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SUMMARY AND APPLICATION OF FINDINGS TO I.JAND USE 
IN THE PROBLEM AREA 

The Soil ConserYn.tioll Experiment Station neal' Zanesville, 1.fuskin
gum County, Ohio, was established in 1932 to investigate soil and 
water conservation problems in the northwest .Ltppa1achian area. 

The topography of this area is mostly hilly. The soils, derived 
largely from sandstone ami shale, belong to the large group of Gray
Brown Podzolic soils. 1n general, they Ilre acid. The liUld was 
originally in forests which were cut and burned by the early settlers. 
Geneml farming call1(' to be the prevailing agriculture soon after 
settlement. This type of agriculture has caused rapid soil depletion 
and erosion. 

I. Submitted for publication August 19H. 
: The early work at this station wus supervised by S. ,Yo Phillips. soil scientist, Bureau of Chemistry and 

Soils, and F. E. Hardisty, ussociatc a~'[icultural engineer, Bureau of Agricultural EngillCering. Following 
the death of Mr. rhillil)S m JMUary 1933, E. II. Deete~ assistant soil scientist, was in charge Ulltil October 
1934. At that time, :Mr. Decter was succe(>dcd br J.lI"/. Snyder, soil scientist, and .Mr. Hardisty-b),Y. D. 
YOUllg, associate agricultural engineer. In :Fcbru!lry 1936, Mr. Snyder was succeeded by H. L. Borst, 
soil conservationist, and Mr. YOUIlg was foHowed in August 1937 by RnsseH Woodburn. From October 
1935 to August 1937, E. A. Carleton wusa member of. the statIo Mr. Woodburn left the station in February 
1941. In December 1942 F. A. Post joined the station statIo 
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INVESTIGATIONS .IN EROSlON CONTROL AND RECLAMATION 

Although, in the area as a whole, agriculture is still carried on, 
there are several comparatively large tracts which have been given 
over to reforestation and many individual farms have been abandoned. 
Within the last decade or two the acreages of corn and grain crops 
have been reduced. Dairying is an important enterprise in much 
of the area. 

Inyestigations of climatic, hydrologic, topographic, and soil factors 
causing and affecting soil erosion and water loss and of various 
erosion-control and Wtl,ter-conserving practiees, together with related 
studies (II vegetation, have been made during the 9-year period covered 
by this report, 1934-42. 

The findings of the station bear out the cviclenee presented by erosion 
surveys that the sloping soils of the area undergo severe erosion when 
devoted to tlold style" gC'lwml farming in whieh intel"tilled crops 
have a prominent place. TIH' results of thr illwstigations at the 
station also point the way to ll,gricultural prnctices which not only 
will aid in conserving the soil resources of the problem ama but at 
the same time, if adopted generally, will add significi11ltly to the 
Nation's food supply. 

In genern,l, the typr of agriculture indicated is one in which grasses 
and legumes playa major role. On hill-land farms the growing of 
crops should be r('strictetl insofar as possible to those areas best 
suited by topogmphy to their production-to fairly level bottom 
lands and the gentler slopes. The remainder of tlH' farms, in fact 
the most of the acreage, should 1)(' elevoted to pastures, pastmc mea
dows, and woodland. In tl\(' broad, comparatively level valleys, 
attention should br din'ctNL chiefly to agronomic problems rather 
than toward erosion control. 

The cropping of hill lands should be can-it'd on only with aU feasible 
praetices for erosion control. Emphasis should be shifted from 
erosion-eontrol practicE'S in the narrow sense to a broader, more 
inelusive program CLc-SiglH'cL to conserve productive capacity of soils 
in tl1(\ full('st sense of the term. Calcium, phosphorus, and potassium 
must be supplied liberally in manures or commercial forms. Grass 
and legumes, particularly, require an adequate supply of those mineral 
elements. A sound fertility program is fundamental to the conserva
tion of the soil. TIl!' rotations should include 2 vears or mora 'of 
sod crops. :Mendows should be seeded with long-Ih~ed, deep-rooted 
legumes. Strip cropping. fortified by diversions and terraces where 
IH'CeSsary, should b(' practiced. 

DailTing and sheep misillg are now important farm enterprises. 
Small beef herds \vill fit well into the picture. The changing of the 
present "exercise lot" type of unimproved native pasture to one pro
ducing all-summer herbag{' of high protein value by methods developed 
at this station, would b{' a potent force in the present food-production 
program. Bechliming a comparatively few hundred of the thousands 
of acres of virtually idle land, now growing broomsedge (And1·opogon 
uirginicu.s) and poverty (oat) grass (Danthonia 8picata.) by this sta
tion's "trash mulch" method of seeding alfalfa-gmss mixtures on such 
land, would ndd in no small way to the supplies of meat, milk, and 
butter. 

Not only should i1ttention be directed to a more comprehensive 
soil-conserving program for cultivated lands, but emphasis should be 
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shifted from croll acres to what is now considered noncropland

potential grassland. Not only does a grass or legume vegetation 

control erosion effectively and conserve water for the replenishment 

ofgroundwatel:, but it is efficacious in rebuilding the dynamic organic

matter reserves ·of the soil and in restoring a desirable structure to 

the soil. The potential grassland of the area should be recognized 

as being fully as important, with respect to income possibilities, as 

the cropland and should, in general, receive more attention because 

it has been so neglected in the past. In short, "grass" should be 

looked upon and treated as a crop. 


At present the noncultivated land of the problem area faUs into 
three categories-pastures, woodland, and idle land. To these 
should be added some acres now cultivated that should be "retired." 
To utilize those areas suitable for grass profitably, requires a com
bination of the tlll·ee "l's"-lime, legumes, and livestock. Areas too • 
steep or too gullied for the use of machinery should be devoted to 
woods. 

The usc oia minimum of cultivated land and long rotations, includ

ing deep-rooted legumes, in cOJlnection with strip cropping, terraces, 

and diversions-aU known soil and water conserving practices; the 

devoting of the large acreages to improved grassland to be utilized 

for grazing and forage; the returning to forest of those aroas unsuited 

to ~arming-these are the bas('s for a permanent agricultUL'e for the 

reglOn. 


The following is a· brief summary of the findings of the station upon 

which the preceding recommendations are based: 


The practic(' of strip cropping materia.Ily r('ducrd ('!"Osion. .A.4-year 

rotation strip cropping system was more effrctiv(' than a. 3-yrar 

system. Strips 35 feet wide lost slightly less soil than 70-foot strips. 


Terracing proved an Effective means of controlling erosion. Neither 

level nor closed terraces were satisfactory, b('callse of th(' relativGly 

impervious nature of the soil. A channel gradient of 6 inches per 

100 feet of length caused excessive scouring, Wh('l"(~flS grades of from 

2 to 3 inches per 100 feet were satisfactory. 


Winter erosion from bare corn stubble lund was about 7 tons 

greater than from land in wheat, whereas runon' was about twice as 

great from the former. 


Losses of plant nutrients were computed fer the soil and water 

losses of plots in fertilized and unfertilized corll and on contoured 

and .noncontoured plots. In general, these nutrient losses were 

governed by the soillosse$ and totnled more than the amounts re

moved by the crop. 


Slope studies showed that erosion increased with length of slope 

and that erosion pel' acre was increased nearly 20 percent when the 

slope length was doubled. Runoff had a tendency to decrease slightly 

with increased length of slope. Erosion from cultivated land in

creased rapidly with an increase in steepness of slope. There was 

evidence that the erosion-slope relationship is exponential, but neither 

runoff percentages nor rates were affected lllaterially by steepness 

of slope. 


Records from the bare, hard, fallow plot show that :May, June, 

July, and August are the months of most serious erosion-71 percent 

of the annual n.'ierage soil loss and 62 percent of the runoff occurred 
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in this period. June is the month of greatest erosio~, ana August 
the month of greatest runoff. Increased intensity of summer rainfall, 
rather- than a greater amount of rainfall, was deemed responsible for 
the high erosion losses. . 

The amount of runoff and e1:osion from cultivated land has varied 
with the crop, cropping practices, soil surface condition, and numerous 
other factors. A plot planted to corn continuously without fertilizei· 
for the 9 years on a 12-percent slope lost, as an average, slightly 
more thaIl 99 tons per acre or approximately two-thirds surface 
inch of soil each year. During the 9 years of record 'the corn yield 
of this plot decreased from 60 bllshels per acre to 1.6 bushels and the 
percentage of organic matter from 2.5 to 0.5. The use of standard 
fertilizer application to a similar plot reduced erosion approximately 
14 percent. Plots where corn followed 2 years of meadow in a rotation 
(without fertilizer) lost 46 tons of soil per acre unllually, or less than 
half us much as plots where corn wus grown continuously. It was 
found that plowing under good sods does not completely control 
erosion, and apparently the control value of plowed-under sod disap
pem·cd after the first year. 

Rotation meadow plots suffered negligible soil losses and the runoff 
was similar to that from permanent grnssland. Second-year meadow 
plots lost less WtLter than first-year meadow, indicating an improve
mentin iuf-iltrution charncteristics ns the soil remained in sod. Annual 
soil losses from plots in rotation wheat followed by meadow was 
about 12 tons per a(:re while the a,vernge rotation losses were 7.7 
inches of runoff and 13.4 tons of soil. During the 9 years of the , j 

rotation experiment, corn yields decreased from 54+ to 25 bushels 
1 
1 

per acre und the organic-matter content of the plots decreased from 
2.12 to 1.5:3 percent. 

Rain-sim ulator studies of the effect of plant residues used as mulches 
and incorporated in the soil, and the effect of soil surface condition 1on erosion, runoff, and infiltration, reported in previous publications 

1(9, 10),3 showed that straw incorporated into the soil beneath the 
surface had little or 110 effect ou crosion or infiltration; cultivated i 
~Juskingulll soil "scaled" rapidly under thc impact of rainfall, J 

t'esulting in low infiltration, and in higJll'tlllOff and attendant erosion. J 
Straw mulch placed on a sealed surface prevcnted erosion but did 1 

Inot cUl'tail runoff. Straw mulch placed OIl a eultivated or "open" l 
surface promoted rapid infiltration and controlled erosion. Straw 1 
mulch supported 1. inch above the soil on hardware cloth had nem·ly 
the same effect as stra,w on the surfacc, showing that the raindrop I 

I 
impaet is lUI important factor in the erosion process. ,• 

1In a, study of sensonal infiltration, it was found that iufiltration on ja site covered with pernlitncnt bluegrass Jluctuated markedly during 
the year-it was high in the summer months and low dUl'ing the late 
fall and winter months. i 

Runoff and erosion were greater from unfertilized, overgrazed ! 
pasture plots than from fertilized plots. Judiciously grazed fertilized 
plots lost less Wil.ter than those grazed more closely. j 

3 !taHe numbers in purentheses r(lfcr to Literature Cited, p. 94. ~ 
1 
" 
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The effect of vegetation on erosion and runoff is shown by records 
from the control plots, pastill'o plots, and three watersheds. Grass 
virtually controls erosion and consorves a largo percentage of the 
precipitat.ion. Annual average runoff from an ungl'l1z~d, mowed, 
1/100-acre plot wus slightly less than 5 percent of the precipitation. 
From one-half acre grazed plots and from a 3}f~acre pasture water
shed, it was approximately 14 percent. Soil losses fr0111 these areas 
ranged from negligible amounts to 11 maximum of about .:300 pounds 
pel' acre ea.ch year. 

Records from three wn,tcrshccls devoted to cultlvatioll, pasture, 
and woods showed that both grassland and woodland (ungrazed) lose 
negligible amounts of soil alld eonscl'VC much of the !'i\,lufnll; the 
'pasture lost about 14 percent of the preeipitation, und the woodland 
only 3.2 percent. Erosion losses from the cultivated wittershed 
varied much with the crop. Littk erosion occurred during the • i 
meadow years, but appreciahle soil loss took place from the land in 
wheat, and seriolls erosion was recorded for the years when corn 
occupied the land. 

:Moisture studies of soils under grass, woods, and COl'll showed 
that the moisture contcnt of such soils increilsed dming the In,te fnll 
nnd winter months, reaching n mllxilllt/!l1 ill February 01' Mnrch, and 
decreased froUl this time to lt1l10LllltS approaching the wilting point 
in September 01' October. 

Experiments lliwiug for their objective the cstablishmcnt of de
sirable vegetation 011 eroded rundown hmd luwe been CtllTied on at 
the station since its cstnhlislnnent.Early in 1936 n, trilll seeding of 
alfalfa was mude 011 a badly erodedlield, huH of which wns bare nnd 
the remainder covered by n, sparse growth of poverty gruss nnd briars. 
Needed cttlcium nncl phosphorus were supplied by liberal applications 
of lime nud fertilizer. The rcsults from thc seeding wcre so promising 
that several simihu' plantings lllwc been mnde during subscquent 
years. The field used in 1987 wus similar to the one trcated in 1936 
and had been in pasture for morc thnn 20 years. The five nrens used 
in 1940, 1941, and 1942 hnd been abandoned for more thnn 10 years. 
Three cuttings of hay haNe been made on all of these areas ench year 
since their establishment. First cuttings each year have been mixed 
hal, hut the second and third trops hl1ve been nlmost strnight nlfalf'a. 
With the exception of olle yel1I' (1941), the yields hnNe equalled 01' 

exceeded those from the rotl1tion llwu.dows 011 the experimental fnrIll. 
In addition to the trinls nt the Zanesville Station, similar secdillgs 

were mack at the Experimental ,Vatershed Project neal' Coshocton, 
Ohio, and at the Ohio l\griculturnl Experiment Station at 'Wooster,. 
Ohio, both of which were sllccessful. Under this trnshy-fallow 
method of seeding alf'alfn the Inud is protected from the destructive 
forces of rainfall by l<>a.Ying the soil covered with n blunket of organic 
materinl, thus promoting infiltration fmd dC'':;l'ensing runoff and 
erosion hnzards. Seeding the m.eadow dil'eet without the COI1ventionnl 
small grain eliminates competition by the so-cBUed. nurse crop fre
quently 11sed in the establishment of a new nlfnlfn, seeding. 
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INTRODUCTION 

This publica;tion is 1 of a series of 10 report.sdesigned to cover the 
first decade of experimental work at each of the 10 original soil erosion 
experiment stations established with funds appropriated by the 
Oongress and carried in the appropriations for the United States 
Department of Agriculture. 

On December 18, 1928, the Buchanan Amendment to the Agricul
tural Appropriation Bill for the fiscal year 1930, appropriating $160,000 
for soil-erosion investigations, was adopted by the House of Repre
sentatives. The language of thc amendment was as follows: 

Soil-erosion investigations: 'l'o enable thl' Secretary of Agriculture to make 
investigations not otherwise provided for, of the causes of soil erosion and the 
possibility of increasing the absorption of rainfall by the soil in the United States, 
and to devise means to be employed in the preservation of Roil, the prevention or 

'.. 	 control of destructive erosion and the conservation of rainfall by terracing or 
other means, independently or in cooperation with other branches of the Govern
ment, State agencies, counties, farm organizations, associations of businessmen, 
individuals, $160,000 of which amount $'10,000 shall be immediately available. 

Plans were developed for the establishment of experiment.al work 
on lands represent.ative of large problem areas of eroding land in 
various parts of the country. Eyentually, 10 experiment stations 
were organized to serve the areas (2, 3, 4, 5). 

In April 1935 the Soil Conservation Act was passed by which the 
Federal Government was definitely committed to the policy of soil 1and water conservation and provision was made for the establishment 
of the eioil Conservation Service in the Department of Agriculture. i 

jThe stations, at this time, became an integrul part of the research 
activities of the Soil Conservation Sm·vice. 

The J:esearch program of the stations was designed to investigate I 
the causes of erosion and to determine the most effective and practical j 
methoch; of checking and controlling soil and water losses from the 
agricultural lands of the areas. This included experiments with 1 

<fvarious types of vegetative coycr, soil treatments, cultural and crop
ping systems to determine their com.parative effectiveness in pre
venting erosion, studies of the performances of terraces and check 
dams of difl'erent designs in removing runoff without injury to soil I
and crops, attempts to reclaim and revegetate eroded land, and the 1 
keeping of meteorological records. 

The research program of the Soil and "~ater Conservation Experi
ment Station near Zanesville, Ohio, was established to obtain in,. 
formatiOLl on tht' causes flnd efleets of erosion and to develop meas
ures for its control in the N orthwesteru Appalachian problem area. 

The station, since iLs establishment, has been working under a 
cooperative agreement with the Ohio Agricultural Experiment Station. 

The principnl work to dnte has included studies of the effect on soil 
nnd water losses of such factors as vegetntivc cover, length and degree 
·of slope, slope chnrncLel'isties, erop rotations, strip-c(·opping pmctices, 
and terracing-including grnde, spacing, and length-nnd the re
vegetation of eroded land. 

These studies have sm·ved flS fl· hasis for the development of an 
erosion-control progrnm applicnble to this nl'ea, and some may con
tinue to furnish useful information fo1' future improvement of erosion
conkol methods. Findings of the stntion have been adopted flnd 

http:experiment.al
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PRIMARY ,AREA OF THE 

NORTHWEST APPALACHIAN SOIL AND WATER CONSERVATION 


EXPERIMENT STATI.ON 


TYPE AND DEGREE OF EROSION 


~ 
LEGEND 1 

1mIIIIIII1 Severe sheet erosion and gullies _ Moderate sheel erosion 

_ Severe sheel erosion ~ Slight sheet erasion,occasional gullies .. 
.~ Moderate sheet erosion and gullies c=J Liltie or no erosion ,

o Locolion of Ihe station ! 
j 
~ 
i 

FIGURE I.-Map showing the area served by the Northwe:;t; Appalaeh::" Soil and \ 
\Vater Conservation Experiment. Station and the location of the stbtion near 
Zanesville, Ohio. The extent amI degree of erosion within the area, as adapted " 1 

\from the recoTl1Hlissance erosion maps of the various States, arc also shown. t, 
!, 
I 

! 
I, 
I, 
I 
I 

http:STATI.ON
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modified to fit special conditions existing in other parts of the area. 
Methods of establishing and improving the protective cover 
meadows and pastures, the effectiveness of certain soil conserving and, 
soil-improying crops, and the most desirable terrace characteristics for 
the area are examples of the t.ypes of information obtained during the 
time the station has been in opemtion. Pl'I1cticcs such as strip crop
ping, contour tillage, and other eonseryation measures hu.ye been 
tested to determine the conditions undel' which they are most effective 
when applied to the soils of this region. 

THE PROBLEM AREA 

Location, and c:ftellt.-The station was established to sel'YO, primarily 
Il pl"Oblem areH. known IlS the Northwest Appulnchinn Plateau. This 
11rCl"t roughly elllbmces about one-third of Ohio pamlleling the Ohio 
RiYer on the southenst, enstel'll Kentucky, nendy ull of 'western "Yest 
Vi rginiu, the western one-fourth of IJennsyIYania, and a small part of 
southwestcL"J1 Kew York (fig. 1: 

Vfith the progress of the work hns come an appreciation that basic 
findings, at leust, may Ilpply to a rather wide range of soils and con
ditions so that a secondn.ry aren. served by the station may extend well 
beyond (pn.rticulllrly westward.) the boundaries of the area shown in 
figun' 1. 

, Topogl'a.phy.-}.lost of the problem itrea is uneven in relief and is 
best descri bed ns hilly find in some sections even mOlUltainous. (See 
figs. 2 t)'nd 3). There IlTC oecnsiollal brond vulleys, andmauy Harrower 
ones, ]lIlTticulnrly in Ohio nud western Pennsylmnifi. On the majority 
of far111s, however, 1e\'01 or even gently sloping lund is at a minimum 
or lacking. A large part of the cultivl1ted 11l.ntI is on slopes ranging 
from 10 to 40 01." morc percent. 

Soils and vegctation.-The soils n.re dCl'ived muinly from sandstone 
ttnd shale. They arc iItlnmtmc and belong to the large group of Gruy
Brown Podzolic soils. In various sections of the I1l"en· there llrc out
crops of limestone, which are usuall)T interbedded with snndstone and 
shnle nnc! vary cOllsiderably in thickness. 

The snnclstones und shules are mostly gray to yellow, and on disin-
Legration produce grayish-brown or brownish-yellow soils. The most 


. impOl'tant soils produced from this material are of the 11uskil1gum, 

Delmlb, Gilpin, \VellsLon, and Zanesville series. Red sandstone, 

shales, and clay shales nlso come Lo the surfnce at various places over 

the problem luca and produce ~he Upshur and :Meigs series of soils. 

All the snndsLone and shale soils are acid. The Brook series and asso

ciated soils 111'e der-in~d from the parent llmterial containing limestone. 


110st of the arOt)' lies in the hardwood belt, where onk, chestnut, 
chesLnut oak, and tulip poplnr once predominated. A pOl,tion of the 
r.l.·etl extends into the northeusterll hnrdwood belt. 

Er,lent CLnd d('w('e of cl'o8ion.-Becallse ofthe relative steepness of the 
topography of the tU'ell ilnd the formerly wi.despread practice of 
utilizing hillsides fo!' the production of corn and wheat, the soil has 
been eroded to 11 serious degree. Seyere sheet erosion with fl"equent 
gullies occurs ovor southeuste1'l1 Ohio and western vVest Virginia. 
Pnrts of some of tho counties of Ohio lutve been damuged by guUying 
to such an extent tiw.t agriculture hus been abnndoned. The extent 
und degree 01' erosion ill thepril11al'Y urea IU'e shown in figure 1. 
Typical views of sheet and gully erosion nre shown in figures 4 and 5. 

http:secondn.ry
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FlGUI~E 2.-Typical topography ncar Zanesvillc, Ohio. 

FIGURE 3.-Typical topography of eroded and gulliedJand neal' the Htation 

Agricultul'e.-The agriculture of the area dates back on~r 100 years. 
In some sections ngl'iculturc has been abandoned because the topog
raphy is unfavorableaud the soil hus been depleted by unwise 
cropping and erosion. The chief ugricultuml income is from livestock, 
and usually only enough land is cultivated to produce feed 1'01' the 
livestock carl'ied. Sheep and small dairy herds are common. In 
the past a greater proportion of the land of the Ohio farms was devoted 
to general farming, especially to wheat raising. In places where there is 
considerable bottom land, general farming still prevails. 

Olimate.-The anllUal l'fiinfall ranges from about 34 inches in 
northeastern Ohio to approximately 48 inches in southern "\-Yest 
Virginia. 

Mean annual temperature J:n.nges from less fihall 48°F. in the 
northern part of the area to over 55° F. in the southern part. At 
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J"IGl'H1~ 4.-Shcet erosion and flllger gullies in Coshocton County,Ohio. 
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IFIGun}J 5.-Gully erosion in Muskillgllm County, Ohio. j
Zanesville the mean annual temperature has averaged about 51 0 F. 
for a long period. :Maximum temperatures range from about 90 0 to 
1100 F. Minimmn temperatures vary a great deal in the southern 
part of the area depending upon the altitude. In northeastern Ohio 
and western New York the temperature sometimes reaches 300 F. 
below zero. The length of tho growing season, or the time from the 
last killing frost of spring to the first frost in the fall, has ranged, over 
a period of 27 years, from approximately 135 days in the northern 
part of the area to 185 days in the southern part. At Zanp.sville the 
growing season has been about 155 days. 
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~rainogewoys 
Field boundaries Experimental plOIS 
Watershed boundaries Field designallon 
Terrace ond slit box Depression 

FIGURE 6.-Map of the Northwest Appalachian Soil and Water Conservation 
Experiment Station, showing location of the fields aud expcrimeutalareas as
of 1936. 
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THE CONSERVATION EXPERIMENT STATION 


Location and hist07'lI.-The soil and water conservation experiment 
station consists of approximately 250 acres O'f land lying along the 
upper end of 'rimber Run, a small tributary of the Licking River, 
which flows inGo the :LVluskingum River at Zanesville, Ohio. The 
station is approximately OX miles west of Zanesville and lU miles 
north of U. S. Highway No. 40. Its location within the [I,rea is shown 
in the map of figme 1. The land was acquired in the summer of 1932 
by the Ohio Agricultural Experiment Station and construction was 
stlu·ted that fall. The eontr"ol plots and most of the tel'l'ace were 
instn,lled by the fU'st of July 1933. Figure 0 presents a map of the 
station showing the locations of the fields and experimental areas as 
or 19:30, figure 7 shows the control plots. 

FIGURE 7.-General yiew of north part of the station with control plots in the 
foreground. 

Soils and tOJJo{jl'Clphll.-The predominating soils of the station are 
lvIuskingun~ loam and :Muskillgum silt loam. These types and the 
related series as they occur in the problem area are described in the 
Soil SUl'n~y Report for :Muskillgum Oounty (32). In some places, 
the subsoil is of slightly heavier textme than that of the typical 
Muskingum series. Paschall and Lallghl'Y J described the deep 01' 
matmc phase of the nt[uskillgulll silt loam on the station farm as 
follows: 

o to 6 01' 8 inches ______ Brown to grayish-brown silt loam. 

8 to 10 inches _________ Grayish-yellow to grayish-brown silt loam. 

10 to 24 inches ________ Bright yellow, almost buff, heavy silt loam to clay 


loam. Contains a few rock fragments.
2'llo 32 inehes __ . _____ Yellowish-brown silt loam to sandy silt loam. 

Contains numerous rock fragments. 

Second in importance on the station tract is Eifort silt loam. This 
soil resembles the Mu~kil1gum on the surfacc but differs from Musk
ingum in that it has a gray .fire-clay stratum from about 18 to 36 

• PASCIIALL, A. H.,anu LAUGIIRY, F. O. Unpublished report of n special survey made by the OhIo 
AgriclIlturnl Experiment Station to servc lIS n bllSis for Inyingout experiments. 
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inches~ Below 36 inches, fine clay or sandstone and shale may occur. 
Other soil series of the station are the Lickdale, Adkins, Philo, and 
Brook. The Brook soil is derived from limestone and occurs on only a 
small area. 

The topography of the station on which these soils are located is 
hilly and ranges in elevation from about 880 to 1,040 feet above sea 
level, with slopes varying from about 5 percent to 25 percent or more. 

PURPOSE AND PLAN OF EXPERIMENTS 

The investigations which havo been conducted fall into two main 
categories: (1) Studies having to do with what might bo termed basic 
factors affecting soil and wator conservation, and (2) the application 
of these basic findings to conservation practices and the field evalua
tion of such practices.

In the iirst category aro studieR of precipit[l,tioll, its seasonal dis
tribution, intensity characteristics and fl'OtlU13uCY of erosivo storms; 
the effect of topographic factors such as degree of slope and length of 
slope; the influence of various crops and different land usc on erosion 
and runoff; and the infiltmtion of water into tho soil. UncleI' tho 
second category are experiments dealing wHIt tho application of these 
studies to contour cultivatlOn, strip cropping, rotation, terracing, and 
other agronomic practices. 

BASIC INVESTlGATIONS 

Rainfall studies.-The seasonal distribution of rains of various 
intensities has been studied in relation to the erosion ancll'unoff they 
have produced. Such studies point out the vulnerable periods of the 
year. Investigations of the potency of rain(lrop impact as compared 
to overland flow produced by rains have been made with a rain 
simulator. . 

Oontl'ol plot studies.-Control plots 1 to 15 were established in 1933. 
Plots 16 to 21, duplicates of plots 3, 4, 5, 6, 7, and 8, were started in 
1938 but official records were not initiated until January 1, 1940. 
Total runoff and soil losses from these plots are caught in tanks and 
measured. Two control plots were installed in the woods but were 
discontinued when found to be faulty. 

Plots 1, 2, and 3 were mstalled to study the effect of length of slope 
on erosion and runofl'. Plots 3, 14, and 15 constitute a degree-of-slope 
comparison. Plots 4, 5, 6, and 7 are devoted to an ovaluation of the 
efficiency of a 4-year rotation of corn, wheat, and 2 years of meadow, 
in relation to soil and water losses. On plots 9, 10, and 11 the efl'ect 
of native wild grasses and bluegrass on erosion losses is compared. 
Plot 13 has reflected the effect of fertiliziilg corn, while on plots 8 and 
12 the efl'ect of the desurfacing and removal of topsoil has been 
studied. 

The lay-out and cropping of these plots is shown in table 36, Ap
pendix. The plot house and some of the plots 'are shown in figure 8 . 

. Watershed studies.-Three watersheds, one in timber, one in pasture, 
and one cultivated (3-yp,ar rotation of corn, wheat, meadow) have 
furnished data on the effect of land use on erosion losses. Table 37, 
Appendi4, gives the physical data on these areas. 

Infiltration studies.-Infiltration studies have been conducted over 
a period of more. than 2 years, including times when the soil was 
frozen. 

. " 
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FIGUltE S.-View of somc of the control plots. 

Ruin-sim1liaior experiments.-Rain-simulator studies have been 
made to determine the effect 01' such factors as degree of slopo, surface 
condition, mulching, incorporation of orgnnic matter, different 
methods of seedbed prcj)ltlation to utilize crop residues to the best 
advantage, and the protective effect of different vegetative covers. 

ApPLICATION STUDIES 

Experiments den.ling with the application of basic findings to control 
measures have included: (J) A comparison of 3- and 4-year rotation 
strip-cropping systems, aTeas A, B, C, and D; (2) a width-or-strip 
comparison, areas E and F; (3) a comparison of terraces of different 
lengths, 1\.-4, A-5, A-6, A-7, A-11, and A-12; (4) a comparison of 
ten'ace grades, A-4 to A-12; (5) the effect of terracing pasture land, 
B-7 to B-ll; (6) a study of terrace spacing, 0-3, C-4, andC-5; und 
(7) a study of the effect of ClOp cover on terrace effectiveness, A-13, 
A-l4, and A-15. Physical 'data on aU these areas are recorded in 
tables 38 and 39, Appendix. 

Contour cultivation has been evaluated on tempOfaTY min-simulator 
plots and on the" semipermanent plots 22 to 25. 

The effect of the fertility level and degree of grazing on soil and 
water losseshus been measured for 2 yenrs on pastul"e plots I to V, 
in field I. 

Extensive studies involving the revegl'tu.tion of eroded land without 
plowing and by sowing to alfalfa havl' been conducted in fields D, 
E, A, and R. 

INVESTIGATIONS AND RESULTS 

METEOROLOGICAL llECORDS 

In a humid climate such as Ohio hns, rainfall is the chief cause of 
soil erosion. A knowledge of the amount nnd the sensona] OCCUlTCI~ce 
a.nd character of the rainfnll, theTcfore, is an udvnntngc in designing 
and evnluating soil-consel'ving practices. 
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The avel'l1ge annual precipitation at the station for the 9-year period. 
of this report was 38.02 inches. This agr'ees closely with the 55-year 
average of 38.23 inches at -Wooster. (See table 1 and fig. 9.) During 
4 of the 9 years, precipitation exceeded 40 inches. In 1934 it was 
onl)T 24.64 inches find in 1941, 30.27 inches. 

Seasonal distriblltion.-The monthly minfnll averages for the 9-yonl' 
period were not widely different from those of the long-time re('ord 
except for JUlle, July, llnd August. The rainfall in June oxeeeded (he 
long-time average for' that month in 7 years of tite 9-yene period. 
The avernge excess WIlS 1.35 inches. .July, llormnlly the high-rninfllll 
month, WIlS below the long-time n.vcl'I1ge 7 yeurs of the 9, with nn 
n.vernge deficiency of O.O(j inch. 1'hcre W('I'('- I) months during OJ(' 
9 years whell precipitn.tion was less thn.n 1 inch. :Highest monthly 

TARLE l.-Avcra{fc monthly rain/ali at Northwest "171l)(//ackiall COllsert'alioll 8.(·p('/'l
ment Sl(llion, Z<mesvilll.', Oldo, 1984-4::1,1 and 111,(' 5.'j-11('(lf (I/'erll[H' Jar Woos/cr,
Ohio 2 

Month 

'rotnlforycflr.-' 2-1.6-1 41.27 a9,l~1 i -Ia.oo ,: 30.S2: '12.65 - '12.·IS ':lO.27 :!S.20 
t \. 

t Frorn records Of the station ~n!(cs. 
'l:'rorn records [(lr IlCriod ISS8-1\1:1" ~howl\ in Ohio A~r. I':X])L Stn. Bul. -1-15, \\'nnStJ'r, Ohio, and Ohio 

Bimonthly 11ulll'lill issued hy the Ohio sWlion for ~Iny-Julle, 10·:0; ~lnrt'lh\pril, 1911; ~\hlrt'h-A pril, 111-12;
and ~[ny-Junc, ]043. 

FroUR1'l 9.-Annual precipitllUon at til(' slalion, 19:3·(-.12, compared wiLh the 
55-year average at Wl)osif'l', Ohio. 

http:19:3�(-.12
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rainfall OCCUlTed once in Jnnuary, once in :May, three times in .June, 
twice in .July, and twice in August. 

Expected frequency amounts and intensities of rainfall fOl' this loca
tion, based on YameH's work (33), nrc given in table 2, and ruins for 
the peL'iod which exceeded thege frequencies ftre shown in table 3. 
The 2-year expected frequency for ft 5-minute pel'iod was exceeded 
three times; the 5-yeilr, once; the lO-yellT, three times; the 25-year, 
once; the 50-yeH, once; and the lOO-year, once. From nn inspection 
of tnbie 3 it would nppear that. YnrneH's .figures arc too conservative 
fiS applied to this nrNL. Since l'Ilinstorms nre often of n locnl nature, 
it may be thnt ns records from mom closely spnced gnges bcc-ome 
fLvnilnblc, certnill intensities will be recorded more frequently than in 
the pnst. 

TABJ.E 2.-Expec/ed jreqllCnCll 0/ varioll.~ ol/lollnl.~ and hll.ensilies oj rainjail in the 
urea in which the slotion is located 1 

A1IOUX'I' 

- :;~i;::-·~~::~:: I';:'~I;=S .;-:i~:: ~.. 2hours 

------------ ---- ----1-----1--------- 
Fr~qllrncy period' 

1Ilche.~ 11lch,., II/ches II/c/,e., Iliches ll/che. 
2 years .~ __ ._.~~~~"_.~_. ~~ 0.40 0.115 0.78 1.05 1.30 1.40 
5Yl'ttrS ..... ~ .. -- ... ,-. .-~~.~.~~~~ .,17 .j'U .9(1 i J.ao l.I.i5 1.95 
10 yrJlrs ......... .. ....... , .52 .92 ! I.IiO 2. OJ 2.40 
25 years .~ ___ ~".~ __ ~~_~~_"~ ... . .55 1.01 1 l:Mi 1. 8:1 2.40 2.85 
50 yrnrs ..... ... ... .. .... .. .(j() i 1.0(j , 1. ·12 ! 2.10 ; 2.. 75 3.30 
100 yems ........................... . •r,,'l 1 1.W . 1.~~:3 r 2.25 ! 3.05 3.80 . 

l:\TE:\SL'J'Y I'EHITOCH 

2 ~"C:ars ~~+ ._ .. ~_ ..... ~._~_~.~.~~~_ .. _' a.12 ! 
",,=i y(>urs !l.!H! 

10 nars ·1.56 I 

~5 YI~nrs .• ~. ""'"' 
 5.0·1 !
iiOyenrs ........... -' .. : .5. fiR 

100 :rcncs ~_'_"~'.,",T"" -"_~*",~c~~~. ~! 6.12 


-----! 
1 Dula rom piled rrom Ynrnell (83). 
! 'l'hc fn'qu('Dcy period TlIJ)I'C'St'IlIS lhe timt' durin!;! whidl H ruin is (~Xpl'ct('d to ocrur OIlC(,~ 

TABLg 3.-Number oj rains at lhe slotion that exceeded expected intensities d1lring 
short IJeriocis, 1934-42-_._..._.. -.-..-.--... ..---~~-,--

I Hains cxr('eding cxpeclr,! inlcllsitil'S during 
periods of

Fr~qllrllcy period I
!-;:;::;~~ minutt's 1:10 minute~ 

r 
J ..YumtJCr ...VlL'1Ilbt'r "-Y",,,ber It.rumber 

~.~I~::..::.·:.~::·!::·~··: •••:JII !:;;;;~;;;;;1r;~;;;;};_......_.JIIi L; L!.......----
._--'------_..- .._-----_.... _-

Temperature 1'eco,.d8.-Tell1pernt\ll'e~, for the period 1934 to 1942 
were jn line with long-time averages. "\Yinter temperntul'c vnried 
from a low of 18° F. below zero to about 70° abovp zero; summel' 
Lempemtures, from 44° to 103° F. Dnily average minimum tempera
turos rnnged i'l'om 16° to 63° F. nnd mnximum tcmperntures from 
36° to 86° F. (See table 4.) 

626833°-45--2 
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TABLE 4.-Temperalme data, 7,anesville, OhiQ, 1934-42 

'rCIl1Pcratun~s 

Month I 
 Daily average 
In~hest Lowest 1-----------____l~nxilll:~ ~lillirnuIII ------------------- ----I 

0p. 0/.', oJ!'. OJ....
January .--. 60 
Februllry. _. uS =lg I ~~ 73~[nrch_.. 82 -11 ~ VApriL ...... 86 
2\IfiY~ .... _~~_. 92 19 i (10 '" 
Junc~~;_~,.._" 117 ~~I ~~ ~~ July .... - '" •. _ IO:J 4, 81j 63~August_ ..... - - . - - ~ 97 H 83 62Srptcmber. -... IlO 28 78 ,'j3October .. 88 24 66 ·12 

12 fit 32
Xovcrnh"l .• __ 80 
DerNl1ber _ ;2 

-6 40 23 

CO;-/TnOL PLOTS 

The al'l'Ullgement, treatment, and chflL'llctcl'istics of the control plots 
at tho station ill'(' givpn in table :36, .Appelldix, and tho soil and wuter 
losses uri:' shown in figuro 10. 

The differences in soil nnd waler loss('s from tho plots with difl'orent 
vegetntive covel' nre outstandillg. Plots planted to corn enclL yenr 
lost approximately %-inch surfacl' soil nllllunlly while those 111 grass 
cover had n, negligible soil loss and very 10\\' rUlloff. The losses from 
these plots are discussed in detail ill conllcction with tho various studies 
involved. 

CROPPING CONDITIONS RUNOFF SOIL t.c'ss PLOT NO. 
(!>etcen!) (Ions p... acr.1 Runoff (~rc.ntl 

ConlinuOIIS caUl 

hhOt'lp1OI) 
4J 35 82.91 

10 20 30 40 50 

(;(!nllfluous CO," 
lIong plot) 

39.45 116.63 

Rotellon plols 
4-5-60"1 f 

CCI'IIII'I\JOUS Cor" 

(stolndord lenglhplol)

r--'ROlcllon _Pleol 

Meodow 

(1Intyeor) 

40 J2 

2315 

24.85 

17.73 

99.3 

41.49 

11.37 

0.58 

I 

1 

I 

t.leodow 

(seeon.:! year) 
12,82. 0.22 

: I 
Bore1hord 10110" 44.80 96.56 

UrlUnorolled gross 

11'101 'erlilltlci 

81uII!glou 

(lim,a Dnd leflihtre) 

5.42. 

4,75 

0,028 

0.023 10 

p 

F= 

t 
I 
! , I 

I=R"~" I.... 50411011 

81u1910$$ 

(IImld ondferllhud) 

Dnurloud 
(continual/scorn) 

Coqllnuoul com 

r'.rhhZld) 

COnlmuoulcorn 
(S,.. slop,) 

Continuous corn 
120% slope) 

3.96 

32..23 

44.85 

3t3B 

30.42. 

0,019 

72.53 

85,26 

70,94 

108.82 

II 

IZ 

13 

" 

15 

f= 

I 
I 

I 

i 

I 

I 
I 

, 
f 

I 
i 

I 
25 ~O 75 100 125 

SOil Ion (tons peroe,.' 

