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Investigations in Erosion Control and Rec-
~ lamation of Eroded Shelby and Related
Soils at the Conservation Experiment

Station, Bethany, Mo., 1930-42."
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Zuxce, agricuiturel enginecr, A G M cCav, sendor sail conservalionist, and F, G.
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SUMMARY OF RESULTS AND THEIR APPLICATION TO LAND
USE PLANNING

More than o deeade of investigations of the basic factors affecting
runoff and soil losses at the Bethany Station have established certain
principles that are fundamental to sound land use planning. The
problem area of the Shelby loam and associated soils includes wide
variations in weather conditions, topography, erosion, and cropping
practices which occur in many combinations for the individual fields
and farms of the arca. The investigational program of the station has
necessarily been concerned not with all possible combinations of these
variables, but with the more generally ocewrring combinations with as

1 Snbmitted for publicalion June 1944, .
? Foriner members of the Statien stail whe contributed o Lhe planning nnd development of he reseazel
program are R, E. Uhlaad, €. K, Shedd, A, T, Hobman nnd O M. Waodrafl.
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United States Department of Agrienlture Technieral Bulietin No. 883, In-
vestigations in IBrosion Conirol and Reclination of Evoded Shelby
awd Reinted Seils at the Conservation Bxperiment Station, Bethuauy,
Mo, 102042

Puge 15, puragraph 6, “the centeal portion of the Big Creelt watershed
Just north of Bethany, Mo.,” should be “the experiment stalion favm,
west of Bethany, Mo.”

Page 16, legend of figure 8 should be “An nerial view of the Bethany
Experiment Station farng”

Page 20, eleventh Line from bottow, “figure 5 (p. 25)" shoaid be “figure
1 {p. 12)."

Page 27, last line shuald be “these plots ave designaied ay plot series 1,
plots 1 to 14, inclusive.”

Page 32, line § “Pigure 8" shoull! be “Figore 28 (p. 81)."

Page 42, table 14, figure for amount of run-off from (rented piot in
meadow shouk! b 8.88 ineh, not 0,088 ineh.

Page 48, last puragraph, thivd sentence sliould be replaced by “Re-
quetinnin water loss was 60 peveent for meadow, 62 percent for oats, and
34 pervent for coen”; in line next to last on page, “50 pereent” should be
2 pervoent.”

Page 53, tine 4, “yieids” shouid be followed by "than.”

Iages Hd and 57. legends of figures 15 and 18 should be interchunged.

Page OO, first sentence, “water-” show!d be “watershed.,”

Page 64, line 2, “figuve 217 should be “figure 20.7

Page 84, fgure 29, in horigoninl seales the phruses “13 percent slope”
and “T-percent slope” -houid be interchanged.

Page 93, Tine §, sentence now beginaing with “Dorving the three years™
should be “After 1931 both aress were in corn on the contour Quring three
different years”; in senfence inunediately preceding table 35, the words
Yoriginal and” should be deloted.

Pagi 112 belongs in the section under the heading Vegetation in Drhin-
ngeways, on page 115; it shonid follow the second paragraph under that

+ heading.

Page 138, the third and fourth paragrapbs should follow the ihird
paragraph on page 112,

Page 123, line 17, “3/4 inches™ should be “3 io 4 inches”

Page 128, third line {rom bottom, “0.65” should I “0.065.”

Page 130, line T, “0.034” should De “0.0034."

Page 180, transpese last 10 lines on page 134 and first 9 lines on page
135 to bottom of page 1360

Pages 162 and 163, tab'es 83 and 39, plot numbers in subkendings should
be deleted, as all duta in eael case are for three plots.

Pages 174 and 175, in box heads of tables 76 and 77 "Min.” should in
each case be “inch per hour™ ot “inches pey hour”; in box heads of table
77 *iate” should in each cause be “Ameount.” :

H62226--—-45
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INVESTIGATIONS IN EROSION CONTROL

many of the variables as possible held constant during a particular
study. The results of these investioations can be interpreted into
precise recommendstions that are closely applicable to condifions
represented by the station fields and plots and will serve as funds-
mental principles for general application under conditions which may
differ materially from those on the station farm. '

It is apparent from tho studies on the causes of crosion that elimate,
vegetation, degree and length of slope, the soil and its physical condi-
tion, moisture content, and level of productivity, are basic factors.
determining the potential crodibility of the land.

Conservabion practices must be procedures whick reduce the po-
tentiel erodibility of the soil. This is accomplished by conditioning
of the soil, by shortening the length of slope, by reducing the volume
of runoff, and by providing vegetation to diminish the foree with
which rainfall reaches the soil surface or flows over i§ during heavy
rainstorm periods.

The reconnaissance erosion survey of 1934 indicated that on the
Shetby and related soils, erosion, had proceeded to a point where
plowing resulted in mixing the subsoil with the surface layer over
one-half of the.aren, That this has been reflected in decreased pro-
ductivity of the soils cannot be denied. Studies on the station and
surrounding farms show that yields of corn decreasad 3 to 5 bushels
per acre for each inch of surface soil lost for soil depths of lass than one
foot. At the station farm the vields of oats and second-year meadow
grown on subsoil have been abou$ one-fourth, while the yiclds of corn
and first-year meadow have been sbous one-half those of the same crops
grown on surface soil.

The deteriorated soils of the avea are generally the vesult of con-
tinuous cropping to corn or corn with ocoasional small grain. Con-
trol plots on which corn grew annually for 10 years Jost 3% inches of ,
topsoil during the peried, while those in & 3-year rotation of corn-
wheat-moadow lost less than ¥ inch during the same period. Runoff
losses from the rotation have averaged about 60 percent of those from
the continuous corn during tae same period. Tae plots on which
these erops wire grown were only 72.6 fect leug, or about the hori-
zontal spacing for terraces on a similsr slope.’

Insignificant erosion was measured {rom bluegrass and salfalfa,
The use of lime and fertilizer resultad in high. alfalfa yicld and in-
creased the yield of wheat 63 percent and the vicld of meadow 33
percent.

These and other studies on the station definitely sliow that the
continuous growing of corn or other row crops is not justified in the
aren, gven when supported by such conservation practices as terracing
with contouring and the addition of manure and other soil amend-
ments,

As rainfall is 2 phenomenon over which man has no control, he
must become acquainted with its characteristics from the study of
meteorological records. The range of fluctuation and critical periods
of the heaviest and most intense rainfall for various scasons of the
year are uscd in designing cropping systems and conservation practices
to give adequate protection to the soil.

Meteorological records for the 10-yeer period showed an average
annual precipitation of 29.5 inches with the highest intensities occur-
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- ring i June, July, and August, when 60 parcent of the total rain fell
. at a rata equal to or greater thao a quarter of an inch per hour. The

- percent of rainfall ocewrring at rates equal to or greater shan 4 inches
- . per hour was almost constant from April through September. The

- +-11 most intense sborms during 10 years of study accounted for 11

- - percent of the rainfall, 23 percent of the runeff, and 36 percent of the
soll loss from the contimuous corn plot.

- - Additions of organic matter in the form of barnyard manure or

*.. crop residues, have been found to lessen crosion on $he Shelby soils.

*.- When incorporated with the soil they favorably modify or condition

. - its physical structure and raise its fertility level, resulting in increased

- absorption of rainfall, an accompanying reduction of soﬁ loss, and an
increase in crop yield,

The use of lims and fertilizer has resulted in incrensed deusity of

' ~ stand, ineressed yield, and reduced soil and water loss, not only from

small grain, but from the meadow that follows. Winter-ki ing of
wheat has besn materially lessencd by these amendmonts.
. Shelby subsoil aggregates wers found to be larger than those in the
swrface soil and more resistant to vrosion when in a {sllow condition.
Runoff and eresion were, however, less from the surface soil under
conditions of cropping, due to the more abundant vegetation suppe: ted
by the higher fertility level of the surface soil. '
In comparing fall- versus spring-plowing, it was found that an im-
" proved soil structure and better distribution of labor resulted from. the

- - fall plowing. This improvement of soil structure greatly facilitated

~ the management of evoded subsoil areas. Fall plowing resulted in
less winter and carly spring erosion, but greater soil losses in late spring.
Fsl) plowing is recommended only for terraced or strip-cropped land to
be plowed out of sad.

-« Organic matter and nitrogen decreased with loss of surface soil.
Calcium and magnesium, however, were found to be more plentiful in
the subsoil than in the surface soil.  The organic matter and nitrogen
of » plot in a 3-year rotation of corn-wheat-meadow when limed and
fertibzed with 20 percent superphosphate increased slightly with time,
whereas without the soil treatinent the organic matter and nitrogen
declined. '

- The benefits of crop rotations ave mainly derived through the effects

-of the meadow crop, making it important that meadow be scoured
each time without seeding fallure. Competition between small grain
and young meadow for moisturc has been a factor in the establishment
of new moandows. The use of phosphate fertilizer and lime has proved
a valuable aid in securing a vigorous stand of grasses and legumes.

- While their costs heve been repaid in incrcased yields of the small grain

crops, their usc in establishing meadow crops and thus insuring the

unbroken continuity of rotations is of primary importance. The
importance of these treatments increases rapidly with increased ero-

", sion, and they become mandatory on the more severely eroded lands.

With other variables constant, soil and water losses are proportional

to the amount and type of vegetative cover present at the time of the

" rain, Small grain crops offer more protection than cultivated row
- erops, but not as much as dense grass or meadow crops; neither do they
» offer adequate protection without other supporfing conservation

. practices. Wheat permits significant soil and water loss during Oc-
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tober and November, while oats permits significant soil loss during the
spring months. ' .

The most important consideration in the growing of cultivated row “
crops such as corn and soybeans js that they be employed in a cropning
system directly following at least one year of grass and legume meadow.
Thess row crops provide minimum protection to the soil during the
critical rainfall periods occwrring in the spring, early summer, and fall.
The conditioning of the soil by preceding sod crops will carry over into
the following year to give appreciable protection to the soil. During
June, corn following corn lost 334 times as much soil as corn fellowin o
meadow.  Soybeans drilled in 8-inch rows lost only half as much so'ﬁ Y
#s when planted in 42-inch rows, thus illustrating the decrease in
erosion accompanying ineressed density of plant cover:

Legumes grown without grasses have been observed to leave the
soil m a loosencd econdition. Plowing under of legumes as green .
manure has depressed crop growth and yicld when moisture was
deficient. Alfalfa stands were maintained for a 12-yesr period by
periodic liming and phosphating. This crop was unsuitable for nse in
waterways or other locations, such as terrace channels of too small
gradient, where o condition of poor droinage was present. Weak
points from an erosion control standpoeint, in the growing of alfalfa,
oceur at the time of seeding and again when tlic crop is plowed for

- subsequent cropping. The growing of timothy or brome grass with
alfalfa was a desirable practice from both an erosion and 2 production
standpoint. Small grain-Korean lespedeza cropping has produced
large tonnage yields on both surface and subsoil. This type of erop- -
ping is nereasing rapidly on the Shelby soil of Missouri. It has been
superior to & corn-whent-meadow rotation from an erosion standpeint.-

Well managed bluegrass pastures have provided adequate protection
from oll rainstorms experienced during the period of study. Intensive
grazmg of the blucgrass has resulted, bowever, in increased runoff,
gully formation, and rapid advancement of gully headers. Intensive
grazing has also redused the palatable specics of grasses, inereased the
unpalatable, and yialded little or no gain in weight of the grazing stock.

The topography of the soils aven is such that most slopes have a
combined degrec and length which demands modifying measures. -
As the degree of slope cannot be lessened practicably, conservation
practices must be devised to shorten the length of slope, reduce the
quantity of storm runoff or give mechanical protection to the soil
suface from the water that flows from the field. Soil loss from plots
was found to be proportional to the 1.6 power of the length and to the
1.4 power of the percent slope.

TERRACING

Terracing has proved to be the most effective supporting conserva-
tion practice on the station. Terraces or diversion dykes are the only
means for actually reducing the length of slope factor. When com-
bined with seil conserving crop rotations, soil amendments, and con- _
tour tillage, a maximum of soil and water will bo retained on the field

. for crop production.

Annual runoff from terraced areas has been about three-fourths of

that from unterraced land. Average maximum rates of runoft from
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" terraced waborsheds were less than half of those from unterraced
watersheds during seven major storms.  Soil loss st the outlet of o
- terraced watershed during the 8-vear period 1935-42 was about 2
percent of that from a similar watershed withont supporting conser-
ration practices.

Terraces do nob cbviate the necessity {or soil treatments and for
crop retations in keeping with the capabilities of the land. The use of
terraces is limited, not by physical limitations of construction, but by
the economics of construction, mainfenance, and the prectical opera-
tion of farm machinery after construction.

In the Shelby soil area, well defined drainageways are ususlly pres-

“enb at a distance of 300 to 400 fect from the crest of the hill.  Their
points of origin generally mark the dividing line above which terraces
are easily coustructed and opersted, and suggest the practical limit
of their application to a land area. The construction of terraces be-
low this point is sccompanied by increased eost, and, on the more
. steep and irregular aveas, the terrace lines tend to become one short
curve sfter another. Thus, 3 to 6 terraces is usually the practical
number for the majority of fields. Contour tillage of 100- to 200-
foot widths sirips below Lhe last terrace would, in general, mark the
limit ol eultivation {easibilily, or if the slope is somewhat longer, the
additional support of strip cropping may be sconomically introduced
for complete utihization of the ares while providing adequate protec-
tion of the land from crosion.

The ease and practicability of farming terrvaced ficlds decreases
with increases in the degree of steopness and the irrgularity of the slope.
From an economic standpoint the greatest returns per dollar spent
for terracing comes from that expended on the upper reaches of the
fields. An upper slope lmit of practical terrace operation in this
ares nppears to be not much greater than 10 percent. Tius does not
infer the usc of less effective supporting practices on steeper slopes,
but the elimination of cultivated crops, an increase in the number of
years of meadow, or preferably the return of the land to permanent
hay or pasture. _

‘Terraces with wide gentle side slopes are the casiest to farm.  Con-
struction of terraces of standard sizes, grades, clc., without regard to
length or hydraulic traffic to be expected is not in accord with good
judgment.  Short terraces draining a convex sechion at the upper parg
of the slope can have smallor ridges and channel capacity than those
farther down the slope where the length is greater and additional vol-
mes of water must be conveyed {rom the held.

Terrace spacing is not & 1igid design factor on land of uniform slope.
Wide horizontal spacings on the flatter and uniform slopes are pot
only more economical and workable, bul aro satisfactory for erosion
control. With incrensed irregularity of land slope, the spacing frctor
bacomes more exacting, due to possible concentrations of runofl and
sccompanying silt deposits in the channels. Spacing that is too close,
howevaer, will incresse the density of runofl. Sixty feet appears to
be the minimum practicable spacing. Spacing experiments indicate
that a 5-foot vertical interval should be recommended for a 7-percent
slope, and an 8-foot interval {for a 13-percent slope. Apprecigble de-
vistion from these recommendations ¢an only be made with safety

. on land of uniform slope, the amount of deviation decreasing as the

Arregularity of slope increases. |
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Flat grades on shallow surface soil are undesirable due to ponding
in the channels, and subsequent crop damage and delayed farming
operations. As the Shelby loam experiments have shown, grades of
less than 2 inches per 100 feet of length were not practicable, and
grades of 6 inches per 100 feet of length marked the safe upper limit,
Grades of 8 inches per 100 feet, while not allowing scour, were con-
ducive to damaging sili deposits in sodded outlet channels. The
most desirable grade for the normal or leng terrace uppears to be &
variable grade ranging from 2 to 6 inches per 100 feet.

Terraces one-half mile in length have functioned satisfaclorly,
although greater height and channel caparities are naturally required
than for terraces one-quarter mile long. This latter length appears
the more desirable.

Contour tillage is always desirable and necessary on erraced fields
for operations involving the movement of soil. One-way plowing,
wherein the furrow slice was turned wp bill when breaking sod for
corn im a 3-year rotation of corn-oats-meadow, climinated the necess ty
for tereace maintenance. Experiments have shown that corn rows
should not cross terrace channels or tidges, cven ab slight angles.
Point rows have been placed in the terrace ehannels or below the ridge
at the basc of the terrace.  While either location has certain sdvan-
tages, the latter has appeared to be the most practicable on the average
slope on the Shelby soil.

Soil losses asmeasured at the ends of terrace channels were about 2 fons -
ber acre per year for a rotation of corn, soybeans, wheat and meadow
as compared with half this anount for'a 3-year rotation of corn-oats-
meadow. However, the soil losses measured at the end of the terrace
channel represented only a part of the soil that moved down the torrace
interval and aceumulated on the front slope of the terrace ridge.

Bluegrass has proved to be the most effective grass for outlet control.
The most practicable way {o secure sa tisfactory outlets from seeding
has been to establish them before the terraces were constructed, or to
divert the runoff until after the seedings have become established,

Rotational-Lype strip eropping, wherein a sequence of erops is grown,
on a slope at & given time, has, when wiscly applied, proved eflective in
reducing soil crosion.  Measurements showed that it reduced soil Joss
to slightly less than one-half that from similar contour-farmed aress
although runoff was not affected. Rotational strip_cropping has
proved cffective on cenvex land areas when the slope length did not
greatly exceed 300 feet, but the practice did not lond itself bo livestock
‘types of farming.  Tnscot damage has almost precluded the growing of
corn aud small-grain ¢crops on adjacent strips.  Permanent buffer-type
strip cropping with varying degrees of support by terraces and diver-
sion dikes has eliminated many of the difficultics inherent in rotational
strip cropping.

The fundamental factors favorable to succossiul strip cropping are:
a soil fertility level capable of supporting dense growths of vegetation;
convex slope aspect; well-grassed waterways at all water concentration. .
points; and the Jocalion of the strip-cropped avea on slopes of imited. -
length, TLong slopes on the station have had waber removed from the
upper reeches by terraces or diversion dikes to provide this latter con-
dition for strip cropping.

Contour tiliage has beon the cheapest and most casily applied sup-
porting conservation practice on the station. In general, it has given
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adequate protection when used as the sole supporting practice for the
normal, and helow normal, rainstorms. For the more intensc storms
the relative amount of protection it has afforded, in comparison to
noncentoured areas, has decreased with increases in the severity of the
storms, Its average effect has heen to reduce waier loss by onc-fifth
and soil loss by cne-half,

The Shelby subsoil, while higher in lime and magnesium than surface
soil, is low 1n organic matter, nitrogen, and phosphate. Thus any
cropping on severcly croded arcas must be accompanied by the use of
organic matter in the form of manure, crop residues, or green manure
crops, in addition to the use of lime and phosphate fertilizer. Lime and
fertilizer has increased the yield of oats fourfold and first-year mendow
twofold. Any plowing should preferably Le done in the full to improve
the soil structure by freezing during the winter. The cropping, Lo be
economically sound, should be confined to small grain and grass and
legume meadow without cultivated crops which have the higher pro-
duction costs. This will aften require a transilion to a livestock sys-
tem of farming with harvesting largely by livestock grazing. Since
eroded fields must be plowed and soil treatments renewed at inlervals,
the usc of terraces is recommended to safeguard the progress already
made.

The develepment of satisfactory outlets and permanent drainage
channels is essentinl Lo the successful operation of terraces and other
protective measures such as sirip cropping and contour farming. TFor
the successful and permanent operation of these devices it has been
found that the drainage systems of the ficlds must be protected by the
establishment of a perennial vegetation.  The relative ellectiveness of
various methods and different materialz has been investigated and the
results recorded. ‘

Grass cannot be expeeted to grow and preduce an erosion-resistant
. lining in a channel without the proper ¢ross-section, scedbed prepara-
tion, and most important of all, a high level of soil lertility, Experi-
ments have shown that grass-sceding mixtures should be selected
according to the waterway characteristics of moisture, soil fertility,
and volume of runoff to Lo carried. Highly satisiactory methods of
drainageway preparation for successful seedings bave been developed.
They are of course more ecasily established while the drainage area is
planted to erosion-resistant crops or while the ruvoft is temporarily
diverted to other channels.

Grassed waterways and terrace outle channels can be cstablished
more practicably withoul, wire or brush checks, spreader boards ov
sod strips, than with them. Deviees of this type require not only
costly mmntenance, but Jeave the channel a series of steps which are
the continuing cause of the maintenance.

Bluegrass sod has been tested as complete sedding, sod flumes, sod-
- hump dams, check or barriers, and sod-bag chiecks. Of these, complete
sodding was the most suceessiul but also the most costly. Sod cheek
barriers or sod bags were of doubtful value and cannot be recom-
mended. Sod-hump dams have heen more successful than the other
forms of checks when properly located.

Successful erosion control has been sccured from plantings of black
locust in well-drained lillside gullies with drainage areas of less than
one-half acre, but where the drainage urcas were appreciably larger
such plantings have not given satisfactory control.
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Mechanical structures of conerete or carth are generally DECESSATY
at the junctions of outlets and field drainageways with ravines or
main drainage channels. Earth dams which provide a stock water
supply are ideal gully-control methods for fields to be grazed by caitle.

Temporary devices such as brush and wire dams, creosoted spreader
boards, and asphalt-sand structures have proved unsatisfactory since
water cannol be lowered over such barriers without constant and
costly maintenance operations. Furthermore, these structures when
placed in terrace outlets or waterways have proved to be a hindrance
to the cstablishment of grassed channels.

Rocle-masonry dams have performed satisfactorily and are appli-
cable to locations where it is necessary to maintain o permanent drop
of 3 to 5 feet in water disposal systems draining approximately 20 to
30 acres. Unformed concrete spillways and dams, when properly
constructed, have given good control and in the long run are very
economical when considered from the viewpoints of both maintenance
and construction. Prefabricnted metal flumes arc easily installed
and have given good performance in lowering runoff from farm ponds.
A drop-inlet dam, if wiscly placed, may be made to protect several
overfalls entering @ large gully and consequently be more economical
than scveral smaller structures. Considering maintenance, life ex-
pectancy, and performance, drop inlet dams, detention reservoirs,
and unformed concrete flumes have been the least expensive of the
gully control structures investigated.

Eight small watersheds varying in size from 2 {o 8 acres have been
devoted to a study of the effect of land use and conservation practices
on runoff and erosion.  Of the four cultivated watersheds under study,
the soil loss from the contoured field was 11 percent; from the strip
cropped watershed 7 percent; and from the terraced land 2 percent of
that from the watershed in a rotation without supporting conservation
practices.  The measured runoff from the contoured watershed was
84 percent; lrom the strip-cropped ares 68 percent; and from the ter-
raced land 70 porcent of that from (he rotation-cropped watershed
without supporting practices. For both the cultivated and the pas-
ture watershed the 30-minute raiufall intensity was more closely cor-
related with the maximum rate of runoff than either the 5- or 15-
minue tnlensities,  Antecedent rainfall had an appreciably greater
influence on the maximum rate of runoff from the cultivated field than
from the pasture watershed. For the nine major storms the undis-
turbed blue grass pasture had the highest average retention rate index -
and the cultivated watershed without supporting practices the lowest
rafe. '

RAINFALL-SIMULATOR STUDIES

- Infiltration rates were determined from reinfall-simuintor data for
dry and saturated biuegrass sod, bluegrass rough spaded, bluegrass
sod stnooth cultivated after spading, and for & smooth cultivated corn-
field soil. The minimum rates of infiltration for blucgrass sod was
approximately 0.10 inch per howr or about double that from the
smooth cultivated cornficld soil. Incressing the supply rate increased
surface detention and equilibrium rate of runoff but decreased the
time required to reach equilibrium. Suriace detention was found te
be related to both rate of supply and rate of runoff. Velocity of
overland flow al the plot outlets for an equilibrium runoff rate of 3
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inches.per hour was only 0.13 foot per second for bluegrass, as com-
-pared with 1.03 feet for the smooth cultivated cornfield soil,

These conclusions and applications of results for the stalion are
based upon scientific measurements as well as practical operation of
the practices on field-size arcas. They represent an accumualation of
facts secured during the 12-year life of the station, The findings of
the station have served as the basis for the establishmens of erosion
control measures and praclices on not ouly the Big Creek and other
Missouri projects, but also have been useful in the formulntion of con-
servation programs on demonstration projects throughout the country,

The experiment station site has proved invaluable in acquainting
interested visitor groups with the need for erosion conirol, the funda-
mental principles involved, und the application of the various control
methods to practical farm use. Over 8,000 people have viewed the
work of the station since it was established. Thirty-seven States of
the Union and 10 foreign countries have been represented among the
visitors, Five thousand visitors have registered from 67 Missouri
counties. Jowa has led the States oulside of Missouri with 1,400
visitors.

INTRODUCTION

This publication deals with the development and results of inves-
tigations pertaining to the basic factors affecting soil and water loss,
and methods for the conservation of soil and water, carried on at the
Soil Conservation Experiment Station, Bethany, Mo., during the
period 193042,

Dr. H. H. Beanett in his book “Soil Couservation” (4)? states
that “probably the first survey of a large srea in Ameriea which
pointed specifieally and quantitatively to the wholessle ravages of
unrestrained soil erosion’” was the soil survey of Fairchild County,
8. C., in the year 1911,

The fact that serious erosion was oceurring on farm lands in other
sections of the country was soon recognized by agricultural leaders.
M. F. Miller organized &t the Missour: Agricultural Experiment S¢a-
tion, in 1917, the first plot study of the effsct of crops and crop rota-
tions on runoff and erosion. Also, in 1917 the United States De-
partment of Agriculture published » bulletin on erosion control by
terracing (22). In 1923 the Missouri Agricultura] Experiment Sta-
tion reported on their plot work (9). In 1924 the Bureau of Public
Roads began soil exosion experimenis at the Raleigh, N, C., Agricul-
tural Experiment Station. In 1926 the substation of the Texas
Agricultural Experiment Station at Spur, began work on conservation
of runoff and soil. In 1928 the Deportment of Agriculture pub-
lished “Soil Frosion a National Menace' (5.

Nation-wide interest in soil and water conservation developed
rapidly and resulted in the passing by Congress of the Buchanan
Amendment and subsequent establishment of the 10 original Soit
Erosion Stations during the period 1929-33 (see map on p. 2), The
Bethany Station was the fifth of the group to be put into operation,
Plans for the station, selection of land and personnel, and prepara-
tion of soil and topographic map were made during 1929 and early
1930. Leasing of the station and possession of the land was of

* Ttalic nbers in parcutheses refer to Liteenture Cited, P 44
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Merch 1, 1930. The original plan specified thab the station would
operate for 10 years. Securing soil and water loss data was discon-
tinued on most of the original studies on December 31, 1949, bub In
a fow instances the studies ¥ were continued through the 1942 season
in order to round out the rotational period.

The work at the station has been cooperative between the United .
States Department of Agriculture, the Missouri Agricultural Experi-
ment Station, and the Bethany Chamber of Commerce.? Originally,
the Department of Agriculture was represented by the Bureau of
Chemistry and Soils and the Bureau of Public Roads (later the Bu-
reau of Agricultural Engineering), but in 1935 all work of the De-
partment wes transferred to the Soil Conservation Service.

THE PROBLEM AREA
Narure orF THE AREA

The Bethany station, about 25 miles south of the Missowi-Towa
State line, is representative of the problem aren of Shelby and related
soils which occur largely in north central Missouri and south central
Towa, and to a less extent in southenstern Nebraska and northeastern
Kansas. The area consists of approximately 15,730 square miles,
distributed as follows: 7,260 square miles in Missouri, 4,760 squere
miles in Tows, 220 square miles in N chraska, and 3,480 square miles
in Kansus, Secondary areas of closely associated soil and similar
natural characteristics occur in southeastern Nebraska, centrel and -
northeastern Iowa, and northern Illinois. Figure 1 is & map of the
primary arcas in Missouri, Jowa, Nebraska, and Kansas. The
map shows the extent of ecrosion of the arca as determined by the
reconnaissance erosion surveys made in the different States in 1933-34.

The soil of the problem aves is developed largely from till from .
the Kansan glaciation, which was deposited in the form of termingl
moraines. In some sections the till 1s deposited directly on residual
limestone; in others it apparently covers large areas of soil of an
earlier period.  Where the till has been deposited over unconsolidated
material, few, if any, feagments of limestone oceur, but large quantities
of gravel and granite are not uncommon. The deposits of till vary
from @ trace to & depth of 100 feet or more. Along the main streams
and on the move level ridges there are considerable deposits of wind-
blown material of varying depths. Pockets of sand, hillsides of gravel,
and seatlered rocks and boulders cause various soil, slope, and vege-
tative conditions. ‘ '
- The soils in general are those of the northern prairies, with a trace
of the grayish-brown podzols. Three soil types, Shelby loam, Grundy
silt loam, and Lindley loam make up the grester part of the uplands
of the region. _Of these the Shelby and Grundy soils are representative
of the great soil group of Prairie soils of the northern praivie region, and
the Lindley of the Gray-Brown Podzolic group. The Shelby loam
is the most extensive on the cxperiment station plots. -

CWooDrurr, C. M., and Smimt, . D, EROGRKST REFORT OF TIE PROTLEM ABEA OF SHELET LOAM
ﬁ;\'v an&‘rzn 8011, SO0IL AKD Wartkn CONSERVATION EXPERNIMENT STAmiow, BETHANT, Mo, 1938,

rocessed.

3 The Beibany Chamber of Commeree whs represented by its president, 7. E. Noll, who worked uzn-
tiringly with the statlon and Servico porsonne), mot auly In local sfairs of the station, but for natipasl
furtkeranca of soil conservation,
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FIGURE 1 -—Map of the problem area of Shelby loam and related soils, as compiled from the reconnaissance erosion survey
maps of the several States.
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" The _S‘}wlby. 'I'éam.."";-_Tl:xis soil’ is.dcveloped from gldﬁial $ill under a

~cover of prairie grass. It occurs on a rolling relief characterized - -

by low, rounded hills, with soil slopes most commonly ranging from
- 6 to 15 percent. This soil has been well described by Miller and
Krusekopf (17, p. 35}, as follows: '

¥ % % Typieally, it consists of & black, dark-brown or yellowish-brown,
friable loam, varying from 6 to 12 inches deep, The content of sand in the surface
soil is sufficient to give a gritty feel, and to make it loose and friable. The-
percentage of silt, however, is nearly always rather high for a loam, and in many
cases 1t might be called = silt loam. The subsoil, from 15 to 86 inches, isa . .7~

yellowish-brown, tenaceous, sandy elay, mottled brown, red and gray. The .

content of organic matter in the surface soil varies considerably; on the steepér

slopes it is quiie low, but on gently rolling areas and especially at the base of =~

slopes it is much higher. )
The characteristic feature of the Shelby loam is the presence of sand and fine .

gravel threughous the sofl mass. Both sand and gravel are rounded, and are .

largely of foreign origin, consisting of quarts, granite, greensioue, gneiss, disbase, -
and msany other erystaliine rocks. This coarse material is not present in quan.-

tities sufficient to affect the soil appreciably, although it tends to make it more I'

porous. Lumps of lime concretions and caleareous streaks ure present in con-
sicerable quantity in the subsoil and extena to great depth.

Figure 2 is o profile picture of uneroded and eroded Shelby loam,
taken at two locations on the Bethany station. :

The Lindley loam.—This soil Las developed under forest cover =

and is slightly podzolic. The Lindley loam soil is closely associated
with the Shelby loam and-occurs primarily along the streams, but
is of less value for cultivated crops. The topsoil is a yellowish-gray
loam, & to 10 inches deep, underlaid by a gray, ashy layer, which 18 -
not always clearly defined. The subsoil to a depth of 12 to 16 inches
is normally a light-brown loam, which grades into a compact, silty
clay. The lower subsoil material, or that occurring below a depth of
30 inches, is usually o light-gray or dvab, silty clay, although it varies.
in different sections. It appears to be partly glacial snd partly
residual and is intermingled with wind-blown material of glacial
origin. ; -
The Grundy silt logm.—In the problem ares served by the Bethany =

station, the largest sections of Grundy silt loam are on the broad _

interstream divides of the undulating prairies. In the more rolling

sections of Shelby loam, nearly every ridge top is capped with Grundy -

silt loam, so that sliogether 1t constitutes a considerable part of the
total area. The Grundy soil is derived largely from wind-laid ma-
terial. The typical profile consists of a dark-brown to black surface
soil 12 to 15 inches decp, underleid by a gray to grayish-brown layer
of heavy silt loam or clay loam, which at 18 inches grades into a dark-
drab or yellowish-brown, heavy, tenacious, silty clay or clay. Small
iron coneretions are present throughout. The value of this soil for . -
cultivated crops probably exceeds that of the Shelby loam because
the topography is not so rolling, ' Co
Topography.—Following recession of the ice-nge glaciers, the
Shelby loam soils area of northern Missouri and southern Towa was
probably a gently undulating or nearly level plain. As the soil .
mantle was deep, this plain has been dissected by geological erosion: .
to its present topography with a wide variation in degree, length, = -
shape, and direction of slopes. - The main streams have cut through- .-
the top deposits to, and in some cases through, the upper underlying * -
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VIRGIN ERODED

SHELBY _SILT LOAM

~Figure 2—-Proﬁle of uneroded and eroded Shelby soil on the Soil and Water
Conservation Experiment Station, Bethany, Mo,
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shale and limestone deposits. They have low gradients and meander-
ing courses, so may be considered as streams in old age. .

rainageways entering the main streams usually drain from 80
to 2,000 acres. They normally carry water only from storm Tunoff, -
although they may flow for prolonged periods in times of excessive
rninfnl%. These branches are generally mature, having wide, mean-
dering channels containing deposits of silt. The smaller branches,
however, have steeper gradients and are in reality V-shaped depres-
sions with side slopes of 10 to 20 percent. They are generally tim-
bered, and are quite numerous slong the hills adjacent to the flat
hottoms of the main streams.

In the upper parts of the medium to Inrge branches, there is a
transition to what is locally known as & ravine. This section is
characterized by relatively stecp banks which are close enough
together to confine most of the storm runoff to a definite channel.
The banks arc generally grassed or timbered. The channels have a
fairly uniform gradient of 1% to 24 percent, except in the uwpper
reaches where the gradient becomes steep and blends into the originally
grassed depression of the field drainageways. Tho drainage area
of the ravine is generally from 30 to 200 acres.

Away from the wmin streams the topography is less rough and
broken. Long, wide ridges slope into broad, concave, or saucer-
shaped depressions which are the ficld drainageways. The slopes
range from 5 to 15 percent.

Breaking of the native sod for cultivation included the destruction
of the majority of the grassed ficld drainageways. The subsequent
erosion resulted in deepening silt deposits in the ravine, which, when
coupled with their steeper upper-end gradients, has produced over-
falls which range up to 20 feet in depth and which progress upstream
as much as 15 fect per year. Field drainageways entering the ravine
below these overfalls have also developed overfalls.

Cultivation without regard to vcrosion las eventualiy led to the
formation of bhillside gullies. They have often been formed from
furrows, wagon or implement whedl tracks, or eattle paths. These
hiliside guliies develop steep gradients and steep unvegetated sides. -
Often they are not connected with ravines or branches below by
active gully erosion. Tn the advanced stage they have eaten back
to within 20 to 30 feet of the crest of the hill, and represent the last
stage of severe sheet and gully crosion. These gullies generally
dram less than 4 acres.

The acrial view of the central portion of the Big Creek watershed
just north of Bethany, Mo., presented in figure 3, illustrates the
topography of the problem area, of which this watershed is typical.

Precupitation.—The problem area has an average annual precipi-
tation of 30 to 40 inches, average spring precipitation of 8§ to 14 inches,
summer precipitation of 10 to 14 inches, fall precipitation of 8 to 10
inches, and winter precipitation of 2 (o 6 inches (34). Precipitation
at Bethany has averaged 34.18 inches per year during the past 51
years. A rainfall of 34.18 inches or greater occurred in 47 percent
of the years. Table 1 has been prepared from vecords of the weather
bureau at Bethany, and shows {he average rainfall for each month
of the year, and for cach year, in addition to frequency distribution
of different amounts for each month of the year, and for the year,
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§ A study of table 1 will reveal definite rainfall characteristics for

- éach month of the year. December, January, and February have on
the average about equal rainfall. An appreciable increase in the
monthly reinfall begins in March and contirues through April, May,

~a.

Ficore 3.—An aerial view of the central part of the Big Creek watershed
corth of Bethany, Mo.

and June.. Juns has the greatest rainfall.  July rainfall is appreciably
less than June, with August and September rainfall about equal, but
" greater than July. Rainfall drops off appreciably in each of the re-
maining months of the year. :




TasLe 1. —Frequency of occurrence of different-amounts of annual and monthly precipilation for the 51-year period 1390 to 1940, Bethany, Ma.
Y . DISTRIBUTION OF ANNUAL PRECIPITATION :

Cases in ‘which precipitation amounted to—

20.00 to | 22.50 to | 25,00 to- | 27.50 to | 30.00 to | 32.50 to | 35.00 to { 37.50 to | 40.00 to [ 42.50 to | 45.00.t0 | 47.50 to| 50.00'to | 52.50 to Mean
22,40 24,99 27.49 20.99 32,49 34.99 37.49 30.09 42,49 44.99 47.40 49.09 52.49 54.99 precipi-

51-year period inches inches'{ inches inches inches inches inches inches inches inches inches inches inclies inches tation

G———CF~—$COCT9

Number | Number | Number Nuinber ! Number | Numbier | Number | Nuwmber | Number | Number | Number | Number | Number Number | - Inches
2 -1 8 3 i 7 6 8 2 6 2 0 1 1 2 34.18

DISTRIBUTION OF MONTHLY PRECIPITATION

Cases in which precipitation amounted to—

Month 0.00 to | 1.00to | 2.00t0 | 3.00t0 | 4.00t0 | 5. 600to | 70010 | 800t | 9.00 k0 | 10: 11.00 to { 1200 Lo | 13.00 to | 14.00t6 | Mean
: 0.99 1.99- 2.99 3.99 4.99 5.99 6.99 7.99 8.90 9.99 10.99 119 12,99 13, 14,90: | precipi-
inches |“inches | inches | inches | inches ! inches § inehes | inchies | inches | inches | iriches | inches | inches inches | tation

, ; . }
Numlf,er Numbir Number { Number | Number | Number  Number _NumberiNumbcr Nuwmber | Number } Number | Number Number | Inches
1 7 3 i : - . 1.21
1.28

T anuhry,
Fehruary.. 21 5
March.._ 6
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Rainfall intensity is of utmost importance in its offect on runeff
and soil logs. The maximum amounts of rainfall for periods of &,-
10-, 15-, and 30-minute periods and 1 and 2 hours, that may be ex-
Pected to occur once in 2, 5, 10, 25, 50, and 100 years, and the maxi-
mum precipitations for 4, 8, 16, and 24 hours expected to oceur once
in 5, 10,25, 50, and 100 years for Bethany, Mo., were calculated from

Yarnell's isohyctal map {84).

© The amount of rainfall to be expected lor various intensity and
frequency periods is not constant throughout the area, although the
variation is not great. The variation tn amount of rainfail in the
problem area for any intensity and frequency period is not more that
6 percent from that shown for Bethany. The amounts of rainfall for
the Kansas portion of the area are in general greater than those for
the Missouri-Towa portion. The greater amounts for the latler por-
tion are in general in the southern, or Misssouri, part. A tabulation
of the approximale number of excessive rain storms ® that oceurred
in the problem aren during a 30-year period, by months, shows a
gradual ingrease from January until Junc, :

Month: Nituther of storms ] Aol h: Number uf xor s
Junuary. . . . A 0 July oL
Febrnauey. .. . 0= Augusl..__._. . .

March. ... wee 3410 Feplember
Apnil..__. _ .. .. ceo. Bl Qetober_ .. ... ..
Mav_.. .. - 2030 November_.__ ., . __..
June,.. ., C e 4060 Peeombor

Appendix table 76 gives the total amounts and duration of precipita-

tion at Bethany, Mo., by calendar months for the 10-year period

193241,

During the 35 years of record the annual average snowfall for
Bethany was 23 inches. Snow lias fallen in all but the 3 summer
months and September. The highest average snowfall, of 6.2 inches,
oceurred in February, followed closely by the January average of 5.5
inches, and by December with 4.3 inches and March 3.6 inches.

Temperature~—The known effects of Lemperature on erosion arve
less apparent than that of rainfall, and can be considered only in
connection with variables that atlect gencral agricultural practices,
vegetative cover, and soil moisture. Average monthly temperalures
and the frequency of oceurrence of different monthly aAverages since
1893 are presented in table 2. These data arve from United States
Weather Bureau publications,  January is the coldest month of the
year and July the hottest, although considerable varintion may be
experienced i these months,  For certain individual years January
has been as warm or warmer than March or November, and Se ptember
has been as hol, or hotter than July or August.

A study of Weather Bureau records from 1890 to 1941 shows that
the first killing frosts have occurred between September 12 and
November 2 and the last killing frosts have occurred botween March
24 and May 27. The length of the growing season has ranged from
115 to 213 days; the average length being about 166 days. Table 3
- shows the frequency of occurrence of dates of the first and last killing
frosts, and the different length of growing seasons for the period.

* An pxcessive roin 1 defined by the Wenther Bureni as o storm iu which the tmount of ratnfall in inches
for any gtven time period, ¢, in minutes exceeds 0.0 140,50,
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TaBLE 2—Frequency of occurrence of différenit niean monthly temperatures for the 51-year period 1890-1940,% Bethany, Mo.

Frequeney distribution of monthly mean tempersture (°F,)

N - Mean
{ i ; ! i | i ! i i monthly
i I3 1 f ar fg [ Yohe [ - tempera-
P00~ | 150- § 20.0- | 250- | 30.0- | 35.0- | 40.0~ | 450~ A00- . 550~ | 60.0- | GAb- o0~ 4 75.0- | 80.0- 1 85.0- ture (OF.)
; 14.9 i 19,9 249 209 | 349 r 309 | 449 ] 4990 59 ;808 0 6L9 | 609 I TR 0y §4.9 80.9 .
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The present-day effects of wind are largely secondary. Dust
storms were unknown to early settlers. During exceedingly dry
. periods traces of soil movement by wind have been noticeable in

_ cultivated fields, but the cffects were of little importance. Hot, dry
‘winds during the early summer months often reduce the moisture of
the soil und leave it receptive to later rainfall. High winds, com-
mon during March, are less effective in this respect because of the
lower prevailing temperatures.

TanLe 3.—Frequancy of occurrence of deles of first and last killing frosts, by week
periods and length of growing season

Last kiliing frost b spring First killing feost in fald M"gtgc::ioi‘;:““'i“g

Period Cuses Poriad Cuses Rauge Cazes

Nuwiler Trigx Nuwidier
Alar, H-31 3 mrmmnua ! Hi-1

Apr. 1=, .- F . ! 125=1314
Apr, B-1: i & i 5144
Apr, . 7 g [¢] E 145-154
Apr, 2294 . 2 . 1535104
Apr. Yo-Moy 5. . i 135-174
Alay 412 i 48 L i i 178184
May 14-20 .. et th % - i I1d5=104
Moy ‘31‘—2&._....__._.-___,..-.‘_i . [ P
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Enosion avp Runorr Histony

Settiemoent of north-central Missouri, included in the Shelby loam
and agsociuted soils area, began about 1836G. Settlement in gencral
followed construclion of the railroads, bub was slow until immedi-
ately before the Civil War, The arez in farms in 1880 was about
84 percent of the maximum which was reached in 1900. Assuming
that the average dute of settlement of the arean was some time between
1860 and 1880, much of the land would have been under cultivaiion
for about 70 years at the time of the reconnaissance erosion survey
in 1934. Calculations based on this survey showed 5 inches of sur-
face soil gone from an original 10 inches, in five Shetby-Grundy-sotls
counties of Missouri, and a little over 4 inches of surface soil lost
from an original 8 incles in soven Shelby-Lindley-soils counties in
Missouri. Thus, in 70 years of farming, approximately onc-half of
the surface soil had been lost by erosion, or on the average 4.7 percent
of the surface soil was lost cach year.

