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FOREWORD

The Nation's soil conservation program, begun little more than a
dozen years ago, was dedicated to the permanent security and wel-
fare of all our citizens. ln war it demonstrated its capacity for service
to the country as a powerful weapon in the hands of thousands of Ameri-
ean farmers, On the home front it belped them wage the year-round
bafitleﬂfor the necessarily monumental production of foods, fibers, fats,
and oils

The modern methods of land use, soil protection, and water conserva-
tion are designed to maintain end improve the vital natural resourees
on which our agriculiure is founded. These same measores hold our
goil and conserve cur water for today and for fomorrow. As an average
across the country, they have also increased the yields of all the prineipal
erops by 20 percent or more per aere. This is being accomplished on
thousands of farms with savings of time, labor, fuel, power, and other
production facilikies,

However, we still do not have enough good land left under cultivation
in the United States to meet our present needs, uniess we use every
means at our disposal to incresse yields and to protect the soil while we
w2 doing se. Hven then, wo may have to bring some new land into
cultivation by irrigation or by drainage.

These considerations pui 2 premium on knowledge—that special kind
of knowledge that will enable farmers to inerease production without so
impoverishing their land that it cannot produce the even greater crops
that the postwar needs of hungry peoples require.

This knowledge, supplementing the training and experience of Ameri-
can farmers as a group, points the way to a successful agrieulture upon
which America and a great deal of the world depend, today and to-
MOITOW,

This bulletin contains much especially significant knowledge, as it
s been developed $hrough study and researeh in the important agri-
eultural region served by the conservation experiment station at La
Crogse, Wis, Crop yields are being notably increased in this region by
conservation ferming methods. This bulletin deseribes the methods
farmers may use to increase erop produetion without abusing their land.

Briefly, it is & report of technical advances in conservation farming
during 10 years, showing not only the methods used, but siso the basie
factors involved. They are here set down, and they are authenticated
by figures, plates, tables, and other data.

Any soil and water conservation technician working in the Upper
Mississippi Valley region has in his copy of this bulletin a handy guide
for determining degrees of slope for terrace channels, the expectaney of
protection to be derived from various kinds of cover crops, the amount
of water likely to be conserved from the average rains for erop use under
various tillage treatmants, and similar {actors. Other reports provide like
data for the guidance of technicians in other important farming regions.

These reports in the hands of soil technieians who work with farmers
will be the means of putting into effeet on the land more rapidly and
more effectively then ever before the essential measures to increase
produciion and to maintain a permanently prosperous agriculture,

. H. BeaxerT,
Chief, Soil Conservation Service.
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SUMMARY

The Upper Mississippi. Valley Soit Conservation Experiment Station,
near La Crosse, Wis., was established in 1931 as a coeperative research
project between the United States Department of Agriculture and The
Wisconsin College of Agrievlture. Studies are conducted io obtain
information on the basic factors affecting soil and water losses and their
control in this important agricultural area. The area includes the un-
glaciated soils in southwestern Wiseonsin, southeastern Minnesota,
northeastern lowa, and northwestern Illinois. Dairying is the dominant
type of agriculture in most of the area.

The average annual precipitation at La Crosse is 31 inches. The
winter precipitation is largely in the form of snow, the thawing of which
does not usually result in high soil loss unless accompanied by rain.
Intense thunder showers arc experienced during the growing season.
Four or five intense storms a year may result, in as much as 90 percent
of the total annual soil ioss.

Surveys show that nearly 50 percent of the cropland has jost more
than one-half of its surface soil. Not much land has been abandoned,
but areas have been retired from cultivation and sceded down to pasture
as & result of erosion. Present high losses emphasize the importance of
establishing control measures rapidly on all sloping farms in the area.
Otherwise, all of the surface soil will be lost in a relatively short period.

The yield of crops is greatly influenced by the depth of surface soil.
This has been shown by plot and field studics at the station. Areas
under uniform treatment show that the yield of corn is ahout 70 per-
cent as much on a scverely eroded as on & moderately eroded soil, of
grain 60 percent and of hay 90 pereent, The severely croded soil lost
1.7 times as much of the precipitation in runoff as the moderately eroded
soil. The soil loss was 1.5 tirnes as mueh on a severely eroded area.
The plots were planted to a 5-year rotation of corn, grain, and 3 years
of hay, and received good fertilizer treatments. These results were
obtained on moderately deep snd uniform Fayeite silt loam. On the
more shallow soils such as the Dubuque silt Ioam, the loss of surface
sotl would probably be even more eritical.

The control plot studies show that cover is one of the most important
factors affecting soil and water losses. A dense growth of bluegrass or
timber proteeted from fire and grazing will prevent crosion. It will
also produce a soil condition eapable of absorbing most of the precipita-
tion, even during the most intense storms. In general, the soil and
water loss will vary according fo the density of crop. The less dense
the cover, the higher the losses.

A 3-year rotation of corn, grain, and hay redueed soil losses to less
than one-third of the losses from Jund planted annually to corn. But
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it did not give adequate control on a 16-pereent slope of Fayette silt
loam. The loss from corn in rotation was about one-half that from
eorn following corn,

Orgenic matter added to the soil in the form of green manure and
barnyard manure will greatly reduce soil losscs, depending on the
amount added and on the length of time required for the material to
decompose. In general, earbonaceous material has been found to have
more lasting effects than nitrogenous material.  Corn following alfalfa-
timothy sod, which was rather grassy, resulted in much lower soil losses
than corn following 1-year elover-timothy hay.

Strip cropping with 2 or more years of huy has been found to control
erosion effectively if the slope is not too long. A 17-percent siope of
278-foot length was cropped to a 8-year rotation of corn, grain, and 4
years of hay, with strips about 50 feet in width. Strip cropping in this
instance reduced soil losses to one-half of that measured from a similar
watershed that was eontoured with a filter strip and planted to the same
rotation. The average loss fromn the strip-eropped area was about 2.5
tons per acre for the growing season, On ficlds that are sirip cropped,
it has been found that if the drainage length is greater than 300 fect the
soil losses from the lower strips are excessive. The width of strip re-
quired to obtain adequate erosion control will depend upon steepness of
slope, length of slope, erop rotation, seil type, and method of eultivation.

Terraces with 7-foot vertical spacing and 2 maximum 3-inch grade per
100 feet in channel have not given adequate eontrol of erosion on 10-
percent slopes where the rotation included enly 1 year of hay. A rota-
tion with 2 years of hay would be neeessary under these conditions. 1n
a 6-year rotation of corn, grain, and 4 years of hay, the seil loss from a
terrace with a mazimum G-inch grade per 100 feot has been one-fourth
that from a contoured watershed in the same votation. Sufficient
channel capacity can be maintained by leaving a dead furrow in the
channel and by back furrowing on the ridge onee in the rotation that
includes 2 or more years of hay.

Soil and water losses are low {rom pasture land that is productive and
well managed. Soil losses have been found to be low from all pasture
lands except those that are overgrazed or on which runoff from cropland
coneentrated and caused gullies. In the latter case, torraces should be
used ic divert runoff water.

Runoff from a timbered area, even in the most intense storms, was
prevented by protecting the area from grazing, Soil and water losses
from timber land kave been found to be low. Grazed timber had less
than half the carrying capacity of a similar eleared area.

Lysimeter studies show that the loss of water and nutrients by per-
eolation from 2 Fayctte silt loam is low. The amount of loss decreases
with the density of cover.
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THE AREA

The unglaciated arca of the Upper Mississippi Valley Region includes
some 12 million acres in scuthwestern Wisconsin, southeastern Minne-
sotn, northeastern Iowa, and northwestern Hlinois (fig. 1, in envelope,
p. 3, cover). The topography ranges from steep, short slopes with nar-
row ridges and valleys in the bluff portion {(fig. 2), {0 the more gently
rolling long slopes with broad ridges and valleys on the lands extending
beyond the bluff portion. The bluffs frequently have slopes of 50 to 60
percent, with ridges cxtending from 300 to 500 feet above the floor of
the valley. Slopes of 30 pereent are not uncommonly cultivated.

The soils of the Upper Mississippi Valley arca belong to the general
Gray-Brown Podzolie group. Thoe underlying roek is largely limestone
and sandstone. Most of the area has been covered with a mantle of
loess. The thickness of the mantle varies, having a tendency to be

Fieure 2—Air view showiag topogmphy of Upper Mississippi Vuliey \rczz .
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thicker nearer the Mississippi River. The dominant vegetation has
heen the oak-hickory association. This type of vegetation has tended
to return more of the humus to the soil resulting in a less acid surface
soil than in the true Podzols. Under virgin conditions, the soils in the
arca are neutral or only slightly acid. The Fayetto sevies is the major
series in the problem area.

The Fayetie silt loam is very high in silt eontent. A mechanieal
analysis of a profile located near the contrel plots on the Station shows
that there is over 70 pereent silt to & depth of 8 inches und over 65 per-
eent silt o a depth of 44 inches.  This soil, which is low in eolloidal con-
tent and high in silt, has a low degree of aggregation; therefore, the
soil is casily dispersed by vain.  As a result, high soil losses oceur when
the soil is not protecied by dense vegetation,

There was little land cultivated until about 1830, Farming at first
consisted prineipally of the produetion of spring wheat. The practice
was to crop an area of land successively to spring grain until the erop
yield beeame teo low to pay for cultivation. The only nim was to securce
the largest erop for the smallest outlay of eapital without regard for the
future. At first the soil was so productive that it was not considered
ceonomienl to apply barnyard manure or to rotate crops. Yields de-
clined rather rapidly under this system of continucus grain. By 1880
there was a trond toward a more diversified type of agriculture with
dairy farming definitely on the inereagse.  With the change to dairy
Tarming came the need Tor hay. Red elover became o popular crop in
the aren,

1t is apparent that during the 20 to 30 years of wheat Tarming the
soil was rapidly depleied in forlilily and nndoubedly the losses by cre-
sion were high.  Washing away of loose soil by spring rains, years of
short crops, low prices, and the ills that follow one-erop farming led Lo a
change from whent farming lo daivying.

Fortunutely for the agriculture of the wrea, dairy farming was adepled
along with the use of barnya~d manure and rotations. At the present
thme dairying is the predominant type of farming exeept in the southern
part.  In that section corn and hogs make up a greater part of the farm
income.

Although eresion has not resuited in the abandonment of large areas,
there are ficlds or portions of fields whieh, due to severe erosion, have
heen removed frem cultivadion and seeded dowa for pusture.  Mucken-
hirn and Zeasman® found in 1940 that aboul 33 pereent of the cropland
in Wisconsin had lost an average furrow slice or more of soil, thaé 25
pereent of the pasture land had lost a similar amount of soil. This
amounts to meove than 7 million neres of Wiseonsin farm land that have
lost approximately one plow depth of topsoil. They report that the loss
was much higher in the southwestern part of the State. “There they
found that over 60 pereent of the eropland has Jost one plow deplh or
more of soil. In Winona County (2)F in southeastern Minncesota, 2
detailed erosion survey showed that of the cropland 21 pereont has lost
nmore than 50 pereent of the surface soit, 1n Town, a similar survey {6}
conducted in the Farmersburg area, in the northeastern part of the
State, showed that 30 percent of the cropland has lost 50 pereent or
more of the surface xoil,

—'.\i;-c:;;':\"uius. L, sl Zrasstan, O, I 5015 BROSIGN BURVEY OF Wistox 3N Wis, Paiv, Spec,

Hul, 24 pp., Nos, [Procvssed.) o .
< Jundie numbers i prrentheses refer o Liternlure Citel, . &7,
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The results of these studics should apply fairly well to the gencral
problem area.  Although erosion has not progrossed to the extent that
it has in some scctions of the United Stutes, it has removed and is con-
tinuing to remove surface soil at a rapid rate.  Control measures, if
applied in the near future, will save these soils from further vapid loss
and avoid the cost of a general reelamation program,

METEGROLOGICAL RECOBDS

Daily meteorological records of preeipitation and temporature have
heen obtained. Most of the crosion in this area is caused by water.
Occurrence and intensitics of precipitation arve, thercfore, iinportant to
the study of the eonservation problem. Temperature is important in
that the grownd is frozen for about - maonths eacli year, during which
Lime soil losses are extremely low,

PRECIPITTATION

Precipitation was measured by means of reeording snow and rdin
guges and standard Weather Bureauw gages. The three faetors of rain-
inll that bave been found to be most important in affceting crosion con-
trol are amount of preeipilation, intensity of precipitation, and season
of cecurrence. The average annual precipitation for the 1l-year peried
was 32,61 inches. This is 1.65 inches above the 70-year averuge meas-
ured by the United States Weather Bureau af La Crosse, Wis,  During
the Li-year period covered by this report the annual precipitation varied
from & miniznum of 23.17 inches in 1943 to 1 maximum amgunt of 44,10
tnches in 1038,

5

Raintall {inches)
w

4]

Jon, Feb. war, Apr, Moy June July Aug Sepl Qct. Nav Dec,

Figers 3.—Churl showing 1i-yeur average rainfall by swonihs at Upper Mississippi
Valley Conservation Lxperiment Station, La Crosse, Wis,
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The average mentbly rainfall at the Station is shown in ficure 3, Tt
will be noted that the distribution of vainfull by months through Lhe
growing season is good. In some seasons the yield of one or two crops
may be greatly recduced by a short dry peried oceurring at a eritieal
time in the developmoent of that crop, but generally good erop yickds
oerur LVery your,

RUNOFEF AND BROSION FACTORS

The amount of runoff and erosion that is enused by » given rain will
depend on the total amoennt of mainfull and the intensity of the raindall,
In order to determine the relative importance of inteasity and nmount
of precipitation, datla by storms from fallow and corn plots were ana-
lyzed. IPactors were developed that include the total amount of pre-
cipitation, the S-minute Intensity in inches per hour, and the 30-minute
intensity in inches per hour.  In figure 4 {in envelope, p. 3, cover) the
average intensities for 5-, 15, and 30-minute periods of precipitation
are shown for every month of the growing season. By usc of these
factors, storms can be grouped or classified sccording to the amounts
of runoff nnd erosion that would be expeeted, '

The formula for the erosion factor is as fetlows: 213 times the toial
amount of preeipitation in inches plus 824 times the 30-minute intensity
in inehes per hour minus the S-minute intensity in inehes per hour,

The formuln for the runofl factor is as Tollows: 7 times the total
amount of preeipitation plus 3 times the 30-minute intensity in inches
per our minus the S-minute intensity in inches per bour.

Br. Henry Hopp, Soil Conservationist at the Washingion office, de-
lermined the correlation of these fuctors with soil and water losses,
His data are shown in table 1, A very satisfactory correlnlion with soil
and waler lusses was obtained by the use of these fnetors.

Tanue 1, Efficiency of predicting erosion and runefl from slorms by
wmeants of metegrological measurements

Correlitfion hetween predivied

N - losses and actual losies on-—

Faele Formuint e e e e e
Frilow : Corn
Erosion O B R N e Al 0.94 i 0.84
Bunoll e ma. ! 458 = j 2 BT

o= Agnount of precipiinlion; B = naximun 38-minute inlensily: O = maximum
d-minute intensity.

In this report most of the data are divided into three groups by use of
the erosion and runoff frclors as follows:

Fretor
Giroup: Eroaivn Tewnull
[ow . e mmmee o aoa -7 i
Moderate . . =11 H-4
High,.. . . . e e il i

IFor the period 194043 there was an average of -4 storms a year in the
high group, 7 sterms a year in the moderate group, and 63 storms o year
in the low group. This classifiention of storms resulted in the distribu-
tion of soil and water losses shown in table 2, Four storms & year re-
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sult in 95 percent of the soil loss and 84 pereent of the runoff from corn-
land, Conservation practices to be effective must be designed to con-
trel runoff and erosion during these storms if cffective conservation is
to be accomplished.

TanLi 2.—8eil and waler loss by storm groups

Totnl soil loss Total runoff

Percent Pereent Per t‘un‘ Pu ( ot
45 2 16

Pereent Percent
0
Groin._....] 74 i2 4 i 'l 24 12

|
High Moderate I.ou E High } Moderatle Low
[ P

58 7 5 8 o4
|

. TEMPERATURE

Daily readings were made of maximum and minimum air tempera-
tures. Temperature has an effect on soil and water losses, primarily
due to type of precipitation and condition of soil. Most of the winter
precipitation is in the form of snow. Occasionally a rain of low intensity
is experienced. The soil is usually frozen for most of the period from
December 1 to April 1. During this pcliod soil losses have been low,
with the exeeption of one storm when rain fell on soil that was thaw od
on the surface to o depth of 3 to 4 inches,

Maximum, minimum, and mean air temperitures are shown in table
3. More detailed data are given in table 19, Appendix,

"TABLE 3. —Mazimum, minimum, and mean aiy lemperaiures by months
at La Crosse, 1938—-!;3

: .
l : \\mu;ﬁt_
!

i

Month Meun ' | Higkest | Lowest \In\um:mgMimmum

Y AL O S Y )

Janunry. o L L : ar o, —¥2 a0 b =20
February. .. . .. 9 47 = 41 ¢ =14
Mareho oL Lo ! oo =17 G4 3
Aprit. - . : : 5 8 6 11
I\Euy_.._. e f 15 S 28 bt} 33
June._. 0 o0 L it 5 4 40 5 . 14
July.. ..o ! 5 48 ¢ : 52
Angust__ L c e : ¢ : e +7
Seplember. oLk ! ! 4 3 Ad
Qetober___ ... ...} 5 ; 3 14 i 23
November S : : —2 i ; 7
December e 2 : ~ o= 3 -1

! Wealher Burenn, La Crosse, Wi,
THE SOIL AND WATER CONSERVATION EXPERIMENT
STATION
Locarion anp Descrirriox
The Upper Mississippi Valley Soil Conservation Experiment Station
is loented near La Crosse, Wis., about 3 miles east of the Minnesotu-
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Wisconsin line (fig. 5). The farm of 160 aeres was purchased hy the
State of Wiseonsin in 1931, It eonstituted one of the group of 0 eox-
peritnent stations established on farms representative of large probiom
areas of croding soils in various parts of the country. Tis establishment
waa authorized by the Buehanan amendment to the Agricultural Appro-
priation Bill (7) for the fiscal year 1930, appropriating $160,000 for
soil-crosion investigations. The topography is typieal of ridge farms
tocated in the Bluff portion of the Upper Mississippi Valley unglaciated
aren.  The ridges are narrow, breaking off rather abruptly to steep
slopes.  Slopes as steep as 25 percent were under cultivation.  Open
and wooded pasture slopes as steep as 40 pereent were being grazed.
About 70 of the 160 acres of land were at one time under eultivation.

T’\"‘““.“!

Frevis f—Alr view of the Uppuer Mississippt Valley Soll Conservation Bxperiment
Stakic.:. [Pholo by Jumes N. Meyer. |

SoiLs

The prineipal soil types en the Station are Fayette silt loam and
Dubngue silt loam,  The Fayctie silt loam was formerly classified as
Knox silt loam and Clinton silt loam. It has been developed from loes-
sial material deposited at various dopths.  The maximum depth is
about G fect, the average «41s feet. The Dubugque silt loam has only a
thin mantle of loessial material over soil residunl from Himestone, The
depth of lvessial material may be 28 much as 24 inches. The two soils
have surfaee soils that are high in sill content and crode vory easily.
Both the Fayette and the Dubuque soils are low in organic-matéer con-

B354 49—
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tent and require the addition of 2 to 3 tons of lime o the acre for legume
production. A soil and ercsion map, shown in figure 6 (in envclope,
p. 3, cover}, was made of the Station in 1934, It will be noted that
much of the eultivated land is severely evoded.

Acricurtunal History OF THE SPATION

It has been difficult to obtain a very aceurate record of the agricul-
tural bistory of the Station farm. The farmer from whom it was pui-
chased stated that, in general, he bad followed a rotation of eorn, grain,
and hay on the cultivated ficlds. Tillage and planting operations were
done paraliel to roads and fenees; as o resul, much of the eultivation
was not on the contour. A nwap of the Station and the experimontal
areas are shown in figure 7 (in envelope, p. 3, cover).

The ficlds on which experiments were set up had probably been under
cultivaiion 70 to 75 years at the time the Station was established. The
farm was first cropped to grain and potatoes. In the late cighties there
was @ change to dairy farming, In 1932, at the time the Station began
{o function, the land was unproductive. Indications were that the
farmer had not used good culfural practices and that as & resuié the soil
was run-down and in low productive cendition. The hay on the fields
was composed largely of quack grass. Soil tests showed that the eul-
tivated fields were acid, requiring 2 to 3 tons of lime per acre, and were
low in phospherus and potassinim, :

In 31040 additional land was renied from Mr. Hubert Hundt near
Coon Vallev, Wis. (fig. 8). Fifteen acres of Fayette silt loam soil are
included in this tract. This farm is located outside of the steep blufi
portion in the more gently rolling sceéion of the area. The leased tract
is moderatcly eroded and has uniform slopes that average 11 percent in
grade and 300 feet in length.

Winier Erosron

During the winter peried, November 1 to April 15, the ground is nos-
mally frozen. Most of the precipitation during the winter is in the form
of snow. However, there may be some light rains in November and the
first part of April. Usually, these 1ains do net cause high soil losses un-
less they fall on a soil that is thawed only for a few inches. Under these
conditions there is nearly 100-percent runoff and the unirozen sail, il
wnprotected by crop cover, is easily carried by the runoff even though
the intensity ol the storm is not high.

Detailed data for the eontrol plots and watersheds are given in tables
20 and 30, Appendix, showing the soil and water losses by winter and
growing season. Figure 9 shows the losses by seasons {rom the 3-year
rotation on the contrel plots. The losses from corn for the entire year
averaged 53 tons per acre, of which less than 2 tons were lost during the
winter period. On land planted to grain, about onc-third of the yeur’s
total loss of 30 tons took place during the winter pericd and two-thirds
during the growing season. The winter soil loss averaged only 3 fous
per acre of the total annual loss of 52 tons per acre on the cultivated
watershed for a 5-year period.

The soil loss during the winter is low and the difficultics of obtaining
aceurate data are many. Unequal distribution of snowdrifts, resulting
in morc precipitation on some areas than others, causes more than the
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WINTER GROWING Sail' 1655 (tons per acre)

PERICD SEASON  TOTAL O I]C_I 2]0 3{0 410 5[0 &0
Corn in rolation 17 s1z 529
Groin in rototion 107 121 298
Hay in rototion 24 15 69

Average runoft (inches)

0 10 20 30 40 30 &0
{Sorn 0 rokahon a3, 497 % 96
! . Winter period
Groin in rotation 2.56 183 64 ’
) Growing' eason D
Hoy in rototion: 25 1.4 39

Figune 9.—Effcet of season on soil and water losses.

usual variation betwecn replicates and treatments. The runoff alko
changes to ice in the metal flumes and divisors, resulting in an inaccu-
rate measurement of losses. This has made it extremely difficult to
obtain reliable records. :

In this report soil and water data are given for the growing season
only, except in a few tables where both winter and growing season losses
are shown.

Facrons ArrecTinGg Frost PENETRATION AND THAWING

Studies were made in pasture, plowed land, hay land, and proteeted
timber to determine the effect of cover and depth of snow on frost pene-
tration. A summary of results of these studies {f) shows that soil
covered.with 2 good growth of timber, protected from grazing and fire
so that there is a good covering of leal litter on the ground, will not
freeze deeply. In such a timbered aren the snow depth is Frirly uniform.,
The snow and the leaf litter afford good insulation to the soil. The
maximum frost penetration in timber was 5 inches as compared with
10 inches in. a good pasture having a similar slopc and exposure.

Vegetation will protect the soil to an extent depending upon its
height and density. Under general field and pasture conditions the
cffect of vegetation on frost penetration is more dependent upon its
abhility to trap and hold the snow cover than on the insulation afforded
by the vegetation. Normally, the depth of snow is less variable in
vegetated ficlds than in plowed fields, It has been observed in the fall
that an aren covered with a fair amount of vegetation will not freeze
as soon under moderately cold temperatures as a plowed field when
there is no snow on either. Maximum frost penetration on hay during
gsome years has been as much as on plowed land.

Snow eover scems to be the most important factor affecting [vost
penctration during low temperatures. Measurements were made on a
terraced field to determine the effect of snow depth on frost penetration,
On the terrace ridge the snow cover was the thinnest and frost pene-
tration the greatest (fig. 10). During the winter of 1937 the maximum
depth. of snow measured on the ridge was 3.5 inches and the maximum
lrost penetration 24.8 inches,
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Fraege 100 View of “A7 tersmees showing varimions iu depih of <iow conver.

