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SUMMARY AND LAND USE RECOMMENDATIONS 

The loessial soils of the Missouri River Valley werfl broken out of • 
the oricrinal prairie vegetation from 60 to 80 years ago. In this rela- • 
tively short period of tIme as much as 50 percent of tIle original fertile 
topsoil has oeen lost by sheet erosion. Sheet erosion has done the most 
damage to farm land; but gully erosion, particularly in the steeper 
area adjacent to the bluffs, ranks [1 close second. Gully development 
in these soils is almost phenomenal. Gullies cut back several hundred 
feet a year in places and make it necessary to relocate roads, bridges, 
felices, and farm buildinO's. The large gullies are most spectacular 
because of size and difficulty of control; but the smull gullies and de
pressions that are developing in practically every cultivated field cause 
far !!Teatel' loss of soil productivIty. 

The investigations at the Clarinda Soil Conservution Experiment 
Station were designed to determine the factors affecting runoff and 
erosion and to develop methods of control. Four pr.imlll'Y fuctors in
fluence erosion: (1) FJl.:nfall-amount, intensity, and distribution; 
(2) slope-length and degree; (3) vegetation-type Lmd amount; (4) 
soil. There are also many secondary factors which directly or incli
rectly affect soil erosion. Among these Ilre the I-year tenancy system, 
the large proportion of mortgaged land, and large Cttpitl.ll investment. 

Runoff and erosion increase with intensity of rainfall, if the amount 
of rainfall is constant and sufficient to cause runoff. Likewise with 
intensity of rainfall constant, soil erosion increases as the amollnt of 
rainfall increases. Given a definite amount and intensity of rainfall, 
l.unoff and erosion vary widely depending upon the distribution of the 
rainfall in relation to factors such as the type and amount of vege- , 
tation, moisture content of the soil, the type of soil and numerous other 
interrelated factors which influence the infiltration rate anel suscep
tibility of the soil to erosion. 

Long slopes are more of an erosion hazard than short slopes. On a 
Marshall silt loam soil with a 9-percent slope, doubling the length 
of slope increased soil losses by 2.6 and runoff by 1.8. Although tho 
percentage of total rainfall lost as runoff decreased with length of 
slope, the total volume of water flowing over the lower part of the slope 
materially increased. This explains the :increased erosion with in
creased length of slope. Specific datn. were not obtained on the 'Mar
shall soil to show the relationship of steepness of slope to runoff and 
erosion. However, datu, obtained by other investigators show that on 
the average soil losses increase as the .6 power of the percent slop(! 
with type und amount of vegetation, amount and intensity of rainfall, 
and other factors influencing the absolute values. 

The type and amount of vegetation is pz'obably the most importnnt 
single factor inflllencin~l'lmoff and erosion. Soil losses were n('gligible 
and runoff was materially reduced with good pustu('(\ sods and m('rtdow 
crops, regardless of length or steepness of slope. These include blue
grass, red clover, alfalfa, and bro!CH'gmss. :::imall grains an' much 
more or an erosion hazard, particularly dl\l'ing April :uul ~I:ty. t.han 
sod crops but cause about ono-h:df as Itllldl Pl'O:5jOl1 as ('O/'ll grown in 
a rotatlOn with oats and clover. Soil loss il'om continllO\ls ('ol'Jlis , 
twice as much as from corn grown ill :t ('OI'Il-o:tts-dO\'('f' r(lt(ltion. 
About 3.5 years are required to lose:tn inch or topsoi I under ('ontinllolls 

http:Cttpitl.ll


3 EROSION CON~rROL AND THE RECLAMATION OF ERODED LAND 

corn. Under continuous COl'll, erosion was 1.4 times as fast from eroded 
soil as from normal soil. Soil and water losses are seasonal and arer related to the amount and intensity of rainfall and the amount of 
protection which the vegetation affords at different seasons of the year. 

A continuous corn cropping system decreased the original carbon 
content of the soil 16 percent; whereas a rotation of corn, oats, and 
clover maintains the carbon content at the original level. In the in
vestigations recorcl!~c1 in this publication continuous bluegrass or al
falfa did not increase the carbon content above the original level. 
It was, however, equally as effective as the rotation in maintaining 
the carbon content. 

As an ll-year average, continuous corn on desurfaced soil yielded 
6.6 bushels per acre; c" ntinuous corn on normal soil 28.5; and corn in 
a corn-oats-clover rotation 42.9 bushels per acre. The effect of rota
tion on corn yields became more evident with time and with favorable 
weather conditions. In fact, corn in rotation outyielded continuous 
corn by 36.2 bushels per acre during the period 1040-42. The a;-erage 
annual yield of hay for the period 1933-42 from continuous alfalfa 
anel red clover was 3.3 and 1.5 tOllS per acre, respectively. 

The annual app1ication of 8 and. 16 tons per acre of barnyard 
manure or a leguminol1s green manure materially reduced soil and 
water losses and increased yields of corn. The second 8-ton incre
ment was somewhat less effective in reducing the loss of soil and water 
than the first 8 tons. , Soi1s of the :Missouri Valley region in general are deeper and more 
permeable through the entire profile than soils in other regions, pro
vided the surface does not crust and seal over. ~rarshall ancl closely 
related soils contain amounts of organic and inorganic material which 
over a period of time have been conducive to the development of a 
favorable structural condition that is resistant to damage resulting 
from till::\O"e practices and the beating action of raindrops. On ti?<' 
other" hand many of the other soils in the region are high in silt and 
low in clay and organic matter. This condition is not conducive to 
stable structure formation and, together with steeper slopes, intensifies 
tIle erosion pl'oblem. These othel' soils also have a lower water-holding 
capacity. For this reason the cropping systems and management 
practices are necessari1y somewhat different from those on the heavier 
~farshall soil. The deep 10essial soils in the Missouri Vaney region 
have a high potential fertility. The surface soil as well as the ~ubsoil 
responds rapidly to good soil m(ll1agement practices. This fact has 
made possible the exploitation of soils in this region at a rate far 
exceeding that in regions where the subsoil responds slowly to manage
ment practices. 

The cropping system common to the ~[jssouri Valley region is one 
which includes corll on the land from one-half to three-fourths of the 
time. This is part1culn.rly cond1lcive to erosion during the months 
of May and June when most of the rains of high intensity occur. Th(' 
length of slope and steepness of slope are also factors that haxe con, tributed to the excessive loss of soil from the intertilied acreages. In 
recent years the value of a good cropping syst(,111 that incluc1('s 1('g1lm('s 
]'('gulariy in the rotatiOIl has been recognized. :MOI'(, and.' more 
farmers are following this practice. HOIVev('r, with the· present rota
tions it has not been possible to reduce the loss of soil to the point 
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where productivity can be maintained over a period of time. It 
therefore will be necessary to revise the present rotations to include t 
more close-growing crops or to adopt other conservation practices, 
Some of the meaSUres which have been found particularly effective in 
reducing loss of soil and water are contouring, strip cropping, and 
t{!rracing. 

In the Missouri Valley region the lister is commonly used for 
planting corn. The furrow thrown up by the lister is particularly 
effective in reducing loss of soil and water if tlUl rows are on the 
contour. Listing of corn on the contour reduced soil Imd water 
losses to 20 percent of those from uphill and downhill listing. Con
tour surface planting of COl'll reduced soil and wlLter losses by about 
50 pel'cent. ContotlrinO' also increased yields of. corn by about 10 
percent. Saving of soil and water on the contoureel area by listing 
also saved the young corn plants that usually wash out when the 1'0")'S 

run uphill mld downhill. 
On slopes up to 10 percent tlult are not too irregular or over about 

200 feet long, listing on the contour will give adequate control pro
vided a good cropping system is adopted, a good job of contouring is 
done, and the depressions and waterways are aHowed to remain in 
permanent vegetation. Most of the slopes range from 300 to 600 feet 
in length and under these conditions contouring a lone is not sufficient 
to control erosion. 

The relationship between land slope and the capacity of surface
impounding treatments is shown. As the land slope is increased, 
impounding is decreased so rapidly that It terrace whirh win impollnd 
2.5 inches on leve11and will impouncl less than one-:f:ollrth a;:; much On , 
a 15-percent slope. This is an important consideration in ronnection 
with the design of control meaSl11'es tor different land slopes. Th(' 
('onfiguration of the surface for different tillage and conservation 
practices determines tl1(' capacity to impound water. Th(' infiltration 
rate of the soil materift1ly affects and influ('nc('s the ne('d for und t1l(' 
type of control measure recommended. 

Strip cropping is another very effective measure for conserving soil 
and water and has been tried in limited ar('as, but was not found 
satisfactory in many years due to the excessive damage that occurs 
from hot wlTlds during the summel' and also fl'0111 damage by grass
hoppers :md chil1ch bugs, 

Terracing, although more difficult to ('stablish than contouring 01' 

strip cropping, was tonnd to give near]y romplete control from lof'i'('s 
of soil and wat('l' on Marshall soils, Und('t' these ronditions it is 
l)('cessary to determine the type of rotation l1('eded in order to produce 
the maximum yi('lds over a considerable period. 

Level t('rrac'es operate satisfactorily where located on )[urshall and 
other pcrm('able soils, Lm'el terl'ar('s are ('asier to build to gmde than 
terraces with It graded channel and do not requi re a terrace out1('i. Th(' 
latter, howcver, is It distinct advantage ill removing tIl(' (lxc('s!' \\"[\.(('1.' 

(hat accumulates on the 1(,S5 steep ridge tops nbo\'(' It st('('I)(')' and 1110)'(' 

irregular topogl'llpby which in many eaS(l5 makes it difficult if not illl- , 
possible to establish a satisfactory terracc out1('t. On th(' 10\\"('1' parts 
of slope,,, and oth(')' locations, where the imp('rnwable soils such as tl1P 
Shelby occnr, level termccs have not been found practical. On stwh 
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soils crops drown out in the terrace channel during unusually wet 
seasons. 
, Despite the lack of consistent data, it appears that the wider the 
terrace spacing the greater will be the soil and water losses. However, 
for the 4-, 5-, and 6-foot vertical interval study soil and water losses 
were very small in all cases, averaging less than 1 ton per acre annual 
soil loss and 3 percent of the total precipitation as rUlloff. 

The moisture content was 4.6 percent greater under the channel of 
two level terraces than under the ridges, and 2.7 percent greater thun 
linder the middles. The middles held 1.9 percent more moisture than 
the ridges. Similar results were obtained for graded terraces. Under 
the conditions of these experiments there was little or no evidence that 
water held in the channel of level terraces moved enough laterally 
to afl'ect the moisture content of the profile samples taken on the terrace 
ridge, a distance of approximately 10 feet from where the samples 
were taken in the terrace channel. 

h.ctors responsible for the high acreage planted to corn in the Mis
souri Valley region hlwe been: Failure to appreciate the value of 
grasses and legumes as feed for livestock; the high valuation of the 
land; and the development of large-type machinery. A better under
standing of the value and uses of grasses and legumes is needed to con
vert many of the steep rolling areas now cropped to intertilled crops 
into permanent vegetation or longer rotations. 

The importance of including a legume and grasses in the rotation to 
maintain the organic-matter content and the structure of the soil and 
thus cause it to take up water more rapidly are also points that need 
further consideration. It is Tecognized that conservation cannot be 
accomplished by any set Tule for all farms. Each farm is a problem 
in itself. Under certain conditions one or more conservation measures 
may give the answer to tho problem. Under another set of conditions 
all known conservation practices may be needed if soil losses are to be 
reduced to an allowable minimum and the productivity of the soil is to 
be maintained over a period of time. 

INTRODUCTION 

The results of 5 years of investigations at the Clarinda, Iowa, Soil 
Conservation Experiment Station were summarized in Technical Bul
letin 558 of the United States Department of Agriculture. This pub
lication summarizes the results of experimentation for the 12-year 
period 1931-42. 

This station, located 10 miles west of Clarinda, Iowa, on State Route 
No.2, (fig. 1), is 1 of the 10 original places where experimental work 
was established under authority of the Buchanan amendment to the 
agricultural appropriations bill for the fiscal year 1030 (J~).3 The 
research work in soil c0l1servIl60n is conducted in cooperation with the 
State agr·jcultural experiment stations. Investigations on the.Marshall 
silt loam soils in the Missouri VaHey loessial region were designed to 
study (1) the factors affecting losses of soil and water and (2) the 
development of practical methods of controlling these losses. This il1

3 Italic numbers in pllrentheses refer to literature c;ted, p. 72. 
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eludes experiments relating to the amount, distribution, and frequency 
of rainfall; different types of vegetation; soil treatments; tillage prac
tices; cropping systems; length !md steepness of slope; contouring, 
strip cropping, and terracing; and ch~k dams. 

Since the earlier publication gave a comprehensive discussion of the 
problems involved and the details of experimental design and pro
cedure, only brief summaries of these conditions wi]] be give.]} here. 

PROBLEM AREA 

DISTRIBUTION OF LOESSIAL SOILS IN THE MISSOURI VALLEY AND 

ASSOCIATED AREAS 


The Clarinda Soil Conservation Experiment Station was selected 
to represent the soils of the Missouri Valley loessial region. These 
soils comprise some of the most fertile soils of the United States; their 
principal areas are shown in figure 2. They border the Missouri River 
Valley and occupy parts of the States of Missouri, Kansas, Iowa, 
Nebraska, Illinois, Minnesota, and South Dakota. This area coin
cides with the more intensive portion of the Corn Belt. 

It is recognized that the results from this station apply specifically 
to the Marshall silt loam and closely related soils which represent only 

.., , 
t 
, ,,
L, t t 

" ----! 
t, 

FIGURE 2.-Major areas ot Missouri Valley loess nnd associated loesslal torma
tionS. 
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a part of the area as shown on the map. However, by applying gen
eral prindples developed on factors affecting soil and water losses ()n 
t.he Marshall soils, and a knowledge of the specific physical and chemi
cal characteristics of the other loessial soils in the region it is possible 
to use the data, obtained on the Marshall soils as a guide in solving 
problems that arise in connection with other soils. Further investiga
tions are needed to answer specific problems on other soils in the region. 

Loessial soils -in lo'Wa.-The loessial soils of Iowa are generally di
vided into three important groups, the Missouri loess, the Mississippi 
loess, and the southern Iowa loess. The Missouri loess may be further 
subdivided into the lighter colored, more rolling bluff lands, and the 
darker colored prairie lands. The light-colored bluff lands are ex
tremely permeable, very deep, and readily absorb water. However, 
because of the steep topography and certaill physical properties, such 
as It high degl'ee of dispersion, they are highly erodible and especially 
Eusceptible to erosion when exposed to the elements through tillage. 

The dark-colored prairie soils of the Missouri Valley loess are rep
resented principally by the Marshall series. These soils are deeper 
on the westerll margin where they approach the bluffs and become in
creasingly more shallow to the eastward as they finally fade out by 
merging with the drift of the central portion of the State. In the 
eastern part of the State the Mississippi loess is represented primarily 
by the Tama series. This soil does not differ greatly from the Mar
shall series except that it is almost devoid of lime, whereas the Marshall 
general1y has an appreciable lime content. rfhe Tama series may in 
certain instances be somewhat heavier in texture than the :Marshall 
and somewhat less absorptive of water. In general, however, the 
erosion problems on the Mississippi loess arc not outstandingly differ
ent from those on the Missouri loess. 

The southern part of the State, genemlly described as southern Iowa 
loess, contains at the present time perhaps 50 percent of its area as 
exposed delft. This area with its heavier subsoil and very low rate of 
walel' intake is characterized uy ('xe('ssi,,(~ erosion and widespread 
gullying. The erosion problems of this area are being studied more 
fully at the Soil Conservation Experiment Station near Bethany, :Mo. 

LoessiaZ soils in Nebra.ska.-The loessial soils in Nebraska are tho 
soil cover of loess hms nnclloess piains. 'fhe soils of the loess-hill 
area. adjacent to the Missouri River are not greatly different in chem
ical and physical properties from those on the eastern side of the same 
J:IV'el' in Iowa. However, the 10('ssial soils of Nebraska, particularly 
in the western part, frequently are characterized by a zone of lime 
accretion, and in this respect differ from the soils of southern Iowa, 
which do not ordinarily shaw excess carbonates. 

Stewart and Gross (39, p.l4-) state: 
The soil of the western portion Of the loess-hill area and that bordering the 

salld bills contains a higber percent of Rand thnn the soil of the eastern Jlart. In 
the west, the soil is also lighter in color in both the surface and subsoil. Thllt 
portion Of the loess hills south of the llepuhlican River is steep and rolling. 
Canyon lands bordered by level il'!'e,6'ular tablelands mnke up much of the 1Ire1l 
of southwest Xebl'uskn and this region might be c\assitlcd as 101)s!:! plains and 
canyon lands. 

The LoeSS Plains stretching in triangular shape from Seward County west 
jnto Gosper County is an extensive level area. The soil-forming material of 
this area is thought to be of the same origin as that of the loess hllls. The 
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soil is very fertile. Due to the leyel topography, erosIon Is not usually a problem 
and Int'ge fat'm machinery can be used to udvnntnge. In purts of the loesS 
I,Ilins n "clay pan" has been de,'eloped by the percolation of wnter carrying 
small soil particles into the subsoil where they have lodged lllaking a tough 
"clayey" layer which prevents rapid penetration of water into the subsoil. 
Small grains, because of the fact that they ripen earlier, do relatively better 
than corn on such "clay pan" soils. 

The westerll margin of the loess area borders upon the sand hills 
and in this respect is distinctly different from the eastern margin 
within the State of Iowa, as well as southeastern Nebraska. In the 
latter areas the 10essial soils border on glacial drift of heavy texture. 

The erosion problem along the margins of the refrion where it bor
ders upon or overlies these heavy soil formations is quite different. 
from that where it borders upon or overlies the sandy material in 
westel'l1 Nebraska. With the permeable subsoil conditions on the 
westerly margin there is ready downward movement of water, and the 
erosion problem along the margins does not differ appreciably from 
that within the loessial area proper. On the eastern boundaries, how
eyer, because of the heavy subsoil, the erosion problem becomes in
creasingly difficult from the heart of the loessial area to the margins 
and finally into the area of glacial drift. 

Loessial 8oil8 in i1Iis,wtlri.-The distribution of the brown loess 
(bluff lands) and the clark loess (prairie lands) in Missouri is por
trayed by Krnsekopf (15). Within the confines of :1\1is50\1ri the 10('$8 
forms an almost unbroken belt of upland soils along the Missouri and 
:Mississippi Rivers. The dark-colored soils, however, are locnt('d pl'in
cipnll:v in the belt along the Missouri Rivel' ext('nding from the 1100,th
western cornel' of the Rtate to Boone County in the central portion ,
ot' the State. Krllsekopf estimates the total area. of the brown lo('ss in 
:Missouri at approximatrly 1,500.000 acrps, and Rtah~R that it OCClirs 
in 41 of the 11+ counties of the State. He states further (15, 7'. 7) : 
"It is pl'Obable that no other State in the Union contains so lal'g-e nn 
area 01' has them so widely distributed." 

The area of the clark soils can be estimated from the fact that they 
arc of appreciable extent in 18 counties in the northwestel'n portioil 
of the State. 

The brown loe:;s in its steeper slopes and geneml roug-h topog-rapl1\' 
is particularly susceptible to erosion. To some ext('nt thN;e (I(lYerse 
conditions have been mitigated by the high permeability of this soil. 
However, ",l1('n t11(' surface is ('xposed throug-h cultivation, as is mlher 
(,ommon in connection with the extension of the COI'n-g-rowing region 
into bluff al'('a, large quantities of soil arc lost during int('n::.iYl~ rains. 
The dark-colored soils, of whieh tl1(~ Marshall silt loam is the pl'ine'i
pal type, present approximately the same erosion pl'oh1pll1s a:.; tllm.;l' 
found in the same belt to tlw northward within the c:ol'l:.IH's of :Town. 
For tIle most part this soil I!l'acll's on' to the ('aslwHnl jpto tlw hean' 
types of the g-lacial drift, and in tlwse mnl'gins the infiltl'atioll of watp'l' 
iR greatly rednced hy I'(,ason of the hen.yi('l' l"ubsoil. ('onse(pl(·nl1y. 
gu1Jj(,s are more pl'OnOllJlc('d and sheet erosion is mol'C [tC'tin on tllis 
eastward margin.

The loessial soils in the ea8tr1'Il palt of th(' State fll'P I'I.'PI'(,~Pltfp(l ,
largely by the :Mcmphis series and in SOl11e smaller' HI'enS bv tlH' ('Iill 

ton series. The Memphis in general is !t lightrl' (!olol'('(l B()il than t1\(1 

Ma.rshall, but having been developed IInder higher rainfall conditions 
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is mOl'e highly weathered and is characterized by a subsoil of a brown 
to yellow-brown, fairly heavy silty clay, It is not compact but is less 
granular than the corresponding horizon in the Knox or in the Mar
shall series. The Memphis soils which extend further SOllth into Mis
sissippi are particularly erodible. Large gullies are formed which 
are characterized as the "pinnacle" type by reason of the prominent 
pinnacles of subsoil protrucling from the margins and bottoms of deep 
canyon like drainage-ways. 

As a whole, therefore, the erosion problem OIl these types is a serious 
one. This is particularly true in the light of Krusekopf's statement 
(15, p. 54) : 

The loess soils represent the most valunble single soil resource of MissourI. 
~rhey cOYer approximntely one-eighth the area of the State, but In their relntion 
to the n~ricultUl'e of the Stllte they occupy first place, 

LoessiaZ soils in KansCls.-The distribution of the various soil group's 
In Kansas including loess is shown by Throckmorton (}~). The solIs 
of the bluffs adjacent to the Missouri River Valley are described as 
typically deep and have an open subsoil which permits deep penetra
tion of water and roots. The fertility is high except in those areas 
where el'osion is active, The topography varies from rollin~ to dis
tincth' hilly, These soils are extremely 'subject to erosion. In some 
areas'as much as 18 inches of the soil lias been removed by the action 
of watel' since the land was placed under cultivation. 