Reconnaissance crosion surveys were made in 1934 by the different
States in cooperation with the Soil Ervosion Service. Detailed results
of the surveys for that portion of the avea lying in Missouri and Towa
may be found in reports of the Missouri and Iowa agricultural experi-
ment stations (1) (29). Figure 5 {p. 25) shows the extent of different
classes of crosion as determmined by these survoys. Results of the
surveys for a group of courntics in the Missouri-lowa section, typical
- of the Shelby-Grundy soils, and another typical of the Shelby-Lindley
soils, are shown In tablo 4. -

Loss of topsoit and gullying have been more severe on the Shelby-
Lindley soils than on the Shelby-Grundy, Table 4 also shows the
area percentages for the different crosion classes for the remainder of
Missouri. Reducing these figures to the average percentage of the
top soil remaining shows that the Shelby-Grundy counties have lost
50 percent of the topsoil, the Shelby-Lindley group 53 percent, and
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the other scetions of the State 35 percent. Serious and severs gullying
is also much greater on the Shelby and nssociated soils than on the
other soils of the State. For the Shelby-Grundy counties about, 51
percent of the area is affected by serious ind severe gullying, while on
the Shelby-Lindley group approximately 71 pereent is affected, bat on
the other soils of the State only 18 pereent is severely gullied.  Gully
crosion does not precede but closely follows extended sheet crosion.

Tanue 4. —Exient and degree of erosion in 2 groups of eounties typical of the soils of
the Misseuri portion of the problem area of Shelby loam and relaied soils,! expressed
as percentages of farm acrenges

SHELBY-GRUNDY 8011

Ervsion elasy

ApPDrox- 3
itriate tolal Serigus sheel erosion

farm - 3
nereage ?l?i:"l‘i‘tt;l Madeeate 2 - cfocs‘igfi
ATonlernie Soerions

midlying ' | osllying $

County

Aerex Pereeni Fercent Percent Fereent Pereent
16§, W) ki ! 2.
S0, 0 k¥
N35, (NN
A6, 1)
b, 000

1, 50, D600 i

SUELBY-LINDLEY SOLL

281, 000
308, 000
HI0, )
415 000 i
107, 00 |
375, 000 |
523, 000 §

! 2, 525, 000 |
1 t

[

15 e g 6 S G
RESEEET

[ =TT =T N

[

8

OTHER S0MLE

Remaining counties of the
1 R 11 0 [ 6 .1} L8 291 25,5 16,4 1.0

1 The counties of {he first group are Ly pical of the Shelby-Grundy soil, which predominates in the western
marl of Missourl; these of the secomd graup represent che Shelby-Lindiey soil in the eustern part of the State,

! 80 or more pereent of the surface soil remaining.

160 to 80 pereent of the strfaee soil remaining, with ocessionnl gollying.

1430 o (0 porcent of the surfice 56il retnining, with mnderate pullying.

# 40 16 60 Dercent of the surfiee soil remnining, with serloug gullying,

;Lcssithnn 40 pereent of the snrfage sail remaining, with spvere gullying; practically unfit for furthee
coliivntion,

The amount, intensity, and distribution of rainfali, all affect erosion,
although the effect of intensity is probably greater than that of dis-
tribution or amount, as has been shown by Neal (20). Erosion due
to concentrated rainfall at the times when vegetative cover is absent is
Lhie result of man’s mismanagement and not the fault of vegetation.
When undisturbed, natural vegetation provides maximum protection
during all the year.

Yarnell’s rainfall intensity-frequency maps (34) show that the
Bethany area is located fairly close to the arcas of maximum inten-
sities as reported by Meyer {14), and they have divided the United
States into areas of similar rainfall intensities, This problem area is
located in group 2. Group 1 has the greatest intensities, although for
the shorter time periods and less frequent storms. There is litile
difference in the rainfall intensities for the two groups.
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The rate of soil loss increases at an aceelerated rate with increase in -
degree of slope, This has been shown by Duley and Hays (8),
Diseker and Yoder (7), and Neal (20). This increased rate is of major
importance for slopes above 4 or 5 percent. The same principle
applies to length of slope, although in'gencral the shorter slopes arc
associnted with those of greater steepness.  Slopes in the problem avea
range from 5 to 20 pereent, the average being about 8 percent. Length
of slope ranges from 200 to 1,000 feet, although runoft seldom travels
over 400 {eet before it reaches o definite depression or walerway.
From a topographic aspeet, the area is not the most difficult of he
agricultural areas in the Nation, but rather close to that extreme.

Soil structure and infiltralion capacity largely measure a soil’s
abiliky to resist crosion. ‘The soil of the problemn area has a satisfactory
structure, but a limited infiltration capucity. As noted in the section
on soils, the surface layer is relatively shallow and is underdain by a
rather impervious cloy subsoil, although it is not impervious to the
same degree as the claypan soils. The minimum infiltration rate for
the Shelby has been reported by Musgrave (18) us about 0.1 inch per
hour, whereas that of the Marshall is about 0.7 inch per hour, and
that of the claypan soils 0.02 inch per hour. The problem aren is
largely agricultural. In early times there were o fow small lumber
enterprises. Coul has been mined tn parts of the area, although not
on & commercial basis beyond supplying loeal demands.

Ten countics were selected 1 whieh the Shelby-Grundy soils
predominited, end 9 in which the Shelby-Lindley soils predominated,
for a study of cropping practices on the average farm. Only those
counties were selected in which Grundy silt loam, Shelby losm, and
Lindley loamn represented over 70 pereent of all the soils of the county.
The pereentage distribution of these soils in the counties (I7) s
shown in table 5. '

Census reports of 1880, 1910, 1826, 1930, and 1940 were utilized
as the source of statistics to show puast and present trends in the
gencral [arming operations, Data for 1880, 1910, and 1920 are re-
ported in table 6, and for 1930 and 1940 in table 7, as census figures
from the different reports are not dircetly comparable,

TanLg S.—Areas of various solls {n 2 groups of counties representing typical soils
secfions of the problem area, eipressed as perceatuges of tolul arcas of the couniics |
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TABLE 6.—Farm trends after couniies 85 percent setéled, befare und after fivst world war

Shelby-Grundy sgils Bhelhy-Lindley solls
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Tanuy 7—Farm trends for the period 193040
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The number of farms in 1880 vrus 2bout 85 percent of those recorded
for 1900. By 1910 the number had declined and the decline has
continied, but the nereage per farm has slowly increased since 1880,
Between the two groups of counties, more infensive cultivation was
practiced on the Shelby-Grundy group. This is shown by the greater
crop aren and the smaller proportion of pasture and timber lands on
the Shetby-Grundy group. The main livestock difference js the
larger number of hogs on the Shelby-Grundy farms and the large
number of sheep on the Shelby-Lindley farms.
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Figure 4.— Contour map of the 8ol and Water Conservation Ixperiment Station
near Belhany, Mo, Lefore installation of oexperiments. {Elevation data
assumed on this and other mwaps.)

Corn acreage, contrary to what has often been assumed, did not
increase appreciably during the first world war, but remained rela-
tively constant until after 1930 and before 1940 when reductions of
29 and 27 percent in acreage were made for the two groups. During
the first world war the acreage of small grain, particularly whent.
incrensed about 150 percent. Accompanying this Increase in small

rain was an increase in cultivated ncreage and a reduction in meadow,

he increase in crop acreage was accompanied by an increase in farm
size and decrease in pasture lands.  Acreages of sorghum for grain and
soybeans increased several fold during the pepiod. Lespedezs In-
creased fromn almost nothing In 1830 fo abouf 5 acres per farm’in
1940 on the Missouri farms of the groups.

Marked improvement in land use was made during 193040,
although much remains to be done. Statistics indicate better land
use on the Shelby-Lindley group, although this is probably offset by
the more crisical aspects of soil and topography. The kinds of crops
grown are aboub the same for the two groups, although the percentage
of crop acreage is about 33 pereent more on the Shelby-Grundy group
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than on the Shelby-Lindley group. The ratio of small-grain and
meadow land to cornland indicates that corn is grown continuously
year after year on an appreciable acreage. '

THEY STATION FARM

Originally the station consisted of 220 acres, the central part of an
old livestock farm. In 1936 an additional 80 acres adjacent to the
southwest part of the farm were added. ’

The soil and topography of the farm in 1930 were characteristic
of the better ngricultural land of the problem area. Both soil and
topographic surveys were made prior to detailed planning of the
investigational work. The original contour map is given in figure 4
and the soil type boundaries are shown in figure 5. The 80-2cre
addition to the station made in 1936 is shown on both maps.
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Ficure 5.—Soil map of the Soil and Water Conscrvation Ixperiment Station
near Bethany, Mo.
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"The soil at the station is largely Shelby with the main ridges capped
with Grundy, and material washed from the uplands occupying the
drainageways. On the 80-acre addition to the station the areas of
Grundy equal those of Shelby. The shailower soil is in the north-
east and southwest parts of the original station, whick bad bean in
cultivation for 35 to 40 years prior to 1930, and on the Shelby soil
sections of the 80-acre addition. Only in these ficlds was there
exgosed subsoil.

lopes up to 16 perceat are on either side of ravine C, and also on

- the southwest side of ravine B. On the other areas of Sheiby soil the

slopes vary from 5 to 10 percent, with the average about § percent.

Three ravines had cut inte the farm, with a fourth depression at the
line fence crossing the southwest drainagewny.

The agriculture practiced on the farm prior to 1930 was typical of
the better agricultural land of the problem avea. The section north-
west of the fecd barn, which is n the centor of the farm, was in
virgin blucgrass pasture when the station was acquired. The small
field cast of the farmhouse and the irrogular aven cast of the feed barn
were also in virgin pasture.  The portions south and east of the feed
barn in the center of the {urm had been in cultivation only 4 to 5
years before 1930. The fields south and west of the {eed barn and
the fields north and east of the pond had been cropped continuously
for 35 to 40 years and the most severs gully formation had occurred
in these fields. The 80-acre addition to the station fiacl been in
cultivation for an extended period before acquisition by the station.

PURPOSE AND PLAN OF EXPERIMENTS

The experimental planning for the station resulted in the establish-
ment of the different studics shown on the map of the station (fg. 6).
The studies shown represent the maximum development of the sta-
tion, which was reached in 1938,

METHODS 0¥ INVESTIGATIONS

The investigations have been conducted on plots, individual ferraces,
terraced watersheds, natural watersheds, and gullics under various
experimental conditions, subject to nafural conditions of rainfall,
temperature, and wind. The cffects of these conditions were deter-
mined by measurements of soil and water losses, clevation reading,
observation, crop yields, and pictures. The soil snd water loss.
measuremetits were made by various devices, depending on the size
and type of srea under study.

Plots—Two types of plots were employed al the station. The
plots of the first type are swrrounded by steel border plates and range
in size from 0.01 to 0.03 acre; the plots of scries 1, 2, and 3 are of this
type. The others are surrounded by dykes or ridges of earth, and
vary from 0.05 to 0.34 acre; the plots of series 5, 9, and 15 ave of this
type. The plots of each series are immediately adjacent to each
other without plot borders, and are installed on aveas that have
- slopes and depths of soil as nearly uniform as possible from the top
. to the bottom of the plots. A description of each plot and cultural
treatment is given in Appendix, table 50.

The plots of series 1, known as the contral plots, have a catchment
" basin of concrete large onough to hold the greatest amount of surface
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runoff expected in any 24-hour period at the lower end of each plat.
The plots of the other series (2, 3, 5, 8, and 15) are equipped with
studge tanks, multislot divisor units, and silt-catchment tanks at the
lower end of each plot. The fank equipment was designed to hold
a maximum of about 7 inches of surface runoff.

Terraces—The terraces were of various designs, for studies of
spucing, grade, length, cross section, crop rotations, construction,
and farming methods. A description of each terrace is given in
Appendix, table 51.

Measurements of amount and rate of runoff and soil loss from indi-
vidual terraces were made by means of Parshall flumes with float
water-stage recorders and sludge boxes with Ramser siit samplers
mstalled at the outlet end of cach terrace.

The silt samplers at the lower edge of cach sludge box were tested
for securacy during 1931, 1932, and 1933, by securing simultaneous
samples from the weir of the silt box and the outlet of the sampler
during runoff periods. TFrom these tests correction factors were
determined and used in the caleulation of soil loss as messured by
this type of equipment.

Field watersheds—Neasuring cquipment for the field watersheds
was installed at the lower end of the fields, and dikes were estab-
tished along natural divides to define the walersheds without permit-
ting artificial concentration of runofl water. Where soil series vary
on & slope, the runoft from the upper portion was diverted from the
experimental area below by means of ferraces on diversion dikes:
'The measuring cquipment for & terraced watershed was installed a$
the end of the outlet to measure the losses irom the entire field.
Measurements are by Parshall flumes and Ramser silt samplers, the
same as for the individual ferraces, except larger in capacity. De-
scription of each watershed is given in the Appendix, table 52,

Other field areas have been formed under different conservation
systems to observe the practical operation of conservation methods
developed from the other studies.

Sampling methods and records.—In cleaning measuring cquipment
on the plots, the silted water above the more dense sludge was volume
measured, sampled, and drained. Samples were secured from the
silted water in each tank and any sludge in a tank was weighed and
samples secured. A similar procedure was fellowed for the terraces
and watersheds, except that the sludge was measured by volume,
when of such an amount that weighing was impractical.

In the laboratory, the samples were weighed and dried, and the
percent of dry matter ealculated.

Records covered dates of soil treatments, cuitural operations, crop
vields, and observations for all experimental fields and aress. Cost
and maintenance records and observations of performance were slso
secured for gully control structures. Photographs were taken when
physical evidence was present.

‘THE INVESTICATIONS

Control plot study.—All of the 10 original soil erosion stations in-
stalled a set of plots for the purpose of studying the effects of various
crops and cuitursl practices on erosion. On the Bethany station
these plois are designated as plot series 1 to 10, inclusive. :
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Liffeets of erosion on crop production—This study compared the .
productivity of normal and desurfaced soils under various crops
and cropping treatments. Data are from plot series 2 and 3. Data
are also given to show the variations of corn yield with depth of
surface soil for a terraced field on the station and from several farm
fields north of Bethany, Me,

Meteorological studies—Neteorological data were secured for the
purpose of studying weather effects on soil and water loss, and as
supplemental data for soil and water loss measurements and observa-
tional data from the various experimental areas. Rate, amount, and
.distribution of rain and snow were secured, and also daily maximum
and minimum temperatures. During the last few years, wind
velocity measurements were secured. ;

Soil studies.—Soll-chemistry studies have ineluded the effects of
soil treatments and organic matter on soil and water losses and crop

ields. The effects of erosion on fertility chianges as measured by

aboratory analyses of soil samples are reported. Duta are from plots
of series 1, 2, and 3.

Physical measurements hiave been made on typical profile samples.
The effects of soil moisture, loss of topsotl, and tillage practices, on
soil and water loss are also reported. Data ave from series 1, 2, and 8.
= Data secured from terraced fields on the station and from several
farms on the Big Creck watershed, north of Bethany, show the rela-
tionship between corn yields and depths of surface soil.

Vegetation studies.—Vegetation studies have included the canopy
interception crops, the effects of vegetation on runoff velocity, meth-
ods of esteblishing meadows, the soil and water loss from various
crops end cropping systems, the effect of intensity of grazing on soil
and water loss and production, and n limited study on the effects of
vegetation on soil properties. Data are from plot series 1, 2, 3, 9,
H terraces, and watersheds D-3 and pasture B.

Topograply —Evaluation of the influence of length of slope on
erosion was made by comparing runoff and soil loss from slopes of
different lengths under various eropping conditions. Data are from
plot series 1 and 15. Rainfall simulator studies were made to deter-
mine the effect of length and degree of slope on runcff and erosion.
Laboratory tests with fine sand were made to measure rate and density
of runoff from slopes of different degrees. Data from topographic
mapping and surface-soil-depth readings from several fields of Shelby
and Murshall soils are shown and discussed.

Supporting conservalion practices—A large part of the field work
at the station has been devoted to a study of terracing. The different
phases studied were construction, size and shape, soil movemen: on
terraced slopes, maintenance and farming, vertical spacing on moder-
ate and steep slopes, channel grades, length, overtopping, and outlets.

Rotation sirip cropping has been studied by observation on field
areas and with measurements of soil and water loss on 6 plots and one
watershed. The plots, known as series 5, ure operated so that each
crop of the votation is on a check plot and is slso in each of the three
possible positions on the strip-crop plots, each year. The watershed
on which rotational strip cropping bhas been praciiced is known as
TJ-1.

Contour tillage on terraces, watersheds, and plols, has been studied
as to its effect on soil and waier losses, Direct comparisons were
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possible for the watershed data, although adjustments for physical
varistions were necossary on the terrace and plot dats before com-
parisons could be made. Data are from plot series 1, 5, and 15, .
terraced fields N and G in 1931, and watershed D-1 and D-3.

Contour-furrow data from watershed pasture C in comparison to
natural pasture B and terraced pasture A are reported.

Field trial of soil conservation practices~—Rotation strip cropping
with diversions and terraces has been studied on field nreas snd also
buffer strip cropping, alone, with wide-spaced terraces, and on the
slope below a series of terraces. Three of these fields have been oper-
ated together with livestock to study the prrctical problems involved.
Fields utilized are L, F, P, and Q.

Reclamnation of severely eroded land.—Several plots of sories 2 were
artificially eroded to the subsoil to study the effect of crops, cropping -
systems, soil treatments and cultivation on soil and water loss for
Shelby subsoil. Field trinl of the study was applied to seriously
eroded field G-1, on which the effect of terracing, soil treatments, and
cropping was observed. '

Water-disposal studies—Vegetation studies in field drainageways,
terrace outlets, and gullies on the station have included observations
of methods of establishing different grasses, legumes, and trees, also
of their adaptability te protective use. Sod structures, including strip
checks, hump dams, sod-bag barriers, and sod flumes were used.

Structures for water disposal were studied from the standpoint of
adaptability, first cost, maintenance, and durability. Installations
included: Wire and hrush checks; wood, sheet metal, asphalt, and rock-
masonty dams; concrete spillways; detention reservoirs; and drop-inlet
dams; farm ponds; tile drainage of silt deposits in ravines; tile and sod
channel linings; aned diversion dikes.

Hydraulic characteristics of bluegrass torrace outlets have been
studied on 5Y¥-pereent (D-2 outlet}, and 12-percent (G outlet) slopes .
by measuring cunoff from natural storms. A similar study was made
of terrace channel 4-1. _

Watershed studies.—Rate and amount of runoff and soil loss have -
been seeured from § watersheds. Three watersheds are in bluegrass
pasture, one natural (Pa—B), one terraced (Pa-A), and one contour fur-
rowed (Pa-C). Of the 5 cultivated watersheds, D2 is terraced, D-1
contour tilied, D-3 uncontrolled, 1-38 in annual rotation and con-
toured, and IJ-1 in rolation and strip cropped.

Rainfall simulator studies—In 1936 and 1937 a rainfall simulator
apparatus was designed and constructed at the station for o plot 6 feet
wide and 72.6 feet long. Tests were made on bluegrass sod for differ-
ent moisture contents of the soil, and at different rates of application.
Later the sod was replaced by an equivalent depth of surface soil
from & cultivated field and similar tests performed.

RESULTS AND DISCUSSION OF THE INVESTIGATIONS

Errect oF Erosion ox Cror ProbucTiON

By observation it ias been evident for many years that the yield as
well as the quality of erops decrensed on Shelby soil as more and more
of the surface soil was lost. .

The basic reason for the decrease in productivity with loss of surface
oil has been the difference in the fertility of the soil lost and the sub-




v Ny 7

Floure 7.—Plot serivs 3, growth of onts on surface soil unlreated {left), sub-
soil untreated {middie), and subsoil treated (right).

soil that is consequently broughf into the plow layer from below.
After the top 4 to 6 inchies is removed on this soil, plowing mixes sub-
soil with the remaining surface soil.  The Shelby subsoil is extremely
low in organic matter and nitrogen as reported by Middleton, Slater,
and Byers (15) and recorded in table 8.

Comparisons of crop yields on surface and subsoil are available on
the station. Table 9 gives three comparisons of yiclds from com, oats,
and meadow rotations wilth and without trealment.,  In the first com-
parison of an untreated rotation of corn, oats, and 2-year meadow, the
oat yicld and second-year meadow yield were four times as large on
surface soil as on subsoil of the desurfaced plot.  The difference in the
growth of outs on these plots is shown in figure 7.

Tanrne 8, —Orguuic metter aud nitrogen content In the Shelby soil profile
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In the second comparison, with treatment, the spread bebtween
yields was not as greab as on untreated plots, but i was still apprecia-
Iy larger on surface soil. Where 8 tous per acre of barnyard manure
was applied before corn, in the last comparison, it should be noted that
the mendow crop was sacrificed on the subsoil. Even here, the ecorn
yield was over twice as large on swrface soil as on the desurfaced plot.




TABLE 9.—Crop yiclds Jrome normal and desurfaced shelby loam with and withoul reatment Jor the 12-year period 1931-42

Plot-designation

Cropping system

Soil treatment

Years

'
{
H

i
|
i
*

Yield per pere

i
b
i

Grain

Forage

Normal
soll

Desur-
faced
s0il

Desur-
faced
soil

Normal
soil

Plot series 2; Plot 1, normal;
plot 2, desurfaced,

Plot serics 3: Plot 8, normal.
Plot, serits 2: Plot, desur-
faced,

Tlot series 3; Plot 2, normal_

Plot series 2: Plot 6 doesur-
faced,

4-year rotation of corn, onts,
clover with timothy, and
clover with timgthy,

d-year rotation of corn, outs,
and clover with imothy,

g-yenr rotation of corn, onts,
and clover with timothy,

3-year rotation of vorn, oats |

with sweetelover

plowed
under,

1

None_........

Lime; 180 pounds 20-percent phosphate

per acre, drilfed with oats.

drilled with oats.

‘Nt mber
3

i Lime; 188 pounds 4~12-4 ferfilizer per acre,

i

Lime; 180 pounds 20-pereent phosphate ‘
per acre on onts; 8 Lons manure per acre |
on c¢orn;. cornstalks and second clover

crop under,

Lime; 18§ pounds 20-percent, phosphate per
acre on oats; § tons manure and sweet- |
clover plowed under hefore corn; corn- !

stalks removed,

First-year mendow. .
Second-year  mea-

Meado

Bushels
14.3

Bushels 1 Tons
i - 117

.30

! No-eorn yields in 2 of the 8 yeor

2 Plowed under.

8, 1034 and 1038, beeause of droughts and insect damagoe.
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For the past 3 years the station has pursued a study of crop yicld
‘and soil fertility in collaboration with the Operaiions Division on
the Big Creek Watershed (27). Fields on which the past history has
been obtained have been studied to determine the relationship be-

 tween surface-soil depth, organic-matter content, and corn yields.
Figure 8 shows a summary of the results for 1938, A close relation-
ship between organic-matter content, deplh of surface soil; and crop
vield is apparent.

In the fall of 1940, corn yields were secured from a sirip 100 feet
wide over three experimental terraces on the station, s reported by
Zingg snd Whitt (39). One of the objectives was to compare the

' i"ileld of corn on terraced land with the variation in surface-soil depti:,
igure 8 shows the relationship between soil depth and corn yield.
The yield of corn increased with depth of surface soil, regardless of its
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Fiours 8.—S8oil depih, organic-matier content, and eorn yield from 4 fields of

Shelby loam soil in the Soil Conservation Serviee demonsiralion project norlh
of Bethany, Mo.

location on the terrace, to surface-soil depths up to 1 foot. Soil
depths over 1 foot were found in the terrace ridge onty, and & decline
in yield was noted for these greater depths.  This decline may very
likely be atiributed to a moisture deficiency in the teirace ridge.

It seems conclusive that crop yields are affected dircctly by surface-
soil depths on the Shelby soil. - Whether ihe soil is lost from the
field by erosion or manipulated in the construetion of terraces, the
effect is the same. 1t seems clear, therefore, that to maintain yields
the surface soil with its supply of organic matier must be conserved.

Conrrot Pror STUDIES

The 10 original soil conservation experiment stations each had a
group of plots installed for the purpose of studying the effects of var-
ous crops, length of slope, fertilizer treatment and loss of topsoil on
soil and water loss. The)‘f were patterned somewhat after the plots
installed in 1917 by M. I!. Miller and F. L. Duley of the Missouri
Agricultural Experiment Station.
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INVESTIGATIONS IN EROSION CONTROL

. Ten plots known as control plots and identified as plot series 1 were
installed on the Bethany Station in 1930 (fig. 9). Official records
began January 1, 1931. The cropping system and specifications of
the plots are given in Appendix, table 50. The ares on which they
were installed had been cropped approximately 35 years prior to the
establishment of the study and about 7 inches of surface soll remained.
A detailed study of soil profiles from the plots has been reported by
Middleton, Slater, and Byers (15, 16).

Soil treatments with lime and lertilizer reduced both the soil and
water loss over no treatment in the 3-year rotation. Border effect

sy

Freune 9.—The conlrol plois, numbered from 1 to 10, iefl to right.

of alfalia lying adjacent to the treated plot undoubtedly minimized
the effeet of treatment,

Under bare fallow condilions, the subsoil eroded at & rate some-
what Jower than surface soil.  This has been explained on the basis
of the diflerences in soil struclure. The fact thab subsoil erodes at
o higher rate than surface soil under crop conditions is in part due
to the difference in the density of vegetation the two soils will support.

The loss of surface soil from land in corn on plot 2, planted up and
dowun the hill, which occurred ab a rate of 7 nches in less than 20
years makes 1t casy to understund the scriously croded condition of
many land aress in this soils region ab the time of the reconnaissance
crosion survey in 1933. This plot is only 72.6 feet long, or approxi-
mately equal to the horizontal spacing between terraces on an 8-per-
cent slope. Likewise, the saving attained by the use of a rotation,
even while the land is in corn, is illustrated in figure 10 by data for
corn over its 5.5-month season on plots 2, 3, 4, and 5. *Over twice
as much soil was lost from corn following corn during this period as
from rotation corn, or corn following meadow.

15654 —45—2
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Breens 10—2Average anmual runoll and soil Jass for the 10-vowr poriod 1931410,
from the eontrol plots which are of Shethy lonm soil.

These plots were under study for the Wyear period 1931-40.
Measurements, in addition {o runoft and soil losses by individunl
stormis, included erop yielis, clevation readings, and collection of
soil samples for laboratory analyses. Supplementary information,
such as obscrvations of crop and soil condition, dates of seeding,
cultivaling and harvesting, have been collected and recorded in e
Appendix as an aid to interpreting the data,

Appendix tables 53, 54, and 55 give runoff and soil losscs by scasons.

A summary for the J0-year period showing the nverage annual
runoff and soil losses is shown graphically in figure 10.  Comparison
of plots 1 and 2 shows that the soil is lenving the long plot at a rate
L% times that of the plot which is half as long.  The water loss is
essentially the same from the two lengths. The reduction of soil
and water loss by the use of & rolation or close-growing crops, such
as alfalfa nnd bluegrass, is shown by these datn.

Mean height of corn.—Though corn height cannot be taken as a
direct measure of corn yield, it does give an indication of the pro-
ductivity ol the soil upon which 1lie crop is grown.  Height measure-
ments were made of all corn plants on the control plots {continuous
eorn and rokatien corn) for thic d-yoear period 1933-38, inclusive,
An average for each plot was caleulated for the readings seeured pach
week.  Height measurements were also secured for corn following
corn (plot B, scries 2) on subsoil.  The corn on subsoil was fertilinod
annually with 230 pounds per anere of 20-pereent superphosphate,
while the surface soil plots received no treatment.

The measurements showed thal the growth of coern following
meadow, was superior to the growth of annual corn for each of the
4 years in which height measurements were made. In the abhormal
year of 1934, when May, June, and July had only 34 pereent of the
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average vainfall for this period, all corn fired badly. That year,
corn on subsoil, with its slow early growth, exceeded corn grown an-
nually on surface soil the latter part of the season.  This was nttributed
to the fact that larger plants sufter more, with their greater water
requirement, in periods of drought than smaller plants growing on
subsoil. A paraliel condition has heen observed where lurge quanti-
ties of manure have been applied before corn,

The extremely wet spring of 1935 delayed corn planting until June
11, & month past the normal pianting time, Here the rates of growth
were in the descending order, rotation corn, corn annually on surface
soil, and corn annually on subsoil. ‘The rates of growth were in this
order again in 1836 when all plots sullered from high temperatures and
drought in June and July.

Crop yields—The crop vields on the control plots have been
somewhat erratic.  No horder area existed between plots, and soil
maotsture under some crops was affected by the vegetative growth on
adjaconl plots.  This effect was parlicularly noeliceable on the fer-
tilized rotatlion plot where alfaifa with its decp root system reduced the
available moisture under the crops on the adjucent plot 6. In dry
vears the corn on these plots suffered more from drought and het
winds than corn grown on field areas, since there were only {wo rows
ol corn on each plol,  On the fiekd avens (he damage was generally
more pronounced on Lhe border rows, Insect damage was also more
severe on the plots than en the fareer aress.

Table 10 gives the yield from the control plols for the 12-year
period 103142,

Tagin 10.--Crop wiclds on ronfral plol. serivs 1 for the L-year period 1831 42

¥iolid af eorn ared whne thasheds pee aever and teadow (ons per oeee)

Crap e m e n e e e — -
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Cormn
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Clover-t it by
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Wieat.
Clover-timathy
Corn
Wienk.
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Adfin .
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I'lot Now,

S AR g e e e A B0 e
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Ei'lmathy,
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Corn in the unfertilized rotation averaged 2.6 bushels more than corn
annually on plot 2. This included 5 vears when drought dumage was
severe on all cropped plots.

Fertilizer applicd on wheal in the 3-year rolation increased the
yield from 11.6 bushels per acre on plot 5, not treated, to 19.1 bushels
on plob 6, lrented. This inerease of 7.5 bushels of wheat more than
paid for the fertilizer tresiment., Plot |6 aulse received lime.  This
and the phosphate accounted for the average increase in clover and
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timothy meadow yield from 1.14 fo 1.52 tons per acre. From thesc
data, along with extensive observations on the Big Creek watershed
it seems conclusive that phosphate and lime are essentials for proper
management of the Shelby soil.

Alfalfs averaged 3.53 tons of hay per scre snnually for the 10-year
period 1931-40. The application of 250 pounds of 20-percent super-
phosphate per acre once in 3 years has resulted in good yields through-
out the peried. These yields were not ecqualled on similarly treated
field nreas during the sume period.

Changes in swrface confighration of plots~~~Each Mll, elevation read-
ings were seeured to delermine from what point on the plot soil had
been moved. They were procured by starting at the top of the plot
and taking five rendings across the plot at 10-foot intervals down the
slope.  All elevation veadings, including those of a sheet-metal-cov-
ered headwall at the lower end of each plot, were Laken with reference
to o permanent bench mark. The elevation readings showed that
the concentrating troughs at, the end of the plots did not remain sta-
tionary during the 10-year period, but raised as much as 0.19 foot
due to frost action.  Since they were not lowered each spring, & smail
amount of deposition occurred on the lower ends of the plots.

The 1940 elevalion line was plotied and adjusied vertieally so that
the cut equalled the deposition plus Uhe soil loss it the ends of the
plots.  This in effect corrected the difference hetween the lines due
to moisture differences at the time the readings were taken.  Swell-
ing and shrinking, which accompanies changes in moisture content
of the Shelby soil, had been found to eause a difference in elevation
of as much ag 0.2 fool in the scason as discussed by Waodruil (52).

The plots were spaded cach time from the upper end down.  This
caused some aceumulation of soil on (he upper ends of some of (he
plots that wers cullivaled.  Plats 1, 9, and 10 had soil losses amount-
ing Lo well over 500 tons per acre in the 10-year period.  This has
overcome Lhe cumulative effeel on the upper ends of these plots.

The greatest change in surface profile occurred on Mallow surface
goil, plot 9, with a cut of 826 tons per acre, Next in order were:
the lower half of plot 1, 145.2 Teet total length, in eorn annually; sub-
surface fallow plot 10; the upper hall of plot 1 followed by plot 2,
which is in corn annually, On plot 2 the cat was not as great as
that on the upper end ol long plot 1. This Hlustraics the effcel of
a fixed point at the end of the plots, indicaling clearly that the soil
loss figures for all plols are nol so high as they would be from a feld
section wilh identical specifications and management,

The plotted data for plots 3, 4, and 5 showed a deeper cut on the
upper end than on the lower portion.  This may have been duc to
moisture conditions which produced somewhat superior meadow on
the lower ends el the plots in some years. :

The change in the profiles of plots 7 and & in allalla and bluegrass,
respectively, has been slight.  Nlost of (he soil moved kas been de-
posited on the lower end of the plots with a total of only a ton and
a half of sail per acre being lost,

It was noted on nll the plols that the original slope was not uni-
form but was slightly convex. Soil movements which has occurred
has had the tendency to straighten out the slopes, although on the
plots with the greater losses, the fixed headwall at the Iower ends of
the plots has resulled in & concave shape by the end of the 10-year
period of operation.
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METEOROLOCICAL RECORDS

The total rainfall, its intensily and its distribution throughout
the year, are the principal factors ol interest int conservation plauning,

During the 10-vear period, 193140, the annuasl average precipi-
tation has been 28.5 inches. The amounts by months and years,
and their averages are given in table 11, A more delziled summary
eovering doralion, and inlensity of rainfoll, is given in Appendix,
table 77. A previous publication by Zingg 7 containg individual
storm dala from this loeation for the period 193340,

Annual amounts precipitation at Bethany, Moe. Tor the 5l-year
pertod 18901940 arve shown graphically in firrule 11. The highest
annual rainfall recorded was 53.52 inches in 1992, and the lowest
was 20172 inchies 1 1437,
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Superimposed on the graph is a 10-year moving average, with
the points plotted at i-year intervals, at the end of each 10-year
period. The average of 29.5 inches for the decade ending in 1940 is
much lower than that for any other 10-year period of record. The
decade encling in 1905 had an average of 37.5 inches, which is the
Iighest recorded. Tt is of interest that the peaks of greatest 10-year
rainfall are approximately 25 years apart. Likewise, the present
cycle of low rainfall amounts has oceurred approximately 25 years
after the previous logw.

The average maximum, minimum, and mean temperature for the
10-year period 1931-40 are given in table 12.

The distribution of temperature and amounts of rainfall by calendar
months for the 10-year period, 1931-40, are shown graphically in
relation to the 51-year average in figure 12. Average monthly
temperutures for the 10 years have exceeded the long-time sverage
for each of the 12 months of the year. Average monthly rainfall
for the 10-year period had its greatest departure from the long-time
average during the month of July., This midsummer depression
in rainfall during the month of July has also been rellected in small
amounts of runoft from all experiments.

While the distribution of average monthly rainfall amounts during
the 10-year period has heen irregular, the type of rainfall hes had
definite characteristics throughout the year. The peorcent of total
monthly precipitation, falling at rates equal to or greater than selected
intensities, is also shown in figure 12. The most intense rainfall
has occurred in June, July, and August, when approximately 60
percent of the total rainfall enme at a rate equal to or greater than
0.25 inch per hour., Ranfall became increasingly torrential from
February to June and less torrential with progression from August
to January. It will be scen that the pattern of rainfall intensity
follows temperature very closely.

The percent of total monthly precipitation occurring at rates equal
to or greater than 4.0 inches per howr has been almost constant from
April through September. These appear to be the months during
which protection of the soil [rom torrentiel rainfall must be provided
in_conservation planning.

Duting the 10-year period of measurements, six storus having an
mtensity-expectancy of onee in 2 years, four storms of once in 5 -
years, and one storm of vnee in 25 years have occurred as reported
by Yarnell (34).

The role of these 11 intense storms in the soil and water loss history
ol the station is imporbant” Losses from plot 2 of plot series 1, in
corn annually, illustrate this fact. Total rainfall from the 11 storm
periods was measured at 33,07 inches.  Of this rainfall, 18.67 inches,
or 56.5 percent, appeared as surface runoff.  Soil loss in runoff aggre-
gated 185 tons per acre. In comparison with data for the 10-year
peviod, this constituted 10.9 percent of the total rainfall, 22.8 percent
of the totad runofl and 36.3 percent of the total soil loss in runoff.
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SolL STuDIES

The character of the soil affcets runoff and erosion both directly
ahd indirectly. In general, the physical properties of the soil affect
soil and water loss directly. On the other hand, the chemical or
fertility properties have their main influence through the type and
density of vegetation the soil supports. It will be rceognized that
the chemical properties may, and in mosé cases do, have an influence
on the physical properties of the soil. This latter problem has not
been studied at this station, but the results of fertility treatments
and physical property studics are reported.

With the establishment of the control plots, series 1, a composite
of a typical profile of the soil was procured for a complete chemical
and physical analysis. In addition, composite samples of the profiles
of individual plots werc secured. Analyses of these samples were
made and reported by Middleton, Slater, and Byers (15, 18).

Fertilizer treatments—Two plots of scrics 1 were cropped to a 3-year
rotation of corn, wheat, red clover with timothy. Plot 5 reccived no
treatment. Plot 6 was limed with 3 tons per acrein 1930 and received
250 pounds per acre of 20 percent superphosphate fertilizer with the
whest. The treated plot was adjacent to the plot devoted to con-
tinuous allalfa. The boundary steel plate separating the plots was
not deep enough to prevent the alfalfa from using moisture from the
subsoil under the {reated plot. This resulted in relatively poor crop
growth on the side of the plot adjacent to the alfalfa, particularly
1 dry vears. This border cffect has upon occasion been reflected in
relatively high soil and water losses from the treated plot, in com<
partson with the untreated plot upon which the plent growth does
not compete with the alfalfa for moisture, The border effect in this
mstance assumes considerable importance due to tlie narvow 6-foot
width of the plots and the high ratio of border to total plot area.

Averages ol the data for the 10-year period, 1931-40, however,
show that the treated plot was superior to the unireated plot in
density of cover and yield of crops and also in reducing soil and water
losses. Table 13 summarizes thesc data for the period. It is logical
to assume that greater diflerences would occur if the comparison
were made on 2 field basis where border cffects tend to be negligible,

Obscrvations throughout the ares indicate that the lack of soil
fertility may make the difference between a crop and no crop.  For
example, fall-secded small grain is much more subject to winter-
kilbng if it is not ferdilized. Many cases of thin stands of small
grain and meadow on the Sheiby soil can be traced to a lack of lime
and phosphate.
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. TaBLE. 13 —Rainfall, runaff, soil loss, and crop yiclds from treuted conirel plol 6
and untrealed plot 3 on Shethy loam, 1951401
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TanLe Lb.—Rainfull, rueneff, soil foss, and crop yields from « plol recelving organic
malter additions and one receiving no organie waller treabinent 1032-411
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t Plots of serics 4, 008013 aere in sfze, 125 feet long, on an 5.0 pereent slope, “'he uptreated ot is plot
3, and Lhe trealed plot 5 plot 2. *I'he latter hadd ¥ tang per sere Darnyard manure and second clover crop
tarned ender before corn, ansd e gorn stalks remained on the plot, Both plots reeeived lime ot the rote
of 3 tons por sere and 150 pounds of S-pereent sipeephosphale.

Organic matter.—Organic matter plays a dual role in reducing
soil and water loss.  The organic matier and its effect on the structure
of the soil provides a favorable condition for the physical absorption
of water as discussed by Brown (6) and Peele (22}, Chemically, it
contributes to the exchange complex of the soil and provides a sowrce
of enecgy for the micro-orgamisms for decomposing and making
available to the plant many of the elements necessary for growtl.
Crganic acids, products of decomposed organic matter, have been
shown by Graham (I10) to be active in releasing plant nutrients
from the mineral fraction of the soil.

With plot studies alone it is not possible to separate the physical,
chemical, and biological effects of organic matter. Generally, how-
ever, under intertilled-ctop conditions, the main cffects appear to be
physical. Two plots in corn annually for a 7-year period were used
to compare the soil and runoff loss oceurring from manured and
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fertilized plots. The manured plot (plot A-1, series 3) received 16
tons per acre annually of barnyard manure. The check plot (plot
1, sertes 3) was treated sonually with 250 pounds per acre of 4-12-4
fertilizer,

Over the 7-year period of study, 1933-39, {he soil loss ranged from
10 to 98 tons per acre per year on the check plot, and from 7 to 71
tons per acre per year on the manured plot. The average data for
the period of study showed a 34-percent reduction in soil loss and a
33-percent reduction in waler loss.

The effect of organic matter ndditions Lo a 3-year rotation of corn,
onts, clover with timothy, received study for 10 yvears (table 14).
Plots 2 and 3 of series 3 were limed with 3 tons per sere in 1930 and
received 180 pounds of 20-percent superphosphate fertilizer per acre

P T IR R T WY 4] 2 RSO
Frerrs 18.—~Inereased meadow growth (on plot at Wf) produced by the addition
of organic matter,

with the small grain. Plot 3 received no organic matter additions.
The second clover crop and 8 tons manure per acre were plowed
under before corn on plot 2. The corn stalks were also left on plot
2 but were removed from plot 3.

Over the period of study, it was noled thal the organic matter
treafment before corn, on plot 2, affecied the soil and water losses
as well as the crop yields from ench of the three erops.  The soil loss
reduction by the use of manure, cornstalks, and second-crop clover,
was 56 percent for the corn year, 59 percent for oats, and 61 percent
for meadow. Reduction in water loss ranged {rom 13 percent on
meadow to 20 percent on oats and corn.  An average for the rotation
shows that organie mialter additions on plot 2 have reduced water
loss by 50 percent and soil loss by 57 percent. Figure 13 shows the
heavier meadow growth on the plot receiving organic matter additions.
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The difference in yiclds on these two plots seems paricularly impor-
tant in view of fertility maintenance and improvement. If condi-
tions are made more favorable for grasses and legumes, these crops
should stimulate increased nitrogen and ovganic-matter accumulation
in the seil. Thus, the amount of the crop available {or harvest is
increased and at the same time larger amounts of roots and stubble
confribute to an inerease in the fertility level of the seil.

The effect of organic matter on fallow plots was observed from
1932 to 1937. The stabilicy of the soil aggregate appeared to he im-
proved by additions of manure and crop vesidues. Without these
additions the soil became puddled.

Texture and structure.—~—The fexturc and struclure of a soil deter-
mine to a large extent the rate of infiltration and percolation of water
inte and through the soil. Hence, they are of major importance in
the study of runofl and erosion. The Shelby and associated soils as a
group are not high either in rate of infiltration or percolation. TFor
this reason, organic matter assumes an impeortant role in the move-
ment of water into and within the soil.

In 1933 a study was made of the aggregation and stability of the
aggregates of Shelby surface and subsoil. Duoplicate samples were
procured fror fallow-cullivated plots 9 and 10 of series 1, vepresenting
the two soil layers.  One set of samples, collected March 1, was taken
from a rough surface which had been fall-spaded.  Four othor sets of
samples were collected throughout the year to sce if the aggregate
composition of the soil changed as the scnson progressed.

The samples were first sevecned through a 10-mesh sieve to remove
the gravel. I'ractionation of the moist sample was accomplished by
means of a Kopecky clutriator according to the method described by
Daver and Rhoades (3).  The clubrintor removed ali particles less than
0.07 mm 1n dinmeter.  The vemaining material was screened through
a set of standard sieves that separated it into the following size classes:
Particles above 0.5 mm in diameter, particies between 0.5 and 0.25
mm, and particles from 0.25 (o 0.19 mm. Al particles below 0.10 mm
ware grouped with these passing through the clutriator.

Four of the samples collected March 1 were analyzed without treal-
ment after 0-, 5-, 13-, and 30-minute periods of mixing with an clectric
mixer. A fifth sample was mixed for 30 minules with sedium oxalate
as the dispersing agent. The results are reported in table 15.

Y
TaBLE 15.—Purticle-size distribuiion of samples of normal and desurfaced Shelby
loam after shaking for verious periods, evpressed as percenioges of the lotal soil

sample t
[Bmnples collecied Alarch 1, 1933, plois B and 10 of series 1]

Appregate sizes after miving for periods of—

O minules . 5 miinulas 15 mingies 30 wiinwies |Unli1dispersou?