FIGURE 1O.-Average annual soil and water losses from the control plots, 1934-42. 
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Rainfall characteris

tics in relation to runoff 

and ero8ion.~A study 

of the relation of the 

characteristics and sea

sonal distribution of 

rainfall to crosion and 

runoff WIlS made using 

the datil from the bare, 

hard, fallow control 

plots 8 nnd 21 (fig. 11). 

(The latter was used 

ill plnce of plot 8 fOI' 


1942.) A preliminnry 

repol·t of this study 

has been published (8). 

The rninfallat the plots 


• is given in tltble 5. 
In all R13 mins wen' 


rccorded durillg the 9
year period, or nn l1.ver

nge of about 90 eltch 

yenr. Of thes(' appmx

imntely 390, or less 

than 50 percen t, pm

duced mnoff. From 

this number, 183 rains, 

about 22 percent of 

the total number, pneh 

of which cnusNl pm

sion of 0.5 ton per I1CI'(' 


or more, wen' selected 

FlrlUHE ll.-Control plot Xo. 8, bare, hard, fallowfor the rninfnll-pmsion sUI'faec, lI::'ed in :;(IIr1y of rainfnll·croiiion rclatioll 

study. In the follow ;;hip::,.
ing discussion, these 
an' n·fel.Ted to :lS erosiy(' rains. TIll'se rains nrc clnssified into 
monthly soil-loss gmups in table (j and intolllouthl}T intensity 
groups in litble 7. .Rdationships l)('tween rainfnll chnrncteristics ami 
nlllofT and erosion nrc shown in figun' 12. 

'J'ADl.E 5.-Average month/y mill/lI11 (IS recorded by gages al conirol 1'Iot,,~, 1984-42 

__._'I_·o_nt_h__~ -=-. HI:: _Hla~I01~ .~I:~ -~:30_ ~~~4() . l~)~J ~~4~~· ~~';:~c 
ruche.If file/it'S lucht~8 lucile.'! IlIche., IIIChC8 IlIche., IlIch~., III ch e.' III ch e., 

I .,-
Jnnuary~~~. ~<>" _ I. tia 1.7·1 I. !IS 10. ~~l 1.57 2. (ji 1.2.1 !t !5 .-, 2.7:l 
February· ~ .... .31 2.07 2.:l-1 1.2S 2_ iU 5.1:1 3.4ii .45 2.32 2.2:3 
.Mnrch.~... .' 3.27 3.24 a.50 I.~O .,.08 :1.30 3. Iti .71 4.10 3.la 
ApriL.......... . 1.3, 1.00 :".5(\ 2.71 3. ii 4.tH S.ll-! 1.01 2.48 3~ 27 
Mlly....... . .04 5.07 l~ 92 4 • .50 U. til .U5 5. II :1.01 ·1.20 :1.00 
June.. ....... • 4.18 4.84 1.42 G.S!! ·J.72 fL 7:> ti.15 :I.SI 5. aa 5.2:1 
July....... ._. I.. Hi :l.U() U.:18 2.UO 2.43 :I. !l5 1.07 5. (il) 3.25 3.45 
August ..... 6.25 8.SI\ 4.9.5 3.54 3.85 4.4U 4.03 oJ. 72 2.43 4.79 
Srptcmbcr... . .. . 28 2.8i 2.8t I.U2 2.:-10 2.:"'!1 2.J5 3. !l2 3.00 
October......... . 4.• tiS 1 I.B4 5.50 3..11 'J: ~~ I; :1.53 I.S:1 4.10 2.UI 2.63 
No\·cmbcr... ._. 1.21 3 "'j 3.62 1.12 3.10 .00 :I. ,:I 1.79 3.Ut 2.42 
Dccember...... . 1.30 £58 2.39 3. G3 I. 30 l.53 2.55 1. 62 4.32 2.37 

http:ruche.If
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T ..mr,E 6.-11fonthly dislribution of nmoJJ ond .~oil losses as Trlalcd 10 rainjall l'lwmrlel'islics, B-year allerage, 1.934-42 

___ t~~~:~:'~"~I~:~.:I~(]~~~~:r~I~~'~:'~I_[i~I~_I~.__ .; '...___;-__ l.ll~~~~~-;____ll 
Soil loss nnd 

::-'folllll or ill.'1II j,: I t.A n1rng(l !5-1I1hlllh' Ilutlotf ~ percentuge of 

O "'J 1 ["I I 0'" - 0(' I -,n I 10 or I' I 20 00 ' t Anlount I nY<'rnge . . . annunl ~\ro·
"~ - • oj fi - i ••O'r .~ ,- '.j~'- . , J- ~"I\I- 1 •• : Erosil.,.'. ___ . ______. nllIxi.- eroSII e, rnInS sion from 

t'rosh'c rains
. .9.) t • ..I1l • ·1.\19 , •.1\1 0.00 1-1 ..)9 1.).1l0, tnllS or lins I i. I I lIlUIII'.' ' 

lOllS toilS I tOilS tons t IOns ~ lOllS I tons II Jllor~ n 1 .,A 11 ! ErOSin\! l1rflsiYc. I
:.1 

_. __)_.__I____ I___._L.___L__!__ . ___L___1i_rn_ir_'s_f~~~~,__n_'i_n_s_~_ , 

j • , I I I • I I j. t I 

! I I I I , Ii, . . I Inchr.v i 


, 'SIlIl1I!lr!XIl11l1).;r:lY/lII")er.Xl/ml),~r;7\-lImIJ{r.;\-"71II!cr:NIt11lt.eriN/Il/lI)cr,xllm"~r .. III~h!~ [llrhE~ l]ler hour l/ll'h~~ per.r.e1!tj1,on,'!, Percent 
I j


F~brunry............................ . . :1 j II I I I 0 0 0 0 I 5 2.23 .41 1.10 .ID 4H.:J 1.26 1.31 

Mnrch.. ............................ . (l! S i I 0; n 0/' I I 0: 10 I :1.l:J .SQ 1.3:3 .5.5 61.S 3..59 3.U 


.TnnuBr~_·_.. ··_· .. ·.·_.. •..•·•· .. ··· .. 1 -10 ., 0 OJ 01 0, aj __ ,.J D •• S Q.SI 0.0. Uti.• 1..';, 1.64 

ApriL ........................_........ ., ! 4 I 4 0 0 0: 0 I H a.27 I.US .!H 1.111 li9.0 4.37 4.55 

lIluy. ___ ............................ 5 j S Ii I 0 I: 21 0 :!:j 3.lili i 2.·17 1.92 1.27 51.4 9.85 10.2.'i 

June......_........................... :1/ 9 II n I [) 5: I I :lU u.2:11 4.30 2.Ho 2.60 m.o 27.31 28.40 

July................. ..............., [) 8 3 I I ;), 2, 1 2·1 ~'.'.51 2.46 2.i:! 1.55 li3.0 15.87 16.51 

~\ugUSL ............................... ! I)' S tl 12 :1 1 i 0 I I 3~ I 4.79 I ·U5 2.59 2.93 (i7.·1 19.05 19.82 

ScPlcrnbcL............................. 1 2 4;) 0 I • 2: 0 H a.vD I J.90 2.91 1.34 70.5 8.71 0.06 

October....._........................ :1 1 I ,I () 0 0 Ins 2.n:l 1.20 1.74 .7\1 02.7 3.04 3.17 

~o\'ernbl'r. · .. ·••• .. ••· ......... · .. · .. ·1' 5 2 IOU 0 0 i 0 8 ' 2.42 .70 1.0li .50 (;5.S J.0·1 1.09 

])cccmbcr._........... ............... 0: 0 I 0 0 0, 0; () 1 2.371 .07 2.1Ii .0·1 57.1 .11 .4[i
1
 

TOiol ..___................ .. 
 '--'- ..,- --·1---- ---------..---
S I.'<;l 38:91121.3:3 I .... : ..... 13.44 0:3.0 95.77 ......._ 

Pcrcentagll of totnl rrosi\'c rninfall in ! 'j -""=i=c=-=r== "----~ ==--=,== = 
A;~~~g~lnf~iciisii;:·(5:iiiilitii;··n\:;;;,;~(.·; 8.1) '. 15.1 tr..2 27.·1 8.2 0.0 I 10.1 I 5.1 . ····'· .. ··--1·....··'· ...............;...... 'T...-... 

maximum in inclws per hour) (or l~n('h ! ! j. r 
dOSL..................... .......... 1.00, 1.·1·1 I.SS 2..iS :1.,1 ·l.fiO 4. ,X ·1.S-1 • . ........ 1. .... I ..... .. 

P"rrt'lltngcofrunofTfOrl'nrhClnss······1 52.5 I f,l.() 5!l.a 1i7.4 lio.n ,1.3 71.7, Si.2 .1 ·· .. ··1··· ..1......_ 
P';:'l~~t_~::.~~~O!~.l.O.S.E.~:US~~.~}:.euch I 2.4, 0.3 H.·I 22.9 11.0 15.·1 Ib.9. 8.71 ..1.. ....... 
A \'crage rainfnll pcr min (inches)..... .ot! . Or. •OS 1. 5·1 1.30 1. 54 2. J.I' 2.36. ••. 1 ! __j j • 

A,:erag~soillosspcr,!,in.(tonspcrficre) II 'YQ' 1.:19'1 3.~1i 0.10, S.liO' 12.1:3. 17.!:l 2;1.0\ '. 'i I '1· I 

...__.\_e_m_!,_c_r_u_n_o_fT_p_c_r_ra_l_n_(_III_c_h_cs~_cr_o_cr_C)~~_.3:.~_~.!~~___ .as 1.04 .90, 1.10 r 1.0,1 1 2.011 I::! ....... 

I All erosh'O min is OliO which enuses soil loss (If 0.50 tOil or more per ncre. 

~....,/I~~_~.r:'.:::;,."'!~•.,,,.. .,.""". __ '!.."-~._"'..,".,. N. ~V'~_~........,._., ............_"....__.• ".~ 
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rLmT,E 7.-lUontMy d,:stribut.'ion of 188 el"Osive "ahls and related data 

Hains with v·minute aycrngc maximum 
intensity of

l\Ionth or item 

19 13 
:::::"..!:....--:;: ';':~-=:;:; ~ ~--=-= :;:::;.:=------= =.,~-:::- -::::-=--~-:: -~-..=........::" =-~ =.~ 


.A'·('rug'{' UlHlunl rninrnll ill ('twit; 1 r: 'lr:1 .)J I I I I •.O_.I:.••.••• :,· ....... }. '_'I ••'l.'j
Class (illd)~gl. ................. i ·I.oll 0'."1 .1 ••.>: a.OII 2.80 .511 • iJ . .' 
Perc(')) ln~(' of rninInll in ('nrh I I i I i I, iI I 

cl~~s ..... _•• _••.•. " ............ ,1 21.:18i 2·1.61' 19.921 H.I L 13.13, 2.:30: 3.33: 1.1:1' ... . ..+ ... .. 

Pt...~r<.:llt:lge of soil loss eauscd hy _ ~ _ r 'J') -' _ ()( i • I ') : ' 1
C) r) 

ea(h c1ns......................., 1.0·11 11.01 , ..• On, J, ...I,.•O.S:J n.soi G. i5~ _..·1 ......1.. . 
l'crc('nfngl' of I'lIno/T CIlIIS('" IIv 'I 1 i I I ! I 1•.I •.II~.·.... II',.· •••••.•• •••·:.

enchclnss.......... "''''':''I19.7:li 22.:lS! ~~).a7i 1-1.·12: J.I.30 3.25i ·1.05 .., .. 

"\wrngcrninfnllperrnin(inchrs) ... J.O:) .77· .\ltil 1.·13' I.of 1.Hi 1.27j 2.18 .•••. [......1 1.0.5 
A Yern!(c soil Joss \leI' mill (Ions 'I I j 'i I 

pcr IIcn'I....................... 1.52 .2. -Il' ·1.77: 7.ST 1:1. Sil II. 70 11.0i; 10. ·10 ...__ ......! 4.•3 
A\"Crn~e runo/T per min (inelil's ,. ! I I ! 

perurrc)......._......... _..... , .00, .44, .02 .92; 1.3·1' .Oh: • liS: L.3· .... _.. ; ••••• -l .00 

5 25I AVERAGE 5-MINUTE MAXIMUM 

INTENSITY (INCHES PER HOUR) 


~ AVERAGE AMOUNT RAIN 
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0.5 -.99 1.0-2.49 2.50-4.99 5.0-7.49 7.5'9.99 100-14.9S 15.0-19.99 20.0 AND OVER 

SOIL LOSS CLASSES (TONS PER ACRE) 

FWUI!E 12.-Helntion of rainfall characteristics to rllnoff and erosion for 183 
erosive_rains, 
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The 183 mins included slightly less than 55 percent of all rainfall 
but caused approximately 96 percent of the el'OSiOll from the plots. 
Only 65 ruins, about 7 each year, caused a soil loss of 5 tons Ot· more 
each and were responsible for nearly tht'ee-fourths of all erosion. The 
65 ruins included slightly oyer 60 per'cent of the erosive rainfall and 
caused slightly more tluUl 38 percent of the runoff. 

A little more than 50 per'('('nt of the erosion was caused by :33 ruins 
(less than 4 each year) in soil-loss classes of 7.5 tons per nct'e 01' nbovc. 
The 2.5- to 5.0-tolls-per-ncre elnss hnd the lurgest number' of rnlllS, 
but the 5.0- to 7.n-ton Class accollnted for the IttrgesL pe1'centnge of 
raininll of any class. 

As the rninfnll incrrnsed f!'Om Cluss to cluss, ~hc percentage of I't1l10fl' 

also incrcnsed. Erosion, 11O\\,('vel', inereused nt [L ruLc out of all 
proportion to the in(;rrnse ill I'uillfnll. This fnd indicates the efl'ccl; 
of the intensity of minfnJI on ('rosion. This relaLionship is shown in 
figure 13 lLnd disellsscd more fully in thl' following pnrngmphs. 

Erosive rainfall (inches) 

5 

JonuarySJ Erosive rainfall 

I I I 


IIIIJI Number of rains at February
overage 5-minute 
maximum intenSity 
of I inch per hau r Morch or more 

April 

May 

June 

July 

August 

September 
uw,wJJlWllWJj 

October 

November 

December 

50 40 30 20 10 o o 2 
Number of roins ot intensity of Runoff (inches) 

I inch per hour or more 

FIGURE 13.-Monthly distribution 	of erosive rains and resulting erosion and 
runoff. 
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Seasonal distribution of erosive mins.-Erosive l"I1infall increased 
sharply to a high during the summer months (fig. 13). With one 
exception, all rains which caused a 7.5-ton-per-ncre soil loss Or more 
came in the months of :May to September. The greatest number of 
erosive rains occurred during :May, June, July, and August, June 
being the high month and August a close second. Sixty-two percent 
of the erosive rainfall occurred in these 4 months and cl1used 75 
percent of the el"Osioll and 62 percent of the runoff. As previously 
mentioned, the long-time precipitation record for the vicinity shows 
July to have hud the highest monthly rainfall. For the period of 
this report, July total rainfall has been lower than that of June or 
August and it mny be assumed tlutt the July erosive rninfnll also 
has been less. 

Some relationships of intensity of rninful1 nne! erosion and runoff nre 
presented in table 7. It is of interest that the monthly clnssificntion 
of rains by intensity groups in this tuble .resembles the monthly dis
tribu tion of the salll(' rnills grouped on It soil-loss bnsis in tnble 6. 
About 46 percent of til(' el"Osivc raillfnl! oCCUlTed with illl avcrnge 
5-minute maximum intensity of less thnn 2 inches per how:. This 
rninfall en used only 24 p('recnt of the totnl erosion nnd 42 pt\t"ccnt of 
the rUllofL Only nbout 3"1 pm:eellt of the erosivc minfnll (5 raills 
ench year) with an nvcmge maximum intensity of 3 inclH's per hour 
or o\'('r ('illlsed 54 percent of til(' ('I'osion losses nnd as pcrcent of the 
runofL Twentv-three .mins of 4 inches P('t" hour 01' more avcrnO"(, 
5-m i nute mnxil;1um intensity (npproximnJ('ly 2!~ ench yenr) ("IHIS~e! 
oV('r 35 pct"ecnt of tilt' Nosion. 

The class ("!tusing the gren tt'st pt'l"("en tngt' of tirc' erosion wns the 
2- to 3-indlt's-per-hour intensity class. 

The c1u"s with the gre!ttest numbt'r of e!"Osivl' rains (OI) wns the 
1- to 2-illches-per-llOlII" intensity clnss. This cluss nlso had the 
highest nmOUl1t oJ rainfall Imd I"l1l10fi'. 'l'1H' bulk of tlH' ('!"Osion wns 
caused by rains vnrying from 2 to ;) ineiH's per hour. As tht' inten
sities increased abon' the' 1- to 2-incht's-pN'-hour mte, tll(' number of 
mins and the totnl rninfnll in I'neh class deerensee! rnpi<ll.v; the Ilmount 
of ('neh rain showed n, gen('rully ilH'rensing tI.·pnd, and soil loss incrcnscd 
still more rapidly, indienting thl' nUlrkNI infllwnee of incrensing 
in tensities. 

The study shows thnt tll(' p('riod of grNttt'st rninfnll intensit.,y and 
consequently of' the most sc'riollS t'("osion is the Iwriod when eor.l1 or 
other intertilled erops occupy thl' lund. Fmthe(", it shows thILL control 
prnctices must Iw dpsigned to flll"llish protection d tiring rains of high 
intensity for tht'se GI·OpS. 

The effect of length of slope all erosion nnd runotf.-ll is wdl ('stnb
lished tlmt soil losses illcn'ns(' wi th inel'ense in the length of slope and 
that the runofl" shows n slight deerense us thp length inm·cnses. , 

.\. SUlUn1ll.ry of \) yen,rs of soil and water losses from control plots 
1, 2, and 3 is given in tltble 8. Detniled dabt are contnined in tables 
41 and 42, Appcndix. These plots nee on a 12-perccnt slope and are 
36.3, 72.6, nnd 145.2 feet .ill lcngth, respectively, and 6 feet wide. 
(See tltblc 36, Appendix, und fig. 14). ~rhe soil is ),,[uskillgum silt 
loam ane! tho plots .lmyc been plnntee! to com ench year. In the 
planting nnd eultivlttioll, cnro hns been tnken not to introduce dif- • 
ferenccs in surfnce cOlldition pr other vtu'iables thnt would nffect 
the comparison of losses from the plots. 

http:SUlUn1ll.ry


i 

TECHNICAL BULLETIN 888, U. S. DEPT. OF AGRICULTURE 

\. 

FWl'IH: l..J.-Oonll·oljplots\l. 2, andr3 uscd in a study of the cffect of thc length 
of.slopc on,acrosion and rUlloff. 

l~'rom table 8 it will 1)(' seen tlmL, for thl' period of record, the soil 
losses nvel'nge 82.9 tons per a('re from tlt(' sltort plot, 99.3 tons Trom 
the plot of standard length, and llG.() from til(' long plot. 'rhc rela
tionship lwtwccn soil loss 1111d l('ngth 01' slope is ilIustrn.ted in figure 15. 
LotrHritlunie plotting of the soil losses shows that tiH'Y 111'(' pl'Opor
tio~al to tlte 1.23 power of the slope length. Doubling tile slope 
l<'ngth hns, on HU lwcrngc, multiplied thl' loss per plot by approximately 
2.38. Erosion losses Itre usually rl'ported in lons pcr IH;re, however. 
Doubling slop<, length hns incl'C'nsNI till' nere loss by ftpproximateiy 
19 percent. This would seem to lH' II. ('onsen'n.tiv(' figure ns compiLrcd 
Lo the findings of other eXjwrinH'n( stu.tions. 

Zingg (34), using tlH' dll.lil from h'ngth-oJ-slo!w studies at Olnl'indn, 
Iownj Bcthnny, Mo.; Tyler, 'j'c'x.; Ou tltl'ic, Olda.; and LaOrossl', 
,\'1'is. J eoncludcd that erosion wns ]lJ'Opol'Lionnl to the 1..00 power of 

TAlIl,g 8.-11 n'n!lal soil 1I11d waleI' lr)s.~I!S from cOl/lrol 7J/ois of d£.fTere1li lenaths, 
plcmil'd 10 COl'll e(lch !lI!CI'/' withoul, jcrt.ilizt!1' 

. i Plot I, short I Plot ~~~llllld.; J'lot '2, IOIlR Hl{tiOS 1of-

YCIl" HIlIll- ':--..,...-- --"""""7-- - __________ 
, filII; i : l I 
I i HIIII- l Soil ,HIIIl' Soil IHIIIl- i Suil ,Shori 10 Stllll<iarti 

1 olT I loss I olT loss I otr i loss i stlllldnrd j to 10llg 

iIlIclles IIII rlles i~II' II/cloes ~1/"clles' 'I'OIlS :---;---. 

1934.0 __ .._ . I 2G. flS 8.2i1 28.71 \1.00 3(i.I7 6. i8 31.70 2 .• 1 J. 8 

19~L:::: .. ,. I :l~:l;\ ~:t,:l IbU~ ~f:~ IlliUl~ M:~~ I~n~ i:~ ~:~ 
1937_""__ ...... ".... ~:I.i·1 15.17 78.·17 18.82 88.22 J8,27 1~'2.71 2.2 2.8 
1938_______ •..•..• , .• , ·to.5i IS.31i UI.2O W.3i liS.!;,; 15.fH 1.11.98 2.0 2.0 
19a9.._...... _." 43.HI 2O.:n 101.50 IS.:lI 1:12.34 17.34 Hi.Hi 2.5 2.2 
1940.._••.• ".. 43.2ii 20.01 iii. Sol IS.ti:1 103.0i 18.80 lUi. 43 2.7 2.1 
lU.jL .. _,"~ .. ,_. __ ... ~~. ~ ~~._~ __ :U.27 1O.·n 100.77 10.70 131.4U U.21. 144.25 2.0 2.2 
11142__...... "...... . .•.•.1:IS. III ~ 8:1.1U ~ 100.32 lO.iO ~--=---_~ 

9·yr.II\·crn~e ......... 38.UI I().OO 82.!11 15.6\1 99.30 15.35 lW.li:\ 2,41 2.35 

l'OUndssOIlI(Jssn~~Plot__ • _._. ____ ._... 829 .•_____ 1,9S1i .•. ___ 4,!;05 ",_,,,_,, __ •. _____ _ 

l. Calculated 011 basis of pounds per plol. 
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Runoff (inches) 
20 30 40 ·50 

~ Runoff 
36.3 • Erosion 

-;:: 
Q) 

Q) 


~ 
.r.-CI 72.6c 
~ 

0 
n. 

145.2 

5.000 
Erosion (pounds) 

FIGuu~; l5.-The effect of length of slope on soil U;I(\ water losses. 

the slope It'ngth. Doubling th(' length of slope mulLiplied the soil loss 
ill pounds P('I' plot by 3.03 . 

.Although th(' llVCl'nge l'lU10f)' Jigurcs show n. slight de(TCnSe inl'ul1off 
with increase in slope length. the dn.ta for the Zl1nc'svillc plots are not 
consistent in this l'l'S})('ct. :Musgrnve and Norton (29) l'eport 11 COll

sistent dccrense in l'lUloif nccompfL1lying an incrensc in slop(' length. 
The e:(Jeet oj degree Id 8Zope on el'o8ion and ·/'1Lnoff.-Control plots 3, 

14, nnd 15 on 12-, 8-, and 20-pel'ccnt slopcs, l'espectively, were cstab
lisllCd to study the l'elnLiollship between degree of slope and erosion 
and runofl:. Thcy were planted to com eneh yenl' nnd treated in the 
same m:tnner ns tlH' plots on which the length-or-slope study WfiS 
mndc. Annunl soil nne! ·wltlel' losses for the (lPgrce-of-slope study fire 
rccorded in tnble 9. Dl'lniled results nl'e shown ill tables 41 and 42, 
Appendix. 

TAnr;g O.-RWlOJT ((11(/ .~oil loss Jrom c01llrol plols oj different slopes, 1J/a1lied 
1l1l1l·lIl1lly /0 corn without JerliHzer 

1''')t~';:·~:C:;'lt'T~';I;t3. I~·(lcrccnt I J'lot 15. 2O-lll'rcent 
slope ! 5101'('. I slope I 