The northem wind deposits (northwestern Kansas) are gl'ouped and 
described by Thl'ockmoi'ton separately (40, pp. 97--99) : , Bxcept in the Yicinit~' of strenms these soils nre leyel to rolling • • ., 
'L'hey arc relativel~' young, do not hn\'e a clay-pan development, and illl\-e sub
soils which arc sufliciently open to n grent depth, The.se soils nre high In 
plant fOod materials * * *, Then:! are IIlnny areas within this region 
adjacC'nt to the strf'ams where the wind-lnW soils have heen eroded 
aWIlY • '" *_ These willci-deposit('d soils Ill'e subject to erosion hy both 
willdllnd water ann, tlt(~I'efore, must be halllilc(\ with considcrnble cnre, There 
111'(' IIJnll~' fairly 11l1"gC ureus of these solis in the north-centl'ul part of the Stllte 
thnt hn",! lJeen $C\'erely injured by water erosion, 

TYPE OF EROSION 

, 

Althou!!h sheet eroBion has caused the gl'eatest damage to farm 
"alues and to the agriculture of the region as a whole, gullies are 
also common and are a serious problem ill some sections of the region. 
In cultivated fields the practice has been to plow in the small gullies 
at the time the seedbed is prepared for intertilJed crops. This is 
c'OIulueive to evc'n greater soil losses and more rapid gully formation 
than if the gully had bern undisturbed, The loose soil that was 
plowed in is readily washed out by the conC!mt.rlltion of runoff water 
in t11e depressed area dul'ing the next henNY min, In numerous fields 
where this practice has been followed gullies have developed to the 
point where they cannot be crossed with farm machinery (fig. 3). 
Because of this practice a single field soon becomes two or more fields 
and ns sueh is 110 longer :LIl ('('onomical unit to fal'm. The field then 
is either abandoned or used for pasture. This, however, does 110t 
f:olve the problem, becanse a gully once stlll'ted continues to grow, 
Eventually it develops to the place where it becomes a major control 
problem. 'Some conservaf:ion-minded farmers leave grass strips in 

77822!l-48-2 
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the depressed areas (fig. 4), to prevent further cutting. Small 
gullies are also being sloped and seeded. Earth and concrete struc
ture has been used in some cases on the larger gullies, but excessive 
cost has limited its use by the individual farmer. In the steeper bluff 
areas of the region gullIes several miles long with depth and width 
of 200 feet or more are not uncommon. 'fhese gullies develop rapidly, 
extending as much as 100 feet or more in a single year. Replacement 
and relocation of bridges and roads in these areas is freqnent with 
costs in excess of those required for normal maintenance. Not only 
is the damage excessive due to cutting of the gullies, but there may 
be even greater damage to the drainage ditches and bottom land 
from the soil that washes down from the gllllies and. upland. 

In general, erosion within the Missouri Valley loess region has 
progressed to such an extent that more than 50 percent of the original 
covering of surface soil, known as the A horizon, has been removed 
(4fJ). Loss of topsoil on the loessial soil of this region is not as serious 
as 011 soils in other regions where the subsoil is unproductive and 
responds more slowly to good soil management. Even with subsoils 
that are responsive to good management, erosion has taken its toll 
of organic matter and other nutritive materials, crop yields have 
declined, drainage ditches have been clogged, moisture relationship 
has been disturbed, and value of farm land has declined. Consider
able progress has been made by State and Federal agencies in getting 
good soil management practices adopted. Much work remains to 
be done, however, before the best land use for different soils of the 
region is known and before these practices are adopted on individual 
farms. , 

, 

FIGURE 3.-Gullies tbat cannot be crossed with farm machInery. 
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FIGUHE 4.-Gl'Ussc(] strips left in depressed IIl'CIIS prevent furtber cutting. 

So~m FACTOnS AFFECTING EnosION , A large number of intcl'relntec1 factors aIred the degrce and extent 
(if eL'osion that occurs in any region. Chief among these are: 

~. Hainfall-amount, intensity, lmel distribution 
2. Slopc-length and steepness 
3. Vel!:etatioll-al110unt and kind 

.1,. SolI-type and condition 

Therc axc otht'l'fadol's Huch as thc large proportion of mortgaged 

land in the J'egioll. l-veal' tL'nnlH'y systcms, and heavy capital invest
J11cnts ·whieh ncl CSSi(tltc i n tCl1Sh'l~ tillage. in orucl' to covel' the carry
ing ehal'g('s, Thrse pl'ohlems dil'cdl), or inc1il'C'ctly influenee the 
fal'ming sys\rll1 of the region. They also ha\'c innllt~ncC'<l the degree 
antI ('xtent of erosion, 

A kno\\']('dgc of thc impodnl1{'c of caell of thcse in.ctors when con
sidered alone, Ol' in ('ol11binfllion with caeh othcr, is necessary for 
([c\'eloping wise land. llse 1'('('0ll1l1\PIHlntionH that ha.\·(! as their ultimate 
:tim the maintenance of a pel'manent agricullnrc. 

DESCRIPTION OF THE PROJECT 

HISTORY 

, Puhlic intel'c~t in Roil erosion and watcl' conscl'valion jn 10:30 lcrl 
to (111 appropl'iation :£01' the inve~tigntion of soil cl'osion and wat('l' 
('on~C'n'atif)n, .A committee of thl'lw lIlel11lwl's of {he DC'pal'tn1C'nt or 
.\U"l'i('UltUl'\· all!l two lllC'mbers il'Olll the Rtnt(' expcril1lC'llt stations 
·wi\s nppointl'<1 bv the D('pal'hnent's dil'cetor of scientific wol'le to 
:formnlatc plans a'nd rc('ommenclations. for tlH' wode 
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Among other recommenda~ions of this committee. was ~hat fi~ld 
and laboratorv studies of varIOUS methods of controllIng SOlI erOSIOn 
and conserving soil moisture be developed. The project in the Mis
souri Valley loessial region iliscnssed in this publication was the 
eicrhth field project established under the provisions of the act. 

The Division of Agrir'ultural Engineering in the Burr;'u of Public 
Roads, and the Bureau 01. Chemistry and Soils were given immediate 
responsibility for the inauguration of the work. Through the co
operation of the Iowa Agricultural Experiment Station, which leased 
the farm at Clarinda, and through the fnrther cooperation of the 
chambers of commerce of Clarinda and Shenandoab. and the Page 
County Farm Bureau, which assurned the responsibili'ty for the pay
ment of the taxes on the farm, t·he site was made available in March 
1931. 

DESCRIPTION OF THE FARM 

The farm, consisting of 200 acres, is situated about midway between 
the towns of Shenandoah and Clarinda, on State Highway No.2, in 
Page County, Iowa. It was selected for experimental work because 
it is representative of the Marshall silt loam and associated loessial 
soils of rolling topography in the Missouri River Valley. At the time 
of its assignment for erosion investigations, it had been under the plow 
for not morp, than 75 years. The farm was tenant-opemtedand had 
been misused to a considerable extent. As a result, it was in a run
down condition. Crop history indicates that during the 10 years pre
ceding establishment of the farm, corn was grown approximately 75 
percent of the time. There was no sign of practices that would have , 
been helpful in reducing soil and water losses. As a result, relatively 
large areas had lost half or more than half of the original topsoil by 
sheet erosion. Serious gully erosion had occurred in some fields. 
In some places all of the 10essial material had been washed away, ex
posing the underlying glacial till (Shelby series) . Besides the smaller 
gullies, which were brought under control by blading in, terracing, and 
contour farming, there were two gullies that were so large that special 
control measures were required. These gullies are referred to as 
Plumb and Walnut Creek (fig. 1). 'Walnut Creek drains a 2D4-acre 
watershed, 34 acres of which lie within the farm boundary. The 
banks of this intermittent stream were fairly well stabilized by grasses 
and trees. The gully was fenced to prevent livestock from trampling 
the banks and caving them in; additional plantings of trees, shrubs, 
and brambles were made and the area mai.ntained as a, wildlife refu~e. 
Plum Creek drains a 125-acre watershed, of which SD aTe within tile 
farm boundaries. The bed of this intermittent stream was not stabil
ized. A plan for the control and reclamation of this gully was, there
fore, carried out and will be discussed in more detail subsequently. 

PRINCIPAL OBJECTIVES 

The primary purpose of the Missonri Va1ley soil-erosion project 
discussed in this publication is to study the factors affecting soil and , 
water conservation and methods of control. It is desired to l('al'l1 the 
methods that may be used for retarding the losses of soil a11(1,mt('r, 



r 


, 


, 


EROSION CONTROL AND 'l'HE RECLAMATION OF ERODED LAND 13 

and I?articularly the practicable methods of retarding the movement 
of sOlI-carrying water. It is also desired to learn what methods may 
be used to renew the fertility of eroded lands so that they may be 
returned to a profitable type of agriculture. 

Fundamenta1 'CO these major purposes are the data being acquired 
l'elatiJlg to the effects of erosion and water losses upon crop yields; the 
type of agriculture most suited to the problem area, and that will at 
the same time have a mitigating effect upon soil and water losses; the 
cost of control measnre~ for retarding soil and water losses in relation 
to the monetary damnge caused by such losses; and the general prac
ticability of wide application of various specific conservation measures 
to the soils of the Missouri Valley loess problem area. 

PRECIPITATION 

A vcragc annual precipitation at the experiment station for the 11
year period 1032-42 was 28.33 inches (table 1). This was 2.31 inches 
below the 1032--42 average at the town of Clarinda, 10 miles east of the 
station. The 1932--42 average for the farm was 5.30 inches below the 
71-year average recorded by the U. S. ·Weather Bureau at Clarinda. 

Annual precipitation at the station by years for the 10-year period, 
1982-42, is shown in figure 5. A comparison of the actual rainfall with 
the nOl'm:d l'n.inf:tll is shown in table L It is to be seen that in 1934: 
and 1936 rainfall was considerably below normal, whereas, 194:1 with 
a total 0·[ '.1:-:1:.6 inches was 16.2 inches above the ll-year average. 
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l~lGunF. 5.-Annua! precIpitation, Soil Conservntion Experiment Station, Clarinda, 
Iowa, 1932-42. 



14 TECHNICAL BULLE'I'IN 959, U. S. DEP1'. OF AGIUCUL'!'URE 

TABLE 1.-Monthlu rainfall at the station, 1992-42, and normal monthly rainfall 
at Clarinda, Iowa 1 

Yellr 
\nragc Clarinda,

Month 1--.....--.,---;;--... ---.--.--.----.--.'--'1--1"103',-10 nwrnge 
1032 1033 1034 1035 1036 1037 1038 1930 1040 1041 1042 - - (il yenrs)

----1---------------------------
Iliches irlrhe.,'IlIchrs Illches Inches lnche" Inches lnche" Iliches Illches buArs /JIcha IlIchrs 

Jnn _________ • 1.13 n.32 0.51 0.84 1.72 1.81 0.16 0.57 0.61 1.21 0.21 0.83 0.87 
Feb. ___ ..... __ . . i2 .OS .26 .M .~~ .23 .54 .79 . is .50 1.25 ,f).l 1.18 
Mar_______ •__ .44 3.06 .11 .26 .19 1.57 .872.01 1.70 .76 2.~'7 1.20 1.62 
Apr________ ... 2.33 .91 .72 .61 1.48 3.42 3.03 1.68 3.90 3.1iS .84 2. Of, 2.86 
Mny_________ 3.42 3.05 2.55 7.SS 4.36 4.59 5.40 1.2·\ 1.30 3.13 5.76 3.SS 4.16 
Juno _________ 5.21; ·1.11 2.37 7.06 2.48 3.12 2.05 8.70 2.92 9.81 5.7S 4.SS 4.70 
July__________ 2.32 2.27 1.2:1 1.41 .82 6.01 1.87 4.01 7.27 .19 1.32 2.61 4.16 
Aug_________ . S.1O 5. nil 2.14 2.79 1.67 1.g.1 5.97 1.93 6.55 j.61 3.3l 3.81 3.h6 
s~pt._. _____ . 1.00 4.21 4.82 O. J4 6.01 .S3 3.08 .39 .86 10.43 5.51 :1.93 ·\.fl0 
Oct. ___ ._... 1.20 .87 2.8·\ 3.03 1.14 1.30 .26 1.28 1.-16 10.73 1.43 2.32 2.85 
No\' __..... ___ 1.1-1 .42 3.M 2 . .\0 .3·\ .5tl 2.:10 .37 2.30 .59 52 1.32 1.73 
Dec._____ .... LOS I.OS • 13 .~'Il 1.59 .32 .38 .1iS 1. W 2.01 I.a·! 1'90 1.07 

Annunl._ ~!2G.37 2i:22132:35}2.02;:OO ~ 2.i:l5 3o:SI4.i:55j;;9,&iT:;S:3'J ~ 
I 7l-year 8\'crnge, U. S. 'Venther Durenu, 10 mllcs (rolll stntton. 

TA.BLE 2.-Intensity of rainfall, 1992-42 1 

1932 193:1 193·1 1935 19:16 1937 
Intcnsityclllssl------I---;---I·--...,---II------I------I----- 

(Inches per) flollrlyl Per. rr~lIrlyl'er- [[OUrly! Per- HOurly: Per- HourlYl' Per· [TOUrly; Pl'r 
hour) mln- .c~1ll o( mln- cellto( min- ccnto( ruln-lcclltO( rnfn-centtH rain- leollta( 


(nil I total (1111 totnl (all totnl (nil totnl (nil totM (nil f tOtlll 


blchts '- ;~~~i ;:~~i ;;~ii ;;~~i =I ;':,~i Illcha Ii ~~~ri----- Inches Inch.. Illchal' 
Over2.00 ___.. 2.-17 10.27 1.52 6.3·\ 2.07 12.06 2.11 7.SS 1.5.1! U.li2 ·1.5-1 2·1,('! ,Over 1.75 .. __ • 4.05 20.57 2.98 12.4:1 :I.:!(j W.57 :1.00,11,5-1 2.-15115..11 5.55 i :lO.ll 
Ovcr 1.50_____ 7,.52 32.50 3.02 15.10 3.75 21.S·\ :1.5a· la. 10 2.~U ,. IS-IS 6.38' :H.62 
Ovcr1.25_____ 0.68 40.2:1 '\.32 18.02 4.50 2ti.21 -1.01 18.3·1 3.31 20.82 7,2'21 30.18 
OverI.OO_____ 11.30 ·16.97 Ii. 48 27.0:1 5.0;; 32.01 0.15 22.07 5.09 j 32.01 8.20! 4UO 
Over.75____ .. 12.H W.,1fi 10.33 4:1.10 1i,S:1 39.78 7.05 20.:la 5.·10 3a.00 0.47 51.3$ 
O\·cr.50___ ... 13.17 ,';.i.n 12.02 50.15 8.44 -I9.1fi 10.21 3S.1-I 7.10.41,115 11.12 r.o.:U 
Ovor.2.1 ______ tn.3U OS.OO 15.2:1 f,:Utl 10.08 1iS.71 1-1.15 52.SU 9.M! roO,06 13,m M.II1
Over .00 ______ 21.06 190.00 2'J.97 190.00 17.17 190.00 26.77 190.90 15.90 /,00.90 18.-I:l! 100.00 

1

1038 1939 19·10 1911 10-12 1 ,(,otalI 
Intensity class ' 1---'--- ----

(llllcheS)Pcr f!OurIY'! Pcr- Hourly! Pl'r- 110tlrlylll'Cr- nOllrlylper- lfourly1 p('r-! Hourly: rer 

10llr rain- cent o( mlll- cent o( ruln- CClltO( rnln- IC\'llt o( min- :ct'nto( min-Il>!nt

(nil total (nil totnl (1111, total (nil, totnl (all ~ totnl (ull tuge 


-----·1--- Per- ----;:;:-- Per- --I p,,- --j Per- --1-;::-
Illches cellt IlIche" aTlt Incht.! ceTlt [lIche.! alit Inche., I' rent Inch" J Ctllt 

Ovcr2.1Xl __ ... 2.3'1 11.74 :1.211 li,78 G.$.1 28.27 8.00 21;,3'1 ·1.·10 ~'O.17 ·1;,17! W.o.l 
Ovcr!.75__ .._ 2.87 14.30 :l.i4 20.39 7.75 :12.08 11.21)la:l..12 5.r,~ 25.5S 50.501 2:J.lH 
Ov~rl.[oQ ___ .. 3.19 16.90 4.1-122.[>8 8.59 a5.M 12.:1-1 aO.5a 0.27 28.'5!r'1.911~~).112
OwrI.25 _____ :1.7·1 IS. it) 5.:12 211.01 9.33 38.62 13.9·1 ·11.21; 7.01) :12.37 7-1,2:1! :U.2' 
O\wl.oo _____ 5.03 25.2'2 Ii. 38 a·I.79 10.55 ·1:1.07 16.-10 4S.SI S.2·I,:17.7S il$.62 3,.a3 
Over .75. ___.. 6.31 .~!~.• 31j.-,1 7.12 :IIS8.'~I~_ 1l.28 ·111.60 Is.-I:l1 M.M 0 •. 18l·13..17 '101.:10 i ·12.ti7 
Over .roO ..____ 7.85 u 8. SS 12. (iO 52.52 21. ·17 (.1. M 10.0:1 I [.0.11 1122. IS f 51. ·111 
0\'er.25____.. 11.17 51i.02 12.0,1 05.71 1-1.81 61.aO 20.,11 7S.17 1-I.:J7rtl5.89 155.191 65.:H 
O~-er .90 _____ • 10.0·1 100.00 18,3'\ 100.00 2·1.10 100.00 :J:I.7S dOO.OO 21.S1 .190.00 12:!7•.11 i 100.00 
_____:L._....::.__..!....__'--__~__..:....__!__ _'_1___.!.1__2 _. _ I..~_~_I__._ 

I Includes only rllins o( 0.20 Inch nnd o\·cr. 

Average monthly precipitation for the ll-year period is shown in 
fi~ure 6.. The highest average monthly precipitation occurred in 
~lay, June, August, and September, respectively. , 

The relative intensity of the rainfa.1I for th(\ various years is shown 
in figure 7 and table 2. The lowest average intensities were in 1934 
and 1936 j the highest ayerage intensities in 19~7, 1940, 1941, and 1942. 

http:rainfa.1I
http:1-I.:J7rtl5.89
http:0\'er.25
http:S.2�I,:17.7S
http:Ovcr!.75
http:O\�cr.50
http:OverI.OO
http:Ovcr1.25
http:Over2.00
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E-xpecteil frequency of intense rainfall in lowa.-The expected fre
quency of intense rainfall in Iowa has been shown by Mavis and Yar
nell (16). From the available We(lther Bureau records they have pre tpared the expected frequency curves presented in figure S. Curves of 
this character are extremely valuable in planning erosion-control work 
and particularly in the design of erosion-control tretltInents. 

,
0.7 tl7 
0.6,/ 

0,55 10 15 30 60 I 

2 3 4 6 B 10 12 16 20 ~4~'____""" .,-_--'
~------~------~! 

MINiJrEs HOURS DAYs 
DURATION 

FIGURE S.-Expected and actual frequency of intense rainfall in Iowa (rcCOl'ds t.o 
Jan. 1. 1IH2). Ac;laptcd from chart prcsented. by ~rllyis nnd Yln'nell (16) and 
actual data of station. 

Other climatological re('ord8.-For other climatological data the 
reader is referred to the records of the Weather Bureau and particu
larly of the Iowa section. In addition to the precipitation records 
there are thus available daily maximum and minimum temperature 
readings from eight stations within a 50-mile meli us (tlu'ee are wi thin a 
25-mile radius) of the station. At numbers of points wjthin the State 
there Itre also records of barometric preSSure, relatiyc humidity, willd 
velocity and direction, evaporation, anel percentage of sunshine. The 
important station, at Omaha, Nebr., is about 5;) miles (li:'ilant. 

For the period covered by these expuriments there is one outstanding 
climatological period that must be noted, namely, the nnprecedented 
drought of 1934. In that year, days having temperatures of 100" F. 
or higher averaged 21 for the State, and totaled ;36 for Page County. , 
This was about twice the number heretofore recorded. The Slimmer 
was the hottest. of the 62 summers of record. Eyery station in the 
central, south central, southwest, and west central portions of Iowa 
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established newall-time high-temperature records. Almost complete 
destruction of crops occurred. It will be seen that several abnormal 
records wel'e obtained at the experiment station during this period 
and immedifltely following these excessive temperatures. 

PURPOSE AND PLAN OF EXPERI~!ENTS 

One of the primary purposes of the experiments at the Clarinda 
Station is to obtain measureml;nts ot not only the total amount but 
also of the intensities, durations, and :frequellcies of precipitation. It 
is desired to know the seaSons of the year at which maximum rains 
occllr; also the likelihood o:f their occurrence at one or another period. 

Following the measurement of precipitation it is desired to deter
mine the formA of relative loss of precipitation waters. A. certain 
quantity of these waters is held on the canopy of the vegetative cover; 
another quantity is retained on the surface of the ground under cer
tain conditions; adclitionlll quantities enter into the ground; and still 
other fractions are lost as surface runoff. Insofar as pl'llcticable it is 
desired to detm'mine the amount of water vapor lost as evaporation 
from the soil and as transpiration from growing plants. The quan
titative determination of these \'arious amOlUlt& of water as they may 
be lost in one form Or another is important. It is also important to 
determine the tactors that affect the proportion of loss, for example, 
as rUlloff or percolate, or as soil evaporation or transpiration from 
the plant. It is also the pmpose of the experiments to determine the 
factors that affect the density otrunoU' or the amount of soil carded 
by a given quantity of water. Such factors include crop cover, type 
llnd charac:ter of root development, soil, slope, an(l rainfal1 
characteristIcs. 

Each of these studies (citl'c\ ab()\'e) Illu:;t, of ('OUI'Se, be pursued with 
reference to some specific condition, sueh as the soil type or the degree 
of slope, or the crop growin~ Oil the tu'ea, and its treatment. Each 
of these in tum must be studied in their relation to rains of recorded 
intensities, durations, and total amounts. 

In addition to the iactors cited above it is desired to determine the 
most satisfactory mechanical methods of contl'Olling erosion. 

In order to provide information on the methods and costs of con
structi n~ tcrmces, detai led time studies were mad'.} during the construc
tion perIOd and the efliciency of the operation was improved where 
possible. 

For the entire period or the experiment nbsen'atio!ls htl\'e heen made 
to determine and put into practice the best methods of gully and 
terrace-outlet control. In addition, the operation of farm macllinery 
on terraced land has been studied with modification of either the 
machinery or the terraces in mind so that such opemtion could be 
('al'l'ied out more stltisfactorily. 

An experiment of a more fundamental nature has been the measure
ment of the rate of soil movement down the slopes, designed to provido 
i.nformation on any retardation of the rate of such movement as a 
result of the construction of various types of terraces. 

A large number of experiments have been stiu't('(l to determine the 
most advantageous combinations of terrace design features. These 
experiments included studies of vertical intervals between ten-aces, 

775229-18-3 
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grade of terrace chanl1els~ ll;nc11ength. of terraces. ,The findings In(li
cute how a terrace may be laid out on the lands of the problem area in • 
sllch a way that the least possible soil will be lost from the land while • 
at the same time the suriilce water is lecl away rapialy enough to 
prevent damage to C[·ops. 

FiYe experimel1tr have been instituted that deal primarily with 
factors other than the mechanical methods, sneh as terracing, of con
trolling erosion. These fi \'e experiments will be disctlssed fhst, 
followed by a discussion of the experiments primarily concerned with 
mechanical methods. Inasmuch as each of these experiments and the 
rariOlls treutments followed in them w.ill be. refen-ed to frequently in 
succeeding pages it is desirable to (lescribe each briefly at this point. 
Frequent reference to the mup of .field E in figure 0 ",·ill ba necessary 
for a full undel'stancling of these experiments. The arrangement of 
the various lysimeters is show11 sepal'lltely in figure 10. 