Parlicle
size

. i
Nor- | Desur- ; Nog- | Desur- 1lasur- | - Tesur- » or Desur-
mnal faced il Ineed Norrilllﬁl faced S :;?1'"1 Incedd N onin al faced
soit soil soil soll 0 soil soil soil

1
Miflimeter {FPereeat : Percent | Percent | Percemd | Perent | Percent | Pereent | Percent | Percent
0.5 16. 60 31 5,05 8 48 a0 | 4.0 378 303 3.1
Se25 ] MUY 308 | 12.02 .70 806 1238 G, 7 538
2511 4B.25 d$I. 41.30 . 18 3758 31.38 H2.68 31.09
.1 2G. 88 15.88 | 4L Gd 8. 50 48, 85 48. 83 56,75 &7, 563

1 Plot 0 represents ngrmal soil and plot 10 desurfced soil.
1 30 minutes with sodium oxalute as disperslng apgent.



http:surfu.cc

INVESTIGATIONS IN EROSION CONTROL 45

Since the erodibility of soil is affected by its structure under field
conditions, the beating action of rain in dispersing the soil aggregates
should be considered.  Woodruff (sce footnote 4, p. 11) doubts whether
the degree of mixing caused by rain would cqual or exceed the results
of mixing in an electric mixer for a 3-minute period. This is perhaps
a fair basis of comparison when the surface plow layer is considered
as » whole. Observations indicate the possibility that the immediate
surface of the soil may become dispersed and partially scaled over
during rains of high inlensity and thus become (he limiting zone for
infiltration.

The results presented in table 15 help o explain why the surface
soil has suffered a larger soil loss than the desurfaced plot. Waier
loss from both plots for the 10-year pericd 1931-40 was approximately
29 percent of the precipitation. Hence uny difference in soil loss
should be attributsble to those soil properties which resist soil move-
ment during runoff. The absence of vegetation on the two plots
would limit those properties in this case to the velocity of flow and
the size of particles available for movement. Since no rate data are
available, that factor cannot be entirely chminated. However, after
5 minutes of shaking, 17 percent of the surface soil was in the size
groups ahove 0.25 mm in dirmeter compered with 35 pereent of the
subsoil so grouped. This difference in size of parlicles available for
washing might partly explain the difference in density of runoff irom
the two plots. The average deunsify fov the 10-year period was 9.29
tons per acre-inch of runoff from surface soil and 6.51 for the subsoil.

Very little change in the particle size distribution of the soil oceurred
18 the season progressed. Moisture content ab the time of sampling,
however, had a marked cflect on aggregation. IHigher lield moisture
at {ime of sampling was accompanied by an increase in the porcentage
of large size particles in both surface and subsoil. This agein would
indicate the unstable nature of the aggregates in Shelby soil.

Porosity —Samples of soil procured by foreing a metal ¢ylinder 3
inches in diameter inlo the side of the profile at various depths were
taken from an area in timolhy and bluegrass immedintely adjacens to
the plots of series 1. The wnalyses as reported by Middleton, Slater,
and Byers (15, 16} are shown in table 16.

TanLk 16.—Physical eharacteristics of a typical Shelby loam profile
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The analyses showed decveasing porosity with increasing depth
excopt in the B horizon. 1In this horizon, the volume weights were
lower and the porosity higher than for the surface soil. Ab a seil
depth of 16 inches the calculated moisture content of the soil, when
afl available pore space was filled with water, was less than the
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moisture equivalent. It continued Lo be lower throughout soil depths
up to 72 inches or the limil of the sampling.  As the moisture equiva-
lent is an expression of the ability of a disturbed soil sample to hold
water under a centrifugal force 1,000 times that of gravity, this condi-
tion obviously indicales a very compact subsoil.  As would be ex-
pected, water-loss measurements indicate that virtually no movemont
oceurs through the subso’l, during a period of precipitution, once
cracks in. the subsoil become sealed.

Infiltration.—Dircct measurements of infiltration rates have not
been made on the Shelby soil at the Bethany Stalion. However, &
typical profile of Shelby soil [rom this locabion was studied iri the
lysimeters at the Clarinda, Towa, Soil Conservalion Experiment
Station and the results have been reported by Muserave and Norton
(19). They found the infiltzation of the Marshall silt loum to be
from 7 to 10 times more rapid than that of Shelby silt loam.

They point out that porosiLy is one of (he most important factors
affecting the infiltration rate of a soil profile.  Under three conditions
of Marshall soil having average percentages of porosity of 57.4, 5518,
and 52.8, they found infiltration rates of 1.20, 1.00, and0.77 inches per
hour respeetively. Thus, for intertilled Shelby, the average rate of
fittration would be somewhere in the range of 0.08 to 0.12 inch
per hour.

Water intake in the Shelby soil is, however, a variable property
throughout the year. Soil moisture content ot the Lime raing occur
scemns Lo be of major importance. Another item is (hat ol lurge
cracks which develop during dry perieds in the summer. These
vary in width up to 3 inches and usually extend well into the subsoil,
This is of particular importance because the rains ol highest intensity
are expected during the period when cracks occur.  Throughout the
greater part of the year, however, the soils of this area have a low
wfltration rate, and conservation measures should be adapted ac-
cordingly.

Moisture conteni —Many factors ailect the molisture content of the
soil. The physical and chemical propertics of the soil jain with
vegetative cover to influence the amount of precipitation a given
area will retain.  The cffect of varying amounts of soil moisture on
ranoff is discussed here without differentiating the lactors that
contribute to its prescnee.

That soil-moisture content plays an important vole in runofl is
apparent from many comparisons made on plots where the other
factors were constant or nearly so. Table 17 gives one sucl com-
parison.

Tanue 17.—Surfuce runaff and soil loss from the bnre fellow plot 8, series it
affected by antecedent raing and the consequent moisture conlent of the soil
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From the viewpoint of food control, bluegrass may, in prolonged
rain periods, permit considerable runoff. This can be attributed to
the fact that bluegrass retains a high proportion of the rainfall until
it becomes saturated, or nearly so. This means it may approach
the satucation point quicker than cultivated arcas.  For illustration,
a plot in bluegrass lost 21 percent of n 2.10-inch rain on June 8-9,
1941, and on the afterncon of the 9th lost 89 percent of o 0.65-inch
rain.  Another plot which was overgrazed lost 68 percent of the Rrst
rain and only 44 percent of the second.  This reversal in (he amount
of runoff from the two areas is undoubtedly velaled 1o the moisture
content of the soil resulting from the frst rain.

A reversal in the effeet of soil moisture has been observed on cul-
tivated scil following periods of prolonged drought. Tillage and
extremely dry weather tend {o reduce the aggregated condifion of
surface soil so that a Lorrential rain compacts and seals the surface,
and under such conditions a high pereentage of runoff may oceur.
Observations following toreential rains during drey periods frequently
showed that the soil was dry below a depth of 1 inch or less.

Loss of topsoil.—The effect of topsoil removal on soil and water
loss has been studied under both fallow and eropped conditions.
Under the former, the physical properties of the two soils have been
reflected in the runoff and soil loss. Under cropped conditions, both
phwsical and fertility differences have been measured through their
effect on the vegetal eover, :

Comparisons of soil losses and runoff from swrface and subsoil
under clean cultivated fallow conditions have been made on plots
9 and 10 of the control plols. Plot & had 6 to 8 inches of surface
soil in 1930, and plot 10 was desurfaced to the plastic clay subsoil,
The differences in the aggregation and mechanienl analysis of the
two soils were pointed out under the heading Texture and structure
(p. 44).  As suggested there, the difference in the size of particles has
probably heen the controlling Inctor in soil loss. Water loss was
28.9 percent for the surface soil and 28.7 pereent for subsoil over the
10-year period of stwly.  Soil loss, however, was 44 percent lavger
from surface soil, averaging 81.2 tons per acre per annum, compared
to 56.5 tons on subsoil. This high loss of soil; equivalent to 5.4
surface nches on plot 9, has removed the original surface soil of the
piot down into the subsoil.  The soil lost [or the past few years has,
therelore, been a mixture of surface soil and subsnil.

Plots 1 (surfuce) and 2 (subsoil) of scries 2 have been ina rotation
of corn, oals, and red cover with timothy for 2 yenrs. Neither has
received soil treatment.  Yields from these two plots are summarized
in table 9. The common observation that the elfeets of crosion are
cumnulalive scems to be borne out by these results.  As Tertile top
soil is lost, the soil that remwins supports poorer vogetative cover.
Thinner vegetative cover resulls in higher soil and waler losses when
other factors remain the same, Table 18 gives the vesults of 12
years' work on Lhese two plots.

A study of individual rains on these plots shows periods when the
losses were greater from the normal soil. Such periods oceurred
during droughts when the plots were in corn and being cultivated.
The soil condition then was comparable to the clean cultivated fallow
condition discussed previously for plots 9 and 10 of series 1. For
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Tawre 18—Rainfell, runoff, and soil losses from rofation plols 1 and 2 of sertes 2
on surface and subswrface Shelby loam, for the 13-year period, 1931—42

Soripee rumefl
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the most pars, however, the surface soil produced » good meadow
crop, which, when turned under before corn, prevented the oceurvence
of this condition,

Mulches.—Experiments were not originally set up al the station for
the precise measurement of the effect of mulches or surface libter.
Observations have been made on various land uses which would
indicate a favorable response to leaving crop residues, to be worked
into the soil, for the succeeding crop.  Among such residucs are corn
stalls and small grain straw.

Preliminary muiching studies were made in 1940 on two plots with
similar past {reatment. The rotation study on plots A and B of
series 3 was terminated December 31, 1939, Both plots were in corn
that year. Plot A was disked on March 30, 1940 and received 2
tons per acre of oatb straw spread as uniformly as possibie on the sur-
face. Plot B was disked on the same date and left in that condition
as & check.

The rainizll, soil loss, and runoff data for 1940 are given Ly storms
in fable 19. No subsurface tillage implement was available and
aboub July 1 wild grasses and weeds began flourishing on both plots
and became heavier as the season progrossed.

TasLe 18.—Rainfall, runoff, and soil losscs from strew muleh and cheek plols
2 and B of series 8, 18401
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This would be expected to minimize the effect of litter and decrease
the differences between the two plots. Nevertheless, plot B, which
received no litter, showed a consistently higher soil and water loss
and, in all but one case, & much higher density of runoff. This woulk
indicate the value of leaving crop residues on the surface of the soil
in preference to burning them.

Tume of plowing.—There are two general periods for plowing land
in the ares, fall and spring. High soil losses have been observed for
both limes of plowing, and contradictory ideas are prevalent con-
cerning the subject. The guestion of the time for plowing land for
corn arises every year, TFall plowing is generully considered desirable
for several remsons; it permits 1 more uniform distribution of farm
worle throughout the wear, allows {ime for the development of a
desivable structural condition of the seil before planting, and provides
an opportunity for the preper maintenance of terraces. On the other
hand, fall-plowed land s subject to severe erosion in the spring, par-
ticularly if the soil 1s high in moisture. Without control measures,
stich as ferraces or strip cropping, intense rains in the carly spring
have been observed {o remove large quantities of surface soil from the
plowed layer, On the other hand, fali-plowed surface soil, in its loose
condition, dries out rapidly at the immediate surface. This thin, dry
layer is sometimes vemoved by winter and spring winds, bub {his loss
15 gonerally a small part of Lhe total soil lost,

The effect of fime of plowing was compared [or 10 years on two
plots of series 1. Plot 8, which remains fallow throughout the year,
was spaded in the fall during the latter part of October.

Plot 2 was spaded as near the middle of April as possible, depending
on moisture conditions. The seedbed was prepared and corn planted
on this plot as near to May 18 as possible.

The average semuimonthly soil and water losses from these plots
from Oetober through May for the 10-yvear period 193140 are plotted
m figure 14.  Also plotted on the graph are the Llotal precipitation and
the amount of precipitation occwrring at rates equal to, or greater
than, 0.25 inch per hour. This point of reference selected arbitrarily,
is indicalive of the avernge intensity characleristics of the precipitation
for the period.

The period from Oclober lo May was selected sinee it covers the
period from fall plowing until corn planting, when the plots were
hrought to a nearly comparable condition by cultivation. It will be
noted in figure 15 that the amount of runoff on both plots is more
divectly related to the amount of precipitation {alling ut rates equal
lo, or greater than, 0.25 mch per hour, than to the fotal amount of
ranfall.

For the firsl half of October, the runoft on the two plots was equal. _
After plot 9 was spaded, the runofl dropped sharply and continued
lower than on plot 2 throughout the winter and until April, wheu the
latiter plot was spaded. During the interval, October 16 to April 15,
which approximates the period from fall spading to spring spading,
total runolf on the fall-spaded plot amounted to 1.56 inches. Corn
stubble on plot 2 during this same period lost 2.55 inches of runoff.
After_plot 2 was spaded in Apuil, the runofl from this plot dropped
sharply in contrast to plet 8. Total runoff from spring spading until
May 31 was 1.30 inches on the fall-spaded plot and 0.68 inch on the
spring-spaded plot.

B15654—iti—4
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Soil loss follows a trend somewhat similar to runoff. The soil loss
from corn stubble exceeded that from fall spading, from the date of
spading until the corn stubble was plowed in April.  From then until
May 31, plot 9 lost three times as much soil as the spring-spaded corn
stubble. The total soil loss {from the fall spading time to May 31 was
13 towns per acre on the spring-spaded plot and 18 tons on ihe fall-
spaded plot.

It is rather unfortunate that it beeame necessary to terminate the
comparison of these plots at the end of May. After this date, the
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Figune 14.—Average seinimonthly total precipitation; precipitation accurring
at rates egual o 0.25 inch per hour; runolf and soil foss, from fall- and spring-
spaded plots for the 10-year period, 1931-10,

high-water requirement and cenopy inierception of corn preclude
further comparisons.

The decrease in volume weight and conversely the inercase in po-
rosity, as s result of plowing, is the hasic reason for theincrease in water-
holding capacity of a soil following plowing. Full plowing increased
the volume of the soil in the plowed lnyer approximately 33 percent.
After the scedbed was prepared for corn the {ollowing spring, ap-
proximately one-half of this soil volume increase, which was due to
plowing, wus gone.

From the rainfall datn in figure 14, it will be noled that rains of
higher intensily may be expected in the spring than in the fall or
winter, hence 1t appears preferable to have the increased storage
capacity in the spring.  As a general practice, it would seem well to
iall-plow only those areas which are protected by terraces or strip
cropping. This would he particularly true for nonsodded ficlds to
be plowed.
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Lffect of erosion on soil properties.—Previous work by Middleton,
Slater, and Byers (15, 16) points out the characteristics of the various
horizons of Shelby soil. ~ As more of the plowed layer of the soil is
lost by erosion, soil from the underlying layer is mixed in with the
upper cultivated horizon by plowing.” The resultant, properties, both
physical and chemieal, will be changed by the difference between what
1s lost and that whicl: is brought up by plowing and added by seil
treatment and cropping.

Tn 1939 o study was made by Whitl and Swanson (31} to determine
the elfect of erosion on fertility levels in the Stelby loam profile.
Annual composite soil samples, collected in 1931, 1933, 1935, and 1937
from the plots of series 1, were analyzed for several fertility elements.
In addition, plot 8, which lius beon in bluegrass sinece 1931, was sam-
pled by 1-inch horizons in 1939 to a depth of 13 inches {(table 20);

Tavsur 20—Changes du chemical composition of binegruss control plot & of plot
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These data show thal organic matter and nitrogen content decrease
as the surface soil is lost.  Sinee the exchangeable bases scom to be
a$ high or higher in the subsoil than they are in the surface, it may be
assumed Lbat organic matter and nitrogen are the critical fertility
clements in the Shelby soil.

A 3-year rotation of corn, wheat, nnd red clover with timothy, when
limed and fertilized with superphosphate, prevented a decrease in
organic matter and nitrogen supply.  With this rotation on a length
ol slope about equal Lo o terrace spacing, soil loss wveraged 0.025 inch
per year. This suggests the minimum treatment required for main-
tainng the soil fertility where erosion is controlied on the soils of the
Shelby region.

VEGETATIVE STUDIES

The major eflects of vegetalion on soil and water loss have been
classified by Baver (2) into five distingt calegories. They are (1) the
intereeption of rainfall by vegetative canopy, (2) the decreasing of the
velocity of runofl and the cutting action of waler, (3) the root effects
n increasing granulation and porosity, (4) biological activities asso-
ciated with vegetative growth and their influence on soil porosity,
and (5) the transpiration of water leading to the subsequent drying
out of the soil.
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Studies at the Bethany station bave included the canopy intercep-
tionr by crops, the cffect of vegetation on runoff velocity, methods of
establishing meadow crops, the soil and water loss from various crops
and cropping systems, and @ limited study on the effect of vegetation
on soil properties concerned with erosion control.

Establishing meadow vegetation, Most of the soil conservation crop-
ping practiees recommended for use on the Shelby soils depend to o
large degree on sccuring a good meadow somewhere in the rotation
eycle. Observations in the arcs indicated that all too often a meadow
stand was not seeured atb its proper place in the rotation and farmers
reverted to corn or small grain. This does not give the recognized
beneficial effects of turning under & sod before planting to cultivated
crops. These two faets led to the study of methods of meadow estal-
lishrnent.

One observation was that the small grain nurse crops were commonly
seeded at high rates and consequently offered too much competition
for moisture. The period of competition was observed to vary
depending on the rainfall distribation. Fifty-five plots § feot wide
and 150 feet long were Jaid out carly in 1939 for the purpose of studying.
the effect of the rate of sceding, and the management of oats as a
nurse crop on each of three meadow crops. Eleven replicated
freatments were studied 1n 1939 and 1940. The erops were allowed
to go through to tha second year for harvest in 1941, The eleven
treatments are given below:

Nurse erop Meadmw erop
2 bushels oats for bay..____._ .. .. Rod clover 8 pounds, timothy
1 bushel oats for hay._.___ ... _. Do,
No oats {elip if weeds) Da.
2 bushels oals for grain_ ... .. Bo.
1 bushel cats lfor grain Do.
2 hushels oats for grain. _.._ ____ Lespedert 15 pounds,
1 bushel oats for grain Do,
2 bushels oats for grain_..._..___. Alfaifa 15 pounds, timolhy 6 pounds.
1 bushel oats for grain Dao.
1 bushet cais for hay Ho.
No onts {elip if weeds). . ... . _ o,
The center one-third of all plots was fenced, and the nurse crop
on cach of thoese seckions was complelely grazed out with cattle.

June rainfall was above normal both years the seedings were made,
being §.55 inches in 1939 and 6.48 in 1940, compared with the 51-year
average of 4.75. Weaed grasses came in on the clover plots where
oats were mowed for hay and competed with the meadow sceding
for moisture in the middle of the summer, thus offsctling the advantage
of removing the compelition by the oats. Tasturing reduced the
competition from these weed grasses in both years on all plois.
Korean lespedeza did not make a fast carly growth and the nurse
crop scemed to have little effect on the density of stand. 1t grew
well and & very heavy stand wus obtained both under onls cut for

rain and oats cub for hay. Plant counts of the alfalfa showed very
ittle difference in the stand under oafs at different sceding rates,
but a somewhat higher stand was obtained where no murse erop was
seeded.

The meadow yield data collected in 1941 substaniiated the results
of plant counts the previous year. Red clover yields were not signifi-
cantly different under any of the five nwrse crop conditions. The

7 pounds,
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same was true for Korean lespedeza. Seeding alfelfn without o nurse
crop gave highly significant increases in yield in comparison to oat
seedings, which were removed for grain, and significantly higher
yields where oats were removed for hay.

Although this study covers only a limited variely of weather condi-
tions, these meager data indicate that in this area the competition
for moisture by the small grain erop and the grass and legume seedings
is an adverse factor in the establishment of new meadows.

Cropping systems containing cultivated crops—Studies were under-
taken to show the difference in soil and water losses between continuous
cropping and certain rotations commeonly practiced in the region.
It bas been impossible at the station o study all of the possible
combinations of crops for rotations. Yicld dafa have been secured
to supplement the soil-and water-loss measurements, since it was

Four-year rotokion of corn, soybeans, wheot,ond msadow

Plowed Corn Soybeans wnelur Meodow
—— A
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Ficone 15— Average runofl and soil loss from o 3-vear rotation of corn, wheat
and meadow us compared witn that frol continuous corn.  Data from control
plot serics 1 for Lhe 10-year period 1931-40,
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assumed that the preceding crop has an influence on the crop which
follows.

In each system of cropping there are critical periods during which
crops_afford little protection to the soil. During such periods the
severity of erosion depends upon the combination and seqaence of the
crops.  With crops that are seeded, cultivated, permitted to mature,
and then harvested, there is & rapidly changing eyele that affords
mimmum protection during the period of establis ment, a maximum
protection during the period of growth, and a slight reduction in
protecion at maturity. These factors must be considered in connec-
tion with rainfall distribution and intensity when planning rotations
for any region where erosion is & problem.

The plots of series 1 have provided a comparison of continuous
cropping to corn, alfalfs, and blue grass, with a 3-year rotation of
corn, wheut, and meadow.

In order to understand the effect that various crops have on erosion,
it is necessary to study the erop through the various stages of its
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development. Monthly periods were chosen for the time unit in
plofting the averages from series 1 shown in figure 15.

The most interesting contrast is between soil loss from eorn annually
‘and rotation corn. The plots were spaded the middle of April, and
corn was planted about May 10. The rotation corn plot had neg-
ligible soil loss until June, whereas the losses from corn following corn
were appreciable during April. The value of turning meadow sod
under before corn is apparent for the period from April throngh Septem-
ber. In June, for example, corn following- corn lost 18.5 tons soil per
acre, compared.to 5 tons from corn following meadow. Other months
did not show this wide difference, but losses from corn planted
annually were larger in each case,

Soil losses from corn in the rotation aceurred fron: Junce until wheat
was seeded the first of October. Wheat permitted signifieant losscs
in October and November and sgain in April, May, and June. Soil
loss from this rotation dropped sharply with the development of

- meadow following wheat harvest and continued low until the plot was
spaded for corn. Runofl was highest from corn in June, August, and
September and from wheat in May and June.

Soil Josses from alfalfa and bluegrass were similar throughout the
year, with somewhat higher losses in the fall from: bluegrass than from
alfalfn. This was due, however, to the losses whieh oceurred from
bluegrass in the fall of 1931 before the grass was well established.

A detailed tabulation of data from these plots is given in Appendix,
tables 53 and 54. .

TaBLE 21.—dwerage annnal rainfail, runoff, and soit losses from rolalions on plols
A and B of serfes 8 for the S-year pariod (932-39
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Soybeans drilled in 8-inch rows for hay lost approximately one-half
as much soil and water as those cultivated in 3.5-foot rows. The
difference in density of cover accounted for part of these differences
in erosion. The cultivation of beans in wide-spaced rows left the soil
between the rows loose and unprotected throughout the growing sea-
son and made it more susceptible to erosion than when beans were
drilled solid. Following soybeans one plot was seceded to wheat while
the other was sceded to oats the following spring. Soybeans were
observed to leave the soil in & loosened condition. The plot seeded
to wheat provided fall, winter, and carly spring protection. - The other
plot was unprotected after the beans were horvested until the oats
were seeded it March. This accounts for the greater soil and water
losses from the plot seeded to oats. '
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Other rotations were studied on plot 1 of series 2 and plots A, B, 2,
and 3 of series 3. In conbrast to the study on the plots of series 1,
only one ¢crop of the rotation was represented each year. Thus, they
are nob directly comparable, and provide a measure only of the cli-
matic conditions which prevailed for the crop tepresented.

All plots of series 2, with the exception of plot 1, were desurfaced.
The surface soil on plot 1 was retained as a check to give a measure of
the effect of loss ol topsoil on soil aud waber losses and crop production,
This plot was cropped Lo a 4-year rotation of co rn, onfs, and 2 years of
meadow, and was in corn in 1934 and 1938, Only onec crop of the
rotation was on the ground each year, hence the rotation is not directly
comparable to the 3-year rotation of series 1. It is possible, however,
to compare corn following 2 years of meadow on this plot, with corn

Frouur 16.—Comparison of {he exposed soil arex with soybeans plasied in 42
' ! : n SO !
inch rows with those drilled solid.

lollowing 1 year of meadow on series 1. Soil and water losses from
corn i 1938 did not provide a good comparison due to difference in
quanlity and quality of meadow preceding corn.  The meadow on the
plot of series 2 was seeded in the spring of 1935, Droughit in 1935 led
to an inferior type of meadow growth.  The average soil loss from corn
following 1 year of meadow was 24 tons per acre per annum.  Corn
following 2 years of meadow lost 20 tons Per acre per annuin.

Two rotations containing soybeans, shown in fizure 16, were studied
on plots A and B of series 3. Two rotation cycles of data were col-
lected and are dircetly comparable on the two plots. Plot A was
cropped to corn, soybeans cultivated in rows; oats, and red clover with
timothy. Plot B was cropped to corn, soybeans drilled for hay, wheat,
and red clover with timothy. Only ong crop of the rotation was on
the ground each year. Table 21 summarizes the data for the period,
and the data by seasons are given in appendix table 56.

Crop rotations on terraced land have been studied on six ferrace
intervals on field H. Two terrnces were in & 2-year rotation of corn
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and oats with sweetclover turned under as green manure. Four other
terraces were in o 4-year rotation of corn, soybeans, wheat, and mea-
dow. All crops of the rotations were thus grown cach year.

The purpose of studying crop rotations on terraced land was fo
determine how intensive the cropping systein might be without in-
curring serious soil and water losses.  Cropping on the H terraces is
shown 1 figwre 17. A 2-year rolation of corn, oats with swectclover
turned under was grown on terraces 1- and 2-H.  Average annual
runoff from corn was 4.04 inches and the soil loss 1.35 tous per acre.
During the oats’ years the averuge waker loss was 3.29 inches and the
soil loss 1.21 tons per acre. These losses result in & rotation average
of 3.67 inches of runoff and 1.21 tons per acre of soil loss. Detailed
soil and water losses by sensons arve given in appendix tables.  These

pie - LA

Froore 17.—Crops on the H terrees; sovbeans on the left, ecorn in the center
followed by meadow, wheat, and cora to Lhe right.

losses as measured from the ends of the terraces are not excessive.
Observations, however, indicited considerable soil movement {o the
channels owing to the erodible nature of the soil, L.cgumes, when
seeded without grass, have been observed grnecally to leave the soil 1o
a loosened condition. This, together with the fact that o close-
growing crop, sweetclover, is on the ground only from oat harvest to
spring plowing, accounts for this movement to the channel.

The sweetclover was plowed under imrnedialely before corn plant-
ing. This large addition of green manure has appreciably depressed
corn yields during 3 years of study. These vield depressions were due
to o dry soil condition following growth of the sweetclover, which
delayed germination and early growih of the corn when moisture was

" deficient or to midsummer drought lollowing a rapid early growth.
Corn yields averaged 18 bushels per acre following sweetclover turned
under compared with an average of 23 bushels following timothy and
clover meadow in the 4-year rotalion of corn, soybeans, wheat, mead-
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ow, for an 8-year period. In the 3 years when moisture was deficient,
corn following sweetclover averaged only 17 bushels per acre, com-
pared with 28 bushels per acre following clover and timothy. During
each of the other years the yiclds were not materially different.

In order to determine the vulnerable periods in the 4-year rotation
of corn, soybeans, wheat, and meadow, the average monthly runoff
and soil losses have been plotted in figure 18, Soil Toss from corn was
appreciable from the time of plowing in April until the amount and
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IGURE 18.—Average monih]

mlensity of rainfall decreased in October. The soil remains subject to
erosion thronghout the winter and the follewing year until soybeans,
which were drilled selid on the conlour, approach maximum growth
indJuly.  On the average, losses have not been exeessive from October
through Mareh. Soybeans were harvested in late August or enrly
September and the land was seeded to wheat. During the interval
from soybean harvest to the establishment of a cover by wheat, erosion
was excessive. For example, in 1933 soil loss during September was
6.8 tons per acre, although the rainfall for the month was only slightly
more than 5 inches, or approximately 20 percent above normal,
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Average soil loss from the votation has been 2.1 tons per nere por
yvear. While these losses, ns measured from the end of the terrace
channels, are still low in amount, they are approximately lwice as
great as those from other terraces on the station.  Soil movement to
the terrace channels has been large, although much of it has heen
compensated by uphill plowing whieh oercurs twice in the roiation
eycle. The use of this rotation on terraced land of this slope and
fertility is questionable even with the plowing method used and eould
not be recommended with ordinary plowing procedure.

Water losses from the rotalion have, in genersl, paralleled the rain-
fall and do not shew Lhe wide varintion common to soil losses.

- A peint of interest 3s that the maximum rade of runofl from soyhenns,
with their large amount of canopy intereaption in July and August, has
been approximalely equal Lo that from the meadow crop.  Howoever,
the average maximum monthly runofl rates were markedly less from
the meadow than from the other crops of the rotalion.

Crops grown for continuous hay production ~—Neusurements of runofl
and soll loss from alfalfa have been minde on three areas, namely, plot
7 of plot series 1, terrace 2-G, and watershed I-58.  The crop has also
been studied on an ehservationat hasis on steip-cropped ficld L. The
plot, terrace, and watershed were all under measurement during the
o-year period, 1933-37.  Annunl losses are given in table 22, T{ will
he noted from a study of the table that runofl from alfalin on the ficld
areas has averaged approximately twice that from plot 7 of the series i,
~and that soil loss on the watershed averaged approximately 5 fons per
acre per year.  Yields of alfalfe on the field areas have averaged only
shightly move than 1 ton per seve, or approximately one-third of the
vield from the small plot. On terraced aren 2-G3, the aifalfa faited Lo
grow in the terrace channel beesuse the grade of 4 inches per 100 foet
was nob sullicient to provide adequate deainage lor the alfalfa erop.
On watershed 1-38 alfalfa died oul o the walerways and poorly
drained depressions in 1935,

Tanre 22~ sAAnaual runafl, soid losses, and crop yiclds, from areas in alfaffa
e e T
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A survey showed that this arcs smounted to 16 percent of the water-
itereage.  The boundaries of the arca in which the alfalfa died were
found to coincide very closely with the bounduries of soil deposition
in the depressions. 16 is ovident that alialfa should be placed on a
well-drained soil to insure good stands and survival and o hold
soil losses to a minimum, or Uhat seedings of timothy or brome
should accompany alfalfa scedings whoere portions of the field have
poor drainage.

In this region wenk points in erosion control oceur at the time of
sceding alfalln and again when affalf is plowed out for subsequent
eropping.  This was lusteafed on watershed 1-58.  Soil loss from
the watershed i May, following seeding of the crop in April of 1933,
was 6.7 tons per were.  This rosulted in rill formation which was
never entirely eluninated in the S-year period during which the erop
was retsined.  After plowing out the crop in the fall of 1 437, the
the watershed was seeded to onts-lespedeza in Mareh of 1938, During
May and June the water loss from the aren was 1.45 inches and the
soil loss 5.85 lons per aere. These lossos occurved iti fhe absence
of torrential rainfall and appeared to be due (o an extremely vulnerable
comdition of the soil resulting from the preparation of ihe scodbend
and the deeay ol the aifalfa roots.  As an indication of Use nren’s sus-
ceptibilify to high losses, the moeasured water and soi! losses from
wilershed D1, seeded 1o oats folfowing a corn crop in 1938, were only
.39 inch and 0.13 ton per acre, respectively, during the sume periods
On the basis of these losses, it appeaes advisable to rotire alfalfs fields
to timothy or grass hefore plowing out for another erop.  This plan
i heing followed in field trinl studies on fickd 1,

Best results in establishing alfalfa were secured whei it was seeded
ont o firm seedbed. This usunfiv involves rolling the ground to
produce {he desived firmness, sowing the sced, and then covering
it fightly by harowing.  The practice of rolling the ground with
a coryugated rollor is often employved in (he Spring ow previously
established stands of alfulfa when the plants have heen heaved by
freesing and thawing during the winter months. That the practice
of rolling the ground is conducive to high water losses was demon-
steated on walershed 1-58 during the spring of 1935, The plants
had heaved during the winter months and the ares was rolled on
Mareh 20. Water loss from the walershed, following Lhe roliing,
during the remanuier of Maurch and through April was 1.5 inches,
or more than twice as great as from any other measured field ares,
Relatively highwater losses continued undil afler the summer months.
Total yuneff from the watershed for the year was 12.57 inches, or
greater than Irom any other field avea at the station, notwithstanding
the fuct that Lhe yield of alfalla during the year was 1.65 (ons per
acre and provided excellent profective cover.

The introduction of Korcan lespedeza into the agricullure of the
arca is comparalively recent.  Only o fow scedings of the crop were
made prior to 1937, In 1942 the acreage of Korean lespedeza in
Harrison County comprised approximately 18 percent of the land
area.  Much of the aren on which the crop is grown is eroded to the
point where production ol other meadow crops is uneconomical.
The crop Is usunlly o part of a double-cropping system of oats-
lespedezs.  The oats ave drilled or broadeast in the spring and are
grazed out, mowed for hay, or harvested as a grain crop. The
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lespedeza makes its optimum growth after removal of the oats crop
and is used for supplemental pasture duriug the period when bluegrass
pastures are dormant, harvesled as o bay or sced crop, or may be
utilized lor combinations of pasture, hay, and sced production.

Measurementts of the crosional behuvior of the osts-lespedeza
cropping system have been made .on subsoil plot 8, serics 2, since
1936, and watershed I-58 since 1938, Soil and water losses by yecars
are given in table 23. Tt will be noted that soil losses are very low
aftor the first or second years of establishment. Dense stands of
lespedeza have resulted from natural rescedings of the plant, although
dense stands were nob secured when originally seeded.  The practice
followed on both areas has been to leave a considerable growih on
the field in the fall. Such litter serves as mulch protection during
the spring months and appears to be the key to controlling crosion
during this period. Some difficulty has been experienced with a
wet soil condition under lespedeza residue in the spring.  This tends
to delay oals sowing to beyond the recommended dales for sceding.

Tansk 23— Annual runoff, soil losses, and crop yields, from outs-Korean lespedeza
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Many farmers in the locality practice burning ofl lespedeza residucs
to promote drying of the soil prior to oats sveding. Observations
indiente that this practice leads to high soil losses and rill formation
when intense rainfall occurs in April or May. The development of a
dependablo winter barley for the soil arer or the use of rye or whoat
wauld possibly be the solution to the problem.

Intensity of grazing on bluegrass pesture—Bluegrass pastures con-
stitute 40 to 50 percent of the frrm acreage of the aren. Gully
erosion and overgrazing are problems on most of this land. In-
tensity of grazing has heen stwdied on Lwo pasture arcas of serigs 9.
Plot 1 was permitted to obtain a growth of 2 to 3 inches in the carly
spring before grazing was started.  T6 was grazed moderately during
the growing serson, and grazing was stopped enfirely, in time for the
development of a good cover of grass by late fall,  Tlot 2 was grazed
in & menner siminr to that often practiced in the problom area.
Pasturing was started s soon as the grass hogan growing in the spring
and continued until late fall, Sheep were usod for grazing, and records
of pusture days and change inlive weight were scoured. The two blue-
grass plots are shiown In figure 19.
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Below-gverage rainfall occurred i all years except 1941, This
deficiency was reflected in the amount of vegetetion, runoff, and soil
losses. Table 24 gives aunual losses from the two plots by years and
an average for the period of study, On the average, runoff was snore
than three times as great from the intensively grazed area.  Soil losses
from both were negligible. The records for 1937 wore lost because of
a leak in the divide betwesn the plots permitting runoff to enter plot1
from plot 2. Data by individual rains show that runoft from the
pasture with controlled grazivg was oceasionally greater than that
from the intensively grazed plot. Oue such oceasion was in 1041,
when two rains occurred n close succession. The moderately grazed
plot retained 79 parcent of the first rain, while plot 2 retained only
32 percent.  When the second rain fell, plot 1 was practicaliy saturated
and lost 69 percent of the precipitation compared with a runoff of
44 percent for the intensively grazed plot.

47 ¢ AReE: e, |

Ficorn 19.—DBluegrass pasture grazing study. Noie the dense growth of hlue-
grass on the moderately grazed plot to the left.

TarLe 24 —Rarafall, runofl, und sotl loss from pocture grazing plois of Serier 8,
1836-41
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A summary of the pasture usage is given in table 25. Tho inten-
sively grazed nres was pastured considerably more duys than the arca
under controlled grazing. The henvy grazing on plel 2, however, hus
resulfed in an average annuai loss in live weight of 150 pounds per acre.
These data indicale ihat overgrazing of pastures may result i only
small gains, or even losses, of livestock weight.  Diflerences in the
growth of grass as a resuft of rainfall varintion must also Le considerced
1 the maximum production is (o be secured from bluegrnss pastures
in this region.

Ecological surveys were nucde on the (wo pasture aveas in 1934,
1936, and 1939, Wide variation in the results helween yeurs indiealed
that a more uniform method of securing the data was needed. On a
relative basis, the dala [rom the plots show some general points of
interest.  The amount of bluegrass on the control grazed plot, when
expressed as n poreent of the tolal vegetal cover . showed Litede varia-
tion, and a very few weeds have come in on that plel.  The pereent-
age of bluegrass on the intensively grazed nren has deereased, but the
weeds and annual grsses have increased markedly. In 1939, lor
example, that plot had 90 times more dryland rosh or wire grass than
did the maderately grazed plol. Poverty grass (lristide (J."u,-'tmtfut.)
and barnvavd grass (Fefifnoehlon ernsiyofli) Tiave also increased ma-
terinlly sinee 1938,
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Cunopy intereeption. —-A study made on the stalion in 1937 evalunted
the relative merits ol erop canopies in intercepting rainfall.  Keeowds
for one¢ growing season were colleeied under alfnifa, onis, corn, and
soybeans drilled far hay, and lor sclected periods under timothy,
bluegrass, nud wheat. Ouly o sunmary of the results will he given
s the study has been reported by 1aynes (17} in another publication.

The totnd interception for the erops studied through the growing
season is given in lable 26, Measurements of vegetafion density snod
folinge cover, as they incrensed during the growing season, showid
that interceplion of rminfall inerensed dnw.ll\' willt Lhe inerease in
vigelative cover.  In general, the pereentage of storm ratnfall inter-
cepted was greater for Lhe smaller storms and decreased as the inter-
ceplion eapacity of the plant was execeded by the larger storus.

The intereeption by wheal, timothy, and bluegrass was studied for
o month previous to wheat hnrvest. Data for this peviod showed that
wheat ntereepted 19,9, timothy 26.1, and Lluegrass 16.3 pereent of
the reinfall, the latter exclusive of litler,
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It is obvious thai vegotative canopy may influcnece soil and water
losses in four ways, namely, by alteration of the total amount of
ground rainfall, the energy of impaction, the pattern of the distribu-
tion of the ground rainfall, und the (otal volume of water available to
carry the silt load.

Tanng 2.~ Total conopy fnlereeption during the growtng erason for alfulfu, eorn,
soptheais, and vals

‘ Inedusive dines
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Crop i stoemy (1 r"“'”“"'tm"i prevcipitation

r 1 HPereent
Al .. VA D0-Bop, 15 A8 5 JUR | 357 43.8
Corn. . . © May SF-Bep, G L . 11 15. 5
Roybenng . June B-Ane, 17 | i L .6
[EE:11-30 . Apre 13 June m a5 5. AT 6.9

Of the crops studied, water reached the ground under allalfa with
the Teast polential energy for meving soil.  Reduetion of total ground
rainlall was greater, intensity of ground rainfall was less, energy of
mitial impaction was loss, and distribution of aground minfall was
faily uniform, cxcepl for inereased volumes of | water at the stem
and the periphery of individual plant canopics.  Alfalfas has a large
number of stems per unit area, henee the water Hlowing down the stems
18 better distributed over the ground surfaces than, for instance, under
corn.

A relatively Jarge amount of precipitation reached the ground
directly when corn occupicd the land, and soll compaction was con-
siderably higher than under alfalfa. Impaction under soybeans was
greatly reduced after the erop reached full vegetative development,
bul rainfall tended Lo concentrale between the rows. O ts tended to
concentrate water between the drill rows and impaction was high
until the crop reached un advanced stage of growth. Wheat hehavior
was similar to oats, except that the intereeplion was elfeetive over o
longer season.  Measurements of intensity or distribution of rainfall
were nol made under timothy or bluegruss. Undoubtedly the litter
under these two crops plays a major role in terception pacticularly
i preventing the tain {rom striking the bare groutd,

I5ffect of vegetation density on runoff velocity.—Irom the stand-
point of flood hazard and designing for water disposal, it is desivable
Lo know the velative ralos of runofl’ from various types of vegetalion.
Phe rate of runoll from major storms has boen ippreciably less from
areas in dense vegetation than from similar areas loss densely vegetated
excepl of course for newly plowed neres.®

Table 27 shows ratios of average maximum rates of runoff, seeured
by dividing the rate for corn arens by the rate for clover and timothy
or bluegrnss areas.  Tolal runoff Irom eaek and the rafio of corn (o
dense vegetation is also shown in the table. In overy ease, Lhe elose-
growing vegetation reduced the maximum rate of runeff,  This was
true even when the (otal runofl was the same from (he lwo Crops.

EXnRTaN, B, A, und ST, 1D, 1), RFFECT OF DENSITY OF VERETATION 04 RATE OF BUNOQFF OF SURFACE

WATER.  Taper remd ut Lhe sy posiiim on same nspeets pf vegetutive metbods of erasion control, A mer,
o Avron. Ann Rpi. Dee, 190857,
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TABLE 27~ Afarimin rafes and lotal amounts af runoff for different lypes and densi-
ties of cover

¢ : :
Maxiinu rate of runofl ¢ & :
Nome { per hour per Tain i Tatal runcil per rain

bor of !
rains ° .
; Claver- Lo Claver- o, _.:
; o Boaatiy Ratio!” Corit  (jinginy "“l“’i__

Remnarky

| fuches  Iaches ! Inches  fuches b
03 EEI R B o3¢ 2.8, Q7. .43, &, Rains severe Buot well dis-
i . ' ' tritated,

|
LSS . "'f " ] : b ' L3 Wi Aodemte rafns slinest contiae-
' : i cus during spring, )
K N s L0 3 H JH ) R::!ns ight ond well distribut-

1

b5 2]
103236 __ 50 . . a5. .a7. .8l nal Average for s-yenr poriod.
035-34 .. i . . ddt FH | LB . Rai;:s severe but wel] distribut-
i | od.
a3l 15 1,50 ! .0 Modernlc rmins almest gon-
i tinenis during spring.
i . A 3.0 l 4,33 i, B Avemge for 4-yeny period.

t Retio=carn +clover and timpihy=corm-+blurgmss, cte.
:gaw for first four periods nre from standacd tdesign terraces on ecoded Shelby soll of &4 pereent slope,
Oril.

i Bloegross. »

4 Onis. .

¥ $-ventr rokbntion cocn, corn, gats, lover aud timothy, Fou. 1 4o Dee. 31, Data for tast throe periods are
front 4.5 pores cubtivoled witershed on normal Sholby soil of 8.7 pereont slape and & pastore walershid of
6.5 seres on normnl Shelby soft of 9.5 percent slopie.

The 50 rains of line 4, table 27, were averaged by months, and are
presented graphically in figure 21, The ratio of maximum rates of
runoff incrensed from near unity in April to a peak in August, and
then decrcased during the fall. Apparently this decrease was due
to the growth of wifd grasses in the corn during the late summer, to
the reduction in density of meadow by harvesling, and to a lower
water requirement of the meadow during the same period. Total
runoff ratios from the two conditions of vegetation increased from
near unity in April, to o maximum in July, and then remained almost
constant., Figure 20 also shows the trends of ratios between oats
and bluegrass for the 1835 season.  As oats developed, the maximum
rate and total runoff ratios approached unity.

A rain of April 3, 1934, having a frequency of occurrence of once
in 30 years provided interesting contrasts on watersheds in different
crops, This rain of 3.64 inches fell with o 5-minute intensity of
5.76 inches per hour, and a 30-minute intensily of 2.56 inches. The
maximunt rabes of runcf in inches per hour were: Terraced bluegrass
pasture 0.32, unterraced bluegrass pasture 2.54, and reugh fall-
plowed watershed 1.70.

It scems conclusive from these data that on the average the rale
of runof¥ from avens of dense vegetation, such as bluegrass and clover-
timothy wmeadows, on Shelby loam, s materially less than from
similar arcas of less dense vegetalion, such as corn or young oals
beeause of the greater resistance to overland flow offered by denser
vegetation. Likewise, the same type of vegetation varies in ifs
ability to reduce the rate of runoff depending on its stage of develop-
ment at the time the raim oeccurs.

