslon and sampled. For
excessive soil loss, the ailted water and the sediment in the sedi-
ment tank were measured for volume and sampled separately.

In 1943, three bluegrass pasture plols {series 1) were Eﬂﬁ}bll.ﬂhEﬂ
to study the effects of fertility treatments and legume seeding and
of eontour Turrows on runoff and production, Bunoff was meas-
wred from the entire 2-ere ares with 2-foot H flumes and water-

level recorders,
In 665, two T-ucra contour plols wilh o slope length of 420 fest
were equipped with flumes: and samplers to measure runoff and

soil logs.

Pasture Studies
Sail Trealments

Light applications of fertilizer were used during 193346 and
higher levels during 1947-51 (tabie &), These two levels of fertili-
zation reflected the recommendativns being made to Missouri
farmers at the beginning of the two periods (68), The grass and
legume pastures were established in 1938 with 200 pounds per
acre of 0-20-10 fertilizer, and in 19435 and 1945 they received
the game amount and kind, An unplowed bluegrass pasture was
fertilized with 400 pounds of 0-20-10 In 1942 and with 200 pounds
Iin 1945, Lime was applied to all plots receiving fertilizer in the
193816 tests.
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TABLE &.—ropping sysiem and seil freatment o pastures (series
I) during 1935—46 1 and 1947-51

| | Bodl treatmant
Years und e | . = e —

o Cropping systerm
Pl i i Yadr Amicunt per scre
o L _ — Ll =
1aFE-L9 | 1538 EI-‘iI‘;'nlI]Erlg ?Elrll?l-sl;hn-m_w' i [hs.
| Timuthy, lespedesi 15943 -00-110, 5.
i e 1543 0-20-10), 200 T
pedean | 1048 Eime: & Cime: 0-90-10;.100 lba
L e e | | ]1'F38 imie, 3 Lonsg U-20-110, -
g %BEEQL ﬁll_p-l-rl.rzn. H with small grain sseding,
1 | Barley, soybeans 1646 Lime, 2 tons; 0-20-10, 100 lba.,
| [hay}. [ with small grain mdm:g[.l
| [ 1435 l.iTﬂn,!g ladanusl;hﬂ-ﬂl- 10, $00 The.
Timothy, pwect- 11943 [r-% ; %,
: dwl.:ﬁ.mﬂp_ ' 1345 02201110, 200 Tha,
1446 Lime, 2 vons,
% ([1842 Lime, & tons; 0-20-10, 400 lhe
el R
Hi & 14942 Lime, I rops; 0-20--140, :
Gy irenuovated). (114945 ' ':g‘;:u-w. 206 [ha.
! LA, Bluegrass (check) | None.
B Bluegraas |oontour | Do,
furrow]. [
FOgF-51 U748 10-20-20, 100 fbe,, on wheal
: Whent, Kosaut I 1045 | Bosc: Lime, 2 wae, and rock
lespedeza, and phosphote, 468 |bs; svinde-
| Juter monce; B-20-20, 200 lhs., and
1847 1%3'%& I aaeth
5. Rentucky bluegrass, | joip | Hasic: 0-20-10, 830 lbs. (1948);
b lespedeza. |03 acer mainienance: 0-20-20, 200 fox,
ML b
i - Bromegrnss (sweet- [ 1847 | 10-30-30, 200 |ha.
elover sepded, | 1545 Barr: Lime, # vons, and 0-20-10,
FHAT-—4 0, and |larer TE0 Ihs. (1949); maornlemonce:
(-20-20, 200 Tbe. (1451, and
15-0-0, 100 Iba. (fall ond
spring, starting fall PRS0,
T Kentucky blusgrass  (1MT | lﬂ-ﬁ-gﬂ'. 201 Ibs,
{sweetelover 1 IME Hasle: Lime, £ tops, apd 0-20-10,
sepded, 1947}, |land later | B Tbs., (1949); meatiipnande;
M=20=20, 200 Ths. (1951, and
[ A45-0-0, 100 ke, (fall and spring,
| starting fall 1944),
H Rentueky bluegraae Nane. ; ,
‘ Foye, soybeans 1345 | Eatsblished 1948 (proviowsly
{gruinl. | limedj. Basie: Rock phos-
Ehllb, 450 lbs., and 0-0-50,
[ 20 Iba, (1948); maimlemance;
I 10-20-20, 150 lbs,, with '.Ta
and O-Z0-20, 150 [be, th
| snybonns (1848 and 19540).
L Alta Teoue (Lading | 1348 Entablizhed sprimg 194% Baric:

Lime, 2 tons, rock phoaphate,
2000 Tha., 0-0-50, 315 lba.,
and B-8-8 etarter, 325 lhs;
nﬁ?ﬁmm: D-20-20, 200 Jbe,
I ¢

clonrer segded,
spring 18517,
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TARLE 8. —Cropping system ond goil freatment on pastures (geries
" 1) during 198546 ! and 1857-51—Continued

i

Zud] treatmant

i
Yﬂpl]it” Cropping =ysbem

| Year Amaunt per acre

| Bromegrums, Ladinog | L Established spring 19, Basic:
efover. Sarface 10 inches: Lime, & tans,
| rock  phosphete, 2,000  [he
| 0050, 357 Tbe., and 0-20-20
sturier, 115 lbs.; subsesl (10-15
[ inch horicom): Lime, 3 tons;
moiwlewanee; -20-20, 204 Jbe,
[ fevery viher wear).

! Plots 1:5, 100846 ; plota T-2, ltrl—ﬂ—'lﬂ'.' &l eraps El‘ﬂ.ﬂ_l] m;tﬁnt- a8 Moted,
* Betablishment of blusstem not =itisfacinry; no runofl and erosion or
grazing measuremenis; ropstablishod in bromegrazs and sweetclover in 1946,

Zoll treatments applied in 1947-51 were made according to soil
tests (I7). Lime, phosphate, and potash were brought up to suf-
ficiency levelz on treated plotz and nitrogen wis applied on some
plots (tabla 2). These applications of caleium, phosphorus, and
potassium corrected the differences in levelz of these nutrients that
resilted during 192346, Plot 2, from which oats had been removed
for hay when tested in 1046, required a special corrective treat-
ment of 108 pounds of potassium per acre to bring the potash level
up to that of adjacent plot 3, which had been used only for grazing.
Removal of potassium in soybean hay from plot 4 also resulted ina
lower level of potassium by 1946,

1851=52 was & period of transition. The drought years of 1952-
34 brought an increased emphasis on irrigation, which resulted in
several changes in the pasture treatments. Ladino clover was

in some of the pastures, but the stand did not survive the
dry weather. Plots 1-3 were discontinued and six additiona] 2-acre
plots were started during this period for an irrigation and nitrogen
fertilization study on pastures,

Boil and Water Losses

S0il- and water-loss data for 1940486, as summarized by Whitt
(88}, are shown in table 4. The two timothy pastures averaged leas
than one-half ton of soi] loss per aere per year, and much of this
logs came during the early vears before good establishment, The
plot with sweetclover retained an annual average of about 2 inches
more water from rainfull than did the other timothy plot. This was
Drobably due [n part to soil struetural improvement and in part to
greater depth of drying of the subsoil by the clover roots, which
resulted in increased intake from rainfall,

The two small grain-lespedeza pastures had about the same
runofl loesses, but the soil losses from the oats (for hay) and

eza were higher than those from the wheat-lespedeza plots.
8 difference was due largely to variations in weather and mois-
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TabBLE 4, —Average annunl ranof end 2o0dl logs from posture end
E*_m{_r_t:qmp plotg, 1840-48 and 194545

Yeurs, series,

and plot Cropping system Runaiff Zail loss
| |
Iego-za Tone per
Beries I {pastoresh: | Inches LoFE
S i ot £ | Timothy, lespeders .. B4 .40
2 e (L8 (BRY), spedeEl e {163 268
Wheat, lespedega ..o 153 &0k
.| Barlay, soyhenns{ hayd ....ee ] E.TO a.93
Timothy, swestelaver, Tl An
lespedezn,
Series I {harvested
for hay and grain
Cate (hay), lespedesn ..o 9,148 1.74
J Whent, lEspedeIl s | =W § L.51
o Bluegrags (renovibed) oooeoen frikl
wel Bluegrass (checlk) ... W40

Blucprass (contaur (arrow

' Average a_rm-u‘al r;a;:ipltur.iun if a4 inches. Mensuremenis are averages

of @ plots, ench 10% by 90 feet.
* Annaal precipitation of S3E27 inches. Runof measered [rom Z-aore oréh.

ture conditions when the two grains were seeded. The oats were
planted in the spring when the soil profile moisture content was
relatively high and intake rates were low. Intense rains frequently
oecurred before a wood soil cover was established by the crop.
During the fall wheat geeding period the soil was drier and more
absorptive and erosive atorms occurred less frequently.

The combination of barley and soybeans was the most erosive
pasture aystem atudied in 1940-46. The barley was grazed and the
soybeans were harvested for hay. This cropping system had two
high loas perlods, The most serions was in the spring when the
barley was grazed and the beans were planted, The other was in
the fall before the new barley sseding had establizhed a good soil
COVEr.

Soil logs under small grain and lespedeza harvested for hay and
grain was measured in another set of plotz (2eries I1T). Resulls are
included in table 4 for comparison. Soil loss was approximately
one-third less where hay and grain were harvested then where
crops were grazed. This may be attributed to the betier cover
where the crops are left to mature, to lack of compaction and
pulverization of the soil by trampling of animals, and perhaps to
larger amounts of decayed crop residue remaining on the plots
harvested for hay and grain.

Runoff from the three bluegrass pastures (table 4) during 1945
48 indicated that the renovation treatmentz that depended on
legumes to provide nitrogen were relatively ineffective in reducing
runoff. With contour furrows, 1.4 inches more rainfall were ab-
gorbed each vear.
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Runoff and so0il loza were less in the drought years of 1952 and
1968 than in 1947-51 (table 5). The application of 4.41 inches of
irrlgation water to plot 8 in 1953 did not appear to inerease runoff,

The average monthly and annual erosion index (EI) values (72)
for four periods are shown in table 6. These values largely explain

TABLE S.—Average annbal runoff and soil loss from pastures
(aeries 1), 104751 and 1058-53 1

gl Cw_p;pipg BvEkem H.unn&' Saoll lass
Tons per
T ALFE
Erhiut,gugfu ]up&ltgnaﬂa. ............... ] E:;;r 168
entue URETAE, 4,87 b
- rean 12
Kentucky bluagrass ....c.ccovn, A *5.68 i)
di ‘;.Iii "1
Hye, sovbeans (graind ..o L v BT
| Kentucky bluagrass .........oese 16 t)
Drr_hndirau. Lading and ped l 210 f":
clover. i
Whaeat, Korean lespodezn ...l 110 14

::Tf; pﬁﬁiﬁ:ﬂipiuﬂm n:;ﬂliﬂﬂ and 742 inches for 1847-61 and
VEFAEE O ; MOt RS m 18561,
* Mensured from full length of siope and not comparable with other ronof

measared.
:Grl.- : h;-nLH? t{lﬂdﬁﬂmi;dﬂ
and w in : Aug. B0, 1962, and igated with 4,
inches of water botween June 10 and s;;ﬁ. 1, 1963, AL

TABLE 6.—Average monthly and annual erosion potentiols feer
different research periods at MeCredie, Mo.

Avernge necumulative Bl values' for—
Month 194146 | 194751 | 1052-58 | 195454
ah I e R o O e R o

danunry 1 | ] '
February : 3 0 i
March T iz | T 7
ﬂﬂ 18 6 T 18
i 25 21 16 18
:}M’ 58 53 27 2
i 24 27 16 42
s a6 B4 26 | 20
L T E“F h g‘ 1 m
o e rir 12 | B H)
e e 14 5] 25 [ B
Decernber f | 1 '_ 1 1
Average annual .. 264 | 206 187 181

1

ET valus in sxpression of erasion tial of rainfall during a time period,
lﬂ"'l“r ven storm, it Is product of total rainfall anerey (in foot-pounds
maximum J-minuts intensity in inches per hoor,
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the lower runoff and ercsion loss during the periods following
1941-46. Part of the reduction, however, may be from the im-
proved crop growth and cover resulting from the higher fertility
trestments, The rainfall-erosion potentials for April, May, June,
September, and October of 1952-53 averaged only 45 percent of
those for the two earlier periods. These months include most of the
time required for seedbed preparation and establishment of vari-
ons crops when land is most vulnerable to erosion.

Producilon Measurements

Production on the pasture areas was determined by grazing
with 1- and 2-vear-old Hereford cattle. The number of cattle graz-
ing each pasture was adjusted as necessary to assure maximum
utilization of herbage without overgrazing. The results for 1940-46
and 1947-51 are shown in table 7.

The variety of commodities harvested makes direct production
comparisons difficult, Whitt (£9) reduced the data to corn-equiva-
lent production in bushels, as computed on the net energy basis
from values given in & publication by Brown and Helm (8). In gen-
aral, the increased fertilization of the second period (1947-51)
resulted in a higher level of production in terms of corn equivalent
and beef gains per animal unit day: although, for the same erop-
ping systems, the carrying capacity of the pastures (animal unit
days) was not greatly increased. The relatively high yield and
carrying capacity for the Ladino clover pasture are of interest.

Whitt (6%) made an economic analysis of the 1947-51 data st
average price levels for the periods 1940-46 and 1947-51. In gen-
eral, pasture fertility improvement appeared profitable at both
price levels. However, fertility treatments on pasture showed
greater profit at the higher price levels. This is true even if Whitt's
net cash returns are adjusted to a common consumer price index
lewel (table B).

The data in table 9 show that production and carrying capacity
of the pasture plota declined during the drought years (1952-53)
as compared with 1947-51, unless growth was sustained by in-
ereased application of nitrogen,

Grain-Crop Studies

Sail Treatments

The first period of study of runofl and erosion under grain-crop
rotations (2eries 11) (1940-48) was conducted with light appli-
cations of fertilizers (table 10) recommended to farmers at that
time. The 200 pounds per acre of 0-20-10 applied at the time of
seeding was confined to the small grain crop. The corn-oats and one
set of the corn-soybeans-wheat and lespedeza-leapedeza rotations
received no lime or fertilizer. Rotations other than those given in
table 10 for 1940-48 were corn-soybeans (hay)-wheat, lespedeza-
lespedeza (unfertilized) ; corn-soybeans (hay)-wheat, lespedeza-
leapedeza; soybeans (hay)-barley-meadow; corn-wheat-sweet-
clover (hay): corn-wheat-meadow-meadow; and corn-whest-
meadow-meadow-meadow-meadow,

TaBLE T.—Average annual production from postures (series 1), 195046 and 195751

Fuh_l:u
CATCYIRE
capacity

Bef gain ]
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unit day
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2oil treatments in the second period (1947-51) were made ac-
cording to soil tests (I7). As indicated in table 10, the levels of
treatment surpassed those of the earlier period. Lime, phosphate,
and potash were brought up to a computed sufficiency level om plots
recelving treatments, and the uge of nitrogen fertilizer was begun
on most of the grain plots, These applicationz of caleium, phos-
phorus, and potassium were designed to correct the differences in
lewvels of theze nutrients that had developed in the early years of
study. Rotations other than those given in table 10 for 1947-51
were corn-oats, lespedeza ; sovberns-oats, sweelclover; corn-corn-
wheat-meadow; corn-soybeans ({(42-inch rows)-wheat-meadow;
corn-wheat-clover; corn-wheat-meadow-meadow ; and eorn-wheat-
meadow-meadow-meadow-meadow,

The experiment was reviaed in the fall of 1953 to test the effect
of two fertility levels on runoff and soil losa from corn after corn
and from corn in a rotation that incloded 2 years of meadow. The
corn-oats rotation without fertilizer was continuwed, Also, the effect

TABLE B.—Net cash refirns from pestures with low and higher
level goil trealments [series 1) at 2 price levels

Adjusted net peturns
per acre!
Spil-treatment Crogni = — =
lavel and plot PRIOE Arutes Low Higher
| price leval | price level
{ 104048} {1047-51)
LOW Dallarg | Daflars
T e o Timothy, Horean les Lo 2657 47.11
e ~| Dta [Mil:.lru}' Korean lespedoza 2142 | 2037
B e e Wheat, Korean lespedezn ... 24.76 48.41
T R R -| Barley, soybeans b LT 1882 Pl B |
| S | Timothy, aweetelover, Korean 24.E8 | 4500
lespedezn, |
R il -| Hentucky bluegrass, swestelover..| 11.38 T5,16
B cicensmnes:| Hontucky bloegrass (no treat- 16,08 24.42
ment),
| Whent, Korean lespedesa ... | 34.21 £8,11
. Kentucky bluegrass, Korean 205 81.54
| lespedeza.
Ew;rl.“ e 23.37 48,54
Eentocky bluegrass ... ..o 1E.E3 4.4
Kentucky bluegrass (no Etreat-
4 Roe, o {grain} 24.86 84,9
........................ P&, 50 ng (grain 4.1
Elﬁm-
: ot bt Iy Elu fescoe (1B00-0L) .omiciion gé_%g %ﬂg
................... .| Brome Ladina clover
(1986617,
- e TET . l!:|'|:|.:|aig;|]'l|nr Ladino clover 68, TR 102,88
[1861).

' Wet retorne to land and manspement. Yalues adjusted to common average
consumer price index level of 1847-51 (U.5. Dept. Agr. Agr. Statis, 1857,
p. 257, tahle BER), Yields waed are given in table 7.

|
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of seedbed preparation for corn after corn by subtillage so as to
leave residues on the surface was com with that of plowing
residues under. In 1958, irrigated and adequately fertilized plota
were added in order to study the effect of adequate a0il molsture on
runoff and erosion and on crop vields,

The rotations, with fertilizer and seedbed preparation, are
ghown in table 11, All treatments except the corn-oats rotation
without fertilizer were duplicated. For the no-fertilizer treatment,
corn and oats were alternated on two plots so that both crops were
grown each year. For the other rotations, each different erop and
treatment occurred in eycle on two plots each year. The corn-
wheat-meadow-meadow entailed eight plots, two for each erop.
All plots were 0.0217 acre, except the l-acre plot for the fourth

nuous corn rotation (1954) in table 11,

The full-fertility treatment included lime, phosphate, and potash
applications according to requirements shown by aoil tests (17)
in 1954, Lime has been applied since 1954 as needed to meet test
requirements. Ammonium nitrate was applied at 200 pounds per
acre before plowing or tilling for corn and again as a side dressing
after the corn was growing, Wheat received ammonium nitrate at
200 pounds per acre before seedbed preparation. The firat- and
second-year meadows received ammonium nitrate in three applica-
tiona of 100 pounds per acre about March 1 and after firat and
aeeond cuttings.

TABLE O.—Average beef production end carrying expacity of
postures (sevies I) during drought period (1952-53) compared
with more favorable period (1947-51)

Pasture carrying
. Beef producti
Flot Cropping et g _mmfl“
BYRDEM |
184751 1558-63 18947561 | 195253
Poundy Paowuneds Anmual Annagal
B ] Wheut Korean | P | PR [ Mgl | o
pedezs.’
2 Kentueky blue- 308 176 135 BE
Korean
4 = ino claver.|
------ seei| Broame 254 320 10 145
T i, Kentn r Blue- ag 270 143 137
Lo Alta fescus, 821 2ag 149 142
8 = o elover.® h
Stretieons BrORSroaeg, d0E
Ladina elover.® i o

1 : A
h‘wluéfrﬂlhmm on whent increaged from 80 to 225 pounds of 20-0-0
rowth of Ladino clover reduced in 1952 and killed in 1953 by molature
* Nitrogen fertilization since 1050 (see tahla 1),
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TABLE 10.—Soil frealment for zeveral gratn volotions (series 1),
TRL0-48 ’_ﬂﬂ-d 185751

Soil trealment

Years and . .
pog Graln rotatien
Year Amowit [sr sere
1 34056

i, 3,5 (hats [koy -lespedezas, | 1938 Lime, & topm; 0-20-10, 100 Ihs.,

| | with small grain seeding.

2.4, 8 W hoat-liped i | 1948 Lime, & tons; 0-20-10, 100 Bbe,,

| with small grain s=eding.

8,14, 19, 24 | Corn-carn-oats- 1434 Lime, ¥ tens; 0-20-10, 204 [hs,
whest (eweet- | with ocar znd 200 [he, with
claver). | wheat seeding; swestelover

under before first corn; stallcs
cf first corn remain a& residoes,

24, 3%, 37. Corn-wheat- 143% Lime, 3 tons; 0-30-10, 200 |be.,
meadow.k with whu:md.m

h, B6 Com-oats | Wome; cornstalks remeain ms Tesi-

B,
TRET-51 1947-48 | Lime, 2 tons; 10-20-20, 250 lbs.