Oontrol plots, e.1J]Je7iment 1.-The control plots kno,yn as experi
ment 1 al'e nine ill numbet·, sm'en of which arc ~{oo acr~ in size, the 
other two being, respectively, ~200 ac'!'e and ~50 acre, representing 
the comparjson of slope length. The aTerage land slope is 9 percent. 
The mensmcment of SQil anc1water losses 'from these plots is based 
upon the (lnti!'e catchment of runoff and eroded material in concrete 
basins or tanks. These (He of suflit:1ent size to retain the gt:eatest 
losses jt js estimated will OCCllr during the course of the experiment. 
The plots are located. upon the most uniform soil and slope that the 
200 acres of the station afford. The profile has been studied in detail 
in the laboratory of the Bureau of Chemistry and Soils and chemical 
and physical ana.lysc,<; have becn reported elsewhere (17,18). , 

The tre.atments of plots in this experiment are as follows: 

Plot 1, continuous com, slope length 36,3 feet, 1/200 acre. 

Plot 2, continuous corn, slope length 145.2 feet, 1/50 acre. 

Plot 3, continuous corn, sloj>e length 72.6 feet, l/loo acre. 

Plot 4, rotation (corn, oats, nnd c1O~'er), slope length 72.6 feet, 1/100 acre. 

Plot 5, rotation (corn, oats, and cloyer), slope length 72.6, 1/l00 acre. 

Plot 6, rotation (corn, oats, and clover), slope lcngth 72.6 feet, 1/l00 acre. 

Plot 7, continuous alfalfa, Slope length 72.6 feet, 1/l00 acre. 

Plot S, continuons bluegrass. slope Icngth 72.0 feet, 1/100 acre. 

Plot 0, continuous Corn, artifiCially eroded soil (12 inches of surface rCllloyed), 


slope length 72.G feet, 1/100 acre. 


In the measurement of soil and water losses from the experiment 

the turbid supernatant water is drawn off from the tanks, weighed, 

and sampled. Then the total amounts of soil~fl'ee wate!.· !weI water

free soil are determined ItS based upon samples in triplicate. Sub

. sequently, the total amollnt of heavy eroded material is likewise drawn 
otl', weighed, and sampled. Finally, the tot:ll amounts of water~free 
soil and soil-free water are determined. Samples are also obtained 
for the determination of cert:Lin chemical properties of the eroded 
materitll. 

In planting corn :it is customary to plant five kernels to the hill and 

to thin each hill later to a stand of three plants. Rows are spnced 

3 feet apart in plots, and bills are spaced 3% feet in rows. 


Lysimete1'S, ercperimentl-B.-Inasmuch as the control plots provide , 
information only upon surface losses it was early found desirable to 
determine the effects of certain treatments on the movement of water 
through the profile. It was considered of first impottance to de
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sTAtE HIGHWAY NO.3 

FIELD E 

, 


.FIGURE lO.-Location antI arrangement of Iysimeters in Field E. 

termine such losses on soH of normn,l structure. Inasmuch as normal 
movement of moisture through the profile. was being meas1ll'ed, also, 
it was considered essential to maintain a slope of definite degree, per
mitting free surill.ce runoff. The method of constructing these 
special lysimeter units has been described elsewhel'e (92). 

Two 50i] 5edes are inc} uded in the. experiment und the treatments in 
general are comparisons in tdpJicate with and without the ineorpora- , 
tion of organic' matter jn the surface 6 inches of soil. The organic 
matter wInch is used in all except one treatment consists of 16 tons 
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an acre of well-rotted stable manure. In one of the treatments the 
organic matter consists of green sweetclover of a. dry-matter content 
equivalent to one-half the dry-matter content applied to the other 
units. The treatments are shown in table 3. 

~'.AnLE S.-Treatmcllt of soil all lysilllctcl's, eaJperimcllt l-B 

.Lyslmeter Nos. Soli type 	 'l'reatmeot 

1,3,5.......................... :\1arshn II silt loaul......... 	Fallow. 
Fallow plus 16 taos manure per acr~.¥: ~: k::::::::::::::::::::::: ::::::l~:::::::::::::::::::: 	 Com. 

8,10,12.............................do._.................. Com plus 10 tt."" manure per Ilcre. 

13,15, Ii............................do .................... Dluegross SOd. 

H, 16, 18............................do................... . Com plus grecn manure (grccn swcetclover 


hn"!ng dry·maltcr content cqulmlcnt to 
one·half or the Illanure appllcatfon). 

19, '~l, 23....................... , Shelby slit loalll .......... . 	 Fallow. 

20, 22, 24. ...... _............. _.. ____~ .... _...._ _ ....... do.. _............................__ .... .. 	 Fllllow plus 10 LOns manure per acre. 


Measurements of percolate were made regularly and not less fre
quently than once each week. Measurements of runoff were mude for 
each rainfall period and in a manner similar to the method used in 
experiment 1. JThe fallow units in the series were cultivated and the 
soil was handled in the same manner as thl! units planted to corn, 
with the exception that weed seedlings following last cultivation are 
removed by pulli.ng as soon as they make their appearance. Buffer 
treatments around the exterior of elLCh unit were similar to the treat
ments on the units themselves. 

Soil-moisture studies, experiment f3.-Soil~moisture determinations 
'were made regularly for a number of different conditions and compari
sons on the farm. 

A series of plots handled identically with tho£e of the control plots 
of experiment 1 were utilized for the purpose of recording- moisture 
variations under such conditions as prevailed from time to tlme within 
the control experiment. Soil samples for moisture determinations 
were taken at depths of 0 to 6 inches, 6 to 12 inches, 12 to 24 inches, 24 to 
36 inches. 

A f;eries of determinations of soil moisture are made on terrace 
ri.dges, the intederrace spaces and terrace channels, and on untet'l'tlced 
areas at points on corresponding contours in the field. 

A sedes of determinations are also made upon plots 3 and 4 of ex
periment 4, in which there is a comparison of conto\11'ing listecl corn 
and listed corn with rows running in the direction of slope. 

The frequency of moisture determinations in all of the plots de
scribed is such as to give, as nearly as possible, a continuous record of 
vaI~ying moisture co' tent depending upon prevailing precipitation. It 
would be desirable to obtain more frequent determinations if facilities 
wero available. 

Effect of organic 'llULtter upon 'I'unoff and erosion and 1lpon Lite 'I'e
11ell:al of fertility in eroded .soil8, e[J;periment S.-The ear1~' stage of 
erosion upon the normal profile of M!lt'shaH silt loam prima.rily causes 
losses of nitrofren and organic matter. This leaves a. pI'ofile which is 
still rather rich in calcium, phosphorus, and potassium. It is of in
terest, therefore, to determine to what extent the fertility of such 
eroded soil may be improved by additions of organic matter. It is also 
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of interest to determine what may be the effects of snch treatments 
upon soil and water losses. The study of these factors is being made on 
15 plots, consisting of 3 series of 5 plots each. One series of plots is Jeft 
fallow; another series is planted to continuous corn; and the third 
series is planted to a rotation similar to thnt of the 111nin farm, namely, 
corn, oats, and clover. The plots are 72.6 feet long and 10.5 feet wide, 
and are 1ucated on a 9-percent slope. The al'elL chosen for the ex
periment includes a uniform soil profile from which 12 surface inches 
of. soil were removed before the experiment. The removal of this soil 
not only provided extreme conditions hl regard to erosion for sub
sequent study but also permitted improvement in uniformity of slope 
and possibly some improvement in uniformity of Eloil profile as well. 
'fhe type of measuring f;quipment used lor det.el'min:ng soil and "ater 
losses is shown in figure 11. 

The treatments for each series include: 
1. Check 
2. Manure, 8 tons per acre 
3. Manure, 16 tons per acre 
4. 	Green manure, in the form of sweetclover, in quantity such that the 

dry-matter content is equivalent to that of low rate of manure 
G. 	 Green manure, sWl:etclover, in quantity such that the dry-matter con

tent is equivalent to that of high rate of manure 

The sweetclover is cut from other areas, weighed, sampled, and in
corporated within the surface 6 inches of soil in the same manner and 
at the same time as the manure application, which normally is 7 to 10 
days prior to corn planting. ,

Length of slope and direction of row, experiment 4.-Owing to the 
fact that the comparison of length of slope in experiment 1 includes 
slopes differing in length by compal'lltively small amounts, cxperi

, 

"'JGUItE ll.-Equipment for measUl'inl; soil and wuler 1058('5. The silt Is deposited 

in the tanks nt the right. The water nnd the suspended slit rUIl into the rount! 
tanks at the left. 
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ment 4: was set up to include a. comparison of longer slopes. Plot 1 
of this experiment has the greatest length or slope-630 feet-that 
could be established on the stlltion property. Plot 2 or chis experi
ment is one-half the length of plot 1, or 315 feet, and plot 3 is one
fonrth the length of plot 1, or 157.5 feet. All of these plots are 
42 feet wide, or or sufficient width for 12 corn rows. Plot 3-B was 
later established to duplicate the length of plot 3 but nearer the top 
of the slope where the soil is in a somewhat more permeable con
dition. The area available for this plot permitted a width one-half 
that of the others, or 21 feet. 

On all of these plots corn is grown continuously with an inter
\'ening winter cover crop of rye and yetch. The rows are phlllted in 
the direction of the slope, using the ordinary horse-drawn loose 
ground lister, the commonly used type of planter in this locality. 

In comparison with these plots, another, No.4, is laid out with 
{he rows on the contotll'. This plot has tt len/-,>th of slope equal to that 
of plot 3, or 157.5 feet, imd to give satisfactory length of contoured 
row the width is 8-l: feet, or twice that of plot 3. Cultural practices 
on this plot are identical with those of the other plots of the eXf)eri
ment and tillage operations are carefully planned to be comp eted 
on the same c1a>', and without the possibility of inten'ention of 
storms which nl1~ht ocCur at a stage when tillage operations were 
only partly completed. 

On these plots square-notch divisors are in use, installed in tandem 
so that the sample passing- throllg-It the first di\'isor is ag-ain sub
divided, giving a sample of runoff approximating one one-hundred 
forty-fourth of the total runoff. The exact fraclion used is based 
on the calibration tables made on this divisor unit by the hydraulic 
laboratory, University of Iowa, IOWIL City, Iowa.4 

injilb'ation, st1ldics, experiment 5,-As one of the primary purposes 
or wat('l' conservation is to retain a hig-h proportion of the precipitation 
upon the land, attention was early directed toward the determination 
of :factors which affect the rnte or intake of water into the soil. 
Lysimet('l's (lhe first of .,.d1i('11 'was constrllded for this purpose in 
1!l30) werc used in this experiment. In addition, runoff data studied 
in relation to rainfall intensity w('re used and early in 1034 further 
attention was g-iven to the quantitative measurement of water intakn 
IIsing tt method of clirc>ct application of water to soils of field strllC'
tlll'l'. Subsequently, this study was ('nln.rged silwe. it was found to be 
a matter of great impOl-taIH'c in the design o'f erosion-control n1l'asur(,s 
UO, 19, 134). 

RESULTS OF EXPERIMENTS 

CONTROL PI_OTS, EXPERIMENT 1 

The nine control plots of experiment 1 aTe located in field E as 
shown in figure 1:2. Installation of the expedrnent was made in 1S31 
and it was formally placed in operiltion November 1, 1031. The first 
l'rconl of runoff WlIS made Novemher 2:3. 

• Yn 1"11('11, D. L., CM,flIHNrIOX OF SQUAlte-XOTCll II l\'JSOliS, l], S. Dept. Agr,. Bur, 
.\gl·. Bngin. [:\lill1('ograllht'll] 
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fj'IGURE 12.-View of the nine control !,lots showing condition of crops in July 1038. 

During the period of the fall and winter of 1931-32 all the plots of 
this experiment were under like treatment, that is, they were planted to 
oat, stubble, and mixed native grasses. During the spring of 1932 the 
various crop treatments were applied at the successive proper dates for 
seeding oats, clover, corn, bluegrass, and alfalfa. Until June 1, 1932, 
therefore, the vegetative cover called for by the plan of experiment had 
not been established. Therefore, only the results for 1933-4,1 are 
averaged in this report. 

Each of the plots of this experiment has a width of 6 feet. This , 
was the standard width specified by the plans o:.!: the control plots of 
each of the. early stations. It is obviously too narrow a width for 
satisfactory operation. In the corn plots there is room for but two 
rows of corn. In the oats, clover, and alfalfa plots, border effects are 
frequently noticed. 

RUNOFF AND EROSION 

During the period of operation from January 1, 1933, to Decem
ber 31, 1942, 1fi2 records of runoff and erosion have been taken on this 
experiment. These 102 records show a total rainfall of 1(35.1 inches 
and a precipitation for the period, including snows and all other 
storms not producing runoff, of 282.5 inches. 

A summary of the results from January 1, 1933, to December 31, 
19,12, is presented graphically in figure 13. The individual runoff and 
erosion records are given in tables 27 to 48, appendix. Plots 1, 2, and 
3 give a comparison of length of slope as already explained in the 
section under the heading Purpose and Plan of the Experiment 
They are shown in figure 12. Although the differences in length are 
comparatively small and it is not expected that large differences in 
runoff will be found from such small differences in slope length; it is 
interesting, nevertheless, to note that the percentnge runoff is greatest , 
from the short slope and least from the long slope but that the 
tendency is reversed in the case of erosion. 
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This tendency for the greatest percentage of runoff to occur on the 
short length of slope and the great.3st amount of erosion on the longest 
slope is Lome out also in experiment 4"which will be discussed later. 
Obviously, the increased erosion on the lon[ slope is due in part at 
least to increased volume and velocity of rnnon. 

Plots 3 and 9 of this experiment ll,re alike in treatment except that 
plot 9 had been artificially eroded to a depth of 12 inches prior to the 
inauguration of the experiment. The total amount of runoff from the 
normal soil under col'll was 52.9 inches while that on eroded soil uncler 
corn was 57.2 inches. The total amonnt of erosion on the normal soil 
was 382.9 tons pel' acre while on the eroded soil it totaled 516.0 tons 
per acre. Nevertheless, in going over the totals by individual years 
it will be found that in 1935 and 1936 the erosion was greater from the 
COl'll on normal soil. Fl1l'thermore, study of the individual records 
reveals that in 63 of the 162 cases runoff Trom the normal soil has 
exceeded that from eroded soil. 

CROPPING SYSTEM RUNOFF SOIL LOSS PLOT 
I"ercend (tom P''H acre) "",bet RUNOFF (PetcenO 

Continuous corn 217 369 

COfllmuou5 corn 163 50A 

Conlinuous corn 187 38,3 3 

T 
12£ IBA 

5 1f ~ ~ 
"_ 0 0 If'i
2 c i:i<:foOI5 99 101 


.2~~i 
clover 3B 5A 

A.;eroQI at 4, 51 one:! 6 aB 113 

ConhnUOIJS 0110110 22 OJ 

Conltnuous blue;Jross t2 ,03 

Conhnuotls corn on suosoll 202 51-6 

Soli loss (Ions per cere) 

FWUIIE 13.-Average annual runoff and soil loss from control plots for the lO-year 
llcriod 1933-42, on Marshall silt loam; average slope!) percent j total precipita
tion for entire period, 288.7 incbcs. 

'l'hese results arc apparently associated with certain physical proper
ties 0'£ the two soils. It will be noted t1Ult the density of runoff fl.'om 
the eroded plot is commonly greater than from the normal soil. Thid 
may be explained by tIle greuter ease 'with whieh the subsoil is diRpeesed 
bec'ause of lack of organic matter anc1 Jess IJl'otection of the soi 1 surface 
from the beating action of raindrops by the smaller corn plants on the 
eroded soil (fig. 14). Thus the relative e1'Osion as wdl as runoff 
fluctuates with rainfall amounts and intensities, type and amount of 
vegetation, length and steepness of slope, and varies from stonn to 
storm and from year to year. 

778229-48-4 
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The type and amount of vegetation probably is the most important 
single factor affecting runoff and erosion. The percentage of total • 
rainfall lost as runoff from continuous corn (on subsoil) was 19.8; • 
continuous corn, 18.2; rotation corn, 12.4; rotation oats, 9.9; rotation 
clover, 3.7·; continuous alfalfa, 2.1; and continuous bluegrass, 1.2. The 
effect of vegetation on soil losses was even more pronounced with 
average annual losses of soil in tons per acre of 51.6, from continuous 
corn (on subsoil) ; 38.3 from continuous corn; 18.4 from rotation corn; 
10.1 from rotation oats; 5.4 from rotation clover; 0.01 from continuous 
alfalfa; and 0.03 from continuous bluegrass. 
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FIGURE 14.-Effect of cropping system on height of corn on the control plots of the 
Missouri Valley loess region. 
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From these data it is apparent that average annual soi110ss from 
rotation clover is 5.4 tons per acre; whereas the loss from alfalfa and 
bluegrass is 0.01 and 0.03 tons per acre, respectively. The much higher 
loss from clover than from aHalfa or bluegrass is explained by the 
failure of clover seeding in 11)36 and 1937, because of the severe 
drought and damage from grasshoppers. The severe soil losses oc
cm'red the following spring when the plots ,vere reseeded to oats with 
a sweetclover catch crop. Detailed erosion records, tables 27-48, ap
pendix, show that 52 tons per acre or 96 percent of the 54.2 total soil 
loss from clover during the period 1933-42 occurred during 1937 and 
1938 when attempts were 'made to reestablish meadow seedings that 
failed because of drought and damage from grasshoppers in·the sum
mers of 1936 and 1937. It is recognized, of course, that failures of 
clover seedings are to be expected from time ~o time. However, from 
the weather records it is evident that these experiments were conducted 
during a period when droughts were more frequent than are to be 
expected over a period of time. Furthermore. runoff and erosion from 
oats was unusually high in 1937 (45 percent of total for the period 
1933-4'2, tables 27-48, appendix), because of a few intense rains that 
came at a time when land seeded to oats was particularly susceptible 
to erosion. This type of rain did not occur again during any other 
year while these experiments were in progress and is more frequent 
than would be expected as a long-time average. It is evident, there
fore, that an average annual soil loss of 5.4 tons per acre from clover, 
for the period 1933-42, is probably considerably highel,' than would be 
the case if records were available for a long pm'lod of time. If the soil 
losses for 1937 and 1938, years when clover seeding failed, are omitted 
then the average annual soil loss from clover is 0.2 tons per acre, a 
value more nearly in line with losses from aHalfa and bluegrass. 
Perhaps a value in between 5.4 and 0.2 would more nearly represent 
the long-time average. 

The value of clover in the rotation in reducing runoff and erosion 
is evident not only from the small losses during the period when clover 
is on the land, but also by comparing the 38.3 tons per acre soil10ss 
from continuous corn with the 18.4 tons per acre loss from corn which 
follows clover in the rotation. This 52-percent reduction in soil loss 
may be explained first, by the fact that the clover protects the soil 
surface from January 1 until the time of plowing for corn; second, by 
the increased capacity of the soil to absorb water and resist the dis
persing action of raindrops because of a more favorable structural 
condition; and, third, by the fact that the larger corn plants on the 
rotation plots give greater protection to the soil surface throughout 
the growing season. As an average of the entire period there were 
about 2 pounds of soil per cubic foot of runoff from corn ,vhich fol
lowed clover in a corn, oats, clover rotation. On the other hand, in 
the continuous corn plots. over 4 pounds of soil were carried in each 
cubic foot of surface runoff. 

Seasonal OCCtl'rrence of 1'unoff and erosion.-l\.. few rains ure re
sponsible for most of the soil losses shown in figure 15. There were 
128 storms during the period 1933-42, each of which produced runoff 
from some plot of the control series. Half of the storms caused less 
than 5 percent of the soil loss; whereas 18 percent of the total soil 
~oss 09cUl'red during 2 storms, flnd 60 percent during 1.6 storms. Jt is 
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evident, therefore, that it is necessa17 to design erosion-l!ontrol Ill~as-
ures to take care of a relatively few mtense storms. 

The seasonal effects of the various types of vegetative cover on 
runoff and erosion are especially significant. It is evident from 
figure 16, which shows the seasonal rainfall by various intensities 
for 1932--42, that the heaviest rains occurred during the months of 
June, July, August, and September, respectively; also that May and 
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Station, Missouri Valley loess region. 
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October are months which normally have rains of sufficient intensity 
to produce runoff. Figure 17, however, .shows that the peak runoff • 
occurs at different seasons for different vegetative covers. It shows, • 
for example, the greatest runoff from bluegrass and alfalfa occurred 
during March and February when the ground was frozen. The great-
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FIGURE 17.-Seasonal occurrence of runoff for control plots on Marshall silt 
loam, Soil Conservation Experiment Station, Clarinda, Iowa, 1933--42. 
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est runoff from oats resulted from rains in June and May with those 
in July, September, and March producing appreciable quantities of 

t runoff. In the case of corn the greatest runoff occurred during June. 
September, August, October, July, and May have also been months 
when rather large quantities of runoff occurred. 

Knowledge of the seasonal occurrence of erosion is of great practical 
importance. Figure 18 shows that erosion from land in bluegrass, 
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loam, 1933-42. 
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alfalfa, and clover was extremely slight at any season of the year even 
though appreciable quantities of runoff occurred from these crops. In t 
the case of oats the greatest erosion occurred dm:ing :May. :May and 
June were the months during which the greatest runoff occurred. 
Followin¥ this developmental period in the oat crop, however, very 
little erOSIOn occurred in succeeding months. In the case of (rot.(tion) 
corn) erosion parallels c10sely in seasonal occurrence, the runoff losses. 
June is the month of greatest erosional losses with September, ~fRy, 
and.August next in order. It is apparent as between a cultivated crop, 
such as corn, and a crop of close vegetation, such as oats, that marked 
differences in protective effects may be expected. Thus the oats pro
vide a greater protection against erosion than against runoff. Corn. 
on the other hand, provides protection prhnlu'ily to the extent of 
canopy interception and the water which reaches the land surface sti11 
has an erosive efie-ct. 

In addition to the effect of close-growing crops and canopy inter
ception on runoff, rhere is also the factor of moisture use by these crops. 
No doubt the withdrawal of water from the soil by the growing crops 
permits an incre~'l.se of infiltration, especially where rains follow in 
close succession during the growing season. The rl'latiYe effectiveness 
of this factor in different crops, however, was not made a part of this 
study. 

Uncontrolled variation 'tcithin tlw emper·iment.-It is important to 
know the extent of the uncontrolled variation of an)' experiment. The 
control-plot experiment und('l' discu~sion h:1;-; 110 ('I)('(·k plots and resort 
must be had to other methods. for c1cterminin!r the extE'nt of uncon
trolled variation. There are two plots in ('xperinwnt 1 that, during , 
the first 13 months of operation, recei\'ed identical treatment. Plot 3, 
in continuous corn, and plot .1, in corn at the start of the J'otation of 
corn, oats, and clonr, hac1like treatment from November 10:31 through
out 11:)32. During this period every effort was made to provide identi
cal conditions on both plot" as required by the experiment. .A stud)' 
of the detailed results from this period (table '1) shows that plot 4 
exceeded plot 3 in runoff by a very appreciable amount, and likewise 
in the total amount of et'otlecl soi1. These diffet'cnces occurred not 
merely occasionally. but yery frequr.ntly, 

Detailed chemical amI physical analyses of the soil profiles of these 
plots have been published (.18). In order to present the differences 
in these analys('s all nbstnH'l of th('1ll hns 1>('('n pr<'parell (table 5). 