Effect of veyetation on soil properties.—The vast store of available
nutrients found in the virgin Shelby soil reached its maximum under
growths of native grasses. Much of ihis fertility has now been
depleted through removals by interiilled crops, over-grazing of
pastures, and the actual loss of soil by erosion.
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Maximum rates of rungff — _\
o
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- | \Tolul runofi

X

Auvg| Sepl. | Cel. §

1
Maximum rates of runotf

N

{—Toml runoff \

oals
bluegross

Ratig
o

g\:_‘:o-————————o_____.t_

o}
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Fraree 20, Monthly ratios, corn o meadow, of maxinnen rates of runofl and
Lotal ranoff froes the Heterraces during the period, 1932-34, and semimonthiy
ribios of maxinmm mies of reooff, and (okal runoll, outs (o bBluegras=s, from wa-
ter sheds 1) 3 ann Pa-B, for 1935,

Meadow yields—The role of meadow crops in reducing soil and water
losses, either when employed in a rotation or grown continuously, has
been shown te be of greal importance. Furthermote, the more vigor-
ous the growth of a given Lype of meadow, the loss soil loss and runoft
is anlicipated, cither from the erop itself, or from the rotation it which
il is grow.

While experiments were not designed to compare meadow yiclds,
some of the yield differences secured from the plots on surface and
subseil without Ureatmoent, and with various soil amendments, are of
inlerest and serve as a guide to the cconomies of meadow culiure in the
area.
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A limited study of the effecis of returning these lands Lo grass on
the inerease of available plant nutrients and the rate of such inerease
was made inn 1940 and reported by Whitt (30) in 1941,  Bluegrass was
established on piot 8 of the control plots in 1930. Soil samples from
this plot, sccured in alicrnate years from 193L through 1939, were

21 el
|

g Nitrog

]

c© _motier 1

Organic  molter {percent)

[Erchangscble” calcium |

Exchongeable  calcium ~{ME /100 gm.)

a3

1930 933 1938 237 B3g

Fraurs 21 —Changes in nifrogen, organic matier, and exchangeabie caleimn,
under bluparass on plot 8 of series t for the peried, 1931--3%,

analyzed for nitrogen, organic matter, and exchangeable ecaleium.
Resulis of this analysis nre plotted in figure 21, All three of the items
studied show increases during the 9-year period. Total available
nitrogen increased approximately 3 pereent per year from ils original
fevel of 0.17 pereent; organic matter increased approximately 6 per-
cent por year from is 1931 level of 3.5 pereent; and the average in-
crease per vear in exchangeable calcium was slightly Jess than 0.5 per
100 grams of sample.  These data indicate that meadows, particularly
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bluegrass, play a major role in rejuvenating and increasing the avail-
able nutrient store of fertility within the soil.

Clover and timothy meadow has been grown without soil treatment
cach year in a 3-year rotation of corn, wheat, and meadow on plots 3,
4, or 5 of scries 1, for the ll-year period 1931-41. The average
differences in yield of meadow in fons per acre hetween data from
specific plots and from either plot 3, 4, or 5 of series 1, for the years in
which comparisons were possible, were determined and added alge-
braieally Lo the 1i-year average for piotls 3, 4, and 5, to secure a com-
parable yield for each of the plots. These dilferences and the yields
as well as the erops and treatments applied to the different plots, are
given in table 28.

The comparisons for elover and timolthy meadow are for different
soil treatments, type of nurse erop, and age of meadow, on both swrface
and subsoil.  The yield of first-year meadow on surface soil without
soil treatment and with oals as & nurse crop has been 0.6 ton per acre
per year. An original application of 3 tons of lime per acre, and 180
pounds of 20-pereent superphosphate ont the preceding ouis crop
mereased the meadow yield to 1.4 tons per acre per year.  The further
addition of 8 tons of barnyard manure on the corn crop 2 years prior
to the time the meadow yiclds were sccured increased the yicld to
1.5 tons per acre.

Tanve 28—Yiclds of meadow crops on Shelby swrfruce sail and subsoil for the 1i-year
periol 1981-41

Sheliyy surfnee soil {8 inchies deg) Sivelly subisoil

Oats- Onts-
‘If!,'iir:!i{?t ](ll:’F;:- Mised clover ane tim- i:‘is“?’:'
per nere| viekl athy yiek! per neve \';eitl
10T AT PUF acro

Mixed vigver and timolhy yield

Your Iwraere

Cheek || Plol I?II'IuL a3{ Plot 24| Fiekd 3| WEHU | ploc 27 L Poc 4] pioc 33| Plosgae

Series MSeries T8eries WBeries 81 1 "i‘:éls Sevtes 2iSerins 2lSeries 2|Series 2

Yaus Toux Tons L Pous | Tons | Ponwy | Tuns Tanz
208 - -
i,
1.

Average  viol)
difTerenee Isi-
vour s

Avernge ikl

dilferenes -
year mendow_ .

1 Plots 4, 4, or & ratablon of corn-wheat-fieadow, no Soit treatnent.

t Rotationh of corn-oats-ineufow-meadow, no soil treatment,

3 Hotation of corp-nnts-meadow, 3 tons per acre dine and 89 L. per aere 0-20-0 oo oois.

+ Rolation of eorn-bris-tocadow, 3 tons Jer aere Hme and 180 M, e sere -0 on outs, § tons monure
Oh enrn,

33 tons por acre linmwe and 20 1, poer gere 0-20-4 ot sinell graing Lefore sffalin was seeded,

8 Crpts-lespedean annaally, sof) limed 3 Lons por aere snd 125 16, per teve 0-230-40 o oats,

7 Kolotion corn-oats-mendow-meadow, no sl treatmeats,

5 Ratation corp-ouds-mendew, 3 tons por pere lime and 188 U paer neee of =194 on onis.

? Rotation corn-mls-mendow-meadow, 3 tuns per aere Hioe and 260 105 por aere $=12-4 on onis,

10 Quis-lespedezn nopuaily, 125 Hi, peraere G-20-0 o6 obls, § R fiee sere sahitire on 3 years of continaons
corn prior bo onds-lespodeza.
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First-yeer clover and timothy on subsoil withou$ treatment yielded
_an sverage of 0.3 ton per acre per year. On limed subsoil plots with
% {88 pounds of 4-12—4 fortilizer per acre, the yield was 0.7 ton per acre,

and with 250 pounds per acre of feriilizer, 0.9 ton por acre. Veory
 litfle clover was harvested from the untreated subsoil plot. In the
- maein, the growth has consisted of timothy and weeds. The quality
of mendow and its nutrient valuc has undoubtedly been increased
‘along with the total yield.
 First-year meadow yiclds on surface soil, without soil treatment,
and with oats as a nurse crop, sppeared to be depressed due to the
weakness of spring clover and timothy scedings, and their insbility to
produce an carly growth of sufficient vigor to withstand competition
with the oats crop for moisture and plant nutricnts in May and June.
Timothy sceded with oats and clover in the spring frequently required
reseeding and thus did not dsvelop to affect the yield until the second
vear, when the meadow yiekls were more than double those seeured
during the first year. A parallel result was cornmon to first- and
second-year meadow yields on subsoil, although the differences in
yield were proportionately less.  When the subsoil received soil freat-
ment, the fivst-year meadow yields were more than doubled, and were
nearly equal to those of uniraated second-year meadow.

The yield of frst-year meadow following wheat on surface soil with-
oub soil treatmens was more than double that folowing onts as 2 nurse
crop, and almost equal to the yicld where oats were used as & nursc
crop with a soil treatmeunt. Wheat has a more open canopy than
oats and docs not appear to smother out meadow seedings, nor to
offer competition for moisturc and plant nutrients during May and
June to the extent observed with oats.  Also, the timothy growth is
materially mcreased, duc to cstablishmens during the previous fall
with the wheat. .

Alfalfa grown on ficld L, adjacent to plot scries 1, is used m corn-
paring the crop with clover and timothy meadow. Alfalia grown on
plot 7 of serics 1 has yiclded 3.45 tons per acre per year, This large
yield is not typical of fickd conditions due to the unrestricted feeding
zone of the alfalfa roots, which extend beyond the limits of the narrow
plot boundaries. The yield of 1.9 tons per acre per year on feld L is
therciore considered a more ropresentative evaluation of alfalfa yields.
During the 9-year period, alfalfa has been cut twice yearly excepd i
1039-40, when three cuttings were made.  Late fall growths have not
been cut and the plants are permitted to go into the winter months
with appreciable growth remaining on the field.

The largest yield of forage on both surface and subsoil has been
secured from an annual rotabion of oats-Korean lespedeza.  Oats avs
drilled cach spring with 125 pounds of 20 percent superphosphate per
acre, and harvested in June. A crop of lespedesa hay has been secursd
later in the season. Yield figures include the total weight of oats
{grain and straw) and lespedeza hay per acre. )

The yicld of oats-lespedeza on subsoil has been 2.0 tons per acre.
The fertility of the subsoil plot was undoubtedly high, as the plot had
received 8 tons per scre of barnyard manure annually with 3 con-
tinuous corn crops prior to the oats-lespedesza cropping. The yiclds
of oats and of lespedeza from this plot has averaged approximately
1 ton per acre or o total of 2 tons. The yield on the swiace soil ares
was only 10 percent greater than that from the subsoil plot. No
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lespedeza_yield was secured from the initial seeding in 1938, which
lowered the average yield for the period. The relatively large yields
of oats-lespedeza in comparison with other meadow crops appear to be
due to the ability of the double cropping system to permit good utiliza-
tion of reinfall regardless of its distribution. When above-normal
rainfall occurred in the spring the yield of oats was large. Lespedeza
practically ceased to grow during dry periods, but usually was not
damaged, and made quick responses to rainfall swhen it oceurred.

All meadow yield data from both the surface and subsoil plots are
shown on the adjusted 11-year basis in figure 22.

MEADDW CROF  RDTATION TREATMENT {1} MEADOW YIELDS ON SHELBY SURFACE SOIL
Bing
Gitwer ond fimathy MM

irs! y#ar;
Claver and timalhy
[second yeark SO

i and fiml
Ly GoMM

Llover gnd himplhy LM Lime, 190 ths of 0-20-0 with cals, |-

. Llime 180 b, af O-20-0 with ools,
Clavar ond timalhy CiM Bione of morce belore corn,

L, 200105, of O-20~0 ot ayeor [T
Altalta infarvary,

Oty -tespadezo Limw, 125 the. of 0-20-0 annugty.

]
MEADBOW YIEEDS ON SHELAY SUBSTHL
F

wer and Iimalhy oMM

{firat yoas} Hone

Claver and Hmitry M
{zecond yaar} S0mhM one

I
Clgver and timothy C,04 Lims, 188 (b5 of 512-9 withaals. LA
)
Ciongrandtizot?  comM Lime, 250 lbs. of 4-12-d with oots,
Clover and limglhy 1 i
{second yeor) EO,MM Lime, 250 b4, ol 4-12-4 with oais,
Cota=[espadaza Confinuaus Lime, 125 164, ol O-20-0 snrually (2).

o5 6 K3
{11Lim 24 oraas hova bud ere applicotion of the rofe of 3 lons per oore, Yield ftons per oored
&) Barayard maonuee waos oppled o108y ol onmally of the rote of & Mg per otk for & préviood years of Conl s corn,

Troore 22 —Comparison of meadow yields on sorface and subsoil with different
trealinenits, nurse erops, and age of meadow,

ToroerAPHY

The slope of productive lands is usually the deciding factor in
determining the agriculfural vses to which they are adapted. For
o specitic land use it is necessary to add increasingly cffective sup-
porting practices with increases in cither the length or steepness of a
slope, to altain equally cffective protection of the soil on all parts of
the slope. :

The results of a study of degree and length of stope datla, [rom ex-
periments at Bethany and other locutions, have been previously
published (85) Special studies with a eain simulator were made, as
an aid to developing an empirieal equalion for soil loss. The empirical
equation, which scemed best {o describe soil loss at this localion, was:

A=08 L}

where A=average soil loss from a unit land area in tons per acre:
C=a constant of variation; S=land slope in percent; and L=the
horizontal length of the land slope in foet.
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 This derived empirical equation for soil loss was later used for
extending plot data to a ficld basis (25). Used in the form

AN
L=(a) 87

it was possible to evaluate the length of a given slope on which a
specific rotation could be grown without exceeding given maximnum
allowable average soil loss.

Length of slope—Studics of the effect of length of slope were con-
ducted on plots 1 and 2 of series 1. The results by months and years
for the 10-ycar period 1931-40 are given 1n appendix tables. Both
plots were in corn annually. Soil and water losses by years from
these plots of 145.2 and 72.6 feet arc given in table 28,

An average of yearly water loss ratios, long plot to short plot,
chows that the longer plot lost 0.97 percent as much rainfall as the
short plot. Assuming the short plot to be identical to the upper half
of the long plot, the water loss from the lower half of the long plot
was 6 percent less than that from the upperbalf of the plot.

The variation in amount of runoff with length of slope appears to
bear a relationship to the total amount of runoff during a given period.
The surface inches of runoff from the long plot for the 10-year period
1031—40 was 8.4 porcent less than that from the short plot where the
monthly total runoff was from 0.1 to 3 inches, and when the monthly
total runofl oxcecded 3 inches that from the long plot was 7.0 percent
greater. During prolonged periods of precipitation, these increased
Iengths appear to reach saturation, or a minimum infiltration capacity,
sooner than the shorter portions of the slope above. A reversal in
the smounts of runoff coming from different portions of the slope
may then occur.

Tasue 29.—S8urface runoff und soil losses from plots of 72.6- and 14
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The average annual soil loss from the 72.6-foot plot for the 10-year
period was 50.9 tons per acre, in comparison with 65.6 from the long
plot.  Assuming the soil loss on the upper balf of the long plot was
equal to the loss from the 72.6-foot plet, the average relative amount
of soil lost from the lowoer half of the long piot has been 1.67 times
greater than from its upper half. This ratio as determined from
mdividual years’ data has ranged from 1.16 to 2.78 as shown in table 29,

-Other studics of the effeet of length of slope on soil and water losses
from continuous corn plots were also carrted out during the 6-year
pertod 1934-39. These plots were 90, 180, and 270 feet long, the
90- wnd 180-foot plots being duplicated.  Results by calendar months
and years arve given in appendix, table 61. A brief annual summary
of averages of the duplicated plots is given in table 30. Water losses
from this experiment have been nconsistent with the trend indicated
by the study on the 145.2- and 72.6-foot plots. While runoff has
been less from the 180-foot plots than from the 90-foot plots, that
from the 270-foot plot has been the greatest.

Tanuk 30.—Surface runoff andsoit losses from plots of 90-, 180-, and 270-feot lengths
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Measurements of seil loss in runofl [rom the plots given in table 30
show marlked increases with slope length.

Relative amounts of soil loss from 90-fool sections of the plots
are shown for cach year and as an average for the period. The
aversge progressive inerease for 90-fool sections, assuming the upper
40-foot seclions of the plots to be unity, is 2.89 and 4.17 for the
second and third 90-foot sections, respectively.  This rate of increase
in soil loss with increased length is greater than the rate of ineresse
experienced on the 72.6- and 145.2-fool plots of series 1. :
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Elevation surveys of the plot surface, consisting of 12 rendings across

a plot taken at 10-foot stope distances, have been made yearly on this
roup.

& Elevation readings for 1934 and adjusled clevation readings for
1939 are vecorded in Lable 31, The 1939 readings were adjusted by a
constant height vertieally Lo 2 point where the average elevation
difference betwoeen the two seis of readings represented the measured
soil loss at Lhe end of each plot.  Plot prefiles thus secured are plotted
in figure 23, The depth of soil removed on the 270-Tool plot inereased
to adistance approximately 200 fect from the top of Lhe plol.  Correla-
tion of the depth of soil loss with lengths up to 200 feet, from this plot,
vielded a coeflicient of $.945 (1 percent point is 0.549). The regres-
sion equation of the relationshup is

y=0.016x"5

where ¥ cquals depth ol soil loss in {eet, and » equals slope distance
from the top of the plot in Leet.

TasL® 3l.—Surface elevalion readings for 80-, 180-, and 270-faol plols for the years
1834 and 1830
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Additional investigations with a rainfall simuolalor on preparved
fallow plots were made in 1839, These previously reported investi-
antions {35) gave essenlially the sume results as were attained from
the larvger field plols.  Over-all figures for the study of lengths of 8
and 16 feet on an 8-percent slope showed the soil-depth losses {o be
proportional to the 0.6 power of the horizontal length ol slope.

Degree of slope—Studies of the effeets of degree of slope on soil and
water loss have not been made roder field conditions at this location,
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due to the variations in depth of surface soil and slope direction which
ate characteristic of the Shelby topography. Laboratory studies have
been made, however.

The first experiment was carvied out in 1834,  The equipment used
was a galvanized metal trough, 1.6 inches wide, 36 inches long, and
2 inelies deep, which was filled with sand to & uniform depth of 1 inch,
The slope of the trough was adjustable to any desired degree, and water
applied at the upper end. Moeasurements of the rate of runoff and of

2B
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Ficure 23.—Change in surface profile of length of slope plotls, scrics 15, after 6
years of cropping to continuous corn.  The build-up a$ the lower end of all
plois is s0il deposition caused by coucentration dikes and cultural operations.

the sand transported by runofl wore made at the lower edge of the
trough, Sand loss was measured for three rates of runoff for slopes
of 2, 4, 8, and 12 percent, and for four graduations of sand ranging
front very fine to coarse. Losses of sand were found to increase
exponentially with the degree of slope and with the rate of runoff.
Anolher degree of slope experiment was made on a group of pre-
pared ficld plels, using a ram simulator, In the summer of 1939,
Soil and water losses {rom duplicale plots on 4-, §-, and i2-percent
slopes, having a horizontal Iength of 8 feet and o width of 3.5 feet,
were moasured mmu?taueously Rainfall was repeatedly applied at
rates and amounts anticipated for a storm of 20-year occurrence-
frequeney. For conditions of thie experiment, the amount of runoff
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wis found to increase with the degree of slope. The amount was
appreximately 14 percent greater from the 12- than from the 4-
percent slope.  Soil loss was found to increase approximatoly as the
1.4 power of the degrec of slope in pereent, A complete report of
the experiment has previously been published (85)

Shape of slope.—Uniform slope conditions, similar to those studicd
an plots, are not usuaily encountered on the Shelby topography. The
characteristic of eurvature of the soil surface, both with and across
the siope, is commou to all but relatively small land arcas.

Field studies by Ulland (27), which are being carried out at this
and other locations, are yiclding data on the factor of slope shape.
Physical surveys of the land surface and the depths of surface soil
remaining on entire fields have been made. A study of these data
indiente that the Jeast surface soil usually remains on a hillside at a
point just above where the slope starts Lo decrease. On cultivabed
lands the process is complicated by the dircction of slope, row direc-
tien, vegetated waterways, and by gully formation.

Because slope effects are modified by almost innumerable factors, »
simple average of data secured from 6 fields on the Shelby joam soil,
near Bethany, Mo. ,and from 7 fields on the Marshall silt loam, near
Shenandoah, kowa, isgiven,  Insccuring these date, the average depth
of soil was ascertained by boring at regular intervals along contour
lines in cach field. The average horizonlal distances belween con-
tours were caleculated from the arces bhetween contour lines. It was
then possible to plot an average profile of each fickd, and correspond-
mg surface soil depth.  Data from groups ol fields on cach soil type
were averaged to more neatly represent the topography and remain-
ing surlace soil of cach soil type. These dala are shown geaphically
in figure 24, The degree of slope of the fields on the Marshall soil was
less than that of the Shelby for horizental distances up to 185 foot
from. the ridge top, For distances greater than 185 leet, the degree
of slope of the Marshall exceeded that of the Shelby.  The slope of
the Shelby soil deereased at a point approximately 250 feet from the
riddge top, and was accompanied by an increase of surface soil re-
maining on the hillsides.  Deercases in the slope of the Marshall
occur at a distance greater than 350 feel, or beyond the scope of the
physical data secured for the stody.

A marked similarity in depth of surface soil remaining on both
the Shelby and Marshall soil Lypes s evidenced when these dopths
are compared with the total vertical distance from the ridge tops.
This is shown in ligure 24,

Lack of unilormity aecross the slope hns been observed Lo be im-
portant tn relation to the amount and location of surface soi) re-
maining on & field.  In general, when a land area is concave across
the slope, it is alse concave with the slope. A comparable condition
exists for areas which are convex across the slope. Runoff will,
Ltherelore, tend to coneenfrate on coneave slopes and lo spread on
convex slopes.  The result is temporary deposition in the eentral
and lower portions of the concave-shaped arens.  This is often sub-
scquently removed by gully formation. Convex slopes have been
observed Lo erode more uniformly and arve less subjeet to gully for-
mation than coneave land arees,
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Ticone 24— Comparisen ol slope and surface soil depths on the Shelby loam’
goil near Belbany, Mo., with the Marshall silt loam soil near Shenandoal,
JTowa.

TERRACING

The primary function of tereaces is to divide a total slope length,
over which runoff would normally flow in increasing volume, into rela-
tively short segments, from which soil loss need not be excessive,
during thosc critical periods when egetal cover is absent, or affords
littie protection to the soil surface. Runoff is intereepted by an earth
berm, and conducted by a channel of Jow gradient to a natural or
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artificial drainage way, where it may be disposed of in an orderly
fashion, without damage to cropped land.

Terracing was o comparatively new practice in the region in 1930.
Studies were, therefore, designed to determine Lerrace specifientions,
their proper use, and their effectiveness, in relation to climate, soils,
and the type of agriculture common to the region. Detailed datn of
results are recorded in appendix tables 62-75.

Publications covering results of terrace studies prior (o 1947 have
previously been made by Holman (£2) and by Smith (24)°

Construction—During the years 1930 and 1931, 9.15 miles of
terraces were conslructed at the station. This total milenge com-
prised 68 individual terraces, with an nverage length of 700 foet. They
were placed on land slopes varying for individua! terraces from 4 to 14
percent.  The mantle of topsoil varied from 0 to 14 inches, and approxi-
mately 80 percent of the terraces crossed wulliod areas.  The average
height of the terrnces construeted was 1.2 Toel, and the average wid(h
of the berm was 19 feet.

The construction equipment, consisting of a small blade and traclor,
was in general inadequate for building the terraces, with the exceplion
of those placed on relatively flal upperslope reaches.  Difficultios
arose from side slippage, lack of (raction, and insufficient power to
make uniform euts on curves or in hard subsoil arcas. This rosulted
i a relatively high construction cost amounting to an average of $13
per acre.

The cost of terracing a 13-percent slope was 2.6 times that of a
7-percent slope.  The cost of Lerracing the upper half of a slope was
only one-third of the cost of terracing the lowoer hall, where hoth
portions of the slope had approximately (he same grade. The
additional cost for the Jower hall was due Iargely to the shallow depths
of lopsoil remaining.  The Lopsoil ranged from G to 12 inehes in depth
on the upper half of the slope, and from 0 to § inches on the lower
portion of (he slope. Making fills where the terrace erossel gullied
Areas was & very important iteny in the cost.  As an average of all ter-
races, the cost of making fills constituted 51 percent of the total. This
ranged from 0 to a maximum of 63 pereent.

Since 1938, cmphasis has been placed on developing simple sl
economical methods of terrace construction. From an economic
point of view, the greatest henefit per dollar spent in terracing a slope
comes from lerracing the upper reaches. Not only is the eost per
unit length of terrace jess, but sinee soil Joss necelerntoes with the lengih
of the slope, the benefit to the entire slope length is wrealest per unit
length of terrace constructed.

It is believed simple methods of terracing upper slope veachoes with
equipment which a farmer already possesses, or which is readily
available to him, would result in wider adoption of Lerracing programs,

The construction of two lerraces on the upper slope venches of ficld
Q was started in 1938, The slope afb this point was from 3 (0 5 pereent.
The method of construction consisted ol making tweo rounds with o
small-Blade terracer to marls the terrace ridge line, fellowed by plowing
alone.  After the first backfurrowing, the field was planted on (he
contour to corn. The corn was removed in the fall of 1938 and the
ridge location again backfurrowed, Tn 1939 the Lerrace ridges were

ST, D. €, FOUR-YEAR SUMIMARY QF ENCINEENING EXPERIMERTS AT THE RETHANY 50IL COXSENVA-
TION EXPERIMENTSTATION, Presented at the Amer. Soe. Agron. Corn Bell meeting, Urbang, 1N, June 1§36,
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backfurrowed before drilling soybeans and in the fall before drilling
wheat.  These four backfurrowings resulled in a terrace of adequate
dimensions. Two of these plowings were a part of the cultural
operations.  The cost directly chargeable to terrace constructioh was,
therelore, fwo rounds with & tractor and blade, and two backfurrow-

o - .

Frarre 25—, Terraee consiructed hy two vounds wiih o small-blade terracer
and one backfurrowing with a plow in the spring of 193%. B3, the lerrace A in the
fll of 1939 nfter three additional baekfurrowings with «u plow. Height of ridge
is 14 inches.

ings with o plow. The terrace ridges and channels ave shown in
figure 25.

Several farmers in the county have adopted this method of con-
struction by plowing. YWhen tho soil 1s moist and the tractor wheels
allord compaction, it was sometimes possible Lo plow repeatedly until
a terrace was completed.



http:cOllstrllci.ed

Terrace .6-N Origing! land 5&2% 7 Percent

eo ~11.0 square feet L Helth" 12 feat |t
!

[ 16.2 feet

vertical distance (feet)

6 4 2 o} 2 q
Horizontal distance from ridge center {{eet)

Terrace 6-H Original._land slope 10 Percent

Channel areo - 1.1 square feet
|__Chane uare Teet 1 Height - 1 feet

e 136 feet

Verticat distance {feet)

6 4 2 0 2 4
Harizontal distance from ridge center (feet}

Terrace 5-G Original fand slope Percent
Channe! area - 8.6 square feet [ Height = 1O feet

[ 13, feet ———seor——eray

Vertical distance {feef)

133 4 2 o] . & 4 2 0 2 4 10 12 14
Horizontol distonce from ridge center (feet) ’

Ficury 26.—Size and shape of terraces on 7-,10-, and 13-percent slopes after 10 years of farming.
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Size and shape.~~The size and shape of terraces has been studied by
cross-sectional leveling of the ridges and channels, at regular intervals
along the length of the terraces.

Representative cross-section of terraces on 7-, 10-, andl 13-percent
slopes in 1940, or 10 years after construction, arc shown in figure 26.
The average height of the terraces is 1.2, 1.1, and 1.0 feet respectively,
on these slopes. The distances from ridge to channel centers range
from 9 Lo 7 feet, and the channel cross-sectional arcas vary from 11.1
to 8.6 square feet.  The horizontal width of the ridges, from the center
of a terrace channel to a point of equal elevalion on the down-slope
side of the berm, varies from 165.2 to 13.1 feet.  All dimensions of
terraces on the various slopes have tended to retain the same pro-
portion, but to decrease slightly with slope incercases.

Abrupt slope changes, common to newly constructed terraces,
have disappeared with o decade of furming opcrations, and the slope
between terraces is almost uniform. The slopes on cither side of the
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FFraere 27.~—Terrace dimension ehanges with cultural operations,

ridge center, and above the terrace chamel are approximately equal
on a given land slope.

An attempt to evaluate dimension changes resulting lrom cultural
practices, common to a 3-year rotation of corn, small grain and
meadow, was made in 1936 and 1937. Graphical results of the study
are given in figure 27,

The average cross section of the terraces, while in meadew during
1936, is plotted in the figure. The terraces had an avernge height of
1.0 foot, while in the meadow crop. The elevation of the channel
bottom represents o datum from which elevntion changes may be
readily measured.

The terraces were plowed with a two-way plow in the fall ol 19306,
Cross sections secured after the plowing operation show o ridge
height increase of 0.9 foot, owing to backfurrowing on Lhe terrace
ridge and leaving the dead [urrow in the terrace chiannel. The pro-
eedure of plowing also increased the volume of the furrowslice by
approximately 33 percent and resulted In a general elevation change of
0.2 foot.

The rough plowed ground was disked, harrowed, and drilled to
corn in the spring of 1937. Cross sections talken after the corn waes




80 TECHNICAL BULLETIN %3, U. B. DEPT. OF AGRICULTURE

drilled are also shown on the chart. The ridge height has been re-
duced from 1.9 feet to 1.4 feet, by preparing a scedbed and drilling
corn. It is also apparent that approximately one-hall of the soil
volume increase due to plowing has been eliminated over the winter
and by the secdbed preparation.

Cultivation of the corn crop, soil loss to the channel during tha
remainder of 1937, and disking and drilling oats in the spring of 1938
resulted in terrace dimensions almost identical to those recom panying
the previous meadow crop in 1936.

The study of size and shape of tereaces during different periods in
the cropping affords a measure of cyclic changes in a verlical plane.
The location of the terrace ridge was assumed to remain in the same
horizontal localion on tlie slope.

Sotl mevement on ferraced slopes—Permanent bench marks were
established on the upper and lower reaches of three terraced fields in
1932.  Their purpose was to establish a line for studying soif movement
on the terraced slopes.  Precise leveling, at [-foot slope distances,
between the permanent hench marks afforded a basis for evaluation
of such soil movement. A previous publication (87) deals with this
subjectin delail.

Soil loss, as measured at the end of the terrace channels, was found
Lo represent only a fraction of the total soil moved to the channels.
Seil moved from the interterrace area. was found to accumulate on the
front slope of the terrace vidge. This caused the channel and ridge
location to move up the slope.

Seil moves to the terrace channel from the terrace front stope and
from the interterrace area. The movement from the terrace front
slope must logically be a very small portion of the tolal movement to
the channel because of the extreme shortness of this slope. One-way

. plowing, in which the furrow slice is always moved up hill, has only
pm‘tin.[l(:y compensated for the down-slepe movement by runofl and
tillage implements on the interterraced area, while it has greatly ex-
ceeded similar movement [rom the relatively short [ront slope of the
terrace berm.  Since plowing moves almost equal amounts of soil to
the slopes on either side of the channel, the resulting over-all balancoe
logieally results in an accumulation on the tevrace front slope.  While
aceumtulations on thic terrace front slope have tended to move the
ridge location slightly up the slope, the terraces have not decrensed
in size or required maintenance for a period of several years.

This unequal distribution of the soil mantle has its cffeet on crop
yields. A station publication (39) deals with the distribution of
corn_yields on terraces in relation to the variation in surface soil
depth throughout the terrace interval.  Figure 28 shows this relation-
ship in 1940.

An excerpt from this publication (38 p. 126) is as follows:

It gencral the yield of corn increased from an avernge figure on lhe ridge top fo
a maximum at a point just off the terrace back slope, or approximately 15 fool
down the slope from ihe ridge center. This area contained point rows, hui
inerease or decrease in yield due to the point rows was not discernible. The vield
deelines progressively from ihis point down the slope to the center of (he terrace
channel. The yield increased frem the channet to a point approximaicly one-
half the distance to the ridge top on the front slope of the terraeebherm. [t again
shewed a decline on surface soil depths greater than 1 fool on the remninder of the
front slope of the terrace.

The yield of corn inercased with depth of surface s0il, repardliess of its location
on the terrace, to surface seil depths up fo 1 fool.  Soil depths above this fgure
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oceur on the terrace ridge, and a slight decline in vield was seeured for thiese cxtra
depths of filled in surface soil. Observalions during {he last few years indicate
that a portion of the soil in the terracs ridge, lving above the level of the channel,
hes reeeived little moisture by infiliration frem Lthe surface of the ridge, or by
latergl movement from the terrace channel,  In securing soil deplbs un the terrace
ricre, for this study, an extromely dry zone of soil was found. = It is evident that
the noisture comlent offterrace ridgesdmerits furthior altontion,
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Maintenance and farming.—Xlaintenance requirements of the 9.15
miles of terraces originally constructed on the station have been very
small.  During the period 1933-37, o small amount of grading, plow-
mg, and slip work was needed to maintain specific channel grades
necessary to research measurements. Ne special maintenance has
been required since 1937,

A two-way plow has been used in farming operations since 1933.
When plowing tervaced land, the furrow slice is turned up slope, and
the dead furrow placed in the terrace chammel. It has been found
that this method of plowing will maintain terraces in o 3-year rotation

BISGHL- 45—
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- of corn, oats, and meadow. Plowing of corn and wheat in a 4-year
rotation of corn, oats, wheat, and meadow has also been found fo
give adequate maintenance.

All farming operations which involve manipulation of the soil body

- have been catrried out on the contonr, This includes seedbed prepa-

ration with disk and harrow; drilling of corn, small grain, and soybeans;
and cultivation of corn. Point rows have been placed in the terrace
~ channel, midway between terraces, and 10 to 15 feet below the ridge
center of the torrace berm. When point rows were placed in the
- terrace channel, rows necessarily sloped to the steeper portion of the

© . arean between terraces. This resulted in a concentration of runoft

which tended further to crode the steeper portions of the slope, and
a tendency to gully formation in old feld drainageways. The same
condition occurred to o minor extent when point rows were placed
midway between terraces. The procedure of starting contour opers-
. tions on the front slope of the terrace berm, and continuing up slope
to within approximately 10 feet of the terrace ridge center above,
has been the most satisfactory. The operation is completed by work-
ing down slope from the upper terrace berm until overlapping occurs
on the point rows. This procedure applied alike to disk, harrow,
and drilling operations. When this method is used, runoft is led from
the stecper to the flatter portions of the slope, where it proceeds by
overland flow, with minimum velocity, to the terrace channel below.

Harvesting of hay and small grain has been accomplished without
regard to the terrace divection. Grain binders, mowers, dump rakes,
and bull rakes have heen operated over terraces, On steep slopes it
has been found to be preferable to cross terraces at an angle rather
than at a right angle fo their direction. .

Studies og farm machinery have been confined to using and observ-
ing the operation of those types generally used in the soil area. In
gencral, httle difficulty has been encountered in using it on terraced
Tand. More flexibility would be desirable for certain types of machin-
ery in certain operations, particularly on steep land. This is partic-
ularly true of combines, grain binders, and pick-up hay bailers when
operated over terraces. It would often be advantageous to tilt the
platforms or pick-up attachments and also to raise or lower them
with greaber ease.

Larger types of equipment, such as two-row tractor cultivators, have
been used satisfactorily on land slopes up to 8 percent. Single row
cultivation equipment gave better performance on steeper slopes.

Rigid frame cultivators with difficult side movement of the gangs
wore not satisfactory. Those with pivot axles gave the desired
mancuverability for following curved rows.

The two-way plow used cn the station farm for plowing terraces is
a trailer type with two sets of 14-inch gangs. The right- and left-hand
gargs are mounted adjacently on a wide frame. Each lowers or raises
independently from wheel lift mechanisms on either side of the plow.
A problem of side draft is common to this type of plow due to its wide
carriage. :

In plowing with any irailer-type plow, on sharply curving areas,
difficulty in sceuring a cut of even width is encountered. A device for
casily shifting the drawbar position, while plowing, is needed.

The only direct tractor mounted equipment used has beeu & two-row
¢corn planter. The planter is raised and lowered with & power Life,
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Direct mounted equipment of this type appears to be a solution to
many physical and economic problems cncountered in farming
terraced or contoured ficlds.

Terrace spacing—The problem of terrace spacing has becn studied
on two slopes, one approximating 7 percent and the other 13 percent.
Three terraces, symbol numbers 4-N, 5-N, and 6-N, 1,040 feet long
and having vertical intervals of 3, 5, and 7 feet were placed on the
moderate slope; and three terraces, symbol numbers 3-Gi, 4-G, and
5-G, 700 feet long and heving vertical intervals of 5, 7, and 9 feet were
placed on the stecp slope. The channel grade of all terraces was -
uniform st 4 inches per 100 feet.

Measurements of soil and water losses were made for the 9-year
period 1932-40. Data are complete for cropping o three votation
cycles of corn, oats, and meadow and are suramarized in appendix,
table 63,

Table 32 lists the major variables within the experiment and soil and
water losses from cach terrace. The Lerrace of 5-foot vertieal interval
on the moderate slope, and the terrace of 7-foot spacing on the steep
slope, occupy the steepest portions of the hillsides on which they were
placed. The surface soil depth on the moderate slope decreases with
increased vertical interval, while on the steep slope the surface-soil.
depth increases with increases of vertical interval. The corn yields
of the various terraces also follow suriace soil depths very closely.
It 1s evident that these and other variables, besides vertical spacing,
are present within the experiment.

TABLE 32.—Vuriable facters, and tolal soil losses and runff from lerrace spacing
sudy, 1983-40

Land slope Surface ranal
. Corn | rgem Soil loss
Terrace | Vertienl wield rain. in
number | spacing | Before | After per Eﬂl Pervenl-| runoff
terrag- | lerrac- nere 3 Tatal | ageol |per sere
ing ingt rainfall

Density
of
runoll
PCr nere-
inch

Percent | Pervent Buskels | Diches | nehey | Percent | Tons Tons
k3 0.8 g 40,2 | 255 54 7 2.6 -+, 386 0. N
) Az 06 12,5 . BGG L2l
3 ; . . 20, 1k 2 , B 376
186 s 38, 7- 42,109 16.6 L 17x L 437
1B. i 258.%4 40, 15 165 | 10.48G L2061
16, 258,74 30, 58 1.8 9. 982 327

! "T'he lond slopes alter terracing were enleulated, ot mensared.
2 Burface soil depith iy 8 inches,
¥ Averape of corn yields in 1937 and 1940,

Total runoff for the 9-year period averaged 42 percent greater on the
steep slope then on the moderate slope. Inexplicable variations were
also found to cxist between the individual terraces in each. slope roup.

The density of total runoff for the peried, in tons per acre-ince , Was
found to increase only slightly with an increase in verticel interval
from 3 to 5 feet on the moderate slope, and with an increase from 5 to 7
feet vn the steep slope. The 7-foot vertical interval on the moderate
slope resulted in a runoft density increase of 88 percent, while the 9-foot
vertical interval on the steep slope group resulted in an increase of 42
percent. This fact may indicate that the widest intervals on each
slope are excessive. The variation in runoff density is illustrated in
figure 29. Increases in density were greatest when the terraces were
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eropped to corn.  Appreciable incresses also occurred when they were
cropped to oats. The density of runoft from all terraces was nearly
constant lor the meadow erop.

Obscrvations of the vertical intervals on both the moderate and
steep-stope groups indicate that the narrower spacings of less than 50
feet horizontally are undesirable, duc to the fact that the slopes are
greatly increased by the construction of the terraces. Application of
the terrace with » 3-foot vertical interval on the moderste slope in-
creased the average slope of the land by 56 pereent. Likewise, appli-
cation of the 5-foot vertical interval to the steep slope increased the
land stope by 50 percent.  Farming operations are made unnecessarily
difficult by lhese extremely close spacings. Tho widest spacings
studied have not required "udditional maintenance over the more
closely spaced terraces on either slope group. Both fields, however,
have a greater thar wverage fertility Jevel and su pport excellent vegetal
growth,

It is belicved that the range of spacings on both the moderate and
stecp slopes, are insufficient to show great differences in soil and water
losses.  As the horizontal length of the spacings is increased, the
grade of the slope is decreased and viee versa.  The soil loss from the
intervals hebween the various terraces in each experiment may, there-
fore, approach a constant.

An approach has been made to Lhe problem of terrace spacing, using
soil-loss relationships derived from a study of degree and length of
siope data from plots. This material is contained in previous pub-
lication (36). The horizontal spacing which will produce a minimum
rate of soil loss from the ares between adjacent terraces was calealated
from an equation for soil loss. The spacing was found to vary with
terrace dimensions, and the land slope. A considerable differonce in
terrace spacing was also shown to produce only a small variation in the
average soil loss per unit ares between berraces.

Channel grade—Terrace grade has been studied on six terraces
placed on ficld Cin 1930, The terraces wore 1, 200 feet long and had
grades of 0, 2, 4, 6, 8, and variable 1 to 4 inches por 100 fect. They
were placed under measurement on Jan. 1, 1932 with the use of Par
shall rate measuring flumes and Ramser silt samplers. Records of
runofl’ and soil loss from the ends of cach terrace were continued
through three crop-rotation cyeles of corn, smali grain, and meadow
for the 9-year period ended Dec. 31, 1940,

Detailed data pertaining to the specifications of the 6 terraces, and
runoff and soil loss arc summarized in appendix, table 66.

A publication (38} giving an interpretation of the data obtained from
the experiment was released in 1942, A graphical summary of soil
and water losses taken from this publication is shown in figure 30. A
summary of the article is as follows;

Total runoff and she mumber of runoff periods increased with terrace channel
grade, up to grades of 8 inches per hundred feet, which was the u pper Himit of the
grades under test,

Average maximum rates of runofl for 128 runoft periods inereased
with channel grade. The average maximum was 5 times greater on
the 8-inch grade than on the level terrace.

All amounts of runoff, equal to or greater than selected intensities,
as (\i\reil as total runoff, increased with added increments of -terrace
grade, .
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The variable graded terrace was superior to a terrace of umform
“grade. It had the capscity to retain n relatively large amount of rain-
%a.ll, and also to discharge runoll at relatively high rates when hydraulic
efficiency wns mosi needed. :
There was no significant difference in the total time of runofi from
terraces of various grade for the 9-year period.
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Ticure 30.—Total runoff, average maximum rates of ¢

Total soil loss in runoff increased logarithmically with terrace
rade. Increasing the chapnel grade from level to 8 inches per 100
ot approximabely multiplied the soil loss in runoff by 7 for corn,

4 for the small gram, and 3 for the meadow crops.

Channel gra.Tes of less than 2 inches per 100 feet were not practi-

cable on the Shelby-soil. Lievel terraces were satisfuctory only on
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Grundy silt loam ridge tops, where the direction and degree of slope
were uniform, and the depth of surface soil excecded 12 inches.

Channel grades up to 6 inches per 100 feet may be safely used en
the Shelby soil.

Terrace lengih—Two terraces were placed on ficld T to study
terrace length, One was 1,375 and the other 2,450 feet in length.
Measurements of soil and water losses wore made for the 5-year
period 1934-38.

During the period of measurement, botl soil and water losses werg
greater from the longer terrnce. It 1s, however, believed thal other
variables, in addition lo length, account for part of the measured
differences. '

Cousidering records from all terraces of different length at the
station, it is doubtful if significant change in total runofl can be b
tributed to terrace length.  The longer torraces tend to have higher
stages and more prolonged runoff. The soil loss in runoll is also
higher due to inereased ffow velocities.

Terraces less than one-fourth mile long are thought te e more
desirable than exceptionally long terraces or those approaching one-
half mile in Iength. More ridgo height and channel capacity are
needed on the longer torraces.

Terrace overtopping.—Three level terraces were adjacenily placed
ou field C to study the effcets of terrace overtopping.  The upper
two had closed ends, and runofl had to pass over the ridges Lo the
third terrace, loeated lower on the slope.  The terrace occupying the
lower slope position had an open end at which measuring cquipment
was placed.  The total length of the 8 terraces was 1,315 feet. Roecords
of soil Joss and runofl were secured for the B-year period, 1934-38.

The upper two terraces overtopped numerous kimes in the wet
seasons of 1934 and 1935, but little damage occurred.  Maintenance
with a shovel, once yearly has been sufficiont to £l in the small rills
which cccasionally formed from overfiow.

Total soil loss from the terrace overtopping study was 10 percens
greater, and total water loss was 26 percent less than that measured
during the same period from level terrace 9-C of the terrace grade
study on the same field.

Conclusions drawn from the study are that oceasional overtopping
of short terraces by storm runoff will canse only minor damage to g
terrace system, if timely maintenance of breaks is made.

Terrace outlets—Studies of the disposition of storm runoff from
terrace systems and diversion dikes have been made at 21 locations on
the station.