To18 17, 22| Com-sovheans (V- o corn, 226 Tha, on beans, 200
inch powsl-whest-

Iba, on whest, 150 [be. on rve,
meadow. 1548 Hosgie: R-ur:l:rhnqahlu 1,000 The,
nnd [atar and 0-0 100 Ibs, 23-0-0
5 d underl, 301 b=, and

12-1% a.'rl.-ar]. ||:||'.|. an
ecorn; 0- starter], Ed]tl
ih.u t:ln 11_:3_ =203, EHI

ml JA-0-0, 50 lbs,
whu’ranltiliﬂ-l‘.!} O-20-210, E'D'EI
T I:I:u, o
wI:E-:I.t HEE-D—EU I:I ~20-20, 150
lbs., nnd 33-0-G, 100 Jhs., on
n'vzfllilfrﬂ—-lllr
Llﬂ'l—i! Lime, 2 tona; 10-20-20, 400 fbs

29, 84, 87| Corn-whest-meadow o corn and 200 Ths, on wheat

1844 Buorie: Fock pheaphate, 1,008
ared later Iahﬁ.hu-;"? 0-0-50, JO0 =

umh] K0
lbs, apd ]‘.i 12 =arver), 3406
ba-., nu -'.'m'm1 Il.'l—'El:l s B0b

1949); - mu-a“n“'ﬂumﬂ
Ib-a. ;m& —%H} S0 b=, on
t'hﬁﬂ.l. [15507%; D—Eﬂ—ﬂ!}. T
ks, and 35-0-0, 20 lbs., on
whiat (18510,

| [15947-4E !I..[mn-,, ¥ tons; 10-20-20, 400 lhs.

i1, 16, 21 | Beybeansamall | on benns, 'S Tha, o6 barkey
ErRin-mpeadow. | -'IEH'E':I a.n»dnre {1944],
1949 Baric: Rock o 1,000 lba.,
{and taver | and 0-0-80, 100 Iba. 0-20-26
{BLarter) E:CID lba., on besas;
10-20-20, mm ‘and 24-0-0,
50 1ba., on [1515] G—30-20,
200 1ba., ﬂ—ﬂ—ﬂ' 75 lba., on
rye (1950} and wheat (1 Hﬁ-],'l.
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TABLE 10.—Swil frentment far geveral grain rotations (sevies 11),
Fo5ik=56" and 1047-51—Continued

mail treatment

d == =
et Griin rdalion -

Teur Aokl per here

SEL TR

184T7-48 Lime, 2 tops; [1-20-30, 24 [hs,
5 6 Corp-o@mis d5wedd- on corn aod Z0 lks. om nats
elpvier?), W] fagéie: Hock phosphte, 1,00
and kater |.|wl- |.|.r|.1]. 0-0-A, 1 lhs,
I-'|'.rn-'-|:| |.u1d:r 20
| |I=-| ﬂ]F r:ln.rer;,
Huill I'ux |.'dl -:-;-rn 10220,
| 200 I'|,|5., an  als
[ f-H0-20, 200 [, and 35-0-4,
150 lhe, =« oais (19600
(-2 20, 200 |ba,, anel 35-0-41,

i |bis,, ot P HED

o5 PR Corn-iale { Nane.

L] =

VAN erops For grain and hay excopt pesidues remalnipg a8 nobed.

= Meadew congisted of mizture of timnthy, redtop, red clover, alsike clover,
and Korean lespedesn.

* Plowed wnder before corn,

TABLE 11.—Treatments in study sforfed in 1954 and modified by
rrigation fest th I0ER

Yenr stirtiod and Fertility | Spedbed
Eraln rotation | Lreabmant | preparation
; 1054 flreaiments) !
Corn-oats b oo DR e [ Plaw {for eomb.
ContInEomE COFR i s R Fu]] ................... Bulill.
e e T A ey e T AT TR FR e e | Plow.
Du ............ TR [ Do
.................................................... Nt A R R D
Eﬂm—““—mudnw i rbow | i Plaw {fir cornd.
Dﬂ = Bterter e i Dha.

JTHEE Fireipaiton ! i Subtill
Contimpous eorn, irrigated ... ... I || P‘?nwl. 3
Continucus ear, not irrigated ... bk T

| Plow.




Starter-fertility treatments of 3—12-12 at 300 pounds per acre
were applied at seeding of corn and 0-20-20 at 200 pounds per
acre at seeding of wheat.

A field tiller was used to prepare the subtilled seedbed so as to
leave the cornstalks on or near the surface. The conventional
method of plowing and disking was followed to prepare the seed-
bed for corn on the other plots.

Scil and Water Losses (1941-53)

The effect of the preceding crops on runoff and soil loss under
corn and soybeans during the growing season is shown in table 12
for 1941-46. All plots except those in the corn-oats sequence
received lime at 3 tons per acre in 1941 and were fertilized with
0-20-10 at 200 pounds per acre for small grain, Soil loss under
corn during its 5-month growing period was less than one-third as
much on some fertilized plots as on others, depending on the type
of crop grown on the plot in the previous year. Thig resulted from
what has been called soil conditioning. It includes the effects of goil
strlécture, organic matter, and the binding qualities of fibrous
roots.

TABLE 12.—Average runoff and soil loss during growing season
(Apr. 27-Oct. 6) under corn and soybeans when preceded by
other crops, 1941-46

Current and

preceding crop Runoff Soil loss
CORN Inches Tons per acre

Oats (no soil treatment) ... . 7.2 , 10.2
Lespedeza hay ................ 6.9 | 8.3
Corn (1-year stalks) ... 6.7 7.1
Sweetclover-timothy hay ..... u 5.1 4.6
Sweetclover (plowed under) ... .. 6.0 4.2
Grass-clover hay:

222 b RS R S N | N 5.6 4.2

2 years ... 4.7 2.4

1 year 5.9 3.0
|55 o | S 7.2 6.9
Grass-clover hay (1 Vear) ............. 5.9 2.0

Grass crops preceding the corn were the most effective in pro-
viding resistance to soil erosion under corn. A period of 1 or 2
years of grass and legume meadow was more effective than a
4-year period of meadow. For the shorter meadow periods, the
growth of grass was vigorous at the time of plowing for corn. By
the fourth consecutive year of meadow, the stand of grass had
deteriorated to almost nothing. Sweetclover plowed under, sweet-
clover-timothy hay, and lespedeza hay were considerably less
effective in reducing soil loss than were 1 or 2 years of grass and
clover meadow. Cornstalks gave more protection than oat stubble.

S0IL AND WATER RESEAKULH wit iy wawe .

crop sequences that allowed ‘the soil to remain bare for an

xtTe}::i?d pegiod resulted in high soil loss (table 13). The losses
fiuring the fall, winter, and early spring following corn were great-
est from corn stubble and least from soil protected by a fall growth

of grass.

13.—Average fall, winter, and early-spring soil loss
TA?;?owing corn (series [1) from Oct. 7 to Mar. 19, 194146

Preceding crop

Winter cover Soil loss

Tons per acre
Corn stubble ...icieiiiiinin 14
Cormatalks . e )
Corn stubble, wheat ............. i 1.2
Fall growth of grass .......... | 2

ectiveness of a vigorous cover in reducing runpﬂ‘ and soil
loszh;egmpared with a sparse plant cover is shown in table 14.
The unfertilized wheat developed slowly and suffered greater
winterkilling than did fertilized wheat on conlparable plots (47).
The difference in cover that resulted from the application of 200
pounds of 0-20-10 fertilizer on plots with an initial application of
3 tons of lime per acre reduced runoff 11 percent and soil loss 23
percent during the 9-month period from seeding to harvest.

TABLE 14.—FE{ffect of fertilization on runoff, soil loss, and yield
under wheat (series I1) from Oect, 10 to June 28, 1941-46"

Whest treatment Runoff ': Soil loss Yield
Inches Tons ger acre Bushels per aere
Fertilized ........ccoo...... 9.0 .6 !9.;
Unfertilized .............. 10.1 4.7 10.

*Losses from wheat in corn-soybeans-wheat and lespedeza-lespedeza rota-
tion.

Average annual runoff and soil loss during the second soil-treat-
ment period (1947-51) were somewhat lower than for 1941-46
(table 15). Whitt (68) attributed this to three principal reasons:
(1) Rainfall distribution was better and intensity was lower dur-
ing the second period; (2) crop residues such as cornstalks and
soybean and grain straw were incorporated with the soil instead
of being removed; and (3) application of sufficiency levels of
mineral nutrients and additions of nitrogen helped to produce
more vigorous plants and improved cover and soil conditioning.

. The highest average soil loss from a fertilized grain-crop rota-
tion during 1947-51 was only 1.01 tons per acre. The corn-oats
rotation without soil treatment averaged 2.50 tons compared with
8.61 tons per acre in 194146, This attests to the favorable distri-
butign of rainfall during the second period, with lower average
erosion potentials for the storms (table 6). Runoff during the Jater
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and earlier periods was somewhat lower on the fertilized rotations
than on the unfertilized corn-pats syatem.

Average annual runofl from the grain rotations In 1952-53 was
generally lower than in either of the previoos pericds. The lower
lozses may be attributed largely Lo less severe rainstorms during
thiz period {table ), (Other rotations not included in table 15 for
19562-53 were corn-wheat-meadow-meadow and corn-grass-grass.
Erass.

The effect of different management practices on runoll and soil
loas during grain-crop growing seasons for 1047-53 is shown in
table 16. Losses decreased for those grain rotations that were ferti-
lized and that provided soil-conditioning effects from etther
mepdow or erop residues returned to the soil, Losses were lowesat
from corn following meadow, though swestelover turned uwnder
before eorn also provided good protection by its seil-conditioning
‘pffects. Losses from sovbeans are a little greater than those from
corn under good mansgement, RBunoff from oats is somewhat
higher than from wheat, probably becauzse of the spring seeding
date, Wheat developed an effective cover by the time of oat seeding.

TABLE 15.—Average onnwal runoff ard 20il loss from grain
rotalione (eeries IT), 194146, 194751, and 1058581

Yearn and 'I |

plot | Grain rotation” | Rusodfl | Zail loss
| |
T84T =48 | Iwches | Toms per acre
Y12, 19, 2R | Corn-soybeans-wheat, legpedeza- 1192 | 5.4
|.'EIF|E = -1 | |
2R, 83, 3T i Corn=wheabt-mesmdow iy © B34 "1.HS
11, 18, 21 Sovbeans-small grain-meadow .| 050 | 1.20
26, 26 .coimiremr | Corp-onts [no soil treatment) ... 1250 | il
IF4T-51 [
7,12, 17, 22 .| Corn {ry=] -soybeans-wheat 520 1.1
meadow,
20, 35, 87 ... Corn-whent-meadiw . ... A A | B
11, 16, 21 ...| Boybesns-small prain-meado | 484 b
L T o| Corni-oats [SWeElelover) ... 48T | B4
2, Bl i v Dorn-omts {no soil troatment) B2 2.5
195853 | l
Bl e g ! Corn-onts {swoestelover) ..ooi.ow | 1.70 | 21
i AR _! Corn-oata {no soil treatment) ... 4.50 116
11, 18, 16, 21 | Sevbeans-whont-meadow-meadow | ¥ 57 AT1
7, &, 15, 17,  Corn-soybeams-whest-meadow- | * 1,70 | i
Flr meRdow. |

' Average anfaal precipitation waes 41.34;, 1668, and E7.44 inches, respic-
tively, for sach period.

“All plots fertilized and limed secording to soil tests after 1946, exeept
corn-nats rotation,

' Measurements began in 19435 154346 dats adjusted to 18941-48 period
uli.r':gJ ritics nof losses with similar rotations updér measurement Tor H-year
Pereoel.

* Values estimated for meadow plois,
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TasLE 16.—Efect af differént management prochieds on average
punnff and soil logs during grofm-crop growtg feasons (2eries

I, iR4T-53
_.EI.:" [ Grain mlatlan® Runoff Bnil kasa
5 | L. - g ~ . R
I Imehex Tome par aere
| [ Cern-cate (na mi} Lreatment] ... ﬂ.ﬂE E%E
DO goiarmsisass Corn-onts, Sweeteloer ..o = BT .
= l Eurn-u'hnilltpmﬂdnﬁ;mmlim; | .ﬁ@ gﬂ
s Boyheans-rye or whopt-meadow . AT
T | { Corm-outs (no soil lreatment) . 'F.!:I"i' 183
e 1| Carm-eorn-cata-mendaw ... - 4,26 gi
Corn-nats, sweelelaver ... .30 | !
Corn-gorbeans-wheil-mes .84 B+
Wheat® ..o | Copn-wheat-meadow-mendow .| 328 | 5d
| | Baybeans-rye ar wheat-meadow 293 A4

e e

oad and mminfall Tor corn and soybeans, Apr. Z7-Dct. and
11141';;?““;1“5-,':'15; wats and whent, Oct. Li-Tuly 7 and 3285 inches.
2 all plata feriilized mod limed mecording %o =oil fosts, exeept COT-DatE

ﬂﬂmwulh and soybean struw left on plots.

Bail and Water Losses (1934-E1)

for 1954-61 after the cropping systems and fertility

trﬂma had been revised are shown in tables 17-19. Average

annual precipitation during this period was 32.87 inches as com-

with 87.95 inches for 1891-1960, but during the corn-grow-

ing season {Apr. 20-Oct. 2) it was 0.6 inch more than during the

TO-yvear perimf. Bunoll E:,l“d arosion data for 1954-569 have been
previously published (66). ] )

A IIE-I‘I':; IE'llzn.-'lzr af shredded cornstalks from adequately fertilized
eorn provided erosion protection nearly equal to that of meadow
cover during the fall, winter, and early spring. The greatest
erosion-reducing effect of adequately fertilized meadow in the
rotation | when small grain or meadow is on the land. Soil condi-
tioning due to sdequate fertility and meadow in a rotation reduces

TABLE 17— A verage runoff and soal loss J_I’ﬂ-:' nonfertilized corh=nats
rolation by erop periods (eeries 17), 185461

Avor

| | | .

Cover |  Crap period peocipitation | Runoff | Sl loss
s S o | -
Co | Tmokas Tmohew | Tmzpag acre
i e LT T Apr, M-—Oet, 2 18.47 2.54 ;
Cornstalhs ..., Ot 3-Mar. 17 s | LM T
R | Mar. 18-July 1l | 1278 2.80 131
Ot stobble .. July 12-Apr.20 | #1847 | 221 A%
Avernge anmunl Lo | sy 497 | 2t
d_-____.\_ . p_ —— L= —lm L N ——
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s0il and water losses also during the corn-production period. How-
ever, soil conditioning may not provide adeguate protection on
cornland for high-intanaity rains if they ooourdrom seedbed propa
ration to the establishmant of n crop cover,

The results of severnl storms with o tolal precipilation of 4.23
inches in 10 hours during June 20-30, 1957, ave shown In flgure 8.
Soil and water lostes from the corn in the meadow rotation during
these 2 days were more than twice the annual 1954-81 average for
the corn-growing asason, Soil conditioning, whether resldual from
meadow or from shredded eornstalks plowed under, reduced josses
tg some extent during this storm period. Leaving the cornstalks on
the surface by aubtillage instead of plewing for seadbed praparva-
tion also reduced soil and water losses.

The period from seedbed preparation to the establishment of a
crop gover of wheat is the other interval in the rotation yele
whemn 20jl losses miy be high, This is usually during October, When
several storma aceurved during October 2-10, 1859, with a total of
6.75 Inches of rain, wheatland with the starter-fertility treatment
logt 1.08 tons per acre, or about 3 percent of the total loss for the
year, The correaponding loss for the full-fertiiity treatment was
0.48 ton per acre, which was the annual loss for this treatment in
1960. More vapid growth and establishment of the newly sesdead
erop with full fertilty aceount for the difference between
trentmeanta.

lﬁ; mors
M
a1
')
1
A1
&'

Full

|
E

Zabl boas with Indicated
fortificy treatment

Starter

Tone perpery | Tom
1401
20
0z
o
Hukd
01
a1
42

Ineles

Ao
a2

14

ki

4]

)

i
087

fertility treatment
—
|

Funoff with indicatesd

ke
1.0%
Jd
g%
41
L.an
AR
a0
LAY

TABLE 18.—Efect of poil-fertility treatsents on sverage runoff
and 50if ok from corn fromies [1}, 1955=61

—— e
......

Years gnd cropping I Fertllity I
[iFdctice treatment . Bunof Za0il logs

Average |
precipitation |

by erop poriods fsertes 1), 205461
Searter

I8 4= Iehey | Tous per mere

Carn-cats’ .., Mope . 1 484 22
Ctrntli}ll}uw: corn fplowed) oo, SACkRE i 1 2de |
'l |

i

Cantinuous eorn (BubbIE .. s s ddid 1213
Huotatlan q[I MRRTE T i {
Botation §4 VEATA} wimicsimisisin s | Full e B0

Tagi-gf |
Cantinuoue corn {eonbourd® e s @B, 489 534
Continuous corn {up-and-down glepeb . doe o | .70 !

IRE8-£1
Continuous comn { plowed, neirrigation) Looode e 1.52 Kijl
Continueus corn (ploved, erigated) Lot LEE Bl
Continwous enen (subtill, neirrigation). o odoo R T | 1
Continuous corn (subtill, irrigated) ...l ... doe..... 1B (B

fagE-af |
FRllos i rimimmirsi v o —T T.08

1-Ikee,

July T=Dec, 1
Jan. 1=Dhec. 31

Jan.

Apr. 20-Oct. 1
Ot 2-Mar, 21
{ Mar. E2=July &

{

s Jmm. 1-Apr, 12

Mezdow {(2d year) ...

Cover

1 Corn and stalk period Apr, #-Mar, 7.

! Corp-whest-mesdow-mendow eotation; eorn perlad Apr. 20-Oct, 2,

*One mere 420 hy 108.T-foot plots, 420.fook slope lengih: all other 90- by
108 -font plots, farmed up-and-down slape,

TABLE 19 —Awrerage runofl and zoil logs for cornwhaat-meadow-mendorw solalion with # ferlility fvealmentsz

Mendow (Ist year) ..
Avorage annual
' Trace

Cornstalls and wheat ...

Carn
Wheat
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P son Loss

('Y/SNOL) SS0T 7108 ONY (SIHINI) 4JONNY

=

O
I suaTILL

CONTINUOUS CORN

O
PLOW

CORN

CORN-WHEAT-MEADOW-—MEADDW

ROTATION: CORM QATS|

& STARTER O FULL

FERTILITY TREATMENT: % NOME

FIGURE B.—Runoff and soil loss from different coops and eropping systems during several severs storma, Jona 2R-30, 1967.

EML AND WATERL RESEAHCH 0% & CLAYFAR Bl Lrlie)

The results from the eorn-oats rotation ghow the effect of low
fertility on runcff and seil loss (table 17). Soil loss from corn after
sorn during 1954-61 was more than double that from corn in the
potation with 2 years of meadow (table 18). Soil losz from con-
Hnuous corn during the growing season wus about double that
from rotation corn; however, the full-fertility treatment re-_du::ur.’:
this ratio. When the seedbed was prepared by subtillage, soil loss
fram full-fertility corn after corn during 1954-61 was only slightly
greater than that from rotation corn, Most of the loss occurred
with corn or oats during the periods of seedbed preparation. Aver-
age soil loss from estahlizhed meadow or whest was very low (table
19}. Boil loss per inch of runoff was prestest from corn during
the corn-growing season. This ratio was also relatively high for
ants in the nonfertilized corn-nats rotation (tahie 17).

The atudy to determine the effect of irrigation on runcff and
srosion from corn after corn has not been in operation long enough
(1968-61) to abtain conelusive data. No irrigution was needed in
1968 and 1061, Six irrigations (a toin] of 115 Inches) wert ap-
plied from July 26 to August 10 in 1959, Rainfall sufficient to causze

from any plots was not received until October of that year,
when shredded cornstalks provided good cover, Soil loss for all
treatments was low in 1958, Two irrigations in 1960 of about 2,35
fnehes ench were applied on July 20 and August 1. Mo runoff
pecurred during the remainder of that year. The average runoff for
186861 from the irrigated plote was 1.77 inches and from the
gomparahle nonirrigated corn-after.corn plots it was 1.37 inches
{table 18). The ol loss for the irrigated plotz wes 0.E3 ton per
acre, or an increase of only 0.03 ton per uere for irrigation.

Although adequate fertilization affords a pood protective cover
of growing plants or eornstalks during most of the yeir when corn
I8 grown. soil Jose muv be high during the interval of seedbed
preparation, planting, and cultivation of the young crop. The soll
conditioning given by well-fertilized meadow in the rotation before
eorn affords mome protection, However, for an oceasional storm
of high intensity during the critical peried, the soil loss from
eornland may be high vegardless of fertility and management
a:nchm. Thug, one advantage of growing corn in & rotation would

to reduce the average frequency of expected loss from such
H-ﬁﬂr?na corming at this time of the wear.

Adeguste fertilization has stimulated erop growth and provided
eonditions of considernble value in reducing runoff and erogion
fram =loping r:la}'Ean soils. Crop rotations that included grasses
and legumes markedly improved productivity and resistance to
EFOs1nH, T!ﬂ"ith this improvement, the performance of these goils is
E-Dhl‘m::hmg that of the better soils of Missourt (47). More rapid

ﬂ?“ﬂ‘lﬂm‘ﬂﬁnt of eropa on these soils reduces the time when soil is
irectly expozed to the impact of falling raindrops. Tmproved sys-
o With incressed crop residues returned to the soil, comlition

#0il #0 us to further increase resistance to erosion. Winter-

Hlling of wheat has been greatly reduced by adequate fertility, The

mare rapid development of wheat is of utmost importance to both

wuﬂtlnn and soil protection, especially during years when seed.
i5 delayed by corn harvest or wet weather.
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Effect of Improved Fectilily an Yields (1940-53)

Grain and hay yieldz were adjusted to a uniform meisture basis
and converted to corn equivalent values (4, 85} for comparison
(table 200, The net returns. adjusted lo the average consomer
index for 1847-51 (62}, are shown in table 21. The rotations with
low =oil treatments showed little advantage over the no-Ereatment
corti-oats rotation, even at the higher price level {(1947-51). The
rotations receiving the higher level treatments during 194751
showed the higher profit for fertilized rotations including corn.
The corn-cats rotation without treatment had dropped to a lower
level of production than in the previows period as a result of
continued depletion of soil nutrients.