SOIL-MOISTURE DETEfC\UXATIO:\S, COXTRO[. PLOTS, EXPERmENT 2 

In order to determine the soil moistm'e pres('nt in the treatments 
of experiment 1 a separate series of plots was laid out adjacent to the 
control plots. Soil samples for moisture determinations wl're taken 
at 0-6, 7-12, 13-24-, and 25-36 inches at approximatel.), monthly inter
Y:tIs throughout the growing !il'aS(Jll durin!! the pl'I'J()(l u):1~-J.~. A 
summa!'v of these data is given in tnblc 6, , Because these plots W('I'P 

not l'epilcatecl it is not possible to establish differcncl's required for 
significance. How('ycr. Oil the basis of lat('r studies on methods ot , 
sampling soil for moistme determ,inn.tion it ~tpp.ears that c1ifl'erences 
of abont 0.5 percent would be I'eqmred to be slgmficant. 
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1'.\UU: ·1.--('olllpilri,wn o[ nilloff (II/If. ('I'o,~i(J11 fl'OI1/. hl'l) J1lol,~ it/WIllY itlcllf.ical 
II'('(It/ll('lIt, c:JJ/leril/lcllt 1, November 1981 to Dec. 81, 1932 

r-~"""' 
I HUllOlr 

Plot 3 Plot ·1 

Ouf/Oll! Potwd$ POllllli$ 
323.21 .~.'12 0.30 
274.70 2.-50 2~;I,2 
57.10 5.00 10. Gil 
GtI.IH 1t. [15 15. 2'J 

10.M ~r..2S ~4.15 
WI, 25 152.0; 1',~.1l7 
lI!.O' I;Ri,n f>l.:H 

30';.1;" 	 31:!.·ln 3lG.25 
~1.l;' ·11), i!J 470:1 
51.!!ti 21.13 20.75 
II. fill Ill. Hii I~, 03 Totlll: 

1.1.2; 2", :1:1 31{):1 2,021.19 2,,121.10 u"alii 1.1 II. Hi 


:'Irnll 	 on, 30 1u;. 29 45.().1
Rrlati\'p , , 	 IIJO.Otl 121).00 100,00 

1 	 DiUt'r£lor;.f'f' hi't\ltt tn WPiU}"; IS. 90 

llillrrNH'!' II} hr' 'iCl'itll':lIH' JI~",U.;- ~-.tI6 

1l1lT~r('nr, III h,> hi~!'I, ,jl!/'jfr:mr I/,,,,IUJ!' 12.20 


"',\111.1': ;;.--('Olllllll ri,~()I1,~ (J{ ('o/loi«al ('onl('1/ I, /IIoi.~11I ra (''1/1 {L'alelll, (1/,1/ (n.~J1er8ion 
mlio in 1l1(JI,~ .1 IllIrI 4 ill ('o/ttinIlQII,q (1/1([. rotlltcrt eOI'll, I'c,~[lc('lit'clJI 

('lIlIold hl' wllt!'r :'1ol~turc rquh'u lllsr~rsioll mUoVar)(lr IIhsorptlon lent , 	 I~O~~JPlot 4 Vlot 3 plo! ·1 
,---- '--.... --j ..--~-

Partllt I PUUllt PtTC£lIt; Perullt I l'trunt P(((I'/It
1 'I') ., I :l!!.O ' :lO.:l I !lO,4 I' 20,7 ~~l. I 
L 	 :15: ~ I 30.-1 i 32,2 I 31.7 26.0 • 2, II 
a 	 :1S.2: ;1A-7, :12.3: 32.sl S.!) : :!S.n 

:If> fj :\U; ! :lO,S 3() 5· 32.1 ao..l"' 

~L\Il['E(j,-F:[[(>('t o,f di{f{'/'('1I1 tll)lr',~ ot'!'(>[I('lation (II/(l/ellfll,h of ,~/o[le Ort tile IIL'cr(loe 
moistUre contOlt of Marshall silt loam soil, C/arilldll, Iou;(I, 19SE-.12 

'CI ' 	 Sot! moisture (w~ightcti nvemgrsl 
Plot " sl(jp~1 

num- ilength: 	 : t !, f---'--;-. 
her! '1932 )933 	 193'4: 1935.1930 103;! 1938, 1939 1910 1041; 1942:·~~~r-

. .' _____:__., __1____,__1____J __'__!_'_ 

I Erodc'd, , AY(,l'H!!(' YPH 1'1\- :,oil 1ll0iSt:11 1'(' IIndel' a Jfalh. (,Ollt in 1I0llS cOI'n. oats. 
and J'n,ll()\\-I'sslu;wn ill fig-m'p HI. Fronl Ih(':,<, data it isappal'<'nt that 
t I1£' llIoi:-tl1l'(' {'ontC'lIt of t lip soi I. IInd('!' :Iff:, 1fa i;; ('ol1sistentl v lo\\,('l' t ha 11 
1'01' the otlJ('1' ('['011:'. TIll' highc,,.,t Iltoist tll'P 1'!.lI1tPllt wa;; UIHll'l' fallow. 

77S:!20-,JS--iJ 

http:19SE-.12
http:2,,121.10
http:2,021.19


34 'l'ECHNICAL BULLE'fIN 959, U. S. DEP1'. OF AGRInULTURE. 

This is to be expected since there was 110 vegetation growing on these 
plots and the only loss of moisture from the soil was throu~h evapora
tion and percolation. The moisture content uncler cont1l1UOUS corn 
is not shown in this graph but from the detailed clata (plots 3 and 4, 
table G) it is evident that the values are ess(>ntially the same as for rota
tion corn. Hunoff data from the control plots show that 1:7 inches 
more water per year entered the Roil under rotation corn than uncler 
continuous corn. On the other hand, the amonnt of plant growth on the 
rotation plot has been considerably gl'eater than that on the continnous 
corn plot (fig. H) ; losses by tmnspiration, therefore, ,,,ere higher from 
the rotation plot. The moisture content of the soil uncler the two treat
ments was practically the same. It is e .. ident, th(>rerore, that tho 
larger transpiration loss from the corn on the rotation plots was about 
equal to the increased intake of water under rotation corn. 

FJGeRE l!).-Axernge soil moisture at D- to SO-inch dellth, ullIier alfalfa and ('on
tinuous corn on Marshall silt loam, , 

The monthly aYerage moisture content of the soil at the 2+- to 3G-inC'h 
depth under alfalfa, continuous COl.'n, continuous bluegrass, and rota
tion onts is 5hown in figure 20. It will be observed that the moisture 
content under alfalfa is consistentlv lower than for any of the othel' 
tr'eatments. The moisture content imder oats is somewhat lOWPt, than 
under continuous corn during the period April to August, but higher 
during the remainder of the season. Bluegrass during the hot perio(l 
of July and August is practical1y dormant and the loss oC moisture 
by trt1nspirationis exc!'('(lingly low. )[oistur(> l'ont(>nt unc1t'r continu
ous corn is high dlll'ing April, )Iny, lind .Julle) the period when then' 
i:-; very little growth of (·Ol"I1. This al:io l"Ppn'sents the period 0 t' max
imum railrfflJI. In .Jul~· and August the I'ainfall drop:; oil' materially 
and the plallts al't' making \'Cry rapid growth dm ing this period. This 
ellUSt'S ra.pid dt'plption of the moistul'e content. By H(>pt('mhpl' and 
October' the growth of plants slows clown materially. This faet :H"
('ounts for Ol(> higlwl" lnoi;;tul'(' ('onlt'nt um.!('I· ('ol'n dllring thp ]nIp 
;;UInmer and earl y fa 11. 

The moisture content lInder oals is (,onsiderablv lo\\"er 1hHn lllHlpl' 
continuous ('om dul'in!! tilp month.s of ~[nv..Jllne, -alld ,Jul\". 1Hlt ill nil 
(':Ises is high(>I' than uilcl('r eOIHinlli)IlS alf:iHn. Oats mnk~ t1wil" most 
mpid growth during 11H' nlOllths of' )fay and ./1111('. E\-c'l1 thollgh PI'(' ,('jpilatioll is l't:'latiy('l,'" high <luring lilh:; pPI·iod. Ilip ('xtrn loss of IllOis
tUI'(' through iraliSpil'lltioll hilS I'p(111('('<1 till' 1lI0i,tllrp ("0111pllt of tilt' soil, 
On1S are lH)l"lllally han'PSIl'd (hI' f'lll'ly )lillt of ,July alld til(' Ilioistll],f' 
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requirement.s of 111(' small c1o\'(~l' plants growing in the on t stubble jl{ 
not as great as for the oat Cl'O)), This and the fact that the clo\'('t' pro
vides protection to the surface and reducps the amollnt of runoff ex
l~lains the higher lIloisture content evident on the Oilt stubble during 
::;eptcmber, October, and Xo\'{~mber, 

The eirect of length of slope on s()il1l10i~lllre is seen in the compnl'i 
SOil of the results £1;0111 plots 1, 2, and :J (table (i), In 8 of the 11 yea I'" 
t.he moil:;tul'P content of the :lOil in('I'paSl,d with length of slope, 'I'll\' 
ll-year ayeral!C's show Ihe sunlC' !I'PlIlI, although the dif),pl'l'nc('s al'p 
sI111\11 and ma}:-not be significant, . 

In the ('ase of dovel' in rotation, the Illoistllt'e content or the ~()il 
was less in ltJ of tIll' J 1. yellrs of lhe expC'l'illlent than for soil unde)' 
continuous corn, The Illoisture under the close-growing bluegrass 
crop likewise ",a~ lowel' ill " of the 11 yea I'''; than under continuous 
corn, which j,.; in agl'e('I1ll'nt with l'e";lIlls I'epol'ted for H):3:l-a,j (!).lU), 
The O~lt plots lik('\\'ise showed less IllUistul'l' ill 10 of tIl(' 11 yeal's of the 
t'XjJl'I'lIlH:nt, 

The effects of conti nuous COt'll alld C'onti lIuons aHa I fa on the 1lI0lfitU)'P 
('ontel1t at the :l·l- to :W-illeh depth al'e :;hown gl'aphielllh' ill tiUIII'l' :lJ. 
'When the first samples ,vere ('ollected inUJ:32 iht' lIluistlll'(' ('oiltenl uf 
the ~4- to aO-inth depth was npPI'oxilllatl'lr at the lipId ('apa('it\', TI1£' 
water l'cqrd)'enlt'llt of the CI'Op durillg JlIl.\~ and Augll"t h; ,!!I'l'atel' thall 
that supplied Ly rainfa II. The mOist ure t'ontent of the soil, therefore, 

'71') 

0 

en 


~ corn 
0 

.J:: 25~ 

'0 

C.,. 
u .,. ,
a. ,,,,,,
~ ,,:l 20en 
'0 
E 

0 
U) 

15L------L------~----~------~

Apr. May June July Aug, Sepl. Ocl Nov. 

fo'lta'lt~: !.!IJ,".\\'('I'a),(1' soillllu\;;llIl".' ('111111'111 III :!I, ll, ;{(i·il ...!r 1l1'1.tJl twdl.,t' Ittl'lll n. 
('IHllillWl\lS ('UI'Il, hhwgt'a,:;s, l'OlllliulI Il~i!,; (III ~lal';.:lHltl ';irl l"UIIl, 11):-1:1 .I:!, ('1:11' 
iuda, IO\\,:l, 



, s: MOISTURE CONTENT (PERCENT OF WHOLE SOIL) 
c 
-: o '" 
:::: o '" 
I~ ..... 

~ 

~ ,., 
') 

(; 


;::;. 


§ 
m 
rJ.3 
~ :::. 

rr. 

::;-. 
2 
~ 
~ 

c 

, :0
::; (') 
;; 0 

- :xl
:? z 


cg I ,,,',,-::;"\ 
 1
;; ~~ ,. '"!': ~ _" '--. .. SPRING 

:> .7::,::::;;] _"" "...i.. 1 .;----~".'.,SUMMER:- iO!;:; ----"fI...-- .... - '" . 
_. :> •• ~_." __ .,, I -:.~if. r- -1"-,---- .;-.~ I fALL '"=- ~ ~--.-.,-~---..j 

~ g , 0 
~ 

'"' C...., 
:::: 
:.:' 

~ 
Z!. 

g 
::; 

~ 
I';

'l,... 
o 

~ 
§. 

(5 ;;; OiPo U\ ;-I U\
<':> o o p '" '" '" '" o '" '"!" '".& '" '" "" o '" o U\ o U\ b'" ~ MOISTURE CONTENT (PERCENT OF WHOLE SOIL) 

~unJJm::>nHJV ao \t<l3:q '£1 '0. 1626 liUJ,3:'lrI!HI 'lV:HNH::>3:.L ~8 



I 

EHOSJ'ON C'ON"THOf, AND THE RECLAMNfION o.v' ERODED LAND 3i 

was mateL'ially reduced during this p,eriod, , In the fall and ,wintel' 
of 19:33, 1D34, and l!);3il there was sufficient ram and snow to brl11g tho 
moistlll'(~ contcnt or the !'loi!. back near tho field cnpacity by spring, 
Ho\\'c\'cl', fo!' the perio<l1!J:16-39 the average allnllal precipitation was 
:.I,D inches bclow l1orl11nl nS shown in figmo 5, As a result tho moisturo 
content of the soil did not I'cnell the field capaeity during the fall and 
winter months, particuhtl'ly under a]fu]ftt, which has n. high water 
requiremcnt. From July 1937 to April <1, 1939 the moisture content 
O[ thc soilumlel' alfalfa wns only ,1 percent aboyo the wil6ng coefficient 
nt til(> ~'I- to ali-inch llt'pth, Till' (bUt by dl'pth::; ::;howccl that moisture 
had P(,lwtl'Htccl aPI)l'oXIlllatl'ly IH inch ...:; dUl'ing the winter and spring 
and thi", in lHlt1itioll to the moi:lture wh ich "'iI:l ll\'ailable at depths be
low 36 inehl's, was sullicient to proc1uC'e 2,,) nncl ;U tons pel' aCl'e of 
alfalfa in 19:38 and. 1930, r~~!Jc{,tively, B~ginningin J!J4() there wus 
~ullit'l(,llt minfall dul'ing thc JaIl and winl(,t' month::; to bring ~he soil 
bnck again allllost to the field C'apacity by the fall of 11'141. 

l'h(' ell'el't of cropping system on the moisture content of the :loil is a 
\'CL'Y important {'ollsid(l('lItion 011 C'ertain of the soil::; in the ~[iBsouri 
Vallev IOl'~s region, The ~Jnl'shall silt loHlll soils have apPL'Oximatcly 
:1 liJ-i)el'ct'tlt rrlnge in l110istme content between the field cilpaeity and 
the wilting ('oelli('i('nt, whielt during most 'ycars with norlllal rainfall 
(ll'ovidt':l su nil·it'll I' ll1oistul'c for pInnt gL'owth, On the other hal1C1. 
tll(ll'(' nrp othf't' soils in the rcgion F,:l1eh as the lighte(' textu rcel Knox ::;oi Is 
t hnt haw ollly about 10 pel'c('nt llloisluI'e that is available to th(' plant. 
III odditioll, IllHlly of tht' soils hn\'e s(('cll('(' ,.:Iopes thall thp )farshall 
"oils nnd the s(rudUI'p of the suJ'i'a('e soil .is less faYol'able fol' wal(,I' 
Pl'iwt "nliol1: ('OIl:'('Cjl1PI1t1v t!H'I'P is :t highel' pCI'('entagl' of 1'llllOIL As 
II 1'(':'1111, thl' lJloj"tl1l\' in thl' soil. during mnJ1~\' ,\'Cnl'S is not'· :lciNluatp to 
pl'()(lll(,(\ ntnXill1ll111 yiclcl~, This is pal'ti(,lllnl'iy 1he ca::;c on (j1'1c.ls that 
11:1 1"1,' b(,(,11 in nlJ'aLfn to!':t llu1l1her of yent's, 

Data olitailw(/ ()n~l' a IWl'io(] of ),('al'S at Lil1('oln, Nebr" (1;2) silo\\' 
I Ita t I)l'()lll<'gl'lll':> ()(' mixtl11'cs () r alfall'fL :ll1d lWOlll(' do not dt'plete. the 
1II0i:;(III'(' ('Ollil'llt n" rupi(lIy 11::; stntiglIt: Rtancls of alfalfa, II)II,thel'
11101'(', till' (IJl'pd of gra:,,, ill illll)I'oying titl' phYRirul condition of the soil 
and in gh'ing (L(lditionnl Pl'otcl'tiol1 to th~ surface can \)C' ('xpeeted to 
in('I'l'Hs(' Ihe tllllOllllt of watel' taken up by the soils, Thcl'efol'e, till' 
in('l'(,H:,ing intl'l't'~tin a.lfalfa-bt'ollle mixtlll'C'f;: I11tl'y be pnlticulndy help
ful in (lip ('OI1::'<'l'\'ution of :.;oil and water and ill 1l1:tintainingthe yields 
of pastl1l't' and hay on the Roi Is of tltis region, 

'fhl' lIloi"tul'l' !'(JJlt!'l1( of' tIl(' ~()ill'l'pL't'!:i(,lltS the bnlall('e between the 
lossl's of Slll'flll'P 1'11110n' III.l1 tl'tlllspimtioll, Less 1'1111 0 f!' I'esuited, as 
:,:110WI1 p(,I'Yiomdy: from the (,lose-growing typl'S of vegetation :,uch as 
oats, ('lon'I', nlfaltn,l111!1 hlu<'g!'a;;:; than from the row-spaced (,0l'l1 (,TOp, 

IIow('Y('1', it aPlwal'K IllJyiou:; that, in ccrtain yeal':> at least. the tl't\I1R
pil'tltioll lo:,:;('s J't'Olll tli(' clo::e-gl'owing crops ex('cl'{I('d the nC't sayings 
in ]H'p('ipitlltioll owill,!! to I'pclu('cd I'unof}, i'I'om tlH' ~allle crops, 

The I'(,:'ll!t:-; nbo ,..how il "lightly hight'I' il\'('I'age p<'l'centllgc of rnois
(111'(' 1111([('1' Ill(' ('Ollt ill II 0 ll:, ('oi'n gl'OWillg Oil ('('oded ::;oi1 thml 11l1c1er the , ('olltil1llons ('()l'lI gl'owing Oil Tlol'mlll soil. 'I'h.is is probably Iwcause 
()f I:h(' higlH'1' ('Iny l!Olltt'llt in tll(, profile of till' highly eroded plot, 
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CROP YIELDS IN EXPERIMENTS 1 AND 2 

The effects of cropping system and erosion on yields of corn are 

"hown in table 7. The data given repl'esent the .werage of experiment 

1 ancl 2 since both sets of plots are identical except that they are 6 and 

10.5 feet wide, respectively. The difference required for Significance
It is to be seen fromwas determined by analysis of variance (38). 

plots 1, 2, and 3, that length of slope has not produced a significant 

difference in yield of corn. The average yield of 6.6 bushels of corn 

per acre from continuous corn on desurfacec1 soil is significantly lower 

than :yields of corn grown on normal soil. Furthermore, corn grown 

in It corn, onts, clover rotation yielded 14.4 bushels per acre more than 

continuous corn as an ll-year avel'l1ge. In 1932 there was not a

In 1933, the
significant difference in yield of corll on normal soil. 

first year of corn on clover sod, the yield was 67.S bushels per acre in 


contl'l1st to an average of 49.7 bushels per acre for the continuous corn. 


Regardless of treatment, corn in 1934 and 1936 was essentially a :failure 


because of the severe drought. It was evident, however, that the larger 


corn plant on the rotation plots suffered more than continuous corn. 

'L\nLE 7.-Effeet Of croppinu system, lenuth of slope, and erosion on earn vieZd, 

average Of expel'iment 1 and :2, Marshall silt loam 

YieldS of 'corn per acro , 

Plot J, Plot 2, : Plot 3, Plot 4, 6, 6, I Plot O.
Ycar 72.0 feet I 72.0 feet36.3 fcet 14.5.2 feet I72.6 feet

long, con· 101lg, con· long, con· long. rota· long, Call' ,~inllolls lInuous tilluouS tion corn. tlnuous 
Corn corn corn onts, clowr corn' 

.----.--.• - --n-U-,'h-el-S'-'--n-IL-s'-,e'-sr~:':I:-I·-/1-u.!-lte-I.,-:·-n-'-Uh-e-'s
2:1.5 2'1.21 26.·1 22.91 5.1

1032 ••• __ .••• __ ••. _._ .. _... - .. ...• .
•. __ ._ .• _ -I:l.2 [,·1.2 ·to.7 07.8 i 1i.·1

1933.......... , .... _ .. _ 
2.6 2.1 ...... - .. I .7


1934 ...... ".......... .. .• --..... 2.8 
fl. n
a;. 6 :l!i. 3 37•.~ I

l035•• _. -••, ••• -..... . - • .. :17. r,
-1.3 R.I 0.5 .0 .0

1036............. _........... _. i.1
IR.l 27.8 30.1
1937.......... _........ __ ._... 2l.7 

7.0
47. r, ·16.1 rIO. 0 .59.7 ,
19:18 ...................... _. II. ~

1939........ ........... _. I ~Q. 6 41.7 40.S 02. S !


tR8 :I.\:~ ::u gl:8 g:1tg:l?==:===·=~=::::::::::::::::::.:.. : I
{27.3 23.0 20.4 55.1 8.S

If)42_ ..... ___ .... ___ ........ _~ ......... _~~_ 


l\!can annua1.................. _..• _.. , 27.5 I 27.-' 28.5 ·12.9 6.6

-------1-------1-------1------

22.3 1 2.5.3 2-1.2 25.8 5.9
l\!cans 1932-36................. _..........1 

27.5 : 27.-4 28.5 42.0 o.n

193i-12............. .- .......... -.. , 

!H.2 01. ;; 6.0

19·10-12.................. - ..... _•. _.... _.. ! 

! 
27.0 

1
: 23.1
. 

I 

, DilTprences less thull 6 bushels Jler acre urp not considereu Significant. 


, Desurfnced. 


Frequent hot winds, damage from grasshoppers and chinch bugs, 


anellow rainfall were responsible fo1' the low lind el'l'ntic corn yield 


obtained through 1D:3(;' ]'acto1's nfreeting eorn :vielels wCI'e rnOl'e fn.


vorable during the last G years of thc expl'l'iml'llt and the effect of 


croppillg system and erosioll on yields of COl'll is 1110l'e evident as 

!-llOwn in the summary Ot yield ·from 1n37-~2. and ID·W~l2 at tl1l' 


bottom of tnble 7 (mel'in figure 2:2. Fertility waS so limited on the 

,

croded soil thaI: \1nfnvol'nhl~:climatic conditions h:ullittle pffN·t upon 


yields of corll. E"en with continuol1s corn on normal soil there was 


)Jot .Il si.!;('llifie,'mt clmngn in :yield as affected by weather conditions. 




t 


, 


, 


EROSION CON'l'ROL AND THE RECLA:MNl'lON OF ERODED IJAND 39 

On the otlwr hand, the favorable effect of clover in the rotation on 
the yield of corn is particularly outstanding in years when moisture 
eOllelitions nre fllvomble$ as shown by the 01.2 bushels average yield 
for 104:0-42 in comparison with 25.0 bushels f1'om continuous corn. 
The cropping system also influenced the amount of growth through
out the season as shown in figure 14. 