Three of the systems empty on permancut blucgrass pasture lands.
This practice has been highly satisfactory. Grazing of the bluegrass
is controlled, and livestock is thus prevented from forming pathways
along which runoff will concentrate;

The remaining 18 outlets have been constructed at desired Iocations.
They are also primarily dependent on vegetation for disposition of
runoif through their channels. _

Bluegrass appesrs to be the most effective and ndaptable grass for
outlet control at this location. Once established in an cutlet, it has
never been severely damaged by storm runofl. Quackerass was
placed in o terrace outlet on field G in 1935. It has remained intact
on & 12-percent slope for a 6-year period. While frequently consid-
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ered a noxious weed, it has spread but little and appears to be adapted
to outlet protection in thils area. '

Six outlets have heen completely sodded. Sod has been cut, hauled
to the outlet site, and placed ab the rate of 1.75 square yards per man-
hour. This has been the most satisfactory method of establishing
grassed outlets alter terraces have been constructed, or where runoff
cannotb be temporarily diverted from the outlet site.

One outlet on field D-2 was developed while the ferraces were in
meadow without diverting runcff, It was the hrst soil treated and
seeded. Bresks occuring in the seeding were then repaired by the
placement of bluegrass sod. Complete sodding, however, appears to
be more desirable than this method, beeause of the numerous times
maintenance must be given,

The remaining outlets have been developed from seedings and subse-
quent maintenance with sod, where required, has been given. The
most practical way to eslablish terrace outlets [rom seeding has been
to temporarily divert runoff or to establish the outlet before terraces
were constructed. The period which has elapsed before adequate
protection was secured varied from 1 to 5 years, depeuding on the
soil, slope, area drained, and weather conditions.

Terrace effectiveness—-A terraced arcn of 8,03 acres, watershed D-2,
and an unterraced aren of 4.85 acres, watershed D=3, have been used
to study berrace effectivencss.

Parts of watershed D-2 were scriounsly eroded before terracing in
1930. The depth of surface soil ranged from 0 to 12 inches and aver-
aged 8 inches. The average land slope was 7.0. The watershed has
a bluegrass terrace outlet, received lime and fertilizer, and is contour-
farmed with the terraces.

Watershed D-3 had experienced little cropping prior to 1930.
The mantle of topsoil ranged from 4 to 14 inches, and averaged 10
inches. The average slope of the avea was 6.7 percent.  This water-
shed bas nob reccived soil treatment and is farmed with the feld
boundayies.

Tasne 83.~—~Suvil losses, runed], and crop yields for terraced walershed D-2 and for
unlerroced watershed D-31

iD-2is farmed en (he contour and has been lisned, end eommuereial fertilizer is appiied on the small grain,]
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1 Data for eacli erop are an avernge for 2 years,  Depith of Lop soil o D=3 in 1930 was 10 inches wihile that
on D-2 averaped oy B inches,  For a more equitable cotnparisoi, yiekls on -3 shenld e multhiled by
.86, an estimaled relative production faclor for the two originnl depthis of tonsell, | i

1 Oats on tereace ridge ledped ducing 1638, resulling in high liarvesting losses, while {that on D3 without
soil trentiient did not lodpe nikd Brercforo ot vesting loss was negligible. .
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Both watersheds have been cropped o a 4-year rolation of corn,
onts, wheat, and meadow since 1935, Soil and water loss data ate
available for the 8-year period, 1935-42.  Dala by calendar years are
tabulated in Appendix, tables 68-75.  An average of data by crops of
the rotation is given in (uble 33, Runoll from the termgeod watershed
D=2, as an average of the rotulion, has been 70 percent of (hat from
the cheek area. The average soil loss for the different crops from the
terraced arca hns ranged from 1.4 to 3.1 percent of the loss from (ke
unterraced area and has averaged 2.2 pereent for all crops.
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Froung 31.—8oi#l loss and rmnoff data from terraced aid nnlerraced watersheds
for Lhe storm of May 1, 1935, Soil moist from previous rainfaill,
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The average soil [oss measured, from the ends of the channels of the
terraced area, approximately one-half ton per acre per year, may be
considered ncghgll)lm It is estimated that soll movement to the ter-
race channels and deposition on the terrnce ridges has heen approxi-
mately 5 fons per acre per year during the S-year period. A part of
this accumulation on the terrace ridges may be considered as soil lost
for crop production, as surlace-soil depths above 1 foot have not
shown 1nereased crop yields.

Representalive hydrographs of runelt from terraced and unterraced
areas are shown in figure 31, They are [rom the storm of May 1, 1935,

m - Storm ol June 9, 941,

] intal
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Provne 32, —8oil and waier Joss data from ferraced and unierraced wilershods.
The hydrograph from che anterraced area follows very clusely the ehanges in
rate of rainfall, whereas Tor the fercaced areas {the hydrograph peaks are
amoalhed, depressed, and prolonged.  Soll was wet at the (me of Lhis rain,
from 1,78 incebes of rainfall fhat morning.

and show the rates and. amounts of runelt lrom walersheds D-2 and
D=3 cropped to small grain, and similar data from terraced and
unterraced bhiegrass |)‘15UII ["-,, Pa~A and Pa-DB.

A comparison Cof h\r{llom aphs secured from o storm of June 9, 1941,
from watorsheds D-2 and -3 while cropped to corn s shown in
figure 32. Runofi‘ from the unprotec ted walershed is very responsive
o slight changes in the rainfall intensity and runoff is detained on
the surface only a short time. The ability of terraced areas Lo retard
runofl and (o smooth or eliminale romell peaks from roinfall inten-
sities of shorl daration is nlso demonstrated,



http:l'ninfn.ll

INVESTIGATIONS IN EROSION CONTROL

A study of maximum rates of vunofl from seven major storms during
the 6-year period 1935-40showed Lthe average maximum rate of runoff
from the terraced watershed to be 45 pereent of the average maximum
rate from the unterraced walershed., During each of these storms
the maximum rate of runofl was greater [rom the unterraced water-
shed.

Strie-Crorrine

Six plots, shown in figure 33, designated as plot sories 5, 270 fect
long and 45 feet wide, have been used to study rotational slyip crop-
ping on a 6.6 percent slope.  Alternate strips ave conlour farmed to a
3-vear votetion of corn, wheat, and mendow. The remaining three
plots nre strip-cropped.  Each strip-cropped plot is divided into

WHEAT CORN CLOVER

Ficune 33.—Rotational sirip-cropping plui'.siu{ly o o 8.0 pereent slope.

three strips for the growing of each crop of the rotation on cach of the
three possibie loentions on the slope. The sequence of crops from the
top to the hottom of the slope is such that when corn and small grain
are grown adjacently, the wheat is above the corn. Data are com-
plotfc for the period 1936-41, and are given by seasons in Appendix
iables 58 and 59. The data huve been arranged according 1o crops
and their positions on the slope.

A Driel summary of sotl and water losses for the 8-year period is
eiven in {able 34, The average annual runoff rom the stvip-cropped
and check plols was almost Sdentical.  Soil loss was grenlest when
corn occupied the entire slope.  The position of corn ou the strip-
cropped plots was also the dominating factor i the amount of soil
loss experienced.
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TanLe 34.—Average rainfull, runaf, svil loss, and erop yields | rat the conlour strip-
crapped and contoured plots of series 3 for the B-year perimé 15930-41
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This loss ranged from 0.29 (on per acre per annum, when corn
cceupicd the upper slope position, Lo 1.62 tons per acre per yoar, when
it occupied the lower slope position.  Avernge vearly soil loss was
reduced 55 percent hy strip cropping.

Conelusions based on the soil and water loss measurements are
that meadow sirips absorb little of the runoff passing over them;
they do, however, appear to be effeetive in filtering soil from heavily
silt-Jaden runoff passing over them.

Crop yiclds on the strip-cropped plots 1, 8, and 5, and the contoured
non-strip-cropped plots 2, 4, ard 6 have not been significantly difTerent.
[nsect damage observed to accompany rotutionnl strip cropping at
other Jocations cannot be gaged by this experiment, due to the fact
that the strip width ol 90 feet is greater than (he plot width. The
yield ol all erops hus been slightly higher when they oceupy the upper
slope position, which is undoubtedly due to greater depths of lertile
topseil at the upper location.

Obscrvation ol the plots have shown that the tendency for water to
concentrale and (o form gullies inereases with slope length,  Develop-
ment of this condition Is markedly greater on the plots which are
nol strip-cropped.

Watershed LJ-J, having an area of 2.13 acres, has been rotation
stap-cropped sinee 1933, During (the period 1933-35 it wus cropped
infourstrips gn whicl a rotntion of vorn, soybeans, wheat, and meadow
was grown.  Waler loss averaged 6.4 inches per year and soil loss 9.1
tons per aere per yoar during the 3-year period.  These losses were
excessive due to the large percentage of intortilled crops. In 1936 Lhe
number of strips was reduced to three, nnd crepping changed to o
3-year rotation ol corn, oats, and mendow. During the 7-year period
1936-42, waler loss Trom the area has averaged 2.0 surfaee inches and
soil loss only 0.5 of a ton per aere per vear.

Coxrour TiLLAcE
TFarming of fields with or without (erraces on the contour has

reduced both soil and water loss and increased crop yields on the
station. The Shelby soil, however, with ils rather impervious sub-
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soil, has shown a wide variation in the results from once year to another.
Observations have shown that grassed waterways are necessary along
with conlouring,

In 1931 terraced fields N and G were in corn.  In field N the corr
was planted across the lervaces and in field G the corn was planted
on the conlour with the terraces.  Soil on Lhe Lwo ficlds was approxi-
mately the same, but the percent slope ol field G was about twice
that of ficld N. During the three yvears following 1931, Lhe two
fields were in corn planted on the contour.  Average corrections for
slope and other differences were secured lrom these theee years’ data
for runefl, soil loss, and crop yields, and applied to the original data.
Contour [‘l‘!llll[l“’ and tillage hased on these adjustments reduced the
runofl te 77 percent, and “Uie soil loss to 42 pereent, and mereased
the corn yield 22 percent over planting and cuitivating the corn across
the terraces.  The original and adjusted data are shown in table 35.
Lanre 35.—Effect of ontonr tlloge on runeff, soil toss, und yield from terraced fwnd
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An indireet comparison for the value of contour tillage can be made
Mrom the conteur or cheek plots of the strip-crop experiment, plot
series 5, and the up-and-down hill operated plot of the same l('nn'th
(270 feot) in plot series 15, Comparative adjusted dala are sho\\rn
in tahle 3G.

TanLe 36— Comparivon of soil and water Tosses from contour and wp-and-down hill
tilleed plols
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Soil loss for the 7-yeor period lotaled 23.6 tous from the contourcd
plot. This is 48 percenb of that for the plot operated up-and-dowa
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hill,  Likewise, runoff {rom the contour plot was 14.54 inches or 80
percent of that from the up-and-down hill plot. T will be noted that
the vatio of soil loss on Lhe conlour plot Lo that on the plot operated up-
and-dewn bill varied from 0.03 in 1936 to 2.0 in 1941, This latter
ratio is not of practical value as the soil fess from both plots was in-
significant in amount, The ratio of 0.86 in 1939 was largely the result
of a T-year frequency rain of that year. This was the greatest soil-
loss year for these plots. Modcerale rains of low intensity caused
litele, i any, soil loss frem the contour plot, but long rains of high
mtensity falling on wet soil caused about cqual soil loss for the two
conditions. '

Contouring has been studied on feld-size watersheds on the stalion
in conjunetion with other eonservation practices.  These additional
practices consisted of grassed waterways with wire cheels, soil treat-
ments of lime and commercial fertitizer, and contour plowing in whieh
the dead Turrews and Leadlands were placed in the same location each
time the field was plowed. The contoured area with its additional
pracLices 18 known as wotershed D-1 and the other aren as watershed
D-3. Farming opcrations on watershed D-3 were with the field
boundaries and therefore all rows were not up and down the slope.
The two watershieds have been in the same eropping plan since July
1935.  The grassed waterway on D=1 represents 20 pereent of the total
aren of the watershed.

Total soil loss fram watershed D-1 for the past 8 years Lias heen
22.1 tons per acre or 10.9 pereent of that from watershed D-3, with no
control excepl the crop retation. Runoff loss [rom D-1 during the
period Tas itotaled 31.3 inches, which is 83.9 percent of that from
waotershed D=3 and 13.1 percent of the total rainfall for the peried.
These data are shown in table 37, as well as the yearly losses and crop-
yickls for the two watersheds,

Tasraz 37.—Sail loss, vunnfl, end crop yields from a watershed with confour tillage
anuf other practives (D-1) and o walershed farmed with field boundaries (D-8)
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Soil loss from D~1 has been caleulaied as n pereentage of that from
arca D=3 and shown in the table. It is interesting (o note that the per-
centage has been decreasing cach year. It is thought that the method
of plowing ncross the slope has contributed to this decrease, and re-
sulted in the area functioning quite similaily to a terraced aren.  Crop
yiclds caleulated on the basis of total arca do not show an advantnge
for the contouring and additional practices, exeept for the meadow
years when the waterways contributed to the yields. Therelove, the
yields shown in the table have been ealeulated on the basis of the
nctual area sceded to small grain or corn as well as on the basis of tokal
arca, On the former basis, average small grain yiclds were not ap-
preciably different on fields D—1 and D-3; corn yield, howover, was 25
percent greater and meadow yield 14 pereent greater on the contoured
field with the rdditional practices.

Watershed D—-1 contained numerous drainage depressions which
have been established as grassed waterways. This left extremely
narrew intervening arcas to be cultivated and necessarily resulfed in
numerous short rows, The practicahility of larming these small
areas s guestionable and led to the subsequent establishment of a
field triad ares in which similar bowl-shaped areas were all seodod fo
premanent meadow with grassed waterways.

Conroun Furrows

Pasture furrows were placed on a virgin bluegrass pasture watershed
(Pa~C) of 1.974 acres, in the Tall of 1939. The average slope of the
watershed was 11 percent, andd the Durrows were placed at  L-foot
vertieal intervals,

The furrows were constructed with a contour-furrowing machine
developed by the Agricultural Engincering Department of the Mis-
souri Lxperviment Stalion. The machine elovates the sod cover with
right- and left-hand plow bottems, and earth is moved (o form a ridge
by means of a reversible disk,  Sod is then dropped back on the exca-
vated channel and earth ridge and packed with a roller. A survey of
the furrows made 8 months alter their construetion showed them to
have o storage capacity equivalent to 0.6 ineh of a surlace runoft from
the watershed.  Figure 34 shows the Turrows in the spring ol 1942,

Hydrologic measurements were secured during the 3-year pericd
193739, before placement of the furrows, for calibration purposes
with o terraced bluegrass pasture walershed of 2,026 acres (Pa-A),
and an undisturbed bluegrass pasture of 5.563 acres (Pa-B)., Pastures
A and C are on the same hillside, have the same slope aspeet, approxi-
mately the same percent slope, and stmilar vegetal cover. Pasture
B is on a more moderate and opposing slope across a ravine. During
this 3-year peried, only traces of runoff oceurred, except from onc
storm of 7-year intonsity-frequevcy on June 21, 1939,  All posturcs
had appreciable smounts and rotes of runoft from this storm as shown
in table 38, Data from this storm were considered sufficient for cali-
bration purposes, and pasture C was [urrowed in the full of 1939,

Data [rom the three watersheds, after contour furrowing pasture C,
are available for the 2-year period 1940-41.  During 1940 no rainfall
eseaped from the contour furrows whilé pastures A and B each had
0.4 inch runofl, In 1941 the contour furrows overtopped during
three storm periods,  Total runoff from these storms was 2.58 inches
on the contour furrowed pasturc. During the same three storms the
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Frcure 34.—Contour furrows on bluegrass-pasturc watershed 3 ycars after
construction, .

terraced pasture lost 1,43, and the undisturbed pasbure 2.02 inches of
runoff. During 1941 there were 16 additional storm periods from
whicli the berraced pasture lost 0.48, and the undisturbed pasture
0.74 inch of runoff while the contour-furrowed pasture did not pro-
duce runoif. By retaining all rainfall for the minor stormn periods by
the contour furrows, the level of soil moisture of thal watershed was
undoubiedly increased. This apparently resulted in larger amounts
of runoff from the lfurrowed paslure, i comparison to the terraced
pastare, for each of the three storms causing runeii on the three water-
sheds, Total runofl for the year 1041 was 35 percent ereater from the
contour-furrowed pasture than fvom the terraced pasture, but 13
pereent less thon rom the undisturbed pasture watershed,

Runofl dala front the pasture watersheds for the three major storm
periads of 1941 ave shown in tabular torm, in comparison with data
secured from the storp: of June 21, 1939, in table 38, It will be noted
that for the storm of 1939, pasture C, in its undisturbed state, had
total runoff, and an inBltrabion index, approximately equal to the
avernge of pasture A and pasture B, Duving each of the tliree stornis
in 1941, contour-furrowed pasture C had the largest runoff, and the
lowest mnAllration index, The fact that runoff from the contour-
furrowed pasture was measured as 0.01 inelt maore than the rainfall
of the storm of June 9, p.m., was due to & small amount of residual
runoftf remaining on the area from the storm of the morning. The
contour furrows had been completely flled during the worning storm,
and runoff at the rate of 0.005 inch per hour was in progress at the
time of the sccond storm.  Itis, however, apparent that approximately
100 percent of the vamfall from the latter stormy appeared as runoff,
and further, that the infiltration rate was negligible.




TaBLE 38.—Comparison of bluegrass waiersheds, pasture A,! pasture B2 and pasture C3 before and afley contour furrowing pasture C
P i 7 » ; ]

Rainfall Runofl

Bluegrass pasture watersheds Dato of storm Maximun § Maximum | Maximum
Amount | Fminute | 15-minate | 30-minute
- intensity | intensity | intensity
per hour per hour { per hour

Maximum | Maximum | Maximum | Infiltra-
S-minute | 15minupte | 30-minute tion
intensity | intensity | intensity |index per
per hour | per hour | per hour hour

Maxintum
Amount { intensity
per hour

L——-GF-F69CT9

) ’ Inches Inches Inches Tuches TInches Inches Inches Tnches
Pa-A, terraced...... cmmmmnanisannnn ] JIE 21,1080 il 2,03 4.20 3.36 ] 0.52 7 1.65 3 110
Pa-B, undisturbed. _. June 21, 1980, ... Py
Pa-C, undisturbed. __ June21, 1930, ... .o
Pa-A, terraced June 9, 10418, 10
Pa-B,undisturbed. June 9, 194La. m.. ...
Pa~-C, contour furrowed 1., 2 June g, 194Fa, m.
Pa-A, terraced... .. on June 0, 1941 p.m.
Pa-B, undisturbed.. .. June 9, 1M1 p. m..
Pa-C, contour furrowed June 9, 1941p. m,
Pa-A, terraced ... .._ Octobwer 30, 1941 -
Pa-B, undisturbed.... ! Qctober 30,.1041...

Pa-C, contour furrow E October 30, 1041

! Tarraced bluegrass pasture watérshed of 2,026 acres, and 13-pereent siope.

3 Undisturbed bluegrass pasture of 5.563 aeres and §,5:percent; slope,

3 Bluegrass pasture watershed of 1.974 aeres, and 11-pereent slope before placement of epntour trrows.
{4 Bluegrass pasture watershed of footnote 3 after placement of contour furrows,

TOYLNOD NOISOUT NI SNORVOLLSTANT



http:l..\:,.cr

- -
’ Storm of June 21,1939
Rate of ralnal ‘

Watershed | Areo Kind Cro:g hi
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F1cors 35.—Iistograms of rainfall and runoff for two stornis on bluegrass-pastire watersheds (Pa-A) and (Pa-C). The
storm of t1939 occurred hefore contour furrows were placed on pasture C, and the storm of 1941 occurred atter their
placement. ‘ ‘



mailto:EA-q::.~.@IS'..~.�-~;2

INVESTIGATIONS IN KROSION CONTROL

The contour furrows have reduced the peak rates of runoff and
the velocity of overland flow as illustrated by the nearly constant
values of peak, 5-, 15-, and 30-minute runoff intensities given in table
38. This changed distribufion of runofl is further illustrated in figure
35 by plotéing the histograms of rainfall and runoff on pastures A and
C for the storm of June 21,1939, and for June 9, 1941, The distribu-
tion of runofl over and above indicated rates is illustrated by the
curves of the excess series on the right-hand portion of the figure.

A preliminary survey of vegelation and scil moisture was made on
ihe contow-Turrowed portion of pasture C, and an adjacent unfur-
rowed portion of the pasture in 1940. Points for sampling were
sclected ab random.  Counts of vegetation were made by the point
qundrat method. Moisture deterimunations werr madoe for soil depths
ol 0106, 61012, and 12 to 181inches. Differences in vegetation and
moisture between the lurrowed and unfurrowed pastures were too small
to besignificant. Within the contour-furrowed pasture, the strilkes of
blucgrass and of weeds were significantly greater in the channels than
on (he ridges of the contour furrows. Moisture differences were not
significant. The year 1040 was also deficient in rainfall and only 0.4
inch of runoll oceurred from unfurrowed bluegrass pastures on the
station. Large differences in vegetation and moisture would, there-
lore, not be expected. _

Blucgrass pasture on the Shelby soil usually occupies lands with
slopes 1 excess of § percent, The spacing of [uwrrows must be close
to relain surpluses of vainfall on pastures on these slopes, Closely
spaced furrows complicate pasture manasgement problems. It was
feund very difficult to use a mower to clip weed growoh on pasture C.
The sale of stripped bluegrass seed is o source of considerable revenue
to many farms in the Shelby scil region. Contour furrowing, by
metheds in which numerous ridges are formed, almost precludes the
harvesiing of Dluegrass for seed.

FiELD TrIAL oF S501L CONSERVATION PRACTICES

‘The principles of conserving soil and waber resources, found to be
beneficial by aciual messurements on small plot, terrace, and water-
shed areas have heen extended to station ficlds not otherwise employed
in formal experiments.  Such field trials constitute a proving ground
to test the workability of theorelically sound erosion control practices,
and assist in determining the limits of their application to practical
farm use. The development of erosion control practices by field trial
is the end product oi ysearch endenvor.

Studies made of four fields over & period of several years will be
discussed.  Table 39 lists the field specifications, cropping, and control
practices for tha argasin 1941, .

Rotation strip cropping.—The first problem to receive study by field
trial wns the application of strip ecropping to ope of the station fields.
. -contour map of the area selected for this study (field L) is shown in
sletch A of figure 36. The land area has slope variations ranging
from 3 to 8 percent, irregular contour direction, and a well developed
drainage nebworl, all of which are typical of the Shelby soil. Tt is
located directly cast of the major grouping of plot studies.
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TasLe 39.—Areas used lo develop field applicalion of eresion-conirol practices

- Field

Aren
(eres)

Yeur
slaried

Rptation {kind)

Sl trentmont

Conlrol practices

I

131

1932

Corn, small grain,
mendow.

Carn, lorvested  for
Eridin,

Sl gruin, pastured
BIf.

Mhendlow, pastured and
resltlue Mowed - |
devin thespring rae- -
celing Lhe Tallowiug
COFT 0.

HCvops of Lo rodation

o el ekl sre one

your gub ol nliase (o -
provide year neound ¢
grazing. '}

2tons per pers af birn-
vard manure Bp-
plisdd  helore  corn,
200 pounds per nere
of 2-perecnt saper-
phosphate  appliod
with siall grain.

A-12=  fertilizer -
plicel ne the rate of
180 paninsds ner agere
willl small genin
spiding.

Diversion dileh at tap of slope.
38 acres af perinanent alfalia
aboye diversion diteh and im-
wedintely below, B.7 peros
ratilion  sirip-cropping;  fai
noeres i pormasnent gruss, -
c¢luding small steip Lo mark
houtrluries of cultivated strips
nnel evrrection arens.

Faur Lerraces upon apper renches
of sloape,  Approznnsiely 9
neres cultivated (Inelikling ter-
races unl strips helow lerraces).
9 acres in permanent boffer
sirips nond prassed watorwass.

I ogeres cultivated hotween per-
manenk hapler ateips, 9 neros
i perinanent grass and water-
ways  (mll smell,  soverply
croded, coneave BRONs Unoo
which waler concententes huve
haen left in perimanent prass).

Twaierraceson the upper renches
af stope. 'Iwo diversion dykes
at 0ot verbieal Intervals,
Permunent geass loft on irregn-
tnr arens above diversion dykes.
Point rows thns elininsted,
20 neres in rotalipn. 205 heres
in permatent gross.

A diversion terrace wus placed on the upper portion of the field in

1931 about 12 feet vertically from the high point of the slope.

The

first strip-cropping systern was installed below the diversion in the
spring of 1932.
The purpose of the diversion ferrace wns (o divert runofl {from

ackive gullies in the fiekl,
and a contour strip immediately helow were seeded to alfalfa.
lower edge of the alfalfa strip {followed an exact contour,

The irregular nrea above the diversion

The
The reason

for placing alfalfa below the diversion terrace was further lo reduce
runofl from the upper slope region, and thus make an optimum con-
dition for confrol of the remainder of the slope by rotalional stvip
cropshg.

Four strips were Iaui out below the aifalfa, for the growing of corn,
small geain, and meadow. The boundaries of each were placed on
the contowr. A diagram showing this orviginal installation and the
cultivation lines is shown in sketeh B, figure 36,

This first applieation of slvip cropping proved Inadequate, due (o
the fact that the strips were extremely nurrow al some locations and
wide at other points. Point rews were encountered in cultural
operations on all strips. Moveover, the Geld was low in {eriility and
the growtl of meadow oo meagre to afford adequate protection o
the slope. Strip boundaries became obliterated in the fall hy grawlh
of annual grasses and weeds after the removal of the small grain
and hay crops.

The system was changed {rom one ol precise conlouring in 1932 Lo
one less rigid in 1933. "The procedure {ollowed hecame known al a
later date by the term “held-stripping.” Sirips wero of nearly uni-
forn: width as shown in sketch C, figure 36. The number of rotated
strips, reduced from 4 (o 3, were cropped to corn, small grain, and
meadow,

This so-called system of field-stripping was retained on the field for
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INVESTIGATIONS IN EROSION CONTROL ioi

2 years for observation. On soms locations on the slope the row
direction was perpendicular to the contour of the field. This resulted
in poor erosion conirol. Runoff tended to follow drill and planter
marks, depositing topsoil in the drainageways or upon the meadow
strip when breaks occurred.

— N T

& = Conteur mar of huld L

O =1935-491

LEGEND
e~ Diversfon ditch

=~ == Sirip boundorfzs SCALE IN FEET
== =—— Field drainagewsys

EESeeat Guitivation lines %"
A4, Permangnt hey or gross °
FigurE 36.—Various systems of rolational strip cropping on ficld L,

Obviously, when comparing these {wo early applications of strip-
cropping, two oxtremes in the application of strip-cropping are 1n
evidence, and while the lalter method obviated point rows and the
sharply curving contour direclion, it resulted m inadequate con-
servation. :

Strips were again relocated in 1935, by placing the center of cach on
the contour. During ihe preceding years of study, it had been ob-
served that when rounding curves with farm machinery there was 2
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tendency for the implement to erowd the inside of the curve. This
factor was taken into consideration by plowing oubward from o back-
furrow placed on the contour of the steip center.  The crowding ol n
curve on one side of the backiurrow was then halanced by the lag on
the opposite side. This procedure resulted in nearly parallel strip
boundaries, which varied in distance from the original backlurrow.
Irregular areas between the 3 strips of nearly unilorm width were
seeded to permanent meadow, which has been harvested with an ad-
jacent strip of oals or meadow each year. A map of this strip reloeation
1s shown in sketch D, figurve 36.

¥When laying out the final arrangement of strips, & small land area
between them, from 3 to 6 feet wide, was left unplowed. It was re-
tained in grass to define the sirip boundaries.

This arrangement of strips has been satisfactory for erosion control.
Waterways were under good vegetafive control by 1935 and little soil
has been eroded from the field. IBach year the strip planted to corn
has received 2 tons per acre of barnyard manure, and the strip seeded
to small grain has received 200 pounds of 20-percent superphosphate.
The increases in vegetalive growth, accompanying these applications
of manure and ferfilizer, are undoubtedly one of the major factors
contributing to the successful erosion control of the field. The strips
have Dbeen plowed outward from o backlurrow, and from the outer
boundaries to the dead furrow, on alternate plowings, in an effort to
prevent benching and to retain a smooth land surlace.

The only chavge i the system from 1935 to 1941 has been the
ciimimation of the noarrow Lhuffer or guidelines between each rotated
strip, as the lines of cultivation beeame visibly defined.

Two major difficultics with this method of strip cropping have been
encountered. The first was the occasional damage to the corn crop by
insect migrations from the small-grain strip. Inseet damage, pri-
marily by chinch bugs, is illustrated by yield comparisons with cther
areas in 1932 and 1940. In 1932 the yield of corn was 4.6 bushels per
acre on the strip of field 1u, while it was 27.5 bushels per acre on field
C, where corn occupied the entire slope. A comparable condition
occurred in 1940 when the yield was 6.1 bushels per acre, as compared
to 51.1 bushels on adjoining field N. The other difficulty encountered
was the imnpracticability of grazing the field with livestoci:.

Further study of rotational strip cropping, in addition to the field
trials on field L, was initiated on field I in 1934. This provided for a
study of rotations other than the 3-year one of corn, oats, and meacow.

Four small terraces were placed on the upper slope reaclies, and the
remainder of the slope divided into five strips.  Thefield was seriously
eroded, and had a low lertility level when the conirol practice was
applied. The rotation used on the strips was corn, oats, wheat, and
‘meadow. The strips were of uniform width, with intervening correc-
tion areas which werc cropped to oats and meadow with adjacent
-contour strips. This rotation was retained on the slope until 1936.

Experience with the system gave negative results. The rotation of
corn, oats, wheat, and meadow, coupled with a low fertility level and
wrregular eveded topography, resulted in rill formation, which extended
across all strips, and excessive soil movement down the slope. Insect
damage to the corn crop was also severe due to the amount and loca-
tion of small grain.

In 1936 the field was divided laterally into two units. The purpose
of this division was to segregate the growing of corn from small grain.
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The rotation was changed {0 one of corn, small grain, und two years of
meadow. By the usc of the two field units, it was then possible to
have one unit in allernate strips of corn and firsi-year mendow while
the other was in small grain and second-year meadow.

This system permitied grazing oub of the field unit in small graic and
meadow, and also allevialed insect damage. Boil fertility was im-
proved by application ol 6 tons per acre of barnyard manure preceding
the corn erop and of 200 pounds per acre of superphosphate fertilizer
with small-grain seeding.

Sucresstul erosion control was dependent upon establishment of &
good crop of meadow each year to spread runoff from the strips planted
fo corn. When the seedings failed the system was disrupled.

In plowing the strips from 1936 Lo 1938, the plan was to ridge or
benelt the field by backturrowing the strip houndaries and leaving the
dead Turrow in the center of the strip.  In practice this resulted in
leading runoll along the edge or center of a strip, until it hroke through
at a low point in the fickd.  An attempt was made o control soil wash
ak these points by the placement of sod,  This proved te be impracti-
cal on the lower slope reaches where relalively large volumes of water
passed over the field or where runoff concentrated at many points on
concave land areas.

Trials of robational strip cropping were disconlinued on this field
in the lail of 1938, at which time it was given over to the study of
permanent buffer strip cropping.

Rotational strip cropping proved effective in controlling erosion on
convex land areas, where the slope length did not oxceed approx-
imately 300 fect and the soil fertilibty was maintained at 2 high level.
Tt was not effective on eroded concave-shaped land areas, where
water tended to concentrate, or where the fertility level was low.

On irregular topography the most satisfactory method of laying out
strips has been to place the center of cach strip on the contour, deter-
mining the outer boundaries of the strip by plowing outward from the
strip center, and to retain irregular aveas between strips in small grain
and meadow. Inasmuch as correction areas arc loesied on the Satter
portions of the slope, where the horizontal distance hetween contours
is greatest, the practice does not permit maximum utilization of these
areas for cropping. Where the topography was fairly uniform, the
practice of placing both of the stuip boundaries on the contour was
{easible.

Attempts to maintain systems of rotational strip cropping on more
than one field for the purpose of separating intertilled and small-
arain crops to minimize nsect damage and to facilitate grazing with
livestock, are easily deranged by the failure of meadow seedings.

The several difficulties encountered with rotational strip-cropping
a6 this location gave rise to the development of permanent buffer-type
strip crappiug us discussed in the following section.

Buffer strip cropping i field unit systems.—An 80-acre addition,
adjoining the west boundary of the original station site, was leased in
1936. The aren proved to be irregularly eroded to the extent that
comparable arcas of sufficient size for plot studies did not exist. It
was therelore utilized for field trials of erosion-control practices.

Livestock plny an important role in the conservation and economi-
enl utilization of soils in the region. Since little of the methodology
of conservation had been developed with adequate consideration for
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this type of agriculture, it was decided to study meastres which
would be adapted to livestock farming.

Plans for practices 1o be applied to the arca for trinl and develop-
ment: were origimated in 1938, They were designed to permit study of
grazing, fencing, cropping, machinery use, and other factors which
arise in (he appliention of various conservation measures to practical
and economical farm use, in conjunction with a system of livestock
farming.

A munimum requirement for the study wns determined to he three
sgparate fields, on which each crop of a 3-yvear rotation could beo

Y T TaTED | PERMANERT
F,E:l,'? ! SAEA GRASS ARES
. LACRES) | tACRES)
F L] 9
P 14 20
[+] 20 F4:)
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= Trerate or divergien
SHip Boundgnes
—z+ CullivaHan nes
3 Teproee ouiled
— = = Fatld droiogemey
W Permonerl hoy or grods

ALK AIEr

- e s
1 FIELD~F

—r. R e 35 __..

Freyre 37.—Ticll trial of conservation sys

grown, and eacl of which could be grazed by livestock. The 80 acres
was accordingly divided into two Tlields, comprising natural water-
sheds by a curved fence, which was placed on a ridge running diag-
onally across the area. The resulting fields were designated as P.
and Q. Field I¥, which had formerly been used to study rotational
strip cropping, comprised the thivd ficld of the system (fig. 37).

A rotation of corn, small grain, and meadow, 1 year out of phasc
on each of the three fields, has heen grown on the licld units sine:; 1938,
Permanent bufler-type strip cropping, in conjunction with \.arying
degrees of support by terrnces and diversion dikes, is employed on
the units. Permanent vegetalion, consisting of mixtures of grasses
and legumes, oceupies all land areag not employed in growing crops
of the rotation. It is ufilized primarily for grazing with beef cattle.

The small grain is drilled between corn rows in the early fall before
corn is mature. After husking the corn crop, the stalk residue and
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small graim are utilized for pasture in the fall. The small grain provides
a winter cover crop and is again utilized for early spring grazing.
1t is grazed completely out, or & grain erop harvested, dependent on
the need of the crop for pasture purposes. The rotation meadow is
grazed, or cut for hay, also dependent upon the need for pasture.
Meadow scedings have consisted of mixtures containing sweetclover.
Growth, which is not removed by grazing, is plowed under preceding
the drilling of corn. The system has been found to have flexibility
commensurate with feed reguivements of livestock during seasons of
varying rainfall and plant growth. 'The portions of each field which
are in permanent meadow arce thus available for grazing lor all of the
3-year period of the rotation, excepting the 5.3-month period when

Fiayre 38.—Ficld F. The upper reaches of the ficdld are ierraced and the
remmindar of {be siope wiflized under » system of permanent buffer-strip
eropping.

coin oceupies the rotated ground. A bhay crop may be eud from them
during this period.

Erosion-control practices werc cstablished on each field in the fall

-of 1938 as shown on the land-use maps of figure 37. A detailed account
ol the instalintions is given in the following discussion of each field.

The first of these areas te be discussed is field . Four terraces on
the upper porlion of the field support the growing ol crops ol the ro-
tation on the land ares where surface soil depth and fertility are
areatest. Runoff from the terraced aren is led to a_fenced pond
which provides a supply of water for livestock, in addition to con-
trolling a former gully header at the pond site. Since the headwater
to the normal drainage network of the field was remeoved, the problem
ol developing waterways was fairly simple. It will be noted in
figure 37 that the waterway through the central portion of the area-is
approximately 100 feet in width.

The area below the terrace system is divided into albernate per-
manent meadow and rotated strips, as shown in figure 38. Boundisiries
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of all strips are on the contour at 5-foot vertical intervals, While
1t is planned to retain the noncultivaied strips in permanent grass
over n long period of years, it would also be possible to utilize all of
the area equally, by use of a 6-year rotution of corn, small grain, and
4 years of meadow. At the same time the upper terraced portion of
the slope could be cropped continuwously to the 3-year rotation of
corn, small grain, and meadow. "This plan would possibly more
-equitably utilize the field according to its capabilitics.

dn plowing the field, soil of both terraces®and thefrotated strips has
been thrown to the oufer bowundaries of the terrace interval or surip.
This leaves the dead furrow in the center each time plowing occurs.

Ll . i,

Froone 39.—Small grain on the rotational sirips of field P, Note that these
strips do not extend {hrough croded concave-shaped areas.

The purpoese of this practice is to get further data regarding the cffects
of benching.

‘The second field was placed under a system: of permanent buffer
strip cropping. It is identified as field . This field was sertously
eroded and clay subsoil exposed at many points, when acquired for
conservation studies. It was seeded (o tneadow and a pond of the
Tetention reservoir type was constructed ab the lesation of a large
gully header in the Iall of 1936, * Gullies were converted to vegetated
waterways in the fall of 1938 and the spring of 1939 and the use of
cultivated crops was deferred until grassed waterways and a meadow
cover suitable for sod buffer strips were established on the field.

Cultivaied strips, in most cases with a uniform width of approxi-
mately 100 fect, were plowed in the spring of 1940 for cropping to
-corn. The lower boundaries of the two strips which lay adjacent to
the upper field borders were placed on tho contour. These two
:strips were conscquently quite irregular. The upper boundaries of
the remaining strips were placed on the contour. Their lower boun-
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daries were determined by plowing with a two-way plow, by which the
furrow slice is thrown up the slope. _

Tha locetion of the strips was defermined by the topography and
soils of the field. The minimum distance between cultivated strips
was arbitrarily chosen te be 50 feet. Strips were not cxtended
through seriously eroded concave-shaped areas where a networl of
fan-shaped gullies had developed in the field, as past experience had
shown that they may be betber utilized in perennial grasses. Culti-
vated sirips arc thus lovgely confined to convex land areas where
runofl tends to spread as it progresses down the slope. Deviation
of rows from the contour, by progressive planting down the slope,
has tended to lead runoff fo the grassed waterways. A view of the
field while cropped to small grain 1s shown in figure 39.

In laying out the rotation strips of uniform width, the objective
of seeuring protection where it is most needed was attained by use of a
crescent-shaped strip laid out toward the end of a relatively flat ridge,
This was done in order to crop o soil aren which could not have been
utilized by o strip of uniform width.

In planmng the third avea, field Q, a combination of ferraces,
diversion dikes, and permanent buffer strips was used. The measures
were applied in the fall of 1838,

Two terraces made possitle the use of all the deeper surface soils in
the field for crop votation purposes. They were developed a5 econowni-
cally as possible by the plewing method explained under the section
on "Terracing.” Proceeding down the slope from the second terrace,
diversion dikes were placed al intervals double that of the regular
terrace spacing. A combination of rotated strips of even width and
permanent meadow was used to control soil movement to the diversion
dikes. The remainder of the field was seriously ervoded and contained
numerous gullied areas. After copstruction of the diversion dilkes,
these gullies were plowed in, soil treated, and seeded to permanent
meadow.

The water-disposal systemi of this field is of interest. The two
terraces on the upper portion of the slope divert water from its normal
drainage eowrse across a ridge, whers, duc to the moderate slope
ol the land, it is readily disposed of in seeded terrace outlefs, along
out-of-the-way fence lines. The remainder of the field drains vie®
diversion dikes to a centrolly located pond. The pond is fenced and
piped to a tank to serve as 2 livestock watering system.

An even-width strip, extending from the center of the ferrace channel
above to a point approximately two-thirds of the distance to the
diversion channel below, as shown in figure 40, is cropped to the 3-year
rotation of corn, small grain, and mendow. Permanent meadow covers
the remaining interval to the center of the channel. Thus, in addition
to service as a filéer strip {or runoff, it occupies irregular areas and
simplifies farming when row crops are grown. The purpose of placing
tho crop division in the center of the channel is to provide for main-
tenance of the diversion by plowing in the normal course of the
rofation. A two-way plow is used, placing a headland on the ridge
center, and leaving & furrow in the center of the diversion channel.
This also insures hydraulic efficieney of the channel compatible with
rates and quantities of runoff anlicipated irom the crep of the rotation
which is oceupying the field.
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TFraore 40.—Iven widih roteled sirips in conjunction with diversion dikes and
permanent buffer strips.

Operation of the field has been very satisfactory both as to farm
management and crosion conbrol.

Recrasarion oF SEvERELY ERoDED LaND

Reference to the reconnaissance erosion survey daba for that portion
of the Shelby and associated soils’ region lying in Missouri shows that
by 1934 subsoil was being mixed with the remaining surface soil in the
plowing operation on approximately ball the area. This bad resched
the severe croston sfage with less than 40 perceni of the surface soil
remaining, accompanied by severe gullying on 8 percent of the Shalby-
Grundy group of seils. Thivty-six percent of the Shelby-Lindlcy area
was so alfected by 1934. Insuch a state these arcas are not only low in
value, but present a hazard to lower-lying fertile soils, particularly
bettom lands. It was in an effort to study land use for the subsoil of
Shelby loam thai several plots were artificially eroded down to the
subsoi in 1930. The plots of series 2 comprise the detail study, end a
naturally evoded area on the station has provided observational data.

Soil treatment.——TPlots 2 and 3 were cropped in a 4-year rotation of
corn, oufs, and 2 yenrs of meadow consisting of clover and timothy.
Plot 2 was untrealed, while plot 3 was limed at the rate of 3 tons per
acre in 1930 and received 250 pounds of 4-12—4 fertilizer with the oats.
The results for the 9-year period ending in 1940 are given in table 40.
The superior crop cover obained with the treniment is reflected in
the yiclds from the two plots. The vield of oats was increased four-
fold and the yield of meadow doubled. In addition to reducing soil
and waler losses while these crops were on the ground, the larger
amount of meadow stubble and roots turned under before corn re-
duced the soil loss {rom corn by one-half.

The eflect of incorporating organic matter with exposed subsoil has
received study on plots 4, 5, and 6 of series 2. All three plots were
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limed with 3 tons per acre in 1930 and have been eropped in & 3-year
rotation of corn, oats, and meadow. Plots 4 and 5 received 188 pounds -
per acre of 4124 fertilizer with the oats. In addition to this treat-
ment, plot 6 received 8 tons per acre of barnyard manure which was
spaded under before corn. Red clover with timotl:y was sown as &
mesdow on plot 4 and was removed for hay. Swectclover was seeded
for meadow on plots 5 and 6 and was turned under belore corn in the
fall preceding corn planting. Sweetclover growing on the plots is
shown in figure 41. “This system of management permits comparison
of a plot having all crops removed, with one having swectclover
turned under, and with one having sweetelover plus hanyard manure
twrned under, before corn.

- - P S
FiourE 41.—Bweetelover on treated subsoil plots.

TapLe 40— Aver age reinfall, surface runoff, soil loss, and crop yickds from irealed !
and untreated subsotl plols, 1982-40

Surface runofl

Roil loss in vun-p Crop ¥leld per
all per aere nere

Ameunt Purm}xr.d?r rain-

Untreal-{Trent. | Gotreat- T real-{ Untreal-I"treat-| Gotreat| Treated
od plot [ed plob| ed plotl |ed piot! ed plot fed plei| ed plot | plot

Ter- Bushtls |Bushels
Inches| Tnches | Fmehes| Percent | cent orious
o0, 46 a2 4. K7 L4 0.4 L W . 0.8
32,7 801 1042 o 3 10. 6 49. 32 3. . 16.6
First-yoar . LR AT 1.92 L an 7.0 1.3 .

Seeound-year mandow. 27,18 602 2,93 25,5 | 1%9

Rolation averppe. 20,18 hBY | 3,05 20,1 | 12E

1 Trentmeni consisied of iming a1 the rate of 3 tons per acre in 1030 and ap ying 124 fortilizer at (1o rate
of 250 pounds per acro wilh eacly gals sceding,
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“The soil--and water- loss data“for the years through 1934 do not fol-
‘low the trend of the subsequent period. Corn on plot 5, following
" =sweetclover had the highest soil loss in 1933. This early loss could
..mnot be satisfactorily explained by observation at the time. These
“data affect the averages given in table 41. Nevertheless an increase
" in crop yields and o decrease in soil and wader loss has, as an average
for the 9 yemrs, accompanied an inerease in the amount of organic
-matier added to these plots.
Very satisfactory responses to soil treatmen$, particularly phos-
" .phate and manure, were secured on the eroded field area used for
observational study. This wounld indicate that soil treatment is an
essential in reclaiming severely eroded areas in this soil region.