Hunoff I Soli loss i HunotT 1Soili<)ss iHUllo\( Soil loss 

Jllrlles l'-:;:;;;;--;:;;;;;·---;:::;-Illlcht., ---;:::;-
W:lL... tl.60 :11.:10 9.{)0 :lli.17 5.25 2U.IO 
lIla5.- • 12. 7a 7~. ·18 15.2S 8:\. ()7 U. 6~ Iii. 51i 
19:11;.. •... ................ la.IJO 79. ()(j 21. li2 loo. :17 12.91 126.32 
1937. ....... .. j 12.11·1 1 1;6. on 18.82 88.221 20. ·12 lOU. 87 {1U3S.. ..... ..... I II.!>I: 7S. ()2 16.:17 liS. (;5 12.26 1:19.73 
W:!lI,. .... ... __ .•.... H.78/ S7A7 18.:11 132.:14/' 13.!li.i 142.82 . I 
IOtO............ ,... 15.72 6:1. H IS.Ii:l 10a.!)7 1:1.80 88.10 
WH...... .... .' 8.08 i~.i·1 10.70 131.4U 9.58 15.5.44 
1IH2....... .. .. ........ 1 12..501 82.oni 12.40 100.32i 10.8a 120.33 

~~~r_l:el~lg(•...~__ ~:~ '~..:"L_~~~~ 1~~~O~J~~.~.~~qJ-IJ\I.:101.......-== 

I Data.Cor plot i5 arc not directly comparnble with those of plot.s :lnncl 14 beClluse of known abnormal 

ground·wuter conditions under the plot. 

.\ 
i 
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TABLE lO.-Ann1wZ runoff and soil loss jl'OIll 1)/018 receiving different /reallll(mis for 9-ycar period, 1934-42 bJ 
O:l 

. 1 ,.--------,.-------.., .. ~ Plot 3, Contino Plol S, hnr~, j'lnt 21, htln', 1'1 t 12. <Ie· j'lot 0, wlId Plot 10, hluc· Plot 11, blue 
uous corn ftlllow 1 fnllow s ,rfnccti grnssl's grass grns

Hninfnlll 1----1--
1 

HUllotT Soillos~ IHUllolT ! Rnilloss HUIlOfT jSoil loss IHuno TISoil loss HUllofT Soil loss HUllolT Soil loss RunofT Soil loss g 
,--1--___ " --- !Z 

Yenr 

____1_._---'-----1- I ~ 

illc/IfS Inches ']'0713 inch('.! Tons inrhes I TOI/,~ Jllche -I ",," "." ~:-r':;::;--;;:;;; t.jillchc.• 1"0118103L ............................. 26.58 0.00 :lO. Ii 11.(i\J -11.32 __ ... _. \. .•• 8.7 2 75.1)2 1. 30 O. (H(; I. 14 O. U79 0: 76 O.OGi :> 

1035................................ ·12.-1-1 1.5.28 83.07' 17.tl71 08.10 .• __ ,...... 1.1.2 ! 97. :1.1 2. 7;3 .023 1. oS .020 Loa . Otu t"' 

1936... ........................ .•• -10,,10 21.112 100.:!7 2·1. Oti 07.7·1 ......... __ ...... W.2 
 J 

1 105.02 3.£\0 I .028 :1.00 .022 2.01i .OJi1937.. ......._...................... -13.74 J8.82 $8.22 IK-Ili IIlS.S5 ......... __ ...... J.I.4 ~ 511.35 a.07 .020 3.73 .025 2.22 .!l20 
t:d ) 


- 1038............................... ·10.57 IIi. 37 118.(15 17. iii 1:10.2·1 ........ 11.1 ~ 05.72 .n.! .002 .5:l .002
j'......... 
,,~
.64 .0011930........................... .... 43.li lS.31 Ja2.3·1 18. 2n laO.29 ............. '" 12.: 
r! 7a,(j.! 2,tH .03:l 1.80 .OJ5 2.72 .020 8 

1040..___ •• _.......-............. ___ 43.26 18.63 H)3.01i 10.90 S3.52 J8. \1·1 1).1. 3a II. S 
I I 51.2fi 3.2fi .048 2.53 .032 2. \0 .010 ~ 1941...._............._........... 31.27 W.79 131.·1\) J2.01 117.:ll 11.0·1 127.15 O. ( 
 .30 .0l01042._............._._.............. 3S,64 12.40 lOU. 32 W.2S 73.S1 IO.OS I Jl)tI.S2 10.· ~ I ~1i,0·! I . 35 1 .018 .30 .OO~ ~ 
, :;0. $8 • so .033 . GS • Ull .12 .002 
9·yr.nmngc__• ___ ........... ---:i8.!ii)-l5.(iillvo.:IO'! 17.·la -,-1;:;:a5-ioo:~;.I· i'I--'2. 53 ~~ -'1.85----:o;;a 1.54 .lllO 

!Z
OIi.liS 12.5 
00 
00 

1 3·yenr nycrngc. 00 

0 

rn 
t::i 
t;;J 
"t:I 
~ 

~ .'~
0 
~ 
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The data for plot 15 have not been averaged because of it discovery 
that subsurface drainage under this plot wns such ns to vitiate the 
results obtained. 

As·a 9-yearaverage, the 8-percent slope lost 12.2 inches as J'unoff 
and 70.9 tons per ncre of soil us compared with losses of 15.7 inches 
of runoff and 99.3 tons of soil from the steeper slope. Other degree
of-slope studies are discussed in a subsequent section or this report. 

The effect of 'Ilegetation, defll'ee of er'osion and sur:iace condition on 
erosion and r"l.lmojr.-From table 10 and figme 16 the remarkable 

Treatment 

3 Continuous corn, 
normQl surface 

8 8are,hard fallow 

12 Continuous corn, 
desurfaced 

9 Unimproved grass ~---+---.j----+-----l 

10 Bluegrass, limed 
and fertil ized 

II 8luegrass, limed 
and fertilized ~-----,l::-----::!=----::!::-------:::

20 10 0 25 50 75 100 
Runoff {surface inched Soil loss (tons per ocre) 

FIG liRE lG.-Effect of crop and soil treatment all runoff nnd soil losses. 

efl'eetiverlC'ss of grnss in holding soil anel wntPl" is nt 011('e apparent, 
as erosion from the 3 gl'nss plots (fig. 17) wns ncgligible while the bare 
and the cropped plots lost amounLs Yfirying from fibout 72 to nearly 
110 tons per acre IUlI1lHLlly. 

There appears to be slightly 10\\,('1' runofl' from tht, bhwgrass plots 
than from the unimproved Imtiw grass plot, hut ILn ('xamination 
of the yen.rly l'('sllits indicates that this d ifIerenc(' hus little signifi
cance. An examinu.tion of individ Hill rain data briligs ou t the fact 
thn,t in certain iutcnse summer stonm; the J'Ul1otr was somewhat 
greater from the unimproved 01' nn.tiye gl'HSS. Had tiwse plots been 
grazed, doubtless both soil and water losses from this plot would have 
been matm'in.lly grcH,ter than (\'Om the hluegrnss plots. 

It is of interest that the plot in eorn each year lost more soil than 
the bare, hn,rd, fallow plot, in spite of the fact that the col'll crop 
furnished some canopy and root protection. 
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FIGURE 17.-Control plot 9 (left) in native unimproved grass and plots 10 and 
11 in bluegrass. 

FIGURE 18.-A, Corn on the desurfaced (subsoil) plot 12; B, corn on normally 
eroded plot 3. Pictures were taken JUly 7, 1937 .. 
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For the first 3 years of the period, the desurfaeed plot lost more soil 
than the corn plots, whereas, during the last 6 years, erosion from the 
desurfaced plot was materinlly less, The formation of an "erosion 
pavement" on the latter plot (shnle pn.rticles) may account for part 
of the reduction in its erosion rate, Observations lend to the belief 
that a difference in soil structure of the deeper horizon of tIllS plot 
was also pnrtly responsible for the results recorded. The runoff from 
the desurfaced plot was consistently less than that from the corn and 
bare plots. 

The relation of depth of topsoil to crop production is shown in 
figure 18, which affords a comparison of corn on normal soil and on 
subsoil. Corn wns planted each year on the de~urfaced plot 12. 
Ears never developed and til(' plants grew only to n, height of 24-40 
inches. The average yil'lcL of stover on the plot was 314 pounds. 
The production of plot 3, normal soil, is discussed in a subsequent 
section. 

Detailed data, secured from these plots arc to be found in Tables 41, 
43, and 44, Appendix. 

The effect oj a l'otation of crOlJS on erosion and l'uno:ff.-Results from 
the rotation plots (limed but not fertilized) arc compared with those 
from i1. continuous-corn plot in tabl!:' 11 and figure 19. The annual 
average water loss from the rotation wns 8 surface inches less thnn 
from continuous corn. The erosion was only 13.4 tons pel' acre from 
the rotntioll as compared with 99.3 tons from continuous eorn. De
tailed data for the 9 years nrc given in tables 41 and 44, Appendix. 

As would be expected, the soil nnd watel' losses from the plots 
in the crop rotation a.1'e much less than from plots continuously 
cropped with corn. A good part of this reduction in erosion results 
from the increase in vegetative cover rrfforded by the rotation. The 
rotation plots had fnil' to good vegctal protection during all but 
about 7 months of the entire 4-yenr rotation period. This·7-month 
period of poor protection OCCUlTed from about .April 15, when the 
soil wu.s plowed for COl'll, until November' 1-15, when the wheat 
following the corn had made sufficient growth to serve as a cover 
crop. 

However, this difference in nmount of vegetal covel' as compared 
to continuous corn has not been responsiblc for all the soil sll.Ved by the 
rotation, since rotation corn has lost less than half the soil continuous 
corn did. Obviously, the rotntion sod crop plowed under for corn 
helped to reduce both erosion and runoff. 

Since calendar-year losses for rotation corn were reduced to some 
extent by the meudow which preceded the corn, a. comparison was 
mude on a growing-season basis to determine the effect of the plowed
under sod on runoff and erosion. This compnrison, given in tnblc 12 
and in table 45, Appendix, shows that rotation corll lost 47 tons less 
soil and about 2X inches less wuter than did the continuous corn. 
The reduced runoff (2.24 inches) may account, theoretically, for the 
saving of about 14 tOllS of soil pel' acre, leaving ll. saving of about 
33 tons to be accollnted for otherwise. Doubtless, increased canopy 
und root growth of the rotation corn brought about some reduction 
in erosion. Very evidently,howcyer, erosion resistance was built 
up in the soil by the rotation sod, 
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O. RoContinuous tation Rotation Rotation Rotation Rotation 
corn corn wheat meadow I meadow 2 overage 

FlOC-UE 19.-Comparison of :tlllltl:ti rllnoff am! erosiOIl from plots in eontillllOI.lS 
corn and a 4.-)'1.'31" rotation. 

TABLE 12.-CoIll1JUrison of nuw}T 01/(/ soil loss frOI/l lllots hi rotation com and 
con[£1I1l0US corn for the I)-month corn S('a.~on 

[9·y('nr n \'('mp('l 

('nl('ulllll't1 infil· BUllotf Erosion lrn(ion 1 
Month ItuitlCI\ll 

C'OllliIlU·f Hotation iCOlllillll' HowUolI COlllinu o HulntiOl! 
! 0115 corn ~ c..'Ofn ! OUS c..~()rll i corll . OtiS Corn t corn --------...--- ......---~ ------- --- -------------~-

"POllS ( '}"omt 
~la~"_ "'. _~_ ~~ A~ •• ~_~, II. H) I 1..9 : 
J UJl(' • _. ~. " .. ~ _. _~ ~ " • " .. ~ ..• ~ ;lJ.OO : 15.10 . 
JIII~' . '_'0' _ ........ .. ~'O.·16 ! ~.OO 
August .... .. HI. 5~ . 10.m; 
~~ptember~ .. ~ __ 'i.uJ -1.21 

'J'otnl ~ ~ .... ~ ~ . M ~ .. ~ .. ~ _ ~ 8.42 0.19 80.S:3 ~!l.S5 110 it ;.. M .. 

, 
"--- "'-----~ -.~. .-,.....'-----

I 'l'olnl rnill[nU minus $ur[l\"c rIlnotr. 

Evidence tiJnt el'osion L'C'S IS till I('(' from sod is of short duration 
wus obtnined from 011(' of til{' duplicnt(' ('ontl'ol plots in 1939. On 
thu originnl rotation plots, corn 1'ollowC'd til(' llSlIill 2 yellrs of sod 
(1937-:38). The dupliellte plot ",us ill sod ill 1937, wns spuded nnd 
left fllllow ill 19:38, nnd WitS plnnlcd to COI'l1 in 19:3l). III tublll 13 
nnd figun.' 20 soil nllc! Wit tl'l' los:;('s horn tites(' two plols during 
the summer nnd fnll (Ire ('omplll'{'(1 with loss('s from the ('ontillllolls
corn plot. 

PrC'sumably It l-.Yeitl'-old sod might not offer ns much resistunce 
to erosion ns the 2-yenr sod, which 1'uct miLy nc('ount for SOIll(' of the 
differCllC(' in ('rosion 1'1'0111 the two plots. However, the results 
indicnte thnt under these cOJlditions the erosion-control vulue of 
sod disnppenrs .ill n compnrntively short time. 

http:eontillllOI.lS


32 TECHNICAL BULLETIN 888, U. S. DEPT. OF AGRICULTURE 

TABLE l3.-Comparison of soil mul water losses from corn planted following 2 years 
'of sod, 1 year sod (md 1 !lecu' fallow, CLnd corn grown continu.ously 

Crop and condition 1_"_'B_tr_r_Io_ss_I._s_OJ_·I_lo_ss_ 

Inches 7'0118 
Corn following 2 yellrs of sod .••••••••••••••••••••• ,.".................. _••• .1 0.8 .32.2 

Corn follow!ng 1 yellr of sod lmd 1 year of fallow ............. _............... j 99 IOi.4 

Corn followlUg corn, no sod••._......................." •••"., ••••••••.••••. i 114 119.3 


150~--------------------
Soil loss 

Runoff
12 

-
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::Ia:::0 

Continuous Com following Com following 
.com year meadow and 2 years meadow 

I year follow 

.I<'lGUUE 20.-1~rosion-andirulloff fro III plots pl:tIlted~to continllOIlS corn, to COl'll 
following 1 years of sod and 1 yc'ar fallow, lind to corn following 2 years of sod. 

Further studies of sod plowedllll.der fol' corn.-Therc is n eUl'rent 
opinion that if u. sufficiently good sod is turn('(1 under 1'01' the corn 
crop, erosion will bt' nC'gligible. 

The rotation control plots indicated that when a 2-yem' old sod 
wns plowed for corn, erosion wns reduced to olle-hui[ flln.t from (,Oll

tinuous corn buti was still mort' thun 40 lons per acre. How('yer, 
these sods were not the best. The soil wus poor :md hnd not been 
fertilized. To cynlllute the elred of better sods on losses from corn 
ulld to compnn' sods of different q unlil.}', dllplicnto ] /250-ucrc plots 
were installed in 1941 011 n 5-yeur-old ulfnlfn-orchnrd grnss sod, 011 nil 
alfnlfa sod of the same nge contnining some billegrnss, llnd 011 timothy 
sod 2 yenrs old. The slopes were nil approximately 115 percent. TIH' 
alfalfa-orchard grnss sod was dense and all exnminn.tion of it showed 
tlutt the grass roots were nbundant to n. depth of 8 to 10 inches. The 
I1lfnlfn sod contn-incd onl}' n. little blllegrnss and the timothy sod wns 
rather thill, NIecltnuicn.l uunlyses of tht' soils showt'd thnt the nlfnlfn
orchard grnss plots contnined somewhat 1l10r(' cln~y (han the other 
plots. 

Th.e runofl' nnd erosiml losses from the principnl ruins of the 1941 
corn season are given ill table 14. The erosion from the plot where 
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TABLE 14.-C'01ll1Jarutive ejJect of 1Jiowing under dijJertmt types of sod on runojJ, 
soil loss, and corn yields for the (Irowin(1 season June, .hI111. and .IhlgllSt, 19.p 

[Average rainfall-IUl7 in.] 

I HUlIolT f;oiJ loss I Crop yields 

'j'rll~ of sod plow~l! lImll'r fOl' 


_____c_or_"____\~~l AI~IOI lll.\y(,m;i l'lot A~ I'10l13 An'rug(' j Corn : Stover 

} luches ' [uches. I h,cllr~ Ir011S ~rOllS ~rOU8 nushe{~ Pounds 

Alfalfa.. , .," . ·1.S:1' 4.'!J I 4.81 :10.47 i 2!1.-I~ ~'\J,O' :12.6 4().j00

Alfalfa·orchard grass ....... .. Il.!!!l 6.05' 10.·1. :lU.l}l; :l3.S:1 3""'1 31 •• 2G85 
Timothy .... , ..... . 1.02 4.71i 4.S!1 40.23 1 41.63 43:03 30.9 2185 

timothy sod was p]ow(,d tnppl'OXilIlH lely 44 tons pel' ncrC') WitS similar 
to thal from tilt' l'otnliOIl ('01111'01 plols; thnt 1'1'01\1 Uw nlfnlfa-oJ'chard 
grnss plots WIlS nl'H!'ly J2 tom; pCI' nCTP less, or :32.2 tons, nnd thnt 
from tll(' litfillfa wns J+ lOllS kss or about ao tOilS. That !'unoff as 
well t1S erosioll WitS gl.'('ntl'r from tll(' nlfnll'n-orclwrd grnss plots than 
fr011l the illl'nlftl plots, llllW lUI,\,(, hpPIl dUl' to tlw higher pel'centnge 
of cIll.)' in the soil. TIl(' results brillg out the fnet thal while plowing 
under sods llIitterially re(\u('es loss('s, it do('s not, siltisfnctol'ily control 
(,I'osion. This is ]hlrti('uinrly trul' wlll'n the CI'Op residue is eomplC'tely 
buried. 

Delniled studic's nt this station of the' effect of l'tlindl'opF,impact on 
erosion ilnd rUlloff, pl'l'Yiollsiy publisll('d (9) ilnd disCllssed 011 pnge 52, 
showed thn.t in the ahsenc(' of' :1 surfn('c mulch of!soJ1l.p sort, :Muskingum 
soils crnst Or S('iti. Simil:ll' findings WCI'(' reported by DulC'y (16) nnd 
Duh'y ilnd [(('Ily (/8, Il}) forothl'l' soils. 'I'll(' plots in this test were 
cl'llsted ol's('nl('d by tllp first raills, SillC'l' nfter tJwyhnd becn plowed 6 'J 

1 
1inches deep, insufii(:iellt plnllL rl'sidul's l'('mnillNI at thp surface 0 Hhe 

soil to pr('n~nt sNtiillg nlld thl' ]'('sultant. serious rUl10iI nnd soil loss. 
The plnnt ]'('sidu('s, ",hl'n buri(,tl by plowillg, lose llluch of their 
effc,ctin'lH'sS in pn'\'('lilillg sealillg ill1d l'l'osioll. 

The r:ffect oj 1ci'll/1'1' corer 0'11 1'll'llo..ff and erosion.-- 'Whilc winter erosion 
in Ohio is slHnll ill ('olH]Hlrison with sumlll.l'l' loss('s, SOlIll' ,,"inter pro
tection is (ksil'Hbil', l'sfH'dlilly 011 stpl'P slopes. l..(,\.lthough no specinl ~ 
study wns made of thl' pfl'e{'tiV<'IH'SS of winl('r ('oY('r crops, some iden. 1 
of the losses from ullprot:l,etNl suH :IS cOl1l.pal'C'd with the losses from 
soil s('('(I('(1 to wl\l'nl ('un b(, gnil\('d from lll(' c1ntn givl'1l in table 15 on ,! 

1 
~L\lII.I~ 1:5.--11"';11/0' ioss('s f:'-Olll plo(.~ in 1!'ll1tel' 'wI/rot or COl'll .stubble /1'011/ October 1 

lo .11a'/'cl/ :)1 1 
[9')''''l/'3\'l'I'Il~l'l j 

iCon~r "~nl()r'l()ss ,1 Soil loss j 
____~-..- ..~___ ..,.. _______ -----_______:_____1_____ 

1 
'POllS/11 ch es('urn slllhbl~. oul)'. G.O I 

"--inter whent :Jl3 

winle'r 108S('S from till' ('ontillllOll'i-("OI'1I plot illld from rotntion plots in 
wli('nt. TItt' ('ontinlious-<'OI'1l plol probnhly lind iPss protpction thnn 
the iLverngc cornfield, sinl"l' the plot was usunlly ('ntil'cly- frC'c of weeds. 
Only the stubble rPlIlilill('d. 

626S33°--!u--3 
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On the other hand, the slope was shorter than many in cultivation. 
The data show that the unprotected corn land"lost an average of 7 tons 
more soil than the wheat land and nearly 3 inches more water during 
the winter period. Considering both soil and water losses, partic
ularly the latter, the vnlue of winter cover is nppnrent. 

Some 1'elationships between organic maitel', crop yields, and erosion 
when corn is grown continuo11,sly.-The number of snrfnce inches 
removed nnllunlly by erosion, ullllunl ('orn yields, und the percPlltnge 
of organic matter for plot 3 in continuous corn, 1l11f('rti1izNI, n1'P s}wwn 
graphically in figure 21. 

~3 101-----+ 

0~'-1=93=3~'+-=19=34~~19=3'~~= 
Year 


ISA3 2.658 4244 4040 4374 4057 43)6 4326 3127 3864 

Ro,"'all (u''lents)


• July~ December onl)l 

FIGlJRI~ 21.-Th(· relation of erosion to organic matter and crop yield:;, continuous 
corn plot. 

Close relationships betwpen erosion, orgnllie matter, nnd crop yields 
fire evident. ~enrly (j inches of soil wns eroded from the plot during 
the 9 veurs. 

,,'"hI1(' plnnL growth hus 1)('en influenced noticeably by YHrintions 
in growing-season rilinftlll, a genernl dowmnll'd trcnd in yields is np
parent. 'J'hp yield of corn (grain) de('re:1s('(1 from iI little more thnn 
60 bushels pCI' nere ill 19~'13 to 1.(3 busllt'ls in 1!)42. The loss of orgnnic 
matter did not. keep puce whith the soil loss, possibly been usc of the 
nunun1 ndditioH of crop root malerial Ilnd .n, progressively dc(:rcnsing 
loss of the originnl topsoil ns it is mixed with 1I10re und more subsoil 
fro111 yenr to yenr. 

Doubtless, since the plot wus unfertilized, the deerel1sc in crop 
yields wns clluscd in purL by n, depletion of the nutrients nnd organic 
matter lIynilable to the growing erop. Howeycr, it would seem thnt 
the decrense in yield mH,y be nttl'ibuted largely to thl' loss of topsoil 
nud un nceompanying removal of organic mutter and mineral nu
trients. 

The effect oj jett-itizing carll on l'uno.ff and erosion.-To study the 
possibl(' effect on runoff Imd crosion, of fertilizing corn, plot 13 in 
continuous eorn, fertilized, WHS enrried 011 in comparison with other 
continuollS-COl'll contl'o! plots whieh wero not fertilized. .A sUlllmnry 
of soil und water losses resulting from these. trel1tments is given in 
table Hi. .More detailed diLta ure shown in tables 41 nnd 43,Appendix. 

http:l'uno.ff
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The av.erage annual soil loss from the fertilized plot was about 14 
tons an acre less than the loss from the unfertilized plot. .A. rain-by
TRin examination of the datn, for the 9 years indicates that the soil 
losses from the two plots wert' rather consistently similar before the 
crop senson started nncl that the differences in losses occurred during 
the crop sellson. It would seem thllt the greater lenf find stalk growth 
on the fertilized plot Ilfl'ol'ded a slightly grellter cilnopy protection 
Ilnd the grpllter root growth mny hllv(' tl'll(kd to hold the soil in pillce. 
ThilL the fprtilizrd eom wt)s slightly mOr(' vigorous thlln the unferti

'lized ('orn is indicntpd h:y tllp crop :vields. 

'l'ABl.~; 16.-SulIIlI/(/ry of rU1Ioff losses (/ud yields from JC71ilized (Ind u1IfertiLized 
conI plots 

rn-year a wrngl') 

PJo~ ('rop nnd IrrntmcntXo. 

3.. Continuous corn, unfcrtilized . ,, __ .... 
J3~_~ .... ,"~_~ Contilluouscorn, C('rlili7.ell t~"'~M*_._~"~'~"'._~" ~~, 

) 150 pOllnds per acr~ of ,1·10'6 fertilizer applied in the row. 

Avprng(' wllter loss WflS slightly grentel' from the fertilized plot 
than from thr llJlfprtilizpd. Fnlikl' thr soil loss, this difference in 
runoff OCCUlTed mostly during tlw nonerop months. It is pl'Obable 
that suhsudnce conditions mncle for slightly greater runoff fl'om the 
fertilized plot during til(' fnll, wintC'l', and spring whelt the soil was, 
at times, nenrl,v Stl turnted. 

The los8 oj plant nutrients by l'I'osion.-During LIIl' summer of 1940, 
nnalyses wrre made of aliquot samples of tltt' wllshoff from eight 
llI00-Hen' ('om plots, to c1et('rminl' thr erosion losses of plant nutri
('nts from ~[uskingum soil. TIll' findings, which cover a 100-day 
expel'imentnl period, HI'p givrn in tn.hh' 17. 

The nn'ragl- loss of nitrogpn from the two unfertilized plots was 
102.7 pounds prr acl'£' fOI' the 100-dn,y period, n.nd thllt from the 
fertilizr(\ plot 104.9 pounds. The phosphorus (P20s) losses ttYernged 
142.6 pounds per net'(' Jrom the unfertilized plots Ilnd 149.4 from the 
fertilized. Although tlll'rr was a higher ('oncentrlltion of both 
nitrogen nnd phosphorus in the supematant liquid (contnining some 
soil) from the Jpl-tilized plot than fl'om the unfertilized, the percent
a~es of these nutl'iputs in the sNliment (sludge) wel'enenrly the same. 
Nor wus th£'l't,u, significuntly higher nmount of nitrogen Ilnd phos
phorus per ton of eroded material from the fertilized plot thnn in 
the avemge losses from the unfertilized. In general) losses of nutri
ents from all of the plots were gove1'lled by total soil losses. Contour 
cultivation used on somr of thr plots lessened the fertilit)T losses by 
reducing soil losses. 

Nitrogen losses were grenter from plots top-dressed with nitrate 
of soda thnll from those not top-dressed. On the top-dressed plots, 
also, contouring reduced the soil loss to less thlln hu1£ nnci nitrogen 
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FIGUIU: 22.-Vicw of the cultivated watershed in carll. 

losses to not quite half of those Oll plots not top-dressed. The loss 
of nitrogen was slightly highcL" per ton of soil loss from the contoured 
plot than from the plot not (:olltOUL"cd. 

Potnssium (K20) losscs were determined in thc heavy sediment 
ft'om three plots for only fl, portion of the summer. Losses of this 
clement ranged IL"Om 39.5 pounds to 64.7 pounds per ton of soil loss. 
A.ssuming the Sfll)lC proportionate losses fOt" the senson, the loss from 
plot 3 would lllwe heen 2,G54 pounds peL" ncre. 

These losses HI'P much higher thnn those repOl·ted by Duley and 
Miller (20) and ~lillet" ullci .K.ruselwpf (27) Jrol1l plots growing corn 
flununlly, but Com]HU'C fttirly well with the losses from plots of bure, 
cultiYIlU'd soil when it is ('onsidered thn,t thp prespnt losses were 
for It lOO-dtlY SUllunOl' p(\l"iod. 

Former work(>l"s. including Lipmnn and Conyhenre (23), bn.ye 
pointed out tlHtt. the fpl"tility tnk('1) from the soil by erosion is as 
great ns thltt tnk('11 from the soil by CL"Ops. In the plots used in this 
study the feL"tili Ly .losses in runofl~ wprc much greater thnn those 
caused by cropping, since tllt' C01"ll crop on these plots pL"Oduced less 
than!1 tOll per ncre. 

The peL"t'entnge of uitrogen in tht' sediment oJ the eroded materinl 
compnres well with nnnlysis of the lo.luskingum soil of these plots by 
Middleton, et nl. (26). The pel"centnge of 1\:20 is slightly lower thnn 
the figure reported by tIll'se itlv('stigtltors, nnd the percentnge of 
])205 is 2 to 4 times us grcll.t us the figure they report. 

EFJo'ECT OF L\ND "(SE ON IltlNOF.F ,\ND EnOSION-":ATEHSHEI) STUDIES 

Eurly in the histol',Y ot: the station, three watersheds were lnid out 
and equipped with tlw llt'cessnr.y d('yiccs for mensuring the runoff 
nnd soil losses (1'0111 ench. (8(>(' Jigs. 22, 23, and 24.) 

A. pnsture wilterslll'd 01' about 3.5 Heres wns locllted nenr the north
west corner of the station fnrm, It cultiyated 'watershed of 2.5 ncres 
nenr the southwt'st corner, nnd a wooded watershed of 11, little more 
than 2 neres on the edge of the trnet near the center of the eastern 
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FIat'lu: 28.-'1'he palltllfe watershed alld Illellilllrillg device. 

, . 

FIGUln: 24.-A portion of the wooded water::;hed ami measuring device. 
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boundary (fig. 6). Runoff records were begun in 1933 and the early 
results haye been reported.s 

The crops on the cultivated watershed and trcatment arc given in 
table 37, Appendix. Excellent mcadows haye been obtained and 
good sods have been plowed under for the com crops. No erosion 
control praelices have been used except thl1t pll1nting hus been done 
o.pproxiu1l1tely ucross the majol' slope. 

Erosion.-Soil loss from the pusture and wooded watersheds hus 
been negligible, wherens that from the cultivated urel1 Iwernged 17.2 
tons,anllunlly. (See fig. 25 and table 18). This amount represents 
about }6 of n sUloflu;e inch. At this mtc, 7 inches 6f topsoil would be 
removed in 63 yenrs. Ob\'ious]y, the erosion from the cultivated 
watershed varied mlu'kedly with the crop gro\m. Figure 26 Ilnd 

Wole,sheds 

Culhvalod land 

Posture 

Waadland 

I 
9.0 	 7.5 6.0 45 3.0 1.5 0 o 5 10 lei 20 

Runoff (inchesl Sail lass (tans per acre I 

FlGrln; 25.--A\'crugc soil :Inti \\'uter losscs from cultivated, pasturc, and wooded 
watersheds. 

TAnl,l~ lS.-·COIll1)(1ri.~on of rUlloff af/d soil1oiiS from cultivated, po,sture, and wooded 
watershrds for Ih(' 9-!I('(I1' period 193,1'-42 

.r. cr; i 0 ~ 
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1 1Hen'S);

Ilnillfnll (illch~s)" ... ,~_. '23.S7 41.271 as.so .11•. 1\).40.7:1 4:1.62 42.50 29.78 :17.70 :18.09~.. -
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SoB loss (Ions) ... ~':':.:~~-~~L _~~_~~__ .Ol ,01 (I) .ot:f~t(l) .011 .01 ••• __ • 

I "'race. 

, 1J01tST, U. I,., .1:;1l '\'O()I)IIUJ':;, ll. IIYOItOLOGIC RTI!IlIES-COm'IL.\TIO:; cn' It.\I:; !'.Il.L .1:;11 Itu:;on' mQ)1 
THE W.ATJo:ItSln;o,s Ot' TilE NOHTII ..\I·I·~\I...\CIII~\N coss ..;It,'~..\TIOS EXl'tml~n;!i't :rr:.tTIOS, Z.\SES\,IL1..E, 01110
103:',,3S. li. S. Dept. Agr. SCfFI'I'·20,:!5 IlP., IUns. 1930. ll'rO(·"s.~c".] 
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FIGURE 26.-Average monthly distribution of rUlloff and soil loss from the 
cultivated watershed for the corn, wheat, and meadow years. 

tabltl 19 bring out the fuct that most of th(l.loss has occurred during 
the months when this arOlL WIlS in COrll. Tb(' average aunualloss .for 
this crop (5 mouths in corn) hils been 40 tons per acre, about thc 
same as frolll the rotation corn plots. It is of interest that most 
of the erosion during the eOI'll sen son occurred in July, whereas 
control-plot losses were greatest in June. This lllay be accounted for 
by the fact that this watershed was in COl'lllLt the time of the extremely 
heavy rain of July 4, 1936, which alone produced 40 tons of erosion. 

) 
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~\ 
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TABLE 19.-Average monthly runoff from a cultivated watershed fOl' the wheat, 
meadow, and corn years 1 

Average of 3 whcllt yeurs Avernge of 3 meadow Years Average of 3 com yenrs 
ID3·1, 1937, and lU40 IVa5, 1038, nnd 1041 1036,1939, nnd 19·12 

Month 
Soil Soil SoilRain Runoff Rain l~ulloff l~uin I Runoffloss loss loss 

PeT' PeT' Per· 
Inche.~ Inches cent '1'0118 Inches I1Iche8 cent ']'OIlS Inch c., ll1ches cenl 'Fons

JIlIHury______ 4.·\:1 2.80 fl4.6 4.53 1.81 0.14 7.7 0.01 I. 7H O.:Ji 20.• 1 0.01 
Februnr~'_____ I. 5:1 .38 2-1.8 .22 I.Hl .4fi 28.6 .12 a.15 .1. 08 3·1.3 .04 
l>lnrch._ •••• __ 2. :10 .78 3:\.11 • Ill; :1.00 .88 20.3 .29 a.31l .70 23.0 .18 
ApriL __ ...... 3.85 .1.01 2U.2 .40 2.17 .32 14.7 .01 a.o·\ 1.04 2B.fi .06 
,\In)·. ___ • __ ••. :1. r~~ .38 10.8 .18 5.05 .80 17.0 .20 2.:38 .35 14.7 4. til
June.. _______ • 5.,·Ja 1.40 25.8 1. 08 4.38 .30 8.0 .08 5.4i 1.10 20.1 G.B 
July._ .• _•• _ 2.02 .14 G.1l .13 3.7.5 .21 5.H .04 4.2li 1.24 20.2 1U.2.1 
August ..• ___ • .\. 72 I.lI} 25.2 2.4:1 5.53 1. 01 18.3 .2·\ ·I.H 1. IS 28.5 3.52 
Scptembcr~~_ .. 2.tH .37 1·l.2 .13 3. In ,4.\ 13.0 .oa 3.10 .47 15.2 1.0U 
October... __ •• 2.05 .05 2.4 (11 2.21 (ll () 0 3.74 .m 17.6 3.32 
~ovelIlher .. __ • 2.00 .14 0.8 .Ol 2.73 .12 4. -I (ll 2.49 .70 30.5 .5n 
December____ 2A:J .211 11,5 . III I. 86 .2:J ]2.0 .01 2.63 .·J3 16.7 I. 62--'-----

'L'oln!. .. an. UU S. Of! 2·1. a 5.011 I:J.7 1. 03 40.05 0.44 23.6 41J.:J 
-------Jo.'i1j:i7.2G 

------

I Cnlcn<lur years. 
2 'CraUll. 

As would be expected, erosion from rotation meadow was negligible. 
The high soil loss from wheat in January probably would not occur 
over a longer period of years, as wheat was 011 the cllitivfl,ted water
shed during the flood period of January 1937, at which time erosion 
'was unusually severe. Overlooking this period, October is shown to 
he the most erosive period for land seeded to wheat after corn. 

Runo.ff.-The average annual water losses from the 3 areas have 
been from woods, 1.20 inches or 3.2 percent; pasture, 5.30 inches or 
13.8 percent; and cultivated, 7.84 inches or 20.6 percent. Average 
monthly losses are shown in figure 27. 

The effect of land usc 011 water relationships is indicated in figure 
27, where probable infiltration, computed as percentage of rainfall, 
is shown for the three watersheds. The low infiltration rate for 
January reliects the flood period of 1937, 'when more thall 10 inch-es 
of rain fell in 24 days. 

On the average, infiltration in the woods equaled rainfall, or very 
nearly so, durlllg August, September, and October. Runoff occurred 
during the winter, spring, and early summer. Runoff from the cuI.:. 
tivated watershed varied, as did erosion, with the crop grown. The 
greater runoff from corn and wheat land for comparable seasons of 
the year is noteworthy. 

In general, the runoff' from rotation meadow was greater than that 
from pasture, although in some months the reverse was true. 'Water 
losses from wheat were usually higher than from men,dow or pasture. 

While the average l'lllloff data are of ~nterest from the standpoint 
of soil and moisture conservation, they hardly apply when considera
tion is given to the effect of land use on floods. Floods occur when 
other than average conditions of rainfall and soil moisture prevail. 
Table 20 lists a number of outstanding rains and storlll periods that 
haveoccurred (luring the period of the experiment, some of which have 
contributed to or have produced serious flood conditions in the Musk
ingum Valley. 

It is evident that the runoff from the three .areas has on many oc
casions differed widely from the annual average figures. The same 
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factors which produce variations in runoff from areas in different vege
tative covers also cause. variations in. runoff throughout the year. 
The total amount of water in the soil is important. This depends 
much on the duration and frequency of the rains. Obviously, if a 
soil is saturated there will be greater runoff from the lttnd than if the 
·soil is dry and porous. The efiects of land use und vegetul cover di
minish under under such conditions. 

It is of interest that even where two watersheds appronched the 
same rUlloff, the peak rates of runoff (table 20) differed materially. 
Peak rates, of course, are obtained for only short periods of time. 

TABLE 20.-0utstanding minstorms and runoff /roll/ the three watersheds, 1934-42 

}tainfali Runolf P~ak ratc runoff 

Date 5·min· Culti· C'ulti·ute Illnx· Durn· Pas·Amount vated "·oods vntcd Pasture "'oodsmum in- tion tureland hllldtensity 

Illclies Per· Per· Per- Illches lllche., lnches 
19S·1 Illches pcr hO/lr HOlLrs cent cent cellt per hO/lr per hO/lr per hour 

Aug. 2..•••.•..•... 2.14 5.04 4 42.1 1.9 0 2.10 0.20 0 
Aug. 15-16••..•.•.. 2.92 2.32 14 59.2 6.5 Q 2.00 .28 0 

19J;' 
May 5-i•••••••••.• 1.6i 1.38 24 56. n :l~.a I 2·1.0 .6i . a.1 .Oi " ,,\.ug. 7 J__•• _ .. _.~~.~ 2.5:) 5.85 57.7 2.0 2. il9 1. i3 .02 
Aug. 10 ,.••••.••..• 1. il 5.00 5 ~~: ~ ! 2. g 3.89 2.00 .04

45.61 
19S0 

Apr. 2............. •OR 1.92 3 014.9 50.0 1.0 .59 .45 .01 

July 4............... 1.14 9.36 Xii 74.7 , 15.5 .6 211. iO ].55 (3) 


1937 ~JJan. 2_ .. __ .... __ ~_._ .. ~ .29 .2·1 39.9\ 6.4 0 .ll (3) 0 
Jan. i-R.......... __ .39 23.6 I 5.5 0 .n (3) 0 
Jail. 9-10 ' ......... .87 :§ill 20 I 21.5 2.8 .09 .03 (3)
Jail. 14-15 , ........ 2.00 1.4·1 23 ~UI Oi. I 3ft!! .80 .29 .06 
JUIl. Ii-18 ' •••.. 1.00 .24 21 75.41 59.3 ifi./j .18 .I:J .02IJail. 20·2:1 ' ...... "" 3.15 I. 44 42 85. [I i4.6 3·1. 2 I. Ii .22 .00 
Jun. 24.-25' .•••.... 2.-14 1.20 Ii ! 94.5 8i.6 74. i • iO .30 .13 
Jan. 31........ _•... .34 .24 .l)!4 23.4 18.4 n .02 .02 0 
May 26 •...•.•..••. 1. 05 2.64 4 41.0 31.'1 1.1 ].35 .57 (')
June 20-21 ' ........ 3.40 4.32 II 54.3 49.1 22.1 3.49 1.90 .58 

1988 
June 22............ 1. 20 3.12 2 9.1 8.0 .2 .59 .33 0 


1.64 2. Si 10 20.2 22.1 .5 I 1. Oi 1.09 (3)
JUlie 20~~~~''''--1 
Feb. 14-10......... [ 1.49 .48 12 44.4 46.6 19.:1 I .20 .27 .04 

1\[9r. 2!l-30 ........ \ 1.01 .36 Ii I 19.6 36.3 .10 .13 .02
1I.61 
Junc22............ 1.38 2.40 S 52.9 45. I 2..5. 0 1.45 .BR .08 
July·I-5 ..........i 2.12 2.70 a 4.;.1 46. i T.l ! 1.63 1.62 .00 

June 1/-18-19...... 3.la 3. no 2H I 29.5 16. i 6. i 1.0i • iO .04 

Aug. 12-1:1. ........ 2 50. i 42.7 1.4 ].41 1. ;30
2.08 I 4.32 .05 

1940 
Apr.IL .......... 1.14 .3U 10 I 19.0 31.2 7.2 •• 11 i .20 .01 

Apr.Ii-20•••...... 4.48 .90 ·14 55.4 6i. I 46.9 .40 , .35 .]9

Mal' 23·24......... l.ii 1.56 19}~ JIl.i .4 S.7 I .21 I .02 .Ot 

.May 29·3L....... 1.19 .a6 11 20.2 9.1 n,2 1 .03 .01 

June 11 ............ . i9 3.12 2 30.1 3.5 .06 .0
10.a I :~y IJune 28............ 1.15 1.68 2 42.6 24.0 .Ii 1.62 .82 (3) 

/941 
July 18............. 1.83 5.76 I 19.8 IS.S .3 , .18 ! 1. 36 (3) 
Aug. 30·Srpt. 5....1 2.14 6.24 I 4 19. I Ii. I 1.06 .95 (3).31 

Mar. 13:'f~e...__ ... ! '"I 3.48 20 60.0 I 1 (1) .05 
I. 92 .60 19 42.51 S.O 1. 13) .16 .0261. -1 .12Apr. 8-11."' ••""1 , 54.31May 15............ 1.52 4.32 I)a.l 3.0 1.1 .98 .16 (3) 


June.22............ 1.62 1.62 3 32.6 16.0 .4 .51 (') (3)
"I 
, Storms producing or contributing to flood condition. 
• Approximate. 
s N egli~ible. 
'No record. • 

." '- <" -.~~,~' 
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FIOUHE 28.-COlllpltri~ol1 of runoff froll1 three types of cover during It flood period. 
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The action of the three watersheds during a flood period is shown 
by the January 1937 rains in table 20 and 20a and their effect is 
depicted graphically in figure 28. During the rain of January 9-10, 
the cultivated watershed in wheat lost about 72 percent of the rainfall;• the pasture 21 percent; and the woods 3 percent. The woods runoff 
increased to 36 percent for the rain of January 14-15 and 34 percent 
on January 20-23. For the last rain of this period, January 24-25, the 
woods runoff reached the high amount of 75 percent, while the pastme 
was 88 percent and the cultivated area about 95 percent. Over 10 
inches of total rainfall had been received by January 25. After a 
6-day period without rain, the woods runoff again became negligible 
for a small rain on JaIlUaIT 31. During January, the woods retained 
almost 3 inches mOl"(' water t.han the pnstmc and over 4 inches more 
thnn the wheat on the cultivated watershed. Detailed data from 
these areas are given in table 46, Appendix. 

TAIlJ,E 20n.-Sllrfacc inches of '/'1t1lojJ from three 1('alersheds, .Jnlluary 1937 

]~unolT surface inches 

'l'otn1 	 "'oodsI I Irainfall i Culth'uteu l'nsture 

i 
Jblehes 1 Illehes 

0:8~~ II 0::: 
1 

i~:~: ~:~~:::::::::::::::::::::::::::::::::::::::::::::::i ,18, ,024 
1.:142 ,i24 ,i~~: l~:lt:::::::::::::::::::::::::::::::::::::::::::::I . 59:! ,166 	 : 

JaIl. 20-23 ................. _......................... _•• ' 2,350 , 1.077 	 i 

\;Jao. 24-25 .... _.................._._ ................... _ 2.137 1.8Z! .1 


JaIl. 31 ........................ _._ •.•• _.. _............. .. 06~ .000 
._-- 1'rotnL .......... _ ._ ................ _..•.•.• _•••. 10,4S : ,.932 I (i. ill i :!.814 