Part of the low yields on the continuous corn plot during the last 
2 or :3 years of the experiment may be explained by dumage fl'om 
N"ol'thel'll C01'I1 root worm. Th is has Cftused considerable damage in 
fields cropped to corn for :3 or 1110re years in succession. 

Ho\\' llluch of the'decrease in yield of continuolls corn is directly 
due to erosion canllot be c1efini tely cletermined from these elata. How
eveI', ill another experiment 011 terraced land where soil losses were 
1legligible it Was found that the yields :holl1 continuous com and 
corn in It C01'l1, corn, oats, clover rotation were pl'llctically the same 
as in this experiment. It appears, therefore, that under the conditions 
of the experiment other factol'S such as decreased organic matter, un
favorable soil structural conditions, and lack of available nitrogen 
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40 'l'ECHNICAL BULLETIN 959, U. S. DEPT. OF AGRICULTURE 

in the soil were more important tlUUl erosion in reducing yields on 
the continuous corn plot. t 

Yields of oats have varied widely from yea.r to year (table 8), di
rectly or indirectly reflecting the effect of weather conditions on plant 
growth and development. of rnst in the earlier years of the experiment 
before rust-resistant varieties of oats were introduced. 

~'..\.IJLg S.-Acre 'yields of ants, clover, and alfalfa, average Of experiment 1 and 2, 
1983-49 

Rotn- Rotn· Cantin·I 	 Rotn· Rotn. Cantin· 
Yenr 	 tion tion nons Ycar tion !ion nons 

onts clo"er ulCulfn oats clover nlCalfn 
-------"- -----------11-------"1----- 

nu,het, 'POllS 'rOilS 	 Bushtls 'r01l8 'rons 
2.8 2.5 1939.._......._. __ .....___ 20.3 (I) 3.1
i~~~::::::::==:::::==::::: ..Ta' 1.5 2.5 1940.._...... __ ........_.. 34.1 1.2 3.9 


lP35...___..___ ••• ____._.. 35.7 .8 3.4 1941.... __ ........._....._ &1. 0 1.6 4.3 

1936............________.• 12.3 2.0 3.6 1942...._.... __ ....... __•. 22.8 2.8 4.2 

193;..._...___ ..... __ ._... 4;.6 (I) 3.1 
1938_._ ....,.__........... 26.4 (I) 2.5 A.vcrage. ___ •__..____ 29.8 1.3 3.3 

1 Destroyed by grasshoppers and uronght. 

As shown in table 8, also, yields of red clover were extremely vari 
able, depending on weather conditions. The extreme drought in 1934 
was responsible for the low yield in 1935. Seedings in 1936, U)37, 
and 1938 failed because of unfavorable weather conditions and damage 
from grasshoppers and chinch bugs. On the other hand, the yields 
of alfalfa, "were good l'cgllrdless of the season and it was not necessary 
fo reestablish the seeding during the entire .J?erioc1. Ordinarily ai
falfa becomes infested with wilt and it.ils WIthin 3-4 yelu's Rfter it 
is seeded unless wilt-resistant strains are seeded. A.s a 10-year aver
age, two cuttings of alfalfa each year gave a yield of 3.3 tons pel' 
aCL'e which is 2.5 times greater than the 1.3 tons per: acre average from 
!'f'd dover. The much larger yields of alfalfa, the lower seed cost 
which results from less frequent reestablishment, and reduced losses 
of runoff and erosion are all factors ill favor of adopting rotation 
with more consecutive years of meadow. Bromegrass, which is well 
adapted to the Missouri Valley region, when used with alfalfa, has 
promising possibilities in providing more adequate protection to the 
soil surface from erosion, in furnishing pasture or hay, and in re
sisting unfavorable weather conditions that occur frequently "in this 
region. 

EFFECT OF CROPPING SYSTEMS ON ORGANIC MATTER, EXPERIMENTS 1 AND 2 

Carbon determinations on samples taken annually from the control 
plots (11) show that there has been a IG-percent decrease from the 
Ol'iginal carbon content in the case of continuous corn; whereas, a 
rotation of corn, oats, and clover has mahltained the carbon content 
at the odginallevel i fmtherrnore, that continuous bluegrass has not 
increased the carbon content above the originallevel and is as effective 
as the rotation in mtLintaining the carbon content. 

Data by Slater and Carleton (36) show that on the :Marshall silt 
loam the eroded material contains a higher concentration of organic 
matter than the original soil. This is in agreement with data reported 
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by several investigators and summarized by Neal (28), namely, tlmt 
organic matter as well as othC!' nlltrient. eh.'lllenl's n ,'e higher in the 
eroded material than in the original soi1. 

EFFECT OF CROPPING SYSTEMS ON AGGREGATION, EXPERIMENTS 1 AND 2 

The effects of dHferent CI'OPS growll J'rom 1\)32-J2 on aggregation 
of samples collected J"O!l1 the conl,'ol plots in 1!)·J.:2 a,'e shown in 
iigllrc 28, '1'hese data repl'esent the average of 2 sampling dates
June 1 and July 17, Aggregate disi,'ibutioll ,vas (klN'milled by :L 
method essentially as described hy Yodpl' (4..D, Cropping to con
tiJlllOus COl'll has materially ,'educed the aggregates o.~;) mnl, The 
clove,', which is tlll'lled clown be,fol'e the cOl'nin I.'otation of com, oats, 
('lover has increased the aggregates ~,7 pen'Pllt in cO\1lpa"isoll with 
contillllOllS (,Ol'll, This, in addition to the smallel' amount of plant 

70 

62 

60 


..... 
'0 
UI 


Q) 50 

'0 
r. 
~ 

'0 
<: 
~ 40 
Q) 
Q....., 

E 
E 

3010 
C\I 
d 
" 
UI 

~ 
0 
01 20 
~ 
01 
01 

oct 

Corn 
continuous 

Corn in 
corn, oats, corn, oats, 

Clover in Alfalfa 
corn, oats, continuous 

Bluegrass 
continuous 

clover clover clover 
rotation rotation rotation f 

H'IGUItE 2:1.-liJtl'cct on soil aggregation of crops growll OIl i\Iarshnll silt lOam for 
ll-yeul' llcrioti, 1!J3:!-42. 

778220-48--6 

10 



42 TECHNICAL BULL"B'l'lN 959} U. S. DEP'l'. OF AGRICULTURE 

growth (fig. 16) available to protect the surface from the beating 
action of raindrops (J, 6, 'l) when cont.inuous corn is used, explains 
the higher soil and wllter losse!'; under the system of cropping. 

Oats and clover seeded in the oats have increased tl'Ygregation over 
that of the rotation-corn plot by 2.f percent, but this value is 12 pel'cent 
less than from rotation clover. 

Alfalfa in comparison with cloyer has increased a!!gl'egntion hy ;i 
percent, whereas bluegrass g:l\'P an increase of:3 pel'cent in aggrpgation 
in comp!lrison with alfalfa. 

'rhe increased aggre!!ation -frOIll dose-growing ,"pgelation empha
sizes the impoL"tance of including nwadows in the rotation ill order to 
maintain a stable structure that will rl'sist the action of tillage iln
plements and thr beatillg action of raindrops durillg the period whell 
the land i.s in intertilled erop;:;. Crops are known to differ matel'ially 
in the type and amount of rpsidue they leaw in lIle soil (8, i/,J). The 
ehemical composition and amount of residue has also bl'ell shown to 
have an important influence on the amount and stability of the ag
gregate;:; (:?). Matel'ials whil"h dec-olllpoSt' mpidly, slieh as legumes, 
brillg about nggregatiun ill a relativrly short pc·riod of time-2 61' 
;\ wpeks undcl' lield eonditiol1s-iJll( los(' tlll,it· l'f1't,("ti\'t~I1C'sS within 
2 or 3 months. On the othpr hand, the mOre carbollaepous materials 
require a longer period of Lime to e/teet aggregation, but ha\'c a 
more lasting effect on soi I structure. 

If a grass, such as ti.mothy 01' bromegrnss, had been included with 
the legume in the meadow, a more stable structure would have been 
expected. It is evident, therefol'r, that cropping systems influence 
the structural condition of th('. ;:;oil which in tll1"l1 (letennines to a 
considerable extent the amoullt of rUlioff and erosioll that o('cur. Ad- , 
ditioTIal information is needed to show the e£feet of di fferent crops 
and crop rotations on ;:;oil stmcturc for di fferent soil types and under 
different climatic cOlHlitions and the relation of these' fac-iol's to the 
susceptibility of soils to erosion. 

LYSI11ETER MEASL'RDIE:\TS OF PEHCOl.ATE, RU:\OFF, A:"iD EnoslO:-I 

Obviously it is important to know the rp1at ion \Jphn'en preei pittltion 
and various forms of loss of watpl' from the soi I. Informatiol1 on the 
effects 0-£ variolls treatments on watrl' intake, stll·face runoff, vapor 
losses, etc., provides the basis fOl' the dev£'lopJl1l'nt of pl'llctieal methods 
of water conservation. Boil con:-:ernttion procedures genemlly accom
pany treatments that pl'o\Tjc1c for water conservation. 

Investigations were (:onduetC'd 0\,('1.' the period 1 !);3fi-11 to deter
mine the disposition of rainfall :frolll 11IHlistul'l)('d columns of soil 
::: feet in diameter ancl :~ feet deep in~ran;hall an([ Shelby silt IO:t.tn 
soils, with c1iirerent cl'Opping practi("('s and ol'g!tnic m:ttter treat
ments. Measurements W(,I'£' made of the 10s:-1 of wutel' as runo/I". 
percolate, and vapor hom special lysirneter ullits {J(l;:;cribed by Mus~ 
~rave (~;~, 25). The cletnilecl data are gi ,"en in table D a 1)(1 :1 summarv 
IS presented graphically ill figure 2J. 

In the fallow series on )Jarshall silt loam the application of manure, 
annually, made at the rate of IG tons per aerl'~ increasecl the percolate , 
from 4.5 to 7.3 inches. At thp same time the treatmellt l'educed 
runoff from S.5 to '1.0 inches. In the cOITesponding series in corn, 
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the manure application increased the percolate fl'om 1,6 to 3.8 inches, 
at the same time reducing runoff from 6.5 to 4.6 inches. In the cor
responding series in Shelby silt loam, the application of manure 
increased percolate from 1.2 to 2.6 inches and reduced runoff from 
R.-t to 6.7 inches. 

These efl'ects are striking, pltr·ticularly in Yiew of the fad that the 
application of the tr'eatment was confined to the surface 7 inches of the 
soil prome, wher'ens the measurement of percolate shows YCrT marked 
increase throughout the entire :.I-foot profile. The Shelby silt loam, 
which has a rather impervious fi\lbsoil, was afl'e('!-ed to an e\'en 
greater d(lgT!:l! than the )Iarshall silt lonm. 

Uncler' the conditions of this expel'.iment, runoff from the Marshall 
and Shelby soils was not signifieantly c1ifl'erent. This probably is due 
to the relatively short length of slope, a "feel. and the consequent 
short-time interyal for L'lllloff to oe('ur. On longer slop(>s the more 
permeable )[arshall soil would be expected to show a larger total 
infiltration and less l'unofl' than the less lWI'l11(>able ~hellJy soil. 
That thi::;i:; tlte eas('is shown by eompar.ing the 27.1-percent runoft' 
"from eontintiOllS corn on Shelbv silt loam at the Bethany. )10.. Soil 
Conservation Expel'iment Station (,Tn wHh the IS;7 per:cent 'from 
the :M:lI'sha11 soil as shown in figure 1ft, 

Accompanying the rcduction in rllnoff thel'e has been e\'cn greater 
rcduction in soil losses, On the :fallow ~r[II'shal1 sPl'ics the manure 
treatment I'cdll('ecl It\'cragc annual el'Osioll 1'1'0111 1;;.4- io J:Ll tons pCI' 
acre, On the corll serit's of' thr Mal'shall silt loam the mannl'c treat
ment rctlu('C'd (>l'o;:;iol1 fl'Olll !J,n to 6,;) tOilS IWI' (11.'1'(" Spvel'H linieI'Pst-

[}ill Percotole 
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ing facts are disclosed by these data.' The reduction in runoff in the 
corn series is. proportionately greater than in the fallow series. The 
reduction of erosion in the corn series is likewise proportionately 
greater than the reduction in the fallow series. This is in agreement 
with the results of the effect of organic matter on losses of soil and 
water as reported under experiment 3. 'Vhile the runoff in the ma.
nil red corn series was reduced to 66 percent of the check the erosion 
in the same series was reduced to less than 25 percent of the check. 
It is clear, therefore. that the manure treatment is producing several 
effects. It is: (1) Causing increased soil porosity, which is the re
sult of a mechanical loosening effect of the organic matter and also 
through increased aggregation, of the surface soil; (2) producing a 
1110re vigorous plant with larger leaf surface, which in tum permits 
11101'e effectixe interception of rainfall by the corn canopy and thus 
a better proteetiol1 of the soil surface from the beating action of the 
raindrop's: and (3) it is producing a plant with a more vigorous root 
system which apparently has a pronounced effect in binding the soil 
particles together and reducing the density of runoff . 

.A fairly close approximation of the effect of the treatment on the 
vapor loss(ls from the soil may be arrived at by calculating the total 
losses in the form of pet'colate and runoff and subtracting the sum 
from tIll' total precipitation. These results are shown in table 9. 
The total nlp0l' losses from the :Marshall fallow series was 16.7 inches 
:for check and 15.5 inche~ for manure and represents evaporation from 
the surface of the soil. The vapor losses from the corn series were 
essentially the same for check and manure and represent the com
bined loss of evaporation from the soil and transpiration from the 
('om itself. It is of interest to note that the addition of manure did 
not increase the vapor losses in any case, but thnt the yapor losses from 
the corn series am1 bluegrnss are considerably higher because of tran
spiration of the plants. 

TABLE fI.-Sulnmary Of water rela.tions, lysimeter experiment 1-B, 1935-4.1 

[Awrage annual preeipitation-29.i5 inches) 
-.---.-~~.---- ..--------,-----:----......,..----,----

I I I Poicn&iuiiy 
Soil and treatment Runoa 1 Percolate 1 Vapor ioss o\'ailablcI 

water 
___________________________1______ ------:----

Inche. I Inche. Inches filches
~rarshall: 16. i 21.2Fallo\\', check ...... " -., --' ,--" .... ,' •.' 8.5\ :!'9 15.5 22.8.Fallo\\' and 10 tons manure pcr acre., " i.O I I ..~ 

21.6 2:1.2Corn, check ............... ,'.' ' .. ' 0,5 I 1,6 
Corn and 16 tons mnnurn p('r ncn' , . ,. -- ... ,.! ·l.ll, 3.S 21,3 25.1 

22.1Corn nnd 16 tons swcctclowr per acre, ,'.'." '. 1 i.O I 1.,1 20. i 

Bluegrnss, check............ .... .. .... --'-" 1.·1 2,0
: 26.3 ~8.3 

Shelby: I 21~ :tFnllow, cheek ' ,' ____ ....... '.' ' j 
 2:1.1l!~nllow tHHI 1G Lons IllUUIJrt' )wr u('n' - ~"~ 
! 

,DifTcrcnccs in inches of IC5g than ],1 and 1.2 ror rtlnolT and percolntc, respectively, arc not considered 
signiflcnnt. 

RC'garding pot.entially :tvaihlble water as all watcl.' which enters 
the soil profile, it may he obsC'l"Yed from the tablp that manure c1c
(Teased runoff and tlwl'pby jncl'l'ns(>d in hoth tllP fallow aJ1(l the rorn 
~eri('s t1t~, amollnt of wn.il'1' stol'pd ill the soil 01' lost as p<'l'colate (n' 
Y:IPOl'. 
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It is also of interest to compare the vapor losses from the relatively 
impermeable Shelby soil with those from the more permeable Mar
shall silt loam. In both the check and manure treatments of the 
Shelby soil there have been increases in yapor losses of more than 21 
and 30 percent, respectively, above that of the corresponding treat
ments in the Marshall series for the same period of time. .A possible 
explanation of these gl'cater losses in the relatively impermeable soil'" 
is that the general moisture level in this soil is nearer the surface. 
This is borne out by the greater total pen:olat-ioll in the )Iarshall than 
in the Shelby soil. 

The limitation of the lysimetcl' as a means fOl' studying the move
ment of moisture and nutrient I11ttterial through soils has been l'ecog
nized by different hwcstigators (1.3), The question may be raised as 
to how moisture movement in short columns of soil eornpares with nor
mal movement in the undisturbed profile. That the relation between 
moisture flow and negative pressure or tension in the lysimeter is not 
simple and is affected by relatively small change::; in moisture is 
evident from studies on lysimetel' installations on )larshall silt loam 
and Shelby silt loam at the Clarinda. Experiment Statjon UJ1, 34, 35). 
Regardless of whether the results from lysilneters are directly com
pal:able to field conditions, they offer the opportunity to study the 
relative effect of cropping practices and soi1 treatment on mo\·ement of 
moisture and nU:"ients through sllspended undisturbed columns of 
soil. 

Rainfall amI runoff are seasonal i th(>retor('. it is to be eX[H.'cied that 
lWl'eolate will Yflrynot only with the rainfall but also with the manural 
treatment and thE' tyre and amount ot plant g;mwth. That this is the 
case is apparent :from table 10. In gellpral, June, May~ and A.prj] arc 
months of highest percolation. For (>xample, '75.5 percent of the 
annllnl percolate from corn occurred 'in this period. An exception to 
this is bluegrass whieh lost 6-1:.0 percent of the total yearly percohtte in 
October, September, and November. 
TARLE lO.-Seosonol oeCII/TeItCC of percolate from J[(I,.,~h(l1L silt (/.//(1 Shelby silt 


loall~ 'l/.luler different treatment8, lysimeter experiment l-B, .1935-41 

fAwrn~e nnnnol prel·ipitntion-29.75 inches) 


l'er~olute 

?>lnrshnll silt 103m ! Shelby silt loam 
Month 

l~-~--- I ('onlin.," ('ontfn:"~-:---j \ 
I F(\llow F(\l1o,," I uous nous 'OilS corn 1 I1hl('." F,1110w , Fnllow 
, c manure t torn corn 1 sweet- ~ grn.t;s rnanur~ 

, I . tntlllllrC' elo\"~r : -_. --"-'-j---,-.~..... "'-' '... ---~-----
Pcrcwl' Percellt I Percent l'crcwl: Perccflt Puallt, Percenl ['"cen! 

Juullnrj'.•. I\:~i U:- uX n:· 'uT i t~ l:~Februnry. ll.t' U.S i .6 2.ft .~~ i 12~2 rtf);\[nrch ,. 
I 1-1, 5 11.l I II. 0 12. Ii S.7 2. l) i 13.7 fl. SApril•••... 

•... [ If.5: II.U: 27.n. 19.0 1)('0 2.6 I H.I ~ 12.0Maj·,.. _.. • 
1.1 2L ~, Wl. n 32. S ' Ofi.2 !!.I. ,I 29. [, I 2j~ 1Jllne...... 

July••.. :l.S' r..O: .n 1.('1 ,n .5' 3.·1! 5.7 
J. 2 ,1.·1 I J.1i 1.3 11 ,$ I.>; I ·1.5August 2.:1 ·5,!> 1 ;l.S, 'j 7 .r. 12.0, 2.7, n,liSepwmbcr.

October, . ¥.:~ ~:~ , ~.~ : I~:? : .I:¥ 1U: :J..I i 1~:~November. k.. a 5.3 Ii. :; 'J .•i , n. ; .1. 7 ' ~:;~ 1 8, 1l)crcmhl'r 

1.Ii l ·1 II';\ nWIIII! or lll'n'olalc 
- ..--...---.,~ -~~-.-. -~. -_."". 

I K'{prcs:;ctl nS'pcrCCUL!lr n\'cnu:e Monal raillr"ll, 

http:prel�ipitntion-29.75
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NCTRIE~TS IN THE PERCOLATE 

To study the effect of soil type, manural treatment, and cropping • 
system 011 nutrient losses, percolate samples were collected and • 
analyzed for 11itrogen, calcium, and magnesium. The data for two 
different periotls of time are shown in tables 11 and 12. In 1035, a yea r 
when raint'all was (>xc(>ssin~. the losses of calcium alldma!!nesiull1 were 
c-ollsicl('rahly JI ighel.· than i1\'the dl'ought year of 1!)3G. TIle application 
of llHllllll"e Hlttterially inCl"('asell total eaiciulll and magnesium lost in 
the pen'olate, whereas croppin4"~ partic-ularly to tl close-growing crop. 
such a~ blllt'grass. lllat('rilllly ~'edllc:ec1 the loss of calcium and mag
nesium. Tilt' lo:-;s(>s from the ~ftu'shall soils w(>re cunsidembly 11igher 
than frolll comparable treatments on the Shelby soils. These c1iffer
(>n('(lS may b(' ('xplai Iwd in pa rt by the In.rgt'r amount of percolate as 
w('11 as thl' (\iffel"('nce in conec'lItration of nutrient materials in the 
soil solutioll. 

T.\III.I-: 11.-('0[("illll/. (llIiL NIlI!lIU',silill/. in /len'olllie [roll/. ly.~im('/l'r.~, W.3J-,~(j 

[Pn~!'Ipitatioll; 1035, :S~.:J;j ill~hl's; 1030,22.02 inchesj 

l!l3U 

·Ca Per ncr~ .\Ig per acre en Per acre ~rg per Ht'H' 

,.\fnrshnllsilt loa1ll: POl/mi.! l'oltml& ! POIwd., l'ou1UI.•Fallnw.. ,. 175.;' 42.5 ;{O.S . 12. 1Fullow plus W tOilS Per n('r~ of m(\nUrl'. ;10·1. [) lOa. 1 112.:1 30,,1
Corn, . ,. _. li:J.7 :17.7 4 • .'i I 1.;1
('om plus It1tons per ncre of mnnllre 2t1.U : 48.9 51.0 12.~
BlUegraSS _ . _" ItS }.,2 ,('orn plus In tons per ncre ofswcetclo\'t'r • ! _· .. ,t W.5, .1. j

Shelhy silL lonm: 
Pallow..• _. ._. ••.. ! 1 10, , i. s
Fallo\\' plus Ilj tOilS per acre of manurl' • 35.0 1L7 

._..,. 4'-"...__._, ...... ----+-'_,.--.~. 