Tasre 41.—Averege rainfall, surfece runoff, soil loss, and crop yields from organic
mailer trealments on subsofl plols, 1838-401

Runoff

Er’cm‘s Ruintall Snil ]osisi Griop
nun- ninfal in runcft | ¥ield per
her) Tercent per acee nere

Amounk o
pninfall

Bughels

nr lons
Corg.._..

Oats
Claver-timothy.
Rototion overape.
Corn
Oats__
Swoek clover ..
RHotatioh average _

arn -

b

2 [ S 000D oD 0 G O 1D Ly Gl LY

2| MERNEI M SO0
B | RS RG R Ch =

28.96

s

t Al plats were limed at the raie of 3 tons per sere to 109G aod rocpived 188 pounds por gore of 4-12-4 {ertlizer

with sach stuell prain seeding: ju addicien, plot G reveived 8 Loos of barnyard menure pur acre before corn.

g}i?vor-aimctby macadow oo plok 4 is reinoved for hay, while sweelelover on plots 5 and § js turned under
cloTé cork.

Tillage Practices—The structure and texture of eroded soil is such
as to make proper tillage practices essential for successful manage-
ment. Time snd depth of plowing are partieularly imporfant con-
siderations. After plowing, & rough, cloddy condition usually results,

due to the high clay contont of the subsoil. The soil that is turned up

often has s gummy consistency, which upon drying develops into hard
clods. Observational study has showa that late fall plowing is help-
ful to seil structure. The large clods are broken into small aggre-
gates by freezing and thewing over the winter, and in this condition
are more easily worked into © good seedbed in the spring.
The effect of depth of plowing was studied for 8 years on two sub-
soil plots A and B of series two. The swface soil was removed from
- the plots in 1930; they were fallowed through 1932, and from 1933
through 1939 they were cropped to corn annually. Both plots were
-treated with 250 pounds of 4-12-4 fertilizer at corn planting time.
Measurements of soil- and water-loss data covered the 8-year period
.1932-39. During that period plot A, spaded 3 inches deep, lost an
-annual average of 31.5 percent of the rainfall and 58.28 tons of soil
., per acre, and plot B, spaded 6 inches deep, lost 24.8 percent of the

e b o
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rainfall and 43.83 tons of soil. Droughts and insects damaged the
corn 4 years out of 7, but for the other 3 years the deep-spaded plot
vielded 25.1 bushels of corn per acre compared with 19.6 bushels from
the shallow-spaded plot. Plowing to the normal depth, compared
with raising the plow when subsoirpoi nts are cneounteredy and plow-
ing becomes more diflicult, provides a more receptive condition for
rainfall and & zone more conducive Lo root develepment. The pres-
ence of more moisture, the better tilth in the surface, and the release
of more plant foed through meressed weathering make plowing sub-
goil to the normal depth desirable.

Cropping Systems.—Tle plots used in the foregoing discussion of
subsotl management together with plots 7 and 8 in series 2, provide a
comparison of several cropping systems on subsoil. Table 42 shows
the systems together with the soll and water loss for various periods
during which they were in operation. As might be expected, corn
annually with commercial fertilizer had the largest soil and water loss
of any system studied and the continuous grass-legune mixture bad
the lowest. It is significant that the soil and water losses decrease
with increases in organie matter added by the different cropping
systems. The second year of meadow on plot 3 accounts for some
decrease in losses over those from plot 4 having one year of meadow.
Outs-Korean lespedeza has given exceptionally good control for the
period of study. No periods of precipitation suitable to test fhe
control in the late fall and early spring have eccurred and for that
reason these data may not be within the range to be expected from this
rotation over a long period of years.

Many different rotations may be used on subsoil, but those studied
serve to indicate that reclamation of eroded land ean be accomplished
more quickly with systems in which organic-matter additions are
made. For best returns commercial fortilizers are necessary, except
in those instaneces where an abundance of barnyard manure is availa-
ble. These severcly eroded lands have produced the boest returns
when utilized for meadow crops or pasture.

INVESTIGATIONS IN EROSION CONTROL

Tanue 42.—sdverage rainfell, surfoce runoff, and soil loss from various cropping
systems on subsoil

Runoll

Soil loss

Cropping system Sail treatment in rno-

Percent
of rain-
fall

Amaount

Inches

Corn, aonually ...
Corn, atnually.

Carn, oals, meadow

Corn,  oats,
mendow.
Cats-Korean lospedeza. .

meadow,

Grass-legune mixture. ..

250 pounds per aere, 4194 ...

g l.[ﬁls DEF SCTE, MBUTE BRI~
aily.

Lime, 188 ponunils per acre,
4-12-} al opts.

Time, 250 pouamls por aere,
4-12~1 on ouls.

125 pounds per gerg. 0-20-0
annuelly.

Lime, 188 pounds por avny,
+-12-4 In 1931,

-0
3240

fuches
T 10
1541

471

Pereent
.8
TR G
16.3
bR
181

.8

! Adjusied fo be comparable wilh Plot 13, on the bosis of o straight-line relstlonship for the 3 years plat

8 was in this system,

1 Previous Lreotment of 5 tons of manure annuslly duting the 3-year periad, 1033-35, when, the plot wes

in continous corn,
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Seeding of waterways and terrace outlets.—More than two -dozen
" grassed waterways and 18 terrace ountlets were esfablished in the
elds of 'the station. Various methodology has been employed in
- their establishment. Early work of seeding waterways for field
drainege was in conjunction with wire or brush check dams and with
sod bag or sod stiip checks. In the terrace outlets cresosoted board
checks, set in the soil with their upper edge flush with the surface
of the outlet, were used to supplement the seeding. Sod strips were
also used in place of the board checks. No early attempis were made
to establish the waterways by scedings withoui supplementery
-devices.

The necessity for a fertile seedbed and & channel cross section,
which would tend to spread runoff, was carly recognized. The ditch
-banks were plowed, and the so:l disked and harrowed until a desirable
seedbed was secured. When the fill was appreciable, wire checks
were Installed. In the field drajnagewnys the final cross section
was elliptical shaped and in the {errace outlets the channels were
shaped like modificd drainage difches with a flat bottom and side
slopes of abouf 1% to 1.

Most of the grassed waterways werc developed at the time the
fields were sceded to small grain and meadow. The drainage channels
were prepared, fertilized, and seeded, broadeast with o selected seed
mixture, then when drilling the field to small grain, the drainageway
channels were also drilied.  Satis{actory stands of grass were secured
except in years of drought or when high runoff-producing rains
occurred in the spring and early summer. This latter hazard was
largely eliminated by cstablishing the waterways 1 year later or
during the year when the ficld was in second-year meadow, although
this deferment would not always have been desirable or practicable.

During later years, the use of supplementary control measures
with the scedings has been discontinued except for diversion dikes
or terracing, since early advantages have been largely offset by
later  disadvantages and incressed costs, These supplementary
measures will be discussed in the {ollowing section of the report.

As an outgrowth of carly experience, somewhat modified methods
of establishing grassed waterways were devised and used with excep-
tional success. This success was attributable to the methods used,
and to favorable weather conditions. Kstablishment was started
when at least o part of the drainage area was in sod and the remainder
was to be secded (o small grain.  The drainageways were first covered
with straw sand manure. The banks were next plowed in and shaped
with a small grader to form a desirable cross section, which was wider
and flatter than the earlier ones on the station. This cross seetion, in
addition to having more desirable hydraulic characteristics, was de-
signed to prevent smothering of grass, which had formerly oceurred in
deep V-shaped drainageways when excess amounts of snow and ice
‘lodged i them during the winter months. The plowing and shaping
operations incorporated the straw and meanure in the disturbed area,
thus assisting in binding and protecting the soil from subsequent
rainfall and increasing its water-holding capacity and productivity.
‘Another laver of strawland manure was next applied and disked into
the surface of the scil. Care was exercised to apply only amounts
which could he disked into the immediate soil surface,
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Productioity changes by treatments—TPlots 1 to 7 of series IT were all
spaded in the fall of 1941 and planted to corn the following spring, to
determine how the producing ability of the subsoil had been changed
by the soil trestments during the past Ll-year period. The 1942 corn
yields per acre [or the different rotations and (reatments are as
follows:

Rotation of gorn, wheat, mendow 2 years— Bushely
Burface soil without treatment
Subsoil without treatment
Subsoil with lime and 4—12~4 ferbilizer will: the oats
Rotabion of corn, oats, mendow 1 year—
Subsoil with lime and 4-12-4 ferétlizer wilth the oats
Rotalion of corn, oals and swectclover, sweelclover—
Subsoil limed, 4-12-4 lertilizer with {he oats and the 2ud year sweeb-
clover plowed under
Subsoil limed, 0-20-0 {celilizer with the oats, Zad year sweeiclover
and § tous per acre barnyard masure plowed under before all
PrevioUus cori Ccrops
Continuous grass and legume aneadow lor 11 years withoub crop romoval,

but with an original treadment ol lime and 4-12-1 lertilizer

These data show that the addition of organic maiter, in addition to
lime and commercial fertilizer, is necessary to bring the producing
ability of the subsoil to a par with that of unireated surface soil,
Sufficient addition ol organic matier in the form of munure even
resulted in the subsoil outyiclding untreated surface soil. This
treatment, however, could hardly be considered praciical on & farm
except for Imiled arens, Lime and commercial fertilizer without the
manure or sweetclover plowed under resulied in a yvield increasc of
abeut 60 percent over untreated subseil but nearly 25 percent less
than untreated surface soil, That n subsoil plot with only an original
treatment of lime and fertilizer bub without erop removal for 11 years
gould equal the yield of (he untreated surface soil plot is [urther
evidence of he necessily for organic-matter addition to e severely
eroded soil for its rejuvenation.

Seed mixtures were varied with the apparent fertility of the soil
and the degree of wetness of the locaiion. The mixture consisted of
alsike, Duteh white clover, rediop, meadow foxtail, veed canary grass
and timothly, for the scepy but {ferlile field drainageways. For
drainageways In severely evoded fields with low fertility, the mixture
consisted of lespedezn, alsike clover, redfop and timothy. For terrace
outlets o different seed mixture was used, as in general the outlets
were locnted on hillsides free from seepage. Thus, bluegrass was
included in the mixture in place of reed canary grass; also rye-grass
was included Dbegause of its quick, early growth. Commercial fer-
tilizers were applied with seeditsg.  The rate of sceding varied from
20 to 30 pounds per acre.

Weather condifious played an important part in determining sue~
cessful establishment of the vegetation. Near normal rainfall during
1930-33 was accompanied by fairly satislactory results, as shown by
the waterway of figure 42, whereas from the middle of 1935 through
1937 the severe drought prevented successlul development of grassed
waterways regardiess of the method used.

Bechanical control praciices.—In the fall of 1930, a severely croded
field, G-1, with slopes of 12 o 15 percent, was terraced and plowed.
A small type of terrace, placed at vertical intervals of 5 feet and with a

$15654—45—-8
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Tigure 42.—Grassed waterway developed by seeding.

channel grade of 8 inches per 100 fect was used. A seclion of the hill-
side was lelt mberraced to serve as a check.,  Portions of the field were
then given various treainents similar to those formally studied on the
subsoil plots and the entire field seeded to small grain in the spring of
1931. '

From this seeding the soil-treated portions of the field yiclded 42
bushels of cats per acre, compared to 19 bushels per acre from that
receiving no ireatment, aud thus niore than returned the cost of an
original apphcation of 150 pounds of 20-percent superphosphate per
acre.

In 1932 the field was in meadow. Secedings of red clover, alsike,
and sweetclover, as well as lespedeza and timothy, had been made with.
the oats seedings of 1931, Yields of hay werc 1.25 tons per acre on the
phosphated areas, 1.75 tons per acre where both lime and phosphate
had been uscd, and where no treatment had been given the weal
growth of lespedeza was too small to hurvest. The fieid has since
been retained in meadow with an oceasional erop of small grain.

The small tevraces were eff cetive in holding the soil freatmentson the
field and in checking gully and vill formation alveady in progress at the
time of theiv application. However, by 1935 they were almost fitled
with eroded materials and were overiopping at many locations,
although vegetal cover was sufficient vo prevent damage from the
overtopping. In 1837 the terraces were extended across the portion
of the slope which was fornierly left unterraced, to alleviate vill forma-
tion ab that location, and all terraces were plowed for maintenance
purposes.

An indication of the inerease in productivity and value of this
severely eroded aren after 10 years of good management is provided
- by the inconie received froni the field in 1941. ¥ay, composed of a
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mixture of oats, lespedeza, and sweetclover, was sold locally and gave a
gross income of $13 peracre. When fields similar to this ares must be
plowed and soll treatments rencwed at intervals, terraces appear to
safeguard the progress already made in reclaiming them. Suitable
locations for terrace outlets appear to be the liniting Tactor in their use.

VEGETATION 1¥ DRAINAGEWAYS

Methods of reducing soil and water loss have been discussed as they
velate to the area occupied by the crop and praclices. These methods
are also the most important mesns of reducing or eliminating gully
formation, as they operate to alleviate the causes of gully formation
and evosion.  Practices such as crop rocations, soil treatmen ts, mulch-
mg, confour tillage, strip-cropping, and terracing, reduce the amount
anel rate of runoft from the fields. Furthermore, in Lerracing a field
the gullies themselves may be etiminated, depending on the complete-
ness with which the field is terraced.

I many cases the native perenmial grasses, which originally pro-
tected field drainagewnys, have been destroyed cither by plowing of the
drainageway with the ficlds for crop produetion, excessive siltation
from the land above, or by evergrazing and trampling by livestock.
For successiul operation of contour-tilled and strip-cropped fields, these
waterways must he veestablished an vegetation.  Advancing overfalls
in the Jarger drainageways, however, are a problem to be solved by
structures or dams.

Broadeast scedings were then made along with a gencrous appli-
cation of a complete comnercial fectilizer, followed Ly a light harrow-
ing to cover the seed. Seed mixtures confaining a rather large
proportion of legunies and grasses were used.  Observations of the
stunds and types of cover secured from these scedings reafirmed the
original theory that different mixtures were desirable for different
types of drainageways. For the more fertile dminageway without
sceps & mixture of {imothy, blucgrass and red clover proved to be
desirable, whereas for those with sceps, the red clover and biuegrass
were inferior, and redtop, reed canary grass and alsike were more
desirable.  On the poor, croded hillside drainageways, timothy,
redtop, and Korcan lespedeza appeared better suited.

Alter the vegelative growths were established on the drainageways,
proper care resulted in improvement of the stands. Mowing helped
Lo contrel and eventually eliminate weed growth.  Certain areas were
occasionally resceded, and places severely danaged by runolf were
repaired by placing sod immediately following the rain when the soil
was wel.  Livestock has heen excluded from the newly established
drainageways, and this undoubtedly has been & factor in their rapid
development.

In 1940, brome grass was sceded in the drainageways of wabcersheds
D-1 and I-58. The growth of the grass was hardly noticeable
during 1940 and 1941, bub by the summer of 1942 it was the pre-
dominating species in both waterways. There also was an appre-
ciable amount of redtop, but very littie timethy. As (hese drainage-
wiays are seepy, bluegrass has not become established, and stands of
timothy have been short-lived. Under the conditions described,
brome grass appears to offer excellent possibilitics as waterway
protection.
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'On two large drainageways on ihe staiion, drop inlet dams were
construcied. The gulkes above the first dam snon filled {o the level
of the viser by bank sloping and crosion. A tile line was subsequently
installed throughout most of ils length, Blueprass hias become very
“well established in this one whereas on the other, whick remains web,
only sloughgrasses have been increasing.,

ngod structures.—DBluegrass sod has been fransferred Trom pasture
lands to stabilize gullies or drainageways. In most cases the sod
has been used a a supplement to the seeding of the entive drainage-
wuy, although in others it has becn used in the lorm of {lumes for
overfall sitabilization without application of additional treatment.
The different wuses bave included complete sodding, sod fiumes,
sod-hump dams, sod checks or barriers, and sod-bag cheeks.

The sod was first cut with spades, which was not only slow and
laborious, but resulied in poor quality sodding, due lo the small
sizc of the pieces and their uneven thickness. This method was
replaced by & sled-Lype sod cutting machine (27} which was pulled by
harses, truek ov tractor, and which cut the sed into strips 15 inches
wide and to a uniform thickness ranging, ns desived, from 1% to 4
inches.

Complele sodding on the stalion has bLeen confined Lo ferrace
ouflets where runoll could not be diverled from the outlet for a
sufficient {lme for a sod to devclop from sceding. Satisfactory
results were secured when the sod was cut and placed over 2 treated
and cultivated soil. The sod was handled in sirips of 4 or 5 feet
in lenglh with a thickness of 2 1o 3 inchies.  These strips wore placed
crosswise of the channel with the joints allernated as in laying hrick,
The placed sleips were well famiped and loose soil placed in aby
eracks between (he strips. Both wire stnples and stakes have been
used {0 hold thesod in place thie first season.  Thelv use was apparently
nol necessary in mosh cases, although (hey were considered a saleguard
against high runoff veloeities occurring shortly alber laying of the sod.
Experience indieated that {(hin sod slrips placed on productive topsoil
soon became permanenly stabilized. Thicker sod (3 to 4 inches)
appeared hetler suited for replaicemoent on poor, eroded soil where
little if any topsoil remained. This type of sodding required 1 to 2
man-hours per square yard lfor cutling, hauling, and placing.

Scd cherk barriers as first conslrucled were not satisfactory, as a
result of the development of overfalls helow thwe strips. This was
somoewhat alleviated by the use of a slepped checek, although the
waterwayvs thus eontrolled were nol ideally stabilized. The extra
turlyulence of the runoff at the overfall ol each cheek has continued
Lo e a hazard requiring atlention aiter heavy runofl rains, Sod
hump dams and sod flumes have been used o advantage by the
Missourt Siate MHighway Department in the control ol roadside
drainage dilches, as shown in figure 43.

Sod-bag checls wore used in Lhe enrly years of thestation, but dueto
their cost they were rveplaced by the sod-strip barriers. The conly
apparent advaniages of the sod bags aver the sod strips was in those
cases wheve only extremely poor qualily sod was available. They had,
however, the same disadvantage as the strip check in that when they
did produce a densc stand of sod in the waterway, the walerway was
a deries of slops, ench becoming a hazard for {uture overfall erosion,
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instead of » channel of uniform or gently changing grade as produced
by complete sodding or seeding.

From experience on the station, certain pointls common to all blue-
grass sod checks were evident. Sod of this grass will not live when
placed in wet, seepy locations; it will withstand fairly high runoft
velocities provided the direetion of velocity is not changed on the sod
itself; bluegrass sod as well as olher crops cannot be expected to
thrive and give satisfaclory protection when placed on soil devoid of
available plant nutrients ov without capacity for absorbing rainfall
for future plant usc; protection against tramping of livestock during
wet periods is necessary if excessive maintenance is to be eliminated:

sd i AR O SR, .

Frovns 43.—8Bod-hump dams in highway ditch adjoining the station,

and sod is tho only praclical repair matetial for small damaged places
in waterways and outlefs.

Trees—A sludy to test the control of drainageways and gullies by
use of trees was started in 1931, Plantings of black locust (Rebina
pseudoacacia) were made in guilies of fields H and L. Other plantings
were mande on sites in Farrison County for a more oxtensive lust,

The spacing used was 2 {0 3 {eet hetween and within rows. All
tests were spob or localized plantings, confined to the bottom, sides,
and banks of the gullies. Al but a few of the locations received
runofl’ {rom cultivated lands. The trees-made excellent growth and
survival in 1931 and 1932, excepl on wet locations in the bollom of the
gullies. Plantations becamo infested with tlo Jocust borer in 1933.
Drought perieds in 1933-36, in combination with the extremely close
spacings of trees, borer infestalion, and repeated denudation of leaves
by grasshoppers, resulted in almost completo loss of the trees. The
dead top growth was removed in 1937.
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A few of the root growths of the plantalions were not killed and
formed new shoots in 1937 and 1938. In 1941 a few scatiered (recs
are present on the gully banks. Some ace 15 to 20 feet tall and are
producing seed pods.

The plantings of locust on the station have not evolved into gully
confrol. They tended to hold the banks of the gully and to revent
their caving in, but relatively deep washes occurred in the hotltom of
the gullies bétween Lhe {rees on the hanks.

Plantings made in two large hillside gullics of the Dale Harvey farm
about 30 miles from the station were more suceessful. The gullies
Werc on an approXimate 10-percent slope and extended close to the top
of the hill.  Tho drainage areas at the heads of the gullies wore loss
than 0.5 acre and the fields hid been retived from cul(ivation. These
plantings were made in the spring of 1932. One gully received
20-percent superphosphate fortilizer and the other was plan(ed without
trentment.

AN inspection of the plantings was made in 1939 and good control
of the hillside gullies was in evidence. The gullies apparently had
good drainage as the trees were present over 1he entire avea. Com-
parisons of the tree growth in the fertilized and unfertilized showed
that the ferlilized plantings exceeded the unfertilized plantings by
23 percent in sland, by 14 percent in height, and by 40 percent in
diameter.

Willow (Sultx nigra) planiings were made on the ravine of ficld L,
below the site where locusts were planted. The initial plantings
were also made in 1931, Good growth of the willows tool place
until 1934, when they were Killed Dy drought. They assisted in
stabilizing the gully to the extent that a grass covor developed before
they were Killed.  Observations of willow growili in many ravine and
branch drainageways in the vieinity indicate that they are cffective
in providing stabilizakion in these locations. They tend to dic out
with exireme temperatures and drought, but onee established malko
recurring growih [rom natural scedings.

STRUCTURES FOR WaTER Disposar

Temporary cheek dams-—Check dams of posts, wire, and brush werc
originally designed to stabilize gullies until vegetation became estab-
lished. Many structures of this type wore installed in ravines A
and B of the station, and in fielil drainageways eniering the ravines.

The first brush structures were usually piles of brush placed longi-
tudinally in_gullies with the butts upstream and held down by rows
of stakes driven through them. Sometimes woven wire was placed
over the brush and fastened o the stakes to hold the brush in place.
Later installation consisted of single or double raws of posts across
the gully approximately 2 (o0 3 feet apart. Brush was packed Dbe-
tween the posts and held in place with wire. Brush aprons werc
usually placed below the post and brush dams and held in place by
driven willow stakes. All of the brush structures required main-
tenance cach year as holes developed in the rotting brush. New
brush had to be added frequently.

The first wire checks installed were essentially fences of woven
wire. The wire was sct in the ground a few inches and {rom time to
tume straw was placed on the upper side of the wire. The cheecks
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rapidly filled with silf, and cub around the ends, usually moving the
gully a short distance to the side. New installations werc then made
in which the centers of the wire checks were lowered to provide
suffieient weir-notel capacity to confine the runoff.  Again they filled
with soil until such time as straw rotted and holes lormed In the
harrier.  Almost constant maintenance to keep the fills from washing
ouf was required. Water falling over the cheeks also cut holes imme-
diately below the structures. Omnly a few checks on small drainage-
ways of 5 acres or less have become stabilized with vegetation both
above and below.

One essentinl prioeiple of gully control has been secured {rom the
installutions, namely, that waber cannot be lewered over temporar
struetures without constant and costly maintenance and that methods
of temporary gully eontrol, which tend to develop a series of drops,
are undesirable.

Wood structures.—In 1932, a dam built of 3-inchXcreosoted fir
planlss was installed on n drainage area of 17 acres. The 8-foos
planks were placed vertically and bolted together with cross members.
The lower 2.5 feet of the planks were anchored in the bottom of the
gully. A trapezoidal weir noteh was provided, and an apron of
concrete and rubble masonry was piaced below the dam, The life
of the slructure as originally installed is estimated to be approxi-
maltely 18 years. This type structure appears to give good serviee,
and is easily installed, aithough its economy is questionable unless
the Tuaber may be obtained at costs lower than these prevailing in
the locality of the station.

Creosoted bonrds 2 x 12 inches, placed at right angles to the diree-
tion of water travel and flush with the grouad surfaee, were installed
in several terrace oulleis and one field drainagewsy on the station,
Their purpose was to assist in stabitizing the channel until a grass sod
could be developed from seeding, Each board developed an overfall
below, They appeared to be a hindrance rather than an aid, in
developing the grassed channels. '

Asphalt structures—Several asphalt structures have been installed
in gullies with drainage avess ranging {rom 4 to 30 acres, Mixtures
of dry sand and asphalt in the proportion of 1 cubic yard of sand to
1 gallon of asphalt were uvsed in the structures. The materials were
heated, mixed and applied as flume or chaunel linings. Reinforcing
of diamond-shaped wire chicken netsing and burlap was used in the
larger structures, The body of the linings was 3 fo 4 inches thick,
with the reiuforcing material in the center. The surfaces of onc of the
struetures was lined with burlap previously soaked in hot asphalt.
All structures were given a seal coat of fluid asphals,

A scal coal of asphalt was required each vear to prevent deteriora-
tion of the surface by weathering. The materials became soft and
rather unstable in hot weather, necessitating protection from livestock.
Vegetal growth was also found to penetrate the linings, and to lead to
disintegration of the materials, The protective covering of burlap

“and asphalt did pot maintain a satisfactory bond with the sand-
asphalt mixture, The materials failed to withstand the force of
changing flow direction at the structure apron, on all such structures
mnstalled. Aprons of conerete are at present used on the two remaining
struefures.
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The use of asphialt as a gully control material cannot be recom-
-mended on the basis of ifs performance in these trials.

Bock-masonry dams ~—Two rock-nasonry dams were coustrucled
in 1935. The smaller struelure is the straight wall type and the
larger is the arched wall {ype. They have nok vequired mainfenance
and after 7 years they arc m excellent condition.  Their service lile is
estimated {o he & minimum ol from 30 fo 35 years., They appear to
be a durable and desirable structure for tocations where it 1s necessary
to maingain a permanent drop of 3 to 5 feet in the deninage system,
This type of structure 1s particularly adapted to those localilics where
rock is available on the farn site.

Conerele spillways —An undormed veinforeod concrete spillway 4 to
6 inches thiek was installed in 1932 Lo prolecl a. drop of 5 feet below

- R o e B .
Fraeun 44.~--Unformed reinforeed-conerete spillway in o drainage-way of 20
acres afler 10 years of serviee.  The structure eonirels a drop of 5 leet.

2 drainage area of 10.6 acres. 1t has now been in place for 12 years,
and wilh minor repair, is estitialed Lo have o life of over 20 veius.
Maintenance (o dale has consisted of placing a cut-off wall at the fower
edge of the aproi. A few minor checks have developed in the con-
crele, but they do not appear to be of a serious nature, This spillway,
shown in ficure 44, is the oviginal ol the present “Missouri-type un-
formed {lume (88).77 Spillways of this {ype appear well adapted Lo con-
trol of drops up to 5 ov 6 Teet. "Fhey have the further advantages of
econony of materials and are easily and quickly installed.

A drop indet type overshol flume was consiructed over an earth
dam in 1937, in place of the side spillway unformed concrete flume
which had failed, The fume was designed to give a large discharge
witly a relatively low head, and to eliminate the use of all matedials not
used in conveyance of runofl without sacrificing durability. TRein-
forced concrele 3 to 4 inches thick was sclecled as the coustruction
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wmaterial. The strueture was divided into several independent units for
mstallation, to eliminate the danger of breaks from freezing and thaw-
ing which would norntally accompany the thin section to be used. The
shape was such that the structure wouldthlend easily with the soil and
vegelation and could he troweled into place with a minimum of form-
ing.  The lower seclion was Lo be a small bus cfficient energy dis-
sipator.

Seale models of the praposed lume were made of sheet metal, tested,
and changed until the desired performance wassecured. The resulting
structureis shown in fizure 45.

The flume was constructed in seven independent unils. The inlet
section was installed first. The only councrete form required for this
seclion was for the sanare part of the drop. The velocity dissipator

. L 1

Ficung 45~-Drop-inlet type overshot flume developed and jnstalled a6 the station,

or lower seelion was installed next. Tt was shaped 1o throw the water
upward and outward instead ol backward as with the “lurn-back
Gype.”

Upper and lower cut-off walls were next instalied.  The upper one
was located on o 2-lo-1 stope above the velocity check at the point
of Langeney with a 10-font radius curve lrom the inlet section. The
lower cut-off wall was glaced midway belwoeen the upper cut-ofl wall
and the velocity check.  The middle spillway section was installed
helove the upper and lower seetions, se as (o help in lining the other
bwo seclions.  The conerete was placed on the side wall before placing
on the botiom of the spillway seclion.  Construclion joints were left
between the spillwny sections and the cut-6i walls.  These were later
filied with asphalt.

Both woven-wire and steel-bar reinforeetnents were used in the
spillway sections. The woven wire served to hold the conerete in
place on the slope before setting. Only steel bar reinforeing was
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ased m the other parks of the struciure. The flume remains intoct
.after 7 years of service, _

Farm ponds.—Five {arm ponds have been loeated on the siation.
 They all drain cultivated areas ranging from 10 fo 30 acres and are
wused as aids to gully control, as wall as a source of water for live-

stock., Their drainage areas, while under cultivation, are well pro-
tected by supporting practices, such as terracing, contouring, and
-atrip cropping, and siltation is not cxcessive.

The general practice in the loeality of the station is to place the
‘ponds on grassed drainage areas of from 2 to 5 acres.  This lias been
highly satisfactory, beesuse o large volume of the storm runoff from
this type aren is stored in the ponds.  Littie or no spillway protection,

.‘beyond diverting a small amount of runoll from the earth fill has been
necessary. These small ponds arc usually Jocated well up on the
hillside.
Observations of ponds on the station indicate that with the aid of
conservation practices, ponds may be suceessfully used on larger
dramnage areas. This procedure does not replace building of smrall
ponds higher on the slope reaches, but extends their range of usefulness
‘to larger areas, particularly for gully control, Ponas located on the
‘larger drainage areas have been placed on relatively fiat portions of
‘the drainageway to afford protection and assist in stabilizing ravine
gullies below. Large quantilies of water are stored at thesc locations,
with relatively low dams. They have made oxcellent habitats for
_fish and waterfowl. Those with the larger drainage areas have been
protected by mechanical outlets. Sewer tile with the detention
‘reservoir-type dam or concreloe and sheet metal flumes with the more
conventional pond dams have been used successfully for this purposc
on the station.
Tarm ponds have been one of the most popular conservation prac-
tices on the Shelby soil. In the 5-year period from 1935 to 1940,
the building of ponds in Harrison County has incrensed rapidly.
The construclion of 300 ponds was reported Lo the county agent in -
1940, Sixty of these were fenced and piped to lvestock watering
tanks, In 1941 the number of new ponds constructed was 400. Tour
_professional pond diggers have residence in the county. Other ponds
are built with farm and county-owned eqiipment. -
Drop-inlet dams—The first large gully-control- strncture on the
station was constructed in the spring of 1930, This was a drop-inlet
dam, placed at the lower end of ravine B, which drains an area of 65
‘acres. A 4-fool eorvrugated pipe was so placed on the side of the
gully that a conerete riser of only 4.5 fect was necessary. Four con-
_crete secp collars were also placed along the length of the tube.  An
earth fill, with o top width of 12 fect, and a maximum height of 15.5
feet completed the structure. The earth fill Lind side slopes of 2 to
1 snd a velume of approximately 650 cubic yards. An emergency
. side spillway was located 2 fect above the top of the riser. The top

-of the enrth dam serves as a farm roadway.  The portion of the gully
above the dam was sloped by grading operations in the fall of 1932
snd the spring of 1933. A line of 4-inch dvain tile was also installed.

‘Cross-section and profile views of the gully are shown for the
‘original condition in 1930, after grading operatious in 1933, and again
in 1939 after the fill materials have been stabilized by vegetation, in
figure 46. It is of interest that the fill materials have assumed an
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almost uniform grade of 0.007 foot per foot for & distance of approxi-
mately 750 feet above the iilet of the soil-saving structure. The
remainder of the gully, where the slope is in excess of this figure is at
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Fraore 46.—Gully cross sections and profiles above drop-inlet dam iIn ravine B.

|
50t wall

=t

RO S

]
i

B0

0

Pratila of gully totiom obove suil-soving dom in ravina 8

20

Composite quily Cross: Sechions
o
Henzeatal dastgace from cenrer of Cross secHon tlean)

40

ftaag a:un;;gp 103 IDA

AR} wm el

present subiject to channel formation. The gully in 1930 and the .
reclaimed gully in 1942 are shown in figure 47.

A drop-mmlet dam in ravine C, completed in 1934, serves o drainage
-area of 100 acres. The dam is 12 feet high, 125 feet long, 60 feet
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. Froure 47.—4, Ravine B before control work was started in 1930; B, the same
gully in 1942

wide at the base, and 5 feet wide at the top. The drop-inlet culvert
is 4 x 4 feet and has an 8-foot riser.

The drainage sres of the structure is well protected by vegetation
and terrace systems, consequently, little soil has been deposited in
“the reservoir above the dam. The water surface of the reservoir has
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formed a stable point in the ravine, and vegetal cover at present
covers the remainder of the gully bottom. This vegetal cover is
predominantly sloughgrass. Profile readings in 1941 show the gully
to be stable at a slope of 1 {foot per 100 feet.

The use of drop-inlet dams, if strategically placed, affords a method
ol stabilizing many active ravine gullics. Such structures, while
high in initial cost, will often protect several overfalls entering a
large gully, und consequently, are more cconomical than several
smaller structures which may accomplish the same purpose. Their
present use is largely limited 1o highway systems, where they are
gulty-control measures, in addition to being a part of transportation
systems.

Comparative cost of structures——The original cost, actual mainte-
nence cost, the life expectancy, and future anticipanted maintenance
cost, of various type gully control structures located on the stakion
are given in table 43. 1t is to be noted that drop-inlet culverts, a
detention reservoir, and unformed flume ¥ inches thick ‘have been
the most cconomical. The basis of compatison is the cost in doliars
of protecting a 1-foot vertical drop on a drainage arca of 1 acre for a
period of 1 year.

Tavue 43.—Cost of various stivetures, Seil Conservation Eeperimen! Station,
Bethany, Mo.
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Tile lines for drainage of sill deposils—A linc of 4-inch drain tile
was placed in the fill material above a drop inlet culvert on ravine B in
1933, as shown in figure 46. Iis purpose was to give drainage which
would encourage desirable types of vegetal growth, and possibly cause
the fill material to assume an increased gradient from the dam below.
Bluegrass is the predominating plant growth on this soil deposit of low
gradiens, while the fill matertal in ravine C without a tile line and
above a similar drop-inlet dam has a vegetal cover in which sloughgrass

redominates.
"ET{J{: and sod channel lining~-In the winter of 1938, concrebe half
tile were procast in the station shop. The tile were 4 feet in length,
had an inside diametor of I foot, and a wall thickness ranging from

Figung 48.—Half-tile and sod-channel lining for diversion-dike outlet.

3 inches at the bettom to 2 inches at the cdges of the half seclion.
They were reinforced with woven wire and had (anges at the ends
for overlapping sections of adjoining tile during installation.

The half tile were installed as a diversion-dike outlet in 1938 on a
7.5-acre drainage ares of ficld F to convey runoff to afarm pond. The
tile will carry runofl from the drainage area at the approximaie rate
of 0.8 inch per hour. On the basis of runoff from terraced areas onthe
station. the size of the tile would have been sufficient to carry 90 per-
cent of the total runoff occurring during the last 10 years.

The plan was to install sod strips along the edges of the tile to pro-
vide for added capacity. Before these slrips were instelled & 7-year
intensity-frequency storm occurred. The tile were overlopped and
earth washed from along their sides, but they retained their position
on the slope. This soil was replaced and the sod lining installed as
originally planned. The capacity of the tile has been exceeded, and the
sod has successfully carried a portion of runoff during four subsequent
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storm periods. The sod growth has been found to Jap over the edgis
and to make a good bond with the tile. The installation as it stood in
1942 is shown in figure 48.

Driversion dikes.—The term ‘‘diversion dikes” is usvally applied to
large terrace-like channels draining land areas greater than normally
dramed by an individual terrace. The seven diversion dikes installed
on the station have been used to divert runoft of small areas on neigh-
boring farms, to divert runoff of the station barn lots, and in con-
junction with experimental conservation practices on field-sized areas.
Table 44 gives the speciiications of the different dilces, the areas they
drain, and the type of outlet usad.

Tasue 44.—Station diversion dikes
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The Pa-B dike receives runofl from the station barn lots and drive-
way. ‘The channel has been scouring toward the outlet end, due to
excessive grade and fack of 2 salisfactory stand of vegetalion in the
channel. "This part of the dike passes through a sparsely timbered
pasture.  Catile seeking the shade of the trees have teampled out the
grass each swmmer.  Cuatting is also taking place 1o a limited extent
in the pasture sod below the ouilei of the channel. Prior io 1937 a
section directly above the dike was devoid of vegetation due to im-
proper location of a stock tank. This made necessary the frequent
removal of silt from the chanuel to prevent overtopping of the ridge.
Moving the tank and vegelating this aren eliminated the difficulty.

The pasture C dike channel bas become well established with grass.
‘There is no evidence of erosion in the chavnel itself or dircetly befow
the outlet on the sod of the pasture. Thedrainage area is permanently
vegetaled.

The channel of field ' has scoured to a limited extent. The runoff
carried by this dike has been high as it has been from eroded land
across the property line, from about 608 feet of one of the station
roads, and from four cullivated terraces. A cover of grass has not
been secured in the channel. -Sowme seouring has resulted from the
high velocity of the runoff water in the channel.

The dike on field I receives runoff from & pasture and meadow slope.
Its purpose has been to divert runoff of this upper part of the slope
from the waterway and strip-crop area below. ‘This dike was located
about 12 feet verfieally below the ridge top. It has performed satis-
factorily without scouring or silting of the channel and without eroston
in the outlet.




128 TECHNICAL-BULLETIN 883, U. S. DEPT. OF AGRICULTURE

The diversion dikes of field Q arc terraces stdouble the recommended
vertical spacing. They are cultivated with the remainder of tlus field
except for o permanent meadow builer stiip directly above the channel,
There has not been visible scouring or excessive silling in the channcls.

The diversion dikes of ficlds, T, L, and @, and of pasture B have
been of malerial assistance in revegetating the drainageways direetly
below. They have provided supplementsry proteclion at low cost
in lhe experimental application of conservation practices on fields L
and Q.

From this experience with diversion dikes, it is apparent that the-
operation, without excessive maintenange, vequires an area of gra.
above the channel or sowe other method of preventing the formetion
of st deposits in the channels, Grades in excess of 0.005 {oob per
foot are not desirable if the ehannel is to be cultivated or i it canne?
he satislactouily vigetaled with grasses. The outiet problem is pra-
tteally Lthe same as for Lerraces.

HypnravLic STUDIES

Studies ol the retarding influence of vegetation on the flow of wale
have been made on terrace oullets ind channels.  Such studies ha~«
all been made in the field from storm runoflf. The retardance coef”
cient # in {he Manning lormula,

FiZ

inwhich 17 equals velocity in [eel per second, 2 equals hiydraulic radiv-
in feet, 8 equnls encrgy gradient in feet per foot, and # equals retar
ance coeflicient has been used as a gage of channel voughness,

Retardance of bluegrass terrace outlets —Dala secured prior to 165,
-on bluegrass terrace outlets on slopes ranging from 7 to 12 percent,
consisted of pealt diseliarge vafes and maxinmum depth of flow readin,,
in the c¢hannels. The slope of Ehe channel was assumed to coincide
with the energy gradient and substilution of these data in the Mannirvy
formula wasmade for 34 channel flows. The average value of n was
found to be 0.075 with varietions from 0.024 to 0.24. 1n general.
the smaller values were secured from new outleds having only a th.a
younyg stand ol vegetalion.

Two bluegrass outlets, oue on field G having 2 12 percent slope, an.i
the other on terraced watershed D=2 wilh a 5.8 percent slope, wor -
cach equipped with a ¥riez float recorder in 1938, The recorde. -
were placed al the side of the channels {o give a conlinuous depti
reading ol channel flow, while Parshall rate-messuring flumes at the
end of the oullels gave a continuous record of the discharge.

A storm of 7-vear frequency occurred on June 21, 1939, whe .
bluegrass was at its maximum growth stage, TFor shallow flows the
grass remained erect and created excessive turbulence. Values of #
both channels approximuated 0.55 fer this condition. Bluegrass wes
flatlened out on the 12-percent slope when the flow depth reached 0.5
foot. A llow depth of 0.33 foot subsequently resulted in & minimum
value of n of 0.65. Bluegrass flattened cut on the 5.9 percem
outlet at a flow depth of 0.6 foot. The minimum value of » was
0.085 at a flow depth ol 0.62 foot. The values of a during recessior

Mgt o st s n e

- et g
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flow increased uniformly with decreases in flow depth, again reaching
0.53 at low stages, when the entire body of the bluegrass was incorpo-
rated throughout the flow.  Data lor this parlicular rain were caley-
lated by using the outlet slope as the value of § in the Manning
formula, us only our recorder was Jocated in each outlet.

Tn 1940 another Friez water stage recorder was added to cach of
the two outlets Lo Torm a test scefion Trom which the slope of the

40

,,\_\: ; @,@,@;Terruce channel 4-1

‘o i Bed siope —.0034 foot per foot

\ ‘ @-Bluegrass terrace outtet D-2

- Bed slope—.059 foot per fooi

\ TN

71 —Retfardonce coefficient

5
R-Hydroulic radius in feet

(1) Terrace channel 4-I—Moture second-year timothy meadow, 6/21/39

@ Terrace channel 4-1-Moture wheat,6/9/4l

@ Terrace channel 4~|-Corn 4 inches high, 6/10/40

@ Bluegrass terroce outlet D-2- Heavy bluegrass ot maximum growth
stoge 6/9/41

. Tigonrs 49.—Relardance coefficienisTof vegetal channel linings.

water surface and energy gradient could hoe ealeulated,  Flow occurred
on the 5.9 pereent outlet from n rain of June 9, 1941, Bluegrass was
again heavy and &t o maximum growth stage. Values of n during
the gradual varying flow of livdrograph recession » “~lded a minimum
value for n of 0.118 for a hydraulic radius of 0.52 foot. The range of
values for this runoll period is shown in figure 49.  They are believed
te approach the maximum retardunce which heavy bluegrass will
afford, in the Shelby soil region, Values of n were slightly higher

GLEGT -t == =D
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when the energy gradient determined by the Manning lormula durving
recession flow was used for § instead of the channel grade.

Retardance of vegetation n terrace channels—Terrace channel 4=],
baving a length of 2,450 feet and o drainage aren of 3.34 acres, was
equipped with two channel water stage recorders and a 3-loot
type H flume, in 1938. The fest scetion is 154 feet in length
and its average slope (L034 (oot per foot. Hyvdrulic data for the
Manning formula are secured by veconstructing the runoff hydrograph
to compensale for the time lag in measurement between the Lest sec-
tion and the rate measuring fume at the end of the terrace. Only
vadues Tor the gradually varied flow during hydragraph recession are
presented.  This eliminates the overland flow entering the test section
Arom the intertereace area during the storn,  Valaes of # have been
securcd on 2-year-old timothy meadow, mature wheat, and corn 4
inches high.  All values are shown in relation to the hydraulic radius
by the curves of fignre 49,

The values of 2 for the mature 2=year-old Gimolliy meadow approgels
the maximum retardance which vegelation will produee in the terrace
channel.  T'hie ilow on eorn greund approsches the minimum value of
7 which will be experienced ina termee channel. The corn height of 4
inches produced httle, if any, retardanee when this record was sceured
in 1940. The flow en mafure wheat in 1941 resel{cd in a constant
value for n ol 0.17 lor values of (he hvdrmulie radius up te 0.45 loat,
which was the maximum secured from the ruvoll period. A Tunda-
mental difference in the retardanee of wheat and Limothy is noted.
This is attribuied Lo the et thal mueture wheat Is an open, uniform
type of vegetative growth in which the ratio of the vegetative surfuee
retarding runofl to the hydeaulie radius veinuing almost conslant wilth
inereases in the value of the hvdeaviic radins.  Matere timothy has
gradualions of densily of vegefalive growth from & maximum al the
ground surface.  The density of wegetation in the across section of the
flow area deerenses with inereases ol the hivdraulie radius,

From the studies condueted in errace channels and outlets, it is
apparent that the retardance cocllicient 7 in the Maniiug formula js a
Tunetion of plant growth charaeteristios, the elfects of which vary with
changes ol &, , and V7,

WareEnsuen Sroimss

Eight small ngricalural watersheds, varying in size from 2 to 8 acres,
comprise o study of the effect of Jand use 2nd conservation practices
on runofl and erosion.