The maxitwtin deprh of =now i the chanpel was 15 ineches sud the
piaximi frest penetenticon 3.5 inehes,  Assimming that variation in
depth of surface soll was not a Betor influencing frost pepeteation, the
depth ol suow vover diring the season resullea in o variation in frest
peneteation of 21 fuehes. Tnapother =tdy varions dopths of snow were
applicd to =0 thnt was frozen to o depth varying Trom 7 1o 10 inelios,
The depths of snew used were 0, 8, 12, and 24 fnches, Suow wis plaeed
ol Jroazen =oil varly iy Jamaary 19000, Phe frest ponetration on the )
doepth or bare plot continued 1o inerense until there were 22 nehes of
frost. The 6 dnehes of snow cover gove seme prodection, bt allowed
frost 1o penclrate to i depth of 12 inehes, The 12« and 2i-inel depth
of snow cover rave suflicient profeetion against the fonperatures ex-
perienced 1o prevent further peoetration of Trost. B Faet, ander these
depthe of snow there was o slow eduction in the depth of frost. in
HHO, the venr ip whieh these measurements were inade, the wminimam
femperatare for Januiry & the stuion was - 237 1 and for Felimary,
=137 1 The avernge minbnnms for the months were 37 1 and 4127 B
for Jununoy and Feluney, respectively, The teperdures expoericnesd
thit winter were abonl svoraeo,

The thawing of the sail in (he spring is influeneed by exposnre ol
vegetation, A scuth-fieing stope ean I expecied to be free of snow
and frast before nonorth-faeing =lope. 1owill thaw slowly with most of
the melting snow infiltrating, Usually, during the rst thaws that oecur
on a south-facing slope, the san iz not seffieientty high o etuse wueh
thawing on north-facing slopes. Ax a resndt these slopes do oot thaw
until (he temperntures are much kigher.  This will enose more of (he
suow 10 he lost s runal which will result b miore =0il loss o the nerth-
faeing slopes,

Vegetalion, sueh as geass and hay, will proteet the soil Trom thowing
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80 that more of the snow is lost as runoff than from plowed ficlds. The
plowed soil thaws mpidly when free of snow and is eapable of storing
and absorbing water in amount dependent upon the roughness of the
surface and the moisture content of the soil.

GENERAL INVESTIGATIONAL PROCEDURE

Bxperiments were conducted to obtain information on the busie fac-
tors aficeting soil and water conservation. These factors are: Type and
density of vegetation, percent slope, length of slope, charaeteristics of
preeipitation, and soil type and condition of soil, 1n addition to these
studivs, measurements were made on terraced and strip-eropped land
to determine the best design of these control practices Tor eonditions
common to this problem aren. Datn obizined consisted of measure-
ments of soil and water Ioasos, yield of erop, and genernd observations,
Water losses are reported in surface inches and as pereent. of precipita-
tion. Soil losses are reported in tons per acre,

Measuring eguipment varied, depending upon the size of plot. On
the eontrol plots and lysimeiers, metal tanks of sufficient capacity to
hold all of the runoff expected from one rain were used. These tanks
had a capaciby of 3.5 surface inehes of runoff which is about 50 percent
of 7.23 inches, the maximum amount of rainfali ever recorded during a
24-hour period by the Weather Bureau at La Crosse,

Plots larger than ¥ 100th aerc and less than 14 aere are equipped with
a silt tank, multislot divisors, and aliquot tanks (fig. 11). As the runoff
suspension passes through the silt tanks, a portion of the silt is deposited

Fcore 1L—Mol- -measuring equipnent: ‘a:ll.-i ank mulmloi dmsum sid ihiguod t.u:k«

»
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and the trash is sereened. When the capacity of the silt tank is ex-
eeeded, the screcned suspension flows through a multislot divisor in
which one slot is.connected to an aliquoi tank., Thercfore, most of the
runoff is wasted and enly a relatively small portion eolleeted in the
aliquot tank for soil and water determinations.

Watersheds and terraces have measuring equipment arranged so that
the runoff suspension passes througih a ealibrated fhume to which is
attached a water-stage recorder with which a hydrograph of the runoff
is obtained. The runoff is then colleeted in 2 large silt box where some
of the soil is deposited. The silt box is eonstructed so that the end of
the box is a weir, over which mest of the runoff flows when the capacity
of the silt box is exceeded. A Ramser siit sampler is attached to the
side of the box by means of which an aliquot of the runoff is obtained.

Runofl was measured or weighed afier each thaw and rain which
produced & measurable amouni of runoff. The sampling procedure
varied with the type of measuring cquipment and the size of the area.
The runoff in the silt box was measured, the suspension thoeroughly
agitated, and an aliquot. obtained for sampling as the box was drained.
The runoff in the aliquot tanks was stirred, pumped through a divisor
by which a centinuous sample was obtained, and collceted in a large
tank mounted on a scale. Each tank was mensured or weighed, and
sampiled scparately. Triplicate quart samples were obtained from each
tank for dry-seil content determination.

Conrrer Frors

A series of 11 plofs known us “eontrol plote’ was established in 1932
and measurements were begun in 1933 (fig, 12, A and B). These plots
are located on a 16-pereent slope of Fayette silt loam soil with northern
exposure. All the plots were 6 feet wide and 72.6 feet long cxeept plots
1 and 2. Plot 1 was 36.3 feet long, and plot 2, 145.2 feet.  The site on
which this experiment was located had heen cropped for 70 or more
years at the time the study was started. Tt, however, was not as
scevercly eroded as the rest of the farm. There were about § inches of
surface soil on the plots at the time the experiment was established,

In 1933, plots 12, 13, and 14 were established on a 30-pereent slope.
Measurements were discontinued in 1930. Plots 15 and 16 were es-
tablished in 1936 on a 16-pereent slope.  Plots 17 and 18 were established
in 1938 on a 16-pereent slope in eonnection with the study of degree of
erosion. During the same year, plots 19, 20, 21, and 22 were established
on a G-percent slope.  All the plots established after 1932 were 6 feet
wide and 72,6 feet long, Data from these plots are given in table 20,
Appendix.

Plot treatments during 1932-38 were as follows: Plots 1, 2, 3, and 11
were planted to corn each year. Plot 11 was desurfaced by removing the
8 inches of surface soil manually. Plot 4 was planted to grain annu-
ally. Plots 5, 6, and 7 were planted to & 3-year rotation of corn, grain,
and clover-timothy hay. Plots 8 and 9 were fallowed, being cultivated
with a hoe sufficiently to control weeds. Plot 9 received an annual appli-
eation of 5 tons per acre of barnyard manure. Plot 10 was covered with
bluegrass sod and not mowed or grazed during the years 1932-38.

Biuegrass sod gave very good contrel; only 5.5 pereent of the pre-
eipitation was lost as runoff, This removed only 0.1 ton of soil per acre
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per year. Most of this loss occurred during the winter period, Table
20 gives detailed data from this experiment by plots. It will be noted
that of the average annual runoff of 1.87 inches from bluegrass only
0.03 inch »as lost during the growing scason. It was found that more

Fravai 12—Control plots: A, Corn on right Ju o S-year volation of eors, grain, wnd
hay, 1% has produeesd & much better growth of corn thun the plof on the left (Tt
hag heen continususly cropped (o corn since 1932, 8 Plols toeated an a 16-pereent
slope of Fayetfe sill.
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runoff cecurs from grass land in the winter than from plowed land.
This is due to the faet that the soil when frozen under a good dense
growth of grass thaws out slowly. Thus, very little of the melting snow
is absorbed, whereas plowed land when free of snow will thaw eather
rapidly and absorb a considerable amount of precipitation. In the sum-
mer this eondition is reversed. The grass plot then allows practieally
no runoff, wheress plowed nreas allow high amounts of runoff.
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Frarne Y—Ansus soil and waier losses from control plots, 14:33-38,

Figare 13 shows the annual seil and water loss by cropping system
for the period 1933-38 inclusive. The highest soil loss ocenrred on plot
8, which was fallow throughout the §-year period. The average annual
soil Toss was 191 tons per acre, which is equivalent to about 114 inches
of soil.  The applieation of 5 tons of manure per aere annually on Milow
was effeetive in redueing soil losses by about 30 tons per acre.

The effeet of vegetation on soil loss depends upon the density of the
vegetation, the length of tiwme the soil is protected, and whether or not
protection is available when the intense storms oeeur. Crop roéation
is an important {actor in controlling erosion, beeause losses are not
only low when the arven is growing hay buat losses frem the elean-tilled
crop following hay arc reduced by the incorporation of raw organic
mntter into the soil. :

Corn in rotation lost an average of 53 tons of soil per acre Tollowing
elover-timothy hay. This was less than one-half the oss from continu-
ous carn of ahout 112 tens per acre. This difference in loss can be
lnrgely attributed to the hetter structure of the soil following hay and
to the raw organic matier incorporated into the soil.

The soil loss from grain in rotation wilh corn has been just about
double that of continuous grain.  More organic inatter is incorporated
into the soil grown to continuous grain than in soil in grain following
corn.

SO4582 - 30--1
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"The average annual soil loss from a 3-year rotation of corn, grain, and
clover-timothy hay without the application of barnyard manure was
27.8 tons per avre. This loss is considered to be excessive, inasmuch s
one ineh of soil would be removed in abeut 5 years, Table 21 shows
soil and water losses by crops for the growing season, April 16 to Oelo-
her 31, The rains are divided into three groups—high-factor, moderate-
factor, and low-factor rains. IL has been found that on the average 5
out of 39 storms resulted in about 90 pereent of the soil lost from corn
in rotation.

Figures 14 and 15 show toial soil and water losses [or corn, grain,
and hay for each montk during the period, April to Qctober.  The
runoff from corn following hay is low during April and May., During
this peried the soil is rough and of good structure; it is capable of storing
considerable water on the surface and the intake of water is high, As
the season progresses the land is worked and corn is planted by the
latter part of May. At this time much of the rongh eloddy structure is

140

133.74

Soil loss [(lons per ocre)

th‘l.') \

~

42 ~.]3.78 3.7
o‘é_‘____ﬂ?a Hory 3 09 trE — o

Apr. Moy July Aug.- Sept. Oct.

TFrouue 14.—Soil loss by months for eorn, geain, and huy, 1943-38, i a 3-year rotation.
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destroyed or greatly reduced, The largest amounts of runoff oceur in
July, August, and September with the runoff peak in August.

Tor grain following com the land is also fall spaded, but there is in-,
sufficient raw organic matter in the soil. The elods are, therefore,
broken down to n considerable extent by allernate freezing and thawing
in early spring.  1Sven before the grain land is tilled, runoff is more than

from corniand.

Grain is usually planted during the last two weeks in
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April. At that time a fine, firm scedbed is prepared for the legume
seeds.  This produces a condition that is conducive to high amounts
.of runoff.  Bunoff is high from grain throughout the season or untit
the leguwmet hegin to reduee runoff, which does not normally oecur untdil
carly fall, )

Runoff from hay is relatively low throughout the season; however, the
curve for hay land follows a somewhat similar pattern to that of corn
and grain.

In general, the soil loss curve fur corn follows n pnttern similar to that
of runoff from corn, except that the soil loss reaches a peak in July in-
stead of August. Soil loss from corn reaches u peak in July beenuse a
large number of intense storms oceur in July when the corn i3 being cul-
tivated and is too short to give good canopy inferception. In August
the corn has been laid by, runoff channeis have been established, and
weeds start to protect the soil, all of which tends to reduee sail loss,

Soil loss from grain is high during April and May. Any storms of
moderate or high intensity will cause bigh soil losses from grain until
it is 8 or 10 inches tall. Thereafter, soil losses ean be expeeted to be
relatively low.

The soil loss from hay has been low each month, Rains oceurring
]immer!iatc]y after the crop has been removed have not resuited in high
DSECS. .

DEGaEs oF Krosron

Control plots 3 and 11 are used to compare soil and water losses (rom
surfaee and subsoil plots. In 1932, plot number 1 was desurfaced by
the removal of § inches of surface soil. Plot number 3 was not given
special treatment.  Bach plot was planted to corn on the contour each
year during the period 1932-38. Detailed data are given in table 24,
The desurfaced plot lost on the avernge 117 tons per acre per year and
the surface soil plot 99 tons. Throughout the experiment beth plots
lost seil very rapidly; however, during the first. 2 years the desurfaced
plot lost 45 pereent more soil than the surface-soil plot. During the
last 4 years, the subsoil plot lost only 2 pereent more soil than the sur-
face-soil plot. At the end of 2 years of corn the raw orgunie matter
had become deromposed and the surfnee plot Lhad become badly croded
so that there was not mueh difference in the erodibility of the 2 plots.

By 1938 the fallow and the continuous corn control plots had become
severely croded, having lost all but 2 to 3 inches of the surfaee soil.
However, the plots in rotation and continuous grain during the same
period of treatment had lost one-half as much soil or had about 5 to 6
inches of surfaece soil remaining, which was considered as moderately
eroded. By including 2 plots from the moisture series, which were in
the sume treatment as the control plots, & degree-of-crosion experiment
was established in 1939 which included 10 plots. There are 5 plots on
severely eroded soil and 5 on moderately vroded soil,  "The plots have
received phosphorus and potash on grain in amounts based on soil
tests Lo maintain a level of fertility of 50 pounds of available phosphorus
per acre and of 150 pounds of available potassium per acre. Lime was
applied on corn to maintain a soil pH of 6.5, Bight tons per acre of
barnyard manure was applied on ecorn.  All erops were planted on the
contour and cultural treatments were as similar to field operations as is
possible with small plots.
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With the phosphorus, potassium, and pH held uniform the Prineipal
difference between the two degrees of erosion is in organic-matter and
nitrogen content of the soil.  The moderately crecded plots in 1939 had
an average nitrogen content ol 6.108 pereent for the 0- 6-ineh depth
and the severely eroded plots 0.033 pereent. The organir-nuilier eon-
tent of the moderately eroded soil of 0« 7-ineh depth was 1.7 percent,
wheress that of the severely eroded soil was .82 pereent,

Four years of data are reported for this experimens,  These data are
shown in table 22 and figure 16, Regurdless of erop, the severely orodoed
plots Jost more runoff than the moderately eroded plots.  The eroded
soil heeame more compact resulting in lower infilbration el higher
rumoff.  The severely croded areas averaged 3.1 inches of runoff for
corn, grain, and hay, whercas the moderately erodod averaged 1.8
inches for the same crops. The soil loss on severely eroded soil was
only slightly more than from moderately eroded soil when planted to
corn, even though runoff was ubout 0.6 inches more per year, The
soil loss Irom land planted to grain was higher than the loss [rom the

SROZPING SYSTEM RUNOFF 801l LOSS RIINCFF (percent)
{percenl) (tons perotre]l O i 20 30
Gorn
|severely ercded) 93 -
57
Corn 71 .
{moderntely eraded)
14.3 I
Spring gron 2.0
[severely eroded) .
30.0 I
Spring groin
[moderale] yqeloded} H6 _
16,2 l
Hay
|severely eroded) 3.3 - Rungli -
B
Soil loss D
Ha
[mnderuieF;crcded} 2.3 .
2

o

40 8aQ 12¢
Soil [oss | tans per agre)

Freuns Hi—Average munal soil and waier loss From maderniely nnd
severcly croded plots, 1940-43.
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land planted to eorn, regardless of degree of erosion. This reduction of
erosion on cornland is due to the conditioning of the soil in the longer
rotation ; that is, the soil structure is better and therc is much more raw
organic matier incorporated into the soil when hay is plowed under
than when corn stubble is plowed under. Grain on severely eroded soil
allowed about 1.8 times as much soil loss as grain on a moderately
eroded soil. This is due to the fact that when grain follows corn the raw
organic matter incorporated from the hay has been decomposed so that
degree of erosion can then exert its maximum influence on soil and water
losses. The soil loss from hay was low regardless of degree of crosion.

Yield of crop was lower on the severely eroded arcas for all crops.
Corn yvielded 70 perceunt, grain 55 percent, and hay 92 pereent as much
on severely eroded as on moderately eroded soil.  Yield of hay was not
as ;nuch influeneed as the yicld of ecorn and grain by the loss of surface
soil,

In field trials eonducted in 1943 on farms in Minnesota and Wiscon-
sin yield of erop was determined on various degrees of crosion within 2
field.5s Data recorded in these trials (table 4} are in good agreement
with those obtaincd from the small plots at the station. In the studies
conducted under farm conditions there was a wide variation in eropping
and fertilizing practices between farms. Degree of crosion, however,
was found to be a primary factor affecting yicld of crop. Yield of crop
is less on the eroded seil because the eroded seil contains less organie
matter, less nitrogen, and therefore has more runoff.

TasLe 4.—Bffect of degree of evasion on yield of crop, as shown by bushels
per acre tn field trials of 1948

Slighlly Moderntely | Severcly

Crop Sate TFarms eraded fields | eroded Selds jeroded fields
Number Bushels Bushels Bushels
Corn..._..} Wiseonsir . ... & 80 a7 i0
Grain. .- |oa..- <7 R, il 65 50 43
Crain_ .. .| Minnesate__..._. kS 36 30 25

Orcanie MatTeER

Maintaining a soil in high organic matter content is important noé
only for maximum yields of crop but for eontrolling soil und water losscs.
Too frequently, the farmer follows a practice of removing all crop
growth that ean be utilized for feed. By removing two or three crops of
hay and by pasturing the aftermath, full advantage is not taken of the
henefits to be gained from a hay crop in adding soil fertility and eon-
trolling erosion. Part of the advantage of rotation of ¢rops is the effeet
that thc organic matter has on soil structure and its binding effect on
the soil when plowed uader.

Within the original contrel plot experiment there were two {allowed
plots. These plots were worked with a hoe to simulate disking and
with such frequency as to keep the weeds under control. Barnyard

s Hava, (. B, ond Muookessmiuy, B J. TUE SFFECT 0F DEPTNE OF SURFACE BOIL AND CONTOURING
OX CROP YIELDE, 7 pp., 1948, [Processed.

¢ Havw, . ., axp Howr, G, (). THE EFFECT OF DEPTH OF BURFACE 8015 AND CONTOUNING OF Clor

YIRLDHE IN MINNRI0TA, G pp., 1943, PProccsscd.
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manure was applied to one plot each spring at a rate equivalent to 5
tons per acre. The other plot received no treatment other than eul-
tivation,

The soi] losses {rom these plots were oxtremely high, over 1 inch a
yeur. The plot which received the annual dressing of barnyard manure
lost 28 tons per acre per year less soil or about 85 percent as much as the
plot which received no manure. Detailed data on this experitment nre
given in table 25, Appendix. The effect of manure on fallowed soil
is mostly mechanical. The organic matter keeps the soil aopen and
partly covers it, thus reducing runcfl and decereasing the erosive action
of moving water.

Barnyard wanure applied fo comn on severely croded soil with 3
inches of surface soil remaining resulted in o slightly greater inerease in
protectipn against crosion than when applied to a Mllowed seil. One
year's data show that barnyard manure plowed under reduced soil
losses froin 80 to 63 tons per acre angd that harnyard manure, surface-
applied, reduced soil losses to about the sane extent us barnyard man-
ure plowed under, or 65 tans per acve. Thus, the application of 8 tons
per acre of barnyard manure resulted in 2 reduetion in loss of 21 percent.
Barnyard manure plowed under in the Tall reduced the fall and spring
losses below those from plots on which manure was not applied. Spring
surface-npplied barnyard manure reduced the losses alter application
lelow those frem the plots on which it was applied in the fall. How-
ever, for the year there was not much differenee in the loss reduetion
resulting from time or type of application. The effect of time of appli-
cation of barnhyard manure on soil loss will depend upon when intense
gstorms are experienced. Fall applieation will give more protection
from fall and carly spring rains and thaws, whereas spring applications
will give most protection during the early summer months.

Green manure, which consisted of the alfalfa-timothy hay produced

TannLe 5.—=Soft and water losses and crop yields on eroded soil receiving
various organic-natter treqtmentst

1

. Boil loss per Yield per
Runoffl from— | acre from— were from—
Traalment: !
Com | Grain Carn Girain Corn Girain
Inehes i fnches rl T'ons Tonsg | Bushels | Bushels
Notreatment .. .. . . .| 7.23 ; 0.78 ] 80.10: 3.26 G6 -1 28.0
Barnyard manure fall ap- . i i
plied hefore vorn...._... 53.97 , .76 ° 63.08; 1.08 75.1 1 334
Green manure plowed un- i ' !
der fall before corn__. .. ] 5.64 . 94 : 53.62 1 2.12 69.6 1 27.0
Barnyard manure applied : : !
al corn planting_ . ____.. G.37 | 1.12 I 65.44 | 4.83 72.2 31.4
(ireen mure plowed un- | i
der in fall plus barnyard i i
manure applied &t corn 1 . t
phanting ..o .o ._.. 5.64 Ad 0 H7.80 0 1.36 2.1 24 .4
CGreen meanure fall-applied } i
tilled with sweeps...._ .. 4.23 I 40 1 20.22 ; .69 533.7 18.1
i

1Plots 72 feet in length are located on a 16-percent, slope of Fayette silt loum.
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after the first erop of hay was removed, cffected a groater reduetion of
soil loss when plowed under than the applieation of 8 tons of barayard
manure., Soil less from plots receiving both barnyard manure and
green manure was higher than from green manure alone but less than
from barnyard manure alone. It would be expected thai the com-
bination of the two manures would result in the greatest reduction of
soil loss. This oecurred on one plot but on is duplicate the soil loss
was much higher than from cither treatment alone.  The fowest losses
accurred on plots worked with the sweeps which left all or most of the
green manure on the surface. The losses by treatment and crop are
zhown in table 5 and table 26, Appendix.

The corn stubble was plowed on ali plots except numbers 7 and 12
These two plots were worked with the sweeps.  Seeding of grain was
uniform within this experiment. Plots on which barnyard manure was
surface-applied on corn had the highest soil loss when planted to grain,
Barnyard manure plowed under and green manure applied on eornland
reduced the soil losses from grain land the {ollowing year.

Yields of the crop were highest on plots reeciving barnyard manure.
Where the barnyard manure was plowed under, the yield was slightly
higher than where it was surface-applied,  The Jowest yield occurred
on plots worked with the sweeps.

Sussunrack TiLLace

In the diseussion on organie matter it was peinted ont that the lowest
soil and water losses un cornland cccurred on plots on which sweeps
were used for subsurface tillage. It was also shown that yield of crop
was less than for other treatmonts. Tor the last 4 years strips in ficlds
have been worked with sweeps in scedbed preparafion for cormn in
place of plowing. It has proved very difficult to reduce the stand of
grass in the second- or third-year hay enough to keep it from competing
foo severery with corn for meisture and plant nutrients.  In lifting the
sod only slightly, as is done with the sweeps, it has been found that,
under favorable moisture conditions, the grass keeps right on growing,

1t is believed that there is little place for subsurface tillage for corn
in this problein area, especialiy where hay is left down meore than 1 year
and quack grass is 2 problem.  On seils not infested with quack grass
zood yields of grain can be obtained by disking. This will leave all or
most of the corn residue on the surfnee.  This residue is fairly effeetive
in reducing soil and water losses, Studies made at the station have
shown that where the old pasture sod is tilled with a field eultivator in
such a way that most of the organie vesiduc is left on or near the sur-
face, soil losres will be very low. This is (he ease even though intense
storms occur before the seeding is sufficiently well established to give
adequate protection.

Cior Borariox

The practive of erop rotation, inctuding | year or more of hay, is basic
to a good soil conservation program. The protection given by a rota-
tion will depend on the type and density of the hay crop grown and
the amount of the growth returned to the zoil when the hay erop is
plowed under.

Most of the experiments during the first 6 years of the La Crosse
station’s existence were on crops in & 3-year rotadion oF in contihuous
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eropping. The effect of a 3-year rotution as compared with eontinuous
corn and grain is shown in figure 17, Corn in rotation cnused a loss of
one-half ns much seoil as continuous corn. “Grain in rotation following
eorn caused a loss of twice as much soil as continuous grain.,  The loss
for the 6-year period, 1933-38, averaged 28 tons per acre for the three
crops in rotation,
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Fraone 17—Effect of rofalion on soil and water loss, 1933-38.

In addition to these data, measuremenis had been made by 1941 on
various sequences ol craps including a year or two of data in each ease.
This information was assembled in a bulletin, Cropping Systems That
Help Conérol Erosion (3). It presents and discusses tables that show
the effect of crop sequenee, pereent of slope, and length of slope or soil
and water losses,

The {ollowing tabulation from that hulletin shows the effect of ¢vop
sequence on seit losses rom plets 72.6 feet long located on a 16-pereent
slope, It gives the computed soil losses under various cropping aystems.