TARLE 12.-Nitrogen, calcium, (Ina magnesium ·in percolate tron~ lilsimeter on 
.Ifill·oSha//. (Iud Shelby silt loall/. 'with (Ufferent crops ana residues, J[ay to 
SrptclII/)rr, l.'1.jl' 

[Total nliuCall .\fay to ;;eptcrnbcr. 19-11. ~5.15 illch('$j 

:-:ns~03SOil, rrop. tre:ltmcnt C'a per acre ~rgpcr ncreper acre 

~[nrshnll silt IO~lII: l'ountiJ Poltnti,y
Fallow•. " ................. __ . . ." 32.2 ' II .1

Fullow plus 16 tons pcr ncre of IIl!lnllrp . 110.2 , 31 Ii

('om....................... " il-1.3 . 
 IU.2
('om plus 16 Ions p~r ncr. of m3nUrO :1I.4 ' 2'i. f
111I1cgmss........_. .•.•... . 
 1-19.1 I ·11 ii
('orn pillS 16 (ons pcrncrc of s\\'('rtclowr 321.ff ; [Xl. 1

::thclhy silt loam: 
Vallow. '.. •. lV. r. : 1;3.21 1:1 ~ 
Fallow plus Iii LOllS f1~r :l<'r" of IIl:lUlln' ,;'.1 lIXI.O I ·11. , 

Table 12 shows that ('ontillllNl app\ientioll of rplnLi\'('ly l(lrgt' <tll an 
t ities of Ol'ganie matter o\'e1' It period of tillie l1lat<'riallyin(TPHs('(\ the 
loss of nitl'ogrn, ('al('illl11. and lllogn(lsiulll in tI[(I pel.'('olatp. TIl(> (lX
trl'l11(' diifl'l'C'!I('ps in (jJ'!!Hllie nmtt(>r lo:;:;('s Ill:]\" bi' o\)sen'p(\ by (,Ol1l- , 

[Juring the ~ pound" prl' at'I'plos,..; of llitro,!!:!'I!' 1'1'0111 )rarsllnll'~oil ill . 
blllE:gras:-; with till' 21G.6 pOlilHls pel' :11'1'1' I(J;-.s from Co I'll to whwh all 
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application of 16 tons pel' acre of sweetclo\'el' had been applied an
nually. Further evidence that relaf:ively Inrge losses of the excel:'::> 
nutrient materials may OCCUl' from pel'll1eahlc soH such as MurslHdl 
is seen by comparing the 2·16.6 pounds pel' aCl'C nitrogen los:; under 
corn when sweetclo\"er is the source of malllll'e~ with 3,1:.3 pounds pel' 
acre loss from barnyard 1111111Ul'e. The sweetclo\'cl' decomposes much 
more rapidly than the mo1'C cal'uonaeC'ous barnyal'd mall.UI'p. Thel'c 
is also a gl'eater excess of niu:o!,!cll in the l:'oil solution to be lo,.;t ill till' 
percolate lUlless thcl'c i:-; ;,;ufli(:iellt plallt growth to IIdlizl' il as il. 
u('('omes itV1lilable. ' 

'file conCUI'l'ent and.l'c;.;idllall'fl'l'd of ()I'!,!Hni(' nlHt Il'l' O.ll l'Ullo{l'. (')'0

siun, crop yields, and carbon eOlltent of desudaced :Marshall silt loam 
have been reported by Neal (30). ChangC's lit Illoistme content as a r
fectetl by treatmellt havc been l'epOl'te<1 pl'C'\·iously (JJ). In gencral 
the data show that soil and wllter '/05::;e::> Imn' been materially l'eduecd 
by tlw !l1lnual applicatioll of ~ audIO tons pel' acre of bal'liYfll'l\IllH
lIum Ol' a leguminolls green maIlUl'l'. The s('l'ond H-toll inl'l'cment 
was somewhat lcss eJ[el'tivc ill rcducing the loss of soil and "'at(~I' than 
the first 13 tons. Soil and ·watel' losscs were significantly It·;;s from 
eontinLlOtlS corn than from :fallow, indicating that eycn an intcrtilled 
crop such as corll intercepts consic1cmbl(, ,\:atel' :ll1d !,!h'cs a limited 
protection to the soil HU'faee. Ol'ganie nwttC'l' waS niot'e effet'ti\'e in 
reducing losses under rom than undr.l' fn.lIow. DUl'ing a !J-yeal' 
period, immediately aft('l' the appli('atioll of o)'gani(' mattl:'t' had been 
discontinued. the fallow plots showcd little l'videlH't' of \'e(luctioll ill 
runoff as It residual efreet of the j)I'('viollS t l'l'atmrnt;4. On tlw other 
hanel, under continuoliS {'orn thel'(I,WH::> a (li"tin<'l residllal efrcet or 
b;eatinent, l)l'obab]y due largely to til(' (lifl'Pl'PIH't';4 ill tilt' \'igor. and 
amount of yegetatiyc gl'owth. Ol'ganie-l1tath'I' tl'('atmcnts lJIat('I,taliy 
increased corn yields\luring t1le .\'('HI'S when it wHsnppli('d..•\.\:"0 
their effect was to maintnin yields at pmelieally till' snme Ic\'£'1 during 
a g-ycar period immediately after treatlllPl1ts W('I'C dis('ol1tIlltll'(\. TllL~ 
addition of as mueh as (j·1 tOllS of oq!allic Iltatpl'ial pCI' nt'I'(;' lltll'ing a 
3-yeal' pedocl gave only a \'el'y slight ill{')'C'tl>iC' in the carbon ('Olltl'llt of' 
the surfaec. soil. Thi.,. (,ll1phasizes thC' extreme dilli('ully of l'pplelli,.,h
ing thc organic matt('1' eon tent of c'u1tivated soils. 

EFFECT OF LI;;;\CTJ{ OF SLOPE ,\;\D DIltEGTlOX of Row, EXPlmI.\IEx'(' ;1 

Length of Slope.-It lHts bccome inc'l'easillgly apparent that the l'l'ln.
ti:\'(~ runoff that occurs fl'om slope;; or different length::; is directly l'e
Jated to thc ractors or rainfall intl'llsity and infiltration rate. 

In the comparison or h'ngth of "lope in experiment 1, there was 
some doubt as to wht,thl'r ;';llJIi(,jpllt difl'l'I'Plll'PS ill h'ngt" had ])('('n p1'O

"idea in the ol'iginal plans. If )'plativc 1'1111011' is detcrmined by the 
l'elntionship of infiltration r:l!'e to rainfall intcll~it.Y~ then it is obvious 
tImt It propcl' COlllpuri:-:oll of ;.;Iope ]pngth.l1l11st ('ontain such dHferem'('s 
in comparison as to allow app),peiahl(' time for infiltratiol1 to Ol'CUl' Oil 
the. \'lu'ious length;:, under study. EspPI'illH'llt·1 pl'o\'idl':; slop('s or 
151.5, ;31;), and (j:~O feet In length. 
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Long slopes :\1'(\ mOl'n of an (>L'Osioll hazard than short slopes as 
shown in iigul'(,s 25 and 26, Th(' till! It ill figll rc 25 represent the results t 
obtained ft;om the COlltrol p.iots series, plot 1, 2, :Ind :3, which were 
cropped continuously to eorn planted and cultivated uphill and down
hill. ]fjgure 26 shows data :from expedment 4 located about 100 yards 
frol11 experiment 1. The plots of experiment 4: were also cropped con
tinuously to corn, but were IOOSl'-gl':JuIllL listed ill rows \lphill and 
downhill. Treatment of experiJ\l(~nt 4 also varied from experiment 1 
in that a cover crop of rye and vel('h was seeded annually in the stand
ing COl'll about August Hi, This diffet'cnce in managell1l'nt, as well as 
some variation that ma,y be expected ill the soi.! at dill'c!'ent Ioclltions. 
pro15ably explains the difference in a\)solute values for soil and water 
losses fron1 the two experiments, III oUler words. part of the differ
enceS in soil losses between surface-planted and listed corll 11my be 
explained by the fact that runoff water from listed rol'll is ('on
fined to the bottom of the. Iislet' :ful'l'ow, whereas walel' from surface
planted corn comes :from the entire sl\l'face art-a, The loss of the loose 
soil fro III the bottom of It I h;tt'l, furrow may be excessive during the 
early part of the stOl'1lI aHel.: thl loose soil is ],~l11o\'e~l. H,owever, the 
undIsturbed lind ('ol1lpa('\ sod at the bottom of the \tster furrow ilia.\' 
un ITIOI'(\ l'e;.;istant to l'l'osiol1 Ihall is tlte entit'e loose slIt'filet' fll'l'a of' 
SII daee-planted eOI'll, 
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Although the absolulo vnInes for length of slope vary between ex
peL'iment 1 and 4, the average of the yearly soil-loss mtios obtained by 
donbling the]ength of slope in experiment 1 and4 Itre not materially 
d i1Terent, as shown in table 13. It is to be seen that there is considerable 
variation in the ratios from year to yeltr. This is to be expected since 
the intensity, amount, lind distribution of rainfall influence the soil 
and water losses, depending on tl1e length of slope (19, faO). The 
smnllel' llud less intense rains produce more runoff and soil loss from 
shod plots than from longer plots, This is dne to the fact that the 
shorter distance of overland flow does not allow so much time fOl' water 
to soak into the "ioil as a longer distance. On the other hll,nd, hard
driving rains cause propoltiol1ally more loss from long slopes than 
from short slopes. This increased loss is caused by the grenter CO]1
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FIGURE 26.-ElIecL Of length Of slope on runolI n 11(1 ('r01;ion Oil Mnrshall slit loam, 
experiment 4. 
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e(lntl'aLion of wuh'L' flowing O\'N' the surface a.nd the hn'ger volume of 
water flowing over the ]owel' parts of the slope. However, if average t 
values for the entire pel'iod are com;idel'ed, it is evident that for slopes 
longel' than 72.6 fet't tlll' ratio obtained by doubling the length of 
slope is relath'ely constant. The 1l\'eL'age l'atios between the 72.6 and 
:3G.3 feet plots is somewha t sma lIel' tliiln the l'tltios for the longer 
slopes..Since. the :>G.~-fool: length of !';l~pe is not important frC!l11 the 
standpoll1t of de:;ilgnlng practIcal Cl'OSlon control measures, It was 
omitted to obtain tile llYCl'age l'tItio 2.G:~ for slopes £Treater than 72.6 
'fcet, In other words~ if nil the ratios arc ttyel.'aged~ they show that 
doubling the length of slope increased the soil loss 2,G3 times. This 
is in gerleral agl'eenwlIt with data by othel: investigators (5,6,14, f3i, 
4:;, -16), 

'l'.\IlU; J3,-.1ll1llwt son loss "aUos prodl/ced by cloublino Ie/loth (in teet) of 
plots, Marshall silt loam, 1933-42 ' 

Soil·loss mtio lor lcn~thcn(!d plots 

From 30.3 i From 72.6 iFrom 15i.5 'I' From 315.0 
to 72.6 ! to 145.2 ! to 315.0 to 630.0 

11).13.... 1.30 : 3.57 1
i 

3.45:1.211 I
193-1.. .. , .. ' 1.02 2~O2 2.3-1 ; :l.71 
19:15.- . 2.10 : 2.-4" 1 2.-101 2.01. 
10:J6. :l.OO . :1.37 3.51 
1937. 1. SO i 2.72 2.:ld 2.311.9·\ I 
1935" 1.50 ; 2.99 1.61 1.13j , 1939 2.00 2.00 3.16 2.0-1 
19·10 . 2••50 ; ~ I~ "---J1911 2.00 a: 2i I 
1912 I. 73 2.tH '::1 -.. ~ .. " .. --... ~ 

I Valurs lor 30.3-,72,1;" olHI H5,2·rootlrn~lh plots Irom control plots expcriIJlCJlt 1, rorn planted ill rows 
uphill and downhill, "alues Irom 1 57.1i·, :115" nnd GaO-loot length plo[sIrom experiment .j, corn listed uphill 

tlnd downhill. A \'Cnl~C ratio rornlllcJl~ths, 2.·10. A \'crn~c mUo omitting ~.~ 2.03. Since 72.IHoot length 
'~nhout the Il\'cmgc [errnCe spacing for l\lllrshnll soils nnd it Is Jlot prnctirohlr to r.onsldcr controllllc8surcs 
lorslopcs11S short 11s36.3 leel, tIll' \'ohl(' 2.0:\ hns hel'1l USed irll;,alcnllltiOllS rclntingsoillosses to length 01 slope 
lor the ':\Inrshnll soils. 

• Since the ratios obtained from doubling the length of slope were 
simiJaL' in both (,xp(,l'il1lent~, a uniform ratio of ~.(\;3 was assumed 
throughout the length of stope studied. The values f01' experiment +. 
were. therefore. adjusted to the Sllme management conelition as in 
experiment 1. Similn l' calculations were also made for runoff. These 
data are shown in table 1·1, The limitation of sllch calculations should 
be recognized, bllt. it is belieyed that the results aTe in gelleml agree
ment ",il-h what would be expected uneler field conditions. 

Length of 8l()p(~ in 1'('lation to ?'1l1lod.-It waS Iound that soil loss 

incl'Nlsetl with lena;th of slope', From fii!ure ::l;:i ilnd 2G it is eviclellt 

tllllt fhe p(ll'centa.!!(' 1'1I1loft d~(,l'eas('s witll in('rense in length of slope. 

Doubling tlt(' length of slope illc'\'(,ll$('<1 the pe!,('('llta,!!<' runoff 0.73 times 

(table 13). ·In other words. Hclding an ('xt1'lL iIH'I'Nnt'nt of slope goa \'e 

the runoff wtlte!' from 111(' first inC1'l·l1wllt. an opportuni.ty to be ab
sOl'bed by Ih(' se('oll(l in(,I'l'lllC'nt of 510])(,: com;equpntly, a higher pel'- , 

centage or I'he totnl rainfall penetl'nh'd the soiL The percentage 

decrease in totall'unof!, 110w('\'(',', ~holl Id !lot be confllsed with the fact 

that there was actually morc water flowing over the lower increment of 
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slope. For example, 18.7 percent of the total rainfall was lost as runoff 
from n 72.6-foot length of slope on plot 3, experiment 1. The first 72.6
foot length of the 145.2-foot length of slo12e would also produce the 
same amount of runoff, 18.7 percclIt. ThIs amount plus the runoff 
from the bottom 72.6 feet of the slope would materially increase the 
amount and velocity of water flowin~ over the lower pInt of the slope. 
This explains the larger !lmonnt of soil that is lost from the longer 
slope.

Recent data by Kl'ltsekopf (14) indicate that HIe relation between 
length of slope and soil and water loss('s is not the same from continu
ous corn as from a rotation of ('orn, wheat, and clover. He observed 
that the relationship between len~th of slope and soil and water losses 
from continuous corn lS of the same oreleI' as found by other investi
gators. He found, however, that len~th of slope was not a factor in 
increasing the loss of soil and water when the plots were cl'opped to a 
rotation of corll, wheat, and clover. . 

'!'AIIU; H.-Effect of ICIt!l/h Of slO/lO On soit (lild 'lca/or lossos, J[arsllaU silt loam, 
r.xJlcrilllollt.~ 1 ILIIIL 4, .1033-42 

Sot! 1055 per nere Runoff 
Slopn

.1~:tpcrinwnl length 
1933-39 1933-12 \033-39 I 1933-12 

Fat Tons TOIl& Pcrctnt Percent 
29.7 .l7.~ 21.2I ................................." .... 30.3 30.9 


3S.3 14.5 18.2 

1 ............................ . 145.2 
I. ...................................-. ;2.0 30.5 


:li.S W.-I 13.2 16.1 
157~5 ~~.2 I ~I.S Ill. 4 116.0·1 ........... ,. ............. 


I (.s.5 9.4 113.9
-I ................................. . ~15.0 3li.a 


I 00. Ii 7.S 112.1.\. ..................................... · ..1 n:lO.O 41.8 ; 


,........-_.......--_-_._+. 

I Calculntlons mndc ott hasis of vnlucs for 145.2'(001. plot, 10:13 -12, uSing CllI'lors 2.m :ulfl l.i3 for iurrell~<I 

soil ullll watcr loss, rcsPccli\'cl~', when length o( slope is douhled. 

'1'.\nT.E lu.-:lllllllat runOff ratios prodl/ccd b]/ doubling Zellgtl~ of plot.~, M(l,..~ll(ln 
.~ilt loall~, 103\~-42 1 

nunotT mUo 

Yl)llr 
l'rOIll 36.3\ From 72.61 From 157.5 ],'rolll 315.0 

to 72.6 to \45.2 . tl) 315.0 to 630.0 

1.34 1--1.-S0·1 2.011.531033 . 
.1.67 I 2.01. . 1.6S 1.2SIIKU 
Lbi 1 I.SI I 1.·16 1.3010:15 .. 1.95 \ 1.lil I.M I.S2lOan J •• 1G f 1.7; , 2. U5 1.-4fl

19~1i 
1938 1.00 i I. 7·1 f .1.51 I I.OtI 

}.,70; '.!.02 I 1.70 . 2~Ol1930 2.0b i l.i5:jHIIO I. Uti ' J. 79 I .191\ 1.~:! 1.S71 - f1912 
1.lH . 1.1~1\.6(;1 

1.(.0. \. 79 'A\'orn~c 1933-:10 • 
A\'crn~Q 19:J:H2. 

1 A\'cnw~ milo ror nllleU!lths equals 1.73. SInce rntio is csscntlnlly the ~nlll!'rornll p!t·t lrMlh~ thllll\'l'rngr 
err all \"aWl'S WLIR us~ll. 

It is logical to expect that length of slope will be IN;:; of tI fa('to]' 
affecting soil and wufer losses when a rotation is used. Obviously, 
the slllall grain and clover gl~own in the rotation nrc ]('ss of an erosion 
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hazard than continnons corll. Likewise, the losses of soil alld waler 
from l'ot!~tion corl~ are less because of the improve,c1 physical ~onditio,n t 
of the 5011 followmg the clover sod, Howevp.r, If length of slope 15 
not a factor when a rotation of corn, 'wheat l and (:10\'(\1' is followed, 
otl:ter control measures which reduce length of slope, sueh as terl'ncing~ 
contouring, and strip cropping, would not be needed regardless of 
length of slope. Prllcticnl expedence would lndic-ate that this is not 
the case. Further studies carried on oyer :l long period of time to 
average out climatic variations are needed to answer this problem 
definitely. 

Steepness of slope in 'relation to soil and wate!' Zosses,-Althourrh 
studies were not conducted to detel'lnine the effect of increasing t'fie 
degree of slope on the loss of soil and water from the Mal'shull silt 
loam, inyestigaUons nt other locations that included ,yidely different 
soils and slopes show that rUlloff [lnc1 erosion increase as the slope of 
the land increases. For example, data on Shelby loam soil at the 
Bethany Soil Conservation Experiment Station show soil l(lss from 
an 8-percent slope to be 2.6 times as great as that from a ±-percent 
slope. Furthermore, loss from a 12-percel1t slope was 4,7 times that 
from a 4-perceu t slope. 

INFILTRATION 

Infiltration, 01' the rale at which precipitation pl'netl'ales into .the 
soil profile, is influenced by a number of factors and may bc measured 
in [L number of ways. One of the most satisfactory undoubtedly is 
to compare the rate of rain:fallaud tlle rate of runoff. Another method 
is to apply water directly to the soil at known l'atcs ancl for specific , 
conditions of structure, slope, soil-moisture content, all(l vegetative 
coyer. It is also possible to get relative differences in infilt.l'lltion by 
measming percolate from lysimeters as described preyiously. How
eyer, it should be remembered that the actnal amount of percolate is 
materially hlfluenced by the moisture ccntent of the soil anel vapor 
loss by evaporation and transpiration. 

On the :aIarshall soil at the Clarinda Soil Conservation Experiment 
Station and on other soils and under other cultul'lll conditions, studics 
were conductecl to determine the infiltration rrtte by direct npplication 
of water to the soil at known rales as dcscr.ibeel in detail elsewhere 
(21, 23). It is recognized that this procedure fails to simulate the 
dispersing action of raindrops. It is n]so recognized that snch rain
deop action is of extreme importance on soils which, because of in
herent \'hal'acteristies 01' past management, rUll together badly and 
for111 a t:l'UKt at the surface that materially limits the rate at which 
water pelletrates the soil. N evel'the]ess, this procedure makes possible 
thc t:ompul'isoll of illfiltrntion rates of clHl'erent soils under specific 
conditionK. It is he]pf,il also in eyullllltion of the elfc('t 01' dil!'erent 
factors aUl'cting rUlloff and erosion, The infiltration oJ :JIarshull silt 
loam has LCC'II :founel to be ILpproximatcl,Y frolll 7 to 10 limes morc 
rapid than that, or Shelby silt loam. If, al) an l'xnnlple, we should 
take these two Boils [mel apply to them the same tL'catment Jor the 
surface impol1ndage of watct', we could proyidc [I, degree of protection , 
on permeable Marshall silt loam to exceed the greatest rainfall that 
has been reportcd by the weather bureau in this section. In fact, as 
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will be shown subseqllently, Hsting on the contour and level terraces 
has provided essentially comp1ete control of runoff and erosion on the 
:M11t'shnll silt loam oven though cropped continuously to corn, On the 
other hand, the snme. treatment on the Shelby silt loam would fail to 
provide protection by us milch as 2 s\\1'fnce inches per hour in f\, long
('ontintlec1min,

One of th(\ most potent factol'S Ilfrl'l~titll' the infiltrntion rate of It 
soil profile is the amount, size, and llistrib\~tion of its soil pores, For 
examp]e, it has been found in comparing three profiles, one of ·which 
is c'llltivated Ginl'lles deep, one .,b inches deep, and the other left 
lIncultivated, thnt the 1nJiltmtion is greatest on the deeper cultivllted 
profile and Jell.st on the uncuUivlltl'cl 01' check treatment. The 1n
lilLl'lItion Tlltes :for these throo conditions on :Mtll'shnll silt loam Ill'e 
1.20,1.00, I1ml 0,'77 inches pel' hotll', respectively, as based OIl a 3%-hour 
run, The nvernge percentages of porosity were 57.4, i)(U3, and 52,8, 
respectively, for the entire profile, TIll', detllIls of this study have 
been presented separately (128), 

, 
It has also been fonnd that the addition of ot"'unic matcrial in the 

\'OI'1l1 of. gt'ccn m:tlllll'(', stable Inanlll'e, ctc" considerably inCl'euses the 
inHltmtion !'ate, Thi::; may be explained partly by thl~ protection 
afforded the sllrfaetl by ol'gllnic I11lltel'iul, the dii'ed ]oosenil1(' eUect 
0:[ the orgallie materiai, lind the increllsed aggregation it Idfol:aS, In 
this case the effects of t·he trealment are prolonged ovel' seVl'l'Ill months, 
Oil Cllltinlted solI, howeve\" the cifect of the treatments .is tl'llnsitory, 
lnsting in the cnse of the Marshall silt loam only fOL' auout one-half 
hOlll' following the application of water, !wd in the case of the, Shelby 
silt loam about lJf2 haUl'S following the application of walcr. 