Plans for estublishment of the watersheds were developed and seven
of them were Jaid oul during the period, 1930 -34 They were equipped
wilth Parshall rate measuring flumes and Ramser silt samplers as
funds permitted.  Two of the watersheds were under measurement in
1932. By 1934, seven weee wder measurement. A contour-furcowed
bluegrass pasturce watershed was added in 1936, This Intler watershed
will not be discussed in (his seetion as the velatively shovt period of
records is coverad in another seetion of this report.  Tvpieal measur-
ing equipment instailations are shown in figure 50.

Charnvteristics of the watersheds, hvdrologic data, the cropping
practices, soil treatmenis, and the period of records Lor encl are shown
m appendix, tables 52 and 68 -75.
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Frayne 50 —"The {vpe of measuring-equipment inslallations used in the watershet
studies; confoured walershed -1 to the telt and terraced walershed 13-2 on the
right.  Thesiht box on whalershed 1 -1 15 80 feet Inength.

Friscussion of annual defa.- Average annual data {rom the water-
sheds over a pmmd ol years .1[]0:[[ some interesling conlrasts, although
they do net pernil a precise evaluation of the vartous major control
practices alone, due {0 the presence ol olher variables. These data
are ineluded in table 43,

Referring to the table of average annual data it will be noted thak
for the O-vear period 1034 42, tetraced pastire {(Pa—A0 had slightly
Tess runoll and wreater soil loss than the undisturbed pasture (Pa—=BjJ.
Aostudy of nmeounts for individual years shows that hoth water and
soil loss wore appreciably greator from the terraced pasture during
1934, or the vear following terrace construetion. BPuring the I'ollo“mg
S-veur period runofl from the terraced pasture averaged 82, and soil
loss 36 pereent of that from the un(llsluxl)(-:l p.l‘-}tlu(' During the
period 1932--33, pasture {Pa~B) had soil losses averaging 1,85 lons per
acre per year.  Duving (he period 1936 -42 (hey aver .‘|gv(l only 0.06
ton per acre due to the climination of gully crosion which occurred
on the lower portion of the watershed during the early period of
measurenient.

A marked conlract is also afforded by comparing losses from water-
sheds D=3, 1-58, and Pa -B, during the peried 1933-42. The straight-
dow [arming practiced on walershed D-3 Tas produced up])recmbl\'
more runoft than either the watershed cropped to alfalin or retained
m bliregrass.  The soil loss 15 also many times greater and approxi-
malely equivalent to aloss of 0.2 inch peryear,
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TABLE 45— Averages of ennuol date from jsalersheds in various land use and with
different conservalion practices for speeified periods of years

| RHunoll

Walershed

designntion Alojor trackive

!
1 Purind |
\ of |
oretords

| i
: |
|

: : Soil loss
Rainfall ! ‘ Percont | per acre
- Amgunt ! ol
l rainfull
1 P |
Tuches © Inches ¢ Percent
' a6 8.

Yo Veurs
TPa-A Rlueerass, terrnemi 103412
Ioa-B3 A Wuepriss, widistarhenl .
13-3 . .. lotabion, no suppleenial praetices
E-58 . Alfnlfn 11, 3 yooes, Outs-lespudezn %)
I years.t :
Pa-1) . Wuvgrnss, wmdistueinad R £ % ]
13-4 Roiation, uosupplemental e lices 1835-i2
1-1 . . Ralation, contonred . e e 1as=12 -
-1 . . . Rotatiow, Steip-cropped 104512 !
D=2 Lo Rowdion, termeed 14542 !
! i

t leler Lo pppendis Lable 5 for wdditonal veriahies and specificntions of the walersheds and Lo pppendix
Lables B5-75 for croppimg, yicld, ard annonl dati,

= Losses woere pelntively Digh during revegetating of nrea distoried in (ermeing.

3 Dnehtes medly erngion prioe (o 16,

1 Runglt nnd soil loss were apprecinddy less during Ipst S-year perfod, (See table 24.)

The four walersheds in rolations containing intertilled ¢rops, and
various supplementiary practices, show reductions in average annual
runoff and marked reductions in soil loss during the petiod 1935-42,
with increasingly rigid supporting praclices.

Correlation of mavimum vunoff rates with other variables—The max-
imum raie of Tunoff for & given walershed is a function of cover and
s0il moisture condition in addition Lo rainfall intensity and amount.
Rainfall intensity anel antecedent rainfall are variables which ean be
expressed numerically, and which are available from weather records,
These data were correlaled with the maximum rate of runofl tfo
determine the extent to which t(hey have delermined the maximum
rate of runofl {rom the hluegrass pasture walershed Pa~B and the up-
and-down-hill cultivated walershed D-3. This study demonstrates
the effect of extreme differences in land use on these several inter-
related Taclors.

Seventy-nine rains during the S-year period 1933-40, with a 15-

“minute inlensity of 1 inch per Lour or greater, were included in the
compurison. They are classified as excessive rainstorms by the
Wenther Burean.  Sixteen of the storms did not eause runofl on the
cultivated watershed, while 45 did not result in runoff from the pasture
watershed,  Distribution of maximum rates of tunoll from the two
areas is shown in table 46.

Tanne 46.—Distribution of marimm vules of runoll from 79 slorms ' from o
cultivated and o pustvre watvrshed durfng the F-year period, 1933-40

i
FCuteivaled | Paslre

Ranpe of ronplf in
: T . watershiedl | watershed
inches per bow t 13-2 PR

; Cultivaged Unsture -
wotersheld | wadeoihed
i d 0 Pu-l Y

P

Tuapee of rumalt in
inghes per hour

MNimher P Number | ANimier Nuwmber

A0, i1 i s
i
b
[t

gL s og-ey L .
2| 2 os-e . .
4 1 01,00 -

i

1 Al sigrms duiing the perios willya 1g-minuie intensity equ 1o oz grealer Lhan 1 ineh per haur.

vy et —elsguesect =0
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The period of concentration for ench of the watersheds was assumed
to be within the limits of 5 to 30 minutes. Antecedent rainfall was
used to express soil moisture. Il was numerically equal bo the sum of
the 20 days’ previous daily rainfall amounts, after each was divided
by the number of days the rain preceded the storm i question. In
the multiple correlation the maximum rade of runoff was taken as the
dependent variable, and the 5-, 15-, and 30-minute rainfall intensities
and the antecedent rainfall as the independent variables.

The average values for the different mdependent variables common
to both walersheds were: .
Tnches per hour
S-minnte inkensity . . o . 282
li-minule intensity . . . . o . LT
3¢-minute inlensity, . . . . I - . LIB
Antecedent rainfall indes. R . oo . .ol

Estimaling equation showing the linear relationship hetween the
different independent variables and the maximum rate of runoff were
tetermined by the method of Teast squares. They were:

Pasture (Pa-BY watershed:

Al 584 10X — 49X+ 79X+ 1445

Cullivated watershed D-3:

Nl e 1L 420X 155 850 4 T3 NP
m which

NMe=maxinum rate of runoll in inches per honr,

N2z deminnde rainfall intensity in inches per hour.

X% Ih-minude rainfall infensity in inches per hour.

A*z=30-minute rainfall inlengity in inches per hour.

Ne=anleeedent rainfall index.

For both watersheds the 30-minute rainfull intensity had the greatest
effect on the maximum rate of runoff, and for both, the maximuon
rate of runoff decreased as the 15-minuvte vainlall nereased. The
antecedent rainfall factor was ol materially wmore importance in
increasing the maximum rate ef runoll for the cultivated watershed
than on the pasture.

The standard estimates of error and coeflicients of multiple corre-
lation were as follows:

Bluegrass Pasture B2, 0 _ . . L L. . . ... 8+ 40.89 F-=0.60
Cultivated watershed 13-3. . _ . . .. . L._..... 8~ 2066 =073

As the 1-percent level of significance is 0.40, both cocfficients may be
considered as highly significant. As area D-3 wuas in a rotation with
different type creps grown in the different years, a correlation coeffi-
cient of lesser significance than that of the pasture area was antici-
pated. The reverse was true, however. Plotting of the individual
points showed s wide seatter but a fendency toward leveling off at the
higher intensities, thus suggesting that a curvilinear relationsip would
probably have yielded for the two wabersheds an index of correlation
of higher value.

Solving of the estimating equations with maximum 2-; 3-; 10-, and
25-year-frequency rates of ramnfall for 5-, 15-, and 30-minute periods,
frem Yarnell's mtensity-frequency curves, and the average value of
antecedent rainfall, showed that the maximum rates of runolf from
the two watersheds came closer together as the eceurrence frequency of
rainfall rates increased.  For the 2-year frequency intensities the
maximum rate for the cultivated watershed was 5 tines greaier than
from the pasture watershed, whereas for the 25-year frequeney it was
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only 3 times greater. The two curves are shown in figure 51. These
curves are not wsed for estimaling purposes for any given condition, as
they are based on avernge cover and soil mnditmn, and the average
value of ansecedent rainfall nt the time of the 79 storms.
Topographic, soil, and lnml use maps, and a deiailed description of
each watershed ave contnined in n previous report.®  This publieation

5
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Bluegross-pasture watershed Pg-B
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G 5

Frequency - { yeors}

Fraopes al-—Maxinoum rate of runofl fron a cultivated and a huegrass-pasiure
wilershed Tor different frequeneies of J-, 13-, ad 30-nnade painf2li intensities,
Boata show avernge relationships for 79 excossive rainstorms in lhe S-year
period, 193340,

also includes complete runolff, soil loss, celtural operation, observa-
tion, and crop yield dala for cach watershed through the year 1940,
Histograms of mqulI, and runoll hydrographs are ‘included for cach
major “storm period.

Data from the watersheds have been used in other seetions of this
report where Lhey arve directly related or closely allied to ather studies.

This section presents certain aspecls of the hydrologic data seeured
on the station under the lollowing subjects: Discussion of annual
_\“\? L SIVHHOLUGI STUIES. COMPILATION OF BAENFALL ANI HUNOFF FROM WATENSHEDS

E AUV ROAM ANT HELATED S(MLS, CONSKREVATION EXPENIMENT STATION, UETHANY, MO, SCS-TP-30
Suppiuncma Tugl 2, l\mm-ugmpiw:! i
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data; correlation of rainfall intensity and previous rainfall with the
maxitmum rate of runof¥, for 70 storms selected by use of the Weather
Barean formula fov excessive rain siorms; a comparison of daia from
the watersheds for & major storm vunofl perieds; and the density of
soit Josg in runoff and jts relation {o the rate of runoff. These discus-
sions of data arve on the basis of watersheds which are homogeneous in
soils, size, and Lopography. All of the watlcrsheds, excepting pasture
A, are natural watersheds whieh are concave hoth with and across
the slope.  Variations in soils, size, and topography do, however, exist,

Comparisan of hydrolvgic data Jrom watersheds jor 9 magor storms.—
A group of major storm runoll periods were used {o study hydrologic
dain from the vavons watersheds for torrential storm conditions.
Only those storms meeling the following arbitrary conditions were -
ehosen: The average rate ol rainfall for a 30-minufe period, equal to
or greater than 1.5 inehwes per bour; the maximum rate of runoff on
any one ol the watersheds, not less than L3 inches per hour; and
tolal runofl [rom each watershed execeding 2 percent of the total
rainfall.  Nine storm runoft periods lulfilling these requirements
aceurred during the period July L, 1934 lo December 31, 1940,

Hydrologic data velative to the storm runofl phenomena for the
4 stovins are vecovded in table 47,




TaBLE 47.—Stud, y of 9 intense storms occurring from July 1, 1984, to December 31, 1940, indlusive, Sml Conscrvatmn ‘
Experiment Sta(.um Bethany, Mo.

TERRACED BLUEGRASS PASTURE

WATERSHED (Pa-A)

Dateof
storm

Rainfall,
total

amount

Amount:

of rajn-
fall
during
rise of
hydro-
graph

T'ime of
Nhydro-
graph
rise

Average
rainfall
intensity
during
time of
hydro-
graph
rise

€D}

Maxi-
mum
rate of
runoff
Q)

Coefli-
cient

of
Tunnfl
(]

Reten-
tion
rate

mdex
(R)

Total
amount
of
runoll

Effec-
tive

{ 141)

Crop and soil condition factors Bvfluencing runoft

Crop kind

Crop grawih
(height)

Soil condition

0-13-34
10-19-34.

Inéhes
1,95

Minutes
13

Tnckes
perhr.
441

TInches
perh T

Tnches
per hr,
L96

2,15
1.05
210
]
)
108
1.60
1.87

1,22

Inches

Tnches
per hr.
2.45

W NS
ke S ode D e T

W —Dam D

-
-1

Bluegrass... ...

Bluegrass
Bluegrass
Bluegrass. ...
Bluegrass. .
Bluogmss. .

L Bluegrass. .

Bluegrass. .
Bluegrass . .

Inches
dtobin.,l...c

L etoTin L

GLo 7 in..

-1 0tol12in.....
010.12in.....
Mature. cueeana-
Alowed on 6 25,
410 6in

5lp8in

Surface soil moist,
subsoil dry.

Soil moist.

Soil wet.

Soil saturated.

Soil satarated.

Soil wel.

Soil wet.

Surface soil moist

Surface soil moist.

RASS PASTURE

WATERSTTED (Pa-D)

~Avoerage,...

0: 04
03

4.10
330
.9

0.07

.03
.80
.03
W76

0.35

.10
2,12
2.05
1,63
2. 6L

Bluegrass

Bluegrass
Bluegrass
Bluegrass ..
Bluegrass...
Bluegrass...
Bluegrass..
Bluegrass...
]}lnogmss

4106in

S Btesin

Surface soil molst;
sabsoil firy.

Soil mofst.

Soil wot.

Soil saturated.

Soil saturated.

Soil wet.

Soil wet.

Surface s0il moist.

Surface soil moist,

FUNIIADINOV J0 "TdEd 'S ‘A ‘8§ NII@TINH TVOINHDIL 9L
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CONTOUR CROIPED WATERSITED (DD-1)

o

1

@
3

1

2,86 | | l’lowcd on §/20; dise | . Surface soil moist;
Poendfl } subsoil dry.

1.65 t l)n]] \\'hv (,10/.3 i Coming up:. Soil moist.

2,87 | Wheat. GtoSin.. Soil wet.

.3 40 \\'hcm ¢ 30 inches. Soil saturated.
. Wheat. . 30 inches. Soil saturated.

‘03 i Wheat . ! 36 tnches . Soilwet:

.82 { Wheat.. i Matare. . Soil wet.

.78 ¢ Wheat. . i Mature. .. Surface wet.

49 1 Clover.. | Cut and shoc -1 Soil moist.

= tret
[Ty

:"ncn

E

510 P IO PRgaTY B
O T IR Eec St Rl 3~
I e PR
=
4

SN D RIS
ORI S S R 3 10

Average.... 169 1

4
}
1
TERRACED CROPPED WATERSHED (D-2

} P i ! i i .
9-13-34 .95 .75 . R 0.9 . 3,11 | Plowed 8/20; disc an g ! Surface soil moist;
. | subsoil dry.
10-19-34. . . . .38 . .21 2 1.38 | Drill Wheat 10/5- . _{ Coming up Soil maoist.
. .85 . - Wheat +Gto8in... Soil wet.
281 . Wheat 30 inches Soil saturated.
.73 a7 . Wheat_ . 30 inches -|. Soil saturated.
1,49 5 Wheat ., b Soil wet.

. 60 ] 51 .2 13 . 0 Wheat .. AT, Soil wet.
~20,21-39_ X . b 3. 2. 7 1.56 | . Wheat. .. Surface wet.
G—"3-40-. . +ab £ : i 4 .g&) - 3 | Clover. Soil moist.

i e .51 93

PEED WATERSHED (D-3)

3.00 § Corfloeiamnimenn o n § FIOC. o viveneneuinnnw] Strince soil moist;
} subsoil dry.
L1761 Corn.... I’oor crop mature Soil molist.
.20 ¢ Dri Soil wet.
12 inchcs Soil saturated.
| 12inches.. Soil saturated.
30 inches Soil wet.
Soil wet.
Wheat. . Soil wet.
Clover.. Soil moist.

ONINOD NOISOUE: NI: SNOTLVOTISTANT:

PO s NI B 0 L

Average...




TabLs 4% —Study of 9 intensé stor

ms occurring from Jul

o

y 1, 1834, to Doceriber 31, 1840

Experiment Station, Bethany, Mo.—~Continued

CONTINUOUS ALFALFA WATERSHED (I-58)

, inclusive, Soil Conservation.

Date of
storm

Rainfall,
total.
amount

Amount
ofrain-
fall
during
rise of
hydro-
graph

Time of
hydro-
graph

rise

Average
rainfall
intensity
during
time of
hydro-
graph
rise
[69)

Maxi-
mum

rate-of

runoil
(Q

Caocfli-
cient
of
runeff
)

Total
amount

[}
runofl

Reten-
tion
rate

index
{R)

Effec-
tive
rain-
fall
(I-R)

Crop and soil condition factors influencing runoft

Crop kind

Crop growth
(height)

Soit condition

Avernee:, !

Imches
1.95

Inches

0,82

.67
.48
.35
40
«52
.23
.40

.42

A7

Minutes

=

SIIN DD R LD v

=1

Inches
per hr,
4.45

3.13
3,27
3.04
2,40
3.89
2,73
4,00

2.80
3.30

Inches
per hr.
0.67

3.99
1.05
2,14

Inches
0. 26
.37
.75
.90
.90
.40
.62
<60
i £
.81

.85
L47
97

Inches
per hr:
1,05
5
99
6
8
2
8

a

1
2,
2.
2,
3.
2
3.

9
3
2
0!
4

L33

2.34 |

Alfalfa

Cut alfalia 9/19.____.___
Alfall

. Inches
12 inches

Stubble

610 8.in.

18 inches

18 inches. ...
4 inches

Alalfa__ ..
Oats lespede

Oats lespedeza

Shocked. Heavy young
growth,

Surlace soil maist;
subsoil dry.
Soil moist,
Soil wet. .
Soil saturated.
Soil satarated.
Soil wet., -
Soil wet,
Soil wet and -
packed.
Soil moist.

ROTA

TION STRIP-CRO]

PPED WATERSIED (LJ-1)

9-13-34. .
10-10-34

4.43
3.68
3.19

1.49
.73
3,00

0.34

L 6L
1.02

2,

Strip-cropped
meadow.

Strip-cropped
meadow,

Strip-cropped
meadow.

with corn,
with corn,

with corn,

soyheans, wheat and

sovheans, - wheat and
soyheans, whioat and

wheat and

Surface soil moist;
subsoil moist.

Soil moist.

Soil wet.

3, Strip-cropped
meadow.
Strip-cropped

. meadow,
Strip-cropped
meadow.
Strip-cropped
-meadow. .
Strip-cropped with corn, oais,.and méadow,.
Strip-cropped with corn, oats, and meadow

with corn, soybeans, Soil saturated.

with'.corn, soybeans, wheat and | Soil saturated.

with eorn, soyheans, wheat and | Soil wet.

6-26-35
6~20,21-39

6-28-40...
Average. ..

with corn, soybeans, wheat and | Soil wet.

Soil wet.
Soil moist.
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The table also contains observations pettinent to crop and soil
conditions at the time of the storms on each watershed.

The retention rate index B is used as a gage of the capacity of a
watershed to absorb rainfall by all processes during a storm period.
It is defined as the rainfsll intensity, in inches per hour, over and
above which an amount of rainfall, equaling the total runoff from the
terrain, occurs from & given storm,.

Values of B show that the undisturbed bluegrass pasture (Pa-B)
retained rainfell for the 9 individual storms at rates. varying from
0.06 to 4.10 inches per hour, while the average was 1.64 inches per
hour. The cropped watershed with the least contrel (D-3) retained
rainfall at the average rate of 0.71 inches per hour with a variation
from 0.12 to 1.27 inches per hour. Greater variability, and the
highest as well as the lowest retention rale indices have, therefore,
occwrred on the watershed having the greatest average retention
The variability of the retention rate index is iliustzated in table 48
by summarizing the frequency of cccurrence of the relative rank of
the walersheds in their ability to retain rainfall for the 9 different
storms.

TARLE 48, —Freguency of vccurrence uf rolative rank in relenlion capucily of waler-
sheds far 9 starmms

; Rolative rank in refention eapaeily (high to
low) Avirage
rapking
Watrershed or 9
stonos

C Rl EER-L o

Five of the seven watersheds have had the highest retention index
for some one of the nine storms. Five of the areas have similarly
had the lowest retention index. The average ranking of the practices
on these particular watersheds in their capacity to retain rainfall is
in the order: (1) undisturbed bluegrass pasture, (2) terraced bluegrass
pasture, {3} terraced cropped land, (4) strip cropping, (5) contour
cropping, (6) permanent alfalfa, and (7) cropping with no conérol
practices. The failure of the terraced pasture (Pa—A) to retain as
much as the normal pasture (Pa~B) is believed to be, in part, due to
channel and vegetative conditions associated with terrace construc-
tion. In addition, the terraced pasture also has a steeper terrain, is
convex shaped, and does not have a central drainageway. The low
ranking of the permanent alfalia watershed {I-58) 1s associated with
the fact that several of the storms prior to 1939 occurred shortly
after an alfalln hay crop was removed, and the change from alfalfa
to annusal cats-lespedeza cropping. When the soil was in a saturated
condition, May 31 and June 1, 1935, all watersheds had extremely
low retention capacities. Small differences shown between a few of
the watersheds for these two storms may be beyond the aceuracy of
measurement of either rainfall or runoff.

‘
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“To summarize, it is apparent that retention of rainfall by agricul-
tural watersheds in different land use will vary greatly for different
-storms. Furthermore, any spectfic watershed will have a wide range
of retention capacities for similar storms occurring during a particular
season of the year. For a specific storm period it is conceivable
that any land use practice on similar areas may have the minimum
retention capacity which is possibly associnted with the amount of
previous rainfall absorption. :

Values ol @ were sccured by direct measurements for the nine
storms, and values of I were caleulated, using the time of rise of the
hydrograph as the time of concentration., The time of rise of the
hydrograph from o specific rainfall intensity block may fail to be as
great as the theorelical time for water to flow from the most remote
portions of the watersheds. This is due to the fact that high rainfall
Intensity is in some instances not of sufficient duration to result in an
approach o the condition of uniform flow from all parts of a watershed.

A lincar correlation with @ as the dependent variable and I as the
independent variable was performed to determine the degree of reln-
tionship between the two variables. This introduced two constants,
namely @, the intercept of § where I is equal to zero, and & the slope
of the regression cquation Q=a+4-b7. Values of ¢ and & were deter-
mined from the data by the method of least squares. The resnlting
correlation coefficients were found to e below the level of 0.67,
required for significance at the 5-percent level, with the exceplion
of the terraced pasture (Pa-A) which was 0.86. If the relationship
Q= CI approximated the trend of the data, ¢ would have approached
zero, and the term b would have bhecome the value of €. Obviously, for
the storms studied, the equation Q=0T does not adequately express
the storm runoff phenomena with I as here determined. A summary
of all values and the corvelations are given in table 49.

Tanne 40.—Regression eguation and correlation coefficienls determined for the
3 storms given in table 48

Walershed

T Coctliciend of correlation F-proreent level of gizaifieance S0, Spereent level of signifiannes 67,

A Turther study of the velationship of @ and J-R where R equals the
retenlion rate index was made. The correlation used was of the Jinear
type represented by the equation @=a+&(I-K). On each watershed
values of @) increased with increases in the quantity of I~f. The
resulting correlation coefficients were above the I-perceent level of 0.80
required for high significance. These values arve also shown in table 49,

Further study leads to the conelusion that & 1n this latéer equation
approaches unity when the time of coneeniration is properly evaluated,
Thus different watershed characeristics and different conservalion
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‘practices would be reflected in a varying time of concentration as
well as a varying retention rate. The formula @Q=I-R is, therefore,
presenicd as an estimating equation of significance. It recognizes the
fact that the runoff rate is dependent upon the rate of absorption
of rainfall. Values of B may De derived from myriad data which have
beenﬁobtained. without Dencfit of devices to determine the rales of
runoft.

Efject of soil loss 'on peak runof] rafes.—Areas in intertilled crops,
particularly those farmed without adequate supporting practices, lose
large volumes of soil which in themselves may appreciably affect the
rate of runoff. As- an example, o l-inch storm of May 16, 1941,
falling on watershed D-3 when corn was 3 to 4 inches high, caused
a total runoff of 0.65 inch. A soil loss of 24 tons per acre was included
in this runoft amount. Assuming the specific gravity fo be 2.65, the
soil loss on & volume basis was cquivalent to 16 percent of the runoff,
or 0.10 inch. Obviously these relatively large volumes of soil affect
the peak rate of runoff.

A limited study of the volume of soil carricd by storm runoff, in
velation to the rate of runoff, was made in June 1941, on watershed
D-3 while a corn crop oceupied the ground. Samples of the storm
runofl were secured manually by dipping from the throat of the 2-foot
Parshall flume, with which the watcrshed runoff is measured.  Such
samples were obtained at 15-second intervals throughout the rise and
fall of the hydrograph. They were analyzed for dry-matter content
in the ususl manner.

The results of the study for two yunoff periods occurring on June
2 and June 9, 1941 are shown graphically m figure 52. The rates of
rusiofl. from the 4.485-acre watershed are expressed i cubic feet per
sccond. The pounds of soil per cubic foot of runoff secured from the
flume sampling are plotted in the lower portion of the figure.

The runoff of June 2 contained soil which, on a volume basis, was
equivalent to 5.4 percent of the total runofl.  The first runoft sampled
conteined approximately 13 pounds of soil per cubic foot. The peak
runoft, which occurred some 4 minutes later, contained approximately
14 pounds per cubic foot. The density of soil loss in runofi then
dvopped to 7 pounds per cubic foot during a 3-minute recession of
the hydrograph. A second vise of the Jiydrograph resulted in a
slight increase in runofl density and the following recession resulted in
a rapid decrease. It is apparent that a decrease in runofl density is
occurring wilth time and the removal of the more easily transported
particles. However, the density of runoff continued to vise for ap-
proximately 2 minutes during the recession of the second flash of
runoff. This is believed to be indicative of relafively heavy soil loss
coming from the upper slope reaches. The rate of soil loss in cubic
feet per second, and the percent soil loss in runoff was calculated at
l-minute intervals throughout the storm, The rate of water loss
was obtained by subtracting the rate of soil loss in cubic feet per
second from. the rate of runoff in cubic feet per sccond.  Accumulative
values of total runoff, water loss, and soil loss are also shown in cubic
feet. Accumulative soil loss in tons per aere is plotted in the lower
pari of the figure.

The watershed had lost 20 tons of soil per acre and 1.91 inches of
Tunoff in the week prior Lo the storm of June 9, which is also plotted
in figure 52.  Much of the loose soil had been removed from the field
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and numerous rills were formed in conveying the runof! to the measur-
ing equipment, While the soil loss from the storm is not large the
several peaks of runoff afford an opportunity for stud ¥ of increases and
decrenses of runoft density. The first flash of runoft hiere appears to

\
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Figvnk 52.—Runofl hydrographs from watershed 1)-3 on Juue 2, 1941, and June,
9, 1941, and zecompanying water and soil loss relaliooships {(hiroughout the
storms.

Accumulative soil loss [foos par oenel,

Soif loss [pounds} per cubic foot rumoll. Soil loss [percant of runeff b

carry a relatively large amount of seil. Throughout the remainder
of the runofl the density of runoff appears to bear a relationship to
the runoff rate. In this particular instance the relationship is ap-
proximated by the equation:

y=1.85.\-%
where y==s0il loss in runofl’ in pounds per cubic feot, and Ne==the rate
of runofl in cubic feet per second.
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APPENDIX

In order to avold an excess of tabular material throughout Lhe
text, the data of the individual tables necessary for deriving the
summary tables and figures used in the text have been placed in this
appendix as tables 50 to 77.

The data presented in this appendix probably will be of only

minor interest to the easual reader, but as they give specific records of
the results of experimentation from year to year, they will be of
practical value and interest to tochnical workers in the field of soil
conservation, -
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* Exelusive of 3-font dikes.

were seetired in spring and summer of 1040 with Plot A disked and 2 {ons per acre 0at straw mualeh and Plot B disked only.
own hill in 1942, followed by wheat and meadow 1 year.

th corn in 1942, followed by wheat and meadow 1 year.

TOYLNOD NOISO¥E NI SNOILVDILSHANT




Tasre 51.—Description of the terraces for which soil and waler losses were measured !

Ver- Period of reeords
tical

spac-
ing

Ter-
race
slope

Land S oll ‘

slope Soll treatment

Terrace No. |Length| - Grade per 100 fect Cropping practice

Began Ended

to Per-
Tiiches Fect:+ cent
Variable 1-2-8-4. ..., | 5

LI © SR

3 SO

i3 ST,

2 & RO

Variable 0«1-2-3-4

do... .
Uniform, 8 .

10.0 64 Shelby loawr . .} Corn, oats wiih sweet-

1.7

1,9

e oL
woem (0,

ceen 11O

Tioudlo. .
1

3 . do

w10,

cewaudlo.

clover: the sweefelover
was turned under,
wsanl ’
Corn, soybeans, wheat,
clover with timothy,
—ew.dlo,

oo

PR 1) DS

Allalf, onts-lespedeza

1035-30.

1-Corn, oats, ¢lover with

timothy,

B P £ L VO

NN I D -
Corn, corn, oats, clover
with timothy.

EETIR ¢ [+ S

Corn, onts, clover with |.

timothy,

Atons of Time per nere in 1930; 200 § March 1036 | Dee. 31,1941

pounds of “20-percent  super-
Phosphate per acre on oats.

300 pounds of 20-percent Suppr-

‘phosphate per acre with wheat
In the fall of 1032,

3 lons of lime. per acre in 1035;.200
pounds. of 4-12~4 fortilizer per
ng;e with wheat in the fall of
1935,

-1 2.4 tons of lime per acre in 1934-35;

200 pounds of 4-12-4 fertilizer
per acre with wheat in the fall
origd,

200 pounds of 20-percent super-
phosphate per acre with wheat
in the fall 0f 1933,

3 lons of lime per acre in 1933;
300 pourids of 4~12-1 fertilizer
per acre in 1033,

200 pounds of superphosephate per
acre on oats.

O R SO

PO ) [\

ool S

do
do

Spring 1932
do

wmas tlO
Nov. 1932
Spring 1931

PR |

0. ...
Spring 1933

cmen 10, 0. o
Jan. 1032

Do.
Do,

Do.

Do.
Dee. 31,1039

Dec. 31,1940
Do,
Do.

Dece, 31,1938

Do,
Dee. 31,1040

Uniform, § ~.....
Uniform, 4 ...
Uniform, 2.

do. c..! Spring 1031
. Jan, 1932
Spring 1031
R . AR\ [+ S
PR | I B N Joseaido. U P L Do.

Grundy toam,_ Mar, 1936 { Dee. 31,1938
shelby loam Spring 1031 | Dee, 31,1040

e RPN | [\ Do.

PPN (B Do.
Oct. 1, 1032 1 Dee, 31,1938

Do.

et e i

Level. . ...
Uniform, 4

HYAIIND1MOV J0 "LdAd 'S ‘A ‘£88 NIIETING TVOINHOAL: {FT

FENmpEoao
IS UL I L — L S

N v P 725 -
Area 7-ON (3 D 1) L% SN | 1 SR DN
terraces).

_‘_ _,
SiEmpEEn:

Apr. - 1933

: {
. b { | )
I Measuring equipment consists of either 1- or 2-foot, Parshall flume, float water stage recorder, silt hos, and Ramser silt snmpler.
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Tanri 32.—Description of the walersheds for which sotl and waler losses tvere ineasured

Watershed
designation

Tand
slape

Pasture A1,
Pasture B L.
Pasture C 3
188 s

AT O

Deliviveiias

D-24

D DX SN

i

03 : 8heélby lopm

Terraces

Tength

Grade per
100 feet

Feet
21,710

Inches
Variable, 0-1-2..

Tevel 7.

i
i

ver-
tieal

spac-
ing

| Pect
[}

Cropping practice

Bluegrass pasture, excellent |

vegelation.

Bluegrass pasture, exeellent |

vegetation.

Bluegrass pasture, excellent
vpgetation.

Allalfa:  oats-lespedesa
gan 1938,

be-

Corn, onls, clover with

timothy.10

Corn, oats, wheat, clover
with timothy.

PR 1, S S,

RN | [ SRR,

i

El

Soil treatiment

Period of records

Began

Ended

Noae: 4-12-4 fertilizer. on  terrace
channels and. ridges.
None: 4~12-4 fertilizer in waterway. ..

NONC ot wncicacnnens S memvesvmbmm—-

3 tons of lime per acre. in 1032; 200
pounds of 20-percent superphos-
phaite por acre in 1932; 250 pounds of
4=1254 fertilizer per acre in 1933;
125 pounds 0-20-0 -per. nere’ with
onts-lespedeza. 3

2.5 tons of lime per acre on strip Cin
10345 1.64 tonsperacreon stripBin
1935; 200 pounds of 4-12-4 fertilizer
per-acre on strip C in 1934 and on
stripy B in 1935; 200 pounds 0-20-0
per acre with oats.

Jtons of lime per acre in 1930; 125
pounds: of 4-12-4 fertilizer per acre
on wheat; 125 pounds of 20-percent
superphosphate on onts,

of 20-percent’ superphos-
phate per acre on oats before 1939,

July 11,1934

July 1,1034
July 1, 1932

In operation.
Do.
Do.
Do.

¥ Pasture A contains six terraces thit discliarge into a common outlet.

2 Total length of the six terraces on pasture A,

3 The area of pasture B was 6.52 acres until the fall of 1035,

4 Field D-2 contains eight terraces that discharge into a common outlet.

3 Total length of the eight terraces on ficld -2,

62,12 acres prior to fall of 1638. "

7'Contour furrows constricted by Wooley furrowing maching in Nov. 1038
8 Corn, corn, oats; clover prior to 1937,

9 4.85 acres prior to May 1934, - o

19.Corn, soybeans, wheat, clover with timothy prior t0-1936,

TOYILNOD NOISOUE: NI' SNOLLVOLLSTIANI
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TA?)T;E( 53.—Seasonal and annual runoff and soil Toss ! and crop yields from dontrol plots 116 10 of plot series 1 , 193140

PLOT 1

Yenr

First. qmlr'lcr

Second quarter

Third quarter

Fourth quarter

Total

Cropplng

Runoft | Soilloss

Soil loss

Rumoff

Runoff | Soil loss

Runofl | Soil loss

Runofl

Soil loss

Crop kind

Yield
per dcere

Tuches
0.17 0
AT 1, 866
0 0

.02
.0
3..50
3.78

0

.76
1.16

Pounds

Inches | Pounde
0.78 47,3156
1,34 38, 780

J70F 14,045
2.85 110, 845
1.3 190, 045
40 5,345

: 21, 065

33, 410
183,410
46, 430

Pounds
103, 565
62, 505
115,405
53,075
4,365
11,660
2,25
49, 730
- 43,330
2,020

Inches

Pounds
60, 454

2,102

Inches.

Poinds
211, 334
105, 349
130, 350
195,515

10.82 | - 49, 526
1.08 £, 2563

601, 726
69,173

448, 505
44, 851

1,312,303
131,230

Tons or
bushels
20,0
4.1

43.

PLOM 2

1,610

1.65
.82
2.92
8.53
W77
.07
1.28
5,45 | 142,450
2,10 38, 78

4.78 706,409
63, 760

168, 339
07, 81

43,770

15,694
1, 569

29991 3,365
2,50 3,337

352,279

35,22

105,042
10, 501

1,018,380
101, 838

Pd o Tad 0.
: 88

2oy
SCpiodo
TS =~

b

PLOT 3

0.93 20,679
o 2 12
04 10
1.54 2,870
10.71 17, 900

444 56,300
.96 3,159

370

43, 610
0

107,960
3,179
380

61, 740
21, 260

Wheat..
Meadow.
Corn..
Wheat

£88 NITHTING TVOINHOAL Y

AYNIINOTHOV J0 “IdEd 'S A °




10 40 Meadow
2,530 . 1,000
24,850 § 4 310
2,240 .
7, : 16 1, 660

87,681 A 1310, 708
8,768 . 11,070

S it e Oy
SR~

239, 449
23,945

o i
ey
[EXe )

[t

LTSS MW
)

e

§ &7

o g S g -
BN €3N G

=D

7,041

o0

Meadow.
Corn ..
Wheat. .
Meadow

PO
foen, Q9N
DI OW NI
@ g

Lo
87 3

42 340
880

TOUILNOD NOISOUH: NI: SNOILVHLISHANT'

76,701 L6 7. i 150,179
Average.. 303 93 7,670 . <76 . 15; 018

See footnotes at end of table.
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TasLzE 58.—S¢dsonal and annual rinoff and sodl-loss . and ¢rop yields from control plots 1 to 10 of plol series 1; 1932-40 2—Continued .-
: ‘ _PLOT 6

l"i;st,(uiurm‘r Second duarter Third quarlér Fourth quarter Totui : Cropping

Runoﬂ' Soil loss | Runof | Soilloss | Runofl | Soil loss | Runoft | Soilloss | Runoft Soil loss Crop kind p?a:ri?}]c({-o

: Tons or
Inches | Pounds | Inches | Pounds |. Inches | Pounds

0.01 0 0.01 7 795
1.4 10,0}8 i 9, 856

] 1,050

930 . 220 N Meadow. ..
12, 950 . 180 0. 0 5. Corn......

60 . 3,180 3 3 930 | Wheat. .
2,470 920 . 0 , 0 . Meadow:
8, 890 22, 660 . , 2 Corn_..
50,110 .32 5,630 .8 e
1, 940 o 0 0 A 080 | Meadow

Inches | Pounds Pounds
2.7 1, 178 3.28 7

1040 i vme cm e e e e

Total.s.asinnain. . e .- 7 3,4 X 87,377 11,46 44,491
Average . 4 K 8,738 1.15 4,450

PLOT Y7

0.5
S04

.05
.01

- -
& 9
=]

=2+

[=}

-
COoOoCCoooO,
B G B0 IO Y ENEO
S 30D L0006 DOt B )

coR, SCroSe
SLHmPRad

—
=1
.

)

—
oo
e S

EUALTAOTHOV: d0 "LAHE 'S0 ‘¢88. NIIETING IVOINHOGL FG
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10400000

Tatal:. ...
Average:.

R L

]931_,.-”...» e i

POl o ta o s cm bn

AVCrage canivdounn

0
11, 200
3,140
4,770
0

4,810
6, 650

406, 230

135. S"O

47,551 |

3,95
23,040
250
5, 450
0
770
4,720
0

30, 573
306

32,04 |
3,20 4

615, 408
69, 541

0
10
0

R
2,130 |

3, 500
JO 750

9, 03()
11,870

d""

181,230
31, 280

1’]’;0’1‘ 10

37.87
3,74 |

86, 636
8, 664

623,370
162, 337

u.st'

111, 476
0 570
208 3, 320

6, 690

36,415
2,025
9

17, 080
20
2,900

610
1, 340
0

147,801
86, 569
214, 370
120,910
219, 910
23,120
31,410
69, 360
167,520
49,840

47, 200
3,720

30, 84
3.08

500, 908
50,091

3.18

531, 142
53,114

60, 860

~. 6,086

1,130,200
113, 020

t Soil loss in pounds per acre, water loss in inches par acre.
2 Bluegrass established by secdlng with timothy and not harvested until 1935,

TOYINOD NOISOHH NI SNOILVOILSHANI:
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TavLe 5d~—dverage seasonal and annwal ranoff and soil loss b frem plol serics !
!or )‘G -gear porigd 193140

First ynarter

*lat

Tons ! luches
2,124
LahG

LG

faches
10y
LR

2
i) 1 1

L :-:-mml fuarter -

‘Fang
.50 93,386
R ]

5415

XU

Third guacter

" Inch '3 5‘

Ry

2N

Tans
28,425 -

TG
o144l

Intﬁf& -
140
i-f#

L

s LBt

Tonx

.83}
R
.t
70
i

LR
NIt
15
- 20
NS

zay

- g0 -
3. 161 -
2.0

L

R ERTI O
dos ), mﬁf

L Roil Joss i fons jwe acre, canoil in 5:|rrum: inchuu.

TaBLE 5d.—

. Fourth qurter

Hannod? [2oil loss HnuoiT Sait loss, I{unnlri-uli logs; Ilunnm 0] i:}\\ [iunol‘l‘iSull Toss

5982 .
1068
L4l
LT
T
AR
I
o H

L

3048

|
. Mchra f
3
L}

Tatal

Tony

63615
sh019
i5. &4

P
5, 20
a0 -

R
.17

4.08
4.

+
a5’

L]

B4
BBY

UGY
1oy

7ol
)
kN
il
&1L 210
5G. 5173

bt.’usmml and gnnnel runefl ar i soil loss U and crap yield for plots 3

Jond 3 of series 1 for the iv-yoar period, 183 1-40
CORNN YEARS

. 1
: First yunrter - Seeond quarter’ Thicd qizarter i Fourtl qia, ter

Totat !

i

. 1
D Pon- .
* lr}}? Bail los: Rnl:;}

?.fndies Pmuld's .‘.-gdnﬂ- P‘aunn‘s Juthes’
ne

T ELGH
4, 331 -
410

&8

5, Lk

(DL
2, 330
h. 420

5 . 35980 .
# A

S0l Insy

Hun-
ol

1
i
]

Snil 1oss
.

Hun-
olf

Soil logs,

Hun-
T

fer

ni] logs  1¢Te
N 1

4.4
2.1
0. &Y

By
|1

i

Pound'.s
- 50, 4ul
T, e

&5,180
4413 . FELI

P )

&

1.33
L1

Wy 210 9,43 23, yan
SR TR

29,400 |

CWIHEAT T

{1
12

(!I 14

A RS

4 th

frches’
‘] l B{\'}
(1]

a-
33, 260
ikl o

PRSI
i

1
T

-

v 352

3,435 -

2.6

.o
A Bl
v

3.07 -

! vFons or

Poum!x fnches FPounds bushely
0.4

07, 43t
‘ 39.hh(l
i 83, 5K

24, L

50.52 370,970 .
5.43 37,697

Bl
"ﬁ b{!
573

A2
Lol

N
3, an
1. 11

LAY

141

3, 30
B
I

u

1, 620

]
3.3
2,52

u
L5

1,05

s
L52

1,z -
nANH
CMEADOW YEARR

ia 45
L &5

1]
1u
Lt

1,312

T
191
0
Al
gan
i)

e
L

ERE]
L
TLos

aa
4w

&, 424
i1

HAT
L.ty

Hhart

28
4

L5l .
3.15 -

t Soil Joss in pounds T acre, woler lnss in m::ho&
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TABLE 50,~Seasonal and annuval runefl and soil loss, and croy ylclds fromt plots 1,

First quarier

i Beeond quarter

Runofl |

1089
Total., ...

Average.. . L

Inehes
G

{
i
H
Y Pounds
; )]
V]

0

4,875
BATD
3,002

Soit loss i

[ ——

Runelt |
b
i1

Inrhts

—
| Srom o s1s

mn;‘xa-—aaifv

e LSO Oy

Soil lnss '

L Pounds

67,028

25. 273

51,5'.'1

160, 8

TLOT A

“Ihird guarter

1.
Ruuofl

Inches
6.17

,ll".’l)‘.l ]
16,102
95, 8504
122,405 -

V01

i Soil loss

S ot Lt i s 8 = o . o o

v

i Pounds |
D127, 087
145,963 |
-J;:, 353

14, 848

Runofl

Inehes
. 87

Fourth quarioer

£
i
t

B, and plot 1 -through

Total

Soll loss

Runott

8 of series 21

Crophing

Crop kind

5

9, %8

1, 516

Pownds !