~~__. __._._..•.__.___._.__._._ ..__ .. ___ __.'__._.___c_.. ____-'-_~___"'_____ 	 i 

j 

lEFFECT Of' Luw l.ISE ON SOIL-MOISTUHE CONTENT j 
As a bnsis for studies of moisture utilization and the importance of 

waLcr-cOIlSe1'ying pmcLiees, a study was made of the moisture content J 
of soils under continuous corn, grass, and woods vegetal covers. The ! 

I 
!

areas sampled were on slopes varying from 12 to 14 percent. The 
grass was n fair stnnd of bluegrass i the woodland was a good second 
growth about 30 yenl's old and the soil was covered with leaf litter 2 to ¥. 

4 inches in depth. The corn plot was one where corn had heen grown i 
Iovery year since 1933. From the standpoint of plant utilizntion of 

moisture, this plot cannot be considered representative corn land. 
The nverage annual pl'ociuclion of dry matter in the crop approximated 1 
only 1,400 poullds per nere 1'01" the 3 years. ! 

The soils were sampled dnily in 6-inch profile increments to a depth • 
of 30 inches during most of 1939, 1940, and 1941. 1-.10nthly data for 

'1, 

three horizons derived from the records obtained are given in inches in ftu.ble 47, Appendix, and 3-yeal' n.verages of the moisture content of the 
tIu'ee soils al'e presented in both inches nnd percentage of moisture on 
a dl'y-weight basis in tnble 21. Because of differences in the volume 

!
weight of soils under dilrerent conditions, particularly under woods 

~,covel', the mnount of soil moisture in 1l1ches provides a more accurate 
measure of the quantity of moisture present than does percentage. 
Some of the more obvious findings of this study are reported here. " ~ 

~ 

~ 
~ 

'" 
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21.-Soii-moisturc content on dry-weight basis in various ho7"izons under 
cornland, grassland, and woodland, 3-year average, 1939-41 

Soil moisture 
Co,'.'r and hori7.0n 


(inches) 
 I 
________________l__J_u_nurn_r_y_�.-F-'c-b~ru-u-r~-·-I--~-l~ur~C-h--I--A-P-r-i1----~~l~n\-'-I---J-u~n-e--
Corn: 1 [II. Pd. III. IPel. [11. Pel. III.! Pd. 'I' Ill. I Pd. Tn. Pet. 

()-12•.•.. , .... I ~. as 27.2 4. ,0 29. I ~. 33 2«.8 3. sa \ 23,7 2.97' IS.4 3,53 21. U 
12-18.... , .. _.' ... ,1.98 121.7 2.021'22.1 Lila 21.0 1.99121., i 1.73118.0 1.78 19.4 
18-30..... . 3.14 I Hi.e: 3.4S I17.R 3.28 16.8 3.15 1 16.1 i 3.02115.4 3.1-1 10.1 
()-:l0 ...__ ' 9.5U .. , ..pO.~'U ...j n.M 1"'" 8.97j" .. ,7.,2! .... ~.45 ,.-.

Ornss: 
()-12.... , .. ~.65 28.8; 4.71,29.2; 4.7~ ,29.~, 4.~a i 27.5' 3.30 j 20.5 3.8, 24.0 
12-18 ... . 2.20 0)1 (' , I) 'U ! 2- I) 1 I) :m . '15 - , " 31 ' I)~'" 1 fN i flO G ? 01 O)} 9 
18-30, .•. ,., 3,S5 ig:~: :j:2!l i 2Y:ii; 4:2:1 i 2'1:0' :j:172~::j :l:,;' i ill: a , :i:SIl I i9:9 
0-30, .•• . .•.,10.76 11.25; .. It.:l:! I .... ,/0.91 KilO! ., .. n.77 1_,, __ ,

"'oods, , I 

0-12.... . 4.30 :l0. U a.g,I' 28.3 :l.95 i 28.4 
12-18... . 2.1:i 22.7 U17 20.!l 1.90, 21).3 
IS-30 ... . 4. ao 21.:l • I)() 1'1 S ".9.,,! 19
0-30., •. " 10. ,a ii:!ll: ", 0.84; .1 

Cm'cr lind horilOlt ! 
(inch~s) 

Jnly AU~l1st September October XO"ember i'December lAYer. 
: - I i ug(l 

----------,--'-- ----j-- ----,------ . i I 
Corn: I III. !I'el. fit.: Pel. [II.: 1>01. I",' Pel. III. I Pd. I1I.! )"J.. {I In. 

0-12 ." 2.69 Hi.. 2.·1B 15.2 2.21 1:1.7'2.4$'15,·' .,. _.1. a 3.+13 '0 1 OJ? 1 ' .• IS' . q' n•• 0 --. . I 
12-18 __ .... ;.:~ \ !~.~ .~'1~ 1 ID.l ~.!~ 115.~ !.~~ 1 15.1l /.6, ; IS. I • I. 89 ; 20.6 1. 76 
18-30., =.o~; I.... _.9:: 11.0, ~.'81 11._ :.~(! 11.1.1 2.94 I 15.0 : 3.00: 15.S 3.06 
0-30 1.3, , 6.So I'"'''' 6.45 , 6.16, ... S.17 I'''''' 0.10 L ..... : 8.26 

: i . 

0-12 2.U6 IS.4 2.58; 16.0 2.·'" 15.5 '2.S3, 17.0 .1. 11 25. 4 ' -1,:14 26. 9 3.7,5 
I.U:! ; 21.n 2,10 22.9 2.00 

OrnE I I 

l~=~~ U~ i~j ~:~;rl~:~ kIL~t~k~~:l~:g 3.5S; IS.a 3.SIi I H}.7 3.7S 
0-30 , .... _ .. _.' S.39 ; 7.66 " .... ' ,. (H 7. ,8 I"'" 9.G2 _'_",10.32 ,- .-~-f O.5:J 

\\'oods: I 
0-12 .. , ........: 3.02,21., '2.81' 20.2 2.00 10.0 2.28' 16.4 ' 3.SS· 2 •• 8 ,1.03 29.0. 3.62 

12-18..... .. I.Ul 17.2 1.56 1Ii.5 1.32 ].I.U, 1.29 '13.7 1.80 lU.1 I. US 21.1' 1.84 
JS-30 .... 3.3S 16.73.1515.6'3.18 115.S 3.0815.2.3.28 lG.2 3.61 17.9 3.,2 
0-30. ' .... ' ... S.Ol ,.52 ...... 6.5U 6.65 1,,, __ , 8.% 0.62 9.17 

Figure 29 prC'senls n C'omp:u'ison of the moisture ill 2 hOl'izons of th(' 
soil under tlte three vegetal (:o\'('rs. The accretion of soil moisture 
during the winter mOllths nnd its decrease, jn spite of incrensed Pl'l'
cipitation, from tltC' lutl.' winler months (FclH·lIal'y-).lnl·ch) to fall 
(September-October) is ypry (,yicient. 

From the Chflrt it will be no led that the gl'e:l test seasonal Jiuctllll.
tion occurred in the upper 18 illches of the soils. Sellsonnl decreases 
in soil moisture of :3 horizons under the three covers ure shown in 
table 22. Similar fluetufltions on dosel.y related soils llilYC' been 
reported by Dreibelbis und Post (15). 

The corn soil showed the greutest sensonal decrensp in tlil' upper 
12 inches. In th(' 12- to :30-inch horizons. moisture lllldC'r corn de
creased the lenst; under grass, next; und' und(,!' woods, the most. 
Anuual n.verag(' soil mQisture was eOJlsistently lowest under ('01'11. 

Grass and woods soils were not widely different during til(' first 7 
months of the year. After July, the woods soil moistUI'(' dC'CI'ensed in 
amount considet'nbly mol'(' thnn the moistur(' unde!' til(' grnss, to us 
low as corn soil moistll1'e. These datil, show thnt in spite of the fnet 
that Ohio is in a humid region, soil moisture reserves built up durillg 
the winter are dissipated during the growing senSOl1. In fact, soil 

http:3.0815.2.3.28
http:16.73.1515.6'3.18
http:hori7.0n
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Jon Feb. Mar.• Apr. May June July Aug. Sept. Oct. Nov. Dec. 

FI(rl'm; 20.-8ea!?onal fluctuations and relative IUllounls of !'oii moisture under 
cornland, gra;,:"land, and woodland; 1 !l3D· -11. 

TAB'.', 22.--SI!(Jsollal decreases in soil //lois/urI! lmill!l' diJji:>r"nl vege/aZ covers, S-year 
perioIl 

~oil profil"s (indIes) Woods 

Inches Inche.• Jllches 
O-IL. 2.40 2.41 
12-1S . .50 .94 
18-:JO...... . .72 l.:l!i 
0-30._..... .. 3.75 1 4.54 

moistuL'{' ullder ('orn und woods apPl'ouClwd the theol'l'ticnl wilting 
point; (1. 24). Assuming soil moisture lost by- pel'('olation under the 
thrc(' covcrs to be th{' samc, ilnt! knowing that C'vapomtion was fi, 

minor source of water loss under thc thick leaf litter in the woods, it 
would Sf'cm that the woods vegetation drew much more 1l('l1.yily on the 
soil moisture' reserves than did til(' other typ('s of v('getation. 

The ('onsistC'ntly 10w(~1' moistuL'e ('on tent of the eOI'll soil is t'xplnined 
by the loss fl'Olll l'ul1ofl'. Figmo 30 pn's('nts rntios of pl'obtlbly infil
tl'iLtNl .rninfal1 (pl'peipitation minus l'unofi') to soil moistul'e. 011 this 
basis, the eorn soil t'('tnined :1, gl'('atC'1' tlmOllllt 01' the moisture which 
entcrcd the' soil thtln the othc'r 2 soils, which w(,l'e vCl'y similtlL', This 
L'elntivcly high moisture retention under the eom erop may 1)(' cxplnincd 
partially by the compnrntiveiy low eL'Op usnge indicated by the low 
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FmrRE 30.-Ratio of rainfall intake to soil moisture in a 30-inch profile for 
cornland, grassland, and woodland. 1939--·11. 

yield. The fact that, cvell with this low moisture usage hy the crop, 
this soil approached the wilting pcr('cl1tnge, indicates thr need. for 
moisture-conserying practices. 

INFILTRATION STUDIES 

~Jnny factors are known to affect infiltrntion, so~ne of which may 
produce marked ellflngl's in the infiltL'fltion characteristiC's of a soil. 

From .JuDe 1938 to February 1941, a study was conducted of infil
tration on ?\luskingulll soil as affected by scasonal 01' climatic changes.f> 

Sixty seamless 9-inch tubes and other apparatus dcscribed by 
1\Iusgrl1V(' (£8) werc used. The tubes were SUlik to n depth of 1'6 
inches in n, llatUt'nl bluegL'flss sod nnd left in this site throughout the 
study. Tweut.y-foul' ndditional tubes were Slink latt' in 1940 for 
speciall'UllS on frozen soil. Records of 'soil moisture nnd soil, ail', nnd 
watel' temperatures were kept. For the frozcn soil stuely, a, l'ccord of 
the depth of the freezing of the soil, was also mudc. III gencI'al, initiul 
runs were made on "dry" (normnl moisture content) soil and thcsc 
were followed by so-cnlled "wet" rUBS 24 hours h1te1'. 

Dming the coursc of the study, 25 initiul and 25 wet rllllS were 
mudc when the ground wus not frozen und 1ll'lll1S wCn' mucie 011 frozen 
soil. The pertincnt data uppcnr in tables 48, 49, unel 50, Appendix. 

Precise control of ynrinbles in a study of this sort is impossible, but 
trends ll1UY be indicated by the dnbl. 'fhe study showed, for instnl1ce. 

• BORST, n. L., and ~1.l'Sr,R.\\·E. G. W. SEABO:<AL CII.\:<GES IX J:<I·II.TIL\T/OS I·OR.\ 51:<GLI: SITE .1.:<11 
VEGET.\L con:n. 10 pp. illus. (lJnpublishedmnnuscripl, prepured Jun. 19~3.) 
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(fig. 31), that there was a tendency for infiltration rates to be low dur
ing the winter-early spring perio(l; to increase during the late spring 
find midsullml.cr period; and to decrease during the late summer 
and fall period; and for tIl(' soil moisture to declinc during the summer. 
Correlations computpd on the data were as follows: High positive 
correlntions hetween nil' and soil temperatures and air tempcrature 
llnd infiltration, nnd It strong negative relationship between soil 
moislUl'(~ and infiltrtltioll during the initial Ttms. There was also all 
inverse l'elntionship hetween temperaLure nnd soil moisture. 

6~~1~~1~~~1~~1~1~1-~11~1~~~1~~1~ 
5~+-+-4-~~~-+-4~~~~+-+-+-~~~~-+-4~~~+-+-+-4-~

I I +-t- \NF\LTRATIO~ Rl}TE:.INSI1ES; PER 110UR, FIRST ~OUR 
4P-+-+-;-~~-+-+~~--~~+-+-+-;-~-+-+-+~~~~+-+-+-~ 

, I I I I i I ! 1 1 ! I I 
:~=:=:I/~':~:~I~=~,:~l=~=~:~~=~~~!~~#~R~~TE~i~-+'-+i~~ll_+l·-+-+~~~I~\~~I~~_ 
o~==~J===II\~AI=:!\~~=1 ~;~_~
~.=~~=~~~_~~~f-L~l~I~:~I_L~;~·-i_--~-_-~-'_-~-~LI 

~ ~ ~ ~ ~ > u i m oc ~ > ~ ~ ~ t ~ > u z m ~ ~ ~ ~ ~ ci 
~ ~ ~ ~ g ~ ~ ~ ~ ; ~ ,; ~ :;: ~ ~ g ~ ~ ~ ~ ~ ~ :f ~ ~ ~ 
1938 1939 1940 

F[(1URE 31.-Seusollul. fluctuations in infiltration rate. (Broken line indicates 
willter period dnrillg which no measnremellts were recorded.) 

Th(' datu, from the runS on frozen soil showed no apparent relation
ship between the temperatures of ilir, soil, and wuter used in the study 
find the infiltrlLtion mtes. There was, however, a. marked relation
ship hctwP('1l depth of frozen soil nnd infiltration. It is of interest 
thnt some slight infiltmtion (nvernging all tubes) took place when the 
soil wus frozen to n depth of] 001' m.ore inches. Although in some tubes 
the soil wns uppnrently ('ompleteiy senled by freezing and no intake 
of wnter wns registered, in others there was n. comparatively rapid 
intnke illdicltting that cracks or fissures permit infiltration (l\Ten on 
frozen soil. 

UAIX·SDlUL\.TOH STUDIES 

The (!feet of nwlching lL'Ild swjoce conditiolL on e1'osion a,nd'1'unoff·
Th(' ('[eel of soil slll'fn('(' condition, of straw mulches, nnd of straw 
incol'pornted into 'the soil, Oll erosion find wuter infiltrntion on :Musk
ingul1l. soils, wus studied during thesumll1,crs of 1940 und 1941. These 
studies, mn(\(' with the tnin simulator, type E (fig. 32), have been 
reported in pn',-ious puhlicntions UJ, 10). The first series of studies 
It'd to tlll' '('olwlllSioll indic[\,ted inlfigurl' :13. 

\\11eat stl'n.w ineol'porntNI in tIlt' soil. entirely beneath the surface 
n.t rates of 2 nnd 4. tOilS IWI' nere had little Ol: no effect on runoff and 
('rosion. 1:[uskingunl soil crusted 01' sealed quickly under the im
pad of simulated rn,infllU and high runDfi' and hen,vy erosion resulted 
(fig. 34). Application of n. straw Illulch nt the l:llte of 2 tons pCI' acre 
to sen led smfn('e increased illfiltmtion only slightly but .controlled 
erosion errecti,'elv.· IShallow cultivation which brolH' the surface seal 
(fig. 35) incl:l'ased illfUtrntioll for It time und reduced erosion some~ 
what. The npplic::ation of n 2-tOll-pel'~ncre stl'lLW mulch to an "open>! 
or cultivated soil surfnee l'('sult('d in n high rute of infiltmtion and a, 
very low soil loss. Straw Jllulch of 1 ton per ael'(' eon trolled erosion 
nendy as cfrectivcly us 11 2-ton mulch but wus nbout olle-hnlf as 
effective ns the 2-ton ratcill controlling runoff. Cornstnlks applied at 

62683a°-l.5-4. 

http:midsullml.cr
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FIGUUI, 32.-Extcrior view of type E mill sil11ulator. 

80 o 25 50 100 
Runoff (percenl) 

ErOSIon ('005) 

FlGURE 33.-Elfect of mulcheR o.n sculed and clIlth'uted soils (as indicated by 
erosion and runo.fr from 60 minutes of rain upplied ut 2.20 illches per ho.1Ir). 

2 tOilS per acre, laid across the slope, wen' llenrly ilS cfl'ective ns n, I-tOll 
application of strn.w in eOHtrolling erosion ilnd runoff, 

A study was mnde of the mechanics of the efl'ect of mulching. 
On the" openll soil sudnce the llluich prevented senling and thus 
maintained a high illfiltrntion rllte. Since little 1'1Inofl' resulted, erosion 
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FlGung 34.-Appearance of Muskingulll soil with surface sealed by rainfall 
A mulch applied to this surface controlled erosion but not runoff. 

was negligible. In this instance, obviously, the mulch reduced erosion 
by nullifying drop impact ftnd preventing soil dispersion and settling. 
On the scaled surface, where heavy runoff occurred but erosion was 
controlled, it WIlS found that the velocity of runoff was reduced some
what; by the mulch. A question remaining unanswered was: Is 
erosion controlled by reduced runoff velocity, or is protection from .1 

1 

I 

i 
! 

I 
I 

I 
\ 

FIGung 35.-A Illulch applied to a broken surface like this elfcctivelylcontrolled 
erosion and runoff. I 

I.
1 
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100 
100 

Runoff (percent) ErOSion hons) 

FIGUUE 3G.-Runotr find erosion from surface-mulched and supported-mulched 
plots showing the erosive effect, of drop impact versu" overland flow. 

Treatment 

Uncultivated (sealed 

CUltivated (worked 
into tine condition) 

Cultivoted damp 
(left cloddy) 

75 50 25 o B 12 
Runoff (percent) Erosion (tons) 

FIGURE 37.-Hulloff und el'o:;ion as affected by the condition of the ,",uil surface. 

raindrop impact still Ull imporLtlIlt fUllction of the mulch? To 
answer tltis question, ploLs wero prepared on which a2-ton-per-acl'e 
mulch of straw was supported on hat'Clwal'e cloth 1 inch above the 
soil surface. With these plots, rnilldrop impact was obviated but 
overland llow wus unimpedcd. The results are shown in figure 36. 
Although the runoff wus somewhat gl~el1tel' from the "supported-mulch" 
plots, thcel'Osioll was only slightly greater than from the surfuce
mulched plots. Tltis evidence lends Lo th(' conclusion thntthe elimi
nation of drop impact rather thnn th(' intcd'er!!IlCe with overlnnd 
flow was the chief fUllction performed by the mulch. On longcl' 
slopes the reduction of velocity of rUllon' by the mulch probably would 
be more importunt. thun in this study on CQ1l1purllti,~ely short slopes. 

I, 
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Further evidence·of the effect of soil surface conditions is presented 

in figure 37. Plots cultivated and worked into a fine condition lost 

considerably more soil and water than those worked before the surface 

WfiS completely dry and left cloddy. This indicated that Muskingum 

soil in 11 fine state seals quickly. 


The effect of methods of soil preparation on erosion and runo.ff.-As 
previously brought out, 11uskingum soil, \vol'ked down, seals quickly' 
under the impact of minfall. Surface mulch applied to this SOlI 
promoted infiltration and controlled erosion to a remarkable degree. 
:Meadow sod completely buried by"good" plowing, in the rotation 
and sod-plot studies, was only partially effective in controlling erosion 
and runofL To measure the effect 011 runoff and erosion of different 
methods of preparing sod for a subsequent cultivated crop, SLX 1/300
acre plots were installed in the summer of 1941 on orchard gmss-alfalfa 
sod. The slope was 15 percent. 

No crop was planted on the plots. They were cultivated 2 inches 
deep before rains applied at approximately 2.5 Jllches per hour for 
1 hour. The varlOUS treatments and the results of water applications 
to the plots when dry are given ill table 23. 

TAlIl.]~ 23.-Effect of clIl/.lITallllethocis on soil losses and infiltration rales 
-

j 
I Infiltration rate after 

[allowing intervals o[ 
Soil loss rainfnll 'I'reatlJlcnt RUllot! per plot 

15 minutes 30 minutes 

I 11l~he> per Incht8 per 
! Percenl POll1lds hOllr hour 

Plowed 6-7 inches deep; sad well cO'·Ned ••••.•••.•••••• , (il 38.1 1.20 0.81 

Plowed 3-1 inches deep; sod pnrtinlly covered ••••..•.•• (i.S 1.98 1.29 

l'lowed 6 inches deep; [urrow slice on edge •.••••.. _.... ~l i 7.4 1.72 1.07 


(;4 I 19.1 1. 2l .64
m5~~:!r.~~~1_: .i:~~~~~;. ~J!~~~~~l.~ .i~'~l~~dce~:::::::: : .•• : -, 1.5 2.50 1. ()6 
Spring·tooth horrowel1 •••••..._•••.••..••••.. - I 2.2 2.37 2.33 __.__j~ I--------,--......- -~~-.-------~. - !,! 

Figure 38 shows the plnnt residues left on or ncar the surface by 
disking, halTowing, and edge plowing. 

Although this test dcycloped no practical substitute for plowing 
with u. moldbonrd plo\\-, it does bring out the fnct that the method of 
soil preplu'n.tion, pn.rticulndy ns it nfi"ects surface debris, has a marked 
effect on the infiltrntlOl1 rnte nne! e!"Osion chnracteristics of :l\1uskingum 
soil. 

ItAIN-SnlULAToH SLOPE STUDIES 

The effect of slope on soil and wate". losses.-The prlIlcipal factors 
nffecting erosion nnd runoff nrc degree of steepness of slope, length 
o[ slope, amount and intensity o[ rainfall, soil t,ype and. surface 
condition, and vegetnl cover or land usc. Knowledge of the mfluence 
of each of these factol's is helpful in the planning of·a more pmmanent 
typ~~ of agriculture. Speci.n.l studies of the effect of sl~pe on. er~sion 
and runoff we:-e,ma(Le durmg 1938) 1939, Ilnd 1940, WIth ram-SImu
lator appamtus. By means of this apparatu~ it w~s possib~e to hold 
nearly eonstant such factors as amount nnd mtenslty of ram, length 
of slope, soil moisture 00ntent, surface condition, and vegetal cover, 
so that the faetor of steepness of slop~ could be more nearly isola~ed. 
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FIGURE 38.-Plant residues left on Ol~ near the surface by (.t1) disking, (B) using a 
spring-tooth harrow, and (C) plowing plot so that furrow slices were set on
edge. 

; 
I, 
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These studies were made on bare soils of the Muskingum series 
at Zanesville and on tlie Wooster silt loam at the Ohio Agricultural 
Experiment Station at Wooster, Ohio. A preliminary report on the 
first year's work has been mnde.7 

Losses for the individual runs on the Wooster soil were much 
more variable than those from the Muskingum slopes. The former 
plots were laid out on a field which had been in an alfalfa-timothy 
sod nnd remaining root material may have accounted for the varia
tions. The equations for the average values of three groups of runs 
were as follows: 

On dry '''ooster soil, 4.5 inches per hour, E=3.78SI.48 
On wet "Tooster soil, 4.5 inches per hOllT, E=4.53Sl.68 
On wet 'Vooster soil, 9.25 inches per hour, E=5.27S1•1J3 

Zingg (34), using data from .the work of Duley and Hayes (17) and 
Diseker and Yodel' (14), reported that soil loss is proportional to the 
1.40 power of the slope, a figure not far from the average of the 
exponents of the equations above. Neal (30), working with an arti 
ficial soil profi]e in a greenhouse, concluded that for 1 inch of rain, 
I1rosion varied as the 0.7 power of slope. Nichols and Sexton (31, p. 
103), working with splinkler plats, reported that: "Erosion varied 
uniformly with slope up to about 12 percent grade. Above thIS slope, 
the rate of <'.I'OS10n incrensed very rapidly * * *" Diseker and 
Yoder (14, p. 49), using the same plots, both bare and vegetated, 
reported thus: "Erosion losses from smooth fallow [land] were com
paratively hig'h at 5 percent (slope) and * * * increased rather 
uniformly above this point." Duley and Hayes (17) reported that 
erosion from 11 bare silty clay loam soil increased at less than a 1:1 
re]at.ionship on slopes up to ubout 6 percent und that above this slope 
value, erosion m,ore than doubled with a doubling of slope. 

Subsequent studies at Zanesville> were made on plots planted to 
soybeans and to wheat in order to evaluate the effect, if any, of 
vegetal cover 011 slope-erosion-runoff relationships. During the 
fiL'st two seasons, the plots were ] /100 acre, 6 x 72.6 feet in size 
but in 1940 the wllOut plots were reduced. to 36.3 feet in length. 

Data from the individual nms arc given in tables 51 to 54, Appendix. 
The slope-soil loss 1'elationship.-In general, soil losses for all the 

runs on both bure and vegetated plots increased progressivciy with 
the incrense in slope. Plotted logarithmically, erosion losses from 
the bare 11uskingulll soil exhibited straight-line trends, indicating 
an c..'(pollentiall'clatiol1ship between soil loss and slope (fig. 39), and 
trend equations for the CUlyeS, Iitted by least squares, were as follows: 

On dry iUeskingulll soil E (crosiOll)=4.84S1.30 

On wet; l\Cuskingn!ll soil E =8.23SI.22 

The effect of vegetation on the slope-erosion relationship.-Thrce 
series of runs W<'l'e made in July, August, and September of 1939, 
on the plots planted "solid" on the contour with soybeans. Each 
series consisted of a run on initially dry soil, at an application rate of 
4.5 inches per hour, a run on wet soil at the same intensity, and a 
third run on wet soil at approximately 9.25 inches per hour. All 

7 BORST, H. L., and \VOODBURN, R. RAIN S!MULATOH STUDIES OF THE EFFECT 
OF SLOPE ON EHOSlON AND RUNOFF-193S. U. S. Dept. Agr. SC8-TP-36. 37 pp., 
illus. 1940. [Processed.] 

http:8.23SI.22
http:crosiOll)=4.84S1.30
http:E=4.53Sl.68
http:E=3.78SI.48
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applications were 1 surface inch. Four similar series of runs were 
made on similar plots in wheat in 1940, all after the crop had headed. 

An outstanding effect of the vegetal covers W,,1S to reduce soil loss to 
the extent that it was somewhat difficult to e.valuate the effect of 
slope from the sIDalllosses. Another 110ticeaNc drpct of the vegeta
tion was to increase the varia,bility of losses from the vurious plots. 
It is of interest that the soil losses decreased mal'ln'dly us the soy
beans matured. (Table 54, Appendix.) 

The soIl losses from the slopes planted with wheut, when plotted on 
log-log scale, do not show a dose adherencc to an exponc'ntiul trend. 
While individual-Tun data from the soybean runs are notieeably 
variable, an average of all losses from the slopes plrrnted with soy
beans does show an exponential trend. Dn.tn, seeured from the 
study of slopes Tllanted with both kinds of vegetation show that 
there is a greater tendency for erosion to increase slightly with incrcasc 
in slope, than is the. case with bare-plot slopes. \Vhdher this ten
dency is significant is problematical. It is 11 fact, however, that while 
the vcgetal covel's in these studies gl'oatly reduced tho. magnitude 
of the erosion from thc Tllots, thcy did not reduce (in fact probably 
magnified) tho erosion-slope Iatio. 

The e.tfect oj slope. on the 1Jercentage oj l'uno.ff and illjiltmtion.-Thc 
studies of hare-cultivated ~[uskingum soil showed that there was no 
relationship betw('en the runoff pel'ce-J1 tuge and degree of slope. 
Consequently, the!'e was no slop(' trend fol' infiltration rates, sincc the 
two an' I'clated. In geneml, the infiltmtion riltes for the wet runs 
were cnlculated from the equilibrium period of l'unofT. On the bnre, 
cultivated V\rooster slopes, runoff per('entng('s inC'l'enspd .r:lthel· con
sistently, though slightly, with slope-. 

The runofl' from the plots plalltc'd to whent wns gl'eater than thnt 
from the bare-cultivated ),Iuskingum soil; but ns in the ~[uskingum 
soil experiments, also, there wns nO nppa!'cnt relationship between 
slope and pereentnge of rUlloff. 'I'h(' infiltration mles Oil thc'se plot.s 
wero variable without nllv trend. 

On the slopes pl:llIted to soybenns, the-rt' was a tL'end toward a slight 
mcrease in runofl' percentage and deerense in infillmtion rate uc('om
pnnyil1g un in(,rease in slope. 

Neal (80) found no slope-runofl' l'('latiollship on n. plot Hi feet long. 
Data of Desiker nnd Yodel' (14) show no ('onsisten t trC'nd toward a 
slope-pereent of runoff re1ntionship. Niehols and ~exton (81) r('port 
data that show a g'rndunl ilH:rens(' in l'ullofl' PCl'('(,lltng(' on slopes 
above 5 per('en t. DuItT nnd K('lly (18) l"(\port a tendeney for in
filtration to deel'ense slightly with il1("I'p:Is(' in slope. Duley and Hn,ys 
(17) stated that runoff inerense-d with slopes lip to nbout :3 percent 
but only slightly with fur,th('!' slope ill(wnsl's, Borton (22) stntes 
thnt there is always some incn\nsc in runoff with inel'cus(' in slope. 

The studies seem to inc1iell ie that while the l'('lalioll b(·tw{,pn slope 
and the percent of runoff mH,y vnry wilil suL"f:H'l' nnd soil conditions 
the relntionship uSllnlly is not pronounced. 

E.tfect oj slope on 1'ate oj nllll?t{.-l{unofl' rntp datn for' tile wet runs 
on the various slop('s are shown in tabl(' 24. YHl'iatiODs in J'ninfall 
rute lllwe been eliminated by repol'ting the' ratio between l"ainfalland 
equilibl'ium runoff rates. Thl'n~ \VIIS no indicn tion of nn increased 
rate of l'llllofl' on the bare ),Iuskingum slopes, and only tl slight indica
tion of Ull increased rate on the 'Vooster soil; but there wns a more 

http:l'uno.ff
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, TABLE 24.-Relationship of slope a,nd rale of runoff as affected by soil type, soil 
sllrface, (/,nd vegetation 

: 

O. iO .8"( 
.U4 
.87 

I RUllotf-rate mlio is th~ ratio ofNluilihrium ra{~ of runolf to flpplicntiull ratl'. 'I'll!' IISc' or this ratio per,
mits cOlllparison of runs with (Iitf,'rent IIprlicnlioll COles, 

definite relationship bcLw('('n nlllof}, Hnd slopp 011 I.hp slopes plnnted to 

soybenns, pnrti('ulnl'ly 1'01' tile' runsnnd(1 wh('n thp plan ts \\'l'l'e ma ture, 

N'0 l'nt(' meaSlll'('mpn 1.:'1 wel'(' mudt' on tilp wlll'a t plots. The values 

are wha t wOHId 1)(' eXI)('cted from the pel'cen tngt'-of-nll1off data. If 

a, compnrn,tivcly gl'l'nte'1' quantity of runo(1' J(I;),V('s a st('eper slop(' than 

a more gentlP 0.11(1, it is 10gi('11i that it 'would do so at a highel' rn.tc. 


Efjfct of 8lope 011/'(/tl' oj soil l088 ((S mod(tied by .<;oil type nnd 1'1'[/1'


tation.-Curv('!o showing the rnte of soil loss from difl'('rent slo])('s nrc 

shown infjguJ:(1 40. 

On the gentIPr ban' slopes, tll(' I'nt(' of soil Joss, aHp/, nn initial ris(' 
during the first 2 J),'!1utes, was ratll('r (·onstnnt. 011 til(' medium 
slopes, th('/:('wns p -mcleney for the rn tc' to in(']'('nse slightly d lIl'ing 
the runs, whcl'ens llll the' stf'('pest. slope'S, tile 1'n te nppC':l rs to f'('nch n 
high point nbout midwn,y during {ll(' runs. '1'h(' chief pfl'l'('(, of the 
soybpans was n gellerallowering of the 1'1lt(' of 1'unofl' nne! nn indica
tion oJ n lesselling of the mtc of soil loss ns the rUlI ('ontinueci. 

Discussion oj mill-8imll/atol' slope studipg.-·'L'h('se studies bring 
out the marked effect slop(' hns upon erosion. It would seem that the 
slope-erosion relationship, at Jenst for It certnin l'Hng(' of slopes, is 
exponentinJ with the POWl'I' of slope in percent lying between 1.22 
and 1.63. In contrast with soil loss('s, therp wns little relationship 
between soil nmofl' itlld slope. It is Jogieal tiw,t, with long slopes thp 
results would. <levin Lt, somrwlw.t from. thp Ii nel ings of these stud ies. 
InfiItl'lltion time' would l)('col11e :\, sonw\\Thn.t greater dirl'erl'ntial on 
long hillsides of di(r('ren t slop!' <i(>grees. The fnet thn t slopl~ hus it 
compnratively minor erreet on the j)('l"(:entng('s of l'llllofr and tll(' wuter 
taken into thp soil is importnnt in planningmoistul'C-cOllsel'Ying nnt! 
nl nofT-d isposal pl'llcticl's. 

STHIJ>·CHOPPJNG 'EXl'E!lIM ENTH 

In 1936 strip-cropping experiments were jl1nugumted ill field D, 
where the effcct of this prn.ctice on e"osioLl n.nd runoff lIns been inv('s
tignted for 7 years. ];'01' description nIld locntion of the nreas sec 
figure 6 and tnblc 38, Appendix. 

The data from thes(' experiments arc given in table 25. Detailed 
loss data nrc given in tnble 55, Appendix. ;, 
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r-~Oomparison of 3- and 4-1Iem' rotation stl'iZJ cropping.-The fl.verage 

losses from thc 3-yeal' system were 8.83 inches of water and 7.83 

tons of soil per acre, whct'eas the 4-year system lost 6.82 inches and 

4.41 tons, respectively. 

There are s{'veralrensons for the'bdler ('['osion control of til(' 4-yenr 

system. A greater proportion of thc al'Cil, wns in erosion-['csisting 

melMlow (one-sixth more than in the 3-yeill' system). Also, iwcausc 

of thc longer rotation. eOI'll and whellL occupied til(' lower strip le'ss 

often in the 4-yelu n.l'pns thnn on tlH' 3-yen1' plots. A still mol'(' effec
tive 4-yenl' strip-('I.'opping system is onc in which the' ('ultivuted strips 

alternnte with till' nwndo\\' strips. Tlw prcsent ex]wriment has fol
lowed this system sine(' 1942. 

In the foregoing ('xperiments, the dfc,ctin,'n('ss of strip-nopping :18 

compnred with no strip-cropping cun I)(' l'ValUiltNI onl.Y in a gen(!rnl 
wn,y by compnring soil and, wnt('1' losses hom these lln'as with those ~ 
from the cllltivnt('d watershed, pn'viously dis(,lIssc'd,' which was 
plnnted to a singh' ('1'Op ('nch yenI'. 

'l'.\DI.J:: 25.-RII'lIojJ and soil loss /1'011/ slrip·cropped areas 

~lJrrnc(' runa1f 

Afl\flS. and rotntions! 

1ll3U 1938 JO;l9 1940 19n ' 1U,12 

. ~--- --------- --- -_.....-.-._--- --- -------- 
3·y~nr rotutiOll: 	 IlIch<'s Illc/It,' 11Ich,.< filches Illches IlIche,~ filchesFit·lt! ,\ •. , .. , 4.91 W.5'1 II.M ..... __ .... __ __ s.a!> 


}'j~ldll ..... 
 5~;31 !t~'j 12.2·1 ... _... _... 9.20 ' 

5.J2 10.20 11.1)9 
--'~-'-"---- :::;;.-=""::;";::~ ::"-':;--::;-.--::::':: ~~~ =="""== ~";:;~;:;;::------=

4·yenr rotntion: 
Fi~[rJ C ...... __ 10••1 HI. I!! ·I.SlI HUll 11.93 .1. ii D.n!! 9.54 8.,1-1

Fi~Jd D Ii. ·11 H~ i3 3. III •• :1:1 S.5'1 2.:14 i 1.9b 6.42 : 5.20 


A\"(>rHJ.W~~~ __ _H.~"r __ ' h,50 S.42 4, [)() ~. f,~ 10.2·1 :1.56 
, 

4.30 '.!lS n.S2 
.,!-,-::--==-;;:::-,:,,"~~= ~,,:=,::-~,~~-;:,,-== :::--:-:=-~ ~ 

.~~--

3~:renr rointiou: , = 

Fic'Id 1;;, 'O·foot $1 rip~ , ~. 1~ n,w :1.•0 Keg fi.:j.J n.S2 •. 14 ; r..84

l'i~ld ~', So·foot $lrip~, .. ' ~.(i{! S.W ·1.05 HJ. 91 , 4.21 u.S. ~.4U 7.01; 


Soil Joss l1<'r nC'rc 

Arcns and rotations 1 ..;\ \~(lrngtl 

193. 	 J!13S l!I39 19-11 19,12 ----- 

5-Y(,fir 7-yC'ur 
--------- .......-- ------------ -. 

:I·ycnr rotlliion: TOll.! Tall.' Tall., TOil.' TOilS ']'OIlS TOilS
}'ieJd k_ ............ . l:l.U2 •• os 7.50 :!.fh~ 2.81) 

~ ~-... - -~ -... .
Fidd Jj .......... . J~.61 S.5~ 0.2.1 3.27 2.U7 
'. ~ - ~ - "'- ". 

-" ... ~-.... --
..\\"~Intg('. _~. Hi.12 X.2(i 8.ar. :l.~S 2.92 ..:~.~.~~ ~ 

.:=:.-;::;-=.,.-----:::;;:. ;:;::':-::;.''::::-= ;:;;.;~-=:==--,.;;::::;c == :=~~:=--~ , , 	 ,4·ycnr rOlnllon: 
Fr~Jd C ••.. _.. 12.32 4.(j() l.(I(j lO.OS 5.2!1 2~26
.Fit'ld D -1.9:1 A.!. un .114 U. if) 4. (13 .72I 

Awrng~ ........ ____ • ,s.ti2 3 ••• ., 
 .S5 !I.U2 5.11 1.49 

a·ycnr rOlation: 
.F!~Jd E. 'O·fOOl Sli'ips .1.4!i
.Field P, :l5-foot strips... 4.02 

13 year rotation of corn, wheat! mendQw', with sl\coIl(l·y('ar luenuow added to Il1uk(\ n 4~year SYSll'Ul. 
Fcrtilizer: 150 lIls. ll~r Ilcre 4-11Hi mixturo 011 corn, 400 lbs. per nere 2-14-1111ixtllre 011 whent. 
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In order to evaluate more accmately the efl'ectiveness of strip 
cropping, the 3-year rotation plots in the above experiment wore 
replaced, in 1941, with a replicated series of plots (12 III all) in which 
each crop occms twice in ench slope position each year and illnddition 
there arc 2 areas each oC uustripped corn, meadow, nnd wheat. The 
arrangement of the treatments is rnndomizrd. '1'ht' unstripped areas 
are contour planted nud tilled. 

The soil nnd water losses fwm th('s(~ plot~s for 1942 aI:(' summarized 
in table 26. Becnuso nIl tiue(' crops oecupi('(i nil positions on the 
slope, the datil, are of interest even though for only 1 year whell 
erosioll was loss than in other yenrs. '1'h(' dntlL indicate that hreltking 
the slope into strips signifieantly I:('(iuced ('["osion. 

The width oj strip experimelll.-In the width-of-stL'ip eomparison on 
a.reus E and F, for 15 of the 7 YNU'S ('rosion W:1S slightly less from the 
35-foot strips thull from thost' 70 fe('t wid~'. The :35-foot strips lost 
only about 0.4 ton less thnn the 70-foot, wh'!reas tho water loss was 
some 0.8 inch greater from the fOL"l1wr. Apparpntly, under the con
ditions of this experiment, width of strip is not an impoL"ta,nt factor. 

• 	 ~Where a, longer slope or steep('r OIU' is used ror this practice, it would 

seem logical that th(' u.dYantag(' of til(' narrow stl:ips would he gL·eater. 

Gerdel and Allen (21) have pwposed nn equntioll for det(,l'mining 

the width of strips undpL' various conditions. 


TARJ,E 26.-Soil (lnd waleI' losses from slri7J-cropped aneZ llo/isirip-croP7JC(l areas 
cOlli/Jared 

AI'('ns 	 Surfnt·(\ 
Soil lossrunofI 

inche" 1'011. 
Strip-croppc<l_~ ~ ~ ______ •. _______ • ~. _.... _. ~ ______ .._________• _____.. " .... ~.. -1.25 2.92
N'ollstrip-<=roppccl ~, __ •. _._._ ~._ - ~ •• _....___________ • _..___ ........... ____ 3.07 
 8.46 

TEHHACES IN' EnOSION CONTHOL 

Terl'ftCing hns been shown to be nn effective mcallS of reducing 
erosion. Characteristics of telTaee design, namely, gmdl's, lengths, 
nncl spacing, need to be evaluated in locations whem terraces have 
not ~heen used. Ettrly in the development or this station, terraces 
wero installed for the purpose of making such evaluation and dnta 
were collected on 17 torraces through 1937 nlld On 3 others through 
1942. The physical characteristics nnd treatmeut of tll(' vttl'ious 
terraces ttre presented in table 39, Appendi.'\:. 

Terrace length.-The lengths 01' the terraces in n fidel n.rc governed 1 
usuaUy by the number and kind of outlets iLVailable n.nd by other i 
factors peculinr to the lay-out. In the event, how('ver, thnt the I 
conditions permit a choice between long and short terraces, infonnn. 1 

tion as to comparative soil losses of long n.nd short terrnces is useful. I 
Termces to study the effect of termco Length I)L1 soil n,nd water losses, ! 

installed in field A, were d('signated as A-5, A-6. nnd A-7. Those ~ 
vaned in length fl~m 718 to 762 reet, wher('!1s anoth('r series mcluding ! 
A-4, A-H, und A-12 were 1,173 to 1,276 feet long. The laud slope" 
was about 12 percent. The t~rraced area was farmed in a 3-year 1 
rotation, wheat in 1934, meadow in 1935, corn in 1936, unci wheut in *~l 
1937. 	 J 

~ 
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The nvemg(' soilloss(ls fWIll thcs(' tcrrac('s, given in tnhl(' 27, show 
slightly grent0r losses from til(' thre(' long terraces for till' 4-YCflt· 
period than from the thrN~ short ones. TheJ"(1 wfls,howcveJ", some 
inconsist('ney in til<' yeady l"Psld ts and it is dOli btful whethet· th(' 
sman difT()rellC()S an.' significant. Of till'. two varinblp grade tNTaces, 
there was a trend townrd I('ss wn.tel loss from til(' longer telTllcP 
whcrens the runoff (WI1l the two unifonn-grad<, nnd th(1 two I('vel 
tl'lTnces WIlS 0ssontinUy the saIll(,. 

It would appear from tIu'S(' dn.tn. thn.l l('ngth of tNTn.('!' is mlniiv(']y 
ul1irnpol'tnnt in r('ln.lion to erosion and runoiL Dnni(11 ('t nL (IS) 
report findings whid) indieat(' thnL tl'rrnc('s mn.y lw longer on :'I. per