The infiltration capacity of the soil is nffected by the pl'esence of 
soil moisture at the beginning of the application of wllter to thu ex
tent to which the water itself occupies pore space within the profile, 
Thus, in soil in which 2,2 inches of water was contltined within the 
profile, the intake of wale\' was redueed by ~,5 inches, In Mltl'shltll 
si It lontll, al; least, soil moisture appears to be a more potent agent in 
the form of actual 8paec occupancy as indicated above, rather than in 
any possible effect it may have on .the swelling of soil colloids, 

Typo and amount of vegetation definitely atl'cct the infiltmtioll rate, 
1'I'obnb1y the most important elfect of vegetation is to protect the sur
face soi\. from Lhe beating action of rnmdl'ops, It also materially 
reduces the mte of surface runoff, thus allowing more time for infiltra
tion, Vegetation also tends to reduce the concentmtion of surface 
water into l'indets, thus presenting n, greaLl'r surface for infiltration, 
Likewi8e, the improved physical condition of t.he soil thnt results from 
root aetion and the ~)1'esence of organic Hmttel.' tldc1ec1 by the roots is 
nlso important, Pilrt.ICllh1'1y in the cllse of grasses whieh havc It fine 
netwodc 01: roots, 

SOI£. MOISTUIlE ON TEHHACED AUEAS , .A l'atllel'i Ilten8l\'e, stUlly has been made to det('l'lIIine the cfTeet of 
lOl'l'lll-ing find contour listing on moistlll'c distribution on Mlll'shall 
silt loam, The detai led results of lhis study h:l\'(~ been l'cportetl pre
viously (3,129), In general, the dala show that the moisture content 
was ,I:,H percent higher under the channel of two leve\. terraces than 

http:1.20,1.00


54 'l'ECHNICAJ" BULLE'rIN 959 , U. S. DEP1'. Oli' AGRICUVrUmn 

uncleI' the ridges, ancl2.7 percent higher than under the middles. The 
middles were 1.D percent higher than the ridges. Similar results were t 
obtained for graded terraces. 

Under the conditions of these experiments there was little or no 
evidence that water held in the channel of level terraces moved far 
enough laterally to affect the moisture content of the profile samples 
taken on the tel'race ridge, !1 distance of approximately 10 feet from 
where the samples were taken in the terrace channel. These areas 'were 
listed on the contour and runoff from the interterl'aced spaces to the 
channel was considerably less than would lllwe been the case if the 
COl'll had been surface planted. '1'he typical Marshall silt loam soil 
has It high permeability; therefore the 'greatest movement of water is 
downward and there is little tendency for the water to movp laterally. 
It wa:; olmelTecl, however, that as the impermeable glacial t,ill was 
closet· to the surface a t lower levels on the slope the moisture moyed 
dOWl1"\yard through the permeable loessbl mantle until it reached the 
impermeable glacial till and then moved along this layer, increasing 
the moisture content of subson samples. In places where the glacial 
till comes close to the surface the entire soil mass becomes saturated 
nnd seepy spots develop on the hillside which are of considerable 
inconvenience to farming operations at certa.in seasons of the year. 

EFFECT OF CONTOUR LISTING ON RUNOFF AND EROSION, EXPERIME;'I;T 4 

The effect of contour listing on Joss of soil and water is shown in 
figure 2i. It is evidpnt from tIle table I-hat an average annual soil 

loss of 27.2 tons pel' acre was 1'e
40,-----------, 40 <Iuced to 5.2 tons pel' acre by listing I 

• Soli loss on the contour. Likewise, runotl' 
from contour listing was about one


~ ml Runoff fifth that from rows t1lat run uphill
g 301----------130 and downhill. This means a sav
~ c.. .. 	 ing of about 2.5 inches of rainfall0. 

~ ., each year by contouring. In years 
------120 ~ when moisture is limited, as is fre

o quently the ease in the Missouri Val
c ley region, the extra moisture may 
cr" 

tt,;;-----Ilo be the diffel'ence between a reason
'0 ably good crop 01' II Cl'OP failure. 
(f) 	 Total soilloss for the 7-yeal' period 


was 3(j.(j tons pel' acre from the plot

o 	 with the rows listed Oil the l'ontoul' 

and 190.4 from the plot with rows 
listed uphill and downhill.b'Ha:m: 2'j,-1~Jlrect of (;Olltollr listing 

011 soil [[lid \\'Hlpl' losses on Mar One 1'nin 011 :May 6, 1937, 'was 
shall silt loam, W:m-3f.l, 1'(,1'ponsih1e 'for :l~.2 of the :3().G total 

1"0llS of soil lost from the contoured 
plot. This rai n <.::11)1(' nfter the land had beell plowed and worked dOWll 

level and befol'e tIl(' eOI'll had bepn listed. There was little or no 
capacity to impound wat(>l' and the soil was loose and smweptible to ,
erosion; ('onseq nently runoff and Pl'osion -were excessive. 
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During the 7-year pedoc1l3 storms, 7 of which were from melting 
snow, proc1ucec1nUloff from the contoured plots, whereas 48 storms 
produced runoff from the plot with rows uphill and downhill. Appar
ently more snow was held on the contoured plots than on the plot -with 
rows uphill and downhill. The soil was still frozen when the snow 
melted; hence most of the water was lost as runoff. 

It is to be seen from these data that the listing practice, which pro
vides a deep furrow in which the corn is planted, furnishes considerable 
capacity for the surface impounding of water provided the rows are 
on the contoUl". During subsequent cultivation of the corn the fur
rows are filled in and in the final cultivation are ridged, the amount 
depending upon the type and angle of shovels or sweeps and upon the 
speed with "hich the cultivator is operated. As commonly practiced 
the ridging is sufficient to impound one or IlIore inches of water on 
slopes up to 9 percent. 

It shoulc1 be recognized that undeL· field cond itions there will be 
more vadation from the true contoUl' than on the plots in this experi
ment because of irregularity in the slope. Slopes in many cases will 
also be longer thfln under the conditions of this experiment. The soil 
and water losses, ti1erefol'e, may be somewhat ]urger than found in these 
studies. Howeyer, with reasonable cal'e in laying out the contour lines 
to prevent depressed areas in some places and excessiye variations from 
the contour in other places, contouring, especially contour listing, usea 
with grassed watenYftys is a yery effective means of reducing losses. of 
soil and watcr when the slopes arc not too long. ,Yhere excesslve 
water lIas to be handled, as on long slopes, contouring alone is not ade
quate. In these cases, strip cropping, terraces, or other l"onservation 
measures are needed to divert the excessive water from the Held at a 
slow enough rate to prevent cutting. 

Furrow openers provide another method of surface impounding 
that aids in reducing losses of water and soil. Disks attached to the 
planter open a furrow considerably smaller than that left by the loose
or hard-ground Jister but still large enough to impound eonsiderable 
water unless the slope is too steep. 

Another method of changing the snrfacc configuration to impounc1 
water and help hold snow ([tn·ing the winter months isthe disk hiller. 
The inside shovels or sweeps are replaced by disks at the last cultiya
tion. These disks nre set to throw soil intu the r'ow and under (LVrnHr(\ 
conditions produce a ridge that will impound l~~ to 2 inchc·s of wafer 
if the rows are on the contour (fig. 28). Olle ohjl'dion to tl1(\ disk 
hillcr from the. pl'fLctical stanclpoint is that the field is lcft unusually 
rough and more time is required to work the ridges down "'hen the 
srec1bed is being preparl'd for oats the following spring. However, 
if the first c1isking parallels the rows, 1110st of the ridge will be de
stroyed and subseqll(int diskings at angles to the ridges are effective in 
!;JrIoothing the surfnce and th<lI·oughly incol'pol'atillg the stalks and 
other resiciu(' with the soil, le:lVing a very satisfactory secdbecl. Using 
t-he eulth"ator Oil the tmct:or when disking has also iJe('n fOlllld efl'ectiY(' 
in breaking down the ridges and in redueing the number' of times 1'1'

quil'ed to go over the ground to preparc:t satisfactory srcdbed. 
The cfl'ectiven('!;s of contouring is deter'milled by the impounding 

basin 1(' ft by till' t illngc im plf'mrnt ~ slojll' of tJw la]l(1. n nlOunt andi nten
sit), of r'ainfil.ll; and the infilt.mtioll capHeit,)" of thp soii. It is obvious 
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FIGURE 28.-CI'OS8 sectioll of corn row on 9-pel'cent slope of 1\lal'!;ilnll l'ilt 10al1l. 
The disk hillcrs left ridge lind furrows with enpaeity to imponnd 21li illcht's of 
watct·. 

that the lister furrow, which is much larger thn,n the b~lsin left by the , 
furrow opener, is much more. effective in impounding water; £ul'l:h(,I.·
more, that the small depression left by the planter marks when the 
corn is surface planted will afford It minimllm capacity to impound 
water. CeL'tain soils and climatic conditions are not smtab1e for list
ing, but -wherever adapted listing affords a vel'y effective means for 
impounding water. The Marshall and closely associated soils of the 
:Missouri Vaney loess region are adapted to listing. Further study is 
needed to determine the possible use of the lister on other soils. 

Slope 01 Land as it Affects Oontouring and Slbrjace Impoundage.
Slope of the land is another important factor influencing the efl'ective
ness of contouring. As a slope increases the effectiveness of any im
pounding basin decreases. This is shown in figure 29. It is to be 
seen from b that at about a 24-percent slope a furrow of tlw ~ize nor
mally made with the lister ceases to be effective in impounding watCr. 
The smaller furrow opener, sllch as might he represented by ('\ js J10t 
effective on slopes much above 20 pCl'l'cnt. PlnntcL' mal'ks wit h sud'ace 
planting, disk and cultivtltor mark::;, and C'oJ'JJ:;tnJks at l'igllt angles to 
the slope am all helpful in impounding watcr and decreasing the ve
locity on gentle slopes. Theil' capacity, howe\,('1', ((ecrenEes rapidly 
with increasing degree of slope and is lost on stepper slopes. 

Methods of impounding water fU'e also more eff('ctive 011 soij:;; wi th 
high infiltration rates. For example, aSSllme that therc arc 2 inclws 
of rain in one hOlll', which is about aUj- to :20-Y('t!r i'reqneneyin the , 
Missouri Vnl1ey region, on a soil that has an infiltmfioJl ml{' of O.7!i 
inches pel' houl' and that listcl' tlllTO,,"S nre IISP(/ which -will Illl))(l1l1HI 
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1.25 inches of water. Under these conditions there would be no loss of 
water as runoff since the infiltration rate and the impounding capacity 
equal the total rainfall. On the other hand, consider a less per
meable soil with the infiltration rate of 0.1 inch per hour. Then, the 
lister furrows and the amount that entered the soil would amount to 
only 1,35 inches and the remaining 0.65 inches would be lost as runoff. 
Actual1y, a soil with an infiltration rate of 0.1 inch per hour would 
hold water in the furrow and drown out the crop; therefore, a smellIer 
furrow or surface planting would be necessary and this would further 
reduce the capacity to impound water. 

Contour farming has also been found very effective in increasing 
yields. Studies conducted from 1942 through 1944 in cooperation with 
237 farmers at different locations in Iowa show that on the average 
contouring increased the yields of corn 6.2 bushels per acre and soy
beans 2.2 bushels pel' aCre. The lower yields on the uphill and downhill 
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FIGURE 2D.-Uelation of deg-ree of slope to theoretical capacities for impounding 
surface watN'. Theoretically, furrow repl'esented by a retains 3.0 surface 
inches of ,vater at O-percent slope and loses its capacity lit 28-percent slope; b 
retains 2.5 surface inehes at O-percent, and loses its capacity at ~4-pel'cent slope; 
G retains 2.0 sul"face incites at O-percent slope and loses its capacity as 20-percent
slope, 
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area may be explained by reduced stands caused by washing out of 
the plants and by damage to roots that are exposed and destroyed bv 
the sun or by subsequent cultivations. • • 

Another advantage in favor of contouring is that extra moisture is • 
held, as has been shown previously. During periods when rainfall is 
limited this may decidedly increase the yield on the contourcd areas. 
There also is a saving of about 10 percent in power and fuel when all 
farming operations are carried out on the contour. 

In addition to the short-time effects, contouring, by saving the soil 
and soil fertility, can be expected over a period of time to have eycn 
larger effects on yields than were found during the short-time studies 
referred to. 

STRIP CROPPING 

The practice of strip cropping is a method of controlling runoff and 
erosion. It increases canopy mterception, infiltration, and surface 
impoundage, and provides the lowest density of runoff. It consists of 
growing crops in strips across the slope, the width of the strip repre
senting slope lengths which give the least runoff for. the soil, slope, and 
common rainfall intensities of the locality. The ideal treatment will 
produce these several control measures during the season of the year 
when maximum rains commonly occur. The basic design of the strip
cropping procedure will vary widely for different soils, slopes, and 
prevailing agricultural practices. In essence, it is an adaptation of 
local agricultural practices in that it affords some measure of protection 
and conservation. For economic reasons it commonly centers around 
the cash crop or crops of the area. 

For example, in the Missouri Valley loess region the maximum rains , 
occur from May to September, inclusive, corn is the common cash crop, 
and a landEilope of 8 percent is common. A 4-yeat· rotation of corn, 
cOl~; oats, and clover is commonly used. The basis of the control trcat
ment, therefore, may be this rotation to which a 'winter cover crop 
such as rye, or rye and winter vetch is added. Under these conditions 
protection is particularly needed during the corn years of the rotation 
from May to September, inclusive. 

By placing corn in listed rows on the contonr, 1.0 sm'face inches of 
water may be impounded on the field. This together wHh infiltration 
gives protection against all rains up to frequency of once in 15 or 20 
years. By seeding down all drainageways and putting the listcd rows 
on approximate contours so that the water of heavy rains flows 
naturally to these protected outlets, a series of "safety valves" may be 
added to the system without appreciable loss of capacity. Through the 
addition of organic matter (as provided both by the clover and the 
winter cover crop) still further protection is provided by reason of 
increased infiltratIOn. '1'0 add to the convenience of operation and 
also to give a certain degree of protection to the field from the time of 
plowing the clover sod to the listing of corn, strips of close-growing 
vegetation such as alfalfa, oats, and clover may be used. Such strips 
serve primarily as correction strips for contoured rows and eliminate 
short corn rows from the field. 

In contrast to conditions such as those indicated above, entirely , 
different measures may be called for on soils of low-infiltration ca
pacity. Under conditions where frequent runoff is Ekely, dependence 
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must be placed primarily on methods of reducing the density of runoff. 
Short slopes as well as close vegetation are the most effective means 
of reducing the density of runoff. Under these conditions relatively 
narrow stl'lpS including as much close vegetation as feasible (COl'll, 
oats, clover, or corn, oats, wheat, clover, and timothy) are to be recom
mended. The same is true of relatively steep slopes on which appreci
able surface impounding is .impracticable. 

The effectiveness of stl'ip cropping in reducing soil and water losses 
has not been studied on Marshall soils. Several farmers during the 
drought period 1934-3Go tried it on their farms. The results were 
rather discouraging because of excessive damage to the corn crops 
from hot ·winds, grasshoppers, and chinch bugs, which are frequent 
hazards in this region. As a result, the use of strip cropping is not 
extensive in the region. In recent years when weather conditions have 
been more favorable, it seems likely there would have been no detri
mental ell'ects from stri p cropping. Nevertheless, the number of years 
when it would be hazardous make it seem inadvisable to recommend 
strip cropping in this region. Other conservation measures such as 
contour listing and level terraces are well adapted to serve the same 
purposes. 

COVER CROPS 

, From the data in figures 19 and 20, it is evident that appreciable 
losses of soil and water occur in late summer and fall following the last 
cultivation of corn, and again in the spring before the land is prepared 
and seeded to oats. A close-gtowing crop, seeded at the last culti

, 


vation of corn or at a date when moisture conditions are favorable for 

germination, will be helpful in reducing the loss of soil and water. 

t'lueh a crop will also provide green material to tUI'll under in the spring 

as a readi ly n:vai1able sourcfl. of ni trnt~s. Seedings of rye and vetch as !~ 

COVCl' crop wem made Oil a field basis during the earlier years of the 

study. In general seedings were successful about 80 percent of the 

time. Satisfactory stands were not obtained in some yeaTS because of 

moisture deficiency during .July and August or injury from insects such 

as grasshoppers and chinc·h bugs. Begll1ning in 19+1 sccdings of rye 

and vetch, vetch, sweetclover, sudan grass, oats, alfalfa, orchard grass, 

and wheat were made at 2-week intervals beginning July 1 and extBnd

ing through November 15. A I-horse drill was used for making the 

seedings iii all cases. Rye or vetch or a mixture of rye and vetch have 

been more successful than any other crops under all conditions studied 

(fig. 30). Seedings between July 1 and August 15 have been successful 

about half the t.ime. July and August are normally months of limited 

rainfall in southwestern Iowa and seedings of cover crops during 

this period w(~re successful ollly if the moisture was ac!<·quate. Some

times the seec1ings also faHed, even when moisture was adequate, be

cause of damage from chinch bugs and grasshoppers. In general, 

however, seedings made on 01' a fter August 15 have been successful. 

In most yetu'S, late August and early September scedings produced the 

maximum amount of growth in the fall and spring. September 

seedings 'were also satisfactory, particularly of the small grains and 

"etch. On the other hand. seec1ings made later than Oetober 15 have 

not generally made enough growth to protect the soil from washing 
01' to supply material to be turned down and benefit the succeeding crop. 
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that is removed by the. cover crop. For example, the moisture content 
of Marshall silt loam on May 4, 194:3 with no cover crop was 21.01 
percent. Howerel', II rye and vetch cover crop reduced the moisture 
content of the soil to 16.1 percent. The rye and vetch cover crop was 
seeded in standing corn on August 14, 1042. In 1043, thet'e was 
sullieient rain in lute :May and June to replenish the moisture removed 
by the CO\'C1' crop and the yields were not reduced, but in years of very 
Ii'gilt rainfall considerable damage could be expected. 

In general, seedings of a cover crop in a cropping system with only 
1 year of corn in the rotation will not be helpful unless oats or some 
other crop is used that will winterki1l or unless the land is plowed for 
Ollts, a practice that is not common in the Corn Belt. Plants that 
are not killed during the winter interfere with preparation of the 
se('c1brd for oats in the spring, continne to grow in the onts, and in 
general canllot be recommended. However, rotations in which corn 
£ol1o\\'s corll at least once or twice in the rotation are suitable for use 
of cover crops, The facts developed in these limited studies on cover 
erops Warl'llnt further investigations to determine the most satisfac
tory of these crops to use and the. date und method of seeding for 
different soil and climatic conditions. 

TERRACES IN EROSION CONTROL 

, A number of: groups of terraces WE're bunt shortly after the estab
lishment of the expel'imental farm to provide information on the 
design features of terraces on Marshall and associated soils. A. range 
of terl'(lce grades. lengths, and spaeingB WCl'e, provided bllt because of 
the large areas required for studies of this kind there, was practically 
no replication of desihrns. However, because, of the 8- or {I-year 
period oyer which the observations were spread and the large number 
of different kinds of storms affecting the \'[ll'ious areas it has been 
possible to enllllate the results in practically an cases. 

The area devoted to these studies was farmed in It rotation of corn, 
corn, oats, and clover, beginning with oats in U)33. Terraced ar('[ts 
\\"'ero, plo'le<1 with the 2-way plow which permits plaeement of the 
dead furrow::; and back fmrows in any position desired by the operator. 
By back furrowing on the terrace, ridges anel placing th(' dead fur
rows in t('rrace channels the terrace cross section was maintained with
out recourse, to any other implement. Fltrming was carried on by 
the ordinary farm machines common to the area, using the methods 
described by Cutter and Norton (4). Mea~urement of soil and water 
losses at the ends of terraces was done wlth Pal'shall flumes as de
scribed by Parshall (3f3) , combined with Ramser silt samplers. 

TERR..-\'cE-GJL\DE STUDY 

Three groups of three terraces each were provided for a study of 
terrace grades within a range of terrace lengths. By reference to , tables 1G and 17 the year-by-year losses of soil and water may be fOl1nd. 
T1J('se data arc summarized and presented in graphic f01'm in figure 3l. 

As might be expected it is apparent that, with other design features 
held constant, the terraces with the steeper grades will lose the greater 
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Terrace Grade (inches Length Vertical 
number per 100 feet) (feet) Interval 

(Ieel)
C-16 Variabie 4,165 4.3 

o,~2,3,4.5,6 t 
C-6 Le"el 1,993 5.1~ 

I- C-5 Variable 0,1,2 2,193 5.3 

C-3 Variable 0,1,2,3,4 2,265 4.6 

A-5 Uniform 2 1,575 5.4 

A-4 Uniform 4 1,575 5.0 

A-I Uniform 6 1,575 4.4 

• C-7 Variable 0,2,4 859 4.9 

C-8 Variable 0,3,6 859 4.7 

C-9 Uniform 6 859 5.6 

1.20 .80 AO 0 o ~ .8 1.2 
Runoff (inches) Erasion (tons per acre) 

]'IGURE 31.-Al"erage annual soil and wat!lr losses from different terrace grades, 

1933-40. 
 I 

quantities of soil and water. Considering the variations in length 
between the four groups for which data are presented, it seems that 
llf' the terrace lengths iIlcrease the soil and water losses tend to become 
less. At least this is true within the usually accepted range of ter
race lengths. However, when the excessively long terrace number 
0-16 is considered it will be seen that losses of both soil and water per 
unit of area are comparatively greater than those from terraces more 
nearly conforming to standarcl design. 

Some of the conclusions which may be drawn from this study are: 
1. On Marshall silt loam soil one need not hesitate to use a long 

terrace if it is needed. The losses of soil and water are not likely
to be excessive. 

2. If a suitable outlet is not available, it is permissable to use 
level terraces with closed ends provided the terrace is confinecl to 
Marshall silt loam with topsoil at least 6 to 9 inches deep (see datn. 
for Terrace 0-6). Observations of level terraces with closed ends 
revealed that it was necessary to be in the field during the heaviest 
downpours to find any water impounded behind them. On the other 
hand, water impounded behind terraces on Shelby soils for ~onths at 
/I. time and l~Yel terraces on such soils should be avoided. , 
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3. 1£ suitable outlets are available, it is probably desirable to give 
terraces in this region a moderate grade because in any case the soil 
and water losses will be smalL Somewhat less care IS required in 
farming and maintaining graded terraces than level ones. Soil and 
water losses may be held to a minimum by using variable-graded 
rather than uniform-graded terraces although it requires a little 
more care to layout a variable graded terrace accurately. 