TaRLE 23.—.41?4?3'0-9-:' el praduction  from goate rolotions
(zertea [}, IRIO-J6 and 1R4T=51

] | | {Corn
Yoars and . ) | Tield P uivE-
it Grain rotwtinn Crop por gt l | et pesr
tre
e B I -
Fa50-LF I Hakfrels
1,8, 5 Cats (hayt, Korean | Cats hay [1Z 175
lempeders | Lespedeza hay | il 12.8
Total ! [ A03
- — . —— —— _-ll s —— PP P —
34,6 Wheat, Korean [Wheat | 164 [
lespedeza, | Lespedeas fay | Tl 138
Tacal q28
g | U ——— .'I:I.'.'I. L S
o 4.7 M7
1, 14, 19, 24 Curo-comi-oats-whear ||da $0.a |
[rwaatrloveri. |l:|215! A 154
W heat 14.7 19,2
AvVarage et ]
— — B — e - e T
{Carn 6 v
2%, &1, av Corn-wheat-mesdew | Whent 15.0 174
Hay = | “rz8 218
Avorage | T
jT— = —= rG — __EE | i ——
SR A SH4
25, 28 Cam-onts | O, [ 218 10.3
Average . : : il 134 o
= —_— T | eeee———— — P e ] e —
Hashels
191 T-81 'Corn Wi | B3
A - Corp irvel-soyheans- || Soybeans 274 1.1
wheat-meadaw. ¢ ] 18 L | .l
Haw 2. [ 4.0
Average | I 4.7
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TapLE 20.—Average ownual production from grain rolations
{sertes (1), 194046 and 947531 —Continned

I I o Can
" i | PQuive
‘l’:a;ru;n {Frain rotution Crap | per acte ! | lent per
| | | aere
o= — e e P L5 L W | 45 i P
pom— -
: a7 A-wheal-meacow |y =18 x o2,
29, 38, | | | Hay 2,31 40,0
Avernge il.-1_ .
o1 “Barb B |[Soybena. .| 52 | 290
i T [ S (e | EaE 375
|| Hay : 20 352
Average | ' ' | 0.9
5. 8 Com-ants iswest- | [Coen B Y a7

Ty (| s | sLE | 148
. | ) | ' 518

Averag
—_— e T T e -1 BETT s e
25, 28 | Corn-uats (no sl | [Carn 0. 20
i treslmenll. || hata [ 23
Avprage | | 14

Y ¥lell of hay In tons, grain in boshels,

“FPredominantly red elover and timathy.

* Rys wintar cover turned under a gresn manure before sovbeans.

* Yield is rye oquivalent; in barley 1 vear, whent 1 vear, and rye 3 years.

Comparlsons of the net returns for pastures and for grain crops

&t these fertility and price levels (tables 8 and 21) suggest that

pasture for grazing beef may be a more profitable land use than

‘growing corn and small grain crops in rotations on sloping claypan
soils, Whitt (#24) concluded in 1852 that a movement toward a

dominantly pasture type of farming on the sloping claypan soils
of Missouri seemed warranted. -

Table 22 compares the average crop vields for the drought period

{1962-53) with the yields for 1947-51, Except for the corn-oats

- rotation without soil treatment, corn yields were below normal

‘during 1952-53. Hay fields were also below normal, but small grain
yiekds were normal or better. Precipitation was adequate during

the fall, winter, and spring but below normal during the summer.
Thus, in apite of the low annual precipitation for 195253, moisture

. ns were favorable for small grain preduction during the
eooler months, whereas summer droughts reduced production of

- tarn and meadow,
Elfect of Adequate Fertility on Corn Yields

The effect of the fertility treatments and croppi
: pping syatems on
£0rn yialds for 1955-61 is shown in fgure 9. The 1954 data were
mitied from these averages because of crop failure due to drought.
- SREaverage yields with full-fertility treatment were essentially
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TABLE 21.—Nel eask returns from grain crops with low and kigher
goil treatments (sevies IT) of 2 price levels

| Adjusted net retorns

| T acre'
-'Tzluil-ltmldtnhﬁ:lt Girain rotations fi———an ——
e Low pries | Higher price
[ leval lE""lT
1 1Bd0—44 ) 1154751
LW | Dollura Dhollars
) e [ - « Onts (hay), Korean bespedez., 1477 11.13
BT | SRt Wheat, Eurﬂ“ leapedaza ... 26,6 27006
g, 14, 18, 24 ...} Corn-corn-cats-whent, | 1E.73 =404
{pweetclover)
2, 3, BT e Carn-wheat-meadow ... r 15487 17.74
BB, DB i w| Corn-oaks {no eoil treatment). 1783 20.71
HIOHER l
7,12, 17, 22 ._..| Corn rye) -soyheans-wheat- 20,57 T ¥ 4
maeRdow,
20, 23, 3 .| Cormewheat-mendow i 46,28 4318
11, 16, 1 _....., Saybeans, small grain- 2212 2202
meendow,
- ey = Corn-onts (sweeteloverh® ... 41.ED 8577
BEBE ool o Corn-oats o s0il teeatment ) 5,03 7.7

! Het returns g0 lund and mopagement. Values adjusted to common average
consummer frbee lndex level of 1847-61 {UL5, Dept. Apr. Agr. Statis. 1857, p.
aB7, table BOZ}. Yields used nre given in table 2k

* Bwegtclovar turned under before frst eorn crop.

*Rye winter eover furned under before sovbeans.

TABLE 22— Average crop wields during drowght period (1952-53)
compared with wields for more foverable period (1957=51)
fgeries 1)

Tield per acre
Crop apd matatien —— —_—
154751 1852-53

Corn-0als (ae sod] Lrealmenl) oo, bushels..... 20.3 PO
Coarn-nats (ne soil treatment} .- A0 e 4.1 T
Corn-oals, sweslchover .ol b Bd.T T4
Corn-ants, swaptslover ... : do a8 44,7
Corn-whest-meadow-meadow do 8913 BO.5
Corp-ehent-megdow-meadow o einell@e, N 19.4 HENS
Corn-wheat-mecdow-mendow . .....oovveeeee. Aons......... i .31 1.38
Corp-wheat-meadow-memdote’ o . - AR 2.35 1.73
HRoegbeeng-whent-mendow-meadow” ... bushels...... g 156
Sovbeans-ichent-meadow-meadew .o .. Tl i a4.2 3.6
Sovbeans-whant-meadowr-mendow ., 2.2 1.10
Soybenns.wheat-meadow-mecd i ......... b L e z.12
Curre-goy e na-w hsat-meadow-mendow {5 TEA
Corn-sogfears-wheat-meadow-mendow . 27.0 126
Corn-soyben ns-whent-meadow-meadow 8.8 8.0
Corn-soybeans-whept-meadonemeadow . 254 1.8
Corn-soybenns-wheat-megdaw-megdoie ol e e a1

' This meadow did not receiwe mitrogen, whereas 2d-vear mendow of 2 rofd-
tions helow received 233:-prund applications during year.
*Hye in place of wheat, TH4E-50,

EOTL AND WATER RESEARCH ON A CLAYPAN SO[L a3

‘the same for continuows corn (108 bushels) and corn grown in
rotation with wheat and 2 years of meadow {109 bushels). But
with starter fertilizer only, the yield for continuous corn was 47
ughels in eontrast to T4 bushels for the rotation corn. Thus, full-
fertility treatments apparently have a greater effect on continuous
gorn than on corn in a rotation with meadow, However, the big
L was between the 23-buszhel vield of ¢orn in the corn-oats
rotation and the 109-bushel yield of corn in the corn-wheat-
meadow-meadow rotation with the full-fertility treatment.
Mot only have full-Tertility treatments increased corn yields to
g level nearly five times that without treatment. but slso they have
ipnereased the efficiency of water uze by corn. In the drought year of
1 only 5,600 gallons of water were required to produce a bushel
of corn with full treatment, whereas 21,000 gallons were required
without benefit of fertilizer or & meadow-based rotation (42).
Not all the benefits of a good fertility program are easily
measured, Increased vields and improved quality of row crops
i allow the farmer o reduce the acreage needed (o supply

P RUBTILL

TiLL

EONTMUOUS CORR

e yielde for differant fertility treatments and cropping avatema.




39

SOIL AND WATER RESEARCH ON A CLAYPAN S50IL

TECHNICAL BULLETIN 1379, U.S. DEPT. OF AGRICULTURE

38

‘weadoxd Aaae)-[[n) 10f Sple1f pue sjuswieagy jo|d uo paseq .,
*3urddods u013BIOI PUB LIOD SNONUIUCD I0] SUINRI [BnUUE 28BIoAT UIDMII] UYL ,

‘alUBE

9} PRIOPISUOD 81% SWOISAS UOIEIOL PUR UI0D SNONUIJUOD JOJ §JF0D PUBRTT ‘JUdWIIsaauUl [831ded pue jusweSeurl 0] WInjal JaN ,
‘1961 "UBL ‘g0T9 "4 °d ‘opiny Juiuue(d ssauisng wae ‘w18 1dxy 13y O Ul UMOYS S3800 U0 PIssyg .
“Inoy 1ad 1$ je pred pue wWIBY LINOSSII POZIS-WNIPAUl U0 PIpsau Sjuawaaimbal Joqer .

uonyeioy

(1961
urp ‘go19 " " ‘epiny IuruuelJ sssulsng wiie] eig ydxy a3y o) weldoxd Ai[Iae,] 2B3rIdAY 10] S9jBUIIISS U0 pasey .
D A A PP SRR RPN PP PSR sesassrrinsnnane FM.VN [Mass gnmmnanspasnssetssbssrcssaonnrisiinnsayinnes o@OE@hOtmﬁ—
20'8T 06'2F o ronshs Surddous 10] aSeioay
mm. = mh‘ﬁl.. m.ﬁwm OL'6F OQ.NH rennensase s e o 1y :u.ﬁm
, SuUInjal a1oe Jod [BnuU®R joN
ag'1a ag'pa eg'ep 0869 01°89 st 2900 (B30,
00°'e 00°¢ 00'F 00'F 00'F s ongudsoyd puT WY
.1 9811 98'¢T 0822 09'93 i v I9ZI[I3A8,]
00'¢ 0g's 001 00T T Tt Ao
006 00'6 00'1T 00'31 0031 (A IPUIYDIB Y
0g'e og'e 00'9 00°L 00°L A P20
00've 00°%2 08'9 002l 00°el v 10qB]
181500 8l1oe Jad jENUUY
0¥'09 9967 oc 8L 00°601 00°901 | WIngal S80I
00'FL 00'¥T 09'T 00°T 00°T _ qond Jrup)
sampod seopoq sdopoq sdviod savptod
= — —
09'¢ ya'e ¥ 601 901 Jrresesserisns s gar g
suo U f, sjpysng sjoysng spsng 1SuInjal aide Jad jenuuy
_ ALUIILYES TT0d
ee T ¢z R TP e S 170
R P P T P T T T TPt L L T L R TP R T} mm..w _UQ-QM" . ESW%W u:—gﬂ.chu hOM. @M.@ H@?M«‘
00'F— 00°L— 00°91 00°08 00°08 R cere doda yoey
yiSUINIaI 2a0e aad [Bnuue JaN
0028 00°G8 0028 00°0% 00°0F R R ARG R SR e 1505 (810,
00z 002 00'c 00'F 00'F RN wamgnmocc pug swyr
00'8 00°¢ 08¢ 00°8 00’8 HIIZI Y18,
00°% 0g'e 09'T OG'T e s - peag
008 00'8 00°01 0901 0501 i LAdauiydey
00'¢ 008 00’y 00'9 00’9 - 10308 ],
0091 0091 009 00°0T 00°0T1 prmmmmmmmmmm———— . 10q €]
151800 3108 1ad [enuuy
00°82 00'85 00'8¥ 00°0L 00°0L e 1IN}l SSOUY)
00°%L 007l 09°'T 00T 00T e Aoud quny
.4D10T 8401107 DO sanneq 24010 _
S |
I,
z 2 0e oL oL | T T 0 4
U0 J, U0 [ spaysng spoysng sjoysnsy :surnjad axoe Jad [EnuUUy
7 ALIIILEEI IOVHEAY
MOpEIUL AOPBIWL 1BDY M, wxo?)
A= £
T i U102 wey{ pue weadoxd Ay[13asg
snonurue)
|

|

UbADf WUNOSSLIY 1SDIYJL0U B2I8-ULIPOUL U0 WoLbosd Apppiaf-mnf puv -abviaan
40 WDISAS UOIIDIOL ULOLL SULNIIL YJUN ULO0D SRONULIUOD ULOLS SUINGAL 19U PIIDULLISS {0 U0SIDAULO)— CF ATV ],




TECHNICAL DULLETIN 1319, UA. DEPT. OF AGRICULTURE

grain [or hiz particular livestock program. Extra forage of Im-
proved guality from the remainder of the land zhould increase the
returns from livestock and reduce the hazard of high erosion losses,

Because of the increasing interest in growing corn year after
vear gn the same land, the results from the runcff plotzs for the
195562 period were used s i basis to compare the cost returns
from continuous corn and the corn-wheat-meadow-meadow rota-
tion for & medium size northeast Missouri farm.® The same com-
parison was made using estimated average yields and fertility
lavels.” These computations do not include the cost of the inereased
erosion hazerd nor of control measures that may be required with
the continuous corn. The prices of fertilizer and produce wers
based on those paid in central Mizsourd in the fall of 1961. The
results are shown in table 23§,

For the full-fertility program, estimates from runoff plots indi-
cate an annual difference of 324.87 in returns per acee, favoring
the continuous corn. The diference computed from estimated re-
turns for average Tertilization levels of a northeast Missour] farm
was B21.25 per acre, favoring continuous corn. However, it must
be remembered that these comparisons are bazed on production
eosts and prices in 1961, Shifts in production costs or prices of
produce will change this relationship as would alternate uze of the
meadow, auch as for grazing of beef animals, Full analysiz of re-
turns for alternate systems for individual farms i beyond the
geape of this publication.

Contour Tillage Studies

Annual and Severs Storm Losaes

A study of the effect of contouring on runoff and aoil loss from
continuous corn was starfed in 1955, Two l-acre contour plots
having a slope length of 420 feet were equipped to messure runoff
and soil losz, Corn was grown each vear with the same full-fertility
treatment as that used on 90-foot runoff plots farmed up-and-down
slope. Because of diference in slope length, the results are nof
directly comparable with those of the smaller plota. In 1958, one
of the long plots was changed to up-and-down slope farming. The
runcff and soil loss for the 420-fool contour plots compared with
the #-foot plots are shown in table 24.

According to Smith and Wischmeler (55), the combined contour-
slope length factor for estimating soil losa from eontour plots of

420-foot slope length and from small up-and-down sl plots
o?:he full

would be approximately 1.25. Itz application to the data

B-vear pericd would result in an estimate somewhat lower than

the average meazured amount. Three vears' data for the long plots,

* The authors are indebied ta Ronold Bird, Economie Research Serviee, U5

Department of Agriculture, far assistance in making the computations.
" MIS30URI ACRICULTURAL EXPFRIMENT STATION. FARM NUSINESS PLAMNING
e, Balanced Farming 6103, 41 pp. 1964,
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TasLE 24.—Efect of contonring comipared with up-and-down slope
g ofi runeff and soil loag from adeguately fertilized con-
finaous corm -I':-‘!Hﬂ'ﬁ'-ﬂ _}'f_,l

I Lisses, r8, mnd Bkope

row direction length! Runarf Zail loss
ANNUAL
i Feel ITneies Tong per acre
pe&ncladown FOPE a1 1] 1.T6 I "
. “I-' B EE R e g R | "El} i Eiﬂ ﬂﬂ'l.l
1A8-A1 I
= Upeand-down slepe ..., . 420 [ .70 B4
=1 12 0] | PP 420 4 .85 .4
CORN-FRONUCTION FERIGD
ABEE-A] "
'Elpngqub;u'n SlOPE i i) 1.13 | 1.4%
-’ {}mﬂ;mr e N e Ly L 420 1,181 454
¥ |
Up-aml-dawn alope e 430 a41 B.58
Cantaar 420 1.73 | [ERLY |

| Bhort plots with fI-porcoit glope; long plots avernge F-pereent sfope nnd
h:l"u:' half of plots about 4-percent slope.
* Long plots stavted on coptour in 19553 benee, aonual wvorapges shown are
eated T-year period. Average corn-production perlod for 8 years was
Apr. U to Oet, I,
_ CUmily 3 vesrs” data available for long plot with rows up-and-down slope;
160, ave 8 shown wre for indicated J-year period. Average corn-prodize-
bioh perind for these plote for 3 years waos from Apr, 27 o Oct, &

mﬂhﬁ of them has been farmed up-and-down slope, are not suf-
it to test the reliability of the contour factor of about 0.50
o relatively high average soll loss from the contour plots for
9001 resulted largely from 4.28% inches of rain occurring in 10
: 00 June 29 and 30, 1857, Soil loss from the 420-foot eontour
8 during these storms was 10.45 tons per sere. Without these
- Etorms, the T.year average annual loss would have been only 0.73
ﬁl‘er sere. The ratlo of seil lozs from the long contour plots to
. the small plots (with the same crop and treatment but
’Fﬁlﬁd up-and-down slope) has varied from 0.36 in 1959 to 2.34
95T, The ratio of the averages for the T-year period was 1.81.
h growing corn on the contour may conserve water and
during most seasons, the hazard from high-intensity
A that sometimes occurs during the eritical period for corn
R "-' may be increased by the practice. Some method of re-
i alope-length hazard, such as terracing or strip-cropping, is
fed to cultivate rolling land safely (53).
oM observations made at MeCredie, Me., and on & limited
LR of contoured fields throughout Missouri, the effeet of son-
A tends to break down when critical slope lengths are
o A52). The critical length depends moatly on steepness and

ﬂum:: slope. The approximate limits from ohservations
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Slape {pereent,) Longth [ foet)

r, 25 R P 300
8 o R A S g S o Ve o 1w === 0

The erosien hazard due to breakingover in contour rows may be
reduced by constructing prass waterways at intervals where
natural depressions oecur on the slope. i

Effect of Contouring on Yield

2mith ($4) found that the effectiveness of conlour farming on
corn, soybeans, and oats on Missour] soils increased with increasas
in percent slope and soil permeability.

The averagre vield of contour-farmed corn in 40 tests during
194345 was 63.2 bushels per acre, or 7 bushels more than from the §
vield of comparable up-and-down slope felds. He concluded that
one of the main Tactors in the increased corn vield with contouri
wags the greater stand. Ercsion in the planter tracts on the up-an
down shope fields caused a loss of corn plants, especially on the 5
ateeper slopes,

The water-trapping effect of the contours on the more permealble
soils would be expected to conserve moisture. On less permeabbe
apilz, such as Mexico zilt loam, water gecumulating in the furrows
from some storms breaks over the furrow at low points and results
in loss as ronoff. Retention of water in the furrows of the flatter
fieldd of Putnam soil during wet periods vesulted in an average
decréase of about & pereent in corn vields during the test period

Sovbeans planted on the contour averaged 21.3 bushelz per
acre in 43 tests during 194244 (44). This was an increase of}
nearly 2 bushels per acre over the up-and-down slope vield, Thes
vield increases were significant in 28 out of 43 tests. In two tests
on Hatter, less permeable soils, the sields were significantl’
depressed.

During 195561, the average corn ¥ield from the conbour-S
farmed plots 420 feet long at the MMidwest Clavpan Experiment
Farm has not differed significantly from that of the 90-foot-lon
plots farmed up-and-down slope (table 25). In the § yvenrs aine®
one of the long-slope plots has been farmed up-and-down hill, the
average vield difference was only 0.4 bushel per acre.

In most years when no zevere storms otcur during the carly
part of the corn-growing =eason, some vield benefit may be @
pected through inereased moisture retention. During periods of
moderate rainfall, corn rows running across the slope trap run
and increase moizture storage. In 1956, 16 more bushels of corft
per acre were produced on the contour plot, primarily hecause of an
inch of increased moisture absorption during the critical growtl
period for corn. In 1937, when the severe storms of June 29 and
caused breakingover of the contour rows and a higher soil
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T4 2h —Comparizon of vutofl wed corn pields from shor! plots
wped wp-and-doen slope and from full-slope lenglh contour

plots {ueries 1), 135541
S Farmed wp-and-down
slope' Contour farmed?
" lr Ruonoff Yiekd Runoff Yield
. = e e PR T
frak e ok 8 -
nofer e Eore o [T ooTe
e S 0.32 &0 1.32 58
w .................... L52 123 i 139
; R 214 | 51 204 80
i S ptaaio A — A IE lég ‘E_ﬁ 1%
IR i ak =
R | & | 123 08 113
R P R | 1.24 [ 107 440 | 100
R o .. Rt | 104 &1 | 108

L -

,xﬁfn“ 40 by 108 feet, average I-percent slope
- = 0pe-sere plots, 430 feet long, average A-percent slape and lower half of

ﬁgﬁ- abouit d-percent slope.

r loss, the vields were equal. But in the very wetl summer of
3, the sxcoss moisture trapped in the contour rows was probably
onaible for the 19-bushel-per-acre lower yield on the conlour

. TERRACING
Wrucﬁun and Maintenance of Conventional Terraces

 Asterracing offered a means for reducing the lengths of the long

Wﬂnmm:}n on clayvpan soils, studies were started at the Mid-

Claypan Experiment Farm in 1945 to develop terrace systems
i specifically for these soils. Studies included plow method
atriction, upslope plowing, channel grades, parallelferrace
ction, time study of farming operations, and runoff rate and

t
by of the plow method of terrace construction showed that an
rable secondary channel developed below the ridge by the
tHonal method of plowing around a 16-foot-wide island five
Eyrth six replowings. This small secondary channel was elimi-
i increasing the replowing en the upper side and reducing
plowing on the lower side, The return trips for the two extra
g3 on the upper side were used to plew part of the inter-
area. Figure 10 shows the resulting cross section by the
methods of plowing. The channel capacities were ample to
mﬂ‘ from a 13-inch rain that oceorred shortly after con-
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e T | T
& REPLOWINGS & AEFLOWINGS
t /
'TI: e 1—;.-=='_"-'d
2 | 23% SLOPE
g 'EE L ¥ 1 i i A | ]
5 By N2 | T T T T T ——
z 7 FIEF‘L?‘WIMGE 5 REFLOWINGS
E Q - - = :"t
) - £, i
oI ) -
'g -8 ] e —t | i i | i
i FAENERES i s
e R
5 2 i L sl i Pl
20 e L] [#] =
AISTERCE FROM RIDGE [feetd
Bx-2aT
[Frcore 10,—Croes sectlons of thiee tarraces construeted 'h]'.' equal (No, 1) aml
unegqual [(Nos. 2 and 31 replowing abeve and below ridge.