Crapping spetem Arerate seil loss—Tuns pee aere per yenr
Corpannually ... ... ... . ... .. .. .. ... 89
Corn, harley, (sweetefover) ... S 33
Carn, baviey, and hay. ... . . L. L. o L. .22
Com, barley, hay, hay ... .. e .13
Corn, barley, hay, hay, hay..-. . . ... . . . 8
Corn, barley, hay, hay, hay, hay ... . . . 7T

1t will be seen that the data in figure 17 for a system in which corn iy
grown annually and for the 3-vear rotntion system nre not the same as
the data given in the preeeding tabulation. The data in the tabulation
are for a longer pericd, 1932-40, and include 2 years, 1939 and 1940,
when the soil losses were low. "The data used in figure 17 ave Tor the
perind 1933-38. These data were used because some of the treatments
were changed in 1939, The relative effect of rotation, however, is
similar regardless of the period used.

$04582— 154
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Data obtained since 1940 do not differ materially from those re-
ported by Hays and Clark (8). - For example, the computed soil loss
from a 5-year rotation was 8 tons per acre. The soil loss for a 5-year
rotation for the period 1941-43 averaged 7.4 tons per acre.

More studies are needed to determine exactly the relationship of rota-
tion, percent of slope, and length of slope. Information on the rela-
tionship of these factors to soil loss is essential to the development of
good ecnservation plans,

LENGTH OF SLOPE

As the length of slope increases, the veloeity of the runoff beeomes
higher. This is caused by the concentration of water in rills and gullies
which results in inereased carrying power and higher soil losses. The
studics at the station on the effeet of length of slope are not too con-
clusive because no uniform slopes are available for such a study. Iux-
periments, therefore, have of necessity been limited to the shorter
lengths of slope,

The effect of length of slope has been studied in three experiments. In
one, threc control plots—36.3 feet, 72.6 fect, and 145.2 fect, respee-
tively, in length were planted to corn on the contour. The plots are 6
foct wide which tends to restrict runoff to sheet flow. Data from this
study for the period 1933-38 arc included in detail in table 23, Appendix.,
The 36-foot length of plot lost two-thirds as much soil per unit area as
tlflc 73-foot length of plot and one-half as much as the 145-foot length
of plot.

PLANTED 1O SPRING GRAN
OYEHAGE aNNUAL
SLO0PE PLOT WNOF{ SOILLOSS RUKOFF lperpeat]
lpareert} Lrt“u]“ lpwredl {ompeao]l O 1)
h t

3 EL 3]

a0 25 [1:]

3]
Soul lane { 1o ow ooeel

Frcune 18.-—Average annusl soil and water loss from plots with 2 lengths of slope and
various percents of slope, 1939-43.
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HIGH RANFLCTOR GROUP
. PLANTED TO GRAIN

SLOPE !LoT RUNCFF  SOIL 1055 AURGFF | L
{errcent) Lﬁ !»s:}u (percen} (Heaphiosl O 20 P
!

3 363 B4

awctt [
Soil loas D

i I !

£y o % 20 25
Soil loas [lons per ocre]

Fioene 19.—E8oil und water losses [rom plots with various lengths and percents -
of slopes dyring high rain-faetor group storms, 1939-43.

Runoff is not greatly affected by length of slope; there is, however, »
tendency for the percent of runoff to be higher on the shorier length of
slope. The soil loss is increased with the length of slope.

In the control-plot experiment corn was grown centinuousiy. Under
this severe treatment the plots beeame badly ercded during the eourse
of the experiment. In another experiment two lengihs of plot, 73 and
36 feet, were planted fo a 3-year rofation of corn, grain, and clover-
timothy hay. Detailed data are given in table 37. The plots were 20
feet wide and were located on a 19-percent slope. Table 6 summarizes
the results of this experiment.

TasLE 6.—Efect of crops en soil less caused by lenglh of slope

Boil loss per acre from
siope lengih of —
* Ratic

72.6 feet 36.3 feet

Tons Tans
64 1 . 47.1
31.8 20.6
b3 £ 2.4 1.2
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It will he seen that the soil loss is higher from each erop when planted
on the longer slope. The greatest pereentage inerease was on hay.
This inercase oceurred largely duwring years when hay followed 4 year
of severe soil loss from grain.  Rills would e washed in the longer
grain plots which would result in poorer stands of hay the Tollowing
year.

In the pereent-slope study two lenglhs of plots are loeated on each
slope.  All plots are in triplieate and are planted to grain with the stope.
The two lengths under study are 36.3 and 72.6 fect,  In table 7 the soil
losses are shown by pereent of stope and length ol slope for the period
1939 -3,

Tapre 7.« The effect of pereent stope on soil loss by length of slope

Rail lass per aere Fram
slope lengih of - -

"ercent slape e e Ralin
2.0 feel 3.3 fewt
Tons Tonx
3o L ... 8,11 3.41 1.00
8.... e e 1080 0.98 1.08
oo . . 22 .56 18.81 1.20
8. ... . oo . . 28.62 21.97 1.30

There was a higher soil loss lrom the longer slope than lrom the
shorter slope regardless of pereent of slope.  There seems to be no defi-
nite relationship hetween length of slope and percent of slope.

v The relationship of slope lengths to soil and water loss from various
pereent siopes is shown in figures 18 and 19.

PeERCENT oF Svore

In order to study the effect of pereent of slope on soil and water losses,
plots were established on four slepes located in a 5-aere field on which
soil is quite uniform. The soil is moderately eroded with 6 to 7 inches
of surface soil remaining. Plots were established on the lollowing
slopes: 3, §, 13, and 18 percent.  The slopes are fairly uniform through-
out the experiment with the exception of slope 13 on which the uppen
part is less steep than the lower part.  All plots are 14 feet wide. Within
cach slope group there are 6 plots, 3 that are 36.3 feet long and 3 that
are 72.6 feet long.  All plots during the peried reported were planted
to grain with the slope, in order to eliminate the variable effect of enn-
touring, sinee it was assumed that the contour furrows would he more
offeetive on the less steep slopes.  Detaidled data are included in table
27, Appendix.  Figure 18 shows the soil and water losses hy slope for
the growing season,

As an average for all sterms, it will be secen that the pereent of runoff
increases slightly as the slope becomes steeper,  In figure 19 are in-
cluded datn from storms in the high-rain factor group. For the 73-loot
length of slope the amount of runoff is about the same from each slope
except for that of the 18-pereent. The 3-percent slope lost 32 pereent
of the preeipitation, the 8-pereent 32, the [3-percent 36, and the 18-
pereent slope lost 42 pereent. From individual highly intense storms,
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siope ind no cffeck on amount of runoff.  For example, a very hard
storm was experienced on June 7, 1940, front which the 3-pereent plots
lost 1.24 inches, the 8-percent plots lost 1.22 inches, the 13-percent plots
lost 1.18 inches, and the 18-pereent plots lost 1.20 inehes.  Burlace
runofl is precipitation in excess of infillration and sorface storage,
During the most intense storins surface storage is so greatly exeeeded
that it has very little efleet on resuliing runoff.

Boil losses in cach ease are higher from the steeper slopes regardless
of intensity of preeipilation, although most of the soi! toss oceurs during
the high-rain facfor storms. The soil loss from the 3-pereent slope has
averaged 3.1 tons per acre for the growing season: that from the 8-pex-
eent slope hos averaged 10.8 tons per acve; that from tie Di-pereent
slope has averaged 226 tons per acre; amd the i8-pereent slope has
lost 28.6 tons per acve, These losses are Tor the 72.4-loot plots. The
inerense in soil joss ns the slope beeomes s{eeper is the result largely
of the inerease in veloeily of ranoff water, It s not due Lo an increase
in votunme of nineff. Tests made of velocily of flow on the plots inme-
dintely following rains that cause runofl show that for an inerease in
slope of 5 pereent, there is an inerease i veloeity of about 8 feet per
minute.
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In the control-plot experiment corn, grain, and hay are grown in
rotation on a 6-percent and 16-pereent slope.  The plots with 6-percent
slope are planted to a d4-year rotation of corn, grain, and 2 years of hay,
and the plots with I6-percent slopes are plunted to a 5-year rotation of
corn, grain, and 3 years of hay. The hay on cach slone is alfalfa-
timothy. The losses from corn probably are influenced by the varia-
tion in length of hay stand, but it can be assumed that the lossea from
grain would not be greatly influenced.

The data for the 3-year period, 1041-43, are shown in figure 20.
These data support those obtained from the more compleic pereent
slope experiment.  Runoff from the 6-percent slope planted o corn was
5.4 pereent of the precipitation as compared with 7.2 pereent from a 16-
pereent slope. . Runoff from spring grain was 9.2 percent from a G-per-
cent slope and 11 pereent from a [G-pereent slope.  That is, there was
only an increase of 2 pereent in runoff from com andl grain on the 16-
pereent as compared with the G-pereent slope.  Soil losses were influ-
enced to a greater extent than runoff. The loss from land planted to
corn was 5.5 tons per acre on the G-peveent and 14,9 tons per nere on the
16-pereent slope.  The soil loss from land planted (o grain was 5.2 tons
on the G-pereent slope and 19.7 tons on the 1G-pereent slope.  For an
increase in slope of 10 pereent the runofl inereased 2 percent and the
soil loss 14 tons per acre from corn and geain.

Although the lpsses from hay were lov Trom both slopes, slope had a
greater proportionate effeet on soil and water losses from hay than lrom
corn and grain.  An examination of data I'rom individual storns shows
that the total amount of runoff during the very intense storms is uot
greatly affeeted by slope with the exception of the plots devoted to hay.

CoNTounxg

Contouring will result in increased yields, hul under ficld conditions
does not give sufficient control of runoff to insure adequate crosion
control. In field trinls conducted in Minnesota® in 1943, it was found
that on 12 farms contoured corn yielded aun average of 82 hushels per
acre; adjacent plots, planted and tilled with the slope, yielded 72 bushels
per aere, an iherease of 14 pereent in favor of contouring,  In Wiseon-
sin,® similar studies conducted on 16 larms in 1943 showed that con-
toured corn yiclded 86.5 hushels per acre and corn planted witl: the
slope, 82.4 bushels—a 3-percent increase in yield due to contouring.
These data substantinte those obtained at the station over a 4-year
period. There it was found that during 3 of the - years contoured corn
yiclded more than corn planted with the slope. The contoured plots
yielded 4.7 bushels or aboutl 7 percent more per acre.

Soil losses from contouring on the unterraced, cultivated watorshed
have been excessive when that area was planted to a 3-year rotation.
‘The average annual loss was 56 tons per acre.  This watershed is 420
fect long and located on a 15-pereent slope. Three contour lines are
used in order that all rows shall be as nearly on the contour as possihle,
Corn is surface planted so that prior to the first cultivation there is not
much ridging.  During the process of eultivation the ridges are effective

THavs, O, B, ond Rost, U, THE £YFECT OF DEPTIL OF SUTICACE SUIL AND CONTOURING ON Clops
YTELDS IN MINXEs0TY, G pp., (04, {Proceseed. ]

P Have, Qo K nnd MoeekeNiney, R, 0. THE EFFECT OF DEUTHS OF BURFACE $016 AND CONTOLIUSG
AN CHer YiELls, T P, 1960, rocessed.
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in holding excess preecipitation during sterms of moederate and low in-
tensities; but, during storms of high iniensity the capaeity of these
small ridges and furrows is soon exceeded and high runef oceurs.

Contouring alone gives adequate proteetion during the iess intense
storms, but will be of little bencfit during the intense storms. Under
field eonditions, difficulty has heen experienced in keeping the rows on
the contour, particularty where the topography is uneven. Rows that
are off contour usually will earry the runoff for a short distance, then
the small furrows will overtop and anliow the runoff to flow down to
rows that are on the contour. This runeff addeg to that beld by the
eontour furrows soon execeds the eapacity of the furrows and they
overflow. The conceniration of the runofl water on n long slope pro-
tecled only by contouring will result in high soil losses.

Grass waterways are needed on contoured ficlds (o prevent gullying
where runoff water coneentrates, These waterways frequently have
to be placed 50 closely togeiher that a sizable portion of the field is
taken up by them,

WATERSHED 3TU DHES

Teo atedy contouring, conlour strip eropping, and {erracing, three
witersheds were established on whicely each practice was used,

The unterrneed, cultivated watershed was established in 1932, Before
that #ime, the upper Gwo-thirds of this area hiad been under culiivation
for a number of years and the lower one-third had been in hay. The
area of this watershed when established was 113 neres,  In March
1934, it was reduceed to 2.33 aeres and in April 1938, 0.09 aere was ve-
moved from the watershed.  This seduced the drainage area to 2,24
acTes.

The watershed i= V-shaped with a short concontrating trough at the
bottom, The drainage of the upper two-thirds of the area is uninter-
rupted sheet low; the waler epncentrates into cight feld gullies on the
lower one-third of the area.  The average slope of the witershed is 15
pereent with & maximum of 23 pereent.  The maximum length of slope
is 420 fect,

This watershed is being larmed on the contour without strip eropping
or terracing, It was cultivated to a d-year rotation of ecorn, small
grain, and hay, starting in 1932 with corn. The watershed had become
s0 bhadly gullicd by the fail of 1937 that it was deeided (o seed the lower
one-third {o hay. During 1938 and 1939 this lower one-third of the
area had a dense stand of hay while the rest of the watershed was in
corn and grain, respectively.  Numerous small sod-hump dams and
sod-bag dams wese construeted to help stabilize the field gullies. Btart-
ing in 14939 this watershed has been in g 6-year rolation of corn, grain,
and 4 years of hay.

The contour strip-cropped walershed was established in 1937, Thig
watershed is approximately reetanguive in shape, having an average
slope of 17 pereent and n length of slope of 270 feet.  Drainage is by
sheet flow and it is colleeted by melal-lined concentrating troughs
loented at the botiom of the watershed.

At first this watershed was divided on the contour into two segments,
The upper one was strip cropped to a 3-year votation of corn, grain, and
hay. The lower segment was in allalfa-timothy hay.
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Sturting in 1940, the watershed was divided inte 6 strips representing
each year of a G-year rofaiion of corn, grain, and < years of hay.

For a terraced watershed the dreinage area of one eultivated termee
was used, namely Terrace A-t. The drainage aren is 2.21 aeres, the
average land slope is 10 pereent and the terrace is 1383 feet in length.
Starting in 1932, it was farmed (o o 3-yeur rotation of corn, grain, nnd
hay. In 1939, the rotation was changed to a G-year rofation of carn,
grain, and 4 years of hay, o confona to {he other two walersheds,

The plan lor the strip-cropped watershed was to have the hottom
strip in the same erop as the terraced and the conlour watersheds.
As this plan ealled for all erops on strips in the strip-cropped water-
sheds, it was impossible to change the erop sequence within 1 year with-
out having most of the walershed open. Thorefore, there was o diver-
gence in erop scquence on the bottom strip as compared with the other
watersheds until all were in hay in 1040, Tahles 8 and 9 show the erop-
ping system followed on the three watersheds,

TanLE 8. —Cropping systems for various wulcrsheds

Unierreed cultivaded Surip-eropped Terreed
Yeur wniershed lower slrip walershed A4 watershed
1938.. . Corn Hay Coen,
1439 .. Girain Corn Clrain
1940 . . lny Qrain Hay,
1941 to Lny Do,
1042, o do : do Do.
1943 do . ‘ da 1}a.

Tavre V- Cropping systoms for the sivip-cropped watershed

Strip 1938 1039 1010

1941 1312 1943
Slrp 1. fllay Hay oo Clrndn e lay,
p S do to Llay- liay . Corn Giuin.
3....  Corn . Grpin Liruin do Tl Ly
4.... ] Grain Llay. May . do do Cori.
Soooad May oo ty da. Corn Giruin 1y,
6. ; o, Corn - Cradn CMay Hay . . Do

Lower sirip of sirip-cropped watershed,

The results ohtained are reeorded in table 29, Appendix.  The aver-
age pereent of runeft from the three walersheds for the period 193743,
figure 21, shows that the terraced watershed had 1.5 times more runofl
than the ether two watersheds,  The ol loss ns moeasured at the outlet
e1.d of the terrace is aboul one-fourth as mueh as from the contoured
watershed mmd about one-hall that from (he strip-eropped walershed,
The peak rates of runoff from individouai storms lfor the three waler-
sheds are listed in table 10,

The average tvend of the peak rates of runofl Tor the three watersheds
indieates that for the same storm the terrace watershed has the lowest
peak, the strip-cropped watershed next, and the unterraced, cultivated
watershed produces the highest peak rate.  The apparent ineonsiston-
¢ies in table 10 are probably due to unavoidable variables, suceh as erop




£~GF—~3RCHO3

Tasue 10.—~Dala from magor storms on rainfall, runoff, and peak rates from lerraced, strip-cropped, and contoured watersheds

Total rainfall Runoff as pereent of rainfall Peak rute of runoff per hour

Storm . { . ' ; o i R
; Strip ¢ Strip : b Strip
Terrace § cropped | Contour i Terrace § cropped {. Contour. | “Ferrace | cropped | Contour

I SNOLLVOLISHANL

Trches ¢ Tnches Inches Percent | Percent Percent Inches Inches ! Inches

June 19-20,1937. .- ... ...\ ‘232 | ‘1. 2.00 57.74 1 36.60 58.05 1.486 2.931 - 4.135
July 5,1938_.... e EB6 106 1.70 53.03 | 53.53 42.50 ! 1.384 1.998 | 1.943
July2l,1938 .. . 0 T Il bl 1.78 i 14.09 47.64 38.76 . .836 5.510 ' 5.607
Aug. 20-21,1939. .. .. . 5. 5. 5.51 © 53.43 . 12.83 19.69 663 | 361 464
Aug. 16,1940 .. . oL . I 146 ¢ 61.05 . 29.56 42,66 1.288 1.924 1 2169
Sept. 15-16,71041. ... * .~ . . | 2.5 B2 30.55  © 41.08 26.97 .373 2.580 ¢ 1.772
June28-29,1942. . ... . .1 3.7 . 3. L3.62  13.55 14.25 4.00 , .187 935 0247

TOWLNOD NOISOU™
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+ WATERSHED RUNOFF  SOIL LOSS RUNGFF (percen)
i {pescont) [forsperocre] O 5 o

Terraced 10.39

Strip cropped

ot I
Soll Joss D

Untercoced, cuttivated

with filer strip 7.43

5 [y 154
Soll foss [ tons per ocre}

Fiaure 21.—Soil and water losses under differcnt Lrentmenis from various watersheds,
1937 to 1043,

- eondition and $ime of farming operations thab would affect the results,
Precipitation, water loss, and soil loss, by winter scason and growing
season, on a cultivated watershed, a pasture watershed, and a culti-

TasLe 11.—Azerage annual sunanary of precipitation, runoff, and crosion
by winler season and growing season on a cullivoted walcrshed,
pasture walershed, and cullivaled lerroce, 1934-38

l AR

Tregtment 4
Winter [Growing Winter (Growing ; Winter [Growing
period § season | Total | peried | senson | Totul | period | season | Total

Precipitation Wraler loss : Soil loss

. Tuches | Inches | Tnches} Fuches § Fuches | Inches. Pons | Tony | Tous
Unlerraced | 7.72 | 26.35 | 34.07) 1.19 ] 4.5¢ | 5721 3.37 | 48.20 ; 51.65
cultivated - : :
watershed .

Tnlerraced . .5] 2,18 .01 ALl 4D
pasture
watershed _

Terrnce A5l 7.72 1 26.35 | 34.07] 172 4.90 [ 6.62: 46! 7.19| 7.95

vated terrace are shown in table 11. A more compiete record of these
watersheds is shown in table 30, Appendix. A debniled compilation
of rainfall and runoff data for 1932-88 was issued in 1939.° It will be
noted from table 11 that the average annual soil loss during the winter
season from the unterraced, cuitivated watczshed was only 6.5 percent

#Eavs, 0. B, and ATsivaod, I 1, #ypnoLogic STUDIES] COMPMILATION OF RAINFALL AND HUNOWY

FIOM THE WATEIPHEDH OF THE UPIER MIHMIHBIPF! VALLEY CONBHRVATION EXPENIMENT BTATION, LA
cuHGARE, WiAcaRAIN, 1030-4B. BCS-TP-20, 1880, [I'rocesspd.)
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of total average anunal soil loss and for the cultivated terrace it was
only 5.8 pereent.

On examination of table 36 of the Appendisx, it will be noted that lor
terrnce A-4, on the average, {our intense storms per growing season
produce 87 pereent of the iotal soil loss.

The unterraced pasture watershed was established in 1982, The
upper two-fifths of the aren before 1932 was purt of a cultivated field;
the remainder had been in pasiure for o number of years. The area of
this watcrshed when established was 2,71 acres, At that $ime there
was an old road thal divided the upper and lower parts of the area.
This rond had a tendeney o act as a partial terrace,

During the fall of 1934, a simall diversion was constructed neross the
upper part of this watershed that reduced the drainage aren to 241
acres.  The removal of the old road from the watershed was started in
April 1036 and finished in June 1936, The old-road location was fenced
for u short period (o keep the stock off.

The watershed is V-shaped and has a conerete concentrating trough
at the boliom. The lnnd slope ranges from 20 to 32 percent. The
average is 24 pereent,  The maximum length of slope is 120 feet.

Tahle 12 shows the runofl wu seil loss Trom the unterraced pasture
watershed and a pastured terrace for the period 1933-37. Tuble 31,
Appendix, shows o mere complete record of these watersheds, There
are several fnctors affecting these data. Two of the more important
are the proximity of the underlying rock and the raw back slopoes of the
terrnee which existed during the course of this experiment. A more
detailed discussion of the F-3 terrace will be found under the subject of
tereace studios.

Pasey 12--Runoff and soil loss from an wnlerraced pusture wolershed
and a pasivred lerrace by classified groups of rains, 1938-37

L

i Runelf as pereent ol eninfall } Soil loss porv nere

Rainfull group CUntervnced pasture |Paslured

waitershed torrnes

Unlerrneed pastare | Pastured
terrnee ) wittershed

i | torrace

; Pereent ¢ Percent Tons Tous
Ampud . . +.62 'OR.99 ! 0.47 .30
High-tain fnctor. . . ¢ 131G ! .40 .21
Moderate-rnin fuclor,. 2.64 63 Ri) .05
Low-rnin faclov. .. __ ¢ .81 i . .01 .04

Even though the pastured ferrace had these raw back slopes, table 12
shows the ratio of soil loss from the pastured terrace to that of the un-
terraced pasturc watershed to be 0.64. The average annualsoil loss
from the unterraced pastured watershed for the high-rain-factor storms
was only 0.40 tons. Toerraces in pastures arc not recommended unless
the pasture lics above eropland or in case o pasture bhecomes gullied
from overgrazing or as a result of being subjected to high amounts of
runoff from cullivated ficlds, Terraces may be used in such enses to
divert runoff from the gullics so that they ean be sceded and vegetation
established. A good stand of grasses reduces waber loss and the soil
loss will be negligible,
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In-order to study sone of the effects of cover and character of land
uge upon runoff and soifl loss, the United States Forest Serviee estab-
lished 3 small watersheds under various eover and land use conditions
in addition to the watersbeds previously mentioned. '

Two of the tracts, one timbered {(watershed A) and one cleared of tim-
ber in 1932 (watershed G), are grazed. The third tract (watershed B)
which is well-forested with second-growth hardwoods is maintained in a
Tully protected condition. In each rase, a diversion diteh has been built
around the upper margin of the watershed so that only the precipita-
tion which actually falls within its boundaries enters into the runoff
caleulations, The watersheds A, B, and G have drainage areas of 2,67
aeres, 11.5 acres, and 5.85 acres, respeetively; the average channel
gradients of A-17, B-27, and G-26 percent. The maximum gracient
of Ais 28, B, 50, and G, 35 pereant. The comman expasure is north in
all cases.