6,500 ¢
0.4

4,749 |
)
705 5

Inches
w49

11,22
106 |

16.06 ¢
5.35

! Poynds

196, 978 |

171,236 ¢
138, 788

174,401

33,410 4
24,781 5
51,584 |
142,800 ..

19, 142
T 2,303

30,. 01 ;
4. 86

0
5, 02
0
5,598
]

279

0,505 |
4,987 |

848

110983 |

3.60 i

L7082 |
46,52 1

P b() I H

96, 485 |

78,736

21, 404

41,650
1577
005 |

sop f

17,001 |

16,010 |
21

1,371

202 ]

16
4,072

0
656
1,076

Fallow ..
Corn .
do
da.
Lol

.o
. do

{133, 570 ¢
116, 6497 |

127,528

F Fallow
i Corn
codo
do

Cade

! onatiise

13,843
1,730

407,824 |
50,078

268, 581 |
33,574 t

10,313

1,.\1

700, 561 §
87, 750

g8 e

i
L Yield per
i aere

Tons ar
| bushels

o3
wuBeicl
<29 \l‘

St

]936.._..-“.,...“

See footnotes at end of table.

208

Meadow . uan.a.
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<TABLE .:)6 ~—Seasonal and annual runoff and soil loss, and crop yields from plals A, B, and plot-1 lhrouqh 8of serics 2 —-Contmncd
PLOT 1~Continued

First. quarter Second auarter Third quarter Fourth quarter Total Cropping

Yield per

Soil loss Crop kind Here

Runoff | Spilloss { Runofl | Soilloss | Runofl ofl Toss RunnﬂISonloss ]lunoﬂ,'

[ Tons or
Inches | Pounds 8 s Inches Inches i Pounds | TInches | Poitnds | Inuhch
1 T 52 .00 21 | 0 i i 7 78 1 Mendow,...
0 LS50 bt 3.58 NN 5M 42,843 | Corn.. ..
] 3,101 5. 17 5, § L3 J25 §S 53,918 | Oats.. ...
Rt 306 ! 42 0L ] 1] ] ; 383 § Meadow .

2,28} 4,91,(;@ 7 | 1280 - 6n 4471 BT K290 | 43731 180,635
} ! i - . e . “, i e : . e

« UM &

i
!
|

PLOT 2
i

1,037 ¢ 1,37

0 10.01 1,528 ¢ 0 [
"() 50 2,45 : 17 18, 50t |
ﬁ..GO 11 0 0

i

do

&1 : ; - ; : { .
. ! ol 0 | URT ] 25450 1 ‘ 408 ! Corn..
.g? : ]’52-5 ! -’. i b1, 7l ¢ .38 | L8360, Oals. ...
«wl) ¢

‘3 , i 50 . <02 ; o i 00+ 1,004 | Meadow. ...
A9370,580 0 2280 1 18106 . 10.21  orAz C10,5H
: ! | ’ i i i !

451
0

PLOT 3

48

124 ¢
3,047 ¢
3!,313 ;

100 |
3,617 |
15,235 ¢

217 ;

TLO3 DA, 600 | : 44,532 - ob Do ; 119,157
¥

1,
-1
8 82

.‘I)
w:;::-—c-cca
-—’J-‘} =

e, Dl
FUAINDIOV d0 "IdEd 'S ‘D ‘€88 NILI@TING TVOINHOUAL 9¢I.

270 ¢ Mondow .

<,
¥

Tofal......

g
(53

4
i
i
i
i
i




TLOM

I e e e e b

01 .05 93 ; Meadow.

1] S F 462 Cornal L
2, 507 420 BT MST Oatso L DL L
) 12,(‘ Meadow. ... ..

0,632 1+ Corn R
.| : Oatg,. . .. -
. 32 1 Meadow
1, 100 1, Caorn
0 250 Onfs. .. .cio.

10,258 1 4237 ] 1mmast .

»

[} 0 0 ; : Meadow

1,476 .7 24,088 ¢ . : 5.2 0 25,01 Corn ',
21,404 . 52 ¢ .22 i3 & | , 850 - Oats ..
'.',;;ssn : u : : : .81 ,iBL 7 Moeadow ..

)54 5 7 I

1,850 A1 . (M [ 8

654 2 | 01 - 1 ] Meadow . |

0 POT5, 004 S y,‘sv., 3 o 80 R 34 Corn ... “-n
2,016 Lt | ..-tH | .87 306 ( ; i 250 ! 5 1 Oats_. L.l

t.

51 { 16 mi g2 g, m’} %;.h;r o m T e e
S S A R TS R |

]’L()'I‘ 6§

0. 0 0. . g Moadow
670 20,500 | f : 92,503 ¢ Corn . ..
i ] 04 1 Oals .. 0.
33 4 Mendow ...
7 Corna ..
cQats .. ..
g {NMeadow.. .
OO i
L0711 A

TOHLNOD NOISOUT NI SNOILVOILSHANI

See footnote at end of table.
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TABLE 56.—Seasonal and ahaual rinoff and soil loss; and crop iields from plots A, B, and plot 1 through 8 of series-2 1—Continued
PLOT 71

) i !
Flrst quarter Second quarter Third quarter Fourth quarter ! "Potnl i Cropping

i ' i .
ESoil loss | Runoit | Sollloss | Runof | Soilloss | Runoff | Soilloss @ Runoil \aoil onq_ Crop kingl - Yield per

Runott acre

Tons or
hnshe(s

~

¢ Inches | Pounds { Tnches | Pounds | Inches | Founds ' Inches | Pounds : Inches + Ponpds :

19320 L L e 0 1 0 0.09 19 0 : a: 0 0 .09 119 Meadow. ...
1933, i ER : . 0 157 ELU 0 g 164 Mo ode
1934 S 5 ! : 1 Nt 0 o 33 443 a0
1936, - Lo Ll . ‘ : | 3. ] i ) 3,49 2070 o .

1946 L. . e : 0 i D S5 ol
1937 - L8E L0 1. : ‘ ‘ 85 186 0 . ..odo.
1938, ... o L : | ! 0. do
1030, T . : 4 a T ; ; . 51y o do
1940 o . : LY i i ! . ; S do:

Total. " . AR : 233 | .51 s B8 Al 3 23 1600 ¢
Average ... L. U i a8t i T N il M, i » 198 1

G
ot
®
E,
a
Z
)
Q
o
]
5
B
=
Z
&
o
o
4
12
e
]
=
=
=
F
@
]
=t
Q
a
e
=
4
g
o

0.25 ; G L 25 .32 ! e 82 3,520 ¢ Oatsy lespedezn .
4 31 3 v [ SOMAS0 o do o
i ! . i i H .85 L6011 .. _.do ., .. ..
i 3 ¢ At 2, (¢ ! ¢ 405 ¢ 2,608 do
‘} . « ot a0 G 361 do

‘;‘.
L e am s 010,068 | , R R R T ;_,:,,‘“,,:

Average oL il } LS6 i 5 L0202 06 AT 200 [ 4488
! 1 ! : %

1 *oxl 10“ in xmumh per neres witer Toss in lnchvs. This plnt was not hur\NonL




1933
1034

TavLe 37.—Runofl and sotl loss? by seasons and years, and crop yields from plots A1, 1, A, B3, 2, and 3 of series 3

Year

1035 .
1036
1037 ..

1938

LRI

Toial. .
Average

See footnote atend of t.\lﬂe.

s e e i

! First quarler

t
. Runofl | Seil loss

Invhes
v

i Pounds |
: 1

[
1, N2
({3

933 4
0
76

1
1,180

24, (l:{l

'l 562 |

. |
Second-quarter. |

et b o o b b o
i

Runoty

Inches

2y
148
8,44

A

LAY

1,58

505 |

18,20 .
PATI

20,14
4.6

L
2
1.52
13
S0
153

. 3
. Sail loss !

Paands

PLOT A © 1

Runoft

Telex
4, 0¥

30,250

S0, 870 ;
li. 1020

11,822 ¢

R

136, 314 - .

313,001
HT

47
29y |

PLOT 1

n..;m oy

Third quacter

e e

I
. Boil loss

Pounds

A1, I8t

54,350
SN

£, 782
TN

b 187

&, 160

168, 247 .
20,035

[om e

68, 835 }

P, O'l‘

0,09 i
4 \su :
10 1
7 495
2, 005 .88 i

34, 334

X
23, 050
604

d.] hll}i

Fourth quarter

RunofY

Inclies

0. Oty
9.2

Soil Toss

Pounds
[}

1,830
[i]

204
n:

330

82

S, 67

608

o
3,062
1

Jon
i

"lh :

.{. §

m I !
At

Totul

Runaft

Jnrlu \’

M)
.19
231

L)
LY

.81

0,07
558 ¢

Soil loss

Pounds.

5, 881 ¢

4,441

L H

15,002
13, 530 |
N
112,513

AUB, ST

0,856 .

U5, T
121,644
100, 947

- Corn
" Corn
s Corn

15, 1014

!
i

L5 it i b e e A i i e

S U S S .

Cropping

Yiend

&l 131
Crop Kind per acre

Lo i i st e s e
v

£ Tong or
hushels
Corn ..o &0.1
Corn ... ..
Corn
Corn -
Corn
Corn
Corn

g
10,9
D

3.0

o

=

Corn
Carn
Corn

SPea-t-2=¥-

3

Cornt

7o, 5 1

107, 185 ..

56, 504 | ‘
T4, 300
1,74

(1, 808
30, 416

i
18,395 i

Soybeang .

711K N

Meadow.

Corn .

hovhmna .
Oals. .o.oonin. P

TOYLNOD NOISOUHE: NI SNOILLVOLLSTANI




TasLE 57.—~Runoff and soil Toss ! by seasons and years, and crop yields from plots A=, 1, A, B, 2, and 3 of series 3—Continuved
‘ PLOT \»Continucd

First quarler Second quarter Third quarter Fourth quarter Total Crapping

|

i
¥

Yield

“Runoft | Sl loss per acre

Runofl

1
i
1 Soil Joss | Runoil | Sofl Joss:, Runoft | Soil luss | Runoff | Soil loss Crop kind
i i E

[
i
i
i

i t ) i Tons or
H 1’ou:ula Inches | | Pounds | Inches | Pounds ' Inches ]’oumhx o . bushels
: D 14T 1,745 ¢ 1.23 § S22 . 03 T ‘3.7,’»; 2,264 | Meadow. .. . 8
19300 eenie 31)E 562 4,.(1!& JBT 6,05 .7 1,119 ) iy .;'3 no Corn ... 26,1

PO oo Eoaeg s a0l n,.m\‘ a0t o6 @02l 2 pT
Avernge. ; PR 3 208 18, 521 7L 8435 ¢ ] B,705 . 403, C3L143

Inches | Pounds | Inches
1038, ... a 0 AT

'I’T.()'l‘ !

33, !i(JT ' 0.2 0 1,009 ; W i Soybeans

2 3,001 2,005 ¢ ( H 4,08 ¢ 2,357 1 Wheat. ..

3. ()().) . L8 17 .5 ! o 351 Meadow.

39,055 : W37 1,842 . 2, 481 18 ¢+ Corn.....

17 617 ¢ 2,98 10,936 83 n 06 0 3, Soybeans
[ B u3 - Al i

Lol 2.
=8y

wetnen
mm 2

220 219 Bk} vlSag () i 0
] 35,58 0 sl oy g 347 |

T O

'
{

&

§

{
W g
W

W3 me 8] IS0 8,5 |
158800 Loy 2,364 ; RE L0 |

]’LO'I‘

1960 ; 0. 0| : 0: .31 4 Meadow
1,607 £ 50 7 : . 4,78 4! Corn,. ...
o5 L2 103 3 ! 34 1 Oats.... .
W7 0 ) ; 3 2,06 420} Alemdow.,
37 ‘ Corn... ..
T 8ar (07 1SR
30 ! i i Meadow.....
10, 629 { .0 3 § i L&() i 700t Corn . ...
22y 1 13 1 i 202 Onts, ...

WINTINDINOV A0 “LdHd 'S "N ‘¢88 NIIwrIing TvOINHOHEL Q9T

941, LTI : 04 i Eil "l 50 Mendow...

POl eieeeins e e L g2l aus ] 98005 i

woa DTS R




PLOT 3

]
!

106
2,115
19,077
765
&
16,946 4
Ho
23, 144
4,266
108 |

=

-1
e DO S
wy

TSmOt

13, 567 1 Corn. ..
18,711 | Oats. .

10 Meadow

25,415 1 ©
(

PG E ]

5, 115
113

WELHTBDLS

Meadow. ..

L1 S S !

9.0 w346 127 ] ! 7 40.92 0 11,140 Lo e
’ .

| 6785 .22 | 4 IS TE I B
! i ; |

= put)
5 =8co

It
[E-E=c%
2

Average . Lo

1'Soil Joss in. pounds per aere; runofl {n'surfacs inches.

et
=
Re7)
]
L
Ee»}
b
<]
Q-
2
1¢7]
@
2
-]
o
0 .
B
=
a
Q
g
Q
o
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TABLE 58.—Runoff and soil logs' by scasons and years and crop yields for conlour-
-cropped plots 2, 4, and 6 of series 8, by individual erops by a 3-year rolation,
1936--41

4 PLOT 2, CORN OCCUPYING ENTIRE PLOT

|
First guarter |Second quarteri Third guarter ! Fourth quarier T'atal

run-1 Soit | Rup-| Soll | un-1 Seil |Run-! Soit | Run-i Sod
off E loss all loss ot loss off 1055 oft : Tuss

‘Tonnor
Trcher| Pounds| fnchey b Porvilsl Incher | Pounidsy Inches | Pownds) icher| Pounde] bushets
0 0l 0 0 .10 881 0.8 1Y : M 0
.31 b 3 H
] T :
Rt T 4,977
1. 48 RE
1,64 0 0

Totel. oeeeen . 7.48 2 Eo 07
Averpge...__ L2k ‘1?1 7

WG e

st e st g e

WHEAT OCCURYING ENTIRE FLOT

b1 1

o

R} !
3,45

1267
ERE

LG i 4.6 Gy ;3 51
Avernge 1 MR .751 4l oLag

i j
PLOT 6, KED CLOVER AND TIAMOTLUY OCCUI;YING EXTIRE PLOT

0 0o 19y 21 e 046 19§ LD
A 316 40 . 1§72 1,435 1.3%

§ ) 0 a 5, L7g

il X . . 354 X 7

6 - . : g .02 i .

Nt : 0 - C1LIT: 36 15§ LT 20

2UT 1,02 51 505 : 16 160 2090 oL
Aversge.....f LG8 IT1 s D - 2 L8 dsL

1 Soil 1oss in poumls prer pere, water 1oss in surfnes Jnches.
t Byx leaked, ; L
¥ Wheat, winter-killed; oats, seeded] in spring, Yiekd 13 for onls,




TABLE 59. ——]?unoﬂ' and soil los'.s Y by seasons and. years, and of op yields from strip cropped plots 1, 8, and & of sert
the slope in a S-year rolation of corn, wheat and meadow 1936-41

I’LOT 1, (‘OR\Y OC(‘I PYING LO\\ ER §TRIP

P

Tirst quarter g Second quirter I Third quarler .: Tourth quarter Total Yields per acre

] : Lo
Runoff | Soil loss | Runoff { Soitloss | Runoff I'Soil loss't Runof® Sox] loss | Runoff Sml loss §  Corn | Wheat - Meadow
! t f .

Inches | Pounds Tuches | Pounds | Inches Pounds | Inches | Poundsg Inches - § Pounds | Bushels | Bushels Tons .
0 0 0 0.36 148 0.17 119 0. 53 267 0 18.9
636 i 41 0 1} 0 0 3.28 7 41.8 17.0
0 1,121 .23 176 0 .49 . 738.3
0,714 .31 636 0 3. 11
4,418 0 0 0
1,419 ( 0 1.09 944 3 18

Totleee oo ) . 16,713 .00 960 1.86 L0063 | . 10.80
AVerage ... . LT 2,755 .15 160 31 7 1.80

. («",

CCUPY \'G LO\\']‘R STRIP

0.21

bl

1D e B 8O Wi
[Xg=atrhag:N

1.64

5.81 ' . 1,67 162
.97 41 33 .28 2

»— B
OR [T WO

oo
=3

PLOT 5, RED CLOVER ANDVTINIO’J‘HY OCCUPYJ\" LOWER STRIP

TOYLNOD NOISOUH: NI §NOILVOILSTANT:

0 0 0 .01 | 0,07

2,90 814 . s i 0

0 0 . .
%

. 11

1041 o onen s RN e commans ) .52 27

878
AVEIAEC. 2o i oins asmmmnmmmnmnnrionn s .66 146

14
1,000
129
4,663
97

1,371

7,674
1,262

L5888

19

-
o[ s we

=8
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Tante 60.—Seasonal and annial soil and water losses  and grazing data, from blucgrass pastire plots 1936-41
SERIES 9, PLOP 1

First quarter Second quarter Third quarter TFourth quarter Total 1 unit? Chiugo.
. 3 mstu'm in m}xlx’nnl

weight

PeTAcre | norgere

Ranoit | Soil loss | Rumoft { Seil Toss | RunotT | Soil loss { Runofl | Soll loss | Runofl ; Soil Tuss

fnches o Pownils | Tuches | Powndy } dnchey | Pounds b Inchey | Pounds . Pounds Days | Pounis
0.88 9.0 0 ] 2 0 1 0.83 12 12 145

3,15 Q :

0 0

.20 ! g

0.4 0 ]

) H 1] .87

POl o TR T N .87
Average .. .. R R e W71 160 01 .50 5]

SERTES 9, PLOT 2

2086, . e 1.40 | . !
1937 RS 2 i : 0
1038 L. SRR 0 03 g !
19300 - 1 01
agae LI o ST 0 . 241 03
W41 L R 2 24 0

O, oo 90} 3. 450 o0 | 07 1
Average . . S : R 7 .50 LALGT R ‘{ .83
i i ¥ ' i

I4E@ S ‘N ‘e8s NIIWTING IVOINHOAL O

t Soil loss in ponnds per nere; runofl in inehes.
= A unit pasture day is equivalent to the grazing of & sheep for 1 day.

JYAIR0TYOV |0’




Tanie 61:—S8easonal and annual runodf antd spil loss* and crop yields, Jrom.length of slope plots 1 to 5 of plot-series 15, 198440 ?
PLOT 1, 90 FEET LONG

Tirst quarter ‘ Seeond quarter Third quarter Fourth quarter { Tatal : Cropping

Runoff | Seilloss | Runofl | Soilloss | Runotf | Soilloss | Runoft | Seil loss | Runoff | Soil loss Crop kind Yugz:%per

*]
4

Inches [ Pouwids | Inches | Pounds | Inches Pounds. | fiuches | Pounds | Inches | Ponnids Bushels
0 .37 2,558 1,15 3,90 2.79 5,285 531 0.
.8 3,370 § 62,43 0
0 0 . 420 L34 L .60 7,302
3,20 7,312 120 .27 ]
0 0 . 18, 525 2,18
i 2,670 . 0 73,530 .80 . 7 5.
1.51 2,110 37 371 .28 92 0 0 2 2,573

4.37 1. 132,520 48 157, 806 6,22 41,149 | . 56, 8. 33 225,770
2,200 2 26, 301 6, 358 . 2 37,628

NI

=

PLOT 5 90 FEET LONG
0 2, 16,764 0961 625
2,603 . 08 239
ad
6,553 : 76 09
0

1AR
2,163 .63
848 .55 75 a7

11,739 .15 | 183,273 3.02
AVOTAC. . it mnecmme s 1,956 2, 30,879 K 5,608

=g = el ]
BLHR2T[E

3.~ do.
1,666 { Wheat, ......_

230, (84
39, 847

B g e
‘NOISOYE' NI- SNOILVOILSTA

3
bt
2373
B
O’;

PLOT 2, 180 FEET LONG ]

TOHLNO;

. 3,485 1.4 12,734 10,820
0 270 0 0

0

4,732 160, 481

0 678 4,545 . 10, 669
16, 539 4 49 7 520 145
38,455, . 28, 46 . 10 3 -
G, 048 174,251 . . 16,197 . 347 , 733 ..., .do.
6,803 . 345 3 03 0 7,241} Whes

28,210 383,402 [ 4. 01, 527 21, 98]
4,703 63, 900 10,255 3, 664




PLOT 4 180 FEET LONG -

First qimrter

Second: quarter

Third quarter

Fourth quarter

total

 Cropping

Runoff

Soi! loss

Runoff

Soil loss

Runofl

Soil joss

Runoft

Soil loss

Runoft

Soil loss’

Crop kind

Yield pet
acre

TInches
0
43

Average

Pound.\(r)
8, 0493

0

14, 926

0
8,038
5,085

Inches
1.69
8.20

.02

.78
. 80
.70

Pounds

Inches
.58
.20
101
.14
1.55
.73
.36

Pounds
11,942
774

7,303

- 269
19,822
16,812
156

Tnches.
3.4L
.20
.53
0L
05
.10
0

Pounds
19, 500

Tnches

Pounds

31, 057

5,176

. 49
2.42

375, 454
62 576

5.21
.87

56,022
9,487

4.30
<72

Bushels
e

PLOT 3,

270 FELL LONG

0
.35
.66

0
10, 730
0
22,030
0

10, 300
22,917

13,129
203,002
t

44

38, 851
257,797
2,233

16,175

790

6, 732
32

30, 653

18,114
270

4.58
.09
.50
.03
.03
.00

0

.41

Average

.4

43,150
7,192

14.88
-~ 248

514, 659
85,716

72,802
12, 149

5.29
.88

38, 356
6,393

69, 057
111, 510

! Sou loss in pmmdq per acre, water 1oss in surn.ct, inches,
All plots were in wheat in 1940 and are not tolaled or averaged with the corn years.

2 Corn yéars, 1934 through 1939.




: INVESTIGATIONS | IN ' EROSION CONTROL

TaBLE 62— Annual _sail-.ai’zd waler "lo.ssera;zd crop ylelds from lerrace 2-(,
S . cropped to alfalfe 1933-37 and to oals-lespedeza 1938-539

Runolf

Saoil loss
Mauaximum | wer nere
Amount rale per
hour

Crop yield per acro

Fuehes faches
7.82 .97 19

1.07 R L4
10.74 L84 .ol

AL .
24 2t

g .22
4 1 .3

Tong
1.

Lespedeza 2,
0117 S
Lespedezn

LAlfalfa was eslablishad will onts as a nurse erop in the spring of 1933 and was oot harvosted .
? A stond of lespedesa did not result from the first seeding,

TavLr 63.~~Annual seil and waler losses and crop yields from designated terraced
areas tn ¢ S-year rolation of corn and outs with sweelclover, turned under

Corn H Onts

Ruong ! Runott

Crop F
yield
per nere

Terrueed | ataxi. Hoil toss Terraped Maxi- | Soil loss

aret mum ber aceg fll'!'.‘.l\ mum [T Alre

raie por Amount; ore nor

Amount
P haur . lipur

inches Tons | Bushels Inches Bushels
[N (15 0, 44 . 45,

140 b
1ML

}

1 Not mensured,

EoN RN T — X

ShaEBem
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TABLE 64.—Annual soil and water losses and crop yields from designaléd terraced
areas in a j-year rolalion corn, soyleans, wheat, and meadow

Corn Soyheans

Rhunlt Rungif

Lo
okl per
Bere

e b CTOR g \ @

Mot | SO0 1055 |yig | erruced D Maxi- | Softloss

mum |/ acre ren . anym | pEracee
* Ainouni

ke fer riale per

hour © e

Ampunt

Fuches Tons | Lushele  fuckes
8, 460 2.4 | #-Tlo. 00 Gl
4.3 t=ll_ . LA
F 4020

.59

Wheat

PR -
a1
31100

H_

wrF R Emm

b LSS =] o

S e T
2EEET

LB
LB

1 Seeded ta oals alies whenl winteckillad.

TapLe 65.—An=nual soif and water losses and crop ylelds from lerraces of varipug
verlical spacing

Termmes 3-0, 5-foot vert icnli talerval on a 32,4 percont t Perrace -G, F-iool \‘crtir:]ai intervol on o 13.9 pereent
slopum slopit

Tunof [ i H Hunolf 1' | i
; !
. - . i
' Pl ; ("rc]:]{l o .IGUI! i Cr?(;j:
Aloxi- loss 1, ¢ yiele - naxi-| foss [ yie
mum o per Crop e fott | prer Crop | per
Amount' sate | nere Amount, rawg | acre ore
per | ) vopeT
heur | ! 5 i ! Hour I ;

H i 1
! i ; : Mioor
. ] Tf'n-mrfl : ; Loy hu
INESEUE E ) g}
A4 cmg s Meadow.. LG 5 . AT | Aleadow. .
563 Corn, .. 4 .. -3 Corn.._... !
2,40 Ounis. .. 0.+ 3. 3G d 025 ] Ot L Y
05 Muadow . ;I i aa | : Meadaw .}
L4 L2566 ; Corn_ . LB L7 DL a2 | Corp, ..o 403
Lo L2680 Onls. L.l ' TR i1 Outs =N
500 ¢ Meadow. § w1 e . Alesdow. | ©
L. 76 ! | Curll....-.i A2 Carno, 4007




INVESTIGATIONS IN EROSION CONTROL

TasLe 65.—Annual seil and water losse

% gnd trop yields from lerraces of various

vertical spacing—Continued

Terrace 50, Bioot \'erl.i(]:ai intervaol om a 1.2 percent
sope

Terrace &=, ooy vertilcn:l SPRCIDE on A 7.4 peroend
slope

Tunoll 1

Boil
loss
por
aere

Masi-]
mum
Ameunt; mie

Crap
yielt
per
e

Runntt

.| Soil
Your M laxi- ll?gl?

Tomiin
Awmount e | acee
e e

i hanr

iHp.or

fang

A3.H
168
1]

=

i Fong |

[ Oats . .
Mentdow |
Corn .

[ ITEE R I | M

i Meadow, . : 2
Corn ...} 5.3
Oats R

coatendow, 0 0

P Corn . 5.4

2

]

I B e

;é-cu-

e, e gange
@

-

Terenee -2, 3-foot vertical inierval onn 6.3 poreent
slope

Timen
wmus -

-

S5 Qs L L
SO E29 ) Meadow.
-1 E(‘orn._.._._

punzEg

-8

in.
J U 1 0.3
£t 5 T ;
17X F
I35 1
1046
|3 -
JE15 T
1434
141,

Onts. ...
Meadow_

=,

,_.
= iie
ERERTHEREE

e

[T

+0.201 | Opts. ...

L1806 7 Meadow ..
I O T
98 3T | Qats_L.o
L2006 Meadow. .
302 Corn e
0% ¢ Onls. ...
LAt Afeadow
L G3L | Corn......

a;ﬂl

[AE3
el
=
€A EC!

*
F
a

TanL® 66— Lwnual soil and woler {osses und crop yiclds from terraces of various

ehani
Terraee 5C; chianie] grade, § inches per 140 fees

el grades
Tereave 7-C°; chunnel grade, + inches per 100 feel

Rimwitf |r

L
Sail
Alnxi-| logs
it | por
rite ; uere i
per
i hour ?

T
yieht
per

Amount: nere

Hunolf

Muxi-
mum
tale
proer
howr

Atngunl

I

Terruce 6T chanoe) grade, 61

Tt D =

o St
SERUZHEIRR

n.
©LES

.7l
813

Oats. . .-..
Meadow

s
940
]

Onts_ .o
Meadow.,

[ 0.540
]
2,40
050
.27

TG

6.1

.19
8.0
57,9

3.0
4.3

19357
1151 T




. - ‘TasLe 66.—Annual seil and waler losses and crop yields from terraces of various
: channel grades—Continued

Terrace B-C; chaonel grade, 2 inches per 100 feet ¢ Terraee 16-C; ehinanel grad?, \Earinhlc 1 to 4 inches
| : per 1440 fee

Runoctl Tunoil
Crop Maxi-

MEnyi- yield e
muin per Ampunt: rale

Amount] rate aere per
per hour

howpr

fu.

242
L35

1.8

228

2:’

In.
2.08
.40 1ts .
140 dlendaw. .
L5 3 Corn _

N5 I 2 ¥ Corn.._
NN : . HEBLUETE L Ouls, .oe..
- 0 - . WG, PRI Meadaw. .

__.

ca-Sropw
-

WS =

e 25 e e

Porraee 2-N; chunnel grade, level

wnnne! grode, level
—— 4 Bd ) 0L )8 Nreadow_ -
! 7 1.52 .33 i Lt
Carn._._.. 27.3 i oF ) .00 ] Qofs L
| Onts. . ... Gh1 | :
Mesdew .. .99
Cotnooo... 5.0 Torrace 8-N7; channel grade, level
Outs. .._._ 5.6
3 1 Mendow . . 3
ane o 4 '; [Y

L
0,32 i 0. 460

1940, __ et . E . : B0 L5
H i

H V351 LG

1948 RIEEEST B

136H d= b
-

TaBLE 67.—Annual soil und waler losses and erop yiclds from lerraces of various
tengths

Termnee 2-1, terenee Yengts, 1,375 foet Toreneo 413 lerree longih, 2,450 fees

Runofl I Runoff

Crop F | Soft
yield ! Maxi-| loss

Alaxi-

mnn Crop

peT P FIITFLEL I
Amount mle nere iAmount] mie jonore
ner | t per
frottr 1 [HitE

i H

; : iBw.or ; ! Bu.or

Tnches Ulnches: Tong i ' dons © Inehes | Inches’ Toms
L6 ) 0.627¢ 0.95 { Mendow. | LIS{HEBA 0 U6 LSO L3 | Afendow..

&8 L3611 220, 224 | MG, Lol

real L2t 38 Corn. a6t B2} LS Cornool..

3.43 Al L ! N L2 L2 208 Onts o ..

L 2L L o R Y T Meadiow -
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INVESTIGATIONS . IN EKOSION CONTROL -

TanLe 68.—Annual precipitalion, runafl, soil loss, end crop yields from lerraced
Bluegrass pasture walershed (Pa—A)!

|Area, 2.026 neves,? average slope, 13.0 percent; 6 terraees (1,710 feot), prade, less than 2 inches per 100 feet)

Runofl
Soll | GrrgzinF-‘
- . oil loss animal-
Year Rninfll Pogeeni of | MEYITUIN | per dere | unit-deyvs
Amount |~ CTRCIL 0L "o her por pore
rainfall haur
fuches Tnches Pereent faches Tons Days
ar. 18 o 144 . I 2 T P,
37,88 7.82 mn.e i.uz 20} 2 .
LG 27 A2 000 B2.3
2 13.7 A7 L0l4 117.0
Qi L Bl L003 ol 3
LB 3.4 1. 59 L0321 8.2
.41 1.5 1] i 78.1
i. 9] S ! . Th 057 82,01
1,86 a7 ] AT 052 101

'l'erraces were construeled in the fall of 1033,

T Aten tonsisted of 2137 aeres prior to August 12 1038, on which dake ihe oulick was roloeated.

1 Prstures were grazged with borses, eatdle nnd sheep o %36 andd eattlo thercalter.  The fenced graziog
aren iz .00 aeres.  Fenes wag installed XTay 11, 1086

TauLe 09, — Annuel precipifalion, runeff, soil loss, and crop yields from normal
bluvegrass pasiure walershed {(Po-5)

LArea 54863 aeres: ! average slope 9.5 pereent]

i ]
! } TowmT i
| . o 1o | IS
. . . ! Soll loss | animal-
Yenr : Raiufall ' poreank of [ Aaxitrum j ber acee unit-days
] Amoung F risle T per acre
i Il rainfill hour |
@ —— ] i - R R
! b [
1 fuches fuches  Pereeat F fuckes | Tans Tays
1032 I T B g 0.21 !
1033, dLET A g8 =R
103 1 =l 38 0l %55 |
1835 ! 47,33 .06 20,7 i 17
1436 . 2411 L0 b A W12
37, 21,81 337 154 .03 4
1038 ... 26 0t NI 0 | :
180 26,80 L 225 e
1040 97,8 L8 1y ! .18 |
11 35,03 205 ¢ 8.4 1. 56
spgp I LTI 3003 ERTE 67| .56|

U Aren was rethizeeel froem 5,520 aeres by reloeatjon of mieasuring equipment and dikes on November 11,
1985, Defore, Lhe larger portion ol soil lass came lrom gully Lanks above the lne.  Sueh loss was eliminated
by moving Lthe measuring equtipanentd.

* Pastures were grozed witl boeges, ealtle, and sheep in 2926, Caltle hsve been used subsequently. The
feneed prazing aren is 753 seres.  Fence way insinlled Moy 18, 1936,

TanLE T0.—Annual precipilution, runoff, soil lgss, and crop yields from conlour-
furrowed Muegross pusture (Po—C!

‘ Lunati
' . - sail Gn_\zinl;;‘-'
Tear Raininll [ | oil 1gss | animsl-
‘ Amonnt [ Pereent of E *\Tlnl’li-:,inglx‘:-n T acre l;jl;:t-i:?r(:s
: ’ rainfall ‘ hour
A r——— : -——-[ i - ——
;o laches . Fuphes Pereent " Inches Tons Days
W37 2. .l 03 | 0. 34 LU g1 0. {16 505
. ayog ! .4 12 ol .006 5.0
i AT 11 4.2 1.36 ] 34: 6
-} 2,70 | 7 1.7 § .16 020 5.9
- . 5400 3.22 | "l A0 . 136 7.0
10820 | oo 243 | gal .2 040 103.5

I Contonr Mrrows ware constructed an X
. Tiniversily of Missourj.

pastires,

# The pastury was grazed with eattle.
3 The watershed was placed under measurenient Apr. 1, 18937,
Totnl rainfall for the vear was 2L inches.

calendar year oniy.

The fenced prazing area is 3,44 acres.

ay, 27, JSJJ!} with a eontour-furrowing machine developed by the
Previous measurement of the witershod was for ealibmition purposes with other

Datao for 1437 cover the remainder of the
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- TaBre T1.—Annual precipilalion, runoff, soil loss, and crop yields from cullivated
watershed (D-3)

[Ares, 4,485 aeres: | avernge slope 6.7 percent; contrsl praclices, none (farmed with field poundaries]

L . St Joss i

; . Poreent : per aere Ui

i Amgunt ki Crop kind Yield
; :

Reinl!l Max-

% Hunnti 1 i Crupping 2
| |
i

ol

* rainmll  TRIC DR : _per aere

: hour i . :
i

: . Tonyor
fuchex 0 Peeeend  Inches Y Tous hushels
1R w2 o1 - 0.1 Meadow. | - 7
an vl L Comn L
AL 016 Corne. .
47,850 Omts .. . .
Chslt - Meadow .
19,712 Corn
208 Oms .
25 516 Wheat
30405 Moendow . o
oo 3. 3,035 Corn
MM 3. 53 i 34,443 Oars

iAreﬂ reduced from LET Lo L4585 neres on 3oy 11, ML

* Ruotalion was corp, corn, oads, claver and fiothy prevlous (o 1937 ot which tine it was changoed to corn,
aats, wheat, clover und Thoolhy and pliced in phase wick walersheds 131 andg 13-2,

3 ata cover last 6 monchs of yer oty wotad for Uhe vear was 273868 inches.

t No hervesl.

Tanre 72 —Annual precipitviion, runofl, soil loes. and crop yiclds from contour
crftivgled walershed (-1

[Aren, 7.310 acres: gverage sloja, 6.5 percent; vontour farmive opemt ion, prassed waterwiays, wire chegks
and sod damns: 2 Soil frenument, Yimeed 5 wons per acere In 1980 andd 123 peunds peraese fectilizer apptice with
vach small grain erop]

Runair ! CroppinT

: i | i - E ol s E
" Rainfall § - My | ol

: " Amount ¥ trnc}ent fmu | heracre
P i ALY i - ;
i ratafl Frostrr

. i Yisa
Crop kind e sore

. - Tonsar
Tuiehes frchis friches : L hushels
b ; 3 i} 2K TOMUE. L. ... . 490
i .~ Whent. ' .1
3 Aleadow, . . .53
5 Corn. . L. A 35,2
t . : C (Chuts - 0.9
i PUINT k d. 3 T Wheat . .. L 4
i a2 . - 0RO Muesdlow B 1. 78
booBEM 5. 03 : 8 Corn .. . . ! .9
| 3250 - 343 . LTEI 0 Onts. . A &7

! Cullivalion lines deviated from the condour by nganueh as 575 ni o few points prior 1o 1029, The lines
were relaid on an approsimate weeaee spacing and grade in the Wl of 1835, Back fureowing on these lines
at 1hat Lime and agein in Noevember 140 has formsed siall ddees whiel bave incressed denpression suorage
and resulted ina redugerl soil and -+ ater Joss,

7 Practices were initinied in 130 before insinlingion of tensuring squipmant,

! Rolation of corn, gads, whent, amed elover and trnothy memdow.

1 Measursmend was for lase G snoaths of yearonly,  Totn) for the yvear 31,18 Inches,
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FABLE 73.—Annual precipilation, runoff, soit loss, and crop

cullivated watershed (D-2)

[Area, 8.03 acres; average slope, 7.0 pereent;

1Howing; ! soil trealment, limed 5
each smoll grain erop)

Lerracing (8 ferraves, lotal len
§ feel, grade 3 fnches per 100 feet), blucgrass oullet,
Lans per nere fn J930, amd 125 poamds e

173

yields from lerreced

f uth 5,050 feet, vertien! interval
conlour farming, fureow slice thrown up slope in
£ aere fertilizer applied with

-

Runoif

Cropping

i
]
1 4
; ;
! Rainfall ;

; Pereont i
{ Annunt

of '
rintall

_ Soil loss |
Alte- - .
fgrny PR akEre
e per |
haur |

Crop king

Y gl
er acre

Herean
20,25 45,
30,07
24,28

dnches j !
i
1

Toas
4545 1
1325 .
06
203
N5
-

45

L 133

| :
3

Alendow |
Cornn ...
Qurs__,

Towna or

bushels
40, 5
20.

“rrarmsoeieseat

L Practices were Imitialert m 1930 hefore

instadlntion of mewsttring equipment.

* Rotation af eorn, oats, whead, elover anil tUmothy mpniew,

T ATeastrement foc bt 6 manths of your ondy. I

Tans Td—alnnual precipiiation, runoff, soil loss, and crop

tHal fur the veur wos 3118 inelies,

alfalfu woalershed (1-58) 1

Lirea, 2,102 aeres; avernge slope 8,0 pereei s soil

onlsg]

3 o, Lreatmient, fimed 3 lons per werpe
nere of 4=-12-4 ferulizer with ociginal oltalta sectling, 125 pouneds per tere of 0=

yiclds from continuous

in 1932, 350 pouuds per
- fectilizer anaually with

RoanpT

Cropping

i

. laiafall

[ JAmount. of
! : . ominfull
I ;

 Pereent |
i
}

Aax- l""lffll ['_'s":‘ -
T L LI
U T

[ELIT

Crap kind

Yheld
per nore

| faches
SLAT
418
JE 0

é

Touns

inches | :
246 0885

Onts. ...
- Lospedezn.

Tons ar
bushels

—

! Conlinuous slinlin was plowal putb in the
oow Leing stadivd.,
7 Ng hnrvest,

fall of 1937 and a sinnll grin-lespedozn

annugl rotntion is
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¥ TaBLE T5.—Annual precipilation, runoff, sofl logs, and crop yields from rotalion
sirip-cropped walershed (IJ-1) !
[Aren, 2.128 reres; average slope 9.2 percent; strip erapping, conlour cullivaiion, grassed waterway; soil
treatinent, 200 pounds per acro of (-20-0 fertilizer with each smali grain seeding]

Runoft

Rainfali Porcont E Cropping—kind and viekd puer agee 2
Aaount | oof rain-
tall

Maxitnum mie per
hour

Inches Juches V Pereeaf Tuchex N
20,30 508 231 1.4 Upper two sirip secded 1 meadow, no
yickl; eorn 14.5 Wy styboans, 307

' [T3EN

31.15 2.58 8.3 2,08 Ctund L% 1.4 tons; carn, ne harvest;

[ !t sovheens (87 e, wheat 10.5 bu.
36. 07 10. 81 0.3 400 i Corin 8.5 hug soybeans 1.02 Lons; wheet
: 20,4 bug el sl &30 o,

21,74 1.42 37 00 Cals 60.2 by corn, 0o harvest; cl and

L+ LGS lons.

22. M 3.7 a4y . L3ag Clangd ¢ 4.95 ton; outs 57.4 bu; carn 50.6

b ho,
6,82 LS LB T Cpen B0 o ol and t4 14 Lons; oats

ot b,

2700 124 B1e 570§ Culs 16,8 In; corn 4003 bu; gl aud L4 no
! i hnrvest.

28.17 H r- N 1,12, Cl and £ 2.6 tong; onts 10.2 hu; corn
. i o 45.2 bl

3612 ERON LA Corn 118 hu; ol and £1 2,25 tons; onls
! . - 4zibu.

142, e 33,42 1 -3 3% % ; Onts 404 bu; vorn 73.6 hu: ef and !

1 i Q37 tons.

| The watersherl was ceapped in foor sirips of eorn, soyhenns, wleat, aned clover aaed timothy frow 1933
to 1636, ‘I'he strips wors of eqisl wideh In 1043 They werwe relocated 10 ah esnck eonlout in 1034, The
ratalion wns changed to enrn, onis, elover st Uimolliy o 1936 anil & suedl stein ac the bowom af the slope
retirgd to perimanent Buey,

* Craps and Fields given in Lhe sequence of thair posltion from the op to the battom af the slope.

1 Dnta cover iast 6 ingnths of the yenr only,  “Toial for the year was 3137 Inehes.

1 Clover nnd Linothy.

TABLE T6.—Annual amonnt ond duration of precipitation falting at rales equal lo
or grealer tan the indicaled rales 4n dnches per hour, 153141

|
|
t
|

0.25 Min. A0 Min, 075 M 100 AMin,

Tatal durstion |

Total mounl

Al
Amaunt
Amounlk
Amonint

TgsR
4,40
a
TI3 ST
WA ML 6 [ TR
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Tante 76.—Annudl amount and duration of precipitation Jalling at rafes equal to
or greater than the indicated rales in inches per hour, 1931—41—Continued’

@
=
=
d
=
b
=
a2

ol 4

8.00 Min. |

2.00 Min. { 4.0 Min. | 4.00 20,

Awmpunt
Amounl
Amonnt
Amalnt
Amanut
Amoeunt

Mg

o

|

SRS

on 3 ]
REEERETRRAR

. ke
=t
B e

O B £ ek =t et

] P e 3

2ugn

e e g B3 b e 3 0 S0 B

I=Fo!

TanLk 77— mount and duration of precipilation falling at rales equal lo or greater
than the indicated, in inches per hour, by calendur wmonths, for the 10-year period
198140

0.5 Mist. F 0.50 Min.

Month

uraiion

=D,
P Amouui

Joanuary. .. |
Feirriry . . - 3 1
Alarch. .. . .. . 12 153213 FIN N b
April _ o0 L. leaostisnoo FooluEr Gis ) £90 |
Moy .. R b N T 73 - ML Gl fiih] LGT ;T L -

Jupe... . R L0% 176, 731 126051 11,481 LT B

Tuly . . .. .2h. KL E R A KA 11}
August . Lo .65 2. 2 250,00 0 745
Sepreamndwr. . . L L {83 : 114,85 ¢ 8 LEG 350
Qeteher. U PR B V.1 : 7 k A
HMevember. oL B35 17, g h 4.7 2 LT A
Daeeanber. .. . L 1L 1L 08 ] 521G

npaSeknes

SRBECEF2LE

. : ! . _
Total...... 1204, 85 141, 55134, D15, 271 1100, 365,064 (.02 .5, 385 fro. s
. : : : i ! : :

+ .
200 din. ¢ BB Min. 00 Min. 500 Alin, ! G40 Min, i F00 Xin. ¢ 8.00 A
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