The two-way plow by which all furrow slices can be turned the
agme direction was zelected for plowing the terraces at the Midwest
Claypan Experiment Farm after successful vuse at the U5, 5ol
Conservition Experiment Station, Bethany, Mo, By turning all
furrows up slope, soil deposited in the channel was moved bace
up slope and the need for periodic terrace rebuilding to restora
channel capacity wus eliminated. One upslope plowing will essen-
tially move one furrow slice from the bottom to the top of each
terrace interval. For recommended terrace spacings, more soi
will be tranaferred up slope by this process on the steeper slopes |
since the intervals are shorter, Eresion to the channels, however, i8
greater, The caloulated upslope transfer of soil by one plowing foF
the {errace spacings used on different land slopes iz shown in table

26.

Channel (Grades

Terrace channel grades varying from 0.2 to 0.8 percent werg
studied on two Mexico wilt loam fields at the Midwest Claypan
Experiment Farm during 1946-52, The vertical interval varied
from 2 to 3 Teet depending on land slope. Terrace length varl
from T00 to 1,000 feet. For a T80-foot channel in wheat during
19048, a grade of 0.2 percent impounded sufficient water to damige
the crop growing in the channel, 2ome unthreshed wheat was left
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TaBLE 26 —Calewlated upslope movement of soil by one upslope
plowing for diffevent land slopes and terrace spacings

Land slape [ percent) Tarrace apacing

Holl moved up slops’

| Faai | Tong pér acre
e R 130 10.7
A i B4 | 16.3
7 T 19.8
I sirimimiiaiens { ] 252
S, | B4 26.0
20 | hi4 26,2

1 Asaygming no 1.I..|I:'rI.I.'AIE"IHI.‘_J: of sail with furrows 14 inches wide and T inches
and with bulk density of seil before plowing 1.5 grams per cubie
fmnter.

in the channel at harvestiime because the machinery would mire if
pulled through the wet channel.
Grades of 0.3, 0.5, and 0.7 percent were more satisfactory, With
wheat and a young meadow seeding as the crop, there were no silt
1= in the grass of the outlet channel in 1948, even with the
f.7-percent channel grade. Under corn and soybeans, no depoasits
were observed in the grass of the outlet for grades up to 0.5 per-
‘eont, although a small amount of deposition was observed for the

OT-percent grade. In 1950, no silting was observed for any of

the four grades under observation. Even with the low runoff in
s there was some damage to meadow crops in the channels
naving the flatter grades; however, that was the first year since
conatruction of these terraces that no difficulty in farming opera-

T

ﬁﬂﬂ was experienced in the flatter channels becayse of wet

eonditiong,

Harvesting of hay was hampered by water impounded in the
=pircent channels in 1951. No erosion in the steeper grades or
in the outlets was obaerved, even for the 0.7-percent grade,
rofle slevations were taken on one of the fields after two small
w and three meadow crops had been produced since construc.
Hon of terraces. During this period, channel obstructions that de-
Yeloped 'rom farm operations resulted in ponding areas covering
i t of the 0.2-percent and 8 pervent of the 0.3-percent grade
! __ No pondage developed in the 0.5- and 0.7-percent grade
i The velocity of water in these steeper channels was suf-
amenth out ailt fans or prevent them from developing.
:Jﬂlzl:, these channels drained well and dried in sufficient
o normal farming operations to procesd without dif-
i b ng and ponding of water in the fatter channels caused

i crops and miring of farm machines,
m‘;_mdlma i the channels of the terraces in the other
T Tﬂd these obaervations, The 0.2-percent grade ahowed
.Dﬁﬂnding in 34 percent of the channel, For channel
e and 0.4 percent, pondage was B and 7 percent, re-
D'L‘I"] ﬂﬂne was observed for steeper grades, During the
od since the construction of the terraces, thiz field was

-
i
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farmed to a rotation of corn-wheat-meadow-meadow-meadow,
Feour oecurred on the 0.7 and 0.8-pereent grades only during the
first year before corn planting.

These observations indicate that for Mexico silt loam and similar
claypan apils, terrace channe] grades should pot be less than 0.4
percent. However, the channels were not subjected to the higher
rates of runof that occur once in 5 or more vears, and scour obzar-
vations under such conditions were not obiained. It 18 probable,
therefore, that terrace channel grades should not excesd 4 per-
cent, except for short ferraces draining amall areas or for upper
ends of long terraces.

Parallel Terracing

Elimination of Point Rows

The first parallel terraces on Midwest claypan soils were cou-
structed at the Midwest Claypan Experiment Farm in 1851. By
1963, three of the four terraced fields were reconstrocted into
parallel aysterns. This was motivated by dissatisfaction with the
time required for farming operationsz and the imability to follow
the sharp curves with modern erop-harvesting eguipment.

In conversion of these terraces, the third one from the fop of the
slope was selected as the key ferrace to which the two above and
the one below on the slope were made parallel, The short-radius
curves of the key teérrace were eliminated by establizhing a long-
radios curve acriss the line of the original terrace. This required
cutting the channel up to 12 inches deeper than normal for short
distances, Little work above normal construction time was required
for the upper two terraces. The fourth terrace on one feld reguired
a cut of about 22 mches desper than pormal for a short distance,
A land leveler was used to smooth the field after reconstruction.

The total cost of conversion and bulldozer smoothing between
terraces was about 316 per acre, The original cost of the terracing
in 1847 was estimated at 214 per acre. [

The reductions in point-row area by terrace improvement of
the three fields are shown in table 27, The point-row areas of Held
& conventional terraces are included, since these were used In
subsequent comparative time studies. Except for some areas re-
maining at upper edges of the fields, point Fows were eliminated
by the reconstruction. The area remaining as point rows or as.
full-length rows crossing terrace ridges was 7 percent of the total
as du:mpared with 30 percent before improvement of the three
fields,

Somewhat larger arveas of subsoil were exposed in shaping the
ridges above the deep cutz to make them suitable for farming
operations than in the conventional terrace channels, These areas
required extra lime and fertilizer to bring them to soil-test fertility
levels, OF the earlier treatments tried, lime, manure, and phosphate
applications seemad to be the most satisfactory. Yields from the.
exposed clay areaz, even with the treatments used, were no more
than half those of the normal surface soil between terraces immedi-
ately after construction. In the second rotation, the vields were
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qapLE 27 —FPoiut-row aren reduction from reconstruciing eon-
pentional into pradlel terraces on Mexico zif loam af Midwest

Claypae Experiment Farm

Parallel terraces

Conventional terrboes

jeld mnd S e
Filll:mug Tatal Paitit-row | Tatal Paint-row
AT AlER | Ardd Area
Fiald 2 Agrea | Aerez i-"ﬂr-:mt' Aeres | Acves | Perpent
32__ ................. | 2% | oW | 35 | '0.31 13
B s I 312 141 | 45 b "M | 15
L) | 11 1.8 tag | E]
189 53 28 1048 il il
TP LB A# 26 1A% 0 i
e 1.58 54| 36 z01 | 0 | o
) 1| o135 | e l LY
a2 | 44 | wes | o 0
A 17 | 134 0 | «
AT | 168 | * 24 | =
I i = PR - —
| s | 190 14 T
- Py F 9 |- 1 .
Pa I
TN
0 [
gg; [Tt [ e
|- iy
fa 1] | |

:ﬁ“ﬂiﬂt painl-tew aren at upper edge of field,
. Uniform.-width area exiending part distance aerozs feld. Rews on these
'-_"!"Q"I_TEII have not been plapted a2 point rows, but as full-length rows iy
ErOsEing lerrace ridge.

about 85 percent of those on the normal surface soil that received
bower rates of treatment,

‘Saving in Production Time

Smith (51) developed the following equation relating produc-
0tk rate of farming operations to area. row length and width, time

for and number of turn
& 8, and speed of travel on conventional and
"ﬁﬂl terraces: P

e WNL
(B.23NL/S) 4 43,5606 (N —1)

mi K == production rate in acres per hour

> = row or cut width of implement in feet

L== average row length in feet

W = total number of rows or ent widths per terrace interval
L S r—=apeed in miles per hours
{ = time per complete turn in hours

{1)
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If the number of turns is taken as N instead of N—1, the equa-
tion reduces to

R=g951L L 43,560tS (2)
8.25RL

S= Wi, —43560F (2]

L— 43,5604/W (4)

The area in acres (4) and the number of cut widths per terrace
interval (N) can be obtained from a scale map of the area. By
knowing the total time required for a specific operation over a
complete terrace interval and the average time of turning measured
with a stopwatch, solution of the equation for the average effective
speed is possible. For areas on which production rates (R) are not
known, they can be calculated by assuming a value of S for use in
equation (2).

Data obtained during 1954 for corn on conventional terraces and
on parallel terraces indicated a 28-percent reduction with the
latter in operating time for planting, cultivating, and shredding
stalks. Data on plowing are not reported because the terraces were
plowed at different times and at different moisture contents. The
drought made husking of corn unnecessary. During 1955, when all
operations were included, the saving in time averaged 18 percent
with the parallel terraces. The data are shown in table 28,

The conventional terraces were located in field 6 and the parallel
terraces in fields 2, 3, and 4 (fig. 4 and table 28). For the conven-
tional terraces, the average row length was 579 feet in 1954 and
555 feet in 1955. If the terraces had been parallel, the row length
would have been 1,033 feet in 1954 and 1,048 feet in 1955, The area
consisted of second and third terraces on slope in 1954 and second,
third, fourth, and fifth terraces on slope in 1955. For the parallel
terraces, the average row length was 641 feet in 1954 and 839 feet
in 1955. In 1954, point rows were at the bottom and top of the
field. In 1955, the area consisted of second, third, and fourth ter-
races on slope.

Values for the fields with parallel terraces were adjusted for
differences in field width by use of equations (2) and (3). Row
length and other data for these terraces on the field were as fol-
lows: Average area per interval, 21} acres; average row length,
555 feet, and, if parallel, 1048 feet; average row length, percent
of parallel, 53 percent; point-row area, percent of total, 20 percent;
and value of ¢, 0.008 hour for all fields and operations except husk-
ing, which averaged 0.0061 hour.

The average row length of 555 feet is 25 feet longer than
obtained by equation (4). This difference represents the overlap
resulting from planting of the point rows. The tendency to overlap
in planting point rows is indicated by stand and harvesting data
obtained during 1953 and 1954 on the conventional terrace field.
Turning within the field to cultivate point rows generally has
resulted in reduced stand and yield in these areas. The data
obtained did not indicate that either stand or yield where point-

S0IL AND WATER RESEARCH ON A CLAYPAN SOIL 49

row turning occurred differed significantly from those on adjacent
areas where there was no turning. Apparently the overlap in plant-
.~ resulted in a sufficiently greater original stand to compensate

i—r;% stalks killed by turning. These data are shown in table 29.

TABLE 28— Production time and saving with parallel compared
with conventional terraces for corn, 1954 and 1955

L -
Production time per acre with—
Saving in
time with
Year and operation Conventional Parallel terraces parallel
terraces, T terraces
measured | Measured '| Adjusted
1954 Hours | Hours Hours Percent
Planting, two 42-inch,rows 0.566 0.51 0.48 14
Cultivating, rotary Hoe, .34 .26 24 29
2-row,
Cultivating (1st), 2-row.... .81 A1 .38 53
Cultivating {(2d), 2-row.... A% L
Cultivating (3d), 2-row.... .51 A8 A5 12
Shredding stalks, 2-row.... .53 45 42 21
Total or average...... s 2.11 1.97 t 28
1955 }
Plowing, two 16-inch rows 1.15 | 92 .88 } 23
Disking, 10-ft. tand 25 ) .24 S 4
isking, 10-ft. tandem...... ‘o8 o4 54 | 14
Planting, two 40-inch rows 65 ‘ 54 53 | 18
Cultivating (1st), 2-row.... 59 51 50 | 17
Cultivating (2d), 2-row.... 37 35 34 f 8
Cultivating (3d), 2-row.... 41 Vhasrmersessssissrass | eostarapsessvusspos by rssronponensvies
Husking, 1-row?® ..., 1.64 | 1.32 1.28. 22
Shredding stalks, 2-row.... 40 { .38 37 8
Total or average...... *5.33 | 4.50 4.38 18

' Data from field in third column adjusted to comparable row length (1,033
feet in 1954; 1,048 feet in 1955) for field in second column.
;Second (1954) and third (1955) cultivation times omitted from total.
Down corn required husking one direction.

TABLE 29.—Final stand and yield of corn on conventional terrace

.

Stalks per acre Yield per acre!
Year and pairs |—— : == 4 _ e
of samples Point-row \ No Point-row No
| turning | turning Furnang turning
Number Number
1953, 2 10,200 8,600 54.56 47.4
10,200 10,800 * 1.06 ' 1.03

]
;glrlshels (1958} ; tons (1954).
¥ matter in fodder; differences not significant.
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The speed or rate of travel was not predetermined for the dif-
ferent operations, The operator’s only instructions were te keep a
record of starting and stopping time and {6 exclude any abnormal
stoppage, such as that caused by mechanical failure of the imple-
ment or tracter. The same operator covered both conventional and
parallel terrace areas in 1954. This was not possible during 1955,
Also, In 1953, the ftractor was equipped with a speedometer. The
effective speed for each operation during both years was caleu-
lated by equation (3). All values are tabulated in table 30

The tendency to reduce fractor speed on short rows had been
obgerved for several vears. Turning was usually at low speeds,
If the distance of travel was short, the operator frequently did not
open the throttle, as when he had a long row to plow or cultivate,
This was evident during 1954 when the same operator worked on
both areas, but with a tractor not equipped with a speedometer.
The narrow ratio for 19556 data may have been because the operator
attempted to maintain the rated tractor speed regardiess of row
length in an effort to speed operations.

TABLE 30.—Average speed of operation per hour calevlated from
measured production ratex and operating speed equation (3)
for corn on conventional and parallel terraces and soybeans on
paraliel lerraces, 1954 and 1855

l Corn, 1954 Corn, 1955 | Soy-
== = | beans,
Operation | Conven- Convern- 1955,
tional | Parallel tional Parallel | parallel
terraces | terraces | terraces terraces | terraces

Miles Miles Miles | Miles | Miles
Plowing, two 18-ineh [ocismimfonmmmeen] 339 4.06 2,54
TOW S, 1
Disking, 10-fL. 000 {orooroeeeerrenreebeeeersvecesre {gég g;i iE
Harrewing, 2 SBGEIIL. i s amam fabistii st e e st e $2 i i .00
Planting, 2-row ... 250 | 270 | 293 2.57 2.53
Cultivating, rotary i LBD 7 IR e e s B i W o |
hoe, 2-row. ?l
Cultivating (1st), 1.63 3.53 249 | 2.7 4.15
2.row, l |
Cultivating (2d), .7 R i e 1 BES Ll
2-row.
Cultivating (3d), 283 | 291 4.75
2-row. | | | | |
Husking, 1l-row ... 3.66 4.39
Shredding stalks, 271 | i 411 | 387 L.
2-row. | I
|
Average ! 2.90 3.72 2.29 | 3.60 )
Ratio of | ( I
S {conventional)!' 0.78 0.91 e

TS (paralleli”

' Ratio for both years is 0.86.

Production-time records were _obtainf_e_d 'for @ %e]g] 31;52;(3)&1
terraces planted to soybeans during 1953, These data are s
e Bée for conventional terraces was caleulated, using eq!.iatiOn

i r; ~1~;L~sumilig speeds for cenventional terrace (}DCTEL.UOI] as
(2) a? ‘rhto\q‘&‘ for the parallel terrace field. Theoretically this ratio
?'86 iDd i;mci'éase to unity as the opcratiqg Spé:ed dec_tji:ea:fses to t_h_p:
i speed during turning. The plotting of the ratios for indi
a?,era%?}j’crations againat speed suggests this trend. There were
wdui wgev_er sufficient data for establishing a true trend line, S0
L Ole aver:fzge was used, The length of row, also assumed, was 53
aes;géﬂt of the length with parallel terraces, the same as determined
lfjor' the conventional terrace field in corn. ‘ T

The rate for parallel terraces was measured, based 01‘: gn a\-eraig
for five terraces with a total area of 9.7 acres and an average ro

rth of 690 feetl. ) .

]en'li:hese data support the hypothesis that operating tlmeLca%_lg}e;
reduced materially by improvement of terrfx_ce. ahnenllgng. m-lde
data on eost of layout ami_constmctzor,l, an esvlmdtfe cc}lu the ; (?di
of the number of years of operation required to pay for the adal-
tional original costs for the narailel terraces, .

These studies indicated an average increase In row_]ength and
deerease in point-row area by terrace improvement. The r({“i
lengths were nearly doubled and the point-row areas ce_creased_ 13
790 percent for fields with parallel terraces over t_h@sc with conven-
tional terraces. Average rate of travel of farming eqmpment‘ on
the parallel terraces was 16 percent faster than t}’_l‘dt on the conven-
tional terraces. The saving In produciion time ior Cormn and soy-
beans averaged about 24 percent. Since the parallel terrace over-
comes many of the objectionable features of the conventional
terrace, parallel terraces should increase in acceptance and uge by
farmers.