At the time these watershed experiments were started in 1932, 24
percent (2,78 acres) of tract B was occupied by a heavily sodded, nearly
treeless strip along the upper rim of the watershed. This open land
was seeded with walnut, red cak, and hiekory in 1933, hut these young
seedlings have had little influence on the runoff. A part (estimated at
35 percent) of watershed A is also poorly timbered. A part of this open
area was likewise seeded with oak, hickory, and walnut in 1933,

Table 13 shows the runoff and soil loss from five small watersheds with
various cover conditions by elassified groups of rains. Table 32, Ap-

TanLr 13, —Runoff and soil loss from small watersheds with various cover
conditions by clussified groups of rains, 1985-41

Runelf as percent of rainfali Soil loss per acre by
by storm proups slorm groups

, Mod- ' : Sod="
Anmnuali High . erale o Low  Apnual- High | erate i Low

Watershed

i Poreent | Percent” Percent | Pereent™ Tons | Tons © Tons { Tons
Watershed A, pas-' : | :
turedwoodlandi' 16, 3.37 ' 01550 . 0145 0.14 .
Watershed 13(1), . ! 5 ' : ’
profected wond-:
lnnd_____...._.° {1
Whatershed G, ;
clenred pasture.! .35 43
Unierrnced pus- ;
ture watershed®.. 4,65 | 13.86 .
Strip-cropped ! !
watershed?. ____0 7.34 120.85
Tnterraced cul- '
tivated water- |

7.49 1 19.09 |
10.39 | 27.33 :

10.02 inches of runoff in 19335,
¢ Period 1937-43.
? [filter strip af boliom of walershed, 193741,

" Scnonz, H. F. BUMMARY GF ENOSION RESEARCH CARRLED OX IY TIE UNITED STATES FORYST SERVICE
IN THE DRGLACIATED REGION OF WISCONSIN, 1933, [Unpublished.]
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pendix, gives a more complete record of these watersheds, From the
standpoint of controlling runoff and soil loss, protected woodland is the
best land use.  No runoff or soil loss has oceurred on this watershed sinee
1936, and only small amounts from 1932-35. For the cleared-pasture
watershed, 0.35 percent of the rainfall was lost as runoff; for the pas-
tured woodland, 1.16 percent; for the unterraced pasture watershed,
4.65 pereent; for the unterraced cultivated watershed, 7.49 percent;
for the strip-cropped watershed, 7.34 percent; and for a cultivated
terrace, 10.39 pereent,

The average annual soil lass for the growing season has heen very
low for these wofersheds that are not in enltivation. The terrace had
an average aunual soil loss of 1.2 tons per acre, the strip-cropped water-
shed, 2.66 tons per aere, and the unterraced cultivated watershed, 5
tons per aere. These watersheds are in a §-year rotation of corn, grain,
and 4 ycars of hay,

Following the elear eutting of watershed G in 1932, the organic debris
left on the watershed gradually disappeared and the condition of the sod
improved steadily.  During this same period, however, there was not a
parallel improvement of the grass eover on watershed A and the eon-
tinued grazing reduced the density and quality further, Pasture ree-
ords are available for the 7-year period 1933-39. These show that
watershed G produeed on the average 128 cow pasture days; watershed
A, 02 cow puslure days; and the unterraced pasture watershod, 82 cow
pasture days per acre,

These data would indieate that one cannot have both woodland and
good pasture an the same area of land. If additional pasture is needed,
a sufficient amount of the woods should be eleared to meet this need
and the remaining woodland proteeted. IF the soil is productive, a
proeperly managed open pasture will allow only low seil and water
losses even on the very sieep slopes.

As pointed out previously, the upper part of the unterraeed pastured
watershed prior to 1932 was in culti-nted crops and severely eroded,
while the lower part was severely grazea, These previous conditions of
land use refleet themselves in the runoff Ggures. For the unterracod
pastured watershed, 4.65 pereent of the rainfall resulted in runoff
(table 13} as compared with 0.35 pereent for the cleared pasture water-
shed. Roil losses for these same watersheds were low, almost negligible,
in heth cases.

TERRACE STUDIES

The terrace studies can he divided inte three najor experiments.
First, terrnces with different variable grades on cultivated land, desig-
nated as terrage A-4, A-5, and A-G; scceond, variable-grade terraces
with different vertical spacing on cultivated land, designated as -2,
C-3, and C-1; and third, variable-grade ferraces with difforent vertieal
spacing on pastwre land, designated as K-2, 12-3, and 1i-d.

Terrace A-4 has grades as lollows: 250 feet with grades of 6 inches,
5 inches, 4 inches, 3 inches, 2 inches, and the last 135 feet with 1 inch
grade per 100 fect. Terrace A-5 has intervals of 500 feet with grades of
3 inches, and 2 inches, and 385 feet ol 1-inch grades per 100 fect, Ter-
race A-6 is a level terrace with one end open.
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TERRACE (GRADE

Table 33, Appendix, shows that there is not much difference in total
" runoff between terrace A4, with & maximum grade of 6 inches fall per
100 feet and terrace A-5, with a maximum grade of 3 inches fall per
100 feet, Terrace A-6, the level terrace, conserves a mueh greater pro-
portion of soil and water; however, level terraces eannot be recomn-
mended on Fayette silt loam and soils of similar infiitvation rate.
Some difficulty was encountered in maintaining sufficient channel
capacities. Numerous ponds were formed in the channel caused by
silt fans and this tended to drown out some of the vegetation. These
wet spots also caused some delay and hindrance to the operation of farm
machinery,

Soil losses from the terraces are correlated with the steepness of
grade of the channel. Terrace A4 with a maximum 6-ineh fall had an
average annual soil loss of 5.35 tons per aere; A-5, with o maximuin 3-
inch fall had 4.85 tons per acre soil loss; and A-G, the lovel terrace with
one end open had 1.42 tons per acre soil loss, The runoff from the 3
terraces ranged as follows: A-4 had 3.70 inches, A-5, 3.81 inches, and
A-6, 242 inches. Soil lesses are higher where the grade of the terraee
is steeper as a result of the higher velocitios in the terraee channels,

Table 15 gives the peak rates of diseharge, the total volume of runof,

..and soil Josses for 3 seleeled storms for ench year of the rotation. Ter-
race A4, which has the steepest grade, produced the highest peaks and
when the watershed was in corn or grain produeed the highest soil loss.
From the datn presented it appears that terraee grades on cultivated
Fayette silt loam and similar soils should not execed 3 to 4 inehes fall
per 100 feet if maximum amounts of soil and water are to he retained
and if the terraces are to be satisfactory from the standpeint of main-
tenance, workability, and crop growth.

Ternace Spacivg

Twoe terrace-spacing cxperiments, onc on the cultivated C terraces
and the other on the E pasture ferraces, were established in 1032.

- Table 14, and tables 33, 34, and 35, Appendix, show the results of
these experiments.

The results, as shown in table 14, for cultivated terraees cropped to a
3-year rotation, indieate that there is still need for meore information on
vertical interval. Terrace C-2 with a vertical interval of 5 fect on o 10-
percent, slope had an average annual waler loss of 19.38 percent and a
soil loss of 8.67 tons per acre. Terrace C-3 with a 7-foot vertical inter-
val on & 15-percent slope had a water loss of 17.90 pereent and 8.62
tons per acre soil loss. Terrace C-4, with a 9-foot vertical interval on a
17-percent slope had 15.65 percent water loss and 5.16 tons per acre
goil loss.

The average annual summary, table 14, for the vertical-interval ex-
periment for pasture terraces shows the same trends. Terrace B-2 with
the smallest vertieal interval on a 15-percent slope had the greatest per-
eent of runoff, 10.I8 percent; terrace E-3 with a 9-foot vertical interval
on a 19-percent siope had 8.99 pereent runoff and terrace B-4 with an
L11foot vertical interval on a 2l-percent slope had 7.76 pércent runoff,




lABLL, 14.—Average annual seil and waler losses from terraces with different
vertical inlervals and grades for. croplands and pasture

Experiment and
terrace No,

Grade
(fall per
‘100 feet)

Vertical
interval

Length

Average
< land
slope

¥
H

!

Average
length
slope

Average
annual
rainfall

Runoff

Runoff in
percent
of rain-

fall

Soil loss
per acre

Variable grade, cultivated terraces in
a 3-year rotation, 1933-40:
A4 L e
B G T O
A6l
Yertical spacing, cultivated terraces
in é1_32-\'(mr rotation; 1933-37:

Inches

. Feel

Feet

1,385
1,385
1,385

850
850
850

850
850
850

Percent

10
12
13

10
15
17

15
19
21

Feet

Inches

24.24
24.24
24.24

23.58
23.58
23.58

23.58
23.58
23.58

Inches

Percent

15.64
15.72
9.98

19.38
17.90
15.65

10.18
8.99
7.76

Tons
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These terraces are loeated on land which has a convex slope, The
terraces with the greatest vertieal interval are located Lelow and on
steeper slopes than those with the lesser vertical interval, Therefore,
the inerease in vertiead interval of 4 feet did not result in much differ-
ence i horizontal interval,  With two factors, pereent of slope and vor-
tieal interval, influencing the data, it is impossible to determine the in-
fluenee of either. Therelore, measurements on the Lwe vertieal interval
studies were diseontinwed in 1937,

As stated previously, the X terraces were built on a spil that was very
shallow. There is considerable variation in the actual grades of the
terrace channels and these grades alse varicd considerably from the
eorrect theoretieal grades as speeified at the time of the installation of
the experiment. The preximity of the underlying rock and the raw back
slopes and channel slopes ave Taetors that have affected the data. 12ven
under these conditions, the low soil losses from the pasture terraces
bring out an important point; namely, spacings for pasture terrnces
should be governed by the amount of runeff, availabic channel capue-
ittes, and grades of the tervaee channels and not by the amount of seil
loss. The soll loss from all pasture experimnents has been small,

The data from the O terraee show quite conclusively that sheet vero-

sion must be reduced to minimum H the tereace system is to be most
effective.  Boil losses from terraces ns shown under the conditions of
this experiment are foo lavge. To obtain adequale control of erosion
under these soil and slope conditions, a rotation including two or more
years of hay would be needed.

The coffeets on the terraces of throe major storms that oecurred in
1935-37, are shown in table 15.

TavLe 15.—Effcet of three uiajor storms en the A Loraces in 1935-37

“Torruce i Peak rale | Tota)  Soil loss
Date of storm ; No. . Hainfall - of runafl | munell  peraere Crop
: Faches in howr © Iackes Pous
[A—4 209 2446 0 1.703 3.16 Carn,
Aug, 56, 1935, . . 4A=S 2.55 2.0014 + 1.774 2.93 o,
FA-q 2.55 1.286 739 .06 o,
'{:\mi 1.73 - 1.268 737 0 5.08 Cirnin.
May 1, 1936, SA-D 1.793 AO¥8 0 830 1.8 Do.
a6 1.73 .328 | 82 .13 130,
5{;\—-‘1 212 LA86  1.224 LA Elay
June 19-20, 1937 ..« A-5 2.12 1078 0 1.163 .20 e,
tA-G 212 T A s 16 3.

i

Diversics Tereaces

Two diversion terriees were eonstrueted at the station in 1932, One
was built ahove walershed B, the protected woodiand aren, in order o
divert the runoff from 5.5 neves of cropland.  The other was bailt ahove
watershed €, the eleared pastuve aren, and it diverts runefl from 7.83
acres of eropland,

Diversion terraee B has a grade of 1.2 pereent and diversion Lervace
G has o grade of (L83 pereeni. Alter construction, the diversion ferrecs
were geeded down and o 10-Toot filter strip was left above the terrace
and the boitem of the lower eultivated strip.
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The area above the diversion terrace has been cropped to a 5-year
rotation. Both terraces have remained satisfactory under these condi-
tions, Diversion terrace B has scoured to some extent near the outlet,
but this was due to the lack of vegetation in the channel. No appreci-
able amount of silting in the channcls has heen noticed.

TERRACE MAINTENANCE

The terraces were built in 1932 hy a terracing grader with an 8-foot
blade. All maintenance necessary since construction has been accom-
plished with the plow. No regrading was done.

When the capacity of the terraces heecame redueed to suech an extent
as to require an inerease in eapacity to avoid overtopping, the dead fur-
row was left in the channel and the back lurrow on the ridge. When it
was nob necessary to increase the capacity of the terrace a baek furrow
was left at the top of the slope and a dend Turrow at the bottom aof the
watershed. This practice works Best with the use of the two-way plow.
The plowing and other farm operations were made parallel to the ridges.
The results obtained from surveys and observations indicate that ter-
races have to be maintained il they are to remain effective as silt is de-
posited in the channel and the offective height of the ridge is gradually
reduced by tillage.

Corn has been planted with the row on the crest of the ridge. It
was thought that by this procedure cultivation would tend to maintain
or increase the height of the ridge. That is, the normal procedure in
cultivation is to adjust the shovels so that during the second and third
cultivation, soil is thrown toward the row. 1In order to determine the
effect of this practice on height of ridge, 2 profiles were run in 1035,
The first one was made soon alter the corn was planted and the second
one soon alter the corn was removed in the fall. A comparison of these
profiles was desired to show the effect of cultivation and erosion during.
the seasen on the height of the ridge. Measurcments were made at
50-loot intervals, carcfully measured from the flume with o steel tape.
The average difference between the 27 locations on the 2 dates was only
0.02 of a loot, the elevation being slightly lower in the fall.

When the two channel profiles were compared, the average difference
showed an inercase in elevation of betéer than 0.10 foot. In combining
the two changes, the average effective height was lowered by almost 2
inches in one growing season.  The maximum loss of e¢ffective height at
cue station was 0.40 foot. Similar profiles were run in 1938 when this
area was again in corn.  This year the average cffective height was
lowered by 0,21 lToot.,

In 1936, when the area was in grain, profiles were run after the grain
was seeded and again in the fall. The average difference of the two
chunnel profiles showed an increase of 0.17 oot and the average dif-
ference of the two ridge profiles showed a decrease of 0.03 loot. The
combined loss in effective height was 0.20 foot. No larming operations
entered into this reduetion in offective height when the area was in
grain, This reduction was primarily caused by siltation of the channel,

The general practice used in terrace maintenance at the station was to
backlurrow on the terrace ridge and at the same time leave the dead
furrow in the channel. This was done at the time the corn ground was
being plowed for grain, for a deeper furrow could then be used. By

804382—40—5
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doing this once during a rotation, enough height ¢an be added to carry
sufficient channel capacities through the rotation.

The number of intense rains occurring, soil type, rotations used, and
type of farming equipment used arc factors which will affeet the amount
and kind of maintenance required to kecp terraces in 2 good working
condition.

TeERRACE OUTLETS AND WATEnwWAYS

The data presented for the terrace studies conducted at the station
show that ouflets or waterways properly designedd to handle a large
volume of runoff water arc an essential part of a terrace system in this
area. .

From a storm oceurring August 5-6, 1935, maximum rates of runoff
for terraces A-4 and A-5 were 5,44 and 3.91 eubic feet por second respec-
tively. Another storm on July 21, 1938 produecd maximum rates of
runeff of 12.9, 15.0, and .50 cubic feet per second from the contoured
watershed, strip-cropped walershed, and a pastured watershed, respee-
tively. These high rates of discharge from terraces, eontouring, strip
eropping, and pastures indicate very conclusively the need for a good
water disposal system regardless of the practiee or land use.

Sod waterways are the most suitable type of ierraee outict. They
are the most econoinieal 1o construet and can be casily maintained by
the farmer. In excepticnal cases where large volumes of water with
high velocities must be handled, seme type of hard surfaced chaanel
or series of drop struetures must be used.

To situdy further the use of bluegrass as a protective lining, 2 sod out-
let was established below the flume of the strip-cropped watershed,
Part of this outlet was used 25 a test section. This seetion was 25 feet
long and had a slope of 18.27 percent. It had a 3-foot bottom width
and 2 to 1 side slopes. The ehannel was fertilized and sodded, and a
good dense sod was established.  The channel was elipped with a mower
in order to maintain a uniform height of grass througheout the experi-
ment,

TFrom two observations during runeff periods, velocitics of 8.32 and
8.78 {eet per seeond were obiained when the peak flows were 3.41 and
5.86 eubie feet per second, respeetively. Although the sod outlet was
in place in 1938, when the July 21 storm produced a maximum peak
flow of 15.0 cubic feet per second from the strip-cropped watershed,
no record is available of the velocity or depth of flow for this discharge.
The bluegrass has withstood these flows without damage. A sod water-
way built and maintained under these conditions could be designed to

“earry velocities from 16 to 12 feet per second.

in 1941, R. J. Muckenhirn and V. J. Kilmer tried various methods of
protecting 25-foot sections of channels on a 20-pereent slope during the
time the new sceding in the channels were being established. Runoff
from a terrace was allowed to flow down the channels throughout the
season after seeding. There was no damage where the channels were
protected by straw muleh and woven wire, by a burlap eovor, or by
sodding. The straw mulch proved most practical because it allowed
the grass to grow better than burlap and invelved much less work than
sedding. Where the chaanels were merely seeded without giving them
protection of any kind, they were hadly washed out and converted into
ditches,




- TanLe 14, ~Details and cost data of hard-swifaced outlet channels built in 1985

;
‘ Proportion of
{otal cost
Cost. - | Cost
Channel {Capac- Sur- ' per per .

No. ity iLength} face Materials used linear {square Design

‘ aren foot Toot: Mate-| and
BN aren | Labor} rials | super-

vision

Cubie ' ~

L Per--1 foot Square ~ Per- | Per-

cenl ; per t Feel | fool Dollars {Dollars | Dollars cent ‘| cent

) secand ; ) )

4 Tar and 1950 1 18.0 { 76.0 | 842 | Type 1 highway tar, 2/No. 2 crushed lime- | 47.00 | 0.62 . 1 14.9
erushed stone, c¢hips, cement, sand, and gravel.®
vaek L.l d

Sheet-metal } 22,2 1 20,0 § 96.0 1 . .1 20-gage palvanized sheetl iron, 2 X 4's; 115,461 °1.20 | . . 7.0
flume.....; . wood - posts, cement, sand gravel, and

) ) | I reinforeing iron.?

Creosoted 1 29.0 .0 1106.0 1. .. Pressure creosoted 2-inch Tumber, machine {112.30
wood 1 f 1 bollg, and lag serews.
flume. .. ! {

1 Ne. 1 finished; Sept, 147 No. 2,'8ept. 13; No. 3, Oct. 21.

20.366 pallons of tar per square foot used. ’

3 Cost data include cost of reinforced-conerete header at entrance. Cost of header 830, of which 51 percent was for lahor, 39 percent for
material, and 10 percent for supervision.” -~

TOUINOD NOISOHT NI SNOLLYDLLSEANI



http:342ITypeBhi/!!l\mytllr,2/Xo.2crushcdlime-47.00
http:DesiR.II

44 TECHNICAL BULLETIN 973, U. 8. DBPT. OF AGRICULTURE

When the quantity and velocity of water is higher than sod allows,
some type of hard surface channel or a series of deop structures is re-
guired. In this region of severe climatie conditions, rubble-masonry
flumes, and thin-shelled conercte Numes without reinforcement are not
durable. Reinforeed conerete, if properly construeled, provides o
safisfactory permaront channel, but the high cost and the technieal
construction details involved, prohibil s vxe,

Three different fypes of linings other than reinforeed vunerete were
construeted al the station: One of tar and rock, one of gaivanized sheot
ivon, angd the third of ereasoted hinber, Table 16 Jsts the desizn and
cost figures for the different materials, :

Observations of (he vartous types of mechunieal channels aml eon-
sideration of the vomparative cost ol each, show (hat chanonels lined
with bituminous materials and erushed rock or gravel are the most
satisfretory, principally beeause they are relatively simple to construet,
They require materials that are not inaceessible (o the Tarmer and not
too expensive,  They are easily maintained by the addition of small
amotnts of bitumen amd roek.

STRIP CROPPING

Birip eropping has been under ohservation at the Station sinee 1432,
Measurement of losses [rom o strip-cropping system have been made
sinee 1937, The degree of confrol ebtaineil by this practive will depend
to o lurge extont upon ahbility to obltain and maintain good stands of
legumies and grasses.  With alternatle strips of evops, such as eom and
arain, and control erops such as allalfa-grass hay, the runofl water picks
up soil from the grain and eorn ateips in amounts depending upon ve-
locity of (low and will deposit a part or moszt of the soil load in the huy
strip depending upon the effeetiveness of the hay in reducing the velo-
city of flow of runoff, '

Ampng the factors influeacing the ultimate loss from a feld are the
fength of slope, the width of strip, length of rolation, position ol the
eradible slrips, soil type, degree of erasion, and type of eultivation.
After o field has heen wurked Tor a number of years in a contour =trip-
eropping system, runoll is mere Giveetly down the slope. This results
in less concentration of water and a redueiion in thie need for waler-
ways.  However, (his means that as the system heeomes older, more
witer is (lowing aeross the lower parts of the slope. Thus, il the sfope
is over 300 1o 100 feet leng, the lower stripg will hnve exeessive soil
Joss during intense storme.

The wider the strip the higher the soil lusses,  Iowever, it has not
been found praectienl to redues the widthe of steip below 30 feet, The
exact width of strip needad 1o oblain adequate control of erosion will
depend not only upon the pereent of slope hut the length of slope and
the rotation.  Observations would Indicate that with the general prace-
tice of increasing (he numbers of years of hay as the slope hecomes
steeper, the Tollowing witlths of strips will give adequate confrot on a
moderntely crodod Fayette sil loam with surface-planted corn on slopes
up o 300 feet long on which there Is no runoff from other areas: 3 -
pereent slope, 100 Teet width; 6 10 pereent slope, 78 feet width; and
10 -3 pereent slope, 50 leet width,

The length of rotation is important in a strip-cropping program. A
3-year rotation with only | year of hay is incffective hecause two-thirds



http:Thus,.if

INVESTIGATIONS IN EROSION CONTROL 45

of the ares is open a part of the time cach year. A -year rotation with
2 years of hay works well on a 2-crop system in which alternate strips
are i corn and hay or grain and hay. Howoever, if all CIops are repre-
sented in x field onco in < vears, corn and grain will be in adjacent strips.
This will make a rather wide aren apei to erosion. The - and §-year
rotations with 3 and | years of hay are neeessary on long stopes of more
than 10 porcent.  The exaet rotation (o be used will depend upon the
erosion hazard and the ability of the farmer to maintain {he hay crop.
Bt has been observed thal, in general, hotter erosion control his been
obtained on farms on which hoth of these Taetors were takeen o con-
sideration than where just the erosion hazard was considered.

The posilion of erop is something about which not mueh ean be done.
Nevertheless it must be recognized that the farther down the slope the
loeation ol the eultivated crop, the higher will bo the soil loss, Thoe
runoff from the erodible strip and the rumofl from huy, corn, or grain
strips above will flow across (he lower slrips, I eorn and grain are
grown iy the same field, geain should be loeated holow eom.  Grain
land wllows high amounts ol runofl thesughont most of the season.,  [f
this ranefl flows down neross unprotected cornland very high soil
lossos cun be expocted.

Ailter strip at the bottom of the Seld will roduee the amount of soil
heing removed from the field, Aetually, however, this vesulfs largely
in a change in loeation of wea of deposition. The effeet of a filter strip
o sotl losses is shown in table 17, which contains data from the untor-
raced, cultivared walershed Tor a period during which the entire avea
was planted to one crop and for & period during whieh the lower 130
feet was in hay serving as a flter strip,

Tanue 17, -Effeet of « filter sirip on soil losy

Soil foss per acrp

Treatment and yenr Crap Com oo

Untervaced culti-  Contrel
vated walershed Mot

Eative lengeh in une erop: Funs Toun
[$1%% 7 . (iruin 18.%2 -
14934 Ilay lis, .
1935 Corn 0. 04,
1936 Cirndy I |
RSY UL T 3. 37

Lower 1360 Teet in hay filtor strip:

LO3T Flatar il )
1938 . i . 0, - 0.
Avoragee 17, 35.

@it e

~mE

The unterraced, vultivated watershed and the control plot usad in this
comparison were both contoured and planted to a $-vear retiion.
The watershed had an average stope of 15 poreont and the control plot
1§ pereent. The watershed had a length of 420 feet, and the control
plot 73 feet. Before the flter strip was established the watershed lost
abeut 1.5 times as much soil per aere annually as the small plot,  Adter
the filter strip was established on the lower part of the watershed, the
toss from the small plot was twice as mueh as frem the watershed.




46 TECHNICAL BULLETIN 973, U. S. DEPT. OF AGWICULTURE

1t is probable that the upper part of the watershed was still losing soil
at o rate in excess of that from the control plot, but n lurge part of this
goil was deposited in the hay filter strip,

During 1837-43, the unterraeed cultivated watershed and the strip-
eropped watershed were in the rotation of corn, grain, and & years of
hay. Detailed data are contained in table 28, Appendix. The soil toss
from the contourcd watershed was twice that from the contoured strip-
cropped watershed even though there was a 130-foot filter strip on the
bottamn of the contoured watershed. The major loss for the peried
oceurred in 1938 when the contoured watershed was in corn,  Assum-
ing that the seme relationship would exist between the small plot and
the walershed in 1953 as in 1935 one would have expeeted nosoil loss of
68 tons fram Lhe contoured watershed or approximately 50 tons per acre
more than was actually measured with the filter strip at the hottom.
This caleulated 68 tons of loss for coru in 1938 woudd result in an aver-
age less of 12 tons per acre from the contourcd watershed, which would
be abeut 4 timoes that from the strip-cropped watershed.