meahir soil thnn n. ('ompnet cln.y. 1[usgra\Te nnd~orlon (29) report 

. a trcnd toward sOl1wwhnt grenter soil n.nd wnt(>l' 10:5s<,s 1)('r unit nrea 
fwrn shortc!." telTn.ees thnn. from longer. 

Tel'race grade.-Soil and wn.te'l" loss dntn 1'01" hoth long nnd short 
terraces with difl'l'!."('nt grnd<,s a1'(' shown in table 28. Although then' 
arc exceptions, those dnUt show thnt in genern.l, n deen'nsp in soil 
loss nccompanios 11. dC(,I·eas(' ill gmcie. Because of iJl("onsistencies in 
thr annual losses, till' loss difl'ucncrs should 1l0L be l"l'garcied too 
seriQusly, howover. Th(' f)-inch grade wus noticeably too grent, as 
it cnused considel"U.ble scouring. In 19:36, when plnnted lo corn, this 
ten-nce lost 23 tons of soil per acre. Thr I~vel terrn.crs were entirely 
unsatisfactOlY, itS wnLrr stood in them 1'0 thllt tlH' crops WCI'(, drowned 
out (fig. 41). 

Terrace 8pacinrr-To invcstign.te tIw effect of different verticn.l 
intervals for letTaces on erosion and runoff, terrnces 0-3, 0-4, and 0-5, 
with vertical intcrvals of 10, 8, and {3 feet, respectively, were installed 
in field C. The land slope was nbout 15-16 percent and the resulting 
horizontal spacings were approximately 61, 52, find 40 feet. 

The average losses of soil and water, given iil table 29, show 11. 

slight progressive decrease with decreasr in vertical spacing from 10 to 
6 feet. The differences in annuullosses were not consistent, however. 

http:invcstign.te
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l"'~'----' ----i--I---;-------
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Z o· "i"'~'-":I:='=Short 1" p: i 	 U1 
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As tIle nmge in length of slope wns smull nnd the horizontal spncing 
varied only from 61 to 40 feet, greater difl"erences 1Il soIl losses from 
these terrnces would not hfl.vC' bC'PI1 expected. These findings nrc in 
line with those reported by DnnieL C't nl. (1S). 

'l'AHI.E 2!).-Uulloff und soil loss from len'aces with l·ariOIl.~ vertical .~paci'1lU.s, 1984-37 

Huno/T Soil loss 

'fcrru{'(' 
Ora<l('NO.L 

Pet. 1{)Jls:'r01i.~(7·oll.':'r01ts~ 'rOflJf 
;1-1.11 n.l, 2.0' IG.5, 7.9, ii.l 

31.2 ·1.9. 1.9 14.2! 5.li: G.7 

2."'.~ n.o: 2.2f 1:1.5; 
i 

;1.9! 6.fJ 
! 

I,S('e lnhle 30, Appendix. 

It is fl. wC'll-establishecl ('nd. \)01'11(' ou t by thl' 1'('SUits 011 till' length
of-slope control plols at this ilnd other stat,iolls, thnt soil loss dC'cl'enses 
with n, rlecrensr in ll'llgth of slope. Within (,prtnin limits, the' closer 
the terracC's the ll'sS ,,·m bp the ('rosion. Ho\\'('\'(.'1', spHcing tCI'l'Hces 
close togeth('l' iUcl'('t1ses back slope area, (,Ollstl'uctioll costs, nnd tillnge 
difHculti('s ane! if tplTnces nrc spncNi too fnl' IIPI\l't, mnXUl1UI11 lwnefits 
will not be c!t'I·in·d. O!)\'iOlS!y, thC' best spnring of tClTl1ces ,,·ill 
((Ppend upon OJ(' slopl' of thp hnd and l(,I'I':1('(' design. Zingg (S5) has 
presented n tlH'ol'C'ticaI NJllfltion fol' tite spncillg of lel'nl('Ps that takes 
jnto consideration tll(' St{'('PIWSS nnd length of slop<'. 

Terrace 1088('8 (IS ajhctf!l by '/'otation CI'O]J8.··-Anllllnl nlld nYc-mgt' 
losses j'rom thn'l' tl'I'I.':I(·(,8 (jpvotl'd to n a-yeill' I'otntion of ('01'11, whent, 
and 1l1C!l1l10'" are gjn~1l ill tallle ;30. For d('stl'iptioll illld tl'enlnWllt 
sec tnbh' a9, .n.pPl'n(\ix. All thl'l'(' CI'OPS ,,'cr(' grown eneh yellr, one on 
cnch 01' the tl'lTllecs. l;lldel' this plnn til(' climatic JncLOI'S wel'C the 
smne 1'01' nil the crops of tll(' rottltioll, Hnd the' cfrN~t· of th(~ termces 
during a complc'lc rotation ns well us tlte (·fr(·et. of ('neil crop cun be 
evuluntt'd ilt tll(> end of el1('h Vl'nl'. 

Thc fl.\rerngc nllnllnl 10ss(';>' for the 9 Y('tll'S (:3 rotations) W('I'C a.8 
tons of soil per nc\'(' H.nd 22.7 pel'('ent of thc rninfalL TIl(> nyernge 
s011 losses Jl.'om the len'nc('S by (TOP yellrs, 6.3 tOllS pCl' n('I'(' from ('01'n, 
3.4 tODS from wll('nt, ilnd 1.7 lons from mendow, ,,'crt' ill the same 
ordcr ns thl' loss(>s In)111 tit(' rotation control plots with the SHme types 
of coYcr but w('rl' ('onsid('l'nbly less ill Hmount. 

The waleI' lossl's hom lIH' tel'l'Hced nl't'ns wen' 2Ui percent for the 
corll yenrs, 2().O pel'cpnt. for lh(, w!teat ~Tenrs, and 20.4 pel'cent from 
the mcndow. DUl'ill~ tit(' ~'pnl' 1\ particulnl' teITIIC(, \\-as in corn, it 
'Was also in 111cndow llntil plowing timc nnd in wheat in the full nfter 
the corll. The mendo\\' prt'c('(iillg tIll' eorn crop doubtless tellded 
to reduce wnter losses ns did, nlso, the CQntoUl' planting nnd cultivll:
tion of the COrn. The .l'pslIlts indicntc that thpsc teJ'1'Ilces pl'eYented 
considerable soil movement fl'om the field. 
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TADI,}; 30.-LI1l1l1lIll runoff II'//(I soillo.~s Irom 'an/l'eli in a 8-ycor 1'G/aHon 01 corn, 
wheal, melle/ow, frlr 'he 9-ycar period, 1.931,-1,2 J 

HUlloIT 
" ~- ~ 

'I"erm('''' :\o~ or crop 
: Inal i JU:I;; 10:16 193i W:I~' 1U:l!i Hllil lUll 11012, Anmgll 

,___~ ______1_, ".~" __ 

, i ; 

jl/clle.! '/I/rlu,y .lllc.~r$ Illclus 11Iclle., [I/clles Percelll 
1l.f>1i: 0.82 1l.H5 5.01:1, 01 a·1 9.30 ~I. i 

~.OS' 3.51 1-.10 :!l.$I~· [II) : 11~' ~~ 11.. :~ 
J.~' _.n.. .,.~ :1.91 '4.21 ii.O'J 21.5 

__ • f i.1l1 ;'.02 lO.SI lOiO' :l.l>fl 4.02 1U,:1 0)'" -

Corn li.a~ .~.21 [ K.~6 11.fi,'j 3.01 , :1.51 21.0 
Wll('lIt n.02 JI.~7: 1O.fiG ll.m 5. ,1:\ 1..:.H: 26.0 
.\h~ul.,\\ 7SI: 1I.m· i:.!~) !f. 2;~ 2. OS ·1.:11 20.·1 

22.7 

y 

:;uillll~.. 

'J'rrrne<' ~(). or ('rOJl 
1~:11 lOa.') luan 1m. W:liI W3!1 W.[I) Hill H/12 A\'l'ragr 

'/'OIlS 'tt"Qwr '/'0/1., 7'0/1.' 'foll.t 'i'fm.' -#J'ous 'fOil.'( 'foll.'or 'rons 
A-Ia ~.m n.!I1 '2. ~.{ HI. 1:\ !! Wi 0.311 J.1!l 1.21 II. au :l.il 
A-I! :\.!~I 4.li;j U.!!ti 

, [J.an .12 :.,1:1 L:...."'.I •(IV 1. :Ii 3.W 
.\-1;' 5~·t(J 1:1. P, Ii. HI I.[~ tj,-Iti :!. i,..... ~ iO L:~~ .M ! ._i-I ')

.-.-.-~--- ---.
An'I'M!I' n.o:: h.2.1 n Xi ft. 70 2.7;1 I.il • !~) 

._--

.-
2.,'" 

.. 

~ --~ 

("orn Ktiii J:t I~ u. 211 tn.n Ii. ·Hi .~.12 I. I:! 1.:1" 
Wll!'lIt .. :1. !J'J I"m U. !IJ .i.:11j , 2. Uti 2.71-. 1. ;" 12·1
.\il':lrIQI\' fI.4n LtiJ 2.:!1 1.:)." , l~ .:1(1 . 'in .II!I 

~- ~,.-~-.-".-

AVl1rnJ!( 3 S!l 

Tl'rra('('s on 11(l8iul'e lallrl.-~Soil 10::;;; from n. f!ood pnstuJ'(\ is usuully 
Jlt'gligible, but til{' ])I'(,S(,I\('(' 01' t(,ITII('PS I1IIlY (·ul·tnii so,illosses on poor 
pnsturl's IIlld (~onSI'ITe SC)Jlll' wut('1' tJlfIt would oLit('n\"lse he lost. 

The pnsture tel'rllces undrl' Jll<,usuJ'f'll1ent included B-7 nlld B-8, 
with n. vel'ticnl spncing of 10 fed· and 8 Je<,L, J'espectiYcly, find the 
snm(' Ylll'inble gmde; B-8 nnd B-9, with tite snme spncing but dif
ferent. grndN;; ILnd B-1O nnd B-ll, shol·t-10yel Lel'rnces. The vegctn
tion 'wns nOlle too goodon the nt'eiL fit the heginning of the period but 
imprond rnpidly. '1'nble 3J shows the nIlnulll and 4-yenr IlYCl'nge 
losscs for these Lel'l'n('cs itS well ns the wItteI' losses from nn uIILel'rnced 
pnstul'l' wn.lershed. 

Erosion fro111 lel'l'acc B-!f with :1, H)-foot YcrlicHi spneing, though 
smnll, was ('onsist.eIltiy more CilCh yenl' tlmn from B-8 with an 8-foot 
vOl'tienl spneiIlg' nnd is in lin(' with other spneing nnd length-of-slope 
results '1'h(' wnl('l' loss, wh ieh followed it trend similar to that of the 
soilloss('s, is not in line with those or similor l'xpCl'imculs. Soil and 
watcl' losses from ten'n('('s B-8 nnd B-9 with ynriable grades of 1, 2, 
3, 4, 5, nnd (j ineiH's and l}~, 3, 4.1~, 6, 7:~ and 9 inches, l'e'spcetivcly, 
wcre nenTlY the snmc. The' leyei tcno('('s lost less soilnncl wate]' tlUU1 

either of tl1c other pn,irs. ConsidCl'ing the smull erosion losses from 
these tClTn('l'S and the faet. that they would doubtless hn,ye been less 
with better Y('geti1tion, til(' yulue of tel't'nee's fol' erosion control only 
on pnstul'e lnnd in this nreil. is qucsLionnblt,. In gt'nernl, nIl of tIle 

62GB::::! "--45--5 
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pastme termces except B-7 lost sOl11('wlmt l('ss wfLt('1' than the Ul1
terrnced pnstm'(' wlLt(,1'811('c1. Ob8e1'vnJions hoi'll(' out by other work 
(12) lend to th(' l)('lief thnt the moislul'C' s:wed WfiS confined to the 
chnmwl nIlcl lH'tll'h;Y soil. 'J'h(' ]('y{'l lp.ITi\('PS on tbis pnslul'e were not 
objeetiollltl)iP, ns the~T W('l'e on tlll' rult i\'11 ted land, since no dmnltgc 
to the grnss 1'('slrltNI from tc'mporl1l'Y pondin~, 

Six closed 1(,\"(,1 tpl'rl1c<'s, B-1 to 13 -(j, \\'('1'1' illstnlll,d 111'fl1' thC' pnsLul'c 
ten'ne('s for ObS{,lTfLlioLl, ]3PCitllSl' of llH' impPITious nntul.'p of the 
soil, wn,tPl' stood in thes(' ('htUllll'ls for wepks n.t n timC', ]i'or tbis 
l'CnSOIl, tlwy werc eonsidel'C'd 1ll1Sfl.tisfilelOI','- ftlld tlH' C'Il<lS WC'l'l' opC1ll'd, 

Oompariso/l (~f {O'l'aced and ulltrrracNI lund,- Thl' ('ompnl'ison in 
tnble' a2 of loss('s fl'om iPITne(' A~l·l (,I'OPlwd til(' snnl(' ns thl' wnt('1'
slwcl) with thosl' fl'om llH' (,trl t i\-I1.t('(1 \\'fl.U'I'shNI shmy;; lhuL soil 1'('
mOYlllfl'o11) til(' field WIIS ('ollsidC'!.'uhly I('~s fl'om the' ipITn('('(l area, 

'1'11n.t tlll'l't' wus ('0 llsi df'l'fl hh'InoY(:lI11'1l f of soil clown tli(' Blop<, on 
01(' intl'rlc'l'l'il{'C SPfl('PS wns shown h~' II CllllIHIP]-siltillg study mn<k in 
1930 and] 987, '1'11(' wnlpl' loss('s W(,I'(' ('onsist(,l1 tly gl'ent('1' f!'Om thl' 
when.t und meflclo\\" trops on lhl' 1l'1'I'1I(,(' tlinn fl'om thps!' CI'OpS on the 
11 ntC'rt'fH'C'd n1.'l'i1.. 

ChaJlllf'l i?iliiu[J,-ln nil)" llll'IlS11I:('Il1l'nl of soil nnd ,,-n.leJ' losses nt 
t.he Oil t.lets of tPlTfl{'PS, till' lolttl q unn t il~" of soil mo\'l'<! from tIl(' slopes 
cannot he dl'lf'1'mint'd !>('('tUIS(' SOIl1l' of this :loilis dppositeci in the 
t('lTHe(' ehnlllH'k A IlUm!>!'I' of fnC'lol's mn,\' contl'ibute to su!'h silLing, 
such flS en tehnH'll t hy ngl'litlion und dpposi lio)) ns H 1'('suLt of ye1o('ities 
of flow too Itm- to (':11'1';\' lhl' ptll'ticlps of soil. 

Although pl'('('i8l' nWH8tll'PInl'nt of soil stmn<lpd in a channel is 
impossibh' ullde'!.' lipId ('oI1ditiOlls, thp tlmount of silting mny be 
nPPl'oximn.t('d by dd!'('mining till' cl!nngl's in lIr.'PH oJ ('I'OSS section Ilt 
('lost' intery:)ls fllong lilt' ChnlllH'l. This l1H'thod \\-:1S lIsNI to drll'l'lnill(' 
th(· nmOllJ)t of soil <lpposilt'd ill llw l'hHIlIl('ls of s(,\-l'rnl L<'ITnces in eorn 
for tiw p(·riod ;ltllll'- :-)('ptemlll'l', 1n:~{j, The !'('sults of t.lwse meHsure
.1l1l'l1 ts tU'(~ ns I'ollo\\'s: 

'rA/II,1'; 32,-UUIIO.fT and soil I()s,~ /rolll II rrWl'd allli lllltCl'r(l('cti 1L'l1lcrsheds 

! ('orn ~l~\r', ,,'lwal H'ilr~'1 ~Il'ndow~·('''r<•.---.----

! W3n, :8~~' UIH} 103·1, 1~.~6' uuo . JV35t lW:r' find A,·cragc 
,\rl'll . - -I! '-,--

Huuolf >:oil los.<· HUII!)if ;;nBII.!S"· HUllotT ,SoillMsl HUlIolf :Soilloss 
1 .- .•• -~ ~~- -- ----

'rons JIldu.'i .1Ilrltr.' 'nHL~ 11/;lle.~ I' 'l'OIl. 'll1c~e" 'lon!·, UJ1h1fl11('('(1 wut[lr~}H'd !I. 4·1 ·IO.:H lUlU. 111. I,. I ,d)~ 1.04 (,S 1,,2 
Terrucl' ,\-1-1 ;, ·jO ~j.2.1 lO.f.t:i 3. III 6.40 1.62 S.2 3.5 

- .. - ... --~---

In t(,l'tncr' .:\-3. 7,ti tons of soil \\'('1'(' stl'fl.ll(lPd PC'1' Hel'e; in ,<\-4, 
35,5; in "\-i> , 4\J,(j; nncl in A--7, 4:~.n, 

.:\-18, in COl'll, sitowC'd nbout 17 tOllS of sU':1nded soil loss per nere 
foe the snme 4-month )('riod ill lOa7, The silLing 1'01' tl'ITHeeS A-14 
find A-15, in '\dH'ltt nnd ml'n<i(l\\-, WflS so small that enleuln.t.ions were 
not mndt', 

Although these c1el(,1'minations HI'(' suiJj('<'i to ('OlISidl'rn.ble error, 
they sho,,~ thn.t mensuren1l'nls 01' soil loss('s at termc(' ontlds do not 
nCCllrntely l'l'pl'esl'ut Hetnnl soil !110\'('menJ from the slopes between 
tCl'rnc('s, For this l'enson, soil losses at tCITn('C Oll tIcls nre not strictly 

http:32,-UUIIO.fT
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comparahle with soil losses fmm other expel'imental areas where fl: 
; > ,more dil'cct system of measurement is used, Comparisons may he 

made, howeyel', of the losses of val'ious telTllces ns mensUl'ed I1t the 
outlets. Soil mo\res down tbe illtc!'lt\l'1'llC(\ slope regardless of the 
clHu.'actel'istics of tbe t(,I.'I.'I1l!(,. 

CONTOUH Pr.ANTING AND IN'I'FHPLANTING 01' Onum CHOI'S \VITO COliN 

1"011 EIIOSION CON'I'II0L 

'rho efl'('(:t of ('ontoul' plnntillg of ('01'1\, and tIl(' inter'planting of 
other crops with COl'l1, on !'ullof!' and erosion was il1yestign.ted in 1939, 
1940, and U)41 on plots 22 lhl'ollgh 25 ill Held .J. 1'h(>se w(\J'e 1/100-acre 
plots (6 X 72.6 ft'l't) on a 1:3-IWI'('ell t siope.PJ'eliminnl'Y studies con
ducted with H ('Hill simulu,toL' on ('01'11 plots aftc\r til(' eOI'll had been 
laid by lind slto\\'n lila! ('ontolll' plall Ling. if neeompallied by ridged 
cuHi\rl1,tion, d('eidedl,V redu{'ed I'lluofl' and Prosion (7). 

'With til(' idea thnJ some (,I'Op pln,ntNI in till' row with the tOL'll, might 
inCl'cnse the d!'('(,tj \,('lleSS of ('ol1toul'ing, smitll grains and soybeans 
WCl'e USN\. in th is JllIUlIlPl' on Lwo of lIll' plots. Both oJ the smull ' \ 
gmins us('(\ (winll'l' wh('ltl 1 ~'(,IU' and willtl'I' rye the other), when 
plnni('(lill tlt(, spring, IlHtkl' II quiek growth 1'01' sl'ver'al weeks Itnd 
tlll'n diC'. The SOyi>l'llIIS \\'1'1'(' plnllte(\ nbout 2 inehl's Itpnl't in the com 
rows; til(' slllall gI'll ill , ill II solid 1'0\\'. 'I'lle eontoul'cd plots wcre e01n

pared with (1)(' plnnLPd II Jl and down Lilt' slopll with 110 intel'cl'op, 
Thl' plots W(,I'(, I'idgp(\ alollg Ute row in ('\IltiynLil1g Ul(' fil'st 2 yeltl'S. 
In 1 041 rid~ing WIlS not dOIH', in OI'<Ic'l' to (pst 11101'(\ dl'eetiyely tlw 
influonce of' lll(, inlc'I'plnlli('d ('I'OPS, Soil- 1l.lld wn.t(,l'-loss measul'cments 
WPI'(' mild!' only dul'i Ilg til(' SUIII Illl'I' mOil t hs. 'I'he <la.tit [!'Om tlwse 
tpRls itl'(' PI'('SPIl(P(\ ill tahl<' :{:L 

~l\\JII,g 33.---'1'IIc 1:/[('1'1 oj COIIIOlll' p/llltlill(J , IIJ corn and the iu/e7'p/anlillg of olher 
('/'a]1" wilh ('orn on nmoj[ ami soil/o,ss 

(-'loy to Scptl'lIIbl'r IIntn] 

Curn row~ liP 
nnd clown 

Itnin IIII'slullI'
rull 

II/che" II/rile,! 'T(}I/.'t loche" '/'0118 filches ~rOJls inclit's '/'011,"1
)!lao 21t ~jl .,. fl.:! lG.n 4,5 l(i.O /;,0 ILHIi" IHilL. 1-I, -,'f_ It f ·I,~,,~ 157 3.0 10.1 3,4 15.0 

t
1U.12 7.2 5~.n I ,1,.1: lli,2 " ,I. 2 Ill. 0 4, ~ la.2 

.: "..~ .. :::-,'" ..:'".':..;:c;~~ ;==--_~; .~:"':,~ ==-=-..:::: 
2,1, Iii lUi U:J, ( 12. () lOO. Hit. ,I ~G. (\ II. i -18.:1 

~., , __i__~~.~__-----. 

On the n\'C'l'ng-C', <Iul'lllg Lho 2 yen,I'S when the I'OWS wCl'e ridged, 
contoul' <:ultiYfttion of COl'll nJone .I'('(luced till' l'UIlOtr approximl1tely 
40 pel'ccnL nnd LII(' cl'osioll nbout 72 percent;. liS cNupn!'ed with l1p-nnd
down-the-s10p(, eulfiul'e. The inLcl'phLnted CI'OPS did not effect sig
nificfLllt snYillg of eithel' wah'I' 01' soil in these yefLrs, In 1941, when 
the plots weL'e eulLi\rn,tcd fln,t, no IHlnll1Lugp wns shown for contour 
pluuting of cum nJonl~, but- tht' inLPI'p1nnted m'ops did, under these 
conditions, reduce erosion by onl'-hnJffrom nearly 100 tons to 11, little 
less than 50, 

f' i,
" , 
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Rain-by-rain examination of 'the data .from these plots shows that 
little, if any, reduction in runoff and erosion took place until the plots 
were cultivate~ sufficiently to produce some ridge, It would seem 
that contour planting should be accompanied by ridged cultivation, 
as ridging increases depression storage, From a pructical standpoint, 
most cultivators do ridge to some extent, Just how much ridge is 
desirable is problematical. Doubtless this will depend on soil types 
and their relative infiltration rn,te and erosion Tcsistal1cc and the effect 
oi ridging on crop growth. 

Although yield records were made on these plots, it is not clear 
whether tIll' winter wheat or rye reduced the yicld of corn. :Many 
experiments, including those of Borst and Pnrk (6) n,ueI :McOlelll111d 
(25) show thl1t SOybC)l111S pil1l1ted at a I'n,te simiilll' to thl1t used 1101'e 
do lower the coru production. Rcgal'Clless of this point, it would seem 
that intm'pll1uting eiLhl'r whcn! 01' SOybCIlIlS, pnl'Licullll'ly on short 
slopes, is of little value if lilw COl'll I'O\\"S Ill'e definilely ridged in 
cultivating. 

EFFECT O},' PASTURE TUEA'I',\lENT .\ND GHAZING ON SOl1~ AND \VA1'EH 

I.OSSES FIWM PASTVltE Purl'S 

Tho five pllddocks of apPl'oximntely olle-half nCl'e (located in field J) 
used in this ('xporiment w('rc first seeded and Jcrtilized in 193:3. 

Paddock 1 received 110 tl'cntment, The rell1itining Jour wore limed, 
fertilized, aud seeded. to it p:lslime mixture of Ken Lucky blnegl.'uss, 
timothy, red top, n1sike clo\Tcr, und ,,'hite DuLch clover. The seed 
wus sown on the native sod, lal'gdy povort.y Oittgl'nss nfler it hnd been 
disked, Fertilizer itpplieaLions, originn.l 11ud subsequent, nrc shown 
in tablc 40, Appendix, S('\'('rn1 vu,l'ieLies of ,,'hite dover WOI'O seeded 
in 1937 and in 1940, 

l~unoft records were begun Jalllli1l'y 1, 1 H87, froln ;~o-uc1'e Il,rens, 
one in ench pncldoek, equipped with 111eln1 borders, conduits, Goib 
divisors, aud Ln,nks. 'l'helmld slopo of U\('S(' I'lmofl' nl'pl1S \~al'ied from 
18 (,0 16 percent. 

]?rom 1936 to 1 n:39 nIl pnddoeks W('I'(, grnzed .in till' sllme wny by 
three 01.' Jour 1ll11,tUI'C' ('wes ill eneb pnddock. At this tinw no change 
hnd tn.kl~n plnel' in Lhe vC'g£'tu.tion Oil the' unl:rl'tl,ied pnddo('k number 1. 
Poverty oat.gmss \\"HS Lhl' eilid sj)('cips pl'psl'nl. OLIl('1' plillllS \\'ol'e 
brooll1s('(igl', Yllrrow (Achillea miilf'joZilllll) nnd tl smnll Ilmount of 
Oann,da blut'grt1ss (Poa cauadf'llllis) , and illllllmi w(,I'ds, The tl'l'nlt'd 
plots, how('y('l', were mostly n. good sod of :K('nltH:ky ilnd Cnnndn, b1uc
gruss with som(' white clon'l.'. A sprinkling of poverty grass nnd 
bl'OOlllsecige still )'cmn.incd, 

Dming 1939 the runoff cilnrnetoristi('s of til(' plots "'('I'e studied twd 
the plots w(,I'e pn.ired for subsequent grttziug il'('I1,Lml'llts on tll(' bnsis of 
this study. 

Dming 1940, 1941
1 

and HJ42, pttddoeks 1, 8, nnd 5 \\"(,l'l' gi'ilzed 
heavily (in some seasons continuously), wlwrens on ptlddocks 2 and 4 
controlled gl'lLzing wns used. 

Soil and wn.tCl' losses and herbngn yields tt!'(' jH'('st'nlccl in table 34. 
Herbage yields wm'e obtained from 4 eHg(~S (4X4 It'pi) in each pnddock. 
Harvests were usually mndn inll1tt> JUllC 01' cndy ,J uly. 

It is evident thnt the f('l'tilizCl' tren.tments impl'on~d tilt' gl'llSS lLnd 
as a result lessened erosion lLnd nmotr losses. 



70 TECHNICAL BULLETIN 888, U. S. DEP'I'. OF AGRICULTURE 

TABLE 34.--oThe effect of treatment rtnclgrazing on runoff and soil loss from pasture 
plots for the 3-year period, 1.940-42 

Snrruee runoff Soil loss per ncre 

The avcrage fillt1 ual ['unoff from the u ntJ'catcd paddock was 8 ..50 
inches j that from the controllN[ gmz('d plots wn.s 4.71 and that from - ) 
theheavily grazed ureas wus 5.37. Erosion loss('s wct"C 1,111, 207, and 
270 pounds PCl' iLC]"C, rcspectiVl'ly, and hcrbage yields were 1,030. 
1,797, and 2,017 pounds, rC'spcctively. Thc diffcrcllce in runoff and 
erosion from the ullim]Jroved (uu[ improved grass is much grenter than 
from the control plots ill similar vegetativc ("overs. It will be recalled 
that the control plots were not gmzed. UnclPr gmziug ("ouditions, the 
native grass('s Hot ouly proc/u("pdlt'ss herbage (probably of lower food 
value) than the bluegmss bu t also did llOt retain thcir soil-protecting 
value as well as the improved blul·grass sod. 

Over a period of time, ('specially us the sod begflu to dctcl"iomte, 
greater losses and largcr difl'ercnces would bo expecte(l us a result of 
the heavy grazing prnctice. 

REVEGETATlON AND UTJUZATlON OF EHODED LAND 

Studies dealing wi tll U}(· rcv egetation, rej IIvellation, and proIi table 
utilization of eroded nnd rUlldown ia.lld \\'('1"(' earripd On during the 
period covered by this report by tll(· usc of kudzu, Korean lespecleza,
sericea lespedeza, and swp('tdoVCl'. 

I{udz1('.-About a dozen Kudzu (TOW11S wen' planted on fin eroded 
site in the spring of 1935. There was a good sUl"vival of the original 
planting but no pennn.J1l'llt spreading of the gl'owth for several 
years. In the fall of 1939 the patch ,vas mulched with straw and 
again in 1040. At pJ"Psc'nt n. thick mat of vegetation growing fl'om 
many-rooted crowns eovel'S the area. TIl(' planting shows that 
Kudzu will survive ill this latitude and will spread if given wintel' 
protection. However, it is doubHul if the plant has Hn important 
place here, whe1"o othe1" legumes can be grown with less difIiculty 
and more return. 
. Korean lespedez((,.-Botll common and Koreall lesped<::m mnture 
and reseed satisfactorily at this latitucle. Observation of various 
plantings leild to the conelusioll tbnt sowing tlwse unnuallespedezus 
on pastures without prepnn1,tioll does not produce t1, sutisft1,ctory 
stand. Nor do thny stand eompetiLioll well with bluegrass or other 
grasses. Since they 11re annunls and produce little root growth, they 
are not promising plants for soil rebuilding or erosion control. They 
do have a plaee in pasture improvement, hownver. 

Sericea lespedeza.-Plantillgs of scricea lespedezt1, hnve shown that 
it survives weU at this latitude. It provides a good cover mulch 
and prevents erosion. As an economic crop it does not compete 
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with either swectclover 01' nlfalfn" both of whicL bitve been shown to 
have a definite place in the reclanmtion of eroded ltlllcl. 

Sv:eetclove7'.-Sweetclover has been shown to have a place tlS n. 
soil-rejuvenating crop on eroded and depIcted land. An llrcn, of 
eroded abandolledln.ncl, covered with weeds :md briars, after liming, 
fertilizing, and disking, was sown to swectclovcr in 1940. In 2 years 
time the soil had a good covel' of Canfldi1 bluegl.'tlss, [mel considerable 
sweetclover persisted. Sown on eroded flTlel depleted pflsture land, 
it has not only furnished pnstul'llge itsclf bu t hns improved the grass 
her~age of the pasture by tIl(' addition of nitrogcn to the soil. 

The. trash-mulch method of establishing (({[([!fa on eroded land.
Despite a formedy CUl.TCllt opinion that aHnlfa will succced only on 
fcrtile ~oils, this phtnt has heen found to be thc most satisfactory for 
the reclamation and profitable utilization of' el'ollPd soils (which 
are not too steep f01' the use of 111nchincry and which arc not bndly 
gullied), when such soils lU'C' snpplit'd 'with the neccssnry lime and 
phosphorlls. 

Experiments having for tlwir objcclive tho establishment of 
desiru,ble vegetation on crodcd, nUl-down land h:LVC becn earried on 
at the stn,tioll since its establislullcnt. Enrly in 198G i1 triill seeding 
of ulfulfa was mude 011 a bacUy el'odc,d field, huH of which WllS bare 
und the remnindel' covcred by a spnrse growth of poverty out gruss 
and briars. Tht' results from the sc('(\ing 'WCL'e so promising that 
several simihtt' plan Lings have bcen made d Llring subsequent yenTS. 
The field used in 1937 wus sim.ilrtr to the olle treated in 193G Hull hnd 
been in pnstllrp. for more thau 20 yeurs. The' fivc nreus used. in 1940, 
1941, fmd 1942 had been nbnndolled for morC' than 10 yeflrs. Three 
cuttings of hay have been made 011 all of thesc arl'as euch yeur sinen 
their establishment. First cuttings e[lch ycar lULYe been mLxed 
hay but the second and third crops have be('n almost straight alfnlfa. 
\Vith the exception o[ 1 year (194l) tIll' yields have equalled or 
exeeNled those from the rotation mcadows on Lhe l'Xperillll'ntnl farm. 

TABI;I" 31).-Hay yields obtained /1'011/ a/falja-g1'flss 7Ilcadow.~ seeded directly on 
eroded land withoul 1Jiowinrl 

Table 35 gives the yiclds of llfl,y from Jields thus ('stablished. ancl 
figures 42 and 43 show n rcas as lhey u.ppe.flt·cd before and nfter being 
seeded to tllfalfa. 

In acldition to the tLin.ls n,t the Zanesville Stu,Lioll, similar seedings 
were made at the Experimental \ Yn tershecl Proj eet nenr Coshocton, 
Ohio, and at the Ohio Agrieultuml Experimeul Station at Wooster, 
Ohio, both of which werc sliccessfuL 
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" 

FIGUI!l~ 42.-TypicaIJvie\\· of "iJrooll1::cdge land" before treatmcnt and sowing 
to alfalfa by the trash-l11ulcl1 method. 

FIGURE 43.-Alfalfa and timothy established on eroded land by the trash-mulch 
method. 
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The seeding procedure has been fully described in a previous publica
tion (11). Briefly, the treatment has been to apply sufficient lime 
(3-4 tons per acre) and fertilizer (approximately 400 pounds of an 
0-14-6 mLxture), disk the vegetation into the surfaee, and seed au 
nlfn.lfa-grass seed mixture without a nurse crop. The arcas have been 
cuI tipackecl aftm' seedi ng. 

Undcr this trashy-fallow method of seeding n.lfn.lf:L, the land is 
protected from the destructive forces of rainfall by icaving the soil 
covered with a blanket of organie nmterin.l, thus promoting infiltra,ti.ou 
and decreasing runoff nncl erosion hazitrds. Seeding the meadow direct 
without the eonvcntional smaU grain eliminates competition by the 
so-called nurse crop Jrequently used .in the estahlislunent of a new 
n.lfalfa seeding. . 

In generitl, n,bandoned or uncropped areas have beell subjected to the 
trea,tment. Vegetation Oil such areas in thjs region usually consists of 
povel'ty oatgrn.ss, broomsedge, three awn grass (.Al'istid<L olif/antha), 
other annual weeds, and even l'U1Uling briars. 

Plots plowed, rather than disked, have been compared with disked 
areas in 2 yeal.'s 01' these trials. In 1941 two seedings wem made on 
both plowed and disked land-one about 1\pril15 and the other early 
in l'.Tay. In the eady seeding n, sn,tisfaetory stn,nd was obtn,iued on 
both plowed n.nd disked aren.s. Erosion. WitS seriolls on the plowed plot 
and una.pparent on the disked nl'e!1. In the Inter seeding the alfulfa 
wus neady a failure on the plowed plot and sn,tisfn.ctol'Y on the disked 
plot. A similu,r compn.l'ison wn.s mn.de for one seeding ill 1942. The 
catch on two plowed plots wns definitely poorer than on those disked. 

Some study has also been made of the use of n, complete fertilizer in 
compa,rison with one eonta.ining only phosphorus aml potn.ssium. 
Seedings ma.de without nitrogen wew fully as vigorous and suecessi'ul 
as those made with it. 

Although fields on eomparatively steep slopes have been treated, 
erosion as a result of slope has not been evident. The trash mulch on 
the surfaee, eonph'd. with the rough surface left by the method of 
prepn.l'tLtion, hav(' eneollmged infiltrn.tiotl and. prevented el'Osion. 
Arens thus tren,ted J)fl,v(' furnished highly satisfnetory retul'lls in hay 
or pastumge. 

:F'roll1 these trials .it seems that nHalfn. holds promise us it crop to 
utilize profitably n,nd at the snmC' time rejuvenate eroded 1tuskingull1 
itl1~1 related soil. It. also fUIllishes highly nutritiOlls feed for dairy 
n,llunnls and other stock. 

APPIJCATIOi\ OFFH\l)INGS TO AGRICULTURE A:\!D LAND 
USE IN T.HEP.ROBLEM AREA 

The findings of the Northwest Appaln.chian Conscrvn,tion Expel'i
ment SLation bent' out the evidenec presented. by el'Osion S11l'yeys, thn,t 
the sloping soils of the areo, undergo severe el'Osion when devoted to 
"old style" general farming in which intertilled. Cl'OpS luwe :1, prominent 
pJace. The investigations of the sliation point the wa,y to agrieulturn.l 
practices which not only will consel'ye ra,theL' thnn deplete the soil 
resources of the problem area but ilt the same time, jf adopted gener
ally, will add significantly to the Nation's food supply. 

http:oatgrn.ss
http:infiltra,ti.ou
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In general, the type of agdculture i.ndicfited is one in which grasses 
and legumes play t1 mu,jol' role. On hill-lund fat'ms the growing of 
cultivated crops should 1)(' I'('strictecl to n.rens Iwst sui ted by topography 
to their production-faidy levd bottom In.nels alld th(' gentler slopes: 
'rhe remainder of thr fnl"ll1S, in fftct most of the aereage, should be 
devoted to pastu I'('S, pasLm'('-l1wn.c!O\\'S, il nd woodln.nd. In the broad, 
comparatively l('vel vu.lleys, nttention shollid be di1'('ctcd chiefly to 
rotation programs Ulil twill mn.i II tni n lll(' organic mattel" n,nd the 
desirable stl"lIct,lIml chn,!'aell't'isti('s 0'1' thp soil. 

The cl"Opping of hiIllancis should Iw cnl'l'i('d on o"ly with uU feasible 
pr"rtices for erosion ('ontl"01. Emphusis should b(' slrift,ecl from 
el'osion-('oniTol prndi('('s ill tlH' "aITO\\" sense to n. bl"OfLder, more 
inclusive pl'ogl"nm dpsign(ld to build lip n.1l([ ('onS('ITr the prodlletiv(' 
cajlfteity of soils in t/H' "I'ulksl S('1l8(, of thr t('l'Ill. 'fhr rotn.tions should 
include 2 yen,!'s 01" mol'(' of sod ('rops. ~ll'ndolVs should be secciC'd with 
mixtures containing lOllg-lind, cit>ep-l'ootcd ]rgumcs. Strip ('ropping, 
fOl'tifircl by c1iv('l'sionnl gl':lsl:wd wntrl\\,fLYs n.lld, \\'hcrr 1](leessary, by 
termers. should IH' pmd i('pel. 

Not only should ntlC'lltion 1)(' dil'rctptl to n, mOI'(' eompl'chC'nsi\Te 
soil-cons('l'vinl! IH'og-mlll 1'01' ('lrlliYn.l('d In.nds, hilt empilnsis should he 
shifted fl'Ont (,lIltinl,l('d ('rop U(,I"PS to Wllill, is 1)0\\' ('onsiciel'rd 11011

croplalld, potC'nlinl grnsslnlld. Xot only dol'S fL grnss 01' Irgllmc 
Y('getn.tion control P!'osion. pfl'f'din'I.\" alld ('OIHWI'\"(' wntel' fOl' thc 
l"Ppicnishmcnl of gl'ollnd \\';)l<'r, hut i~ ('(l'l'rliv('ly I'('hllilds thc dynnmic 
orgnllie-mn.tl('I' 1'('8(,ITl'S oj' till' soil ilnd I'cstOl"('S a (lc-sir:n.bh' str-u('tllrc. 
'1.'hr potc'II1inl grassland of tllP l1.I'pas silollldhr J'l'('oglliz('d as bring no 
less imporlallt for 1'u t tll'(' i11('0111<' possi bili ti('s thiln the' ('ropland IUIe! 
should, ill gPIH'ral, 1"('('('iv('llloI'P att('ntion /)rr'UllSl' it Iras becn so 
n('glectl'd in t1IP pnsl. Tn shol't, "gl'lISS" should hr lookcd. upon u.nd 
tr'eat('(l ns n. ('l'oJ). 

At pl'C'Rrllt thC' Il()n('trlli\~n.t(·d nL'ras full into t1",(,(, ('iLt('gori('s, 
pustm'C's, woodlulld. :lIHI \\'llsll'l:tn(J. To tlll's(' should be ndded some 
neres no\\" eutlivtllpd \\"Jliclt silouJd /)r "retired." To utiliz(' pl'ofit
nhly UIOf'H' HI'('lIS suilnhl(, fol' gl':ISS I'('qllil'l's u combinatiOIl of titr thl'('r 
"l's"-·lil1l<', I Pg'III 11 (''', unci ]i,'pslock. An'ns too stepp or too gullird 
for tIl<' lIS(' of mnchil1('lT should 1)(' dn'o{(·d to woods. 

Dftil'ying nllc! "IIPPP' l'nif:ing nr(' no", ilnportnnt farm l'nh'rpl'isl's. 
Small hr('/' II('rcis ",ill fit ",<'It illlo lhr pictUl'P. Tile rhnngillg of thr 
prcsent l."/l(l of ullimjll'OV('d nnli"p puStU!,!' i'I'OIll littl(, mol'(' thun 
"cxC'l'cis(' Jols" lo ripillt' p!'O<illC'II1g nll-sumnwr h(II'bilge of JIIgh protrin 
YflltH' ("iln iJp n pol('lIl for('c' ill 1I1l' PI"PS(IIIt i'oo<i-pl'Oductioll Pl'Ogl'llll1. 
R('e1niming a ('Onl pn rn (in'I.\" ,min II ut'en. of Chp thousn nds of tiel'eS of 
vi rtunlly idle In n<1. no\\" gl'Owi ng brOOll1fwdg(' ftnd povrl'ty onlgl'llss, 
hy 01(' S tn lion's" ll'll"h III 1I1(llt" met hod 0 I' sred i nl?: n I I'n Ifft-gl'tlsS mixtul'('s 
Oil sllelt lnnd, would add ill.llo Slllflil wny to tJH"slIpplies~or meat, miJk 
n,nd butl(ll·. 

This chnng(1 of p!'Hdic(' eanlH' IH'!'omplisJI(ld h.'T methods dcyeloped 
at this stntion. 

LrgmllCs slIf;h as nlfnlfn illld Ludino don'l' 1l1'(1 key plnllts in the 
utilizntion or pOlt'lllinl "gl'llssian(l." The IC'gllIlWS, in ftddition to 
fUL"J1ishing ]lIU('h-II('P(i('d 1)1'ot!'ill to tlH' puslllrngr, Jill nnother im
portant find agl'OIlOJ1) i(' 1I('('d ill lhil t t11('Y 1'111'11 ish pnsllll'e Lhl'oughou t the 
gl'iLzing senson. K('IIt.ucky IJlue'gl'flsS, tllr gl'flSS of improved pastures 
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of the areu, is prone to dry up and hecoDw semidormuut after it forms 
seed in June. Luter in the season, usufllly in September or October, 
it renews its growth. To bridge OYC'!' tJlis gap of lo\\~ production of 
pusturage supplied by bluegrnss, legumes Jill fi vital need. And, lust 
but not Iei1st they nre OUI' grt'atesl soil buihl('l's, 

"\Yith tht' recognition of gnlSS(,S unci lc'gllllH'S ns "crops" must come 
also fl, renliztltion thnt they, like the so-called C'uliivnted CI'OP8, must 
Iwfed. An jntelligpnt: ferti1iznJion ))l'og1'l1m on gl'Hsslnnd is csscntitll 
to its spcct'ss. 

To sllmnml'izl': 'l'lJ(· use of n minimum of cultivnted land find 
long rotations, ineluding (kl'p-rootNI legum('s, in ('onneetion with 
strip cl'opping, l(,ITat:('S, nllel diV('l'siolls~nll I01o,,-n soil nnd witter 
eOllsel'ving (ll'neliC'('s; (kvoting of the lnrg(' nereages to improved 
grllss\un<i for gl'flzing n.nel forng(\; [,(,(liming to forest. those nn~ns un
suited to ngrieulturnl produeliol1,-tllesl' :11'(' tllC' bases 1'01' It per
mnn('llt ngri('ultul'(' for tll(' I'l'gion. 

APPEi,InX 

In ord('r [0 ll\'oid an !'Xl'('~H of (abular llIatC'rifll thrOlI~llOlIl the [('xl, thc data of 
t h(' ind iddllal t ahlpH JIC'('p";:Hry for d('rh'ill),!;t h(' 1'lIl1lllltllT Ialll!','< and figureR used 
in the (ext !In\'(' \JPI'II pfac('d in the appendix af' table;; 30 to 5ii, 

'1'1](' da.ta prp;:PIIIl'd ill [hp ap]lPlidix ),!;in' C'l]('cifie J'ec()f'(I:: 'of tlle J'{,RlIlt~ of 
('xp('rinll'Jlta[ioJl for th(' (It'riod of t hi;; rejlort tlwl ha.\,{' pract icnl \'allle and illterest 
f?1' Ic'C'lJllician:< ellgagl,d in til(' d!'\'l'lopmeJII of ('oJl"('I'\'alion pJ'ogJ'Ulm: and prac
lice::;, 

T .\1I1,1-~ 3G,-J)HC1'l}J(iO!t oj tlie cO'll/rol plots .frolll tt'/u'ciL soil (/1((/ tcnier loSses teem 
'IIlc(Jsllrtr/1 

[1I11I~killglll!l ~ilt 10l1m) 

I~ IensuringPlol >'uilll'e3InH'nl Croj)ping prnet ief.\ or surfaer condit iun dl'\'icp ~ 
:\0, 

Feel i Peruu! i 
12 ' Xo ft1rlilizl'r . . -1 ContiJluOU$l!orn 

2 :~ :::J~ :':,' JJg ..:,::,:,:::',:::': ':::3 
13 12 i .F't'ttiliz('d ~ __ ~"~~_. __ . _, ~_~.do .~ ,~_. ~ ... ~-.-~-~~ •... ~.-"~-

,I 12 ~o fcnilizl'r, limecl ~~_~ <~1'4-ycur - ralolial]J corn, wheflt,- uwndow, 

.___ .<10.. .. 1, ..~u~l~dOW~ ,. , . 
Ii 12 ",ell) .. 
5 12 

T J!! ... do ,i' :::~:g:.-.. .. ,.. . 
l; 12 \ ~urrnt't' hart", hnrtl, funo\\' 

12 :\0-fe'rtiil?l'r .• ::: 'ro(Jsoil rt'JTlo\"l'd 
U 12 

12 i Wild grnss sod T3J1k.~ 

HI 12 j;ii;I('~f il*ri<i-f~··riiii1.~lli ., BIIJ(lj.~rnss so(1 
11 12 do . - . ~ . "do. " 

.J \.\ ~ :';0 !t'rlm'.t,f·· "."- * ~. Continuous C'orn 
20 ..•.. (}() 

"~ 

.,~, .. dn 

JIi 2(1 dn 

~
15 .-, ---. *_. 
IT 20 .i;iulNI n;Hrr;,i-illizl,d"·' ~ :-.i~y(.~~~ rOlntilul (lorn, ·wllj1ut", -il;Vn(fo-\\~, !

j 

J lll('adow. 
___doIS 1 12 ., <\n 

l!i 12 do dn 
20 : 12 do 

21 12 


I A II plots werr 0 fer'l wid!, hy '2.ti ('N loug ('xrl'pl I nud 2. ['lot 1 wns all,:! r,'~t nne! plot. 2, 145,2 feei. IOllg, 
! Plot 1:1 }'('('('iwd liiO POll lid:: )ll'r nt'n' of ,1'IIHif('l'tiliwrill (h(' ro\\'; plo(:: HI Ilud II rc('('i\'('d :100 poullds PCI' 

uen' of slllphlll!' o( nllll1l(}llia. UJlllunlly, lind fiOO !lollllli, )ll'r ueJ'(' of SlI)ll'rjllwsphlll(' ('H'rr Ihird Yl'or; plots 
17 10 20rN"'i\'P<! IoU POlllHis I"'}' ill'n' of :1, 12 ·12 fl'r[lIiZl'r in till' rt)\\' on l'OJ'l1 nut! ,IOU pouuds )1('1'1\('1'(- of ·1-10·6 
on thl' wh(~n.t~ Un the' lnter ol plot~~:-i(I(lonc1·Yt.'ar lIH'lldow rN'pi\"pd JJll1l1Ul'P nt [i IOns Jll'rUl're and wh('ut wns 
tQP·lln'ssre! willi n"\IIUn' ul 3 tOllS pl'r Ill'n',

3Thr amount of II'llsh'Qt)' wus <'01111'111",1 frolll t.hr total \'OIUllIl' of lIlatl'rilll, lllNISUrl'd in tnnks for each 
roin. 



8 

TAllI,l~ 37.-Description of fieZd watersheds from which soil anrlw(ller losses were 7IIeasured -,.l 
~ ('-'7"-'~;-' '-~----' 

Meusuring dovice for'Yatcrshed des·! Aren Lund 
ignntion j slOpo SOil type SOil treUtlllent Cl'opning pnlctiec ._-- -'--.-_. t:':I 

i 

, .·ler('8 j
Cultivllt£'(l ...... ! 2.5·l/j I 

, , 
PI ~\stlln'.........! :H~~'

\ ooelclL ...... j _. __ , 

_ .•.•_. I.. 

~ ........_. ,-..---~- ..- ._._-_! 

ParOlI I I'

1,1 ' ~[llskin~ul11 find Eifort.. Cal'll nnd whent lime!\ and 3·)'('ar I'olution, ('Ol'll,I f('rt.i1izcd.I~.... 1IIl'n<10\1'. 
J.1 I

i 
MIl~~!n~um ~Pt 10nIH ... , Limcd 1II1(l fc'l'lilizcd '..... .! I't'l'lnnncnt pnstllrt'. 