TABLE 31— Production time and saving with pereliel co‘-mpa,-fed
with eonventional terraces for production of soybeans, 1985

| Production time per acre

| it — Saving in

i | ; - == i time with

Eiperalion Conventional | Parallel | parallel

I terraces terraces |  terraces

| {calculated) ‘ {(measured)

| Hours ‘ Hours Percent

Plowing, two 16-inch rows ... {1.79 | lgg 31{;
iski e 42 ;

Disking, 10-ft. tandem ................ | | 35 i p- 54
Harrowing, 2-section (10 ft.) ...| 20 ‘ 22 24
Planting, two 40-inch rows .....| 12 | 57 21
Cultivating, 2-7ow .vocovreiieeennd] 49 | 27 24
| —_—— —— —_— —
Total or average I: 4.06 l 2.98 | 29




to predict peak channel flow and design of terrace systems, Runog
recording equipment has been in operation at the outlets of
four terraces in field 8 since 1950, These are conventional terrs
with an average grade of 0.33 percent. The drainage areas of

of the opper two (Nos. 2 and 3) and each of t
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Terrace Runoff and Channel Capacity

Measurements of maximum runoff from terraces are esse

he lower two {N

L
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o dimensions of the four terrace channels and the
=~ aions used for the maximum runcff from the intense storms
- 29 and 30, 1957, are shown in table 33, Storms of this mag-
can be expected to oecur somewhat less frequently than

10 vears, These terraces were griginally designed to have
aum channel cross-section area of 18 sguare feet, Each of

was in row crops every vear during 1956-60 and on
p yeara during 1960-64. Upsiope plowing in each of the

and 5) terraces are 2,376 and 2.125 acres, res ively. The uppar :
(No. 1) terrace on this slope s not equipped to m&ur& ot Qe s meshdec, tha Labtkes eiin hEl g SO0 S
terraces are on a land slope of about 3 percent. The channg] s to an average of 22,5 square feet by 1957 (table 33), The

lengths vary from 984 to 1,075 fe
about 2145 feet, The channels are 4 to 5 feet wide, with about 101
front ridge slope and about 14:1 slope above the channel. 1

et and the vertical intervals g

sm thiz storm did not utilize half the actusl eross-section
‘any of the channels. Had the channels been maintained at
s desigrn capacity, the greatest flow measurement at any

Annual maximum runoff rate for each terrace during 1951-64 iz
given in table 32, The highest rates during the period were re.
corded during the severe storms on June 28-30, 1957, and the o
eat during the dry vear of 1954,

n would have utilized only about 61 percent of the available

TasLE 3% —Chamnel and flow mensurements of fervaces carrying
© runelf from 4,23 inches of rain, Sune 29 and 50, 1957

TABLE 32 —Annual marimum runoff from terroces in feld 8
185184 Channs] messuremsenta Flow mpasuraments L
Maxi runafl Elewit Top Top
Year Caver Date AR Aol phts o huie width | Depth | Arew | width | Depth [ Area
_ ? s ¢ Feel Feet Feat ,rm" Fert Feel 5??
Z ,_m EHE a2 | 188 | 244 | 205 "L'?E BE
18511 {Enm-t.-]h Mar. 17 Iﬁ? I:.‘:ﬁj;“ Iﬁh;' ! 'Fu_ BBAT | 08 140 | 255 | 12% AE 3.3
L T June 23-24 _ “BE B47.10 a5 1.0 240 153 AT B4
1852 | Cornstalks .Ifg" 81 26 RATHT | 86 | 137 | 2/i | T Kl 1.8
S -+ 45  hgg
“lCorn. .. | May B0 =4 EAL.IH) it 1.13 207 il | A a5
1964 Wheat stubble Oct, 14 i B4, 70 HL | 1.26 o 14.0 4G 4.0
|| Cornatalks Oet, 14 an i oA e e, B, 45 2 141 2.5 13.3 4 3.5
1955 for corm. | Apr. 23 41 A4 Bh5.dd I5 L.EG 25.7 10.8 AT L1
i Wheat stubble | Jan, 4-& Jd
1956 | Soybeans July 54 a6 | w1 ey -
1987 |- e o June 2930 312 .08 220 @ S04 v 1.00 248 U568 B .4
1858 | Como | June 14 51 | ay 274 ‘4 BA1,20 a2 I1E 18.0 12.6 A2 28
195G+ |- o Qet. 10 o ! | | 3 se220 | o | niw |20 | 124 | 42 | 298
19605 {Em" June 30-July 1 B2 , i ; B3R 24 106 17.6 104 ik ] 1.8
- | Cornstalks Mar, 27 43 =
1861 | Corm ... : June F-July 1 g 4 [.a7 i E17.4% B
1962 | Cornstalks. .. . | Mar. 20-21 e 15 1B BAT.6R §5 LIE 25.0 2.7 75 8.7
Hﬁ. Corn g May 16 B 08 ‘05 ggﬂ 51 Hg gﬁ {ﬁ .;.3 g:g
R T May 26-25 . . . -
" | g | i | i B40.560 | 110 18.5 T4 2 B |
‘ Terraces 3 and 4 gubsslled and lime applied at 4 tons per acre placed

B to 16-inch depth in 1948
! Estimnted ; plag was cut of foat well,

* Minimum tillage {wheel-track planting) on terraces 3 and 43 conventional’
tillage on terraces 2 and 6.

upper #nd of terrace. 1050 station in Aume entrance; elevation,
* me dischargs,

Amam discharge in cobic feet per second was 7.5, 7.2, &9, and & for
| 2, 3, 4, and b, respectively.
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cross section. Since flow velocity increases with stream depth, ths
actunl percent of design capacity utilized would be even less thay
this amount,

The storm of June 29-30, 1957, ovcurred aboul 3 weeks aftep
soybeans were planted, and the soil had little vegetative cover
The data in table 33 indicate that a channel cross-section area gf
18 to 20 square feet iz adequate for the outlet end of terraces of
the indicated Jength, grade spacing, and management practices
for a 15-yvear runoff frequency under central Missouri rainfall
This would allow 5 to 6 inches of freebosrd above the expected flow,
Dimensions for shorter terraces could he somewhat smaller. With
terraces designed to accommodate multirow farm equipment, tha
channel capacity generally will exceed that reguired to carry the
runoff volume expected once in 15 vears,

SOIL MOISTURE

Available Soil Moisture Storage

Meisture Storage Capacity

The quantity of water a soil will abzorb from rainfall or irriga-
tion and retain after draining for 1 or 2 days is usually con-
sidered the field capacity of that soil. Not all this “stored” mojsture
is available to plant roots. A considerable quantity of the total sofl
moisture may be held in fine pores and adsorbed on particle sur-
faces at energy levels so high as to make it unavailable to plants,
The leaves of most erop plants show stress by wilting, or they are
noticeably retarded in growth at energy levels equivalent to about
15 atmospheres of suction or negative pressure in the soil water

The quantity of water that can be retained between the field
capacity and the wilting point iz called the “available moisture.
storage capacity.” It may be expressed as a percentage ratio ta
the dry weight of the soil, or it may be given in more convenient
volume units such as a pereentage of the total soil volume op just
as inches of water per unit depth of soil (inches per inch or inches
per foot).

The field capacity for most soils is generally reached at a low
energy level equivalent to about one-third atmosphere, The value
found by experiment varies with soil texture and conditions in the
soi] profile. For some sandy soils, the field capacity may be ap-
proximately one-tenth atmosphere and for silt loams, between oné-
third and one-half atmosphere equivalent suction.

The field capacity condition is not an equilibrium state, but B4
that moisture condition reached in a soil after wetting and drain-
age have proceeded until moisture movement is very slow. In sofls.
of coarse to medium texture, with no restrictive lavers in the pro=
file, most of the “excess"” water will drain into the deep soil layers
in 1 or 2 days. If evaporation from the surface is prevented and nos

5B
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: pwing on the soil, further losses during a period of
'él";antﬂ :El;fe rto prﬁducv a crop will be very small, Fﬂ}rL dispersed
e nﬂs drainage iz very slow after the 2oil is wet. There iz no
‘clay mbt;: change between early vapid and later slow drainage
'.QDHCEHFDA‘ such =oils, the coneept of “fleld capacity” iz without

practical meaning.
of Claypan on Soil Maisture - ,
ﬂ'{f[':e presence of a claypan layer in the soil will Ires'grtct‘{--'a;er
ovement and affect moisture storape, This restriction in soils lik-:
1?&11‘1&1‘“ or Mexico silt loam will effectively increase the av a}leE ole
storage capacity, even at the expense ol essential alr capacity in
very wat weather. However, for lack of more c_ietmied information
o water movement and storage in claypan soils, the approx:m;s.te
.'.E?-nﬁahle storage capacity is taken as that held betwwn. the iucém::
limits of one-third and 15 almospheres. In wet went.he: on t eth;.t&
-__mr goils the suction would sometimes drop helf:ml thg one- ,IE
atmosphere level in the surface, Howgver, where irrigation rma.%.1 § 3
it would be dil‘ﬁcu[tf h;: uvi-et 'gh-: ﬁoﬂ i::luw the one-thir
atn ere level because of the low intake rate. .
I"tnﬁ?}?ﬁugh the claypan layer may tend to inerease storage in the
‘surface layer, the quantity of available water the claypan 13:,:@1:
‘may deliver to growing plants is lower than its very high capacity
1o store water would indicate. A large part of the maisture retaiqed
i% in the "“unavailable” range at moisture contents below the wilt-
ing percentage. Although nearly all or about 45 percent of the pore
“gpace is filled with water, about half of it is probably not available
1o plants (23).

Moisture Storage and Use Efficiency

The relative proportion of the rain that enters the surface and
(I8 retained by the soil may be considered as the storage efficiency.
“This is dependent on the soil surface as well as profile conditions.
‘Poor cover and soil surface conditions will reduce water intake and
Storage. Although the intake rate of a Mexico silt loam is high
when the surface is very dry (35). it will decrease rapidly to very
low values with a rainfall of high intensity unless the surface js
':}?tﬂtﬁl.‘-ted or “conditioned” by watehstab]f: aggregates, Grasses and
legumes produce good conditioning against surface sealing, but
Mot without adequate fertilization (47).
 Smith and Wischmeier (55) reported that the average runoff
Arom the plots at the Midwest Claypan Experiment Farm varied
.'f-“'m 6,83 to 11.74 inches per year (1941-50) for different crop-
-‘I»'_'.l_l_'lg and fertilization systems. (See also series I, plot 5, tables 4
ANd 5, and series TI, plots 25 and 26, table 15.) The lowest was for
.-j:th_.a well-fertilized timothy, sweetelover, and lespedeza and the
Ehest for the corn-oats rotation without fertilization. Adequate
ertility of the soil improves the cover not only of small grains and
H9W eraps but of sod crops as well. In fact, fertilization of meadow
:;-_3,_11, 4 trop rotation will benefit the succeeding row crop through
Tesidual conditioning and fertility of the s0il (53}, Those cropping
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The changes in laver thickness were determined and plotted 0.25— SURFACE
against time for the various soil layers under the different cropa, 20 — 1 L

In each case, the point of maximum expansion, excluding the 0.
winter months, was taken a3 the base line. Increases above this 1 L
value for lavers near the surface are assumed to be partly due to 015 —
freezing of the soll. Decreases below this line are due to loss of L
maisture and shrinkage of the sail layers, 010 —
The results for bluegrass are shown in figure 14. The volume or .
thickness { Vm) of each of the upper lavers, including the claypan, 0.05— “
as : Ty 7 e ~ g
L SURFACE U
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ased slightly, but there was little change in volume of the
b A ﬂﬁ;ir im.narLsE'.r The changes in moisture content (Pv) are shown
0.05 il tor comparison. Since both moisture content and layer thickness
i = changes are expressed on the same volume scale, the relative mag-
@ pitude of volume change with moisture nl:urlpent. can be Ben.
The results for the corn plots are shown in figure 15, Although
-G08 — — {here was periodic recharge of moisture and recovery from ghrink-
age in the surface and claypan layers, the 18- to S0-inch and the
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30- to dB-inch layers showed a trend of decreasing thickness and
moisture content. Volume and moisture changes below 5 feet under
eorn were gmall,

There was a general trend of decrease in aoil volume and mois-
ture content under alfalfa during the experiment (fig. 18). Soil
shrinkage and removal of moisture continued with periods of
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partial recovery during the experiment. Since volume moiskipe
changes under the deep-treated alfalfa were little different from

o

those for the alfalfa without treatment, the results are not sh
praphically.
As may be expected from previous results {25), the effect

deep-placed lime and phoaphate on alfalfa root activity was sma]),

The treated alfalfa plot exhibited about the same patterns

shrinkage-moisture changes in the zone of lime-phosphate fertﬁ

lization (10- to 18<inch laver) as the plot without treatment.

Differential changes in soil volume under and around buildingg

on Mexico ailt loam and similar claypan soils cause uneven sup

and cracking of foundations and walls during changes from weg

weather to extreme drought (2, 13, 18, 62).
The effect of deep-rooted plants on these solls should be cop-

sidered in building design and landscaping. Since such plants
are usually considered an esthetic requirement or are needed for

ghade around homes and many publie bulldings, precautiona m
be taken to counteract the effects of soil volume changes. g

The McCredie, Mo., studies showed that bluegrass will use mojs-
ture in the upper 1 or 2 feet of soil and then wilt and lapse into
dormancy until soil moisture, as well as temperature, becomes
favorable for renewed growth, Deep-rooted alfalfa continues to
extract water from the deeper soil layers during extended periods
of drought. Deep-rooted treez and shrubz could be expected to
function similarly. To protect foundations from differential
settling or cracking, they ahould be sef below the zone of shrinkage
or based on piers that rest on firm =oil or bedrock material.

IRRIGATION

Need for Irrigation

The claypan soils of the Midwest lie in climatic zones varving
from humid to semiarid. Although the highest rainfall usoally
occurs in this region in the late spring and early summer, losses of
moisture by evapotranspiration are correapondingly high during
this time. {

The summer rainfall in the eastern Midwest ¢ region
varies considerably from year to year. Although the average
monthly rainfall is about the same for the spring and summer, the
evapotranspiration losses are higher during June, July, and
Augusi. From U.S. Weather Bureau rainfall records for Columbia,
Mo., and estimated average potential evapotranspiration® the
time distribution of the rainfall to potential evapotranspiration
{R/E) values for the period of record {(1800-1958) was calculated.

The distribution of R/E values with percent of time lower tham

given values for the late spring and summer ls shown in figure
17.

* The tential evapotranspiration is the maximum possible loss of m“_l'
from goil and plants by evaporation under prevailing weather eonditions if
mrigturs iz not limiting and plant sover is complete,
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% rrigation may be expec .
;::;Ige. ﬁr about 1 year in 10, at least 12 inches of water
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It should be emphasized that the curves in figure 18 repressps
average trends, There will always be & certain amount of revapis)
from the dry to wet conditions and vice versa in the same seaggn
A very wet spring may be followed by a summer drought, op g
early-season drought may be broken by heavy summer rainfa
The curves may be taken by irrigation engineers as representing
only long-time average eonditiona one might expect for Pu
and Mexico silt loam In central Missouri. Decker,* however, pag

" Personnl| eommunication from Wayne L, Trecher, Professor of Climatalg
Soils Department, University of Misssuri, "

SOIL STORAGE CAPACITY [N 24-INC
WET

=, I
A T T

VERAGE YEAR

EXTREME DROUGHT

Loy |
JUNE  JULY

[ " |
SEPT,
N =310

FicuRE 18.—Crop growing seasonal distribution of avablable soil moigture to
he expected over 10-vear pericd at Columbia, Mo,
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irrigation may be used to advantage on some crops in
m ﬁ;fh![;nar&n 10 y:::s out of 11 and that at least 12 inches
ater will be needed for 18 percent of the years.
1 gloping soils like Mexico silt loam, part of the rainfall from
csa sumMMer storms may be lost as runoff. Although losses are
Iy low from dry seil (25), the totel summer ranofl even in dry
may total 4 or 5 inches because of poor rainfall distribution.
ind 5 the water loss by evapotranspiration from rela-
y m;.f]r irrigated flelds in otherwise dry areas will be higher
the potential estimates. This “pasis effect” would meed to be
‘ensated by the application of extra water to insure adequate
sture. In very dry vears the soil storage reservoir may not
at the beginning of the growing season, although other-
adequate summer rains may come after a dry fall and winter.
s the need for water on elaypan soils of the subhumid region
hrobably be a little greater than would be predicted from
e 18,
: for irrigation will also depend on the kind of crop and
th ﬂﬁlﬁ:dwhm mn%a.ture must be supplied. After grain crops have
hed maturity, dry soil will faver ripening and harvesting the
. For full production, pasture and hay crops will need to be
alied with moisture for the fall, as well as the spring and sum-
. Some cropa can withstand a short drought with b loas in
Juction. Corn suffers little production loss from limited drought
ng carly growth if it has adequate moisture during the tassel-
to-early-dent stage (22). Soybeans are rather drought re-
nt, They appear to remain somewhat dormant during drought
2 and may resume normal growth and fruiting if adequate
medstuure is supplied before the plants are seriously damaged {ﬁ{‘.l.
. There is evidence of indirect benefits to Midwest claypan soils
from prolonged droughts. Production has appeared to be somewhat
* better in years of normal rainfall that follow dry years than in
hose that follow normal to wet seasons, This is probably a result
of themical changes that take place during thorough drying of the
nbsoil. Improved drainage and aeration through drying and
‘shrinkage may produce profound physicochemical changes in the
lay subaoi]l. Extreme drying of the subsoil of a claypan soll
appears to produce effects that are of greater benofit to crop pro-
duetion than were the deep tillage methods tried thus far. .
. Whether irrigation will pay for erops grown on claypan soils
R on several factors. The market value of the crop to be
grown and other production costs must be considered. The effective
b eapacity of the aoil for the erop should be known as well as
the amount and distribution of summer rainfall. Variations in erop
meed for irrigation also should be determined. For some erops, it
- May he more economical to have an occasional erop failure or lower
Prodyction than to inveet in equipment that will be used to advan-

tage for only 1 or 2 years out of 10, Alss, if the supply of water is

e

- limited, the grower must determine the erops on which the short
BUpply can be used most advantageously.
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Crop Response to Irrigation Where farm ponds are constructed and used as a gource of irri-

Teelaation of Coi gation water, costs can be estimated at about §4 per acre-inch
bt o oplied. At this rate the extra corn from irrigation would have

‘apat an average of $0.62 per bushel for the 10-year period. If
wandling, storage, and marketing costs are added and the expected
gverage price for corn is less than $1 per bushel, the profit will he

S

Irrigation experimenta with corn were begun in 1948 at the
Midwest Claypan Experiment Farm, At firat, water was applied t;
Tertilized and unfertilized plots as the crop showed signs of mojs
ture deficiency. In 1954, the experimental plan was revised to tak,
inte consideration the interactions between water, plant popg
lation, and nitrogen application. All plots were brought to the
mineral fertility requirement shown by soil tests (7). Two incheg
of water were applied to the irrigated plots whenever availabls
moisture dropped below 50 percent of available storage capacity
at the 1-foot depth. This was continued through late silking of the
corn. Nitrogen was applied at two levels, 1256 and 245 pounds pep
acre. Population levels were approximately 7,000 and 14,000 plants
Per acre. : ‘maturity. For irrigation at the 2-inch deficit, 10.4 inches of water

This experiment wag terminated at the end of 1957. The resglis produced an extra 24 bushels at an estimated cost of $1.74 per
for the 10-year period are shown in table 34. An average increage ghel. Only 4 inches of water were required for irrigation at the
of 34 bushels per acre was obtained with an average application nch deficit to produce an extra 19 bushels at an estimated cost
of 5.3 inchez of water, Yield incresses in the vesrs when water was of $0.84 per hushel.

applied varied from 11 to 78 bushels per acre. The 1964 growing
season was very dry and the response of corn to irrigation w TABLE 35.—E ffect of conservaiive use of irrigation on yield of
corn grown on Mesico silt loam, MeCredie, Mo, 1858

spectacular, Corn irrigated three times with a total of 8.4 inches
of water produced 75 bushels per acre compared with only 8

Although more corn per acre can be produced with ample irri-
ggtion, the cost per bushel is aomewhat lower with moderate use
of water (table 35). In 1966, on plota where the soil moisture was
pot allowed to drop lower than 2 inches below the available mois-
ture storage capacity of the upper 4 feet of aoil, corn yields were
“higher, but the cost-per-bushel inerease was also higher than where
the water was applied at a drier (4-inch deficit) level or where the
pil wag kept moist only during the tasseling-to-dent stage of corn

Sl
57

Water Yield | Yield ineroase

bushels without irrigation. Yield was only slightly increased by Cost per
the higher population and was nearly identical for the two levels Trestment applisd | per acre | over no irrigation | bushel |
of nitrogen under irrigation. i | | =23
o | Buskels | Bushels
TABLE 34.—Effect af irrigation on yield of corn groum on Merieo 5 "H v ilnthn ane-g';rlu per oerd | per daeh | Dollars
T F " E % 1 e € g
silt loam, MeCredie, Mo., 1948-57 g e g Ry 148 % [ E3e 174
[ | N tion at 4-inch deficie T | 4D 140 i% 4.75 4
| Irrigution Yield per acre tiof, tasseling-to-dent 4.5 142 zl £.67 -
Ralnfall Runoff | - mkagn (t-inch daficit)
Yeur (Junes | (Jupe- | ] f | - i
Aug.) | Augh? i Mo | yre==s - =
:'Lplptia [ Amount | irrigs- | Irrigs- :  Assuming $4 per acre-inch as eost of water onli:d,
eations | tion i ineransé " Below available moisture capacity of upper 4 feot of sofl.

ton i

f Trchea | Inches | Number | [uehes | augg,h | Bicskels | g_: ArTigation of Soybeans

1945 1744 | 423 1 a4 147 1 _ Irrigation water was applied to soybeans in 6 out of 8 years
wo e @ %3l e i e Se) " Alhough signiicant vk responses wexe cbiaied
1951 [ 1300 | 34 None | Mone 108 | L0 3 2 increases were not sufficient to be profitable {table 36). Studies
1952 1050 | 02 . S0 N 5 m | kansas (%) indicate that soybeans enter a dormant atage
1951 | Te | 21 1 8| |. e dry weather. Unless the dry period is prolonged, normal
e | 1080 B¢ 8 1k 1 158 vth may be resumed when the moisture supply is replenished.
1056 | 1378 | 150 a 104 191 145 15 also some evidence that timing of irrigation is important.
1957 | 4aE | za2 |4 | a0 2 | 15 fingle application (4.7 inches) late in August 1953, when the

T YT | TR | %t e | e were filling, gave a yield increase of 14 bushels per acre.

Year the estimated cost per bushel was low enough to be
omical. However, the results obtained during this S-year
2l indicate that irrigation water can be applied more profitably
= 0ther crops than to soybeans.

* From similar plots not n_rnnt.ui
* Yield on plots that normally would have been irrigated.
! Lang-pericd (Bf-year) average, 11.72
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TABLE 36.—Efect of irripation on yield of soyhesns grow
Mezico st loam, MeCredie, Mo,, 105056 s

s A

I - -
Water Yield Yleld fnes st
Year Varipty | | applied | PeT RETE oVEr nnlin-i;:r:'lnn I l'rual-pepr*'
3 i Buibsls | Pushala o
B
Inches fmsdesta
1545 Wabunsh.. | T.:H B5.0 l Fﬂﬂun | ”ﬂl:ll e ﬂﬂﬁm‘
1950 do | 8 L |0 0 0
1962 . _ .| Linenln M e )
1452 do. | None T !
1953 do ]J' 4.7 30.8 14.0 208 154
| y 14, 7.7 : 5,
1054 Lincoln . {i uz | 24 154 o | 470
. . 8.9 12 F.G6
Clark { 142 348 120 8% | 4m
1985 Hawheye arT 135 [ 1281 | 221
Clark. .. aT 378 (A 1.51 2 5
1466 Linealn 20 | 278 | 1.7 o L R 5
Clark 20 316 [N 190 | 208

[ | : [
- ——— T e —————
' Wabash and Clark full-sesson and Lincoln and Hawkeye early-sesson
varieties.
" Assuming 34 per ncre-inch as eost of water applied,

Irrigation of Pasture

An irrigation experiment on pastures was atarted in 1955 op
twelve 2-acre pasture plots (series 1). All the plots received initial
lime, phosphate, and potash applications to levels indicated by andl
tests (17). They were uniformly seeded to orchardgrass, timothy,
and Ladine clover, Nitrogen was applied to six of the plots, and
irrigations were made whenever the available soil moisture was
reduced below B0 percent in the upper 1 foot of soil. The six re-
mIniJg,t ots received no nitrogen, Three of these plots were irri-
Ea'tEEE in the same manner as the irrigated plots receiving nitrogen.
1n31?;isg;n“x;mta applied atj@ﬁ fﬂu.:;i;tpar afcrieﬂin 1965 end 126 pounds
i . Water was appli ] 831, and 25 | i
1956, 1956, and IHE'?.Wmnncriwiz.r. e

The meadow was harvested by grazing, and yields were based
on beef production. Three plots receiving identical treatment were
grazed in rotation; the number of animals was adjusted to utilize
the feed produced without overgrazing the plots,

; Clover was reseeded on the plots in 1956 and nitrogen applica-
tions were suspended that season to snhanee clover survival against
competing grasses. In 1957, the check plots (ne nitrogen and no
irrigation) were fertilized and irrigated in the same manner as
the plots receiving water and nitrogen, but the former were
hn!'mtﬂl by green-chopping the forage and bunk-feeding it to
animals in a fee:d lot. Delay in obtaining necessary feeding equip-
ment resulted in green-chop feeding only for T1 daye of the
Erowing season.