Tn a large strip-cropping experiment located on the Hundi farm there
are 32 strip-cropped plots and § contoured plots in a d-year rotation of
corn, grain, and 2 years of hay. These plots are loerled on an 1i-pereent
slope. "The plots are 20 feet wide and vary in length from 200 to 300
feet, depending upon the width of the hettem strip.  All confoured
plots arc 230 feet in length. The design of the experiment is such that
within eaeh block of 5 plots the same erop is planted on the fifth or bot-
tom sirip and on the contour plot.  The erop on the Gith strip varies by
blocks and each crop is vepresented in duplicate. The position of the
crop on the upper four strips is uniform for all strip-eropped plots,
Within each block there are three widihs of strip on the bottoin strip—
§0, 75, and 100 fect. In table 18 are summarized the data showing the
soil and water losses from contouring and Trom. strip eropping.  De-
tailed datn are contained in table 28, Appendix, Data from the two
most intense storms are not included as the mensoering equipmoent
failed beeause of the exeess amount of {rsh washed from the corn plots.

TanrLe 18.—Soil and waler lusses from contowred and strip-cropped plots

Contonred Strip evapped

Crep T Bowless T " Noil oss

Wl or Toss por aere | Walter loss pet aee
Faehes . Tons { nehes Tons
Corn. oo .o .. A 1.2 6.4 : 1.2 3.
Grain. ... . . .- 1.8 1.2 i. i
First-yenr hay .. .- : 1.4 . .1 1.0 .2
Second-year huy .8 : N 1.0 .2
Avernge., . ... 1.3 . 2.0 1.3 . 1.t

Tt will be seen that strip eropping during Uhe establishinent period re-
duced the soil losses by 50 pereent and that runoff was about the same
for the two practices. These first 3 yoars of data indieate the control
that could be expected soon after a field was changed from contouring
to strip cropping. It would he expeeted from an examination of the
data by storm inteasities that if the two intease storms had been prop-
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erly measured there would have been more advantage to strip cropping
than is shown in table 18, The data indicate that even during the'most
intense storms a good erop of hay 50 feet in width will filter out 80 per-
cent of the soil washed from a corn or grain sirip. :

In a strip-cropping system, soil is picked up by runoff water in the comn
or grain strip, The amount of crosion then depends upon the width of
open sirip. A portion of the soil lond is deposiled in the hay strip, de-
pending upon the deusity of the hay and the width of the hay strip.
Preliminary indications from this experiment would show thai the soil
loss is less ns the strip widih is deerensed from 100 to 50 feet when eorn
or grain is grown on the lewer strip; that the loss from the aren is less
as the width of hay strip inereases from 30 to 100 Teet when hay is on
the lower strip. A 50 to 75-Toot width of strip conld he expected Lo give
satisfactory control on a 250-fool lenglh of ¥ayette silt loum on an 11-
pereent slope when eropped to a d-year rolation of com, grain, and 2
years of alinlfa-timothy hay.

LYSIMETERS

Lysimelors were used (o determine amounts of water and nutricnts
lost under various crops grown on the Fayetie silt loam. The lysimelers
consist of 6 wetal eylinders containing Fayette silt lonmn profile mono-
liths 36 inches in diameter and 44 inches deop. The monoliths were on-
eased by Toreing the eylinders downward into the soil, sfter which they
were lifted and set upon pans partinlly Gled with gravel. The wethod
of construction of this type of lysimeter hns been fully deseribed by
Musgrave (7). Losses were measured from corn, fallow, and clover-
timolhy hay. When there is o growing crop on the land there is nor-
mally very little pereolate.  The preeipitation is lost largely by runoff
or taken up by the rvools of plants. The resulls from com and lallow
have been published (4),

The amount of water lost by percolation on & 10-pereent slope is less
than 4 pereent of the annual precipitation on fallowed lysimeter plots,
and less than | pereent on lysimeter plots eropped {0 corn. When the
surface was maintained al approximately a zero slope, the loss of water
by percolate from fallowed lysimeter plots was 9 percent of the pre-
cipitation when runofl was permitted and 20 pereont when runofl was
prevented.

The plant nutrients determined in the pereolate, when arranged in
order of decreasing amount of loss by leaching, were as {ollows: Cal-
eiuni, magnesium, sulphur, potassimm, and phosphorons.  The amount
of nutrients lost by leaching was low when the soil was eropped. The
highest lusses were measured on plots thad were fallowed and [rom which
no runofl was permitted.  The losses of ealeinm and magnesium under
these eonditions could he replaced with the application of 11, tons of
dolomitic Himestone onee in 10 years.  Potassinim and phosphorous
losses were negligible.  Losses of nitvrogen were not determined on per-
colate from lysimeter plots eropped te corn, but it is assumed that
they would not be high, inasmuch as the total amount of pereolate from
Fayoette silt lonm is low, . :

In 1943, all six lysimeter plots were seeded to o ved clover-timothy
hay mixture, The surfaces of the lysimelers were maintained at ap-
proximatiely a zere slope as during 1941 and 1942 when all lysimeters
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were [allowed, Approximately 2 percent of the precipitation wus lost
as percolate when the lysimeter plots were growing hay as compared
with 9 pereent of the precipitation when fallowed. Measurement made
on-pereolate obtained during 1943 with the lysimeters eropped to clover-
timothy hay showed that the amount of soluble nitrogen vemoved feom
the soil by leaching was 2.75 pounds per acrve. It would he assumed
that the less of nitrogen from crops like corn and grain would be consi-
derably higher duc to the [net that they have much shorter growing
seasons and lor o part of the year the land is fallow,

APPLICATION OF STATION DATA TO 1SROSION
CONTROL IN THE PROBLEM ARICA

Neo control measure has been developed for this problem arvea that
will prevent the loss of soil from o cultivated sloping ficld.  As long as
the seil is not proteeted by dense-growing vegetbation, there is soil move-
ment whenever a rain or thaw results in runoff.  Seil losses are greutly
reduced by the applieation of mechanieal and vegetative control meas-
wres, but even with these controls on the land the loss of soil from sloping
ficlds is continuing, Mo reduce soil losses to an extent neeessary lor o
permanent agriculture, ficlds on slopes in excess of 15 pereent will have
to be sceded down to hay or pasture and not planted to grain or corn.
The hay ean be recstablished by renovation in such a way that the o
gunic vesidue is left on the surface. This will largely prevent runoff
until the vegetation has been reestablished. This means that some
farms in the problem area will have to change fo a grassland type of
agriculture.  This will require changes in livestock so as to consume
large amounts of lorage,

Most of the soil loss oecurs during a few very intense storms during o
year. In the development of an erosion-control program in the Upper
Mississippi Valley area, the farm planner should take into consideration
precipitation records. Data are available over long periods of time at
nearby Weather Bureau stations. These show periods of excessive pre-
cipitation. Crop and cultural practices can be adjusted to proteet the
soil better during intense storms.  As much as 90 percent of the annual
s0il loss may oceur during 4 or 5 intense sterms.  These storms may be
experienced st any time during the growing season within any single
year. Study of the data recorded for several yeurs, however, reve cals
definite trend toward concentration during certain months. At La
Crosse there is o concentration of moderate-intensity storms during
May and June when spring grain land is vulnerable.  Fhere is nlso a
concentration of high-intensity storms durving the period June 15 to
SBeptember 15 whieh eauses high lesses from corn land.

A countrol praetice o be effeetive must be capuble of maintaining soil
loss at a mintmum during intense sterms.  Fortunately, during these
eritical periods, alfalla-brome grass, alfalla-timothy, and red clover-
timothy hay give exeellent protection. A good dense hay crop not only
protecets the soil [rom ervosion but greatly inereases the amount ol water
that can be absorbed by the soil,

. SEEDBRED PrEparATION
Most recommendations [or seedbed preparation prior to the establish-
ment of soil conservation rescarch work were based on studies made on
evel or nearly level land where erogion was not an important problem.

Il
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Therefore, the need for lenving the soil in as cloddy a condition as is
consistent with good crop yickls was not recognized. On sloping land
it is important that the soil be tilled with machines that will control
weeds and yeb leave the soil in a rough, cloddy condition. The disk
and the cultipacker should not be used, at least on the heavy sloping
soils. Observations at the station would indiente that good yiclds enn
be obtained by the use of the field eultivator or spring-teoth in place of
the disk. The spring-tooth or field enltivator lifts the soil and, il prop-
erly aperaled, will 'eave the roots of weeds on the surface where they
will dry out and also produce a trashy surface condition that will ia-
erease infilivation and decrease runoff,  Lifting the roots fo the surfnee
is o very effeelive method of controlling weeds, such as quack grass,
that spread by means of vhizomes. The disk has been found to cut
these underground stems off but nol maierially to reduee their ability
to produce new plants exeepl for those few which may be furned over
on top of the soil and therehy be exposed to drying. The eultipaclker,
when used following the seeding of grain, will rosult in a better stand of
legumtes only il there is o dry seedbed and i no rains are experienced in
the Z-weck period immediniely Tollowing sceding.  During the past
30 years legumes have been seoded with and without the packer.

The experienee of the Btation has been that as good & stand of legume
is ublained without the eultipacker ns with it, It has also been ob-
served That il a rain oecurs before the grain has made sufficient growth
to profect the soil, land on which the cultipacker has heen used will
erode mere severely than land on which it has not heen used,

In seedbed preparntion for cornland, the same general prineiples
apply,  That is, the mare rough the seedbed that is consistent with the
production of a good crop, the lower will be the soil loss and the longer
will high yields be maintained,  Unless manure high in straw content
is used ns a top dressing, the field cultivator will work very satisiac-
torily in preparing a seedbed for the corn. This will leave much of the
organie malter on the surface and maintain the desired rough, cloddy
struetnre. .

Plowing should he dane as late in the fall as possible in order to have
the soil protected by vegetation during the early fall rains.  Early
plowed land is compaeted by the fall rains; as a result high fall and
spring losses result even though a good growth of hay is plowed under.
After plowing, the land should not e tilled in the fall. The practice of
disking or spring-toothing land immediately after plowing greatly re-
duces the mnface storage capaeity, allows the soil to beeome compacted
Ly rain, and results in high runoff,

The Lwo-way plow, when used to turn soil uphill, has been found to be
the best type of plow for hillside plowing. Furrows turned uphill have
been Tound eapable of holding mueh more water than Nirrows turned
downhill.  The land is Ielt more open and rough so that both surlaec
storage and infiltration are higher on land turned uphill. Dead fur-
rows, which are frequently the cause of serious gully crosion, are lo-
eated at the bottom of the plowed field instead of at the middle ov top,
as is the case where the conventional plow is used. ‘Furning soil uphill
actually moves n furrow slice against the direetion of crvosion, whereas
all soil turned downhill actually speeds the movement of topsoil lrom
the field.
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The use of the two-way plow works very well in-both strip cropping
and terracing. In strip cropping the dead furrow is left at the bottom
of the plowed strip. If the furrow is slightly off contour, as is fre-
quently the case under field conditions, any concentration of runoff
water by the dead furrow will Aow onto a hay strip where little damage
will result. In plowing terraced land with the two-way plow, the
dead furrow can be left in the channsl and the backlfurrow on the ridge
at such times as it is desired to increase the capacity of the terrace, or
the backfurrow can be lelt at the top of the field and the dead furrow
ot the bottom if there is sufficient capacity in the terraces.

Cropr Rorarions

Rotation of crops including 2 or more years of hay s essential to the
control of erosion on sloping fields, The higher the pereentage of hay
in the rotation, the lower the soil losses. The number of years that the
land is protected by n dense growing crop is impoertant. Not only are
losses low during the time that the soil is protected by that crop, but
losses are also reduced from a clean-éilled erop following the plowing
under of a hay crop. The amount of reduction in losses resulting from
plowing down a hay crop will depend upon the type of crop il amount
of surface growth plowed under. It has heen observed that soil losses
are less from comn following an old alfalfa-timothy or allalfa-brome
field than from clover-timothy., This is thought to be due to the fact
that the grass makes up a higher proportion of the mixture in an old
alfalfa-grass field than in a clover-timothy field. This is especially evi-
dent if the clover-timothy stand is left for only 1 year as in the usual
practice.

The soil loss from corn in a 3-year rotation has been about one-half of
that from corn grown continucusly. The soil loss from = 3-year rota-
tion of corn, grain, and clover-timothy hay on a 16-pereent slope has
averaged 28 tons per acre. Although this is o marked reduction from
the loss from continucus corn, it is still much too high. Rotations
with 4 or more years of hay will be required to maintain losses at the
desired minimum.

Where the longer rotations are used, and harnyard manure is applied
to corn, it has been found that soil losses are as high and in soine cases
higher from grain than from cornland. The relative loss [rom corn-
land and grainland will depend upon when the intense storms occur
within a year. Hard spring rains will cause high soil losses from grain
and usually will not result in much soil loss from fall-plowed hay land.
Haxd rains oceurring in mid summer will result in high soil losses from
corn. At that time grainland, on the other hand, will usually he suffi-
ciently well protected that the soil losses will be low. The runoff from-
grain during these intense summer raing lrequently execeds the amount
of runoff from corn.

Coxrtouning

Contouring, even with a good rotation ineluding 3 or 4 years ol hay,
eannot be expeeted to give adequate control on the Fayette silt loam
" where slopes are steep and fairly long. The amount of storage capacity
furnished by rows that are on the exaet contour is not sufficient 4o hold
all of the rain that is lalling during the intense storms. When the
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capacity is exceeded, the furrows break over, the stored water draing
out and exceedingly bhigh soil losses will result on the longer slopes. Tt
has also been found almost impossible to plant all of the rows on the
exact contour in o field. The general practice has been to establish
new eontour lines ob points where it was felé that the rows varied too
much from the contour. It has been observed that the poing rows and
other off-contour rows earry the runoff water for a shord distanee until
it reaches a place where the eapacity of the small furrows is execeded.
This runoff then Hows down to the contonr rows, making them overtop
and heecome ineficetive.

Sreie CuoppiNg

Contour strip cropping with a good rotation, ineluding 2 to 4 years of
hay, is probably one of the best control measures that can be adapted
to the cultivated ficlds of this aren. For strip cropping to work prop-
erly and accomplish an adequate degree of eontrol, ks limitations should
he reecognized.  Strip eropping does not reduce the effective length of
slope.  During the meost intense storms, runoff can be expeeted {rom
hay as well as corn and grain strips. Therelore, in ficlds in this arca
with slopes that average 10 to 12 pereent, strips that are receiving run-
off from watcersheds more than 250-t0 300 feet long will have high soil
losses when the lower strips are in corn or grain. Terraces must be
used to reduce the length of long slopes.

The contrel given land against crosion by sérip cropping is dependent
upon the suceess of obtaining and maintaining good stands of grass and
legumes. It is as important to teach the farmer how to increase his
chances of obtaining a good sceding and how to safeguard against
having most of the fcld open in case of a secding failure as it is to lay
out the contour strip-cropping program on his land. In case a secding
is poor and i is questionable whethoer {4 should be left, plowing should
be delayed until spring. At that time, choice ean be made hetween
plowing the old hay and planting it to corn or leaving the old hay,
plowing up the new seeding, and resceding to grain and legume. In
some cases, the land ean be worked up thoroughly after the grain is
removed, if it can be determined at that time that the stand of legume
will not be sufficiently good to leave. The ficld cultivator has been
used with good suceess for seedbed preparation following grain., It
is best to work the land sufficiently to kill all vegetation; otherwise,
that which is left will severely compete with the new scedlings.

Bummetr scedings of legume and grass should be made before the
middle of August so that the new plants will become well enough estab-
lished to withstand the winter. Not much suecess has been obtained
in attempts to thicken stands of old hay where thin patehes have been
worked up and resceded, nor have spring secdings on frozen ground
shown much promise. The most reliable methoed is to work the land
thoroughly enough to kill all existing vegetation, then resecd.

A stri ip-cropping system properly designed and followed with good
suceess in chtaining and mamt'a.:mng stands of legumes will give good
erosion eontrol if the slope length is not exeessive. On a sirip-eropped
watershed loeated on a 17-porcent slope with a slope length of 270
feet, the annual scil loss has averaged less than & tons per acre for a 7-
vear peried. This is eonsidered as good control {or these conditions.
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TErrACES

Terraces cropped to & rotation, ineluding 2 or more years of hay, will
provide the best control for erosion on cultivated land. Terraces defi-
nitoly reduce the length of slope. They remove surplus water from the
ficld, thereby nrotecting the area below the torrace, A -l-year rofation
of corn, grain, and 2 years of hoy will give adequate contral when used
with terraces on a 10- to 12-pevcent slope,

Terraces located on a 15-percent slope have been mainlained at suffi-
eient enpacity by backlurrowing on the ridge and leaving the dead
furrow in the channel onee in the rotation. A ferrace of about 1400 feet
in length with & maximum 3-inch grade per 100 foet and vortical intee-
val of 7 fect was found to have cnongh capacity to handle the runoff
if the ridge height was maintained at & minimum of 12 inches.  In
general, terraees in pagture land have not been of sufficient henefit to
justify the eost of construction. On the shallow zoils froquently found
in pastures, it is very difficult to estahlish a stand of grass in the ¢han-
nel and on the inslope.  II there is sufficient ficld water flowing across a
pasture to eanse gullies, a terrace should be built at the top of the pas-
ture area to divert this water to an established outlet, or, il loeated
above cultivated ficlds, a terraee can be used to advantage to divert
runoff in order to profect the field. -

Some difficulty has heen experionecd with terraces overtapping during
thaw perieds. Il the terraees are not proteeled by vegetation, serious
damage may result, as the runofl water will often thaw the sail, eausing
a gully on the ridge which will greatly reduce the eapacity of the terrme-,
An ordinary plow may be used to open up a channel so that the water
can {low to the outlet cud. Tsually this furrow is enough to take carve
of the runoff unless (he thawing is vory rapid.

Pastore anp Woonnann

For maximum pasture pradueetion, an arvea ghould not e in both
timber and pasfure.  For maximum runofl protection, & woaded area
should he proteeted from grazing, 8o, in general, pasture and woods
should not he mixed. Very good pasture procduction has heen obtained
on slopes up to 30 percent as long as there is good productive soil and
the pastures are not overgrazed.  Under these conditions the ranoff
will alse be Tairly low. Yrom a production and o conservation stand-
point, it geems best to have open pasture of suffidient acreage and qual-
ity available to meet the forage requirements ol the Hvestock that will
be carricd on the farm. The main thing to consider Is that the =oil
should be productive—=slope is not thought to be foo important a
lactor,

APPENDIX

In order to avoid an exeess ol tabular material throughout the text,
the data of the individual tables necessary for deriving the summary
tables and figures nsed in the text have been placed in the Appendix
as tables 19 to 36,

The data presented in the Appendix give specifie records of the re-
sults of experimentation for the porind of this report that have prac-
tical value and interest for technicians engaged in the development of
eonservation programs and practices.
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" TasLe 19.—Maximum and mintmum iemperalures by months and by
years at soil conservation experiment stalion La Crosse, Wis., 1934—48
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50 43 2 207 a - 0 18
i Bl : 25 124 &0 —2 i 31 19
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: t
!} Doy ' Jung
: T T e e l__,._.,._m
Yeor : ; ’ Iean . Meun
i R St W SUUE B
i Migh | High i Low Tligh i Tow % Iligh ! TLow i Eligh | Low
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M2 31 850 32! 1 44 84 42 7 54
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Avernpe. kil 11 3 U] 47 S 4178 ar
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. N
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TABLE 20.—Annual summary of rain fall runoff, and soil loss by winter period and growing season on lhe control plols
CO\'TROL PLOT 1, 16-PERCENT SLOTPE, 36.8-FOOT LENGTH!

Precipitation ‘Water loss Sotl loss per acre

Winter cover Crop and treatment L . i
Winter. | Growing ! Total Winter | Growing | ‘Total Winter | Growing | Total
reriod season period senson period geason

- . Tnches Trichex ; Inches Inclies Tnches Inches Tons ‘ Tons
1033. .1 Fall-spaded corn stubble.. ....] Cor L [ 11.26 21,23 32.49 +.406 1.90 4. 36 S35 Y
1984, f. ... do do.o ... . R . 3. 24, ‘)b 28.84 W72 .89 6,061 .37
1935, .. .6 ¢ . N T 13.7) . L4 . 407 9. 07
1936, .- d PR ¢ . . . L. - : T 20, 94 R 4,90 ; 12.!)0
1037, RS R ; a1.9 a7, . 4
1938277010 ISR i ARDIE . X 35.00 | a3 98 1 ; B2 it
e i

Average . P VO e R § |38 i 2 .92 3. : . 4 3.88

1930 .0 lados . e L e ewwot Spring geain=lime, phosphorous, | 3 i 95 33 o 3.47
and potash, : :

1040. . ..} Alfalfa-timothy seeding, . . .. ..1 First=year hay.. .. L R 3. 25 09 0 2R 2 22 & 5.08 2.39
1941, .0 Alfulfa-timothy fiay. . . ... 1 Sccond-yeur hay_ .. . . 32. P00 .55 . 3.84 ¢ .04
1()42_,-_ R : [+ TS A4 Third=year hay. . . 3. Nix 36.85 5! 44§ 03 4 .03
Fourth-year hay. - . e . .46 ¢ 20 42 ] 91 92 .05

R S s (;0' TBLL6S

® A

CONTROL PLOT 2, 16-PERCENT K1 OI’L, 144 -—l‘()()l‘ LLB(‘THI

Averzie.

1939.... S beee -] Spring grain=litne, phosphorous, |
and potash. :

1940. .. .} Alfalfn-timothyseeding. - ..} First-year hay.

1041... . z\l[ulfu-tlmuth\' hay. .. .<.....} Second-year lmy e

1042 ... ol . Corn=umanure und lime.. ..~

1043 Spring’ grain-phosphorons and

potash.

CHEALTADINDY . J0 “LJEA 'S N ‘8L NRLATIE, TYOINHOHL  $GQ

Averiige. o s e T L K { 31.68




CONTROL PLOT 3, 16-PERCENT SLOPE, 72.6-FOOT LENGTH
TalFspaded corn stubble. o N EEITE . 324y

P e ¢ L

[P ¢ () P i
PRt ¢ (s JupRN

wpa ww w0,

1938050 ldel T LT LT : i ' o K1 e B AT LS I ! 138 5. 155.25

Average..| P U e K 25.50 1  33.81 | . : K 99.37

1939.. .. IR - SRR Sprmg grain-lime, phosphorots, i 7.08 18.87 5,05 . . N R 10.12
i and potash, .

1040, . .. .-\lfulfu-tnnm.hy seeding... .. .0 First-year bay.. .. 0 L0 6,25 21,99 L9092

1041 .. . .4 Fall-spaded hay. ... ? ‘Corn-lime and manure. ... .- i 8. 32.76 ¢ 36.07

1942.. .1 Full-spaded corn stubble.. .. .. bprmg 1;.,lmn-—q»hosph«.nnua, and 5. 31.03 16.35

potash, : ! X

1943.. .. b Alfalfi-timothy seediig... o l'uxt-y:-ar 1T j 8. 18.36 26,42 | .87

E'::t-w
DT

AVEIREO . ciiin dmas e = mams man [ e N 2460 31.68 2,02
. : \

CONTROL PLOT 4, 16-PERCENT SLOPE, :2,(.-!‘001‘ LENGTH
i 33,

[
2 3B
S AN

P

Q=D — S
WSO~

1
4
6.
4,
3
0.

1938_,....

Avernge.