~~~[llS:I~l!::n:~ lonm.~ I=.·····--."~~·~·· ......... "I" 

J Corn l'l'ceiY('!l 160 pOIJIH1s of ·[-]O·r, fertilizer ill the row; whenl. 300 pOllncls of ~-]'I-,I. Limc n~ 11('('(1('tl. 
, 300 pounds of 0J.1-0 f('rtili?l'r ('wr)' thinl,-cnr, nrrnsiolllll appliclltions of sulplmtc of tlllllllonin and rnnnul'l'. Limo ns nerdrd 

QSlIrfllcc runoff Soil loss in rtlno/T l:Q--1 .-----·-1---------  zI .... 
Qwhrnt:, ,.. }pnrShall f1uIIlO lind 11llll11ser sm sampler lind ::, wlllcrstngc rr['ol'(lel'. silt box. 

. ..•::::! I t1 

L. __.___~_'
____._..._____ ttl 
C1 

E 
>-3.... 
Z 
00 
00 
;n 

~ 
!'ll 
':l 
t:':I 
I-;:j 

!-3 
0 
"".1 

::
0 
=0 .... 
Q 
C1 
S 
C1 
=0 
t:':I 

, r-b",,:.:.:...~ ~- .,. ""~ 
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TABLE 38.-Description oj slrip-cr01)ped fields from which soil and water losses 
were measured 1 

t!t, 10 0 	 I i\feasurinf! device fo,· 
.~-

'-on.;.§ l§·s ~.~ " Soil treatment,' Cropping Ill'Uctict' 
~~ '" i SllI'fnec rullolr Soil loss in runo!T~ -<~ z 

I 	 -~- ---
Feet Aere.' I ( I:l G2-iS 0.400 Corn allli wheat, a·yeur rolation, corn,! 


l('rlilizcd. whealllll'adow. : 

13 3 ,a-iSl .400 ..... do.......- •• -- ••• I.·.--dO ••••• ~·······-·1 


Parshull f1ullle HOlllscr silL salll'C 4\6U-li01i ,.W5\...__ dO ......__ .. __ . ·1·ycanoIUlIon.com" 
whl'al, IIINlllolI',' 	 nnd L(>it7~ rp· ; pic" utili silt 

('oreler. box. 
"'" .11.1:'1';)1.10."." • I'

11 (i6-~\8, '~1;' ..do......... ., 

3 '01 ./g.,. .do ,. .... "'1Ia'YI'!lI'rolalion,I'UI')!, ! 

whell!,IIIl'lllloll'. f 


_.~~_~.I 35L~~I~~~~·~.·. ''1" .. do....... --.. I 


1 ~luskill:Wlll silt 103nl, 15 perel'nt: slope.
'Corn received IN) pounds of ,1·j(Hi f('rlilll.('r in IIw row: wlwnt, 300 pounds of 2 1·1..1. Arms limed as 

needed. 
, Field E had approxirna[('ly :I·foot sod !Junl'rs hl'I\\'C('1l strip;; durin!! the first rotation. 
I Field J' had approxim'lt('ly I'·foot. 80<.1 uulr~rS hl'I\\'e~JI strips durilll( the f1r~t rotatioll. 

'L\l\l,g 39.-lJl!~cription of the terrace.s frolll ~chich soil amI waler losses were 
'I/Ie(l.~lIred I 

Orad(' i \'('rli('ol ~ 1.lIlId"rt'rrnc;c 	 Soil type
;>;(1. l_('II~II!,, inl('!'\'ul : spacin~: slQPl\ 

--.-~- ---.----------- -----~--~ ~ .. - ,-~.-,-..,.....-- ----
Ful I-'a/ , .I'torUII!'Pee/. I

1,200 . Vnrinbll\, 1, 2, :~, 4 • .5 or Ii illc:lH.'S .... 200 , gi
1, lSi \""nrinhlc, 1, 2, or~{ illdJt's. ___ ~. __ 4110 

ilS Level. .. ___ ............. __ -; 12 ! Ml1skin~uIII silt 
(4i \"-nriable, 1, 2t or:~ iJ1Chl'S~" .211il; (itK':;ioiI .! 12.' 

I" , 
10UIII. 

762 CJ)ironn~a illcl1l's_ .. ~ .• _.. " 
':lQ Yurinhlc, 2 ..J, or niu('lw$ __ ~ml, alK!, aoi'J" •7 12 i 

J,2:lS Pniform, nin('lw~. __ ~._. 	 I:.!-, ,
1,2ifi l"niform, ailll'h('s.... ~_~~ ___ ._ t:l 
I, il~ L(\\'~L_ •• _....... __ ••• __ 12 

80S {;niforlll, a illCh~s •• 10 
~IO Vuifonn,:l inches••. 10 
1HH Gniforl1l, 3 iIlOhcs_._~w ~_ ... _ ~ , 10 )1 uskinguIII nmI 

1,200 Vnrinbl(\ 1,2, a, 4,5. or () [Il{"hl'~ ~ 200 JO J5 V,f(trl. 
), 21~1 \"'nrinblc, I, 2, :~, -1, 5, or Ii iJlth(~, _~ ~OO . ii 15 
1,2m Varinbl!!, 1,2,3,4,6, or fj indws 200 ' tl, 15 

4 

I, HS Vnrinbh.', 1, 2, :3, -I, Or or (j iIlehl'.s~_ !!OO HI, 12 
1,!m7 VarinbIll 1, 2,3, oJ, 5, or () iIl('lws _. 2tKl ); J~ 

I, ODS \~nrinbl('t lh,!1, ·nij; 0, 7!,'.!, or U incill's 2()(1 ii' l:l 
12 ,}-,rUSkin!(lIIn silL·10·1 L"vcL...... 


·liS Ll'n!. ••• _.. 
 7, 12, loum. 

• ParShall fJunw::: l'llld wnt('r·stug(' r(l('Ordefs Wl'nl Ilsl'd to lIl(lnSlll'(, $urfn(lll rUlIolf; Hnmscr silt samplers 
and Sill boxC's W(,fU uSNl to JJH\IlSUr(l soil.los.t; ht I'UJI01f. ,,:,\ nnd C tl'I'I'U(ll'~ Wl"n' rroPPl'd ill n ~l·yt\nr rotation 
o[ corn IIl1d mVlIlIol\'; ('()!'Il rercin'(! 150 pounds of ·1·1O·1i f('r!i1i7('!' in row: wheat,:loo puunds or 2+1-1. 'Limc 
\\'US OPplil\d as Iw('dl'c]. B h"rrtll'l;~ W('I'(I ill pl"rUHuwllt pnslllH'. .Lillll' WOS HPpli~ld tlS 1l(\('uC'd; :U}O pounds 
of (H·I-](; fl'rlllizl'r l'\'t'rr third ),l'ar. 

) 
TAR!.I'; 40.-lJescriplion of IIII' !l(Jsilll'!' p(lfldocks frolll which soil alltl waleI' losses 

'Ii'err /IIr(/.~l!,.rrl' 

1'IIddock ~on tn~ntIllrJ1t :!. 
dl'sip;UIl(ioll 

1.._.----.-.---.- t:lIll'1'1ltl'rl. .... --' -- . -- .• f2__ •••_..________ IAIIll'd and fl'l'tiIi7.('d_.. ._ 
:l .. ~ ............. ~_ .... ~_.. ".. do.. "............. ~~~+ ..... _~~ •• _~_~ Pl'flIUHlt;'IH pil~tt1n·~ .. "... _ Tanks aud O~ib di\·isol's. 

4....... __ . ______ .... tlo ___ . __ • ____ • __ ... ---.--- 
:L_.... _.... _"' .. _.. ~ .. __ .... _.... do .... ~ .. ".~, ~~... . ~.,. ............ M 


I ArellS of 0.42 ncr" witll slopr of fl'OIll I:) to 16 PCrI','lIt Oil .\ luskbl)!nlll silt IOHIIl • 
• Limed liS JIl'('dl'd UII all uut pi,ddo~k. ;>;(). I. ~r~) PVUlld$ of 2 J.I-·I fl'niliz('r uppli,'d to paddocks 2·5 at 

beginning of c,pcriml'ut; Ihen'lIfter 400 poullds 6f O-I·I·U c\'('rr luurth YI'UI'. 

http:11.1:'1';)1.10
http:1�ycanoIUlIon.com
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TABLE 41.-Soil and waleI' /osse!) from conll'Ol p{ol.~ ,in the length-oj-sTolJe and degree
of-slope eX7JerimC'Ills by 'IIIOU/lIS for lhe 9 years, 1934-42 J 

-'~---;~~------~~. ....,.•• ,>-.,. ~~.. ~ ----~ ~~ ~-....---"- ---,-, .~~.--, 

llninfull l'lot L Plol. 2 j'lot 3 1'101 101 1'loL 15 

,
Period i 

;::oil HUll- Hoi!' (tun· SoU 
lo,;s olr loss' Olr ' loss 

19.J.j 

JUltuar~' 
l'ebrunr)' , 

Murch 

April, 

?'lay 

June •.. 

July •. __ .. 

August_ , 

September,

October _, 

l':o\·emutlr ~ 

December 


~rolnl 31.20' 2K ,J:! -~5~51 .:l'.IiU53:1. ~~ .30.;-;'2'~1.l\4 ;;1~:lS(l'lii~7.1 21J.OIili 

1935 "'-="1' " 
i 

JunUtlC\r l. 7·' .SI 0 II II U 0 U 0 0 0 0Fcbruriry 2.07 II 2O.na, II 12.·11i 0 :H.5-1 0 (],\[arch : i fI3.2·1 2:~{tf 31.wi 
211.2i! U : 2().1·1, 0 1!I..'>h 7.72, ()!I I. 3s UApril .. /. HO' .2-11 ,.00 .·I!!01 I·I.,;:!. .5all' 20••,[ .1\0 5.70' tl U 0~ll\Y (i.U7' 1. I,~ GIi.:l:! li.~lIJ 5n.2..~' 1:1,1112 uH.:*, I,J.IHV ·17. 72! 10. J 12 ~J5. 50 7.·1-14Jun{L .. ,I.H·I' 4. r.f.' !W.!!6: lIi.a7:! 27.Hf 20.MIi 33.33 ~{j, 17n 25.8;1'15.529 19.·12 7.. OilJul)' . 3.1;0' 2. ,10 (.I. G~ i ·1.25:1· la.lll O.~2(j, 11. ,2, 3.40:) II.S0 .1.1 07AU!tust. S.Sll n.:1() fii.GS! ·1:1.70" n[).lU til. 1.1 3~: t~~f la. U7 

·15.41l1· W.IX);41i.ii(jU, 62.0, ·11l.1I728epl~mh('r 'J ,- 2.1ti :J5.5ti L Ihli :lo.m . \lr,~ :JLUU . ~H7 7. IS .1105' 2·1.81 1.271;October i:81! .. i'1. 1s'l>1I II 12,5tJI 0 IIl.u:l 0 Ii 2:! 0 ~.rM !INo'rcIllbt.\! 3,2:1; I. liS an.lItl: l.UIU 2i.·t3 1.0r~i all. Ill' .~12 20.,13 .7-\2 '~5.51 I.IU\)December 2.58, .:10 IO.UO: II ()~"70 17.l>:! II U II 5.00 0 
'raIn I 42.4·1' :IK02, ifi·7fHl ;m.2.i' Stl.272 31;,IHI 1<:1.0,·1 22. tili,fi7. 5.\'" 3U.00 .2.·HH 
lOSIJ 

January 1. !J,~ It :H~ (/ /I II. ! () 0Vebruary, 2.:H· (\ "{' . U 

:'\!arclt :l.W 1:0,; 1111.06' II ,7H:.II; :~. :!:ll !JO.'~I.:: : :1(1.02 g :1.77 8

April. •. 3.50 I J.l 27.20 1. 3.',3 :17.('! 2.m ·10.7·1: ~.£<ii J!l.M i.212 22.51 1.l2.;MIIY, •. 1.02. Loll II i II I.U3 o .U-l II 'I.U:! (\ L\IS 0JUJ1l'~. 1. ·12' 1.!J2 n j" II II () () I II () 0 0
Jul)' Ii, :l~ u.:m iIIi. II: nr..3Il' :><1. II 
 ~O.,~2-'" m.!l3 62.805 "'.nIH,I.7-11 -IU, ,II 1).1.650AugUSt .1. U5 :t GO 51. H·I ~~. ':!~. [Itt 22 ~'O. Oil), f,(J.!la IG. 371! -I!J.sn HI. III!! ·17.25 20.!!(i:jS~Jltcmlwr 2. Sl 1. 5tt ·is, :\fi, It -1 /.J 4ti. ~ti 
October 1:i. bn 2••1'j2 fiR 27 11. HI~ 57, ~i, 1~:8~i ~~:~3: I~:~~j :lJ;M;11 UJl ~f:~t' &~~1Novt,'mb,'r a.U2 .I~l, ·11.52 I.~jll M.lI5 a. 171: 51.fiU' 2. 72.;~ 32.'s2' 2.301~ iii. 76 2.US2.Dcccrnb(lr 2.3U 1.32, ll~a, II ,ti.i!J .OS2 W.25' .·11l2 6.07 .£<i5 .1;.\ 0 

'I'olnl ·J(),-IO 
l!IiJ7 

Jannary 10,29

,Februury l.!!.~ 

""lIrch I.HO 

API'i!, 2.7l 

l\lay,. ·UiO: 

JUIlC.~~ O••~!l 
July., ,!?nu
August. :1.1>1 
Sepkmber I.t):!
October 3.51 
No\'clllh(1r 1,12 
Dllcc11llwr 3.(l.3' 

~l'olnl 
!!!I.W GIl.o.\'i ·f5.S0jI09.SGS

19.~8 

Jnu\Ulf\~ 1. Ffi tl.·lh m~.n ,Wl 57*2 .12;- :l.!i': (ll l (2) \ Cll~'ehrlJliry 2. if!. 2. (),I' :1:1.);
l\[nrch __ • 2.01·1: :~2.1j .7HH s. i II.~'-I )0. i: .1. HI5.(-,,'" 1.!!2: ii,7; 3. ;!lS! :1-1.11 .J. 2HS 17,,11 ~:t. 70!! 22. :l! D. :JlSArrH, •.... " .3.. iT 2.40 ftL; 2.IKH\ ,\n.3 2.5;;0l\ ny", ._ ....... _ ' .. _1 li.nl -1.20 !.w. (i, 1:1.IHU :lx.tI Ilel·IS 

:l\l.!i ·I.~t" ·12. I: H.I:lO 

JUIl~ _'_._ .......1 ·t ,2 ·1/.1 :1-1. ,172 ~j1. 2 ·10. ·12,1 ,1I/.·U2.I)I:1 


:!2.U, i>.6il7 !!tI.8, J7.~3S
:1.1~) ·11.4; 5!l.OiSJUly ............! 2.-Ja I.~O; n.S; .~l\1I 
 7.11 I. alii ·l.2: .·HItAugust .. ' __ ._ ·1.11 .SH;1.~5. 2,.",~ ·17. Ii Iii. Iii I li2~ (j 2:3. Ifl9 .1,1.0' :1.020 ,I,l. 7; Zl.4WSt·l>ti!nlb~f- .. ~ ......... ! ·1.0:1; 
 ;l.02 5(1.'( 1:j.;J!ii Ij2.0, W.m2 4n. 2' O.r~IO: 51. ,i 10. !Ill( 

Sec fooblOl~s lIt ella of Illule. 
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TABLE 41.-Soil um1; waleI' losses froll! ('onlroI1)loI8 ill/he lCIl[Jlh-of-slopc and de[Jl'ec
of-slope experiments by /Ilon/l!!; for (hr ,I) !leal's. JfJJ.1 .•;,1 l_·-Contillued 

Hninfull 1'1011 Plot ;1 PlutH Plot 15 

~Iaxll'eriod JJ1111115~ Hun HUII- Soil HUII Hun- :'uil Rlll!-' Soil 
,,Amount miuutp Ill[ ulr tu!'s tl1f "rr I",. . .;: olr loss

inten
sity 

1!J38 I/ldle•• Per- Ptf~ l'cr-
InriI/.< 1)(( //011 r (/1/1 1'",,< rtllt 1'Oft .< ctnt Tml'< 

OctoiJl'r •. '.' n. :1030.57 !I ~·I \1.7 n:10S r. Ii U. I Ii" 

Suyt'mi)t..jr a. 1U l.~~;. in,:1 ~t 7011 ~JII. -; li.l:}() ·U,li .;, iT! 


, ~, t~ j
l1Ct'C'l1lhl'r I.au .:5'; ~. 1 ~~! " 1.: 1 

'I'owl -10.57 

J9.iU 
Jnnunry '2.1)-:: .·I~ n'.l I.bJ :~;i.:) ::a;'. ':2'" 110 I:;.;, 2.1:11 

5.1:1 .1'0 fi~.Ji 1. ~!fn f~.fj i. "dl Vi.) :to;t, ~(I. I :1.:1:1:1:Fl'llrlUlry l<:.;. .·WI 11.:; 1. Hill 
April 4. Ii-! .SI ".1·1 Uh' ·J;).1 'i.O~1 ~o 7 :!.h"-ll a'.4 Idll' 
::II:\\" .!I,1 Lti..... (1 II It U • ~I 0 

~Inrch :1.311 .UIi 2.".;- . tiut 21.1 Llt:!t 

" IIJlll1"(-', __ _ H. ';:! 2.52 ·W.;, ,HI. ltJ.j Hi.1t .~~t~;l :.'2. J :~i. 1119 l:tfl2{;.17!1 

July :to:, 1,~U :-Ifl, Ii 1~. ~1:"1 .iti~ -l ~t ,i,11~ ;1';." 2-1. ~IO(\ :h.!112.:J70' 

Augnst ·1.41> 1.1)'; .r7. ~~ :.! I. J[,:'", 17. J ai, IItlj ;-,; tI ;U. :~l' 17.0 :11. 222· 
:','pH'1Il her. :!.:W 1 •. ~' ai>t 7.hmi a;., I '.H~{ H.:! .... ·U;,i :P.~ 1.7UI 

3. r~{ ~. lti 111.11 ,. ·111'; liL!! ,'-I ""ih.t tlf. It '-1.117 1;1.1 ;'.!i."'"Octollt'r • 
tJ (I n (] 1·1 0 ~0'"('111lJPr "Uti .~~u IJ 0 


I)(:('l'mlwr I.f13 L1ti 
 lUI .;,1' !I.II I IKII n.'; :;111 ~I. Ii l. UlU' 

Toml 1:1 I, 
1!1~1} 

.1)01. (:1 ,'1'1'-1 · ;tTu f~' .:\'-!I .11110, (., I _002Jammrr LUll .:~12 ,.0·ls.:ili 1.1111 LH:!;i~'('Imlnry :11: 7:! ,I th~i .itf. ,,",,' • 2.51tf :,!I.ltl L;)I~' -I,~i~ .211. HH. S.1.".'[~1 '.tUI~llIn'h 
2.~" I~!I. , .... 1I 1,7!JH 72..,,, It:. \o..;)() HI. 17 1 L!!.h f':!.:H· !;t a".li li:!. -I,) 12.4Y7April. :{ !II' III. lUi :!. :w, 12. ;IIi .1. 201:'2_~"" l:i.:n :1. ·iili r;.,'j~ a. ",-i. ~U. 7"-"IllY·. 

JUn<' :~ I:! 41i.12 ~17. ;{:.! 1 '''', :," ~.:!. II! 1 I'. ;~!I :ltl :!:il :11. !if :~:!.\I{i;•.f.I fi3' 5:1. 122 

July .. 1.;12 !!1.77 !. !J!;!I :?T t! :!. 272 27. ;~, :!. !;7·' :!tI. t," 1. 2;·1' HI, 'it L NJ() 

.\I1!!\.1;t ."..... 2:!a. J:! l:t;:I Itt ~1:,!;) 1:!.01:1 ;ltl. :.!I~ I:l. :'I~' ·I~. ,I I WI; :1\I.;j L 1i.4!1l 
~()pl(:mht.>r t20 -1;.......\0; li.:{~'''' U.ljl' 7,:h:{ ,"tl.l.i 7. :f;~1 1L:!~ ;~. I~$U I:t!. I .1. 710 

Ocwl)('r 2. ~,,,,, a1. Ii:'! ;t 2~~f ;·!tt.tlti I. 1,1" ;17. :111 
. ~it: 2:t ,"\ 1. :{~.t :!!.-t:l L :;,' ~H;-"O J: 'l·:~~ ':~~: ~~ ~ ~~;, ~1:: ~~~ 2: ~~1:-:ovenl1H.'r 
••, . ';.\ JI lJi.,'~ · ;!:!., .., :t :,1 .01;1 II. 11 .,,1':11. 32 l.O(i!ll)('(,l'Ull)1~r 

'['Oltl1 

1~1 ;1 ! 
2.1:; .I~I 2.:ll n It. ~2 .1)\1' :2, ~I;I • U""i 2." .13. ·1.7', .liB 

~:elmuirr .Hi .ml o i) (I 1I Ii :1. I. . \HI' l-) ! u 
::Ilnr~h 

J'llllHlrV 

~ 74 .12 r ,-' 
1.111. _"·1 (I II II II II /I I' II, n IIApril 
I. .. 1 a, fill ~t". ,(1 HI. ! H' :'}H. ,\ 11 Ili:i 2". "":f 1 L ~t:r; 17.711 ,..,. :.~:.!i ~.H, 4111 }.1. S,G

~Inr 
2./)1 :1. fill 17. tI:l ..... 11·' }:',,,2 ~, Hl :!:!. J~ .... 711! , n 1. HIli ~t:1."1 l'~2r)2

JUI1l' Ili. (;~, .J'~. !'-tl~ ;ltl. W:l 17. ~"I Ii;..... 11i- .f'~. fh h:!. :I.:! II. 'III \•• :l'o!f: .1 .... :-.,';' "I.•In , 
.\u~ust .m,t/21 :-'1.:17 h.U;,,"'I .~)-J 1'.1 11.0'2 ;'"r;tJi.J:!1. "'17 tH.U3! !:U;':J72
Jill)' Ii ;'j 

4.72 ~~:~; ~;'I;. ~I i~(lpt(IUlI}(lr '2. l~·. 
1. :~<l -:!U. H'J 1.~7·t :lti.li:! :to 1~~1 17.1;1 . :WI. 1". W .5.21,1}:0-;Oetobcr 1.111 a2.M' 

] , 'j~1 . ill!1 al :i~ · !1I~j 11.1,1 -~I:! :~i '-ii • ~II.' :M. 'j;~ • n15:.\on·n\lwt 1 
J.1i2 1nl~~)! .2a:!. ,•. ~~·1 1.2'" I:! Hi Ll1r,:, l!f. 1:-1 • !I:!".! ,... on •,"'os .,

1h'{'cmh"r 

J Tull11 :11.27 t 
/fl.;:! i'-1,1),,,, 1 :m:. 1:\.1I1 :-..:o-.:! 1:1.;••. ~ul 7.htl I.:N)

J!if)Ufiry I.O~ U. Ui.' ,.{.J-., .1:l!1 7L:iO ;t 1l:i :!;~ un .1;' ?.!. l"lfi • fI Ji ta. 27 2~ 330 !February , I~,~~ii;; .l.t, ,iI ti~. ti:J !!l. I;:I'.! :{{I, :!~J 1:?liHt ,!:i. !~,~ 1~. ~.t~ 31i. "-"'I In.OSO 1~Iurch 
.m :iii. thi ~'~iJ hI!. 71 :!.Ii~ 1 I:i. i"i 1."1;' ;r(' I.. , 1..1,$,1 .'i1.:t... '2,2·mApril 11.:12 2"i.r,;{ 11.2111 :!(i.titl 1Ii_ 7:~'-I :.!H. 17 1.1. 1;'1~ ;{II 7~1 I L a21 :17. no !;i.f~?::lillY 

;,1. .');i :11. (!:I!I -I:!.;;:! :1ti.lilli n. W ~):.!. 077 41 .•i5.2.t.;JU:1' :{:l, w OJ.t·I,,~·1.5t1.hlllf,' 
Ii. !IU .:ili.().i !!1.,"'77 ,12. ill ;-;0. , ...:1 -llf.:::! 2L:!'-I:? ;.1. :,1' '!I.-II~I' 411.111 21.IK~1JII1l' . 
:UKI ;1Ii.;'1 ;t~. :'~l H. fit ::~.:!o 2~1. 1~ ·l~O;-..ti, 21. ~~. :t Utll.oi 

...\u~ll"t a."'1 j
,LOW 2'2.1)0 n..27·1 a7.;~ ~~A~~ ;{l.!l7· 2.:.)(t', ':.m.u 'l'"IH

~{·plcJnll(~r a.nu ·15.11 
:!ti.Ot .·Hili Itti,"'J .a...o ~l,!n I~J~ ~.:!"2 .UH tIl.Oi' ":ivuOctol",r . I~ 

1.·11 4n.27 1. .(is ;l:!.I~1 ~. !111 a:l II 1.1112 ;{!!. ~I;I . ~~a: :m, ".., •000XO\'~IU IWf 
.1I:;U '.U.) ,Il.-')(i fl. -t:! .1I~)n' 1.hS .014 i1)~("l1Ibcr •.p, 21.2:1 .lIll :'7.71 , 

:17. la ";1. IU~ ·1:1. :1' l;l~. lili, :\2.1\' HUt :l~l :12,[,., ~~. 115:. :1•. 1):1 1:!IJ.3:1I J
Tolll1 

l 
1 

!l.~"'(lar HV('fn!!l  11.:tl ~:!<tHlfi :l~I.!I.ll'j,fnl 1l1.:") (1!I;1UO ;11.:!,'71l.B:W al.y~I~)~5!2" 
~.~--,~<~-~-

1 S('(' tt\hl~:16••\]'IJWntlix. 

1 'Trn(lQ. 

3 Snow hQld-tn-!.'r 1I~~e"'illll,'d Ilvuring runoff Uti :1'lI1unlh 1,;1-1·. 
 !

1 

~ 
I 
1 
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TABLE 42.-Soil (mr/ waleI' losses jrom conlrol 7)/0/8 in the Icngth-oj-.S/OliC and clegree
oj-.~lo]le experiment.s jor the 7)riTlci7JC1/ rains oj lhe f) ]Jf'(lr.s, 198!,· 42 

i Hnillfnll" .~' Plot I f Plot 2 I Plol 3 , 1'101 14 t Plot 15 

:-·~-··--i---!--J---:--'-i--i--··--~·-r---~ ---,-"-- ---:---
Dill!' o(ruill j Mnxi- f! ' ! 

: ! !Ilu!') : HUll) l'oil HUIl- Soil HUll': Soil Hun-' ~oiI Run. "oil 
, "\IllOUllt j ~ 1ll!1l- ofT! lo<~ aIr loss olr, Ivss off ,1)S.< oil losst uh\ Ill- !.~I
I Itt'IlSity ' i 

-----~-- ----j~"(.f --:--- -----1--'---j-- ----'--- ---'-'-
trJ.l~ /11 C/I e.• per/lOlIr Pr! . . '['rill.. Pet. t '}'Ol/S Pel.' 'r0ll$ Pel.: '1'0/1$' Pel. '['(m.,

JUtJl' 22 U.[J,~ :I.m +L!I!, ·1,-17 :H.:?:I 5.:10 W.i:J 1i.51 ·1i.OS -I.lm .1i.:J1 .1.11
Aug'~ 2 ~ ~ ~ ~ M 2.79 -Ins·r>iLtl2:1I.0l m.n7 1:1.-10. [,U.40,H. m ,;5.<>4 !2.21 :17,54 W.61 Aug.IfL. 3. til, 2. /Ii, t:O.·1I li.:!.~ 51. on •. +1 i,U.4n. Ii. &, 5:~ (lli S. '10 ·16. -1-1 9. ,1.'; 

/9.1.; I 
:'fny 2·. ·1.21 l.i'~ li3. ·IS' .~. ~I : .0. no 13. Iii 7-1.21/14.11,; . 4-1. OS59. on 10.11 7•.11JUDI' I~-HI 1.11 ;1. 0(' 2~, (I~ ,1. r,~ , 21. ·I~ 7. III 
JUD(r21-22 	 2fJ.96 u.;m 25. ·JO ;1. 7!J : :!J.05 .t.771.;:; 4.5J; 57.i;1"1U.;\"S ;j7.;)..~ 12.11-1 5ttUI '.:"i.·12 :i2. ·1 LII. (~l :jli. fl4 2. 90Jull' 2l; . U2 2.·U) ;)2. i·1 .1. 2ii [AJ. a7 It n:;
Au~.l._._ ,7·1, 	 41.·" a. !HI 0<1. r.~: :1.40 40. ao 4. Ii' 

2.';~ ·1U,.~7: :t~; :i7. IO ~}..1Ii 
AU1!.3 	 ·111. 13 ·1.~1l :la.25' 3,10 :14.5(\ b.5H.U:! 2.1i.~ ,,,. ,9 S.rKI 'I..,~ ..~.4S mLWi ;'.IH IH.2·1 7.7S tl7.49 9.1;7Aug. 7 _.~. 2.77 :l,W il).(,,~ !i. IS S(U'U2.11- 77••~1 ft.:;) 7~. :lt1I1. (I() (Ji. -II 7.95Aug. JO J. 'iIi li.30 S2. 71 (t·L 7·1 7·1. HI' 12.·Hi i~j. "I.) H. ·Ia 77. 12 11.·W SO. W W.7·1 

una 
July 4 
July 2.1 

:t I" !I.ar. 7:l.U,i ·13.5:1·1 70.2.--i ,1).'.U.i-1 in. 1; ·Hi :l:32 r.s. Sf, :;2. :~1, 70. so 6 •• bOll 
Juh~ 27 2.5:m lKQ7 O.!J[J,~

1;12 a.:l6 :14.19 7.·1:\" ~~1. ·12 ·I.:ltlli 2n. (XI :l.:l2I. 2:1.00
-:!.~'H 2.2S Il(l. ·1~,]2.S.1;' 5.,. /,1 J5.ijj\'i ;, •. 12 11. f~l' 49.·16 ~;:-H7 -Iii. -1(\Aug. 20 	 0.-591,/).1 2.20 7ft-I:! l;'095 Tn.•~tI ·1.209 7-1.[,.(J :I. ;;{"- Uoi.!H' 3.filOAug. 2.~ _ L IKI 2.~" /i·I.OO 11.2Wi r,,1. 21 5~ :,·Ik lil.U5 I. ~'21 iiV.3i1 

7·1.17 ·1. ()."S 

Aug.2S 2!1 	 a.9'·1 00. Gf.i fi,26!l1.';7 ;l.mJ 112.0.i ~.IH7 [,';•.";1 h.I!J'J fi2,11;:J H.IKXi [.;t~).~ 55.32O~t. 7-H '.GI·I 0.151 
O~t. !l-tu 

~"!!H ~.Ifl 7i.22 Ii. 09, i.;. 5.~ fi.. li"U .'fl. ·1. Ii. I~I 011.01' ·l!JOtl tiH.O.5 fi.2:H,L ·15 2.52 lill.~O, D.1!KI iO.21 fi.O.J7 J-I, 73 :;,7b2 62.0!li ,;.53, tH.ll' O.5W 
Itm 

JaD.I3-lii 2.02 1. 4,1 tif;';) I.~'·I Wi. I> 1i.I!!J 99,11 3.',!}(l 4r.•• I :1.72l1 )..S.7 3. roll,J'\I1. ~'O'2'2 ~. iii .mi
:\[ny $·2, 	

72.1 .1. 2:H HI:!. 1 7. -w!..! IOn. 7 5.505 l'i:t'i ii. ,172 1;5.2 7.1221. n~ 2. t..1 50. ~i 1U.2.il :~~, 2 21.!J2() ·r;~ .) 12.9-1:l --;0. (I .... !!'.?:i .52.2) Iii asoJUD~ U L la' ·I,/it) litt:! ;I:t ij~J·' 71. I ~.1. 2Ui 	 H2.'; J.'i:i2fiJUD(' H ., 	 flo'.l 11. ,7; It'S.6 .2f).-SOU.;j'j :!.:lfi ,"·1.1 7.U..,,",'" iU.2 il,,"'S;' il.U 1.272J::;:~ 2(.·21 	 77. fi .J. 7:a; 06. n 7.2·17a.:l7 4.a2 73.1. ZI.HH
"\ug.O-1U 

71,.:1 2t1. ,Jt;;" 	 7J.fi !H,7a:1 71.H 2f).f}?2 ;~tu ,2·1.172Ll-l 2.~· {fl. (I , 11.1(", 61;,u f.Ssa Ill.:! Ii.U91 55.5 :J.:3I·1 "1.lI S.104 
rf!·~,'( 

Mny!; " t 20: as,; I;. :m", :l2.11 U. Uh 	30.2 7.2"5:; 32.0 :J.IROJurJ[' II 3.m 1,1.2 l:l.ZH 5Ii.), ·21i.lIil [JO.~1 IR wn ,;0.1 ,lLfi-l2JIlIW 2::! 2.40 ·IL ~ , Ii, ,IS·I :14./i II.n·(.JJUIW 2ti-~i 
"0 

_ 	 ·15.3 12.000 au ';.;~"'·Ia 4h 57.5 iH. I:iO ,j7. f) 2·1.1:t6 H2.1 17.liW [J!tn ,1.1.·192July31·AUg.l 1. ·1·' 45. {j r :'.127. :1ti.:! li.3fJ7 51.0 "-OM :lfl. 0 2~ Ij;1Au~.. ·t . 2"....... 7U. I /' II, M.1 t>'. U l.i.on·1 71.3 I:!.W.~
~(·Pt. 12·1:1 	 llK5 ~.4'1:162 !i'.s 11.2(10, fH.U la.ow, 11.-11-1I". ti 53. V !1.272 
1IUG , ' 

Junt·:.l .... 1.02 ·!1.7 1~.:lj(l ;{';.(I n.71,; ·1 T. 2 Ii. OCC :)2.:; 1. ·HiOJuno 17-11HU 
+_ 	

r'~.11 21. :~~·I W.I/ I:J,0311JlUw22 :;.~ ~~:~ l1D:~f ~:g 'Tl:~r~ 	 S~. CI II. ~Ii!) is, S ii, 0:)2JUll(' 211. ". 

Juh··Hi 
 7U.6 Ii. U,1l 7ft!J 'I. UISHi ~~: ~ II.~: ~:; f~: rJ: ~m /·1, (j '2:1. om is, -! 12.570 

"< ••.:\u~. 7 :1. 00 .;.t.4 : 4. 171 ,;:.1. h u.•:t1 	 I~I' 1,. fJ52 .19.) 3. lij(JAllg.12... 1:{ -I.ns 72.0 fIK~~I3' ,0.2 24.;J;,{J :':1: ,I 20. ,59 7';.11 lli.:MS~Pt. <1 0.00 Ill"1 ' 7.U;>1, m.1 S.5O' rlS.!J --;.~69:IOL~; 7.41.1 
19';1) _ .t 

JUIlt!9 . ,(, :l2.S a.:H3 -U.S .1. 105JUlie 10 ~ :-...1 	 2'- 7 Ii. ·196
W.·I fi.1i7~ ,';·1.5JUIIV II 	 ·1.,'00 til 4 ' 1l.Sl/i.U·I

Jurw 15 ,.-~, 	
71.7 II.·WO 72.2 5.3l'l /)2.6 , S. 9f,~

l'{l.l ' .i2.~(J SI.·1 .S.U~
JuuP 17-1~ 	 tl4. :1 3.!J'3. 'il .i.i. f , ;}. 102 50. ,I 2,2llli 

.Aug. 25-2'-; I. ,11 
JUD(' 2S . I.U.) 	 ·I1'i.. 5 i 2. i&~ 

72. 1 J~. l~;t 8:1_ I m.510 lit,,;, n 17. fm 
S('pl.~ 2.J~2.5 ;;1.1 ,,"l,,1 ~K3 ' ;l.fKl~ ·1-1.3 3 •• i(i9 ~. 07: 50.6 . 7.3:l0, 48. U 3.r.:!o ·1".9 -1.730 

/(1.1/ 

],Iny IG-l, "" U~., I3.m ~H.' ; .1.:ltiH !.HJ . .; tl.:US ;$;;, i 7.fi..'S,\Iny 31-Jullf' 4 2. 20. :1.00 ·11. 1 iI.7t':!. :11.-1 7.oS!; 4ti.O 
22.4 ;l.IH:l 2S.5 ! i.a'4 

JUD~ 12-10 '.31U 26.U ~OCJ2 34.5 5.-14:1I.W ;1,01 1h.7 I3.S:5O I~,:l ~. 2f~j 25.6 7.11O!? ti..6July7 	 1. liS 30.9 117.552l.OIl .1. 2(1 50. h 11.5-15
July 15 51" J~. ·100 	 ;is.l 15.o:m 32. 2 ,1.-102 5.1.5 ,11.0141.1~, ~·~r.f ~I'!J i, ~.~j? a5.2 .l2.2'Jll :!i:4 .;.,'-jUG 3,_ 7 42.(;July IS I.U2 .,. ,0, ,0. _ :2h. 1-1.1 	 Ii..'>!" 12.9-14 
Aug. J5-1U _____ - •• 2 • .s,~. 

iU. 0 :12. ·147 	 72.5 37.2[,0 ll:l.3 :tJ.3iH ~1.1 '':s.891
Aug.25-2G _________ _ ~,h ·15.r. i.Hil :Is.a J2.~m} ·11).1< [I, \1113 :W.iJ 1l.'>fH :\'~.·I S.58-l 
Aug. 3(}-Sept. 3-5.. _. 2.31. 6.24; 02.0 ~ 17_ 472 i.704

1.llfl 3.m. OU.h H.!WS ttl.H O. {1.50 71.3 K(l;Ju IH.S -I.(l;j.1 01.-1
tU.3 .26.105, 5H.;; ,2a. 1-13 6;;.1 14.2.50 62.2 il9.995 

http:7-1.21/14.11
http:Ins�r>iLtl2:1I.0l


INVESTIGATIONS IN EROSION CON'I'ROL AND RECLAMATION 81 

'rABI,E 42.-Soil and walnr losses froll! conlrol plots in lite length-oJ·slope and degree· 
oJ-slope CX1Jerilllcnls for lhe 1J{t1!cipal rains of lhe 9 year,s, 19SI,-1,2-Continucc! 

l'lot 1 Plot 2 Plot 3 

Dnte of rain 

IG4E 

Murrh 13-16. _. _.• '" 
l\!n~' 14-15 ..... 
June '- __ ... 
Jnnc4. _... _... 
JUBe 1;1-14 
JUDf.' 22~ ~ 
July 3-6 
July 27 
Aug. 21-24 

'L\lIJ,E .J3.-,soil lIlid 1t'1llcr los.~('s Jrom control Jllol.~ ln grass allli fro/ll lit(' fertilized 
£Lilli cil!slIrfllceti plols 'in com liil qllarll'rs Jor lite 9 years 1931,-.',.2 I 

Hllinfnll Plot U Plot J() Plot II Plot 12 PIOL 1:1 

.\Iuxi·Perioli 
HUll' Soil HUll' Soil HUll' Soil HUll" SnilAmoullt" ';IWI~II~t~: HIJJl~ ~ui1 
Illf ]0$$ olf loss olf loss i olf : IU>5imcll' olf illS:; 

1sit)' -- ._- ----!-i- 
193'; Illches . 

illclocs ,]ler hOllr Pcl. '/'OIlS i'eI. 1'0113 Pcl. TIlIl.' Pct. '['OIIS 1Pel. : 7'07IS 

Jnn.-;\1nr",. ~,.. ..j 5.'2.1 O.W 111.5 (I.OIfJ 17,2 U.OiO 11. ;j o. UH7 2'2. G O. 266 72.. 7} O. ·172 
1i.4U, a.wi (I (I (\ (I o () 17.1 14. ·12S S. (ji :l.!I\IOApr.··Jul1~~~_. ! 