SOIL AND WATER BREREARCH ON A CLAYPAN BOIL

The results for the 3 years are summarized in table 87, For 2
years out of 3, beef production was increased by [rrigation. Carry-
ing capacity was increased in 19068 by irrigation, although beef
production was not. Both beef production and carrying capacity
were increased by preen-chop feeding the forage.

For the water application and nitrogen levels used, the coat of
extra beef produced was too high to be profitable, whether the
forage was harvested by green-chop feeding or by grazing. Esti-
mates of the cost of extra beef produced are shown in table 338 for
the 2 years when increases were obtained, together with the 3-year
averages. Although green-chop feeding appears promising, the
poat of extra beef is marginal and wouold ordinerily not be
profitable,

Irrigation of Wheat

Wheat was grown in a rotation of corn-sovbeans-wheat-meadow
on lrrigation study plots during 194853, Water was applied when-

"TABLE 3T.—Efect of irrigation and nifrogen fertilization on beef
_ production and pasture carrying copocity (series I), 195557

| Beel production Pasiure
| pef Aore I edrrying I':ll:lu.e‘ill}'
Treabtment l ; = . =% <
| | | |
1055 185G 1957 1935 | 1356 | 1957
| == ot HT T P AT
| Amimal | Amimal | Animal
| wwit | wmid | wmi
Pounds | Pounds | Pourds = daps days img.l
Mo water, no nitrogen. 2HER ard 1h4 Z04 1ED 12
Mo warer plus nitrogen. | 320 anz 125 212 255 ]
Water, no nitrogen.. I 404 are Zh0 247
Water plas nitrogen 416 avde | 188 2590 bies 220
Water plos nitrogen ! | 64 i | 425
]

' Forage harvested and fed as green-chep to animals in feed lot.

TABLE 38.—Estimated cost per pound of extra beef produced by
_irvigation and nitrogen fertilization (series 1)

Cost per pound of extra beef
Treatmont i o
Avaraps
1855 1857 {1865-6T)"
Drollnrs Diallmra Dollars
Witrogen 0,39 L0l | 057
Al o s T 4 i o iy
Errigation plog MitTORER o ; A6 A
Errigation plus nitrogen® .. i 25 35

‘I 1858 no increase for irrigation and no ni.tmcgn_n applied h-rﬂ.uu:ai:
Taseeding p'l-::-ta to Ladino elover,
"Forape harvested by gresn-chop feeding instead of grazing



ever aoll moisture was considered deficlent, In the fall of 1960,
when nio raln fell between October 7 and November T, wheat yield
wag inereased from 228 to 26 bushels per aere by a 1.95-inch
irrigation on October 26 (88), Grazses seeded with wheat were
woll established on the irvigated plot in the fall of 1960, but resead.
ing was necessary on the unirrigated plot, The grass continued to
be supcricr an the irvigated plet, and yislda the fellowing year ware
1.63 tona per acre where water wus applied compared with 6.9
ton where the whest and grass seeding had not been irrigated,

In 1952, with onily 062 ineh of rain betwesn September 1 and
November 17, 1.5 inches of water were applied to one wheat plot
on Oekober 22, Ghaervation on Movember 22 showed & good stand
of whaat 2 to 3 inches tall on the irrigated plot compared with a
thin stand one-fourth to 1 inch tall on the unirrigated plot, How.
ever, by April 30, 1953, there was practically pno diference iy
growth and denaity of wheat on the bwo plots, and the atand of
young griss was excellent on both plots,

Yield without irrigation was 616 bushels per acre compared
with 53.9 buahels with the single irrigation, This difference was not
slgnificant at the 5-percent level. Prior to that year, 51.6 bushels
had been the highest yvield ever recorded on these plots, with or
without irrigation. Another set of plots with full-fertility treat-
ment yvielded 59.4 bushela per acee in 1960,

Irrigation Water Supply

Two general sources of water for irrigation are ground water
and streams. With intermittent streams, the water must be stored
in ponds or reservoirs Lo be avallable when most needed. In the
claypan prairie areas of Missouri, the farm storage pond is usually
the only Teasible source of water supply.

According to Smith {(50), the principal factors to be evaluated
in the design of farm reservoirs for an irrigation water supply are
(1} the irrigation water requirement, (2) evaporation and zeepage
losses from the reservoirs, and (3) dralnage area size and proba-
ble water yield during drought cveles. With these factors evaluated,
the design enginesr ¢can delermine the storage volume required
and whether a 1- or 2-vear water supply is more practical.

Irigation 'Water Requirement

Mepzurements at MeCredie, Mo, during the drought of 19564
indicated that for relatively small irrigated plot areas, evapo-
tranapiration for eorn over the 120-day production period aver-
aged 0.1BS inch per day (50). Thiz is in agreement with the
average value reported by Decker ' for plots within an irrigated
cornfield,

Irrigation water requirement during a growing period will de-

on available snil moisture storage capacity and the extent to

" DECcKER, W. L. EVAPOTRANSPIRATION MEASUNESMENTS WITH COEN IN MIS-
E0URT pORTNG 1861, Mo, Univ. Final BRpt. Contrect Cwh—0802, 38 pp. 1962,

A0 ANI WATER ILEDEARLEE LS & LLak X et satidls L=

which it is replenished between crop seasons, Mexico silt loam will
have an available moisture storage capacity of more than 8 inches
in the upper 4 feet of soil (27). About one-half of the time one
may expect this soil storage to be recharged during the fall and
winter between growing seasons, Probably no more than 4 inches
of available storage shonld fl_-u:j:ﬁm‘] for this =oil in estimating
yrvoir storage requiremen ' e
m’]fﬂe storage volume requirement will alse depend on irrigation
application efieiency. Evaporation and runoff losses have been
estimated to be about 15 to 20 pereent for sprinkler irrigation and
furrow Irrigation. Smith (50) coneluded that an gfflieiency of TG
o B0 percent 12 a satisfactory estimate for design purposes in the
Midwest.

Farm Pond Evaporation and Seepage Losses

Evaporaticn and seepage from the 16-gsere and 1-acre reservoirs
were measured beginning in 1951, Smith (J0) used U8, Weather
Rureau evaporation pan data, together with the measured monthly
reservoir losses, to eatimate the seepage losses, Monthly losses
from the reservoirs between April and October were plotted
against the pan losses. A linear relationship was assumed from
which the slope of each curve would give the relative rate of loss
of the reservoir compared with the pan measurements, The inter- |
cept value for reservoir lozs at the extrapolated pan loss of zero
would represent the seepage loss. This relationship was expreased
by the equation

B o= § 4 bE,

in which E,=—= monthly reservoir loss in inches
E,— monthly Weather Bureau pan loss in inches
5 o average monthly seepage loss in inches
b =—ratio of reservoir to pan loss

Estimation of 5 and b by the method of least squares for data
collected during 1941-54 indicated the rate of loasea of the 16-acre
and 1-acre reservoirs to be 73 and 78 percent of the pan loss, re-
spectively, with seepage losses of 0.96 and 2.25 inches per month.

Improved estimates of evaporation and seepage losses were ob-
tained by using the available data for 1951-60. Results for this
longer period are shown in figures 19 and 20, They indicate that
the average meonthly evaporation from the 16-acre reservoir was
17 percent of the pan loss and that the average monthly “ﬂ‘iﬂﬁg
logs was 0,85 inch, For the l-acre pond, the evaporation from
reservoir was 94 percent of the average pan loss and the seepage
rate was 1,71 inches per month, These estimates of seepage losses
are lower and the relative evaporation ratios higher than those
reported by Smith for the 4-year period. [t ia pessible that seepage
losses are slowly decreasing. Sealing of ponds usually improves
with time. Why the average pond-pan evaporation raties are |
higher for the longer period of record is not clear, Accuracy of
the estimates was probably improved by the increased number of
ohaervations.
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The average evaporation plus sespage losses from the 18-acre
pond during the 5 months { November-April) of esch year that
Weather Bureau pans are not in operation was 1.95 inches per
month for the 10-vear period of record. Assuming the ratio of
0.77 from the equation for the 16-acre pond, the estimated average
evaporated rate would be 1.43 inches per month for each month
from November to March. This is 23.4 percent of the average
monthly pan loss of 6.12 inches for each of the other T months
of the year.

Watershed Yield

The size of watershed needed Lo insure supplies of water during
drought cyeles will depend on estimates of probable water yields.
Runoff records are available for the Mexico silt loam at MeCredie
for 19 wabter yeara (July 1 to June 30) beginning in 1941, Theae are
for the 154-acre mixed-cover watershed supplying the 16-acre
resErvoir,

The runsff amounts were plotied on logarithmic probability

12

=

Eg=1T1 4+ 094 Ep

Eg=MONTHLY RESERYOIR EVAPORATION
AND SEEPAGE LOSS [INCHES)
211
I

—————— SEEPAGE = 1.71 INCHES/MONTH

o | | | | | A
] Fid &4 & a8 4] 18
Ep* MONTHLY EVAPORATION PAM LOSS (INCHES)
-
FrzURE 19— Relutivnship botween monthly evaporation pon loss and monthly

reservolr evaporation and seepage loss from L-acre reservoir &t MeCredie,
Moy, 181-80 { April-Detober valuesk
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Ep=085 +077 Ep

Ep= MONTHLY RESERVOIR EVAPORATION

l ==———SEEPAGE = 0,85 INCH/MONTH

o I | | | | |
Q 2 i & B i[#] 12
Ep= MONTHLY EVAPORATION PAN LOSS [INCHES)
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Froume 20— Relationship between month evapnration
i ion mnd stepa tf pan foss and manthly
FEBErYHIT A¥AFD At 4 I
Mo., 184150 [-"F'II'IPi‘r-!ﬂ:ﬂIher 'I'ljm':tl::]‘.. ™ 18-acre reservoir at MeCrodie,

paper in the manner previously described (50). Plotted poi
' pointa
‘Prh%re taken from a table presented by Beard (4). A linear relation-
i Ip on the log probability paper was assumed, and the data were
tted to a trend line by the method of least squares. The plotted
Ffd nta were projusted to linear graph paper, with the origin placed
:n #n arbitrary minimum runoff-percent of time value Jess than
¥ plotted point. The projected linear ordinates of the points
were used to caleulate the slope and intercept of the line, which

Was then projected onto the original graph.

Plottings of Junoff amounts for both zingle and 2 consecutive
{mrs show fairly satisfactory linear trends (fig. 211. The ex-
lﬁgel_y low runoff of 0.21 inch for the water year ending June 30,
by increased the slope so that the line probably does not repre-
. nt the true trend; however, the relationship haz been improved

Yer that n]_:l-ta!ht:dl for the shorter period reported earlier (50)
i & trend line indicates that a runoff amount as low as that for
& 1954 water year may be expected once in 996 years,
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Size of Reservair Heguired
Minimum 1- and 2-year amounts of runoff that may be expected
during different time periods were read from the graph (fig. 21)

and are shown in table 39, Thesgp values are lower than the
egr]ier estimates made from the shorter period of record (1941-
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Figurk 21.—Runoff for 1 and 2 consecutive years for 19 water vears of
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54). It is evident that the minimum runoff for 2 years is three to
four times that for 1 year. Evaporation and seepage losses wil] be
higher for & 2-year supply beecause of the larger average surface
area during the first year. With a 1-vear supply, the volume Fsed
be only large enough to held the irrigation requirement during
the irrigation season plus evaporation and seepage, But for a 2-vear
supply, the volume must be twice the single-year supply plus the
increased loss during the first irrigation seascn because of the
larger area plus the losses betwean seasons,

If an irrigation requirement of 400 acre-inches iz sssumed for
the period July through September, a total storage volume of 532
acre-inches of water will be required if it is to be stored in & reser-
voir with the storage-depth relationship of the 16-acre reservoir.
Evaporation and seepage minus rainfall during the 3-month period
were assumed to be 14.1 inches. This was the 3-month average net
loss for the reservoir during 1953 and 1954, Without the direct
measurement, it could have been estimated by the reservoir loss
equation and Weather Bureau pan data,

For thiz reservolr, a water depth of 9.8 feet and & surface area
of 10 acres would be required to hold the 532 acre-inches. But with
only this amount of storage, the reservoir would be empty at the
end of the irrigation season. For the supply to be replenished
before the next season, runoff would have to equal the 532-acre-
inch storage plus an additional 98 acre-inches for the net loss
during the S-month period (Octoher to June). For 24 out of 25
years, this would require a clavpan soi] drainage area of 808 acres,
But for 2 consecutive drought years like 1963-54, there would
have been no water for irrigating during 1954,

The 18-acre reservoir would need to be filled to a storage valume
of 1,180 acre-inches for a 2-vear supply. The depth of water would
be 14.3 feet and the surface ares 15.46 acres. elaypan drainage
area of about 433 scres would be required to supply 1,190 acre-
inches of runoff during a 2-year period, with the minimum amount
of runoff to be expected 96 percent of the time. A smaller drainage
ares {s required for a 2-year supply reservoir than for a I-wear
supply reservoir because 4.2 times as much runoff can be expected
during 2 consecutive years than during a single vear for a 25
vear return period and a drainage ares of elayvpan soil. This is
ghown in table 39.

A breakdown of the losses by periods for the 1- and 2-vear
supply reservoirs is shown in table 40, Depth-area and depth-
volume eurves for the 1f-acre reservoir were used in miaking these

rminations. The reservoir losses and monthly rainfall used in
the analysis are shown in table 41,

The storage capacity of the l-year supply reservoir was in-
treased 33 percent to provide for evaporation and seepage losses,
but an increase of 49 percent was required with the Z.year supply
reservoir. The storage efficiencies of the reservoirs are 75 and

7 percent, respectively. Steeper reservoir side slopes would have
decreased the net loss storage volume (table 40),

The annual irrigation requirement of 400 acre-inches assumed

in the illustration is sufficient for 16 acres of corn and 18 acres
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TABLE 39, —Estimated minimum emounts of runnf to be expected

on March 28, The sod was mowed as necessary.

during different Hme periods ' from mized-cover Mexico silf gg | = e [
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Hydraulic studies on grass waterways were begun in 1942 at the E.J. ,:,; £ Eﬂl = 5
Midwest Clavpan Experiment Farm (42). The experimenta were i £y| o e B
completed and reported by Smith in 1946 (43). The studies in- Eh b N A E,
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late spring of 1941, Seeding of channele 7, 8, and 9 was completed 5 52 "’ EEEH -
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TapLE 41.—Monthly evaporalion ond seepage from  I6-aere
reserpoir af MeCredie, Mo,, and monthly rainfall for drought
years of I858 and T834

| 1968 1854

th |
ek Evaparation Evaporation

nnd seepnge | Rainfall | and sespage | Hainfall

Taehen | Trohas Tnahen Inehan
JETWBEY ieriviimiimpmiarin 1.1% 1.42 .92 71
Februnry . .08 | 1.01 1.64 .TE
March . A0 5.60 PH1 1449
April 8.70 2,05 4.8 a.58
May .. 5.58 274 B.O% 842
June .. | T | 380 623 | 245
July o —-— 717 1.96 BBl )
Aupust ... i 1.4 2,14 6,494 L
Beptermbar e ffrl 238 G0 1.53
o T 344 2.2 372 4.72
Hovember ..oi—iorim 1oz ] 2.} 1
Deeembor. . oimnaim 1 - | 1.12 L62
oy e bi2.84 | 26,78 | 40.44 | "ET.B1

" Mormal annual rainfall 3901 inchas,

TaABLE 42 —Dhta for gross channels established in apring of 1841

Channel bed | Bide

Channel Bottom
Mo Vegetation alops | slopes width
FPoreent Faat
12
16 ] 2om 1 2
a0
1 |
4 4 om 1 3]
: { |
1
4 doon l [
3
1
; [ Eonl | b
i Timuthr.h;'adtnp R g |
s HEgrass ... |
| Kentueky bluegrass .../ [ . [ Amed 5
Bromegrass ,....ccoooeevee +}
- gimughy,h{edtun ........ i 1
mnade bluegrass ...
Kentueky bluegrass ... 4 4onl $
Bromagrass ...
Timothy, rediop ...
Canada bluegrass .|| P &-an-1 8
! Kentucky bluegrass .| |
Bromegrass .. ... |

S0IL AND WATER RESEARCH ON A CLAYEFAN SOIL &l

Excellent stands of grasses were oblained from seeding. The
drought of July and Auwgust reduced the stand, but not sericusly,
Best survival was for the timothy-redtop and bromegrass sections
and poorest for Canada bluegrazs, which appeared to be inferior
to Kentucky bluegrass at this location.

The sodded channels were not completed until June, They were
irrigated throughout July and August. Extremely wet weather
during October damaged the sod in the bottom of channel 4, and
thiz gection was resodded in the dpring of 1942,

Proacedure

The firat tests were condocted in May 1942, Another set was
completed during the first half of Oclober 1942, At that time, the
new fall growth of aod was 4 to 6 inchez high, and the annual
grazses had been partially killed by a frost during the last week of
September,

Vegetation readings were made before the testa by using the
point guadrate apparatus with 10 needles set at an angle of 45"
(fig. 22), The resultz of these readinga are summarized in table
43. The bluegrass sod had an average dengity of 244 strikes per
needle, which may be considered about average gquality. A sod-of
excellent density would have a factor between 4 and 5 for a maxi-
mum height of § inches, The vegetation other than bluegrass was
an annu& grazs locally known as foxtail. An exeeptionally
amount of foxtail was present because of the abnormally high
rainfall during June, which was detrimental to the bluegrass but
favorable to the annual grass,

Flow was measured with a 4-foot Parshall lume without throat
and diverging section. This flume was bolted to an entrance section
extending through the berm of the supply channel, The entrance
soction ineluded a sluice gate. The flow passed directly from the
flume discharge into a conpecting Aume and to the teat channel.

H- g
Frourk 2 —Inelined point quadrate used to determine grass dengity,
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The connecting flume was set on & slope, and it was computed tg
give the normal flow velocity at the entrance to the test channs|
for the maximum rate of flow.

Ground surface elevation and water surface elevation for de-
termining the area and velocity of flow were measured with point
pages supportéd on wooden heams neross the test channel at thres
locationa spaced 10 feet apart. Piano wire stretched across the
channel ahove the beams was the reference line for the readinge
Elevation of the wire was determined by use of an engineer’'s lavel
for caleulation of the water surface slope. Ground surface readings
before and after each teat formed the basis for ecomputing the
seour occurring during each test, These readings, as well as the
water surface readings, were taken every onehalf foot across the
channel. Figure 23 shows the beams and walkways, with observers
taking water aurface readinics during i teat,

The tests were performed in steps of increasing rate of flow,
with a ateady rate for each step, The duration of flow for each teat
waa 50 minutes. Six tests were made on each channel at flows
approximating 5, 10, 20, 30, 45, and 60 ¢, 0.5, Three sets of water
gurface readings were taken at each of the three stations on &
given channel after low through the Aume became uniform, The |
observers rotated positions so that each of the three men made
water surface readings at each station during the teat, i

TABLE 43, —Vepelation dete for Bblusgross sod chornels, ag
_determined by point quadrate appencius

Sirikes per 240 neadles al

indicated feetl uhave Strikes
Channel | Channe| ground aarfee Tatal | per |
No. sdope | o | strikes oeedle | Bluegrass!
- : (dangity)
.4 402 0.2-0
- —— _I. | —
Pereeni | Number | Number | Number | Number | Number | Pereent
A, 1 | 1 a24 I8% | T4OD 104 A5
&R 4 1% 230 HET GRA 244 i)
[ H B x 133 B0E | 404 1.B2 i
1 12 | 13 206 331 | AE0 1.29 71
F | 16 16 2I6 x74 G845 .61 T8
3 20 4 252 L 576 240 BT
L spac = 1

" Amount of total; other vegetation s wnnunl grass.

Resulis

The tests showed that bluegrass sod could withstand very high
veloelties of flow without deterioration of the channel if a lew col=
ditions were met in construction of the channels, About 10 acre-fest
of water passed through each channel in 114 days. The averag®
velocity of flow varied from 2 to 15 f.p.a. On the 20-percent Hiﬂﬁ_
channel, the steepest slope, the average velocity varied from 7 B0
15 f.p.e. Figure 24 shows the grass of the upper section of

3015 AND WATER RESEARCH ON A CLAYPAN BOIL

oi.pereent slope channel before and after the six tests. The data
from six slope channels in Kentucky bluegraszs amd are summarized
jn table 44,

Excavation for the 20-percent slope channe] waa 6 fest into the
guhsni]l at the lower end. An undrained seep ciused a saturated soil
eondition in the lower 5 feet of the channel and killed the bluegrass
sl ﬁlﬂnough other ETASAEN Wars gruwin_; omn thia area, 'I:].'L-:r eraded
durlmg the first test, allowing the channe] to cut back to a point
midway of the second reach, where a mole had tunneled across
the channel the night before the test, Thue, two points of weakness,
which ghould be aveided for maximum hydraulie traffic on blue-
grass sod, were présent when the tests started.