99,492

16.76

]
k)

1939, ... do. i AJ Corn~lime ind manure, . 5.25

10462227 F il spudul corn stubble. i Sprmtg ]grum-—phnbphorous and-§ G.76

| potash. ) £ : P { :

“1941. ... Alalfa-timothy seeding.. . B First-year hay ... ... ... . . 32,760 40.95 ¢ BT 3 7 .33 .61 W04
1042 Alfalfa-timothy hay.. .. .. ...; Second-yeur Ty . 5. 82§ Nz 854 .60 5 06§ LT3 . .02
10430 cihn e s B0 on s mmm i s e e i Third-yenrhay. ... ... e 06 360 26,42 A7 .01 18 0L . J01

,‘

3681 1.39 | Bro 2.8 451 2,82 2,77
i i : :

[EAER 1R

p=g=3
~to

TOULNOD NOISOMT NI SNOILLVOILSHANI

AVCTUER . fau  wmabadudnmen  womiu el o

See footnotes at end of table.
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CONTROL PLOT 7, lk(;-]'ERCBN'I‘ hL()J’D, TA6-FOOT LENGTH

T Clbver-timothy seeding i R .2 21 N RTIe B0
Fall-spaded hay.... Zor] e 881 2406 1 28847 A

Fall-spuded corn..... : 5 crtin-lime. L0 ; 3.71 "‘) T 4345

Clover-timothy seedi TTSAPPRE B | i et it . "’0 04

I'ull—apudol hay. ... e ( B PR . 5

1038. .. 1 Fall-spaded corn stubble, .-

§

AVCTURE L oviassinnen o o ‘..“.‘.v,.‘.u“.i.v-w,”n. o

Clover-timothy seeding. ... .1 Spring grain-lime

Alfalfa<timothy seeding. ... . 0 Firsl-year hny

Alfalfa-timothy hiiy. ... . .. Secondsyear hay..

Fall-spaded hay e s CornL e e

1043, .24 Fall-spaded ¢orn stubble L1 Spring grain. S Lo

: i

Average jiei... [P S e e e e
H

(‘()\"I‘R()]. l‘l.()l‘ 8 l()-l’]' R(‘l‘,I\"l‘ \L(.)l’l., t‘l.b-l' ()()’I‘ l ENGTH

CRrERT s T4 I G2 BTTIEe
2406 28.84 | 87 boS.00 42 i 178050
297740 A5 ] .26 A8 S 4 230 40
90,770 26,04, 5.91, . 5.70; .6 . 176:53
8190 | 27.7% : 65 A5 162,61

NI SNOLLVOLLSTANI

Gi.
500 1 4340 RIS 58 | 31 30431 320000
. ! ‘177 $21  190.96

;
AVCFIES e dae e e e

0BG, i A0 e e a1 Spring grain-lime, phosphorous, :
' o and potash.

10 l()_k..- Alfalfa-timothy seeding... ... i First-yeur hay... ..

Alfalfa- timolhy hay. i Second-yen hay. .
do.. PO § Phird-year hny ... .

W43 Lo QoL

NOISOUH

Avernge . - e i mmm i meam e

TOULNOD




TasLe 20.—A nmml sumniry of rainfall, runoff, and soil loss by winter pertod and growing season on the control plols——-Coxltlnucd

CONTROL PLOT 9,

16-PERCENT SLOPE,

72.6-FOOT LENGTH

Winter cover

Precipitation

‘Water loss

Soil loss per acre

Growing
senson

Total

Winter
period

Growing
season

Total

Winter
period

Growing
senson

Total

1983

19330

1935, ...

1936... .0 .

|
i
i
i

i-

1031....”

1938...

Average

IDSO., .
1040 .

4,

ull-»pndcd
Sel
.do.,

udel
wlo.

- Fallspaded fullow .

Fall-spaded corn stubble

Alfnlfn-timothy seeding, .
All’u]l}xx-tunothy hay
do

i TR T

Average

1030,
1940... ..
1941,
10420,
1943,

Averige

R

RN ¢ ' IR
JROIUSIN [+ SR
RPN ¢ [ PR
[PENCREN ¢ { ) SR

PN I

(‘nrn lime and nunre

¢ Spring grain-phosphorous nml

L potash.

i First-yesr hay . .
- Second-yenr hay

- Third=year hay,

C()‘\"] R()L PI ()'l‘ 10, 1(‘-I’J‘RCIL\']‘ SLOPE, 726-FOOT LENGT

T nch ]

dnches
32,49

Tuches
.52
1.25
45
5.28
3.62
4,01

16

In ches

8.41
8.80
10.60
7.18
16.03

Tans
14.90
.28

Tons

21.40
168.17
203.61
129.02
132.13
243.64

253, .66

33.81 |

33404

966

149.66

161,46

25.95
28 24

40.95
30.85
2042

T

.73

47
47
A0

5.58
5.84

65.19
.80
44

11,59
29,93

.85
07

12.44
35,36

i
15

|

i

31,68

1.47

3.57

8.49

8,77

"H

| Blicisass~proiecied —.

BETELS L

! Bluegrass——clipped. .

- tlo

R [ O
sdos -
eadol ool

T
13.7
6.
6. 53
$.3

32.49
28.84

1.87

1.80 |~

15 87 |
21,09 |
32.76
31,08 |
18736

20.42 |

24.60 |
i

81.68 § .

HIAKIAOIADY J0 “TIAA S ‘0. ‘§L6 NILATING TVOINHOLL

2




CONTROL PLUT 11, 16-PERCENT SLOPE, 72.6-FOOT LENGTII

1933._. .1 Fall-spaded corn stubble. .. .3 Corn—subsoib . 707 77705 11.26 "l 4"3 p 82,49
1034}, oooodo.. ST do , 388 L2808
1035, o oafewwuntdon il 1 i .71 207

1936. .. f .. .dos . . L Laa H 17
1037 e msfa wmmntlo . .- s 3.53 ; LT3 47 327
1938.... S B - - . .31 35 R b ) i LRI 14,45

57.02 §5.50

B7.72 90,48
147,181 147.30
106.75 §  111.20
116.06 | 116,13
18548 | 188,77

Avernge , el 83 ’n‘“ 3. jv 2.67 | "oog 7 ;. 116.60 | 123.26

1T & e N
SJEJSD

H

Mixed griiss . ... «; Bluegengs-—~protected ... . . .01 3 DEE- SNSRI
PO 1, S0 . IS SRR [ ST PRI L8 24 067 28 84
Coduan oo, R ] eIl el il iR EEE LS
FRNN | [ I E I T O . 6.1 2 ; 26 94 ¢
] : 27.73

PASIRUR S [+ P

- Tl - gom 2
198870100 e ol TR IR TR a0,

AVErNEE fuoiwiimmmiac ety . i . . o . 3. "‘ Jd 61

G R o - e e o

alG(
,..,to,.. 25 |
a0,

‘Average

C()’\"I‘J(UL PLOT 14, :iO—l’LRCL\’T SLOPL

1934, ... H 38§ e i

1035, .. do. . N S 13.° 29,74 ; 114,61
1936.... d —— B | i . 2037 26. . ; . ; L2 105.82
1037._. fmeit] . - - i 3. 53 ; "1,20; R . 2.8 . 3 .01 7 141,38

"b ‘Sl g _A R Ty = ‘4‘1 TR

TOULNOD NOISOHHE. NI SNOLLVDIISHANI

1938. e i . do... .. 1 35.00 "l‘) 33 238.00
125.69 120,51

Averuge N . . | L7280 20.85
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TARLE 20.—A nnual summary of rainfall, runoff, and soil-loss by winter period and growing season. on the control plots—Continued
: CONTROL PLOT 15, 16-PERCENT SLOPE, 72.6-FOOT LENGTIL

g ‘

Precipitation Cod Water loss ; Soil loss per acre

Winter cover ; Crop and treatnient . K K L .
i Winter | Growing | Tetal Winter | Growing Total Winter | Growing Total
period genson period seagon period sedson

i
!
)
]
%

i Tuchkes Inches Tuches Inches Inches I m’hei Tans Tons
1087 ....1 Fall-spaded soybeans ... ... i SOyb("um.h Skt T e s .53 21,2 27.73 3.81 .3 .15 0.27 62.85
1938, . e 30 - 1 C 831 353.00 43 .40 2.45 . ]0,73 1.71 110 03
1939, ... ]'u]l-spnded corn 5tubhlo S \\1ntcr-i,,rmn-»—pln(y-])lmr(ms und 7.08 1887 25.95 1.12 7.08 .62 287
potash.
1040, . ..1 Clover-timothy seeding ... .0 First~year hay .. : .25 21 9‘) 28 24 .20 4.5 5.66
1041, ...} Fallspaded hayweveonn .. Corne=lime and tmanure. .. ... 10 32.76 ;- 40.95 2.53 N .20
1942, ..t Fall-spaded corn stibble. . . Soel W mtor-‘.ram——phoapllomuu and 82 3. 0‘ ;- 36.85 .89 5. 3.07
potash ; :

1043.. .0 Clover-timothy seeding. . . i First-yearhay. . .. ... . L 8. 06§ 18 36 i 2042 J18 ! 7 .25 02
AVETREe Tove. ae e L T0s = w 365 258 2040 5521 - 103, 1535
19891 ,, i 4T : : '

. QO\’TROL PLOT 16, 16-PERCENT bLOl’L. 72.6-FOOT Ll;.\(“l'u

1937.70.0 Afulta-timothy hay ... 07 ‘, [N L ST 1T S TUET) Ry O £ ¥

1938 Fall-spaded hay . J.... . F QoL 31 5.00 3407

1030 . -.§ Fall-spaded corn stubble. ... bprmg-;irmnwplu)splmmua and 08 : : L 25.95
? potushi. . § ¥ i

i Clover-timothy seeding. ..o, .1 Firsteyear hay...
Fall-spaded hay... c......0 .0 o,
..t Fall-spaded-cornstubble. . .. ] u'ing-grnin. I . }
va<f Clover-timothy seeding. © . .. First-year hay. ... 8.06 } 18.86 -

AVOINEZE Twncieinaiaman o o . P . . "'. H 24460 ; 31.GS~
1930~43.. "

C()\TR()L 1’1,() T 11. l(}-l’f‘l((“l' NT Sl ()PE, T2 (J-l‘()()'l‘ LE, .\G’I‘l[

1090, - Tall-spaded genin stubble. . Corniclime and manure . 2 L0 6.25 7 2109 Tagey 7ML 5 Tus T 2esT 'j‘.’u:l:f‘j T1.69
'ISML-.-I Fall-spaded eorn stubble . -y .pruu.,-;ir‘unﬂ])llusplnoroua und | 190 820760 40.95 : Hing 3 82 03 ¢ 43.92 R
i potash, 4

i ; ; ' ! ‘ : L :
1042, o0 Alalfastimothy seeding . Firsteyenrhay . L L : 5,82 0 3103 0 36.85 ¢ A2 2, .32 11 44
19438, . o+ Al fa- timothy hay.. . . Second-year hxw PR 5. : 1886 0 2042 A 5 O < 02 05

P I

HUALIADIHOY 0 LdAa *$ "0 ‘626 NILATING TVDINHOWL

.-\vurugo? b R I S i T 26.04: 3312 172 R 92 w2 150
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1941,

0420
1043, .

Average

[T -

*

CONTROL-PLOT 18, 16-PERCENT SLOPE,

72.6-FOOT LENGTH

Fallsouded grain stubble
Fall-spuded cornstubble.

Alfalfu-timpthy seeding, ...
Alulfi-timothy hay .. ool

Cl)l"ll—llﬂl(, and munure,

Spring-grain—phosphorous and
potash,

First-yearhay . o veveonosivson

Second-year hay .. wuceivy cvuen

6.23

8.19

5.82
8,06

21.99
32.76

31.03

18.36

38724
40.95 |

1
36.85 ;
26.42

00077

3,70 ¢
92}

2.02

15.29

1.68
2.00 §

7.08

96.04 }

!

3312 f

1.91

CONTROL PLOT 19, 4-=PERCENT SLOPE,

72.6-FOOT LENGTH

1040. ...

1941...
1942. ..

1943....

Average

Grain seeded in corn stubble .

Full-spaded grain stubble. ...
Fall-spaded corn stubble. ...,

Alfulfa-tiniothy seeding. . o ovs .

Winter-grain—phosphorous and
potash,

Corn—lime and ‘manure

Spring-grain—phosphorous nnd
potash.

}'lrst vyl DAY et -

L

6.25

§.19
5.82

8.06. |

© 3103

21.99 l:
32,76

1836

28.24

40.95
46.85

26,42 |
3

33 ¢

2.51

02

RN R

1357

G.75
Al

3.79 ¢

24

2.85 |

26!
3

204

10

P

173575

16:35 -

4.05

3.8

165, G4
7.45

04

— g |
/.Ubg

26.04 |

3512 |

i

-

CONTROL PLOT 20, 6-PERCENT SLOPE,

72,6-FOOT LENGTH

1940.. ..
1941..v.
1942, . ..
1943 ..

Averuge

Fall-spaded corn stubble. .. 2
Alinla-tiniothy seeding

Alfulfa-timothy hay. .
Full-spaded hay. ... . ......

Spring-granin—phosphorous and
potash,

First-yenr huy .o o cvevinns e

.Sccond-yaur hay

27,99

32.76
31.03 |
18.36

i

2

26.04

iy
¥
1

CONTROL PLOT 21,

19404

1941_-.,
HH&----

Average

Grani seeded in corn stubble. .

Alfalfa-timothy hay . cninonns
Fall-spaded hay. .. ...
Tall-spaded corn stubble.

Winter-graiti—phosphorous and
_potash.

First-year hay .o cocvvns.

Corn—Ilime und manure.

-} Spring-grain—phosphorou!

potash.

2,97 |

T 1

895
16
09
02

6-PERCENT SLOPE, 72.6-FOOT LEXGTH

1.9 |

1.52 1

3.4 3

e e AN e s ——

26.04

SNOLLVOLLSHANT

N1

NOISOuH

TOULNOD
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TaBLE 20.—Annital summary of rainfall, runoff, and soil loss by winter period and growing season on the control plots—Continued
CONTROI: PLOT 22, 6 PERCENT SLOPE, 72.6-FOOT LENGTH

Precipitation ‘Water loss Soil loss per acre

Winter cover * Crop and treatment . - -
Winter | Growing |  Total Winter | Growing | Total Winter Growing | Total
period season period season period season.

Inches Inches Inches Inches Inches " Inches Tons Tons Tons
1940, ..} Fall-spaded cornstubble_.... .1 Corn—lime and manure .. ... 6.25 21.99 0.88 1.13 2,01 1.15 1.92 3.07
1941 40 A - Spriutg-ghrain-—phosphorous and 8.19 32.70 10.95 7.51 -30 11.67
K . potash.
1942_._.1 Alfalfa-timothy seeding First-year hay. ... . .. — 5.821 31.03 5.85 3.45 22
1943. .__} Alfalfa-timothy hay. ___.__.._ Seeond-year hay 8.06 18.36 2 2.21 L04

Average 7.08 26.04 33.12 : 3.80 A3

! Slope length of 72.6 feet from 1939-on. #5 tons peracre, ) .
= Hoed to control weeds. : 4 8 inches of surface soil were removed from this plot in 1932.

TasLe 21—Rainfall and soil and water losses from control plots under various kinds of vegelation and from a cultivated fallow plet,
: by classified groups of rainst, 1933-38* .

Amount of Soil Joss
Raing rainfall ‘Water loss peracre

Rainfall A Percent of
group and Vegetative cover 10382 Average ) Amount rainfall
plot No.
1938

Causing Causing Aver- Aver-
Total runoff Total runoff 1938 age 1938 age

Number | Number! Number | Inches | Inches | Inches | Inches | Percent | Percent

Blue grass, unclipped 3 h 5. 5.5 ’ 0.02
Fall 27 b 6.47
Corn annually._ 30 5 ] 7 6.43
Grain annually .. 32 ] 5.25
Corn in rotation.__ 23 5 4.97
Barley in rotation 26 < 5.35 3.83
Clover-timothy hay in rotation 20 1.40
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High-facior

Blue grass, unclipped
Fallow_ . .cov.- -
Corn annually_
Grain annually..
Corn in rotation.
Barley in rotation  oooa.iooodicn
; 5,:0, 7._. } Clover-timothy hay in rotation. . _
Moderate- ’
Jactor raini:
10..... .1 Blue grass, unclipped. e, vt ooas emim
‘Fallow
‘Corn annually....
Aivioli..} Grain annually_ .
5,6, 7...1 Corn in rotation.
5,6, 7...1 Barley in rotation. .. caooiiooo
5,0, 7...} Clover-timothy hay inrotation,. . .._....
Low-factor
rains:

00 00.0000 00 00 00
00000000 0000 &

[eofrets o2 Y )
[RNRriode XS =)

Blue grass, unclipped.
Fallow...._.. N
Corn-dnnually.

| Grain annually
Cornin rotation_
Barley in rotation...
Clover-timothy hay'i

S inaién

cocooce

Ha €18 Cr QI e e ‘

WS oL

14.13° 10.56

[EAH S = Y]

¥ Runoff—storms are divided into 3 groups by use of the runoff factor us follows:
The high group includes storms withi factors of 11 or more, the moderate group in-
cludes storins with factors of from 5 to 11, and the low group includes storms with
factors of less than 5. Erosion—storms are divided into 3 groups by use of the erosion
factoras follows: The high group includes storms with factors of 11-or more, the mod-

N

erate group includes storms with factors of from 7

storms with factors of less than 7.

to 11, und the low group includes

2Data are for the period, Apr. 16 to Oct. 31, only,
2 Year of highest s0il loss for period covered by this tuble.
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Tavue 22.~Rainfoll and soil and waler losses from severely eroded and moderatély eroded control plots by classified groups of rains,t 1940-43

Amount of ’ ) Soil loss
Rains rainfal} Water loss per acre

Rainfudl group, degree of erosion, 19413 Average 1941 Avernge Percent of
and crop Amourit rainfall

_, Avernge

Causing Causing
Total runofl Total runofl Totnl Total 1041 Avernge 1941 Average

Number | Number | Numbcr | Number | Inches Tuches Tuches Inches Percent | Percent $ Tons

42.76 26.04 50 b 16.97 9.33
26.04 E 1.86 13.06 7.4

3.0 ‘ 35.38 21.01
11.60
5.26

2034
23,78

Anuvual:
. Beverely eroded, corna .. ...
“Moderately eroded, corn_ .. .. .
Severely croded, spring grain. .
Modértely eroded, spring grain,
Severely eroded, hay_, ... .
- Moderately eroded, hayaciu. .o
High-factor ring: ‘
Severely-eroded, cornz, .
Moderately erodd, carn
Severely eroded, spring grain. .o L0
Maoderately eroded, spring grain., .
Severely eroded, hay. .. cvnie..
Maderately eroded, huy. -...
Moderate-fuctor rains:

“ o Severely eroded, corn ... i e ¢ 3 G.05 5.10
Moderately eroded, corn. . $ ; 6,05 5.10
Severely eroded, spring jgrain ¢ i 6,05
Moderately eroded, sprinig grain, { 7 i .05
Severely eroded, hay: e { : 6.05

. Moderately eroded, hay. . ..uow. . ! 6.05
Low-fuctor rains:
Severely ered@l, corn i ivn i masn.
Moderately eroded, corn....
Severely eroded, spring grisin
Moderately croded, spring grai
Severely eroded, hay
NModerniely eroded, hay. ... ..., 59

74

S0

s 2 5 1 e i
NN S eSsn
[y
RPN o

o e e it e

5.10 8.48

11.61
11.61
11.61
11.61 2. :
11.61 36 02 .05
11.61 2,36 .01 .01

-
e =11
s O8I G e e

63

1

I Runoff—stortng are divided into 3 groups by use of the runoff fuctor as follows: moderate group includes storms with factors of from 7 to 11, and the low group in-
T'he high group includes storms with fartors of 11 or more, the moderate group in- ~ cludes storms with factors of less than 7.
chudes storms with factors of from 5 to 11, and the low group includes storms with 2 Duta are for the period, Apr. 16 to Oct. 31, only.
fuctors of less than 5. Erosion—stornss are divided into 3 groups by use of the ero- 3Yeur of highest soil loss for period covered by this table.
sion factor as follows: The high group includes storms with factors of 11 or more, the
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TABLE 28.~Rainfall and soil and water losses from: control plots of various lengths, by classified groups of rains,! 1933-38°
’ [Corn grown aiinually)

X .-\inquxzt. of. Soil loss
Rains i rainfall Water loss per acre

Rainfall Aver- Percent of
~grimp \g‘nd Length of slope 19382 Average 1938 age Amount rainfall
plot No.

: 1938
.} Causing Causing . Aver- Aver-
Total runoff Total runoff Total Total 1938 age 1938 age

i . Number | Number| Nwmber} Number} Inches | Inches | Inches | Inches | Percent | Percent’| Tons
Annuals ]
368 feet ..l e 31 50 b 5. 25.50 5 G.46 . 5 106.82
72.6 feet. . . 30 59 6 é 6.43 . 155,22
145.2 feet ... g 31 59 6.36 . . 205.15

36.3feet o il . : 3 4.2 5 53. 80.11
72,6 feet_ - - . 125,88
145.2 feebo ... il 100 - - S i o . 4.18 65..6 : 155.71
Moderate-fac~ :

tor rains:
36.3 feet il ...

145.2 feet ...

36.8 feebuoo .. il . 15 48 4. 2 .53 .
: 14 48 1. .49 12,
3

145.2 feeto.o..oo L oill Tl 15 48 | 5 1.9¢ 57 13.6

TOULNOD NOISOYMH NI SNOLLVOLLSTANI

! Runoff—stornis are divided into'3 groups by use of the runoff factor s follows: ~moderate group inciudes storms with factors of from 7 te 11, and the low group in-
The high group includes storms with factors of 11 or inore, the moderate group in- cludes storms. with factors of less than 7. .
cludes stormas with factors of from 5 to 11, and the low group includes storms with 2 Data are for the period, Apr. 16 to Qct. 31, only,
actors of less than 5. Erosion—storms are divided into 3 groups by usc-of the cro- # Year of highest soil loss for period covered by this table.
sion factor ns follows: The high:group includes storms with fuctors of 11-or more, the




99

TasLE 24.—Rainfall and soil and 1water losses from surface-soit and subsoil control plots planted to corn, by classified groups of rains,! 198338

Amount of L Soil loss
Rains rainfall ‘Water loss per acre

Rainfall Aver- Perceiit of
gr?utp Ii‘md Crop and surface. 1938 Averuge 1938 age Amount rainfall
plot No. SRR .

. 1938
Cuusing Causing Aver~ Aver-
Totul runoff Total ranoff | Total Total 1938 age 1938 age

Number | Number § Number | Nuniber | Inches | Inches | Inches | Inches { Percent | Percentl - Tons Tons

Corn annually—surface soil . 98 30 59 16 5. 5.5 13.37 6.43 38.10 3. 155.22 99.38
wemn~w ] Corn anrually—subsoil - 98 31 59 16 14,45 7.07 41.18 B 185.48 116.69

Annual:
3

11
Migh-factor
raing;

Corn annunlly—surface soil.... 8 8 5 5 9,4 . 66.49 . 125,88 85.87

Corn annually—subsoil. . ... e ——— 8 8 5 . .3 69.70 5 153.36 96,60

Moderate-fai- : :
tor rains:

Bl Corn annually—surfice 01l oo nconianunn 8 é b bl 53} 28.29 19:48 10.91

S Maciaio) Corn annually—subsoil o cu e s oo cmn ol 8 ’ 1,8 35,77 5. 17.90 14,17

Low-factor

" Comn uﬁnuully—surfucc [-151 DO e 82 14 48 RE . b 49 12,24 . 9.86 .60
Corn annually—subsoil ... 82 15 48 G " . 67 13.30 i 14.22 5.02

! Runoff—storms are divided into 3 groups by use of the runoff factor as follows: moderate group includes storms with fnctors of from 7 to 11, and the low group in
The-high group includes storms with factors of 11 or more, the moderate group in- - cludes storms with factors of less than 7.
cludes storms with factors of from 5 to 11, and the low group includes storms with 2 Data are for the period, Apr. 16 to-Qct. 31, only.
factors.of less than 5. Erosion—storins are divided into 3 groups by use of ‘the ero- 3 Year of highest soil loss for period covered by this table.
sion factoras follows: The high group includes storms with factors-of 11 or more, the
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TasLE 25.—Rainfall and soil and water losses from a fallow plot which received barnyard manure and a fallow plot without manure, by classtfied groups
. of rains,! 1933-38*

. Amount of ) Soil loss
Raing rainfall Wuater loss peracre

Rainfall * o Aver- Percent. of
gr?up \llmd Organicmatter treatment 19383 Average 1938 age Amount rainfall
plot No.

- 1938
Causing Causing Aver- Aver- i
Total | runoffi | Total | runoff | Total Total 1938 age | 1938 age

Number } Number | Number { Number | Inches | Inches | Iiiches | Inches Percent | Percent t Tons

Tallow, . o e iens e s si e som s 98 27 59 15 3 25.50 12.72 6.47 36.25 25,38 | 310.43
Fallow plus 5 tons manure. .ceveeevsonis 98 206 59 15 12.02 6.32 | 34,25 24,78 | 243.64

SNOLLVOLLSHANI

Aiiual?