11.69 .1.0., a.s i (I 2.1 IJ 1.·1 o 52.1:> W.O.5/.1 4S. (l 21. iS7 

Oct.- Der. _ . --.. __ I.. :I. W: L 211' (I (I n n (J () 11.1 .Si2 2u.:li .!1l1
July·:;('pL .•......1 

ToW!' I 2U, :l.~:-, Ltl . o iii J.:l ,0,0 .un.. :l2. S iii.6111 ·10. g~ 2•. l(",(J1- -_.- -
1935 ~ ; 


Jnn... l\rflrw_~._._. P.~! 7.0;1) 
 2.:i (J o II. 7 II 29.2: 0 
.\lIr.·JuIJ('.... _.... 1~.;lIl :1.2 0 U ali.2 2UIOi ·1·1.0 :11.·132 
JuIY-~!'llt.... ..... la••l.l! U.2' .020 .1l1ll '11.11 71.41;;. ·17. L -10. QUl 

.:1-1 () u 21.:1 I. ()2" 31.0 1.521
O~L '11~~'--""--I-- 7.H5! 


TOln!........ ·12.-11 ti.4 .02:1 .020 ".Ii .uw 

f .• 

19i1I; I 
JlIn.·~I"r•... ...\I f.~:,( I."~ 27.:; ~ 02.-.; 29. 9 •02"1 25.;'; .m. 71.7 () 7S.3; 0 
Apr.-Juue••.. 1;'1;1' I. fir .fr' U 5.5 U 2~~ 1I 1~.1i 1.O:H 2S.li :1. 112 
July,SCI.t•••... ' .•• U.H U.:!6 s. 3 () ·1.·1 . () 3.2 {J 51.2 U:l. 70lj ·12.2 ·17.813 
Oct.-I)\'(·... • __ ! IU,() 2.52 2.2 U 5.fi ' n 2.7 (I ·to.:1 HI. 275 ·10.3· H.l-I~l 

7.:1 .017 ·17. G IUJ.0I5 !!I.O. li.i.UfoS 
;) 

-1'01:11. ..•••••: .lit·IOi 

/tI31 

Jnll.-~lllr. _.. 1:1.:)7, I.f,' 1U.:l: .012 I~.~! .Ill~ !i. 0 • (X), 
"\pr.·JUlw•. H.U5 ·I.M 7.i .011 1.1 .000h Ii.U .Olll 

() (IJtlly-~(Ipt ~_. 
Oct.·l)cr•••.. _ ~:gg I:~ r, n g :: .·IS n 

Towl.••••.•• ·1:1••·1 ........, ~.·I 5.1 . Clli 

, 

1938 i 
••~tl .(lOI .571; 9'J.I/' S. (l,)(jJun.·:llur..... !1..·1I 2.01 .23 .002 L3 .IKJ2 !I.l 

·1S-51 (H.·IIU.\pr.-.IUlIl'.. •. 15. IU ·I.~~J l.a U 1 :l i (I l.U o !!'.U :l3.2i8 
.1·1.·li ;1U.20[)J ul~·-8ellt.... . _•.• lO.m 3.U2' :\..~ o LV 0 2.7 u ·12.0 *.I.lili-l 


Oct.-Dec••.•_•.••• ' li. .Ifj I. ~~J, (J o __ ..____$ __ 
U '() II n 11.0' I. 20U ao. Ui 5.10. 
~.'.·4 

trotnl.._ .. _____ 40. 5; .. ~_ ~ _.. _.. L (j .. 002 1. (l .IXII :.>tt4 05.72'2 57.. I! 107. $4·t 
-~-= :,;;:;:::.;;..~.~""-&~ 

See footn()tc~ at Cllll of tflhl\.!. 
tl2tlSa3 P ---45--tl 
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TAsr,E <I3.-Soil (Lnd waleI' losse,~ from cOlltrol ]Jlol.~ in {/I'(lSS a/lll from the fertilized 
(md deslll'fllced 7)lol.~ in corn by qll(!l'lrl'S for Ibe a yeaTs 1934-42 I-Continlled 

,.~.~-,,~ , - .- --"'---- ~ 

l!uinfnll 'Plot 0 Plot 10 Plot 1l Plol \2 I'lot \3 
" ......-.~-~. ....~. -" ._--

~ftl.,j·P~rjod 
It\(uufi· 

Amoullt minll!!' 'Hull' Bol1 11ull' Soil HUll' ~l)il HUll' ;:oil ' HUll· Soli 
ilttct1~ olT loss off foSS olT lo!iS ofT Joss off Joss 
sily 

--.~.~----_._-"-""" 
-.-~-.--...-..-

19,0 f7h·J,C.'f 
Inth,. per hOllr, Pel. 'rOll."t Pel. 7'on.v Pet. 'rou.x Pr!, ~r01U( Pd. 'i'mtsJun.-MIIT. __ lI. 1!l IJ 91) ),.;1 O.()/I' ;;.·1 U.lXIl 8.ra (t IXI~ lLlI (].;l9fi ,,';.0 .I..t.!,