5~ 32l

FICURE 2. Observers taking surface readings during flow of &0 cfas. over
bluegrase sod on successive B-foot sections of 1-, 4-, and B-percant chanel
pes.

RN ImGiAs

Fiuouee 24.—Bluegrass sod in channel with 20-pareent slope before (left) and
after (right) six tests in which Aow welocity varied from 7 to 15 Lp.s.
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The bluegrass sod of the 20-percent alope channel was of aver-
apge density and about 6 inches long at the time of the test.

An appreciable change of alinement, either horizontal or verti-
cal, that required the aod to resist the change of direction of the
water velocity resulted in damage. The extent of damage increased
with the degree of abrupt changes in alinement and the magnitude

TABLE 44.—Data for test fows on blusrrass sod channels,) Oet.

716, 1942
| | Croas- | | l
Channel Water section | Hydreulie | Average | Energy | Manning's
and tempeTa- aren of raddizs velocity gradient ]
teat No, | ture | water | {
| wire | Feel per
G | ] | el ! Fevl Fpa | foot
1| & 2818 0.507 2,17 0.0147 00518
2 1 9707 B2 56 Bd1 0450
| il | BB T &0 | 0130 | .0ATD
Wi o 608 | BT 405 | 0124 | 0358
h [ o SR | 1007 1.79 T TH N T ]
o i 6| 10964 1.128 544 o8z | 0268
5 |
1 il Lizs | 4 3.68 0385 | D437
B il 22 | A8 4.64 Mav2 | Da6h
a it 3474 558 7.0 3BT a3
4 B L1149 683 8.58 0857 | 0825
i il 3066 A6 T.64 LELE 0]
. i | it} 450 A4 B.6T 0ERG | L0EEY
1 | Bl 1202 208 B.14 1752 Jun5a
2 LRt 1528 81 | 660 1739 a1l
] Bl 24050 462 | B O7ES Jr8E
i g0 | .52 goa | 548 | L0750 02T
i i i 11 18,760 LT 2T
8 B0 | 4046 682 12,04 DEh 247
1:
1 | g | 1m2 | 220 | &8s e [ AT
2 6 1468 G T.B5 17 i GETS
| | il 2 ALY 944 J12 Ris i
4 [ &1 2 519 5 A%0 145 | | 2T
B 63 | 349 580 12,54 110 273
8 63 4277 653 12.55 104 i
£
1 g0 | a2 | 2N 619 | .68 | 03
a B0 1820 124 E.146 NET) an4a
3 il 1.841 AD] 10,39 d58 | 0800
4 ik LA A1 11.84 AT | D236
5 B azsT | 540 1524 148 (25
6. B 4154 .622 14.27 134 278
;1 |
Lo 2 ( A1 | 24 &M | .3 AnsE
2 59 1187 05 8.0 nadl
3 B 1,725 50 11.30 140 N2E2
4 58 i.868 Adh 12.71 151 250
5 0 | 5263 584 13,90 168 | 0EBO
I 59 2944 598 14,70 152 JK30G
' I

! E-foot bottom widtha and 2 on 1 sid:e_llnpu.
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of velocity, However, increases in bed slope from 1 to 4 and from 4
to & percent did not cause any damage o sod by Hows up to 9 f.p.a.

with o duration of 50 minutes.

Scour

Very little scour occurred in any of the bluegrass sod channels
during the six tests, The first evidence of seour was noted wherg
there were dizcontinuities in the sod cover. The flowing water
first removed the dead organic matter, leaving a fibrous mat of
dead roots. As the veloeity inereased, these dead roots were re-
moved, followed by a layer of surface goil. This left some live roots
visible at the upstream side of the sod elumps. In general, the holes
did not exceed 1 inch in depth, and no complete sod clumps were
washed out :

The density of gprass in six channels iz given in table 43, The
average velocity of flow in feet per second and rate of scour in sur-
face inches per hour throughout the wetted perimeter for each of
the zix channels are listed in table 45, The seour values at first
appear somewhat erratic. Some of the variation waz undoubtedly
due to experimental error, Reading of the ground surface was dif-
fieult, particularly after the soil was saturated with water. The
rate of seour tended to inerease more rapidly during the firat or
lowar veloeity tests than during the higher velocities. This may be
attributed to the early loss of easily moved looae soil and vegetal
particles near the sail surfsace.

TaBLE 45.—Flow velogity and seour of bluegress sod chanmels!
gaed o 6 testa

Test Mo, 2
thnﬂnrlﬂi‘-.’-n. amd = T e R R
el 1 2 3 | 4 5 fi
= - e - = - S M = | —
A, krpdrunt: |
|t i 248 aT A | 48 5d
SUL.IIﬁ?I 4 il A2l il | o i [z
iy | -
- 'i.?m:i.ﬂtt;'t HE 4.7 (i) fi.6 7.6 | 8.8
Epour i} oLE o 0av i% A18 O
il f
Y Vieaty 5.1 6.6 B4 95 (108|120
Seour. REHLS OEL | 3 AR 037 | A0T4
1, 12 percent:
' it T 84  |1t4 (125 |1EB
H:EEI?LF ﬁh A N E:{ I 53 A42
2 . |
i oty B2 g2 (104 (18 [132  |143
Hecaur 0zl Aiia 0 o | e 2%
3, ®) pereent: [ |
L i 859 B8 11.4 127 1549 14.T
ool ‘Mo | e | om0 ‘or | .o

'2_foot hettom widths and ¥ on 1 fide slopes, :
* Velocity in feot per second: seour in surfnce inches of soil removed per
e of fow.
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The relationship betwesn scour as the dependent variable and
average velocity of flow and density of grass as bwo independent
variables waz tested by statiztical methods. The coeffelent of
multiple correlation, assuming linear relationships, was first tried.
The value of the coefficient was 0L56, which mey be considered
highly aignificant. Other determinations were made in an ofort to
obtain a more aatisfactory estimating equation and a higher degree
of eorrelation. Mot all possibilities were tried, but of those
tested the following empirical relationship appeared the most
antisfactory :

Se=0.044 | D.OIBTVE — Q025G

in which 5S¢ —rate of acour in surface inches per hour
¥ smaverage velocity of flow in feet per second
r —density of grass in average number of strikes per
auadrate neadle

The coefficient of multiple correlation determined for this esti-
mating equation was 0.58, which may be considered highly
aignificpnt,

Grass Age

Three gragses and a grass mixture at 1, 2, and 2 years of age in
channels 7, 8, and 9 (table 42} were tested in May, The timothy
and rediop mixture offered about the same retardanee and pro-
tection from scour rega dless of age, For l-year-old soda they
were superior to bluegrass, Only a limited amount of seour oc-
curred at a velocity as high a3 8 f.p.s. Kentucky bluegrass at 1 vear
old did not provide adequate protection for velocities of 3 £.p.&. &2nd
greater, After the second vear, it reached its maximum retardance
and protection from seour. [t withstood up to 7 f.p.a. Por 2-vear-
old sods, Kentucky bluegrass gave better protection againet scour
than did other grasses teated. A grass mixture of timothy, redtop,
and Huegrass is suggested for these soils. Weed grasses invalidated
the test dats on the Canada blueprass and bromegrass channels,

Limiting Velocities for Bluegrass

Selection of the maximum average velocity of fAow in channel
design invelves consideration of numerous factors, Goods-gquality
bluegrazs sod withstood very high flow velocities without damags
under nearly ideal channel conditions, The top growth had to be
thick and long enough to provide an insulating mat during flow.
For grass 2 to 4 inches tall, a denser stand was required to prevent
seour than for grass 6 to 12 inches fall. The scour was not always
in proportion to the velocity, It occurred as soon as water forced
an opening In the mat. even though the velocity was relatively
low, Lodsge soil and organic matter were removed first, After this,
the seour was gpenerally small unti]l fow wvelocitiess became ex-
tremely high.
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Channel irregularities, such as humps or depressions, were
reaponaible for inltiating seour, Crayfish or gopher holes had simi-
lar effocts. A sudden deereasze in channe] bed slope increazed acour
at and just beyond the point of decrease,

Weather hazards, such as extremely high temperature and long
periods of sither drought or excessive rainfall, may appreciably
reduce the density of bluegrass, This is especially true on elaypan
soile In the southern Corn Belt, Farther north and on aoils
of higher fertility than clovpan, the weather factor Iz less
important.

The testz do not indicate a definite limiting velocity below 15
f.p.g. for high-guality bluegrass, Uncertainty of maintenance, the
posaibility of poor channel alinement, damage from rodents, cattle,
and farm implements, and the hazurds of weather make necesgary
the recommendation of much lower wvelocities than the maximum
attained in the tests, Alap, damage caused by low-velocity runoff
over a prolonged period may set the stage for severe damage from
i Mﬂ; intensity storm coming before the sod reestablishes itaelf,

The aceuracy with which rate of runoff for a given frequency
may be determined is & factor in selecling the maximum design
velocity. It wouold seem logical to use a different maximum velocity
for a 10-year than for a 50-vear frequency runoff.

Bluegrass with o density below two strikes per quadrate neadle
provided litthe protection against scour, Denalties above two strikes
%Br needle afforded good protection for relatively high velocities.

he bluegrass densitiez that should give adequate protéction
against seour for weloeities ranging from 1 to 8 f.ps. are as
Torllowea :

Hl:iiq;:tnr..lm design d‘f:ijh:".?
velopity [ feat s = per
wfﬂ!tl'nll:{dj muugmnuﬂl.l
PP P o S e N e ke 2 4.0
SRR S RO S s ey EL b L 6.6
- SR ST Py i F S S gy

A maximum deslgn veloeity of 4 f.p.s. appears aatisfactory for
the Midwest claypar, 5 f.p.s. for Shelby, and & f.p.s. for Marshall
soila that have & Inches or more of topaoil and have a high fertility
level, Very good bluegrass sod outlet channels that could withatand
considerably higher velocities can generslly be developed on such
anils. However, experience has shown that the quality of sod may
deteriorate during periods of extremely hirh temperature and
drought or on flat slopes during prolonged periods of excessive
rainfall.

The effect of temperature on the quality of sod was shown by
variation in grass counts on each side of the test channels. Nine
of the channala pointed southeast. The northeast banks with their
southwest exposure to the hot afterncon sun had an average grass
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density of 8.7 strilies per needle compared with 5 on the opposite
banks with the northeast exposure. This relationship was con.
sistent om all nine of the channel sections. The most dense grass
was on V-shaped channels. 1t averaged six strikes per needle,
The zide slopes were 6 horfzontal to 1 vertical.

On trapezoidal channels, grass counts on the bottom averaged
two strikes per needle compared with nearly four on the sides
The count on the bottom of the 4-percent channel slope was 3%
percent greater than on the l-percent chanmel slope. Theas dif.
ferences on the trapezoidal channels appear to be the result of
poor drainage during prolonged periods of excesgive rainfall,

Where the weather hazards sre less and the soil fertility and
internal dreinage more favorable for the growth of bluegrasa than
on the Midwest claypan, design velocities of 5 or 6 f.p.a. appear
safe for a 25-year frequency runoff.

Hydraulic Faclors

Caleulation of Manning's » from the test data showed that n
was not a constant, It was g maximuem for low flow when the frass
atood erect and a minimum when the grass was incorporated into
the fiow and the hydraulic radiug increased. The value of » was
affected by velocity, slope, hvdraulic radiva, grass denszity, and
stage of growth. In fgure 25, headed bluegrass is shown erect
and in two stages of submergence.

Expotential equations were determined by the method of least
squares for » and V using data from table 44. The resulting
equations are as follows:

D.':IIDE ,gu.u
W AN Gean
"[,I' = !%ﬂ_ﬁl 35 STI-_-MI

in which n — retardance factor in the Manning formula

V —average velocity in feet per second

B —=hydraulic radius in feet

8 —energy gradient, also bed slope and water surface
;h:q;e for eniform flow of constant depth in feet per
(LK

{7 = density of grass in average number of strikes per
gquadrate needle

The index of multiple curvilinear correlation for the » eguation
waz .80 and for the V equation .94,

The teats for the data shown in table 44 were conducted in the
late fall when hluegrass had attained a lush but pliable fall growth.
Other tests of bluegrass channels, including channels 4, A, B, and
Cand 5, A, B, and C (table 42), were performed earlier in the
vear when bluegrazs was headed, In the final analvsia, all th
bluegrazs data were plotted in the #-V & relationship as devel ;
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Figurg 25, —Blnegrass In channel with d-percent bed alope at varying fow
veloslties: Tap, ¥V = 0.32 fps. and VR = 0.74; eonter, 17 = DEl foue, and
VR = 0,23 hottem, V' = 1,28 f.ps and VR = (45,
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by Palmer (&7) and Ree and Palmer (3#). By this approach,
channel glope and shape factors as variables are eliminated.

The data for tests st low velocity on headed bluegrass showed
that bending of the grass began when the product of the velocity
and hydraulic radivs egqualed 0.1, regardless of the magnituds
of the slope factor, For the fall growth stage, the eritical product
was about (LDG.

Two distinct corves were indicated for the two growth stages
of bluegrass. They are shown in figure 26. Bluegrass does not
returd the flow of water as mueh in the fall as it does in the late
spring when the atiff seed stema are present. There iz little differ-
ence in retardance for the two growth stages at low flow depths
At intermediate flow depths, the seedstalks remain partially erect,
but as VR values increase, the seed stems bend into the flow com-

pletely and retardance valuea for the two growth stages gradually
come together.

Chanunel Deslgn

The first step in channe! design Iz to determine the discharge
from the drainage area. This may be computed by one of several
methods, or may be taken from previously prepared tables. With
the discharge (@) known and the desired maximum average
velocity of flow (V) selected, the channel erpss-section area (A)
may be determined by the equation

Q—AV
FFor the trapezoidal channels with 4 on 1 side slopes, the ares i3
A—WD 4D

in which W is the bottom width and D the center depth, W and
I} must be selected to satisfy the wvalue of A in the equation
A—=0/V, and must also satisfy the value of K read from the
curves of fipure 26. Then

pA __ WD+4lr
P W —+ B.260)
where P is the welted perimeter of the channel,

This task iz laborious becanse a direct solution is oot possible.
To simplify the procedore, the nomogram (fig. 87) for a trape-
zoidal channel was prepared using the n-V & curve of figure 26 for
headed bluegrass, This equation in terms of V& may be written

, L2AR (VR)v4 gua
V= T :
1
and
(1. TR0 ‘rH:l-a W
R S
where 5 13 the channel bed slope (steady fAow aasumed).

The nomogram (fig. 28) for a parabolic channel was similarly
prepared,
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The nomogram in figure 28 ls for a parabolie channel. 1t is used
in the same way as the chart for the trapezoldal channel in flgure
a7 Such charts ean be utilized in preparing tables of physical
measurements for building channels {46}, such as table 46. This
table was prepared for the claypan prairie aoila of Missouri, using
4 f.p.8. a8 the average maximum velocity of flow. The drainage
area and discharge data uwsed in the table were from a rate-of-
runoff curve prepared by the U5, Socil Conservation Service.

The first step in the use of the chart is to select t_ha desired
maximum average velocity of flow, (See fig. 27, broken lines auper-
imposed on chart.) The velocity scale on the left applies to the
vertical scale of the lower right-hand discharge curves as well as
to the upper left-hand slope curves. From the selected velocity
point, proceed diagonally and then horizontally from the vertical
velocity scale to the appropriate discharge curve, and then move
vertically to the channel width-depth curves, Likewise, from the
game velocity point on the horizontal velocity scale, proceed verti-
cally to the appropriate slope curve, and then move horizontally
until this line and the wvertica! line from the discharge curve
intersect. The closest curve to this intersection among the channel
width curves originating at the left is determined. Proceed from
there horizontally to an intersection with a width curve of the
same value among the curves originating at the right. The channel
depth is obtained by the intersection of a vertical line from this
point with the channel depth scale, For example, if the selected
veloeity {a 6 f.p.a,, the slope is 4 percent, and the required discharge
ia 100 ef.s. Then, the channel width would be 56 feet and the
channel depth about 0.6 oot

For the smaller acreages and particularly the flatter slopes, the
expected quantity of flow was not sufficient to support a 4-f.p.s,
average veloeity. For these conditions, which are to the left of the
heavy line in table 46, & maximum channel width of 6 feet was
selected and the depth was deteérmined for the maximum average
velocity that the quantity of flow would support. In practice, uie
of a constant-width channel is often daau‘ngle . In most cases, the
maximum width selected will be at the point of maximum slope.
This width may then be continued up the slope where the drainage
area generally deereases sufficiently to balance the decrease in
capacity due to the decrease in slope.

Timothy, Rediop. and Other Grasses of Corn Balt

Mixturea of timothy and redtop, when tested in late May,
vielded n-VE curves practically identical to these for headed blue-
graas, as shown in figure 26. Thus, the design charts of figures 27
and 28 may be used for these grasses at this stage of growth
Retardance will probably be a little greater at the maximum

awth stages of these grasses in late June and early July, when
they are headed, than it is for headed bluegrass. Retardance for
Alta fescue should be similar to that for the timothy-redtop
mixture.
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SUBSOILING AND DEEFP FERTILIZATION

Effect of Subscil Shattering, Liming, and Fertilizing

Treatments

The effect on crop vields of gubacil shattering, both with andg
without lime and fertilizer mixed into the subsoil by the process,
was tested with corn, oats, and winter barley on three replicatea
starting in the fall of 1942 (series 111 plota) (56, F5).

The shattering treatment conaisted of double plowing when the
subsoil was very dry (45, 56, F5). The first plowing was to a
depth of 10 inches with & 16-inch wheel plow., The second plowing
was to an additional depth of 8 inches (total of 1B inches) by a
walking plow operating in the furrow left by the first plow, Sub-
soi]l treatment consisted of 2 tons of lime and 200 pounds of
B—20-10 fertilizer per acre scattered in the furrow after the first
plowing. This was mixed with the loosened subsoil to some extent
by slippage of the furrow wheel of the tractor while plowing the
next furrow. All plots received a surface plow-layer treatment of
lime at 3 tons per acre.

Additional treatments were applied in the fall of 1947. Four
tona of lime and one ton of rock phosphate were mixed by the
game method into the subsoil of the plota to which lime and for-
tilizer had previously been applied. In addition fo this, lime waa
again applied to the surface apil of all plots at 3 tons per acre.

Effect of Treaiments on Lime Requirement

Soil samples were taken in 1947 before applying the new treat-
ments. Lime-requirement determinations indicated that only 756
percent of the original 2 tons of lime had been effective in new-
tralizing soil acidity during the 6-year period (table 47). The
lime requirement of the upper 18 inches of these plots was still
about 9 tons per dcre. Thus, the 7 tons of lime applied per acre in
the fall of 1247 fell short of meeting this total requirement for the
surface 18 inches indicated by the test procedures,

TABLE 4T.—Average lime requirements of apils in geries 1] plots

R IR
i Suhsnil Subsall
Soil lnyer {inches) untreated tranbed
Founds per acre | Poundy per cored
1 e | et LT, T 1y 1 R o g o 4,600 4,200
L B it e B i | T 00 5,500
12-18 _._.. | B 300 I H200

TR i e ; 20,800 17,5040

Sl ANNE WALER KISFRILLIE LY 06 il 1 EAIN CAFEk “Fa

Effect on Grain-Crop Yields

Average corn yields for 1943-47 were inereased significantly
{59) by the deep shattering and fertilization of the subsoil (table
48). Although the increase for shattering alone was significant at
the 6-percent probability level, this was not enough to recommend
the practice for practical farm use.

The average oat-vield increasea due to the treatments were not
significant, Shattering alone significantly decreased the average
yield of winter barley. The decrease may have been due to mixing
some [nfertile subsoil with the plow layer. The effect was part_ti.r
overcome by mixing lime and fertilizer in the shattered subsaoil.

The average yields of corn, soybeans, and wheat for the 6-year
period after re-trestment in 1947 were depressed by subaoil
shattering without deep fertilization. The yields are shown in
table 48, The decresse was significant for wheat. Mixing lime
and rock phosphate inte the subsoil significantly increased yields
over those with subsoil shattering alone. However, the increase
just overcame the detrimental effects of the shattering treatment
alone, During thia second period of study high soil treatmenta
were applied to the plow depth of all plots. This appeared to offset
any advantage of the deep treatments obtained during the first
period of study when inadequate treatments were applied to the

gurface layer.

Residual Effects

The deep-treated plots of series 111 (fall, 1947) were seeded to
alfaifs in 1965 after the second treatment period to test the
residual effects of the treatment on hay yields. The sarface aoi] of
all plots received 0-20-20 fertilizer at 270 pounds per acre on
April 1, 1955, before seeding of the alfalfa. The average vialds
per cutting, shown in table 49, are for two cuttings in 1956 and
four cuttings each in 1956 and 1957. The subsoil treatments with
lime and phosphate had shown little benefit on corn, soybeans, and
wheat in the previous 6 years; however, amall but significant
increases in vield of desp-rooted legumes were obtained for from
T to 10 vears after the deep treatment. This is in agreement with
the effect found on growth of sweetclover (48, 56, 75).