High-fdctor
raing: ]
Bierawa] Fallow.  Lociianieiaminrcnmsmsmasvnsan 8 4.95 §.01 4.29 I 53.63 1-265.92
Qnins-| Fullow plusd tons manure. ... ommviv- o 8 i 43 \ 53.88 | 207,01
Moderale-fac-} .

{or rains;
8 it Fullow. i i i mei e T e 7 23.34 1 23.90
< Fallow plug 5 LONs manure. o osul. o 6 6 5 . . . 5 21.76 | 23.80

e m e S s e e 81 12 48 14.13 10.56 ] i 51} 5.30 20.61 7.11
Fallow plus 5 tons manure ..« .c.oamaxas 8y 12 48 ISR SR 1. .50 4.73 11.93 4.24

1 Runofi—storms are divided into 3 groups by use of the runoff. factor as follows:  The high group includes storms with factors of 11 or more, the moderate group in-
The high group includes storms with factors of 11 or more, the moderite group in- - eludes storms with factors of from 7 to 11, and the low group includes storms with
cludes storms with factors of from 5 to 11, nnd the low group includes storms with.  factors of less than 7,
factors of less than &. 2 Data are for the period, Apr. 16 to Oct. 31, ouly.

Erosion—storing itre divided into 3 groups by use of the crosion factor as follows: 3 Year of highest soil loss for periord covered by this tuble,

TOWLNOD NOISOUH® NI
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"FABLE 26.—-—Ruznfull and soil and water lo. .i and crop yields from various organic-matler treatnents on severely eroded soil, by classified growps
of rains,! 1941-43?

R-ins Amount of rainfall z Water loss i Soil loss per acre | Yield yer acre

i s

K ) Spring-grain i Ainount Percent. of rainfall
Rabafall group and Plot} Hay 19414 Corn 1942 1943 :
treatment3 Nao, Spring i * Spring i Bpring

Corn | grain Spring Sprmg ; Corn 4 ymm Corn. | grain
Caus- Caus- Caus- 1942 1 1943 | Hav | Corn | grain § Hay | Corn § prain 1942 | 1943 11042 0 1443
Total | ing | Total} ing ing 1941 1 1942 1 1043 | 1041 1942 1 1943 1
runo runofl runoff|

No.' . . | N . | No. | Inches | Inches lnrhes luclm Inchea'y Inches 7I’erctnl Percenti Percenti Tt ’I'ons @ Tona Husllela Bushels

Aninualz¢ )
No treatment—fall plov\ed . 31.03 . 0.2 ; 6.45 . \ 20.79°1 3.48

1 34 1.2 1 8,02 . .65 ] 25.84 1 5.01
8 tons per acre barnyard 34 2 1.16-1" 6,00 . 19.34 ; 2,18 4
manure plowed underin {¢ 34 ¢ 8 807 5.04 19141 6,154

fall preceding corn. . . ; :
Green ‘miinire plowed ul 34 1.80 | 4.96 . 4.03 | . 40,87
34 | 166 ] 6,33 0§ 621 - 60,37

der in fall preceding corn., ; f
8 tons per acre baravard | : : ! i

34 1 i g t1L00] 6315 L 5.04 1 .19 1 68,49 |
34p ‘ 1,08 { 6.43 G {6207 .27 62.39

o

.

e b b
Pt

=15
=Xt

pas

manure disked into tall- |
plowed land immediately
preceding-corn planting..
Green manure plowed un-
der in. fall preceding
corn; 8 tons' per acre
barpyard manure disked
into fall-plowed land
immediately preceding
corn planting. o .uoov..
Green manure worked w ith-
sweeps in full preceding
corn; cultivated  with
sWeeps wvad ben
H 1yh-mm jaclar.

No treatmentfull plowed.

P sem
—T
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)

AR ob Ao N A

“LdHA

)

3 10 A0
“ithn e

8 tons per dere barnyard
manure plowed under in
fall preceding corn. ...}

Green mianure plowed un- i3
derin fall preceding corn.

‘8 tonig per aere barnyard
manure disked into fall-
plowed land immediately
preceding corn planting_ .
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S wred
@033

16,53
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Green manure plowed un-
der in fall preceding
corn; 8 tons: per. acre
barnyard manure disked
nto fall-plowed land
immediately - preceding
corn planting. ..o ...
“Green maiure worked with
sweeps in-fall ‘preceding
corn;  cultivated. . with
BWECTIBs < ws s i m
Moderate-rain factor:

No treatment, falt plowed..

8 tons per acre barnyard

munure plowed under in §

fall preceding corn
Green, manure plowed un-
derin fall preceding corn.
8 ‘tons. per acre barnyard
manuré disked into fall-
plowed lund immediately
preceding corn planting..
Green manure plowed un-
der “in fall . preceding
corn; 8 tons per acre
harnyard manure disked
into - fall-plowed " land
immediately . preceding
o eorn plantings cave e in
Green manure worked with
sweeps-in_fall preceding
corn;  cultivated  with
BWORPE e camm b st mm

Lew-rain faclor;

No treatment—full plowed .

8 tons per acre burnyard
minure plowed under in
fall preceding corn

Green manure plowed un-
derin fall preceding corn.

8 tons per acre harnyard
manure disked into fall-
plowed land immediately
preceding corn planting,.

Green manure plowed un-
der in. fall “preceding
corn; 8 tony. per acre
barnyard manure disked
into. fall-plowed. land
immediately  preceding
corn planting_ ...

e e T R S oo,

25
25 4
25}

5 ¢

1oy

POCTR XS

X

2308

L

S LT
i

[ i/ TR B
i |

IR R
30,74

35191
16.87 ¢

i s

7.58 ;

956 ..,
830 - ’

b6

9,40

[P
(nminamn remmmelanmat
1
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s0il and water losses @nd crop yields from various organic-matler trealmenls on severely eraded soil, by-classified groups
of ruins,! 1941-43—Continued

Tapu 26~ Rainfall and

0L

Rains § Amount of rainfall Water Toss Soil lass per acre Yield peracre

} Amount Percent of rainfall ‘

Spring-grain
1943 1 b

Rainfall group.and

Hay 10408
treatment?

i ot i

Corn 1942

x Caus-

ing
zrunoff

Spring
grain
1943

R 1 Spring
prain

1943

grain | Corn
1943 § 1942

Corn

Spring. (orn

grain
1043

Spring
graiil
1043

Hay zf Corn
1641 ¢ 1042 Corn

1042

Clorn
1942

Hay
141

Catis-
ing
runo

e ] e

Nao, § No.

L% RO

Hay

Caus- ';
1941

ing
rutioff

Total Total Total

i

. |
Spring i
]

{

!

e

No.

{15
65

Inches | Inches
}

|
;
1

Inches | Inches Inches | Inches | Percent] Percent] Percent Tong  Tons

3,5, 7,5, 11, and 12 had an avernpe of 1,30 tons peraere of dry organic residue.on the
surfaee us compared with 0.76 tons per nere on_plots 1, 2, 4,6, 9, and 10. All plots
were plowed in'the fall of 1942, for grain, except 7 and 12, which were worked with the
sweeps.. Tn thegpring of 1043, nll plots were fertilized before grain planting and leguine
seeding with coinmercinl fertilizer to w uniform fertility level.

+For 1941, Aug. 3 to Oct. 31, only, The second cut of hay was removed from plots
1,2, 4,6, 9, and 10 on Aug. 2.

Na, Bushels! Bushels
Green manureworked with |} '
sweeps in fall preceding
corn; -eultivated  with
EWeePS. ..k S,

a5 707

1 High-rain fictor group includes all rning with wrain factor of 10 o hore; modernte-
rifin factar grovp inchides all raing with s rain factor of 5 and less thuy 107 fow-rnin
fagtor group ineludes all fning with w rain Taetor of less than &.

2 Data are for the period, Apr. 16 to Oct. 31, only,

3:Green manure consisted o} the growth of hay produced after’thefirst crop of buy
was removed from plots 3, 5, 7, 8, '11; and 12, "On Oct, 28, 1941, when all plots were
plowed with the exception of plota 7 aud 12, which were worked with sweeps, plots

TanLe 27.~Rainfall aud soil and waler losses from plots with tro lengths of sloge located on varions percents of slope, planted to spring grain,
e by classified groups of rains,' 1939-43%
F-PERCENT SLOPL

| R
Soil loss
per agee

Amount.of

Rains rainfull Water loss

|
B e o s mir - ‘ e —

Rainfull group and plot No.

|
f

CdAnnual?
3-8-1
382, et ]

B-5-3. .o ia

CAVETIRE. S s cen T

B e

i

1
Length of slope }
i

E Potal
!

H
H
{
H

149412

i Causing ;

runofl

5‘,
i
i
|

Avernge
- . Aver-
npe

T 1041 ¢
i Crusing |

Total runoff

Amount

1941 1

i
Aver-
age

Pereent of
rainfall

1941

Aver-
age

Aver-

41 , age

Feet

36. 4
367
0.

] z\'umbur% Number

duches |

Tnuches

32,76 | 21.00 1

i

Tnehes

AT
5.70 |
0

Irches
2,08 |
2406

3.28 .

21.89 |
17.40
2464 1§

i
|
i
:
|

99 |

2.91

© Porcent | Percent |

12 31

Tons

3.87

Tons

15,13
9817
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ST 0 R iarien 72. 75 7 - el 7 @90 203 1837 2.0
Bl LTI 5 22 3ol N 3038 . RER IR N1
O SRR . ' i i 3,48 26. : 20,74

AVCTBEC. - s axans wmammenrem ‘ ' 2l b I 865 | 3.2 13.00 | 21.87

- High-faclor rains: : } ) | :
by ) T i ) rI3.67 1 6.95 ¢ ; 2 7.6 2035 ll 71
BB i ani ke 3 ; H I USROS RO ST BV | . 32, 25,90 60
S B T R N e | 4 3 cest ;8. 41, 31.65 1.5.;:0

AVCIAZE . o omvs e =it e o wm 7 TR 5. 2 37.23 1 28,02 | 12.61
‘ 40.36 | 20.46
; 1 : 32.00| 2065
(I P SRR AU g SRR, . . ; 2.28 42.21 32.80 18.07

AVOIRRR £ 2ol s ar e < omfee m i ‘ ] ‘ o Ly 8.66 4. 31.80 | . 20.00

M odcm(c-fac(or rains;
3-§-1

: W13
. i . ¢ 4 e . . . K .06
Bo8m8 v cananmnimamaims i ] . i L3¢ i { 2 5 5 .20

NI SNOLLVDILSTANT

AVETARL. e e w i s s s oA S e i v : [T i . : 10.7! .13

: 72.0 ; DR M . .68

i ; 3 . o 3 7 00

R AR i : | 30T e gl 13 169

AVETARC . e o a P nin il ; U IR 5 83 1 7 3.36 76

NOISOHH

Lmu—fuclor rains; i :
3-8~ | BURZIEANN Pt} . 3 . 3

3-8-2_ .11, i o : ; j ) aa E . 4 15

3-8-3. - e 36,3 ; i 1. W . 0

AVernge. .uw:

TOULNOD

42

37

.38 % 18.58
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Tanue 27.~Roinfall and soil and water losses from plots with two lengths of slope locuted on various percents af slope, planted in spring grain,
by classified groups of rains,} 1939-43—Continued
8-PERCENT SLOPE
A ]
Amount, of ) Soil loss
Rains : rainfall : Waterloss per acre

cL

" . ) ) ! Percent of
Rainfall group and plot No. Lengti of slope MWE T Averige ; i Amount, rainfull

o —t Aver- ::* SRy ) .

i ; [ L1 2D nge H 3 H F1041

¢ 1 Causing Causing : P Aver- | 1 Avers

i Total } runoff Total funofl ML ¢ age 1991 age

Anjual s

1
¢
Feet ~ } Nuiiliée | Number | Number} Number | Inches | Inches | Inches - Inches | Percent | Percent i Tons
3 ! { i H
¥
i
]

82,761 24.60°0  B62:  3.36 Cades | 40 .86
§-8-2 . L e ! : 3 . 5,86} K 7.80 ¢ 11,83 40.37
§-§-3l 10T 36, ; : 6.05: 3. §.47 . 1297 | 39.40

AVEINED . «L L s et . ] 29} N o 6T 830 12.80 |

4 o747 1671
: 51419

po . arl2s - 12120

3
R R X ST 42§ 14.35 |

} : ;
13.67 | P o215 36.06 1 30.04 ¢

R L4100 1.95 [ W399 0 2806 ¢

30,07 |

i

S-L-g 20T T
S-L-821IL 1 TN T

Average.. ...

5.65
5.08 ¢

aymp=piomg

Moderale-foctor roiny;
3-8 Sl

AUALTADIUDY A0 “1LJFA *§ "N ‘el NLLITTIAL TYOINHOWEL

Average L.,




Low-fuctor Tains:
8

8-8-2_ . .
8-8-3. . u.

Averages ..
1 ot P
Swlem2e, - .
Sol=Beeiwinim -

Avernge. ...

36,3
36.3
36.3

kel v

60
GO
60

3.62
1.84
2,10

60

2.18

60
60

40

2,53

&) LY

(1]

3.41

JE S
srinuals

13-5-3. v eu
Average . .

13=L1, L .
AB=LmB e d e nnd o -
& 20 Vo N RN

(;\\'urugc, s
High-factor rains:
13-8-1

13-8-2 L wma

1388700700000

18-Lel oo il
13~12 0 v s

BB 0 P ST
AVETIEe . s wss

Moderate-factor raing:

PRI SRR R P
AVCIHEC . san cim ol vircnmnn
BE 20 P D G R e

13-E-2 i mimenima .

TR0 P S U Uy

AVErAgeamcns c i br dm s

21.02
21,34
22.84

21,75 | 66.54

16.79
16.38
16.02

1638

53.26

45.43 1 46.76 ¢

42,72
41 48
41,84

37.70
34,96
3583

4109 86012

20,13
20700
20.77 |

2238 .
21.90 3.27
23.51 3.54

20.39 %

3.26

16.39
16.90
15,61 ¢

3.50
- 3.23
16.10 3.42

16.39

16.01 [ 3.38] 3.2
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“Taste 27.~Rainfall and soil and waler losses Srone plots with two lengths of slope localed on various percents of slope, planted lo spring grain,
by classified groups of rains,t 1939-43—Continued

Amount of Soil loss
Rains rainfall Water loss per aere

L i Percent-of
Rainfall group and plot No. Length of slope 19413 Average Amount rainfall N
) Aver-
.- 1941 age
Causing Causing Aver- . Aver-
Total runofi Total runoff 1941 age 1941 nge

Number | Nuinbér | Number | Number. | Tncheg | Inches | Inches | Inches | Percent | Percint Tons
60 11.34 11.44 1,52 267 13.40 | © 5.86
60 . 1.51 .69 13.32 6,03
60 1.72 A3 15.17 6.38

60 1.58 L7030 13.93 6.12
60 1.19 A5 46 3.93

60 7 1.24 .51 B! 4.406
60 1:15 e 5) . 3.93

Low-factor rains:
13-8

59
59
59

59

59
. 59
13-LA3, ctimaecm e ame e .6 59

0] Loem|{ | ke

Avernge. ... I, 60 ] . 1.19 1.11

18-PERCENT SLOP.

Annual?

18 22,681 91.60
20,24 71.87
18.50 | 08.25

20.49
20.49

19.31
19.06

18 §
16
16

o Hmll

159

St

b

ol aow
5129

o

o mm:a %| mowe

27.35 19.63
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High-factor rains:
1

ENERPRY

o

seo
U!ENJ

~1

<
C-R I
=t

ESES

18-L-3L 00 TLLUIIIIUITIN

XN
N
19
o

41.01
41.019

RIS I RN S B ECN ENER]
[N RN NN [ RN VRN

-~

AVEIEC. a el e i linn

11.58

Moderate-factor rains:
18-S-

o

.
ooy il G
oo

»

o { owoooe |l oo | ohonte

o]l veole| voe
[SRIENPURC Y| BN IRNTROX

Average

[ YRS | O

1513
-,

.

Low-factor rains:
18-8-1

9
9
9

[t
Qo

.

11,00

w

12.79

L=L-L.-J{ )

15 e | e
SE o

12.79
11.99
11.38

Average. . . _laan.- PR :

i bbbt i ]t [ i i

o
~

12,08

Runofi~~storms are divided into 3 groups by use of the runoff factoras follows: ' The
high group includes storms with factors of 11 or more,; the moderate group includes
storms with factors of from 5 to 11, and the low group includes storms with factors of
less than 5.  Erosion—sterms are divided into 3 groups by use of the erosion factor as
Jollows: - The high group includesstorms with factors of 11 or.more, the moderate group

includes storms with factors of from 7 to 11, and the low group includes storms with
factors of less than 7.
2Data are for the period of Apr. 16 to Oct. 31, only.
Year of highest soil loss for perfod covered by this table.

(3
(=
&8

Ha e O3
Ny e =1
toh IO
la:—aga
-0
Ton o

.

©
i

M
W
o
%S

v

[SI=X3]
[~T~3 %
[=2=1-0

[
bt
W
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TABLE 28.—Rainfall and seil and water losses from contoured and strip-cropped 'plots on the Hundt farm!
{Total rainfall: 1941, 31.43 inches; 1942, 27.16 inches; 1943, 18.64 iniches]

Rains % Water loss Soil loss per acre
T

Crop and treatment 1941 1942 1048 _-\méunt Percent of rainfall
and plot i

4 Causing Causing Causing :
Total 1 runofi ! Total | runoff | Total | runofi § 1941 1942 § 1943 1941 1942 1943

Number | Number | Number | Number { Nuniber { Number } Inichies | Inches | Inches | Percent} Percent] Percent

15 70 10 68 1.59 0.26 7.00
13 70 10 i 1.41 .22 5.51
Average..._ L LTI 3 14 i 10 1.50 24 5
Corn—strlp crop:? :
70 14 1.52 .12
70 1 14 1.59 10
70 4 15 1.56 W11
70 21 2,66 ¢ .10
70 H 1.85 ¢ .31
Average . : g 70 2,25 .20
Barley—strip crop: ; : ' {
70 | 1.82: .15
70 1.26 .25,
70 1.54 .20

70

. £ 70

Average... ... eien ! i N 70

]~t-) ear huy—strip or op ! ; 70
i’

70
70

70
70

Corn—contour:

@aror~

Swg
f=1o =

PO AN K 1S i S

Grda &
ooh
S=Es

H

)
s e =]

WLy

3
]

",13'
3.62
3.18
1.33 1
2.26 |
70 1.80
70 1.81
70 ; 8 1) 258
0 3 [ N Mog

RS B
ULy

Average, ..
2nd-year hay-——contour.
A

H

1

1]

H

H
ey ke

bt Bl o
EIES

]
.
‘
'
3
1
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t Data are for the period, Apr. 16 to Oct. 31.

2. All plots planted to a 4-year rotation. Crop shown for strip eroppinig is the crop on the bottom strip.
3194 1-~hay was actually fall-seceded grain, spring-geeded legume.

1942—hay was all ﬁrst-;c ir hay.




TasLi 29.—Rainfall and Tunoff and soil loss from conloured 3* terraced,® and strip-cropped? walersheds, 1933-43%

Rains on land—

: Contoured Terraced Strip cropped

Causing

Causing
runoff

runoff

Causing

Total | runeff Cotal Total

Amount of
rainfall on
land ] Ter-

Soil loss per acre

Witer loss on land—-

Amount Percent of rainfall Lo
- Strip
eropped

raced
Ter-
raced

Con-

toured

Ter-

Strip
raced

Strip
cropped ¢

cropped

Con-- ¢
toured

{Nwmber: Nwmber | Nimnber; Nuniber ! Number] Number
. 49 14 49 12 .

1933, ... ¢
193400 L : 41
19355 i 19 6
193600 ... T 13 49
Average 1933-36.. ., 30

52

98

Inches
2] .93

Tons

e

Tons
1.07

3.72

Inches § Inches | -Iniches

Percent] Percent; Percent
1.551 1.59 b

T80

¥

25.61

1Contoured watershed: Area-2.24 acres; slope-15 percent; ¢rops were grown us
follows: - 1933-spring grain; 1934-clover-timothy hay; 1935-corn; 1936-spring grain;
1937-clover-timothy hay {the lower one-third of wafershed was so badly gullied that
sod-hump dams-were constructed); 1938-upper two-thirds, corn, lower onesthird, hay;
1939-upper two-thirds, spring grain, Jower one-third, hay: 1940—41—32-13%entire area
in alfalfa-timothy hay.

2Filter strip added 1937..

3Terraced watershed A-4: Area-2.21 acres; slope=10 porcent; erops were grown as

follows: 1933-spring grain; 1934-clover-timothy hay; 1935-corn; 1936-soring grain;
11937—1_-10\'m~-timothy hay; 1938~corn; 1939-spring grain; 1940-11-42-43-alfalfa-timothy
1ay.

Strip-cropped watershed:  Ares-2.7¢ acres; slope-17 percent; cropped to a G-year
rotation; crops were grown as follows on the bottom. strip: 1937-alfalfa-timothy
huy; 1938-ulfalfa-timothy; 1939-corn; 1940-griin; 1941-42-43-alfalfa-timothy hay.

SData are for the period, Apr. 16 to Oct. 31.
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Tantn 30~ al swmmary of rainfall, runoff, and soil loss, by winter period and growing season, on a cultnalcd walershed, a pastured
walershed, and a cultivated lerrace, 1934-38

Precipitation Water loss Soil loss per acre

~ Watershed ;
and year ‘Winter cover N Grow- Grow~ Grow-
: . Winter ing Totals | Winter ing Totals | Winter ing Totals
period | seasou period | season period | season

Tuches | Inches | Inches | Inches | Inches | Inches Tons Tons Tans
Unterraced

cultivaited
watershed:
-19 Clover-tiv-nthy seeding... -
Fall-plowed hay...o.2o .
Tall-plowed corn stubble.._,

| Clover-timothy seeding..
1038 .. Upper: two-thirds full-plowed Upper
lower one-third hay one-third hay

15.99 16:25
91.69
99.78
14.67

19.31
48.29

Py
R - R
s SO

Average.
Unterraced
pasture
wute'rshod H

Sics SISk
h

Pastures - _l . i wimon e e nn

i

‘

Average.
Terrace A~5:
1934-...! Clover-timothy seeding
1035 .-} Fall-plowed hay
1936......{ Fall-plowed corn stubble. .. Graitl. .. ene..
1937,....} Clover-timothy seeding. ... Huay.......
1938 ...1 Fall-plowed hay.... ... ... Corn, ...
Average.

b

SR NG N WY
S N . e
T ha WO e OV SIS
RNDOW— OO~
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TABLE 31—Rainfall and runoff and soil loss from unterraced pastured watershed and pastured terrace by classified groups of rains,! 1933-372

i . . Amount of ) : Soil loss
: Rains rainfall ‘Water loss per acre

Rainfall group,’ watershed, Size of | Land » Percent of
or terruce No. aren slope 19353 Average Amount rainfall

: 3 1035 . 1935
Causing Causing Aver- Aver-
Total runofi Total runoft 1935 age 1935 age

\ ) Percent | Number | Number | Number | Number | Inches | Inches i Inches | Inches | Percent | Percent | Tons Tons
Annual; E
Unterraced pasture watershed__. . 24 63 8 al 20.74 23.58 1.30 1.09 4.37 4.62 0.14 0.47
Pasture terrice -3 19 63 15 51 29.74 23.58 3.04 2,12 10.22 8.99 .19 .30
High-factor rains: . '
Unterraced pasture wate shed. .. 24 4 4 8.02 6.61 1.22 +89 15.23 13.46 .12 40
Pasture terrace E-3 —— . 19 4 41 8.01 6.61 2.23 1.51 27.84 22.84 .14 .21
Moderate-factor rains: : :
Unterraced pasture waterslied : 24 o112 6 K 12.37 7.21 19 5 2.64 .02 .06
Pusture terrnce B-3___ . . 19 12 6 12,37 7.21 . .35 4 7.63 .04 .05
Low-factor rains:
Unterraced pasture watershed. .. 24 47 41 9.36 9.76 .03 I ) O O .01
Pasture-terrace E-3 : 19 47 41 9.36 9.76 .06 .61 .01 .04

1Runoff—storms are divided into 3 groups by use of the runoff factor as follows:"ine  includes storms with factors of from 7 to 11, and the low group includes storms with
high- group includes storms-with fuctors of 11 or more, the moderate group includes fiictors of less than 7.
storms with factors of from 5 to 11, and the low group includes storms with factors of *Data are for the period, April 16.to Oct. 31, only.
legs than 5. Erosion—storms are divided into 3 groups by use of the erosion factor as 3Year of highest soil loss for period covered by this table.
follows: Thehigh group includes storms with factors of 11'or more, the moderate group
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TaBLE 32 ~—Rainfall and runoff and soil loss from small watersheds with uaribus cover conditions by classified groups of rains,! 1935-41%

08

Amount of Soil loss?
Rains rainfall ‘Water loss per acre

Rainfall group and ) Size of | "Land Percent, of
watershed aren slope 19354 Average Amount rainfall

Causing Causing Aver- : Aver-
Total runoff Total runoff 1935 age 1935 age

A i Percent | Number | Number | Number | Number | Inckes | Inches | Inches | Inches | Percent | Percent
nnual: .
Watershed A; pastured wood- . : : )
ands. i i aaminn o 17 3 R . 1.06
Watershed B, protected. wood-
land® 27

Watershed G, cleared pastures_ ..} - 5,85 226
Unterraced pasture wutershed .- . 24 .
Unterraced cultivated watershed | H ! B 16 i e ; : 18.76
High-factor rains: .
Watershed A, pastured woodland} 2 ] 4 : 5 12,61
Watershed B, protected woud-
- land o s B : 5 e .25 . .
Watershed G, ‘cleared pasture...| 583 ] 5 . . . . 4.24 : : 05
‘Unterraced pusture watershed. .. . 4 i . . 15.23 .7 .10
Unterraced cultivated:-watershed | 2,247 i 5 5 e 3. 39.58 23. . 27.96
Moderate-factor rains: .
Watershed A, pastured wood-
lands. .. ..ooi. v . . .66 08 .01 40
Watershed B, protected wood-
lands 11.5 SN PR
‘Watershed G, eleared pastures__.] - 5.83 g .32
Unterraced pasture watershed.__| 2. 4 . .65
Unterraced cultivated watershed .245 : ; 2, . 16.90
Low-factor rains: :
Waterslied A, pastired woodland
Watershed B, protected wood-
land
Watershed G, cleared pasture.._ -
Unterraced pasture watershed_. _
Unterraced cultivated watershed

Runoff-—storms are divided into 3 groups by use of the runoff factor as follows: The = group includes storms with factors of from 7 to 11, and thelow group includes stormg
high group includes storms with factors of 11 or more, the moderate group includes ~ with fuctors of less than 7:
storms with:factors of from 5to 11, and the low group includes storms with factors of 2Data are for the period of Apr. 16 to Oct. 31, only.
less than 5. Erosion-storms are divided into three groups by use of the erosion factor 350il loss measurements discontinued in 1938.
as follows: - The high group includes storms with fnetors of 11 or more, the moderate - *Yearof highest soil loss for period covered by this table.
Data from: watershed A, B, and G obtained by the Forest Service,
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TaBLE 33.—Rainfull and runoff and soil loss from terraces.of variable grade by classified groups of rainst for the 8-year period, 1933-40°

!