Apr.-.I111H'v_~. Jii.:U ~.:'2 a.l .W2 1.2 .IX)2 ;t2 .m:! :10.;1 2:J.7ti2 .JfJ.U 
 ·I~.IOSJuly,S~JlL .. HI. ~Il .1.1l~ III.U .01.1 KO • (lOU lLii .1K)~1 ·11 ••; ·1.i.111II ·12.1 W.ll!l1
Oct. ·j)eC•••• ft,m; 2. Hi \)
.SI .71 \l ."1 II ;l2.1 ·1.:l1S ·12.1) 0. I!ll . ,,~ ---~ ..
'roUtl •. ,Ia. J, fi.U o:t! I,~ .IH[, Ii. a 1l2i1 2..'\.7· ,;1 n:lfJ ;'>1.2' I 1:1.3·1{) 

~~~,;:-:.. --,;:-:;-::.'~

1940 

Jnn.-~Inr, _ .... 7.,1..;1; ~un 11.', ,OJ2 : 
~~ 11.11 .111:1' .(KII H.I tll."'i·1 ·1;;, I Z~424.\l>r.-Jlllll'•. m:ln :t 12 Ii.!) 

III"
ll. .ml . Ill, Il.;{ .ow :JTi.l :1O.·I;W ·1;;,7' fi:J.:14·1

.11IIY·:-:~JlL 7.9n ,I, ~~I 1.7 .001 .!i1 .Im . .il .IXI2 ;~1.li J."i,726 ·17.;1 JKOr..l
<ll"t. ·Dee._ S. II :!.~" 1.0 II ~ li"i 11 [I II Iii. G ·1.·111' :!:tu 7.lH2 


'I·otnl. ·1;1. 21i ,.it niT .i x .11'12 J" .IIW 27,·' til. 21,0 ·IL~ u~.:lnl (' 

Ib.,1 

Jnll.·~lnr ::. ;lJ .m ,~ I.21 1\ J.ti II 4~:! 1.2 .0112 :1.1 .101Allr.·.111111' i. ;~Ii ':,1,1 /I II /I II II I:'. i .j.•">2U 22.0 ~~~O.12Jul, '~l'!lt 12. ~"iti fi.:!t 2·1 .00r. "'.! u .IKI" :!.'" .0111 ;);~. 1 7tt:l~~) r.rl. u 'j'U~;-'i)Oct. llv~ .... f.:Jl I ·11 IHII II II (I HI, I,OUS' aa.u•• J.I ·t~n" 
'l'oln1. :n.:!7 II!!II I 1.11 .IK" 1.2 ,1/111 :111, u 71i. UW ;jli.llOfi.ml 

- .:,. --.:;; -:~~"~.=-=
tll.,.? 

i 

.Inn.· :\lnr.. _~ 7 t;g !;..!\o, .1121 :~ ~l
;. " .Ill! .1>- Il l;tf; fi,XtiU 10.:! 12. Oh.~Apr...JuII!'... 12,,11 I. .if !KII III ·1 ,Ii:' n II ;!" II Zl. :I;il ·1:1.:1 W.121JlIly-HI'pL H.f~1 Ii. 110 ~ .UU.i :1.111 Iwe! Ll .lJ02 ;~l. " HI.·12:1 11.2 :m••".;1
Orl.~J)N· ... il.:!1 1.11 IIII II II 11 tKIi 1. 2:11 2.1~~~ :\.07(\" 

'rota1. :1;,,,, ::!.1 ft;t; L~ .017 , :12 .IKI2 27.1 {1ft,.·:;; a·I.·1 D'.IXl!! 
g..yt~\rn\'cn\~,· :{~.m ".j I\~ n:?:~>I." til .1Jl!J a2c2 72.5:10 HK .~[j. 2,=)"'; 

: ~(It.' tahlp ;{Ji, ,,\.fJpt'wlix. 

!·'Tracl.!~ 


rL\ln,l~ 44.-8/;il lind 11'01/ r lOItSl'll fr(lm cOllirol plots in till .i-year roiol(llion e:r:peri

/tWill lLnd Ihl' /Hu'r-J(!lioll' plot by 1II1I1I1h" for /III' 9 111'111'8, 1!Id,~ .p I 


Haiur"u PI,,! ·1 I'lotr. !,lolti 1']/)1, 1'101 ~ 

, .\Inti· 
mum !lflll· HUll' l'oil Hun· Soli j HUll' Soil HUll': Soil 

IH{' iu· ulI olI 10" olr 10>$ olT loss olT i Jos.~ 
(eosity 

-._~ - ~-. ,..... -........... -. ~_...__ .___-4-_ .__. _ ..... ~ ___ 

;\ I)JOlllIt .'/"Iuin

J03~ Il/eM.Y 
[llChfir .ptr I/Our 1'<'1. 'roilS: ],d. '1),11 •• Pel. '1'0118: J'e!. 7"01l.' "r/.' '1'OIIS 

Jonunrr· .. 
1.(;'1. n.21 lIiU, 0.n"2 1~2 ::.I~Hli:tl ::.tllGt8' 3 gll\1I1~.4] g.I$1.F~brullr~· . 

?Inrch " ... 3' :!~ II lin a~:.l °. 02". 3•. 2 .Ilo.~r,u. I 0 /50.3 .010 :lUi! .100
<\prll. . 1: :;,: 1:2U 0 II (1 II ,ll II () 0 00 ',I 00 
?ln~· .... .[11 :J.liO IJ 0 (J 0 II 0 (I 0 
June " .. ~~.~ .1. I~, :I.m 15,·] L OJ5' !I.a 2.1;'0 0 0 , 0 II 55.2 I Iii. 128 
Julr~ ........... . 
 L Hi \. OS Y ,'. (I .~_ 0 II '0 0 ' II U 111.1 1 I.S6S
"\llgllst ....... . li.~:; -illS ~~,l ,4.-'\1, 4:1.·1, IJ.3\7,12.0 I .·1010.0 n 70.-1 i 14.&14 

Scplcml,lcr .... .. 4.28 :'1',' .!~ll· '13' ,u, •V~{I :IS•• ! I. ,UO 3. -I '(01 ; 00 (I») I HUI• I; vo·' ,55Octoher._ , 0.Il.~ " ! 0 i n I (I n (1 ,i ,
NO\'cmbeT. 1.21 ,·IS )K3 .013: (l (l U In i 0 ';;2.3 I .743 
DeccmtJcr~ 1.30 ,2·1 (J 0 : u {). (I I 0 .. 0 ,t) : •• 0 r 0 

TolaL .. ,. ,~;l~'5:S:=:-=1 2'.n 7.322 ~.a l:l:27S'i:i:O-.'$'9:(]j-:-O;:4.i:OY4'LiW
\=="'"== ="-,••",,,"'''':=,==:=; ,=1= 
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TABLE 44.-80il and Vla/CT losses fr07l1 cOll1"ol 'piots in the 4-year rotlilionC::;]lCJ'i
"//lcnt ami thc bUl'c-jallow lJ/ot by 1/I01llhs jor Ihe 9 years, 1934-4B I-Conlinued 

Period 

199.; 

.1nlluory . 
February .. 
~\,rHr~h" .. ~~ 
ApriL
Mny 
.JUll(l .... ~ .... ~ 
Julr. 
AIl~USl 
Scptembt.ir . 
Octobcr 
Xovell1b(lr
.Dc(·l'lIlhl:r. 

'['ollll . 

1938 

) J'nnunrr 
Februnr)·... 
Mnrch 
April ........ -
:'lny ---  ~-

.JUT)(I 

"\ ~(:~~lisL:=: :~::= :::'1 
Scplcmbl'r ..... _.. 
Oetoi)er 
No.ycl1lb('r~~_. 
D(ic(~mher ~_ 

1939 

Jllllllllry·· .. •• .. ····1
FuiJrllllr)· ........... 

IHnrch ............. 1 

April ............... , 

Mny·.. •••••••..•• ..l
Junc................ 


10. 2U: 
1. 2~ 
I.S0 
2.71: 
·1.50 
n.83: 
2.00: 
3.51 

1 

Lfi2, 
3.51 ' 
1.12, 
:J. r:l i 

1.57 
2. 'ifi 
;'.0&: 
a. iii 
n.m, 
.1. 72, 
2.·13! 
:1.8;;: 
·\.(;:1 

.. fii 

j 
2.G7j 

~:4~~ 
"l.tH; 

u' 2g,
.1_[ 

'PJot 5 j'Iot 6 l'lot 8 

--------------------~---

• ·IS an.• . (~1;; lIi.7 .IXIO 2fi~ 3~ .OOR;.
2.m 1:1.0 .1I~1 t). (I .OW l'.n' • L.;I51
1.32 2;).5 .1\., IU. !.! U' 10.5 
2.40 IS.:l • J(~1' 111.·1 01 11. • g~ ! 
.1. 20. lU.4 .li70' :l.\ n ,.i 2 () 

a.60 a·\. 1 1.·15!1 1.(1 U R7 .IUS 
(e) , (I (J}1.80 :Uj I) II1 

2.~S 27,0 .270 .21 0 1.\ II 
:1.f;2 :l:l.l 1. 25.1, . 5~1 II '2.,' {I 

.KL n 0 !I 0 n() 
(0) 


.:m S.U (ll F. II 1.4 (2) 

1.20 :1.·1 (Z) 0 ('I 0 

~--- --~~~ ~----I--

~1. 3 .1. 022' 211. k .2.557 ii. 1 .02'2 ~ 1 • OUl ~a.4 1:19.240 

.·IS 5!1.r. .01.1' 10. ~'~ (" ~:J..I t~) ·13.:1 .020 28.5 .180 


.no 50.0 .OS.: 2n.~, .liOa 10.1 .nlll :!ti.S .052 :IO.7i ' 4. 71~ 


~ Bfi W.U' ('I 2. 01 l'l n.a (" 11.7 (;) , 1,.. a~ 1.5i2 

.S·I al. Ji .050 l·L~ .2:15 7A' p; 21.5: (') 35.0~ :l.G46 


1.uS. ' () 4.0 .2$7 () 0 0 0 , 20.4: 4.184
('I
2.52, 18. G, .HOj 42. 2,10. 5GG 32.910.357: 12.0, .(HO: 56.2 ~6.4j6 

See 'footnotes at enil of talHe. 
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TADLE 44.-Soil and water losses jromconlrol plots in the J,.-year rotation experi
ment and the bare-fallow plot by months for the 9 years, 19SJ,.-J,.21-Colltillued 

Rninfnll ,PIOL I Plot :1Plot 2 Plot J.1 Plot 15 

I?,rnxiP~riod 

Amonnt ;'t't'I~~,r~ Hm.l- Soil Run- Soil Hun- Soil Run- Soil Rnn- Soil 
inten- olI loss alI loss off loss olT loss alI loss 
sil:r

---------J,--- -------________,_____________ 

1989 Inches Per- Per- Iper-I Per- Per-
Inches pcr hour CC11t IJ'OflS l.!l!lIt 1'071,1,' elm/. I, '1'011,'1 ccnt 7'0113 cent 'Tons 

July________________ 3.f)51 1.20 2-1." n.101 3S.a :l.492 3·J.4i8..,i4 20.0 0.038 40.0 10.038 
August.____________ '1.40 '1. OS 11.0 .052 '12.1 2.680 28. Or S.815 10.0 . ()()2 08.0 34.356 
September__________ 2.30 1.80 '1.11 .012 2S.11 .0721 2!l.B, a.208 3.5 .001 44.0 10.069 
O~tubcr______ ...____ 3.5a 2.1G ii.1[1. 032 0.2 .088 ' 17.3,.' 1. 803 2.0 .002 55.4 8.034 
Novcmbcr-_________ .00 .:lU 0 0 0 O. 0 i 0 0 0 (2) 0 
Decembcr __________ ~~,~L~~_(_)_,~: .OOO__() __O__,~~1 

'1'otnL._______ ·13.17 ________ 1 2:1.0' .1121 25. 2jlS. B32i 20.032.1189: Hi.3[ .1(>11 42.a 1:1O.293 
====='=1======

Jaml!lr/~~~________ 1. 2~ . ~~! (3)1" . 1~4 (3) • I~~I (3) I.Oi8 (3) I .OOG (3) • 38~
February___________ .1.4., .3iJ, ______ .031 .011 ______ .048 ______ .01,1______ .49_ 

March______________ 3.10 .00 40. -I .0U(j 4.5.:1 . HG :lO.O .8110 34. II . OliO aO.1 2.7no 

ApriL ------------_ S.O·I 2.88 Go. 01 .2,la 51. 7 .7S0 40.0 4.2:11 35. a .000 0:1.8 13.838 

May________________ .,.]] 2.88 5. (n •00-1 ~. 0 . (105 18.7 2. iiS .2i .002 33.8 8.843 

Junc________________ 0.15 a.12 12.21.0;;8 Ii. 5 .OiS 49.7 5.34842.527.038 55.233.390 

July________________ 1.07 ].32 :1.3 .002 .40 0 14.0 .031 17.8 1.298 10.7 .840 

AugusL____________ 4.0:! 3.121 (') 0 (') () 13.3 .172 25.0 Ii.99!\ 59.3 9.IHO 

September..________ 2.2n .J. 20/ I. 2~ .010 (') 0 20.·1. nno ·10.1 5.025 {n.8 8.105 

October_____________ 1.8:1 2.88 (') 10 ('l 0 O.S .034 15.8 1.020 :19.1 3.008 

November._________ :l. 7:l, .90 8.9,i .005 S.1 .004 5.1l .001i 9.0 .249 a7.3 1.120 

Deccmbcr. --_______ 2.55 .48 (i..5~ .002 -J.3 .002) 3.7 .002 11.a .010 23.9 .158


1 
'1'otaL_________ 43.20[=12.1.81.575 20. I 1. 5m 27.7 il:i:7i4 2!i::l!4I:8i8 4ii.O(8:L.522 

Janllar/:~l_________ 2.15 . GOI 5. I) (') .0: (') 2.2 [(') .002 .038I' 0.4 8.8 
Fcbruary___________ .~5 .O~:}!') 0 (') 0 0 0 1.2 .00l 3.5 .00!1
l\lurch______________ . ,4 . L, I 
ApriL ____________ .. 1.01 .8.j'[ 0 ,0 0 0 0 0 0 0 0 0 
May________________ 4.84 3.00 18. Sf .1. 9201' (') 0 (') 0 3.0.222 27.21 10. 107 
Junc________________ 2.° a.ool 1-1.0 5.a89 (') 0 0 0 11.9 2.174 32.2 8.7:19 
July________________ 5.~~ p.70, 33.9 15.0i.l 2.5 .052 ·J.O .009 52.8 n.H7 07.8 51.875

1 1 lAngus._____________ ·J·,':I .l.Go.} r 0'01 -501 a G 008.1 (j I 000 490 109-'- (j8.1 43.(j08
Septcmhec__________ 2. In O. 2·l: ,. 1-' 1 - ,. • -I' . - . .-, 

Octobcr -- -------..- 4.10 I. OS: 2.8 i . ].II, ('l 0 (') 0 (') J 0 20.0 1. 832 

November__________ 1.79 .72, 4.0 .000' a.s .ooal 1.5 n 7.71 .OOG 4a.!! .020 

Dccember_______ .__ ].02 1.'141 (') 10 1 0.0 . (JOli 3.-1 .001 25.5 I .021 20.4 .488 


'I' t 1 • "-I---I~I 2Jo'-1-8- osn l- 311- 3\'1-31 " -IS 0-1-1'-()"ol-;;--a--1"0 S()()l-----;--1on ----------- ~. -'1 .. ,.----:...:..1 ... Ill' •• -~. • 

J 

.... • .... I I I..lJ I <1\11 ...... OJ. 

1942 I 1.271 1.08I (') : 0 I (') 0 1 1.4 0 15.2 .000 11..5 .395January____________ i r 
'February___________ 2.32 . i2' 3.0' .00-1, 7.9 .0011: <'l 0 05.9 .032 37.1 .088 
Mar.ch______________ ~.IO, a"!8i 17.5, 1.5381 ~g.q .102 I'!.~ .2871 ~8.~ 1.0gr. ~4.7 0. 042 
AprIL ______________ ! •.4S; .hOI 4.4 .011, _.,.h .0141 h., .004 08.3 .OD2 68.3 .88, 
Mny_____ •_________ -' 4.2011.321 10. Si .ioaf a.o . -100 , (') 0 I Ii. 0 .213 a7.4 9.2(;;1 
.TU,nc·_______________1 5 :~al -!.fiG' -13.31 11.•552, ~O.~ 14.~!)!,1 l.(i .008 2~.? .4~9 £14.3 2~.089 
.TUlY,---------------- 3. _"I 0.001 30. G, I. D.lO! .13.• 1 7. h38, 0 0 1..1. OD·I ",l.Ii 10.002
August.____________ 2.-13 3.00, 20.41 .-130118.5 1.7881 (') 0 .85 0 3(j.4 6.700 
S~ptcmbcr._________ a.02 :I. 00 ' 4.2i .029 21. 8 1. 2:11 1 (') 0 (') 0 33.7 3.075 
October___ • _______ ~_1 2.0[ .48 0 I 0 1,0 0 0 0 0 0 14. -I .258 
Novcmber__________ 3.01 L 44 1(j.01 .022, 13.0 • ·1:lOi1 0 0 25.0.016 45.8 1. 256 
December._________ .1.32, .-181 41.11 .0-1I11a.7 .022i (') 0 -13.4 .020 27.7 .100 

'1'otaL _______ 1 38.04:==i 20.111.07-1 19.0,20.4911 2.3 .200! 24.2 1.[:1l 42.1173.812 

9-yenr average__ -. -- !~i==l2i1bl'i2.(i80;2i:'lIw:s2GIl7.illi2.Oii!ilJil.(lIl4.U5i144.S!iG.576
1

I Sec table 30, AllPcndix. 
2 'l'rncc. 
3 Suow hold-ol'er l1ecessitntcrl fi~lIring runofT all 3-month basis. 
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TABLE 45.-Comparison of runoff and erosion from continuou.~-corn and rotation-cOI'n plots (ludng growing season 

. 	 May I ,Tunc July I August September 5·month tota,l H 

.:i 

Ham· 'l'r~atl!lc!lt - -	 -Yenr I
[all 	 HUllOIT !SOilIOSS Hunoff Soil loss Hunan: !SOilIOSS~ Soil loss ~unoff Sail loss Hunoff Soil loss ~ 

Ul 

Illciles 	 Illclles '['OilS Illc/IC.~ 1'01t8 111cile8 1'0118 Incilcs '1.'0n8 IlIclles TOIl.~ IIIC/IC3 Percellt 'l'ons ~ 
16.S1 	 ContinlloIlSCOrIL._._. __ • ___ • __ .• __ 0 0 0.57 n.71 0 0 a.45 21.:12 2.:18 0.9:\ 0.40 38.1 34.90 

Hot.ation corn (plot ill- II 0 .:m 2.10 a a 2. it 0.32 1. liO 1. 70 .1. 71i 28.3 13.27
1934..• __ ~ 25.84 	 Continuouscorn .. _._ .. __ ._. __ .• 3.27 H.05 1. Iii 21i.18 .·12 a.oo 5.7:l :\6.02 .112 .85 12.05 ·lItO 81.60 

Hotation corn (plot Il) _ 1. 5.1 11 1.20 8. W . ·17 3. 05 5.00 2\).61 .75 .8·1 0.04 37.:1 41. 60 8 
17.4S Continuous corn.... .02 0 a 0 3. H 02. SO 2.52 If>.:\7 1.20 3.0·1 7.27 41. 0 82.21 

1035..... .. 

1936..... . 	 z
Hotation corn (pial 7) .18 0 0 0 2.38 34.87 2.16 n.38 • ·12 1.5-1 5.14 21lA 45.79 Ul 

193;.......... __ • __ . __ 19.30 Continuolls corn.. . S·I la.47 3.59 45. :1:1 .49 2.:\-1 1. oil 8.!J0 .48 .03 0.!l0 35.0 70.97 
Hotation carll (plot 4) .7S G.45 a. ·IS 310!1 • 12 . 18 1.02 .3.:)7 .lil . lill .5. III aO.5 ·11.69 H 

1038__ • ____ .......... . 22.2.1 Continuous corn... . 2.55 IS. 1,1 2. IS 40. ,12 .17 J.:l7 2.02 2:1. Uj 2.87 13.76 O. ill H.O 105.80 Z 
Hotation corn (plot 5) .. _ 1.55 7.'15 2.02 31.5.~ .07 .:I1l 1.iO 17.46 2.31 U.02 i.li5 :14.4 70.85 t:J 

1039 .•____ ... 21 •.17 Continuous earn .. , 0 I) .5. on 5:1. ·17 1.·10 2:3.!10 2.5-1 31. 52 .98 8.4·1 10. 07 ·10.9 117.33 
Hotation corn (plot 6) 0 0 :1.IU 10. ao I. 3n 8.57 1.27 S.82 .71 3.27 6.53 aOA 31. 02 ~ 

HI. 25 Continuons corn. __ . . I. QIi a.02 2. !)S .10.25 .46 2. OS 2.0:3 la.5t 1.17 7. a·1 7.70 ·10.0 78.00 Ul10·10....... __ __ 	 H
Holation corn (plot 7).. .01 0 2.01 27.01 . ao 1.30 1. 0:\ 7. 00 .02 5.02 4.87 25. a 40.36 o10.•11 Conlinl!ouscorn.. .. __ "..... .3S 7.5!) 1.,10 W.OO 2.02 62.55 2.,1r. 17.0·1 I.:U 2.1.H 8.2:1 42.4 127.31InH 	 ZHalation corn (plot.1) .26 1.77 .!Ja S.55 1. 03 15. !)7 I. III !UO 1.30 12. 59 6.-12 33. I ·18. 01 
I!). 13 , Continuous corn ...... __ ..... , 1.22 15.14 2.:10 32.08 1.51 2·1.28 .80 7.14 1.48 4.58 7.:I7 3B.5 sa. 22 (")1912....... 	 .,
I Rotatiollcorn(lllot5). ~~~~~~~~~.....::.::..~ 21.5 ~ o 

Z 
O·ycnr nycragr ~ 2il.lll 	ContinuollSCOrll........ 1.05 8.10 2.20 :11.00! 1.17 20.·16 2.57 19.5·1 I.,la 7.!iu 8 .• 121 41.9 86.S 8


Hotatiollcorn............. .50 1.79 1.78 15.10 .sn 8.00 1.!J9. 10.65 1.06 4.21 0.18 :10.7 :19.8 

._~ ___ t_~__ I___-;-_~____ _.~___..___ _,______~_~__..~_.~_______. 	 ~ 

t" 
:> 

J 	 Z 
I;:) 

::d 
t:J 
(") 

~ 
~ 
S z 

" 

-,{ 

00 jCt 'E,. 

1"'-= 
,~""'-,::,,-:.-~•.,....;.{t"~..,. -.,,-:.J.'>'.-";; ". ··.t .... n..'¥"""~H'.. - "~!i""ol ,""'. 
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TABLE'46.-Soil a.nd waleI' losses from three watersheds devoled to different land usc by 
quarters for the 9 years, 1.9311"--42 I 

l{uin- I Cultivated water-! .Pasture water- 'Wooded wnter
fall- 'shed shcd shed 

Perioel maxi- 1----,---...---1-------,.---1-__,.-____ 
~;:~~!i~~I' Hilin-!: Hun- 11 Soil Rain- :Run- j Soil RUin-lnun-/ Soil 

I tensity fnll of[ I Joss [nil! off I loss fnll of[ loss 

----19-34----- -;:"e.~ j-, per-I1--I per-I--, Per- )-I 
I!/Jcr hOl!' Tncl/(w C~lll 'PO!~8 Inclusj ce~tlI Ton:!} JllChe8~ crlli _ 'ron., 

January-JYIarch_...... O.OUI .J. 115 _0.51 1. /I 1 .J. 0,,( L.O 0.0("1 .,.0,,/ O. 1'/ O. Ull
April-Junc______ ..... ,5.041 G.2~, 11.2'1,1.030 0.23 0 10 0.23 0 0 
July-September._ .... __ . ·1.08 11.1"1 32.8 7.023 H.WI 5.3 .ono II.1£i (') ()
October-Decembcr... _.. 1.201 2 . .,:1 3. Ii, .020 2.'13' (J 0 2.43 0 0 

1 

Totn!. ____ .. __ . --_-.- -2a.s71-n~:;J.(J.,4 -2:1.8'7; -4:71---:157 2i.87 -:O:i--:oil 
3 

Janunr:;-71fnrcl:.0 ,; - 2 . .,01'''---~o:j IJ.·:I'-~s;I·~~l 3'~1! .01.; (i.n.1 0 -l'~ 
April-June_____ ._._ :!.r:~1 12.21 1 ?,?I, .~I.! 12.~11 O..~ .O?I J2.~11 0.3 . 00? 
July-September.._.. ____ ~.S,'I 1~'~'!1 .3,~, _Sl~ 1~.~,!, 1~.~ .0.14 1:!'~'!1 .10 .,00.1
October-Decemher___ . ..HII ,.0" O.h .01" 1.00j (.(j .000 ,."01 .00 (_) 

TotaL ___ .___ .~==-~rT~~I-:~-t:~~IJI~i . .o~ 'jI.27/1.0 .0110.2 
IOS6 

JanunrY_'Mnrch ._ .liO! 6.G81 22.31 .oall 6.08. 2G.SI .050 0.6sl 2.4 .001. 
April-Julle .... -- J. U2i 0.84 12, n, .101 Ii. 84 10. III .024 Ii. g'll 2.5 .002 
July-September_ . (I.:JO 13.1\1: :JIi.0 5fj.• 8,151 1:J.(iJ •., 2.!l .020 13.til. .11 ('J 
Octoher-Deeembel'. :':'~2 . ~1I'1--~7. 0,15, 411i1 __l.~!i22:..1 ~~ ...!!.:!~i _~~1I 

Total.--~;J7 c~-~~:,;L~~~J=~~:~li~..3~1=~~i-~:; ~. 1:J2 as,sol 1.~_.O~1 
1 

•
Jalluary-:\Inrch __ . 2.11; 13.·1. 6·1.51,1.012 13.27 lil.O • lOll [2.0. 20.'1 .028 

J~~~ie~~~jlibe;': . U~I.~:~~i 2g:~ :~~8 Ig~ 19.0 0. 0-11 1~:~~ g.7 0.017 
October-December.. 1.4·1 S. 731 5.ui .Oll!! . S.28 0.4 .003 8.28 0 0 

TotaL. -....... -~~::-:-:r4:f~:IOi--2S~I;::;:ooo .4'3:"53 -;.-0 .15a 42:"m 10. G .015 
1988 =I==i=!=---~o=,,-====== 

Jnnunry-:\Inrch... . 2 . .101 9 • .50i :l4.!!i .11)5 9. i7 25.2 .020 O .• 51. 4.1 .002 
April-June....... . 5.7G.'1 H.!!OI 13.!! .072 J5.03 15.8 .025 1.1.2.1 1.:1 (')
July-Septcmber".. 2.00' 11.l! 5.0 .022 11.14 7.n .008 10. i3 (') - (')
October-December 1. .j-'i D,WI 3.9 .003 5. J I 2. S 0 4.82 0 0 

'I'Ot31.. . - . . .:;. :-:-:I~-:-iat!5." ~:552 .J]:05 ]~ _.059 :l!!.30 - 1. 5 -.002 

JanUnry-MnrcI:9~~ ~;.~~II0.~~! ~l.pl... 13~ 10.85/ 33.~ .oq~ 19.1,[/ (')4•8AprihJune ____ . ..0.115.1.11 .-I..llt-.lO. 15.51 18.( .OG. 10.43 4.8 .004 

July-September __ .. _ '1.08 11.2Q 28.5'13. iOO 10..13/20.0 .085 10.00, 1.5 .003 

October-Decemher... - __.2.10 .~:!_a.3 _~~s ___ a.O[ _4_.: ~~. ~1_O__o__ 


'rotnL ______.___ =~I__ -13. 02/';--I.,j /31. 710i_~=' 70 20~L 212 42.201 3.3 .007 

1040 I I i j I IJanuary-March --.. . ~Ol 7.241 !In.21 1. 3=3S: . 7.5G 32. r. 0 i.Ol 1. Ii 0 

April-June ________ . 3.12, 18.2-1[ 2.5.312.120, 19.2(i 22.(j .Oa7 18..19 13.0 .023 

July-Septcmher____ ".2[)1' 8.55: ](I.il .105! 8.19/ .1l510 7.0-1 (2) 0 

October-Decembor. - ~,~~j _ 11:.'1 .0331~i~~~1_0__0__ 


'1'otaL ____ . ... '-_:::.::.::._:_:1 42.501 20·!lI~i '13.0il~1 .0'lOl__'_Il_.I~~ 
-1041 l--i~-I--I---I~----1-

~un,!ary-?-rarch...__ ____ .GOI ~.lOJ 10.0 I .oogl ~'~~I .25 0 ~'~~I 0 0 
,lpTlI-June_.________ ___, 3.601 ,.04/ 'OSIO I 1.8G 0 0 ,.(.1/ 0 0 
July-September_____ .. _ .. I 0.24 11.30 8.2 .080, 12.U5 6.5 .034 11.3i .10 (')
October-December .__ : I..H 1 7. OS 2.0 .Oon' i.40 1.0 .OOL •• 40 [) 0

I I 
'1'otnl.._. ___ ..... !-=-~ ~-::-.-;"'2ii7s~ur-:-ii;7; 31.32 3.2)' .038/'2!l.32 -----:o.i (;)1

194£ 1=-=1=1='=1 '===1== 
Jnnuary-~lurch " .. - ..i 3. -lSi 7.201 23.3) .5201 i. 3011•. 1 (') 7. 11, 2.0 • 000 
April-Junc........... _ _.. ,II 'j.50. 11.011 2:1.a ,15.335, 12.'13 i 12.. 3 I .02:1, 11.01 1.4 .001 
July-September .. O. flO: 0.0-11 5.6 . 80S1 U. no' .18' . OW ~. 6-11' .03 0

October-Decemile~~:: ... i"':_44:.~.~~!~.o! .1~~:--7~'~~! J().:! ('Jo.l .~'O~I '~~1'2 
TotnL ______ .. :-==~~~i~~i22:::.! 'O.Oi~L__:_~~ 
9-year nvcrog~. _." .. -... -.'=:-:'-~; :l8. OO!'20.0:17. 1 ill I :lS.31)1113."81.~: 37.35/'--a.2/---.-ou

I J I 'I 'I 
J See table 37, Appendix. 
~Trnce, 
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TABLE 47.-Soit moisture in various horizons under cornland, grassland, and 

woodland, 1989-41 


I 	 , ' l Soil moisture 


CrOP I Yeur Il!~~; !----I·~·T--i--i-- I I I "---1----'---1-
___ L __~! __.j!~l~ ~\:~~i:\~~~2~1~! July i~\'~:'!~1 oe~:J:o\" ])CC~


I i III. I 111. ~ 11/. : III. 1 111. i In. i III. i Ill. : In. I Ill. , III. I III. III. 

1930....._ 0-12j '1.10 ' 4.0S 3.S5' a.7uj 2.(,6, 3.,11' 2.!l6I, 2.HSI 1.9.11 2..J213.20 3.90 

/ 
! 12-18,......._____ i 1.891 2.04, J.59: 1.511, 1.(;0: 1.7·1 J.46 1.45 1.72 1.83 


1
: 18-:101. _____ •_____ f 3.29; 3.10: 3.011 2.011 3.0·11 3.20[ a.us 2.73 2.03 2.96!, i o-ag:····;;+--·::l 9.03: 8.00i 7.~GI T-?'! ~'9~; ~.!)2I' 2·q~ ~,\.~o T·~5 8.~i9 
; 19·10.... __ , 0-1_,' ·1...81 ·1.". 4.44" 4.401 3.oS: 3.", .. 0. _.31 ".0_, .. ,41 3.14 4.39t' 	 I 12-1~ 1.D1 l.llS: 2.00! 2.21, 2.01: 2.031 1.76, 1.33 LAO, 1.tH 1.7:1 2.15 

! lS-:10, 2.\)0; 3.57i 3.2:JI 3.IU 3.0~1 !l.301 2.90, 2.7Sl 2,88' 2.8(; 3.00 3.34
\

Corn II o-~gl n·!~1 1~.~2 (J.~7i U.~?! ~·q~i ?,.2~i '.;'.2.,,;.111 ~.-t2! ~.O~I ~.~l ~.:!? n.~ 

.' 

19,11 ....__ 0·1-: ,1..01 n..4 ·1 •• 0 3...1, _.to" .. 3.1 " _.081 _.011 .. _9 3.la 4..5 


, 1~-1H! ~.~~: ~.07i .1. po: !.7!: ,1.59 ' ~.~!" 1.731 ~.~.! 1.43 1.49 ~.55 ~.:2 

lS-~OI ,1. ..1 .1.·10 ,1..131 ,1.1." .1.01 1 ,L_1 2. 92 l _.,$._____ 2••0 _.90 ...),

1 

'. • 	 \ 0-30 Hl.,1~!' IO.~II !J.~I?I ~.I}i ~.:!tl S.~51 7.24,f (;,2°1 ______ 1 0.48 ~.20 S.9~ 
3-, r. "'-_. 0.-121 4,"10 ·1.,0, .1..1.1, 3.S.1, .. 0,,, 3.031 2.691 2.46 2.21,12..18 3,60 4.18 

~ 12-18, 1 I. !lSI 12.02 , 1.931 1,91)! 1.731 1.7111 170 1.47 1.46 1.52 1.07 l.S9


1 1~-30:'3.I·J 13.4Si a.2-~! 3.151 3.02: :l.J.I 2:0S ',2.9212.78 2.70 2.94 3.00 


I 0-301 9.501 JO.20; !J.s,H s.071 7.72( 5.451 7.:17 U.S5 '6.45 0.70 S.17 9.Hi 

193\1 ...... 0-12! .1.711r ·1.9·1 '1.7111 4.71 3.24! 3.61l1 3.32 3.20 ],90 2.00 3.92 4.25 


: 12-IS: 2.24 2.2!l, 2.39i 2.30, 1. US: 1.90: 1.\)5 I.SR I.UOI 1.55 1.94 2.23
I

'lx-aO; ;1.61 1 4.011' .1.1 Ii '1.la'l 3.7\)1 3.00i 3.50, 3.57, 3.52. 3.25 3.·j2 3.09 

I O-;\~, IO.G:!1 11.~~: Il.~r.! 11.!·j 9.011 \1.24, s.sa; li'f~I' ~.021 7.45 p.28 10.~? 


19·10__ . ~-L ~.GII ~.s~ ~.!.~: t"!;i ;!.1.~, ~.:!!I 2.83'1' 1..18 •. ~I .. 2.liO p~ t.~~ 

L·1S _.1\' _3" ...1,., .. ,1_, .. 0.• •••v: }.~~ 1.·1i, I.oS l.61 •. 03 __ .9 

18-ao: 3.,21 4.31; .1.121 '1.35, 3.741 ·1.07' a.I"1 3.14! :1.3S :U:; 3.55 ·l.1S 

0-30 10.50; 11. '1~: n.l '111. 5:)1 0.93: 10.731 s.481 G.531 7. ,17 7.5-t O .• iG II. 00
Hln ~- IU·U ...J;!rnss !~-l~: ~.4~f ~.~{s: :~~?2! ~.~:~ 2.~~! 3.(!li 2.74 1 ~.~gj ~1):Og~ 3.25 ·1.42 4J·.~lg 

so<l I~·IS, .. :;_, ".~o ...l~, _..I !'~"I !.?~: 1.701 !+I "1.51 HI. ".41" 
IS-30, ,1."J: ,1.31 4..!h' ·1.0;1 .1. IS: .l..).l. 3.4.li 3.61 --·.-, 3.nO 3.. 11 " 
o·aoi 11. I:!: HJ.~!I II.~I: 1O.0S1 •• !IGJ II. a!, 7.SSI •• ?!irl" •• _:' S.:l(j U.!l9 9.45 

:J-rr.n\'. (H2, .1.1>;/ ·l.iI ,I.,." 4,.431, 3,.10: 3,oS., 2.901 2'''"'1 2.·1" 2.8:1 4.11 ;1.34 
1 1~-!8: 1'~~ 2.~! 2.:l~ji 2.3!, !.~~ 2.01! UU, ,1.04 !.:~I 1.56 ).93 2.10 
I. IS-30' .1.8a 4.2.1, .1.2.11 '1.1'1' 3. ((' 3.S!!1 a.57! 3.,H i 1 3 ,,01 3.39 ,US J.8G 


0-:!0,10.71i! /1.25 11.33110.91 s.onl 9.771 h.311 •. 06, i.G·li 7.78 U.62 10.30 

19311 .. i (H2; 4.,19 ,1.71, 4.42, ·1.31 3.651 a.IIS, 3.7.. 3.58i 2.121 2.14 3.77 4.07 


; ]~ .. lRi 2.14\ 2.lfi, 2.00f 2f~3! L7f>i 1.75; 1.7411 1.7S: 1..1fj! 1.1(i 1.74 1.89

I Is-an, 4.05' :J.92 4. ;;7, .1.22: 3.80: 3.701 ;J.65 :1. .131 :1.0,51 2. iO 2.!!S 3.31 

I (HlO' 10.r,': 1I1.7S 10.8S: 10.6G, 1l.20 !JA!I] (1.151 8.70[ n.Gal 1;'00 8.49 9.27 


II/til. , 9,-12 4.1~, ~.~9,' ~.;~I t·281 ~.3~1 ,LIO: 2.94: 2.4·1. 2.;15\ 2.00 ~.15 4.40
,I.-Ib, 1.90, _, __, _..8 •• 111 .. I., 1.99 1.02; 1.41: 1.39, 1.31 .. 00 2.20 

: 18-30' 3.73! 4.22 4.·17, '1.23i ·1.27, ·1.131 :UO: 3.03' :l.311 2.98 3.54 ·1.30 


Woods i ! 0-30: 9.86' 11.0·1 11.20 10.62: 10.751 JO.~2, 7.951 G.SSi 7.08 (j.35 9.78 10.00 

!, Ul4 1..___ . , 0-12i 3.77 ·1.07: 4.G,I: ·1.3L 3.80, 3.7»1 2.3~1 2.42 l.iSI 2.fi5 3.71 :J.1l3 


12-1S, 2.00,1 2.32, 2.111 2.151 2.031 1.971 1.48, 1.4S1 1.101
, 1.40 1.58 1.87 


; IS-301 .J. 11 I ·1.56 ·I.·ili ,1.'151 3.031 4.09; a.1U] 2.99' ______ 3.56 3.33 3.22 

: 0-30, 9.97' 10.95 It.:lli /0.1)11 0.761 o.~41 1i.9.li n.SIl, ...___ 7.61 8.62 8.72 


:J-yr.fiY. 	 1 0-12, ,1.14 1 ·.I.4(j1 4 .• iO 4.301 :1.0·11 :1.05 3.02, 2.8Q 2,09 ' 2.28 3.SS 4.0:1 

112-18; 2.0G· 2.23' 2.IU 2./31 1.07, 1.90: 1.Gli 1.5(\1 1.32 1.20 UO 1.9S 

,18-30, 3.Uli! ·1.2:1' 4.44 ·1.30 ·1.00' 3.99' :l.3Sl 3.15p3.1S1 3.0~ :l.28 :l.61 
__~ ____ L~~~~~~~(j! lOU2 11.13 10.73: 9.U11 9.S·I! S.OII 7.52, 6.501 (j~~ S.9~L9.62 

1 2-ycnr n\~erngc. 

TAJjl,E 4S.-lnilial /'1m dolo. grouprrl uy periods. flom infiltration slud1/. 1938-40 


RoH JIloistUl"P Infiltr"tionJ 
"-.-', ~()~I 1 "Oi!,·! O-G r.~12' 12.1~i··l'irSI,:~-r('OIJ(11 Third "-·'I'otDI 

.\ir , '\\ alrr ' .•It 3 .Ill I. , iuvhps,' iu\'ll('s iU('h('''' hoUl' I hour I hour 3 hours 
I i IIl('he:-:;~ mdll's, • • , • f: • 

I --.--~i __ . _: . _____ ! ~_~ ____~.I..----._i __ .~__ l_._~,_____ ~__ 


, 'I, ! i i II/ches : Illches I[nche., filches

I oF. 1 op. 01". 0p. i Pct. I 1','1. , Pel. : per/IT. 'jltthr. l.lerllr. ·wrhr. 


Jan. 6. 1939 ._ .1 ,12 60 I IS, -In' aO.5 2;'. G i 2;'.2, 0.324 0.229 0.237 0.263
I' 

FCb.H.1930 .... 1 52'1 50,_.' "j'31.;',2(i.3j25.2:.77G .O.li .UOO .075 

Mar. 13. wao ___ . I 37, 57 50 j 48 3·1.2' 27.5 I 28. 0 .025 1 .034 . ()43 .034 

Apr. ~4" 1?40 l (jI! ~!j II ~~ I '~? 1 :~;1.~; ~!i.~! ~7.~ I .~~fi f .~s~ .O~Q . !~? 

Apr.•0. 1.)39 . 1_~i___"l_'_~i__(j_'I_:_~L~_'~:-_ ._.:._~.::~L.~ .~~~~ 


Avprngc ... _~!..:__~I__ 5n 1__~L3-= ()J-=~::> L~::.I~I~I~ __:.~.:.J~ 

May 6,1040 •• , 72r-'US 1- -iio-I -5;-I'·2T~3r~L]-1 USfl.:J!J:l \'--:'74.1- .70·1 II . U(i( 

1I-1l1y o.1I)oIO' __ •__ 1 6·1 G,I I fil, ,in I 27.41 22.81 23• 4 , l.5r:! .848 .793 l.072I 

:Mny IS, 193U ____ • (is S·! I 7!1 I 70 I 10. I 20.2 22.0 I 1.0·10 • ·.!ill . :J5U .827 

Julle7.1938._.____ 08 --,,-,--1 05 '--'--'1 27.8 23.5 23.0 t .tl10 .301 I .270 .39U 

J\lIlC 7, 193U....... g'l I 94 93 I 84 19.9 li. 7 19.2 2.5GU 1.151 .952 1. 555 
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TAlll,E 48.-InitiaI1·7ln data, groupecZ by periods, from 7'nfiltraUon study, 1938-.J,0-
Continued 

I. 

'[\'mpC'rniurcs Soil moisture Infiltration 

Dates 

I I . I !. I 
Air Water i~rt i,~t:/1L ir~~I~('S i~~l;csi fi;;~~s! K~~; f St;~~~d '1;~~:I' ;1~~~~lrs 

-------,1--------1---1--1
---'-;:;:;:: IlIche., 11-;:;:;:: ~:;:: 

lop. I op. op. °P. I Pct. I PeI'j pct.ll.perilr. perllr. JJerllr. perltr.
Jun~I:!,lU~O .•.. , !!~ Ul ~! 7Jj ~O'QI2?i ~(j.~ 1.441 0.~9? O~?~I ,.!j~
.Jun~II,19.'8 .•...• bb(....... _. (1/ " ___ " 28.1 2.1.0 .3.4 

1 
1.llll .642 • (,;j, ,,01, 

JUnC27,.J,!l38::.... ~: .:.::.::..:.:.:~II'·~~·II :~.(~ I ~::'2'1 ~~"1! .~2 __.~~3! .~~I f_·~5 
AHrngc... I. 80 ,0 u, .6.(, I ••. 0 .3.·1 I 1.3281 .6,2 .6.·J I .8/.1 

Jul~'18.1\I:J8 .•• __ -081.....:-:-=fiSI~~":'~ 22.:;= 18.2' 20.01 1.108['-.241 .170=-.528 
.July H', 1930•• ____ , 73 SIl 81 ii I 21.S 19.6 22.01 2.606 1.4-14 1.28.1 1.798 
AU g .8.W3S._ .... j ' S2........ 71i .. __ .. 1 :10.7 20.U j 25.7: 2.0U,' I.S30 1.747 1.701 
Aug. W. W4!), ••. 110/ 82 84. iii' 9.211.011:1. .-11,';1,1021 .a03 .21:1 1.20U 
Au!!. 29. HI38 .....1 78 .. __ ... 70' i3 11.9 .15.3/ W.2 3.10"/11.2;19 

1 
1.101 1.8-14 

Aug. 30, LIl30..... 78 . 9~ 81 I 70 17. nilS. (j W.6 2. aa" . 909 .788 1. 3.la 
. . 1--_-I--·-i----::-f 

--_:-'----.--.-" -,-,-'-0-'--;; --,-1--,--
A\cragc" __ 1 /S j=~ 8, i ,'...L Ibll9'~1_18-- '_'O·~i==-!I:.. ..144) .00'!.. __ 1.418 

f'cPL.20. was. __ .. ) 581...' 621 64 

1 

' aO.7, 25.3 i 2,!.0! .!HI I .580 I .540 .(iS7
Oct. 10. 1!l3S ... li3 73 I 59 i 5il 20.•1 I 20.2, lD. tl I 2. nns, 1.3,2 1. 222 1.7.j'! 
OCt.17.!93tl ..... 4HI liS I n'IL ____.. 12.:1114.2117.1;12.32'1 .:130 .217 .000 
XO\•• I,l!las...... ' .17 50 ;;n 

j 
l 5:.1 W.Ii,' J!I.s. 22.3: 2.407 .UUI • 83:l 1.400 

XO\'. 14. 1!I3v .. __ . .!.! 411 ·11 ·11 'I 28,2 I 25.0; 25.0! I.a!l!l .86:1 I ,80,! 1.022 
Xov. 22, !9ag·--"L~l~I~,~_=-~I.~L 2·!. ~i~,~~,__~ 

A\'Crnge .. ,_j 5-11 61 1 .151 .14; 23.4! 21.7! 22.411,7571 .752/ ,(1,31 1.01l0 

r 

TJ\BJ.E 49.-Sec01d (wet) 1'1In data, grouped by periods, 
1988-40 

froll! infiltration stuely. 

Temperatures Inllltrntion 

Dates I Soil at 
Ai,' Water. S.oil at 12 First Second 'rhird 'rotalj ,j Illchcs inches hour hOllr hour ahours 

----------+--1---1-- ---'~1Ic"e,~ - ---;;;;;:1 i1lche8 11Iche" 

o Ji". 0 F. 0 P. 0 P. 1Jer hour pcr hour per hOllr 1UT hour 
Jan. 7. 1939.... _. ___ •• __ ... _... 48 45 43 46 0.21.1 0.182 O. .165 0.187 
Mar. I,!, l!139 .. __ •_____ • __ ...._ 50 fJ.! 52 48 .O(l!! .0.;8 .0(15 .064 
Apr. 2.1, 1040.______ .. _...______ 59 57 5(1 48 .627 .500. j .41i:J .526 
Ap,·. 27, 1939.._________ •______ • ~~I~__O'_! ~~~!___.4_1_1 

Awrngc________ • __...____ • -.!!!!..,__60_!~~!~~~I~ 
Ma,' 7. 1!].\0... ________________ i-ro~ -02 --56-,-----::;05' --.-3-11- ----:3iS ~ 
May 10.1940.,.,.__ •• __________ 1 Oil 68 64 51i .539 .42.1 .4131 .450 
?,rllY 19.1939__________________ , 79 UO 7(1 70 .273 .2:10 .2:181 .247 
June 7. 1939 _______________ ..... 80 82 88 82 2.068 1.748 1.613 I. 810 
JuneS.lfI3S_______________ •• __ .j ,JS 62 .307 .236 .2:10 .260 
June 18. 1938••____ •_____ ... ____ 

1 

71 ______ .. (is ______ •• .727 .609 .657 . (l6,! 
Jnne 20, 1940.... __ " ___ ...____ 72 82 79 72 1. 031 .858 .896 .928 
JUllC28,UI38••• ____ •____ •• ____ , 71 _.______ 62 .397 .349 .372 .373 

Amage__ .. ___ •• ___ ... ___ ./"'72 ----;0 ---;:0 ----u7~~~~ 
j====='====Jlll~'19.1038__ •___ •• __ ..._____ .! 76 72 .220 .20·! .In .l!1O 

July 20,1939_. _______ ..._______ 70 77 81 ii 2.154 1.858 1. 783 1. 932 
Aug. 9. 1938. ________.._____ ... sa -----S-3- 77 '14 1.614 1.511 1.531 1.552 
Aug. 20, 1940_____________..___ 75 82 .353.249. 20,! .26[1 
Au~, 30, l!Ia8 ........ ____ ._____ 81 73 74 1.910 1. 718 1.743 1. 790 
.AtJg~31JI039_ .. ~ ....... __ ... _________ iO 97 81 79 1.030 .838 .820 .S9S 

A ycrago ___________ ....____ --.;:; ---,g;; ~i-----rr,1:2iO -ui63 I:o.l3~ 

\ 

, 

Sept. 2J, 1938··.... ___ .,_____ .. 1 
Oct. 11, 1!138__________________ • 

1 
Oct. 18, 1039___ •_____________ ._ 
Noy. 2, 1938.. __ ...________ .... 
Noy, 15, 1939.. ________________ 
Noy. 2:1, 1938______________ .. __ 

52 
i4. 
54 
61 
IH 
29 

61 
72 
50 
57 
00 
41 

59 
61 
48 
50 
46 
DO 

63 
61 

________ 
54. 
40 
50 

.5-14 
1. 072 
.101 
.062 
.547 
.259 

.271 

.913 

.131 

.4!18 

.407 

.107 

' .275 
.1103 
.127 
.462 
.405 
.167 

.363 

.962 

.140 
,541 
.4.13 
.178 

.'\.Ycrngc___________________ M~--53-1~1-:5ll--:ass~~ 
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'r.-\nJ,E 50.-Rale oJ'injiUral'ion on Jrozen soil 

Temperatures Soil moisture fntJItrn·I 
Depth Lion 

D te (frozt'n) I Surface conditions (st'col1l1 

a Air iI~~:L i~\~!~S iI~~'s d,~,:gs I j~~:i:&)S Waler 

o P. P.0 

Jnn.31, 19~IL •••••. 3~.9 34.7 
Feh.l. HI~O ........ 33.S 32. !I 
Fcb.12.1940 1 ... 501.5 ~ 

Awrngt·••••••• ~~ 

------ --;;: -;.-; ----\---- .\ hlcl/e8 

0 t. 0 F. ce11t celli Inche.1t 1 per hour 
2S.~ :10.2 :;.;04 22. !I 111 i...................... 0.051 

30.2 31.1 40.7 22.6 to :........... , ..........1 ,063 

32.0 ...::~ a.!.S._::~.....!'::~:~J Thnwed hinch••••. ~ 

;jO.2,:~!.... 37.0 . 22.•~J.::.:.:::.:_:.J ..................... ~ 

Jnn. 11.1940._ ••••. 
F{·b. 12. 1940 r..... 
Fcb.2S.1940••••••• 
Feh. 29. l!l40....... 
~\rllr. 4. 1940....... 

A"('rage __ •• _•• 

~rllr.I:I. HI·tO .-... 
Feb. 25. 1941. •••••. 

:15.0 ---:i3.8-:lO.2 ""3:1.-:';- --.15.0 -22.61---:;:::5l .-.- ..... : ..........I~ 

54.5 4(\. (I 32.0 32.0 2H. (j 2·1.7 12+1 I '['huw('(1 ;~ inch .•••. 1 . 159 
:14.0 33.0 2(J.O 32.0 3\1.7 2!J..I 4-61.--- ................... 105 
:lll.• ; a.i.5 32. (I 32.0 40.7 22.!1 4-(1 I .. _.... ....... .•.... .OP2 
35.5 ;j.1. 0 3t. 0 32. II 311.0 23. I I 4-1i i Thawed ~.i-lj,1 incncs . .0114 
~~-----i---·~l--·-·-I 1
_	39. :.., __ '::0.5! :10. S_...:J.:'~.J_~. II 1_ 2:1~~i~=.'.::::,' _....... _........_.. .120 

·17.n I 45.0 l32.0 I' :l5.0 I 3!).0 /27.91' 0-2~;J ·rhllwe<lI~~illchcs.. .f.sO 
:19.2 4:1.5 :J!l.n :15..; I' 41.-1 2:1.5 2'..,,:1 1.......... ·_... __ ._._.1 1.101 


F~b.20.l!IH•••• _._I~L~~I~.~ 27.2 2k:J ..................... __ .~ 


A\'(.rngc._ ••• _:!40.2! '12.:11 :J2.7J :Jo.oj :J!J.Sj20.2/ __ •• ..··_I_·······_·.. I .010 

, DifTcrCnl gl'OllllS of Cy!illtlCI·S. 

TABLg 51.-80il and water losses Jrom differcnt slopcs oj 111uskingwn silt loam I 

[Ruill·siUlnlnlor sLllIliesj 

Dry run, 1 inch nt -I .inches 
per hOUf 

Slope (Il('relnt) 

HllIlOH Soillo<s Inl!ltrn' . • lIOn 

-------1-------- 

2.9.•_._ .. __ 
2.H~.~.~_ w_ 

·1.2_K .. 
·1.2•• _.. ____ •___ __ 

J'-.verngc_ " 

15.3.... _.... __ 
15.:L.._ ... ___ . 

18.7_. __ ............ .. 

18.7•• _.•. _._ ... __ ... . 

P01/1I(/8 Illches 
Percent per pial '/ler haul' 

53.S 23. \I J.49 
62.3 20.·j 1.19 

.'S.O l.a4 

II Wet run, 1 inch al. 4}~ inches AYcrngcs of hoth • 
per hour runs 

HUllOH Soil loss Inqltra· RlIIIoH ISoil losstlOn 

POl/.llds 111che8 POI!'1Ids 
l~ercelll per plot pcr hOllr Percent per plot 

82.•; 22.4 O••;,1 OS. 2 2:J.l 
7n.:J 33.• 5 .05 70.8 27.0 

80.9 27. n .5!) 60,,; 25.0 
=~=~-====== 

61.1 :14.0 1.28 sa.a .>0.1 .52 72.2 -\4.8 

__5~ ___=_~1--~~_2.~~~~ 
__~I~t___~_ 711.S ~_~~~ 
~--7Q.61~ - 81. 2 -l:l:0J ------:fiiJ ~ ------wLs 

52. (i 03. 7 1. 5!) 83. 7 122.0 ..53 e.s. 2 02. 8 --------._---------------------- 
52.4 07.0 1. 55 82.4 127.5 ..50 07.·1 97.3 

========--=.=...--== 
(i5.5 241. tJ 1.09 82.5 220.0 .52 74.0 235.0 
07.0 329.0 1.07 80.0 22i.O (j') i3.5 278.0 

00.2 285.0 1.08 81.2 228.0 .5i 73. ., 25{).5
=====:::====

0:1.0 li1.0 1. 31 8·1.0 233.0 .5:1 i3..5 202.0 
liO.5 232.0 1.20 81. 5 :Hl.O (j" 74.0 280.5 

I-----I---------------------------
Avcrngc ... ~ .. ~_ (;,1.7 201.5 1. 25 82.S 287.0 .57 73.8 244.2 

======== 
22.5.... _______ ._._ .. _ W.li 218.0 J.(i!J 70.8 a91.0 .6ti U5.2 :304.5 
2l.6.... _.-- .... __ .. -. 57.1 248.0 1. 45 85.2 359.0 . 4!1 I 71.2 303.5 

A\'crage.______ 53.8 2:13.0 1.57 82.5 375.0 .57 08.2 301.0 

11/100'Hcrn plots of hure soil. 

http:Inche.1t
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TAllI,g 52.-Soll and water l()ssc~ jrom di.tJereui slollcS oj lVoosler silt loam 1 

[l{uin Sillllliulor Slll(lil'Sj 

DQ1~;I~JJ':~"; i~l:~ nl .lrJ \I'('r rUJl, 1 i/1('h Ill, ~!.:, i \\'c·t fill I', I inri, ,\1 n}:I I~:~~r:!:es of ~;I' 
iJl~Il!'S JlI r hO'~~~~i inches IlI'r hour - JJI~hl" pl'r JH!IIr runs 


Slop~ hll'rrl'llt} 

~'--T-"-'-1 [·_--1·__..····-- ~-·--·i--~i~--

uJl· t'{()lIltlSS,rll~lIrn.: Hun- " '11 . 'Illfillnl- Hun- ,.: Iii Jo"iJllfiltm-. HUIl- !~ '1 J .. 
011' ': lIOJl i olr '" 01 ()SS, tiOJl olr ,. l .. 1 UOIl l orr ;" 01 USS 

-~----.+ .-~--. --~---.~ ....... 

\ !

IJu _ ;POll nel.v. fuclus ; 

Wit 'Wr plo('pt'f hOllf, 


2.2 5&.0! 0.77 J1:!a 

'J') ~." ()O.3 lG.7S 1.~5

2:2. , tiLtI I 1-\,(1·1 t. 1·1 

A\'('ra~I' __ ' 1.21 . Sl.7 

0 .. ) 58"1 ~3. :1I 1.·1, I 77.s i IIS.·W • j~J -.) 6,5 .;.t.o rHo flU .1- itl. [) 1;;S.IlS ~ 77 

(t5 02.3 51. 2·1 l. 51 hU.2 

, "s.H ·:1, I 

~. _~~t. 

W' .) III.S:! 8·1., 1>111.71 .00· III 

lOA IKI.l Jfill.lli! .a:l MI.2 211. ,K1 .50 HI..', 1.;1. Oil
;al.·1 .~U. i 21:1.!l1 .a·1 st.s I~ I. I,; • \1:1 ha.l IS:l.I>~ 

1O,.! S'.I 121.·IS • ·11 VI. • 2·IK02 • 2-~ , ;;:\.:1 Hi. if) 

sl/.n 1Il·i.11 ·:1, t\\J.1i 'lJ.l. iii i • flU S'2~ 7 \ Ilin_H·1 
••••.___ f 

10.2 i!!. () lSI. fl2 .!l:l til. ~ 2~2. 71i · 2~ U:1.·1 :l-I5.02 .:1·1 xn.b ~iiU. tli 
·"IfL2 ili.n 32:1.;;1 .xl s:t, I .t.I1i.O' .0·1 92.0 ·wr.. iU ,·1·1 sa.s 422, nli 

lfi*2 HI.l 21)1.S1 . fi2 u2.:l ;!UO.Ilf) [ • ~j !IS. II 1i21l.1J2 91. r. 
\ 

425.9·1'" 

"--""",-""- -.-.--~-.-~ 

..A.\""rn}!(l. 77. ~ 25li.fll . it! "0. ain.SI ,an U·I~1l ,I". J I .211 SI\. U aj~.~6 

1 IfHKI-l1l'I'C pillts of "are soil. 

TABIJI~ 50_,-Soil (/1/(1 ll'I'lc;r loss(,s .1'1'01/1 slopcs planter! wil,h It'ileal l 

[Rnil1 Siltlllln[Ol' SlllIlil'''] 

I 1/200-ncl'c plots. 

http:1Il�i.11
http:1>111.71
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'l',\JlI,E 5'1.-Soil and 1Oalc1' losses froll/ slopes planted with soybeans 1 

IHajn simlliator s[11(lil's} 


Dry run, 1 iMh III 4'" W"1 run, 1 in~h III Pi , \\'('1 rull, 1 jll('h at flM A nrnj(I'S of all 
illcll('S Iwr hour me·h,·s Pl't' helllr incht's I,,'r hOllr runs 

.~-. -". -" .-"-.~---: -.~"-;" 
, 1 , ,I 

: It 1I1l-:';oill(lS5i1nf}lfrn' HUI.I' ~oillo.,:InJ!Hrn. Hlln- ,;, ill ~.' Inflitrn·' Hun- '.Soilloss 
, otf :0..; ~ ~ tL()1l i otr /' .." uon off ' .) 0, ~ tion Of I tI 

POUI/cl.y lllcile.' Per Per· jPoulId.') 
,pcr 1)/0/ per /tall r celli cwl iwr 1)/Dt

4.2 !. 1. all U.70 ~IJ. l 62.·1 l.n 
·1.2 1.:12 .hl 71.:J Oa.5 ; 1.05 
4.2. .5:1 !ii.5 53. Ii ' .Iil 

75.0 l.IS 

.55 ~fi,." \1.32 
•.S:l 7<~. 1 2.10 
.on 7a, '" 1. 2.5--.--

A\,(lrM!(\, I. I, 72.S 2.87 .OS iH. H 4.2·1 
_. 

J5.a '. I 

I
1f•.3. 55. (j HI. '17 1.3:i 1 h(}."·' 11.:n ,iii ~1. (} 22. f~,) .CU 73.2 : Ii ;;

15.3 fi.."'i.H i.IKl 1.0a 7(,.0 /j.hS .OU ~1.1 12.V!1 .61 72.0 : n. 20 
. -- ~--.-.-.-- _...-~ ----:~---.--,---'---

;\Vt.'faf!{" fi7. ~ U.1K UX 7S.0 !J.IO .iiS S2.H li.,1i .05i 72.6; 12.01 
-:-: - =.;:;;;;::l;:;=:;:~-...:...--::::.:::::o-~~ 

:'l2.b 7(1,11 [,2.01 .xi ~.1. I 2U,n~ • ,i:J S5.!J 51.20 •liS I iO.4 ·15.61
22.li r,:l.IJ HI. (is i 1.].1 ;"':!.Ii \,1.1-1 • flO S1.n aU.51i .S5 7».0 i 2LHS 
2:!.5 ~)U. 1 HI. 29 •!IS ifi.H I!UIIi .ml ~I.l Iii. US , • iiI 72.0 12.11 

..\ '·l'nlJH'. ()·I,fj 27.5' I.UO 7H.U Ih.2,I; .51 ~2.U 3:1.ii!) 

, !/iUO-!I('t'(' tll()t~. 
2 On (~Hch sloth.'. tlw fir~i fun wn~ mati(lut Ow liuH' wlwJl tilt' hl't1I1S W~fC one-thinl gfown;$ceond fun, wh(lJ)

lhoy· wenl full J!fown; third flln, \\·lHIIl tlll~Y Wl'!'t\ mntnn·-wlwJ1 hulf tlH' Il'H\"(\g hml dropped. 
1 Datu not snlisfnctory bt.Ic:.1ll5t~ ~UrrtH'l~ of till' plot Wh~ dblurhl1d Itl,ron' rUIl. 



" • C' .~, ,i" 

'*}.. ~TAB.\'\~ 55.-8oil ftnd 1t'fli('1' iosS('s frol/l Sil'-il)-C}'oJ)]){'(lul'ru$, 1936·-111'3 I t-:) -Hi:________.4__ 

""-----,.-~"".~..---.---- .~; 

Hninft\1l A n .___~_____ll' I_._--_ ..---- -------
(' b' 

~ 
Period Mnxi· ! I I 1--:::::'1 BIi , 

It . 11111lllf,. \ l' IT HUl/OIT <ioilios, UIlUOIt i Boil Joss HUllO!T I Soil loss i HUnolr Soil loss . 
J.\ mom ]ilinuft' \.uno Soil loss H,'l1ofl"t ~ 

HillIt.'llsity ~ j I t 
. ~ .. --~ '~--I---"----'-,-'--'---- f; 
'>~ 

i19BO Til r" f.' t" 

ll/<'!la j'm'",1 'J'mut PUClIIl 'l'oU$ PU('''/ '/'0118 PUCCII! '/'OU8 'COilS I. I'crecnt j '['onsI'" "UIIT to 
Jnnunry-!\tnrch .. _ li n~ 1.0~ la.1i (I. lUI 15.5 O. :!~:! .). - 0.300 13.2 O.12() : 0.132 j 33.] 0 .125 
April-.lune __ .""' 1.50 S.SIi.HI . • U~U .17.7 . HiS! i(~:.1 ~ 11.M ! • lOG' .7.(; i U.S .415 g 
July-Soptcllih~" __ < 1:1.1)\ . O. all 2·t7 1\. 2~3 '11.2 III. 03r. 10. :~~~ I 2·1.1i i -1.200 li.85·1 :. 2i.5 O. ·120 3 
October-Dcc('mb~" lLt\'.! 2.U~ l!l.n I 1.~lli 20.D 1. 3\;; ~!~::: : 1.01; 10.8 .:11)\) ~ 

-'~--.~~---. :~"-L_~L~ 
~ '1'otnl. 3U.2li n.:-Hi 17.·1 13. G21 ~n. t3 IS.llIO 27. a 12.:t.!2 i W.:l <1. nan 20. 'i S.•17 I 22. J j 7.S78 
~ i "=j=

19.'7 r;r.,
13.~(I I. OB 29.5 100S 2S, ·1 1. ~,l;i I - """ ... : ......... . 
 r;r.,

Jununry-l\lnrch .1:1. Iii I. liS ;llI.l .Olr. !!.·1.2,! .·I·li 
00i{ 2!l.S· .453i---:12X!-·- ':iiii;13. l~ I. lIS 

l-l.4!l ·1.51i 21.:1 tt'i,1} 2H.2 i.1I2 1 -... ~ ~ ..... 

,\ pril-Jullc. HHS ·l.5ti . ~2'),0 I 3.-·10·1 • 10.5 . 2.·1I1tJ 
> 

"{ 1·1.:19 <l.nG; 15, II i.Gas \15:6" . "'1:853 
So 00 2. 2~ : i. tJ • 1~5 7.3 17·1 rn- ".,- -"'-'-" JUlr-SI'plmu her S.3n 2.2-" 10. !l .lii2 5.S .012 ; .\ .-_._--....... . 
{ 7.1q 2.~S -1.1 ! .050 2A \ ,OG5 '0 
g.~:I. . 1. 02 'i 5.2 .OOS ·I.U _nos : . ----,I ......... 

Oclohc"-l)ceern be,' S.hl : L,U2 
I 

~. 1 .00. : 1.2 .00l - -,------ ...1--··· .. · .. ~ 
,!i ~. I. : 1. 02 

, 
.7i, .001 I 1.5, .003 ~ 

----~-. --i~-~- ----:--- 
!{ ·1·1.83 IS, J i. nsn 10. a ! KG·IO o

'J'ot,11. I 45. ~(j 22.4 i -1. 50S 1,1. \) i 2.057 r"j2. J.\l lz-_~~jJ::~:~:~~f,: .J3.liS 
1;;...~:;.~<.~~;: -=::...::; ~:;;;:-:-:;:>.;;:..-- --::-'-:~--= :"---==---=: 

I > 
lOSS o 

2.\).\ 
I 
, 11. \ . lOS 12.·( .ooa' 5.0 . .OS5 IS.O I .127 ES 

April-.1ul1(' __ Iii. 10 r -1. ~O 20. U S.7flS 1•. I .~(i' 11.9 .J. 5S!! I~, 5 i 2.S~! a 
July-September _. JI. 2:1 '{ fill S .) • :132 , 11.2 .0(12 i (;.2 ,~!l il.·1 I .4 ..a 
Octobcr- P('celll her 5.05 j:!!O a.o .0:11 : l.l_ ._._~~2J____ :2?'_ ~ 
JIUlUIll·y-l\\llrch. , O.RO 

.02:1 ..10, .005 

~l'otnl. ·11.18 .1. 20 ! 12.0 . 'i. 50·1 i 12~ n 11. 2~'lJ , 11.0 1.057} 7.5 j 5.2'01~1~ g 
i--,-~"o~=I=-"-==l= t;:1 

1939 I , 

Jnnunry-MnrclL _"" •• 10.32 •on ! 1. 1li5 : 2ll.!J .m12 ')'J n 
, 
I '"'00 

, 
t .101 , 22.01 .01-11 :l3.7\ .G15 

April-June••• ,.,."" ___ 15.70 2.52 ~t~ i 1.1l15! 21.0 1. (}21\ 2:': '.! ~ 5: 52.\ 1 5,1\\)0 . 18.-1 .Gi9 21.7 .666 

,,"- :3 tf 

~--··<~~5~--'t~,itf 



" 1- fi '. 

luly-Soptember..._ 
Oetob.]r-DeeembeL.... 

'1'0(01 

1940 

Jllnunry-1I1areh .". 
April-June ....•.. __ 
J uly-Scptcmbel' •. 
Oetobcl~Deccmbcr.. 

~rollll 

5·YNlr n n~rngo. 

1941 

1Ilnllory-Mnrc'h . 
.A pril-J II 110. • 
lnly-S,·ptNllbm· . 
October-December.. 

Tolnl 

, 
'1 

-.,j 7.24 
18.OG ! 
8 o'j ,
S' ;;~, I 

42.H5 

42. OS 
'.12.27 
41. 05 

~. ~~ 
(.~S 

12.22 
;.H~ 

:lO.07 

4.20 

. lin 
3.(;0 
0.2·1 
1.+1 

Ii. 2·1 

27.1 

lU. (J 

~ ]5·1 I 

2.3il i 
. 2~1 
.110 

2.S50 

7.120 

:1O. G 
j.U 

3a.2 
37. fi 
II. U 
21.:1 

28. i 

22.1 

.12·1 
2.flHi 
.1BIi 
.13B 

~.tHi7 

So rl2r, 

31. ~ 
a~. ·1 
H. i 
13. i 

2H.n 

:!2, Ii 

I.l 
LH 

al.s 
:1.:1 

15. r. 

:I.miG I 28.0 I 
:1.7 

3.072 26.0 ! t.li·1 i 27.1 I 1.017 
• 2\)2 0.4 I .!l3:l ! 2.0 , • 015 .:.~~I~ ____- . 

17.1 It 7.55 1!l.8r~2.500-r·~j---;::jj3Ill.OS5 

~ 7fJ.l 
3 ,Oil 

.51l1

.2as 
~1. !lSH 

Ii, iI(il 

.!IJ2 

.21:1 
1. Ui{l 
.UZO 

2. ~ti-I 

C"~=-="~=~~ .'-"~='=-'-='''i=l'== 

26.0 i 1.3:15 I 2S.Q .00·1 .f3.0 .120 
28.S: 3.220' 32.31 .7:lll 35.7 1.238 
n.7 I .2RO 1.6 

1 
.003 I.S .012 

5.0 ; .OS8 . Ii. 7 .010 I 10. it .018 

20.'0' .-- -,,:9:i:iT----;;Q.Sl-- :Sas i-·~i--i. 388 

If!. 2 

·I.n 
.30 

JO•• 
.2S 

7. n 

-J.IHZ 

.OUI 

.007 
o 71i 
.!JOI 

.725 

i•. o 

17. ·1 

iRO.; 

0.7S0 , 

~;:.....--=~ 

20.2 : ----;i:57i 
,.~-"-;..:-":;-'~-~::;:= 

.003 

.151 
8.53S 

.OOS 

13.7 ' S.700 

~ 
< 
~ 
rtJ 
I-;; ..... 
o 
~ 
5 
!Z 
rtJ 
..... 
!Z 
t.".l 
::::l o 
rtJ,.... 
o 
!Z 

J9·f! 

Jnm!nrr-lIlnrrh .. 
Apnl-.lllne . .. 
.1"1~·-Scpt.l'mher._ ... 
October-Dec,·mber._ 

- "0 I 
12. " -I:{ : 

_ 0.00 
__ .. 1 a.a'l 

a,·IS 
-I. 51i 
n. tlO 
1.44 

1'0(;\1 .•• __ .•.• __ .I~Gil-~G·-
:.::;;::;::::;::':;~"-

i·yenr Ilyengc __ .. I {-lO.lO----I aO,S7 

I Sec tnble 3S, A ppcndix. 
2 ~rrnce. 

!w.u 
211. :s 
s.~ 

II.a 

17.1 

21.0 

.:iSS 

.21:1

.I::'l.Uo( 

. UUl 

5.2!.!;j 

DA 
S.3 
L·I 
I.-l 

5. J 

la.n 

• ISO 
.{l5~ 

.OSI 

.000 

I. Hl2 

a.lion 

2~.1 
21.G 
10.,1 
10.3 

17.tI 

li.2 

1.152 
.510 
.202 
.023 

I.nsa 

.1. ·1G2 

3·1.2 
HI. 2 
3·1 

17.11 

17.S 

Ill.2 

L 1;17
.;m 
.088 
.!l2·1 

1.5Sfl 

·1.020 

o 
o 
~ 
..:: 

~ 
t' 
::
~ 
l::' 

::>:l 
t':l a 
~ 
!;;;J,..,
::..:: 
H 

~ 

<:.0 
C/.:) 

.~w,~_""",.."..........·;",._-..~"._~.,_.f"_..r_~...-,.•,,,_~ .._r"'.-·,,_,,"''''o-J~'''"''''''.....___,__....".......-""___«~_""" .."..~..-,._."'.__""'""'••"_,~..._"".~,.".".••_,~~,_...-..~.......... _,~. 
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