Treatment of Torraced Areas

Two feld-terrace intervals in field 6 (T3 and T4) were deep
treated by shattering subsoil and mixing lime at 4 tons per acre
in the 9- to 18-inch depth in August 194% Two terrice mt:a.rvuLu
(T2 and T5) served as untreated checks. A 2-vear rotation of
corn-small grain and sweetclover was grown through 1953, with
each erop occurring on & cheek and & treated area each year, Corn
was grown on all the terrace areas in 1954 and 1955, Of the small
graings, wheat was grown in 1950 and 1953 and cats in 1951 and
1952 sovbeans were planted in 1956 and 1957, :

Average vields of corn, small grains, and soyvbeans were slightly
higher with the deep treatment (table 50). For soybeans, the




TABLE 48.—FE ffect of subsoil shattering and deep fertilization on average yields of various crops (series III)

TECHNICAL BULLETIN 1379, L5, DEPT. OF AGRICULTUREL

SOIL AND WATER RESEARCH ON A CLAYPAN 30IL 99
§ w 5 TABLE 49.—Residual effects of subsoil shattering and deep
e § S & NS _ fertilization on alfalfa yields (series I11) during 1955-57
.| 35 Bu o o =
- T A, | Inerease for treatment
s Ay E Treatment Yields per cutting per cutting
g = ST
= % | B - g Tons per acre Tons per acre
g | 8if 8P ntreated ....cceinnne 1.16
s & 23 S 2 W o Shattering only ... 1.14 —0.02
-3 5l 3e{T @ g7 Shattering plus deep 1.25 .09
g RE 1+ L+ + fertilization.
P | - ), x
:::: = = L * Bignificant at 5-percent probability level.
= i :
P 2
S = 3 TABLE 50.—Effect of subsoil treatment of terraced fleld 6 (T3 and
= =0 § ! 5
o 3z g B8 B o T4) on crop yields
o ¥
o~ K Ay w Average
"? b 3 Average increase for Probability
o | 8 |2 |7 Crop yield® deep treatment level®
-3 | o et —— —
= o o
8 ‘
™~ o | 88 5 Bushels per acre | Bushels per acre Perecent
- —_— e o = = = L]
- i e g = CIOEN- wciiormtitbesiss 69.1 +3.4 55
— ) fa R ] (=] — (o] o Qrn
4 | SE 52 2 Small grains ........ 30.0 +1.0 25
5 Q8 ++ 4+ I+ + | = =
g = Soybeans ............. 23.2 +2.4 4
%) b
= | 5
© : | T ' From untreated terrace intervals (T2 and T5}.
o B b | =2 - * Values between 6 and 1 (italicized) significant.
g e o 2 &
| e S ) 5 T .
| 28 § g“m = ®3 ” || =0 increase was significant at the 4-percent probability level. Corn
g | 2 a l '§ yields were actually a little higher in the che:ck areas than on the
Eleg ™ g | 5 treated terraces in 1953 and 1955. Only with soybeans did the
3 c§ = | 8 ‘ =18 subgoil lime seem to be effective as late as 1957. Assuming that
5 | = a treatment cost $30 per acre and soybeans were $2 per bushel,
-3 | 0 % p
& L & T s 00 — it would take more than 6 years to pay for the treatment by
ﬁ i R LEww o S o = growing soybeans. That the effect would persist to a measurable
o | & g +4+ + 1+ + | s degree for such a long period is doubtful. :
= | ‘ |2 Average annual runoff from the deep-treated terrace intervals
“‘,‘* == ; > g was 0.26 inch less than that from the untreated areas (table 51),
2] . . l z but this difference was not statistically s:gnlﬁc’ant (probablhi_:y
o> i ¥ P2 1 B level = 20 percent). The decreases were consistently large in
< i3 Z P g N favor of the deep treatment only when sweetclover was growing
i % Pim 8 P w8 B on the field. Clover production was somewhat more abundant and
g 9 PR 32 fiE | S clover root penetration deeper on the treated areas. Evidently
e - fboag = Py = |- deeper rooting dried the soil to a greater depth, and more rainfall
e ¥ I T i ] — P "
s S TiEE & $iEE 5 |2 wag retained by the treated than by the untreated areas. However,
S = Jigg - 3 iEF = the differences between treatments were less than those between
b g =~ i%89 § ~ 89 ¢ 1B replicates (24).
s o Wm g e w2 [
g ' §hu2xd Ss55tw | 8 Treatment of Pasture:
P Eu—w- g:...,: E‘Hh- gt«g | -g re. ent o asiures
- et - s
§aazad §RASEE | o A bluegrass pasture received a full-fertility surface treatment.
| Spphos S Yo EE [~ It was ft_ertilized _ann.ual]y with 0-20-10 at 200 pounds per acre;
| -l SEETED | annual lime applications were needed (18), and 100 pounds per

acre of 33-0-0 were applied each spring and fall. A 2-acre pasture




bl.—Effect of subsoil treatment on runoff from terraced field 6
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(series I, plot 9) was deep treated by subsoil shattering and mixing

Total runoff

{'9. . .
[ % lime at 3 tons per acre in the 9- to 16-inch layer in September
E gc;oowm — s =00 2 b= e Snn e o - [ §1 1948, The area wasg left rough plO“"Ed until Ap]f'].] 20, 1949, when
o ’é;‘}‘;“ﬁ gl S R T e 2 it was seeded to bromegrass and Ladino clover, This seeding
! & | = | @ developed sufficiently for grazing to begin July 7. Average annual
_ | | § runoff for 1950-53 from the deep-treated pasture was 15 percent
e = — T Y, less than from the surface-treated pasture (table 52). However,
‘ £ the average peak rates were higher from the deep-treated pasture.
=1 SDerome  oHEd EENe BeR el | o Neither difference was significant. _
8 SHANE  imas SYeR \gN gueean | A g Beef production and carrying capacity of the surface-treated
By &S o - R o bl s and th -treated br -ass-Ladino cl
| ~ o uegrass and the deep-treated bromegrass-Ladino clover pastures
are shown in table 53. Although the deep-treated pasture was more
| = - . - =
_—— — —= g productive in the third and fourth years (1951-52) after treat-
| g ; . : ;
. 2 ment and seeding, the average for the 5-year period was not sig-
= w5 .
® o g i 2 E . —_— :
| § | ‘gﬁggg% 8358 8333 338 g TABLE 52.—Comparison of runoff from surface-treated (series I,
s ‘ & = g '§ plot 7) and deep-treated pastures (series I, plot 9)
g _ - - — = - & I -
3 im—— = g Peak runoff Total runoff
:5 | v = Q Fesled Rainfall _Su;fa_(; i Deep Su;face__ Deep
= 5 N = [
3| S2238% &§3I"Y 38X =8y = ‘ treated | treated | treated | treated
= [ = s = -
] 'E = el e e ——— ———=_ _‘ A T - =TT
e e | Inches Inches
) g Inches | per hour l per hour | Inches Inehes
T - o =] 1948 (Bept. 16-Dec. 31) 9.52 0.08 0.02 .96 0.20
| " 1949; ' ' :
R - - 2 Jan. 1-July 8 .o 2494 62 1.18 7.99 8.43
e SER9R 2232 /usw REE 83583 (8| 3 July 7-Dec. 31 | 2181 | 82 82 | 230 2.37
S SEEE SEUa Brgy 2es ERnacs o = cerneresesessaensaresnesnnan| : A1 12 2,20 2.58
g . EN & & — — —— - — — =) = igg? e | fg gz .éfi ‘37 318 279
| E 1952 ... “l 2808 29 | 23 | 333 2.;3
— ——————— = g 1958 viivsiinnnisiisinnn) 2747 20 47 1. :
I e =R == = L — = 4,
=] o |
| S8 . 2 cany Bed o — = Annual average 31.26 0.35 0.43 2.42 2.0
- Tome P00 TN 4%g N Ewak |, | B (1950-53). |
ey o o am 3L ¥ > % - ol 1 133 ol N alile e 1
T | 85777 B9EEE BoStE gqfv Bhegasd 1 . e i W iy .
A wv-'f"l’ﬁﬁl H%‘cm\l} ) "Si& :“FLC‘_‘;Qly—luC\llz & | 835 TABLE 53.—Comparison of beef production and pasture carriying
i O v N a8 o ooy | F R capacity of surface-treated and deep-treated pastures
SPeg =5a5 fbdE 28EF Fatfss £ T =
FO<S  €O0<ds  <OES €05 R<OR=O0 e | Beef production per acre Pasture carrying capacity
e - I - o . e ing 3
! : : : P { : 2l g e R — i T Y
: : i PR 2% Year Surface Deep Surface ‘ Deep
: : : : : : : 2T | ; 8 treated | treated treated | treated
: : i : i : i ¥ HIF =T A : 2.2 I - : S e
: i : ] { : i cig il ) B =1 - :
BRI IR | | Animal | Animal
3 i § Bk 2 i AR PO P Aa Pounds | Pounds | unit days unit days
< SR SR O S S s Cmi®m i 1| w8 1 320 1o | 157 127
& Pig i iig: i85 BEITEi| o | 86 1950 | 208 207 120 147
o Pip R el { g ier i F| E- 1951 ... 238 493 | 143 269
= Plmy fimg PR, liE SoiEg i) 5| EE 1952 ..... 210 316 89 _ 164
i (232 igwge idag L5 plenlg | 2 | OF 1953 ... 331 301 | 185 10
| i3E% EEE i3hE IR §EERay | o | 44 —— =
fE5E pBg® o239 38 2.23:2 0 2 | °° Annual 260 285 138 ; 169
§55% EEw3 5555 BSE EEESEE | B average. | |
i SSSh S8E8ea SSEa SEE SSSESS | < ! e | - S
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nificantly greater than for the adequately surface-treated blue- ._ .

grass pjnlgrc. Establishing the sward after treatment caused a TabBLE 54.—F [frct u,r'ﬁifen treatmenls on corn and alfalfe
production lag, Also, production declined in the tifth yvear becanse - - A wctton, 15558
the Ladino clover stand in the deep-trested plot deteriorated dur- = =T

ing the summer drought of 1963, This Is added evidence that lime . : Avera Averags :
and fertilizer will be more effective and economical if applied in Lrep and suhsoil treatments Aoy annei Probability

i e : yee incragse lewl]
the soil surface or plow layer. This is in agreement with other — e ==
results for soila gimilar to Mexico silt loam (12). . Fighals Hueahels .

per aere T nere ereent
CORM
i i |
Effect of Deep Placement of Lime and Phosphate on Yields B s ... SR S S —
' All i Bt .., 2 ;
Deep-Placement Methed i ek o -+ e <4l
: g . Plowed 12 Inches desp .., 743 1.70 !

Different methods of mixing or placing lime and triple super- Buihigatl elert, T80 el R 70 293 - _gﬁ
phosphate in the subsoll were tested in the fall of 1954. The ex- 21-inch & i%
perimental design was s split-plot faetorial, replicated four times S“Eﬂﬂ.ﬂf”awh inches, W0%ds | .87 < 01
for corn and altalfa crops. The surface soil of all plots had lime, Effect of phosphte :jl}m' Sl 49.18 340 g
phosphate, and potash added according to soil tests (17). Four Effect of pheaphate plus lime: =
lime treatments and 2 no-treatment check were teated. The amg':nt P]Dw?:ch;éi&:&'ﬁ}']'j;}i";ﬂﬁ .......... | BGAOS 1. -13? ; g
of lime needed to raise the 7- to 14-inch layer to 80-percent basze E MO ey = ey o ' :
sssiration (8 toni per acre) wia appilied o the subwil for vach Pt o e TR | 2
treatment. Bubszoil aloft, T-20 inchas, 58 W1 1

our treatments welg iee applte 1 owanle, Anech Bpasing.

The T braat ¥ I:Hi 1 ]i Il-ﬂ héf:we I]!:l] 2 | zlirtrz:nulﬁhma]nnn S i
{21 lime mixed with subsoil by double plowing 12 inches deep, rer Iy T -

(3} lime placed in Eb.jnnh-:h:ell:u subgoll clefte 21 inches apart %m:}riligajn:'ﬂ inches, 10154 872 < .01
and {4) lime placed in subsoll clefis 20 inches déep and 42 inches Inerenns tver Hme dlone o.immmme| =108} m
apart, In treatment (2), limo ot 2 tons per acre was disked into Pisnsr | Baaaatl

the surface. The soil was plowed 12 inches deep and an additional R ) | . el =0
& tons of lime per acre were mixed into the exposed subsoil. The Untreatod subBoil ... 1.100

subsoi] was turned into place with the surface soil on top again Effact of lime alone: |

by a second 12-inch plowing. One-half of each plot received triple %M':;ii'"“m““ }m . ol p- _g:
superphosphate 0—45-0 at 400 pounds per acre mixed into the Plowed 1% inches desn ., L1 | 011 75
andl in the I!:-;'IITTM' MANRET a8 ::1h1:' H:T. st 0 . : sufhlnqnd;;im, T-20 inches, 10463 — .Y

Corn yields were measured for 4 years before the experimen -inch spaeing. .
was terminated in the full of 1958, Buffalo alfalfa was seeded on Pkt glafF, ?;i,“ tnelied, 1084 | - 018 A4
April 4, 1955, Two euttings were harvested that year and three or Effect of phosphate ajone, plowsele. 1137 | 037 30
four cuttings annually during 195658, Effect of phosphate plus lime:

After termipation of the experiment, a 3-foot trench was cub [T = O — 1158 il 1]
across at least one replicate of each treatment. The exposed sub- FI“J&‘TE—TJ—;H; g"‘“ AR e e Eﬁ gj
soil wus examined for rooting depth, distribution of residual [ime s Mool el o T ) SO 1Y | = pge 5
in the subsoil elefts, and =oil acidity in and outzide the clefts. Suﬂhun E]EH' T-20 inches, 1,170 A ‘03

L-kfch SpaCimgE.
Inoreaze over lime alone ol g il
Effect of Deep Treatmeni on Corn Yields EITEHQH ﬁi-éf!-. 740 inches, 1126 A2 AR
: -ingh spReing. [
The effect on corn vields of different methods of mixing lime Trcrease aver lime alone f : nas A

and triple superphosphate in the subsoil is shewn in table 4.

In meneral, subsoll liming gave small but 31',gniﬁr:anlt average in- |' -

ereases for the 4 years. Mixing lime into the subsoil by plowin | ' Probabllity Jevel: 000 ar less, highly signifieant; D.01-0.05, signifieant.
12 inches deep wag less effective than deep placement. Mixing | Freater than 008, net sipnifisant,

some infertile subsoil with the surface layer during plowing may
account for thizs difference,
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Small additional vield increases from phosphate applied with
lime to the plowaonle or mixed with lime in the subsoil were incon.
gigtent and were not significant. When phosphate was added with
lime in the subsoil clefts, the increases were significantly less than
with lime alone ip the clefts, It appears that when lime and phos-
phate nre mixed in this =oil by plowing, they supplement each
pther im their efect on corn, However, when they are placed
together in a subsoil cleft with limited mixing, the effectiveneas
of either or both on corn ¥ields is decreased.

Effect of Deep Treatment on Alfalta Yields

The effect of various lime and phosphate subsml treatments on
alfalfa vields s shown in table G4, In general, lime was not very
effective, repardless of how it was mixed or placed in the subsoil.
Only where phoaphate was placed with lime on the plewsole or in
the 7- to 20-inch clefts were sipnlficant average yield incresses
obtained,

The differences in the responses of corn and alfalfa to the same
treatments are of interest, Mixing phosphate with lime in the aoil
or in & subsoil cleft appeara to give opposite responses for corn
and alfalfa. Reasons for the differences must be due to chemical
reactions between lime, phosphate, and the =oil and to diferences
in corn and alfalfa roots. Kxamination of the aoil in the trenches
cut across the plots pave no evidence of alfalfa root concentration
on plowsole or in elefts, whereas some corn root eoncentration
oceurred in the aubaoil clefia where unreacted [ime remained.

Examination of the subsoi]l in alfalfa plots may explaln differ-
ences in response to these treatments and to the earlier plowsole
tillage method of subscil liming (tables 49 and G4).

Considerable unreacted lime was found in the hottom of each
subzoil cleft. The lime had no effect on the =il pH at a distance
of more than 2 inches and little effect at 1 inch from the unreacted
lime deposit, Bulk denzity measurements in undisturbed and dis-
turbed zubsoil zones averaged 1.347 and 1.28% grams per cubic
centimeter, reapectively. The differences did not appear related to
either depth or diameter of alfalfa roots.

When lime was mixed more thoroughly by the plowsole-treat-
ment method or by deep plowing so as to react with the subsoil
mass, alfalfa seemed to benefit more than it did from the place-
ment of lime in zomes where it failed to react. For phosphate to
be more effective in many =oils, it probably should be placed in
closely spaced zones of concentration in the root zone. The {orma-
tion of insoluble iron and aluminum phosphates or of phoaphate-
clay complexes of low plant availability will reduee the effective-
ness of phosphate applications,

Applying lime to the plowsole and mixing it with the subsoil
by plowsole tillage appears to be more effective than deep place-
ment in subsoil elefts. Although the plowsasie tillage method re-
sulted in only 2mall increases in corn and soybeans (table 48),
there were amall bot significant residual effecta for alfslfa 3 to
10 vears after the last treatment (table 49).
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Even though statistically sipnificant corn-yield increases were
obtained for the deep placement of lime and phoaphate, the in-
creases were too small to be of practical value. If fertifity of the
reot zone of this soil and similar claypan soils is to be improved
It appeatrs that less expensive and more practical methods than
subsoi] placement should be vsed. When good fertility and manage-
ment practices are used on the surface plow laver, it is doubtful
'r_.hal: expensive subsurfgce treatments will give eronomic vield
increpses for corn and walfalfa,

RECLAMATION OF SEVERELY ERODED LAND

Trealment

Reclamation of & severely eroded 5.45-acre field on the Midwest
Claypan Experiment Farm was begun in 1945 {fiz. 20). MEﬂh\:?i?-

TN-DRTTR TEN -5
Frovsre 26— Ftn:]nimhlﬁ severely eroded Aeld on Midwest Claypan Experiment

Farm, Filling in gully in August 145 {top); same area with erop of rye
& years loter (bottam},
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cal treatment comsisted of smoothing gullivs and building a4 ter-
race syatem with a grass ontlet. Approximately 3 tona of lime and
10 tons of manure were applied per acre. The feld was divided
into two fenced areas, with a Z-year rotation of rve-sweetclover,
leapedeza, and redtop.

Area 1 was in rve and first-year sweetclover in 1946 and second-
year sweetclover in 1947, Area 2 wag in rye and first-year awest-
clover in 1947 and in second-year sweetclover in 1948, This system
was continued, and the cost and income from beef were recorded

until 1950,

Hesults

Production on the areas during 1946-50 is shown in table 55,
Cost of reclamation and cash returns per acre from beef produced
during thia period, with adjustments from published estimates (5,
are as follows:

| EFT. ] e DR e s LR R L e T 13264.26
Cnsta:
Mechanica] treatments” ..o BeLodT
Lime and MBOWEE oot i - 118
70 AL AL TN VP LR i W A i 1 5 ]
Other :*
Pleath-lamb i s e e e TR
Veoterinary and drugs ...ccovmviinanens. LIKOD
Taxez and INAUFARDE . ...ccoimemeiisnemes . 1210
Salt and minerals ..o G500
Depreciation on fenges . 5.940
Interest on land ... i, 4600
Intereat opn animil investment ... 18590
Interest on ensh oUtlay oo, B35
Miscellanetus . ... i 12,00
D e e e e e e e e an e
R4 B g AR g i R e Lt SR L e et B AL U Pty Ly
Average not STIIUA] TERUDTE .. e s ionterssieiosb sbobasabsasisan 4.55

' Bused on price of boef during test perlod,
* Bmacthing gullies and constructing ferraces and outlets.
' Computations based on published estimates for Missour farme (6).

Met annual return per acre in the b-year period averaged $4.55.
For this production and thege costs, the -aven price for beef
woild be sbout $0.20 per pound. At 1968 prices for beef, the
profit from reclaiming severely eroded areas like this would be
smill, even for the average of 243 pounds of beef per acre per year
obtained in the teat (table 55), However, reclamation of such arcas
on @ furm enhanees the overall value of property and reduces the
hazard of ruinous gully encroachment into valuable field aress,

Another severely gulliod pasture area of 5.23% acres was treated
in 1946, The gullies were filled in with a bulldozer, and & water
diveraion terrace was constructed above the area to remove runofl
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TABLE 55.—Annual beef production and pasture carryi 1
PN eopacit
for reclamation areas | and 2 with A-pear rofafion a? nfel-ﬂaﬂﬁ
sweetelover, MeCredie, Mo., 1956-50

| Past
Beef produetinn :ampa“dg?ms

Crops of rotation system
= LR R i 3
L&t bﬂ“:;-: af rotatkon i P“ndiﬁua“ acre | Amimal unit dayn
Inbvar e i bt
2d y;lni.r af rnta.t.im';:
peAr swestclover 185
Fall-growth rys | 28 | Iﬁ
SYBLETR AVECEET -y i 243 111

from the watershed area above. The field was seeded to T

and sweetclover after treatment with 3 tons of lime and 5{;{; p:ﬁl;j :
of 10-20-20 per acre. The grazing from the rve and gweetclover
during the first 2 years paid most of the renovation and farming
costs. Since soil tests indicated the need for additional treatment,
the area was progressively rerenovated in strips below the diver-
sion, The additional treatments consisted of 3 tons of lime and
800 pounds of 10-20-20 per acre. Seedings of the strips to alta
fescue, alfalfa, and Ladine clover were highly suee ml.
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