- Amount of Soil'loss
Raing rainfall Wuater loss per acre

Rainfull group, terrace No., ; I’cr(_:eut of
and vertical interval 1935 Average ‘Amount rainfall

- T 1935
Causing Causing Aver- Aver-
Total runoff Total |- runoff 1935 age 1935 age

Acres | Pereent | Number | Number | Number | Number | Inches | Inches-| Inches | Tnches | Percent § Percent Tons

A4, 1to Ginches.. .. 00 2,206 10 % 40 10 20.%74 24.24 7.36 . 75 15,064 16.70
A~5, 110 3inches S 1.885 12 63 60 13 g 2424 .84 . : 15.72 14.00
A-G, level oo il L. 1.632 13 § - 063 . 60 11 .74 24.24 3.67 . 9.98 3.60
High-fuctor rain -
A-4, 1 to6inches.. . .. 2,206 4 4 S.m B 3.09 .7 33.5 37.08 15.61
A=3, 1 to 3inches . . 1.:885 ] 4 4 5 I .04 2,76 31,67 36.95 13.29
A=, level_._ ... . . <632 : 4 4 2.065 . 8¢ 3. 25.30 3.44
Moderate-faetor raing: :
A-4, 1 to 6 inches. . . L 2206 12 { 37 5.5 04 6546 2 4 87
A-3; Lto 3 inches. . .. - 5 12 i2 G 5 2.37 -5 .73 . id.¢ Lo6
A-G, level oo . 132 13 12 i3 37 A .39 . 6l 5.0 13
Low-fuctor rainy:
A-~4, 1-to 6inehes. . - : 10 47 H) . .30 L2 .23 .21 A6 2.0 L2z
A-5, 1 to 3 inche: o i ) 12 A7 a0 4. 36 ] 217 W21 2 205 BE
A-B,level. . L. il o 1,632 13 47 SV .36 .08 J14 . .36 03

“Annual:

NI SNOLLVOLLSTANL

3 Runoff=gtorms are divided into 3 grouj:s by use of the runoff factoras follows: The groupinecludes storms with fuctors’of from 7 to 11, and the low group includes storins
nigh group includes storms with factors of 11 or more; the moderate group includes ~ with fuctors of less than 7.
storms with fuctors'of from 5 to 11, and the low group includesstornis with factors of - 2 Data are for the period, Apr. 16 to Oect. 31, only.
less than 5. “Erosion-storms are divided into 3 grougs by use of the crosion factor as % Year of highest soil loss for period covered by this table.
follows: ‘The high group includés stornss with Tactors of 11 or more, the moderate
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Tasre 34.—Rainfall and runaff from terraces with the same variable grade but differentvertical inlernals on pusture land by classified groups
: of rains' for the 5-year period, 1935-42*

Amount of
Ruins rainfull Water loss

Ruinfall group, terrace No., Size of Land ' 19412 Average

and vertical interval nren slope Amount Percent of rainfall

Averige

Causing Cuusing i
Total runoff Total runoff 1941 Average 1041 Averuge

A \ . Aeres Percent | Nivinber | -Number | Nuwmber | Number Taches Iiches Tuches Tnekes Pereent Pereent

nnuals

B2 700t i i cc i i am e n . 0.4929 9 32,76 27.05 8,280 L2 .10 11,59
4.

-3, 9-foot. . . ‘ 1,011 W avie b 97.05 06 >4 13.52

i
¢ i i f
C~3, 7-foot.. 1,101 H 75 1 1 b : 27.95 2,404 RIS EA [k 11.23
‘ P 1 H

27.95 S08 3.05 9210 . 101

9.93 2,79 ot 20! 28,60
9.93 34 3.20 5.16 2’2o
9'93 2171 2l o 25.70
4l a7y a7 97

.31 5. 4 .82
E 6H.51

3.42
4,85
L8
1,21
L L . .60
11.34 11.59 034 )5 | . A3

G, 9-TO0b. o vi s fnm s n Cmmm e a m et 1.075
High-factor rains: .
-2, 7-foot.... 2929
B-3, 9-foot-
C-3, 7-foot.. -

= .C~4,9-foot - o 1.075
Moderate-fnctor rain K
-2, 7-foot.. .929

3, 0-foot _ 1.011

: 1.101

1.075

ESRNPR PN R T R
Sz

B Tf § b} 50
-3, 9-foot: 19 59
C-3, 7-foot . 1 ]

O 000t L i 7 HiY

[l $-1 £-3

1 Runoff-storms are divided into 3 groups by use of the runoff factor as follows: The high group includes storms with factors of 11 or more, the moderate group includes
storms with factors of from 5 to 11, and-the low group includes storms with fuclors of less than o. Frosion—-storms ure divided into 3 groups by use of the érosion fuctor ag
follows: “The high group iiicludes storms with factors of 11 or more, the moderite group includes storms with fuctors of from 7-to 11, snd the low groun incluides storms
with factors of less than 7.

2 Data are for the period, Apr. 16 to Oct. 31, only. :

3 Year of highest soil loss for period covered by this table,

HULANTADINDY J0 “LAFA *§ *1 ‘€26 NILETING TVDINHOEL 78




[’J ABLE 35 .—R(nnfall and runoff and .sml loss from terraces with the same zmrzablc grade but differeni vertical inlereals.on cropland by cassified ™
. . groups of ratnst fo: the 5-year period, 1933-37* -

Amount of Soil loss
Ruing rainfall Water loss per acre

Rainfall group, terruce No., Sizeof || . Percent of
and vertical interval aren s 19358 Average Amount rainfull

. Aver- Aver-
1945 age ; 935 apge

'} Cuusing Cuusing Aver- Aver-
Totul runoft Total runofl 1035 age 1935 age

Acres | Percent | Number | Number | Number | Number | Inches } Inches 3 Inches t Inches | Percent'} Percent | Tons

* JAnnual:

) & 10 63 ; 51 19 20,74 --3.-)8 9.26 7 31. 19.38 17.67
15 63 ;) 19 20.74 ‘7 ‘3 .12 . ’ 17.90 3,38
17 63 10 29.74 G.87 | 3¢ 23+ 15.65 A7

10 4 4 8.01 . 5.87 8] 2 43.12 5,09
L 15 4 $.01 .27 3 .78.2, 42,96 08
C-4, f-foot.... 1,075 17 4 8.01 . 4.61 . 57.55 34,34 L1.55

Moderate-factor rains: :
2, 5-f00t o Ci e o 10 ] . 7 12.37 . 3,10 B 25.06 19.506 2.39
C-3, 7-foot. 15 - 12.37 . 2,72 . 21,99 15.67 08
17 12,37 2,00 W19 16,17 15.95 .78

Taowsfnetor rains:

-2, 5-foob_ .- i anie 10 0.36 70 .20 : 3.10 ] 8.18 .19

C-3, 7-foot._ . ) - 15 9.36 0.76. W14 L2 L.50 2,56 .21
C—l 9-foot. 1.075 17 . 9,36 ¢ J26 2,798 | 2.7 <14

1 Runoﬁ'—storms are divided into 3 groups by use of the runoff factoras follows: The  group includes storms wi ith factors of from 7 to 11, and the low group includes storms
high group includes storms with factors of 11 or more, the moderate group includes  with factors of less than 7.
storms with factors of from 5 to 11, and the low group includes storims with factors of 2 Data are for the period, Apr. 16 to Oct. 31, only.
less than 5. Erosion-storms are divided into 3 groups by use of the erosion factor as 3 Yeur of highest soil loss for period coversd hy this table,
follows:  The high group includes storms with factors of 11 or more, the moderate
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Panre 36.~Rainfall and runo]l and svil luss from {erraces wilh the same variable grade but differenl vertical intervals on pasture land by (Iu.sszjlcd
qlou]zs of rains® for the S-year period, 1933-872 -

Rainfall group, !cnuw No.,
and: vertical interval

Land
slope

Size of
aren

Raing

Amount of
rainfull

Water loss

Soil Toss
per ncre

19353

Avernge
Aver-

Totul

Crusing
runoff

Total

. 1935 age
Criusing
runoff

Amount

Pereerit of
rainfall

Aver-
1935 age

1935

Aver-
nge

1935

Annuals 7
-2, T-foot.
oot
D oot
]h(,h-fau'tor Taing?
32, 7-fnot.
B St -
oot. ., .
Moderate-fnctor rains:
-2y 7-footi. .-,
}3—3, ‘)goot L
04, 11-foot.. .. .
Jiow: -fm-tor rains:
u—Z' 7-foot. .
-3, 9-foot, ...
E—~!, 11-foot ... ...

Acres § Perecnt

0:.020 15
1.011 1
1.086 21

15
4]

1
21

15

13

Nuinber
{1
63
63
-4
4

Nimber

Number

Inches
23.58%

Number | Inches
51 12
o1

]
51 10

41 4
4 4
4 4

40
40
40 |

Tnches | Trches

Percent

17.38
10,22
9.08

Percent

10.18

Tons
0.38
30
L1
.33
«21
.30
.03
W05
04
.02
09
A7

1 Runofi=storms are divided into 3 groups by-use of the runoff factor as follows: The
high group inclides storms with factors of 11 or-more, the moderate group includes
storms with fu(,tors of from 3 to 13, nnd thelow group includes storms with factors of
5. “‘Brosion-§torms are dxvldul itito 3 groups by use of the erosion faclor as
follows: The hlgh group includes storms with factors of 11 or 'more, the moderate

less th

\\1[1\ factors of less than 7.

2 Data are for the period, Apr. 16 to Oet. 31, only.
3 Year of highest soil loss for period (,uverl.-d by this table.

group includes storms with fuctors of from 7 to 11, dnd the low group includes storms
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TABLE 37.—Rainfall and soil and water losses from plots of various lengths with and without berin} 1935—88"
CLOVER-TIMOTHY HAY IN ROTATION
{Rainfall amounts: 1938, 35.09 inches; average, 26.70 inches)

: Soil loss
Rains Wiiter loss peracre

11938 ' Average )

Plot ‘lcngt‘h and treaiment 19383  “Average Amount Percent of rainfall

Causing Causing -
Totul runoft Total runoff. .. 1938 Average 1938 Averugc

Number Nuniber Number Number Inches Tnches Percent Percent,

72, 6-foot plot:
h be - . : 15 66 10 | - 1.90 7.12
W . 18 66 5 3.84 14.38
Without berm___._ : 66 2,48 7 .29
Without berm_._... . 66 66 5.23 19,59
Average . 66 5.8 3.36 . 12.58
36.3-foot plot: i
‘With berm : 66 2.08 G 7.79
With berni_. 66 : 41.06 15.20
Without berr 66 . 2,55 ] 9.55
‘Without ber - 66 3.31 K 12.40
Average.... ) - : 5 66 6 3.00 11.24

Y IN ROTATION

72.6-foot plot: .
With b
Wi
Without berm..
Without berm..

36.3-foot plot:
Withberm .. . . luiicdomimaciadnn aieibm———
w

Without, berm. . ...
‘Without berm
Average

TOYLNOD NOISOMH NI SNOLLVOILLSTANI
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3281

7.29
19.75
21,49
30,16
19.67

BBHOD




TasLe 37.—Rainfall and soil and water losses from plots of various lengths with and without berm,! 1 935-38—Continue:l
CORN IN ROTATION ‘

Soil loss
Rains Water loss . per acre

Plot length and treatment . 10381 Avernge Amount Percent of rainfall

1938 Average

Causing Causing
runoff Total runoff 1938 Average 1938 Average

Number Number Number Inches Inches Percent Percknt Tons

72 6-foot plot: :
. With berm._ : 66 . 6.37 . 115.89
“With berm. 6.39 . . 104.78
6.62 . 132.73
6:27 108.47
6.41 E 5 . 115.47

36.3-foot plot:
‘With berm_

91. (n
. With berm.. 2.

G ST
NSO
D 06 3 fa 3
— =303 O 00

Average....

1 The berm was a terrace ridge constructed so that the crest of the ridge defined the upper plot boundary.
2 Data are for the period, Apr, 16 t0 Oct. 31, only.
3 Yeur of highest soil loss for the period covered by this-table.
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INVESTIGATIONS IN EROSION CONTROL
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30 MIN, PERIOD
inches per hour

3.50 10 4.00
3.00 t 3.5C
2.50 16 .00
2.00 te 2.50
1.50 t0 2.00
1.00 ta 1,00
0.50 16 1.00
Less than 8.50

5 MIN. PERIOD
inches per hour

4,50 ond aver

4.00 to 4.5C
3,50 0 4 00
20010350

2.50 to 3.00
2.00 10 2.50
.50 1o 2.00
1.00 ta 1.20
0,50 o | OO0
Less lhon 0.50

5 MIN. PERIOD
tnehec pear hour

3.50 andover
5.0G 10 550
4,30 t0 5.00
400 10 4530
350142 4 00
3.00 b 3.50
2.90 W 300
2.00 162 30
| .50 ta 2.00
| 02w | SO
0501t |00
Less thon © SO

30 MIN. PERIDD
Inches pec hour

350 tgd QO
300 0350
2.50 103 00
200 ta £ 50
t 50 10 2 00
L 30 ig | 50
050 10! OO
Less than (3 90

15 MIN PERIOD
Inches per howr

5 50 ond over
500 0 550
4 50 10 500
400 10450
350 w0400
IGO0 w350

APRIL

4] 2 4 ]
Occurrence Eper monih]

JULY

30 MIN, PERIOD MAY

fnches per hour
3,50 0 4.00
3.00 %2 3.50
2.50 to 3060
2.00 o0 2.50
.50 10 2,00
1,00 to 1,50
Q50 10 1.00
Less thon O 50

15 MIN, PERIOD
Incites per hours

5.0Q ond over
4.50 to 5.00
4 00 10 4 B0
3.5C 0400
3001350
2 50 t0 3.00
2.00 102 50
1,50 t0 2.00
L.00 to 1 50
Q.50 o | DO
Less than 0.50

5 MIN, PERIDD
Inches per hour

& 50 ond over
5.00 Iv 5.50Q
4,50 10 5.00
4,00 10 4.50
3,50 10 4.00
30016 3.50
25010300
2.00 to 2 50
| 50 12 OO
1.00 e | 5O
G50 to 1 0Q
Less thon O 50

i) 2 4 &
Occurrence {per month}

A0 WIN PERIQD
taehes per hour

330 1400
300 16350
25018300
200102 50
i 50 10250
10U ) 5O
Q.50 w | 00
Less hon D 50

15 MIN PERIOD
Inches per hour

5.00 ano over
450 10 SO0
400 o4 50
3.50 t6 4.00
300 w350
255G o 3.00

2



http:300103.50
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http:3.001113.50
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30 MIN. PERIOD
inches per hour

3.50 1o 4.00
3.00 10 350
2.50 1o 3.00
2.00 10 2.50
1.5G 10 2.00
1.00 e .50
G50 1o 1,00
Less lhan 0,50

15 MiN, PERIOD
inches per hour

5,00 and over
4.50 1t 5.00
4,00 to .50
3.50 to 4,00
3,00 10 3 50
2 50 10300
2.00 10 2.50
1.50 to 2.00
1O e 1 50
0.50 e .00
Less thon 0.50

5 MIN. PERIOD
inches per hour

5.50 ond over
5.00 to 5.50
4.50 p 5.00
4.00 to 4 50
3.50 w4.00
3.00 ta 3.30
2.50 t03 00
2,00 162 50
1.50 10 2 OO
1.00 1o | 50
0,50 to 1.00
Less thon 0 50

MAY

30 MIN, PERIOD
Inches per hour

3.50 16 4.00
300 10 )50
2 50 1o 3 00
2.00 10 2.50
1 5G to 2 0D
1.0 o | 50
0.50 10 1 0O
Less thon O 50

15 MIN PERICO
Inghes per hour

5.00 and over
4.50 to 300
460 to 4 50
3.50 0 4.00
3.00 15 3,50
2.5 5 3.00

Occurrence lper monih)

30 MIN, PERICD
Inches ger hour

3.50 10 4.00
3.00 1o 3.50
2,50 e 300
2.00 10 2 50
1.50 10 2 Q0O
1.00 to | 50
0.50 to 1 OO
Less than 0.5Q

IS MIN.PERIDD
Inches per hour

4.50 10 5.00
4.00 104 50
350 10400
300 to 3 50
2.50 to 3 00
2.00 102 50
1.50 10 2.00
100 18 1 50
250 10 | 00
Less than O 30D

5 MIN. FERIOD
Inches per hour

3.50 ond aver
500 1e 550
450 10 500
4.00 10 4 50
350 wago
300 w390
250 10 300
200 w230
+ 50 10 2 Q0
130 50
a9 e OO0
Less than ' 50

30 MIN PERIOD

Inches per how

25010300
20016250
150 15 2430
100 161 50
Q50 w100
Less thon 050

15 MIN PERIQD

Inches per hour
450 w00
400 12 450
350 toduQ
300 o 350
250 10 300
20010250
{ 5Q 10200
100 1ot 50
050 10100
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JUNE

&

CGreourrence {per month]

SEPTEMBER

0 MIN PERIOD
inches per hour

250 10 300
200 102,50
230 w200
(LY I
w50 e OO0
L 255 than O 50

15 MIN PCRIOD
Inghes per hour

450 0500
100 1o 450
%50 A 00
300 to 350
S50 10300
200 107 50
£ 50 w200
100 e 1 50
045G 1 100

QCTOBLR
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Frgure 1.—Location map of the Upper Mississippi Valley area, showing loeation of the Soil Conservation Experiir
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. The Soil Conservation
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Upper Mississippi Valley area, showing location of the Soil Conservation Experiment Station near La Crosse, Wis,




30 MIN, PERIOD 30 MIN_PERIOD
Inches pae hous Inches ger hour

3.50 104 00 1,50 to 4.00
3.00 1o 3.50 3.00 to 3.50
2.50 1o 3.00 2.50't0 3,00
200 W 250 2.00 10 2.50
1.50 102 0O 1.50 16 2.00
190 101 5S¢ 10U te 1,50
050 t6 1 QO ] G.50 kb 1.00
Less then O 50 § Lesy thon 0.50

IS MIN. PERIOD 15 MIN. PERICD
Inches per hour tnches per hour

5.50 ond over 5.00 oad ower
500 t0 550 4.50 to SO0
430 10500 4.00 to 3 50
400 t0 4 50 3.50 to 4.00
3.5G 10400 300 e 350
3.00 10 3.50 2.50 to 300
2,50 t0 300 2.00 t0 2.50
200 1025 150 to 2 GO
1530 10 2 OO P00 o 1 50
1.00 te 150 0.50 1o 1 00
0.50 1o { QO i Less thon 0,50

Less thon O 50
5 MIN, PERIOD
taches per hour
5MIN PERIOD
leiches per hous 5.50 ond aver
5 50 and gver 5.00 to 55C
300 105 50 4.50 10 500
.50 o 5.00 4.0G to 4 B0
400 w450 350 1o 4,00
350 0 400 3.00 10 350
300 e 50 250 10300
2 50 to 3.00 20010250
20011250 | 50 102 Q0
150 10200 100 o | 50
1 GG 1ot 50 950 o 100
Q5G 10 100D Less thon O 50

Less thon O SO 4
Ocourient

4 )
Oc¢cutrence [per month)

Froure 4.—Average inteosilies for 5-,



http:350104.00
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Q MIN PERIOD
30 MIN, PERIOD AUGUST 30 MIN PE
nches per howr Inches per hour

3.530 10 4,00
3.00 10 3.50
2,501 2.00
2.00 1o 2.50
1,50 to0 2.00
1.0V & .50
0.50 to 1.OD

25010300
20010250
1.50 10 200
1 Q010 {50
050 to 10O
Less than O 50
!5 MIN, PERIOD

Less thon C.50 ’ Inches per hour

45C 10500
'mfgﬁw 400 1o 450

5.00 ond over 350 to 400
4.50 ¢ 5,00 30010350

4.00 to 4,50 250 10300

3.50 to 4.00 200 10 2 30
3.00 1o 3.50 15010200
2.50 1o 3.00 1001 |50

2.00 ' 2.5C 050 1w | DD
1,50 to 2.00 Less thon Q50

S MIN PERIOD
1.00 ta (.50 Inches per hour

0.50 to 1.00
Less thon G.50

5 50 ond gver
500 to 550
S MEN, PERIOD 430 10500
Inches por hour 400w 450
5.50 ond over 35010400
5.00 to 5.50 300t 350
4.50 to 5.00 250 12 300
4.00 ta 4 50 200 to 2 50
3.5C 10 4.00 15010200
3.00 18 A.50. 1,00 to 1,50
2.5C 10300 090 w 100
2.00 102 50 Less thon D.5U
1.50 10 2.00 '
1 00 13 .50
050 s ) GO
Less thon @ 50

4 [
Cccurrence {per month)

Fioure 4.—Average inlensities for 5, 18-, and 30-minute periods of precipitation for each manth of the growing seaxon, 19
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SEPTEMBER

4 ! &

8

Occurrence [per monin)

season, 193343, La Crosse, Wis.

10 MIN. PERIOD
Inches per hour

2350
2.00
1.50
L.Qo
050

Io 3.00
le 2,50
la 2.00
lo 1.50
to 100

Less than O 50

13 MIN

.PERIQD

Inches per hour

4 50
4.00
350
300
230
2 00
| 50
10
050

o 500
tg 4 31
1e 4 DO
o350
o 300
o250
1o 200
1o | 50
to 100

Less thon O 50

3 MIN PERIGO
Inches per hour

2.00
430
400
3 50
300
2 50
2 00
150
' QO
[oh1¢]

ta 350
ta 500
lo 4 50
1o 4 00
te 3230
o 300
o 2 50
Ip 2 00
o i 50
o 100

Less thoe D50

OCTOBER

? a
Oceurtenge  per monin




SS_ ... .Steep stony lond
F __._ Timber

SLOPE PERGCENT
03
3-8
.8-15
1 5-25
25-40
40 +

Number to right of soil symbol
represents inches of topsoil
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