TABLE 10.-RIUlotr through terrace channels 01 different lengUrs and gradelJ 

C-6 C-5 C--3 A-5 A-4 A-I C-7 c-s C-9 C-16 

:..-.cE .::: E.g5~ ::;M ;:;'" Z5:! -511) .c~~-g, ~'" ~'" ~=~'- "'~ 
j~ "' '" "'" "'''' j:;: j;b ~ I~~Yeur ae ale "'''' "'";;- ~~e ale ale- .. -CD -CD - .. oS'"-"~:- ~ . CD .~- .>

0'" g~.c 0- ~~Q ~~...;;~..,.0- a.!.,g ~ ~ ~] 0" ~~ o~~ ..0::: " 
o '"..., <2 •.:: or.> • -"",-:" £"7 .s '" ~e;~ ~O .. f_:-' ~ .. ~~ ~o-ta ~6~ 6:<> ~~~~ ~ ~ci ci :3- :3- ao ::2 ao '" '" ~ _.----..-._- ------------------------------

Inchts Illchu Illchts Illchts Inchts Inchts Inche> Incht. Inch" Inch.. 
1933.__ •.••••••••••• 0.01 0.02 0.00 0.05 0.00 0.47 0.15 0.11 0.05 0.36 
1934 ....__ •___ ._._.. .01 .01 .01 .01 .01 .0:1 .01 .04 .01 .02 
1035................ .01 .02 .00 .U2 .04 .52 .04 .12 .04 .08 
1036•••••__ •__ ••__•• (I) .02 .04 .01 .03 .05 .03 .11 .02 .00 
1937__ .............. .05 .88 1.28 .75 1.43 2.26 1.39 1.58 3.26 1.24 
W3S.............__ • (1) (I) C') .01 .01 .01 .01 .04 .08 .02 

~g1g::::::::::::::::, :~~ 1: ~~ 2: ~ Ur U~ r: ~ :~~, 1: gg U~ ~: ~ 
'1'otl11.. ........!-:59' 2.80 -4.27T4:33li:7i"---s:521 3.281~~--ua 


AnllUalnYerngol~ ~~r=~~~r=~r=:w===t.17===:-w 
I tl'roce~ 

'l'ABLE 17.-Soillo8s per acre at ends of terraces 

!......::: :':.-.=-= ;:;C? Zo :0 ;:;" -::~ -5~ -5 aOJ, :L- ~c-:g 
::: =.= ~-gj! " " ~ §]
-=>.. ,,~Year ~c';E -cl) .§~ ~~ §tb .::~ jcf;~"'- -CD 
~ ... . ~- -"- . .....
0<> 0- '0":: .=- ~~ .s~ o '0 0

2...!. ::) g..!.-..::'" 0" ..... ,,1; cu ..,)~ Q ~U g..!..Q G 

I.,~"";' .hI' o '" 0':: ~ '" M ~ ~e ~ .~~ ~.5 ;2 • ,·e~~. ~tb ~ .-eSOtli ~ 
..'" ~Ot;,4 ~£fi d:<b _6.,. ..:So ".0...,. ...,~ ~ 

~; ~i' ao ::2 ao ..-
'l'Ofl3 'Tons 'r(UI.! 'TOllS ']'0113 Ton.! Ton8 'l'on8 Tona IJlonl 

1933................ 0.01 (I) 0.04 0.01 0.02 0.38 0.02 0.00 0(1)01 0.24 

1934.0... .......... (1) (1) (1) (1) .01 .01 (1) .01 (1) 

1935............... (1) (1) .02 (1) .()'I .4S .01 .04 .01 .03 

1936........... ..... (I) (I) .01 (1) ,08 .0.3 .01 .0.1 .01 .00 

1937__ ......... ..... .02 .Oi I. i3 .08 2.94 4.49 2.13 2.80 O. ~ ~~ 


t~~g::::::::::~:~::: ('.>04 (?05 <':1.1 (?33 \':02 ~)08 : n (':22 .39 1.11 
ID·IO................. .02 .20 .36 .46 .72 .48 .54 .33 .iO 2.89------!------------ 

'fotul __ ....... .09 1.22 2.30 I I. i8 4.83 7.95 2, 82 I 3.49 7.18 6.91 


AnllUalaVerngc •• :~ •• ot .15 '~1~1~~:991--::i51~_'00 _ .86 

1 Trnce. 
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TERR..4.CE,SPACING STUOY 

Two groups of terraces with vertical intervals of 4, 5, and 6 feet t 
were used for this study. The data for individual years are presented 
in tabular form in tables 18 and 19 and are summarized in figure 32. 

TABLE lS.-Rll1Iotf through terrace channels 

0-2 0-3 0-1 A-3 A-I A-2 

2,2G5-foot 2,265-Coot 2,265-Coot 1,575·foot 1,575-Cool 1,575-foot 
Year length: length: length: length: length: length: 

Hoot 5-Coot &Ofoot 4·Coot 5-foot G-foot 
vertical vertical vertical vertiC'll ,erUcal vertical 
inter,al Inten'al Interval Inter,al Inter,al Interval 

Inchts Inchtt Illchts Inchts Inchtt Inches 
193.1........................... 0.05 0.00 0.04 0.11 0.00 0.10 

1934........................... .01 .01 .01 .04 .01 .02 

1935.••••.•_....... __......"" .04 .00 .01 .01 .04 .10 

1930........................... .02 .04 .02 .04 .03 0') 

1937........................... .84 1.28 .86 1.05 1.81


1.4:1 I1938............................ (I) (I) (I) (I) .01 (I) 

1939........................... 2.15 2.10 1.40 1. 65 2. i7 4.10 

1940........................... 1.27 .66 .83 .82 2.30 1.37 


Totnl..................... 4.38 4. 27 3.17 3.72 6.71 I 7.01 


Annual a\·erngc............... .55 .53 .47 .95
.40 I .84'1 
I Truce. 

TABLE 19.-80il loss per acre at ends of terraces 

0-2 0-3 0-1 A-3 A-I A-2 

2,265-Coot 2,26r.-loot 2,265-Coot I ,,;75-Coot 1,575-Coot 1.571Hoot ,
Year length; Jen~th; length: length; length: len~th; 

Hoot 5-foot G-foot Hoot Hoot G-CQot 
"crtical vertical vcrtlcal vertical vcr tical "crtlcnl 
Inlerval Interval intcrvul Interval inten'a! interval 

Tont Tons Tont Tont TOilS i Ton., 
1933........................... 0.02 0.01 0.01 0.05 0.00 

1934........................... (I) (I) ~I) .02 O:8r I (I) 

1035........................... .01 .02 I) (I) .04 ! .14 

10.16........................... (I) .01 .01 .02 .08 \ .01 

1937........................... 1.15 1.73 1.47 1.24 3.00
2.!H j
19.18........................... (I) (I) (I) (I) (I) (I) 

1939........................... .OS .14 .11 ,52 1.02 ! 1.17 

1940........................... .40 .30 .06 1.58 . ;2 .M 


Tota! ................... 1.00 2.30 2.20 ! 3. 43 f___~._S.1J__.:!: 9S 


Annnni average............... .21 .20 .-I31---:GOj-----:O:i

.2S I 

1 'Prucc~ 

'Within the range of spacings available for this study no definite 
trends can be shown. There seems to be some indicution that greater 
soil and water losses accompany the wider spacings but this is not 
consistent. All losses are small and one may condude that terraces 
spaced consid~rably wider apart would lULve given adequate protec
tion against uny storms that occurred within the period 1933-10. 
After conclusion of the initjul period of investigations several ter
races were removed to pl'o\-ide vertical intervals as wide as 9 feet. No 
measuring equipment hus been placed on these tel'l'aces but nO dim· , 
clllty has been observed which would indicate that this spacing is too 
wide. 
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Terrace Vertical interval Grade Length 
number ( feel) (inches perlOOteel) (teet) 

t VariableC-2 4 2,265
0,1.2,3,4 

C-:i 5 0,1,2,3,4 2,265 

Bill C-4 6 0,1,2,3,4 2,265 

A-3 4 Unllorm 4 1,575 

A-4 5 Unllorm 4 1,575 

A-2 6 Unllorm 4 1,575 

l20 .BO 110 o :4 .B 12Runoff (inches) ErOSion (tons per ocrel 

FIGURE 32.-Average annual runoff and soil losses fl'OIll terraces with different 
vertical interyals, 1933-40. 

CROPS ON TERRACED LAND 

In 1933 a series. of five terraces of identical design were set aside 
for a test of the effects of crops on soil and water losses from terl'aced 
land. From that year through 1944 the middle terrace of the group 
was kept in continuous corn. The other four terraces were farmed 
in a rotation of corn, corn, oats, and clover so that one terrace was in 
each crop each year. Measuring equipment for determination of soil 
and water losses was maintained throughout the 8-year period 1934-41. 
The data from this study are shown for each year in tables 20 and 21 
and are summarized graphically in figure 33. 

Terrace - design dolo 
Lenglh - BOO leel 

Variable grade - 0,2,4 per 100teei 
Vertical Interval 5.0 feel 

'Crop
I 

". ··x.... · :':':::-:".:.:-::.:~::..-:.:.:.:.: Conhnuous eo," 

Second-yeor Cor" '" rofation 

Firs,· yeor corn in fOlollon 

:;:. :-:." Ools in rotation 

Clover in rololion" 

160 120 .80 ~o o o .4 .8 1.2 1.6 
Runoff (inChes) Erosion (Ions per acre) 

fit- Red clover seeding faded in 1936; the or~o wos resee.!ed to oats and clover tn I/'Ie 
spring et 1937, but cle\l'er seedlnq 10$t JhroUl~h Insects end dr'l '.rreolher , FIGURE 33.-Effect of crops on average annual rllnoff and soil losses as measlll'C(] 

at ends of terraces, 1934-41. 
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'rABLE 2O.-Effect of crop on "unof! through terrace channels 

Continuous Ist·yenr 2d·year Onts: ROO- Cloyer: sO(). 
com:SIJ().!oot com:SlJ().loot com; 8O().!oot loot length; loot length;

Year length; 0., length: 0·, length; 0., o.,2.,4.lneh 0.,2·, (·Inch
2·, (·ineh 2·,4·lnch 2·,4·lnch grnde grade

grnde grnde grnde 

Incht6 IIICht! Incht8 Inchts Inchts 
1034••••••••••••••••••••••••••••• 0.15 0.21 0.13 0.23 0.0.1 
1035••••••••••••••••••••••••••••• .88 .14 .30 .76 .88 
1036............................. .23 .06 .02 .67 .11 

1037............................. 1.26 1.22 .58 1.00 11.S6 

1038............................. .01 .01 .01 (I> (.>

1030............................" 3.37 2.40 3.24 2.66 1.31 

1040............................. 2.42 1.24 1.32 1. 31 .23 

1041. ............................ 3.22 2.42 2.21 1.69 2.07 


TotnL....................... 11.04 7.78 7.81 S.32 16.40 


AnnUlllayerngo.................. 1.44 .97 .08 1.04 • Sl 


I Red clover seeding (alled In 1936. The aren was reseeded to onls tlnd clover In spring o( 1937, but cloyer 
seeding was again lost due to Insects and dry wenther. 

s'1'rnce. 

TABLE 21.-Etfect of crop on soil l08S per acre at the ends of telTaces 

Continuous Ist·yenr 2d·yeBr Oats; SIJ(). Cloyer: 800· com:SlJ().loot eom:SlJ().foot corn, SlJ().foot

Year length: 0., le21gth; 0., length; 0., 
 foot lenEth: foot length: 

0,. 2-, (. nch o.,2.,4·lneh2-, (·lnch 2·, (·Inch 2., (·Inch grado gradegrade grade grado 

Tom Ton! Tons Tons Ton., 
1034............................. 0.39 0.27 0.24 0.12 0.01 

1935..................""""'" 1.08 .16 .29 .13 .lD 

1936•• __......................... .15 .02 .01 ..'i3 .04 

1937............................. 1.17 .38 .73 11.68 

1038...........__• __•• __ ..______ • (!~ 1.81 

0 e') (') (l) 

1039.........._.....___ .......... .SO .20 .64 .3·' .20 

1040... __ ............__ •••_...... 1.20 .52 .52 .13 .02 

19-11..........__.....____....__ .. 3.66 3.30 3.03 .03 .02 


'1'otal...................... 0.09 5.82 5. Jl 2.01 2.16 


Annualnverngo................. 1.14 .73 .64 .25 .27 


I Red clo...or seeding failed in 1036. 'rho nren was reseeded to oats nnd clover in thc spring of 1937, but 
clover seeding was again lost due to Insects and dry weather• 

• Trace. 

The continuous corn lost considerably more soil and water each 
year than any of the other crops. Very small average differences 
were found between first-year and second-year corn in the rotation. 
Oats lost a little more water but considerably less soil than corn. The 
corn fields, being listed on the contonr, afforded more surface re
tention of precipItation than the areas in oats which were not appre
ciably ridged during farming operations. 

The red cloveI,' would have provided more protection a~ainst runoff 
and soil loss had it not been for the two consecutive faIlures of the 
clover seeding in 1936 and 1937. The land was exposed to considerabl~ 
weathering during the attempts to reestablish the clover crop. 

The yields of COl'll furnIsh material for an interesting study. These 
data are presented for each of the 12 years of record in table 22 and 
as a 4-year moving median in figure 34. In the graph, note that the 
yield of first-year corn always maintained an upward trend while 
that for second-year corn and continuous corn suffered several 
l'everses, 

I 


I 


, 
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o 
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FIGURE 34.--A 4-year comparison of corn grown continuously and in rotation. 

Runoff (Inches) Plot Terraced Olrection and Oirection Crop' 
6.00 	 4,00 2,00 0 steepness of row rolotlon 


of slope 


porolielloW No 5.E.7,8'1. 8plot boundary 

y No 5.E.a3'1. Contour A

•
.. 

V Uo N.E.7.7l'. Contou, A 

"
)( Yes Paron,'loN.E.9.0'1. 8lerroces 

t:; 	 f'o,oll.lloIiiRunol! Z Ves N.E.IO.O'1. AErosion 	 terraces 

I 
6.0 	 4.0 ~O 0 "Crop :olatlon AI Cor". cor", ools. clo>l". 0 10 20 30 40 

Erosion ( IOnS per ocre ) Crop rOlahon B; Corn. corn, corn. oals. Corn yields (bushels per ocrel , FIGURE 35.-Average annual runo1l and soil losses and corn yields from small 
watersheds. 

http:N.E.7.7l
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SMALL WATERSHEDS 

Soil and water losses and corn yields have been compared for an 
8-year period 1034-41 on five small watersheds. The various natural 
and induced factors which characterize these watersheds complicate 
the interpretation of the results but several well established trends 
may be identified. Graphic presentation of soil and water losses and 
yields is made in figure 35. The runoff and erosion observed each 
year are shown in tables 23 and 24. Table 25 shows soil rmd topo
graphic information which is useful in interpreting soil and water 
losses and yields. 

TABLE 22.-Yield of corn on terraced land 

Continuous 1st-year corn; 2d-year corn; 
corn; 800-foot 800-foot length; 800-foot length; 

Year length; 0-, 2-, 0-, 2-, 4-inch 0-, 2-, 4-inch 
4-inch grade grade grade 

Bushels Bushels Bushels
1933_____ ____________ ______ ___________ ___ _____ __ _____ ____ 41.0 40.0 43.6 
1934_______________.__________ _______ ____ _____ ________ ___ 2.9 7.4 2.4 
1935___________ _______________ ___ _______________________ _ 20_ 8 41. 7 28.6 
1936_____________________________________________________ 1. 8 3.·1 13.0
1937_________________________________• __ ._.__ .____ _____ __ 41. 1 44.2 62.5 
1938__________________________________ .________ _________ 20.9 24.9 26.3 
1939.__ •••• ___._. _. __ •••__ •_______ •___ • __•______ •• , ._.... 16.3 44.6 25.3 
1940_._•• __ ._._____ ._._._. __ • _. ___________________ " __ "_ 43.8 53.5 60.6 
1941_•• ___ ._.____________________________________________ 28. U 51.7 48.6 
1942_____________.. ______________________________________ 18.9 67.0 35.7 
1943_________________ •______________ • __________._________ 43.4 85.3 62.2 
1944___________________ .. _________________________________ 39.1 58.3 49.8 

TotaL___________________________________________ 1====31=8=.6=1 ====6=22=.=6 1====44=8=.4 

26.6 43.6 37.4.l\nnual a vcrage. ______ . ___ ...... ----_ .. -_ .. --- _.. ---- --- .. ---- .. 

TABLE 23.-Effect Of crop rotations,' terracinu, and direction of slope on runon 
from small wat'ersheds, 1934-41 

.14 (') 

PlotW Platy Plot V Plot X Plot Z 

Year Unterraced, 
rotation B, 

SE slope 

Unterraced, 
rotation A, 
SE slope 

Unterraeed, 
rotation A, 
NE slope 

Terraced, 
rotation B, 
NE slope 

Terraced, 
rotation A, 
NE slope 

1934_____•___________ ----- --- -- - 
1935_____________ -_____ ----- -----

Inches 
0.49 
1.20 

Inches 
0.12 
.19 

Inches 
0.04 
.32 

Inches 
0.52 

_74 

Inches 
0.02 
.07 

1936_____________ -____ --- -------- .22 .11 (')
1937. ____________________________ .78 1.64 1.60 .63 .69 
1938._. _________________ -------- .22 .02 .04 0 (2) 
1939________________ •_______ -- --- 3.32 1.93 .845.09 2.40 
1940_. _______________ -__• -------- 4.80 1.40 2.25 2.08 .57 
1941 ______________ ----- __________ 4.76 3.00 1.378.00 4.22 

Tota!._____________ -- ------ 21.40 10.10 12.47 8.90 3.46 
Annual average__________________ 2.07 I 1. 26 1.56 1.11 .43 

I Rotntion A-Corn, corn, oats, clover; beginning with clover in 1934. Rotation B-Corn, corn, corn, 
ants; beginning with oats in 1934. 

, Trace. 

The unterraced plots showed considerably greater average losses 
than the corresponding terraced area. The plots carrying a 4-year 
rotation including a legume lost far less soil and water than the corre
spunding plots where no legume was included in the rotation. 

, 


, 

. 
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TABLE 24,-Effect of crop rotations,' terracinu. and direction of slope on 80H l088 
per acre trom small watersheds. 1994-41 

Plot W l'lotY Plot V Plot X Plot Z 

Year Untcrraeed, Unterraced, Unterraced, Terraced, Terraced,
rotntlon D, rotation A, rotation A, rotation D, rotation A, 

SE slope SE slopo NEslopl! NEslope NEslope 

Ton. Tons Tons Tons 'l'on., 
1934............................_. __... 0.38 0.42 (I) 0.78 0.01
1935. _.........._.____• _______•___ ..... 
 3.42 .07 .OS ,79 .03
1936•• __ •"'_" __ •__ .........._______ •• ,28 .07 .09 (I) (2)

1937•• ___ ••• __ .........._._....._._____ 
 4.35 4.82 2.89 .77 .46 
1938............................._••___ .17 (2) .01 0 (2) 

1039._......_•••. __.......__._......... 7.99 2.30 1.64 .42 .23 

1940......__....._.......__ ............ 13.86 2.56 2.33 1.22 ,09

1041 ............____ •__ • __ ... __ •__ •___• 
 13.73 1.58 .48 1.82 .03 

TotaL...... __ ... __ ••..• ___....__ 44.18 11.91 7.52 5.80 .85
Annual avorage_......______ .. ___ ..____ 5.52 1.40 .94 .72 .11 

I Rotation A-Corn, corn, onts, clovCTi b~ginning with clover in 1034. Ro(atlon D-Corn, corn, corn, 
oats; beginning with ants in 1934. 

2 'l'rncc. 

TA<lLE 25.-Distribution of soil series amonu small watersheds 

Wabash· 
Marshall JudsonPlot Shelby soils soils Oenesce 

complex 

Percent Percent Percentx__..........__ .._____....________...______________._.___ ..__ . 
 74.0 17.0 9.0
W ., __ .......___ • ___ ••____________ • __ """'__ '"'''' __ • ____ __
, 82,4 8.1 0.5z__ ....________ . _ ...___ .._____ •_______________________________ 74,5 9.2 ]6,3
Y ••• _____________ . - ___ .• __ •. ____ • _____ " ______ .•___ • __ • - __ • - _. 71. 7 ........._.. .. 28,3

\'... _w _.. ___ .. __ .. _____ .............. _.. ___ :- ...... ~ .. ___ ~ ~._______ . _____ . __ ..... . 90.3 ___________.._ 9,7 


Only one direct comparison of the effect of aspect of slope on soil 
and water losses could be made; that between Plot V and Plot Y. 
During the summer months Plot Y with its southeast exposure seems 
to become dder in the surface layers than Plot V with its northeast
ern ,exposure. This allows greater capacity for absorption of water 
durmg summer storms with consequent smaller annual water loss. 
On the other hand, Plot Y js often subjected to alternate freezing and 
thawing in the spring and finally all frost leaves it earlier than Plot V. 
Hence Plot Y is exposed to more storms without the protection of 
freezing weather and greater soil loss results. 

, 

Because of the soil and topographic variations between the water
sheds they were not equally productive at the outset of the experi
mental period. For purposes of yield comparison, let 11S think of the 
years 1932-33 as a preliminary period during which rotations were 
being established. The corn crop of 1932 was considered about an 
average crop in southwestern Iowa. Yields obtained that year, as 
recorded in the first line of table 27, reflected the natural productivity 
of the individual watersheds prior to treatment. That is, these yielcls 
bear a reasonable relationship to the productivity one might expect 
from areas with soils distributed proportionately as in table 26. The 
Marshall soils are the most pr04uctive; Shelby, relatively unproduc
tive; while the soils of the Wabash-Judson-Genesee complex, with 
good potentbl fertility, are subject to seepiness which may reduce their 
productivity. Specifically, Plot X has a steeper slope 'than Plot 1V 
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and also has nearly twice as much of the relatively unproductive 
Shelby soil within its borders so the comparatively low initial yield t 
of Plot X is as would be expected. Likewise Plot Z, the steepest in 
the group, and having a rather low percentage of the productive 
Marshall soil, should be expected to yield less than Plot Y, which is not 
so steep. Again, Plots Y and Z should be expected to yield consider
ably less than Plot V which has a lar~er proportion of Marshall soil 
and a flatter slope than any other plot In the group. 

·Within the years 1935-41, inclusive, after the rotations had been 
established, plots Wand X produced six corn crops; the other plots 
produced only four. Table 26 shows total corn yields for that period. 
From this it may be seen that Plot Z, with its good rotation, yielded 
more corn per acre in 4 years than Plot X, wlth no legumes in the 
rotation, produced in 6 years. In the un terraced group, plots V and 
Y made a creditable showing, on the same basis, against Plot 'V. The 
value of the better rotation may also be seen in the average yields for 
the 4 years-lD35, 1936, 1D3D, and 1940-when all plots were in corn. 

~1\\nr.E 20.-Effeet of crop rotatiolls/ terracing, and directi()n of slope on yield 
of corn per acre from smallwater8hcd8 

Plot W Plot X Plot V Plot Y Plot Z 

Year Unterraced, Terraced, Unterrnced, Unterrnccrl, Terraced, 
rotation n, rotation n, rotation A, rotation A, rotation A, 
SE slope NE siope NE slope SE slope :-iE slope 

rreliminary: Bushd. Bushtl.• Bushel., BIIshris Rush/I.' 
1932.......................""'" 52.8 aO.2 5..1.0 41.6 25.7 
19a:! ............................. .. :14.1 28.:1 e'l ('l ('l 


I'criod or activo eX(lerimentation: 
1934.... .••• ••.••••••.••••..•.••• (') <') (l) (I) I 
1935............................... 20.0 15. n e'l3n.r. :11.4 $. ~ 


1030.............................._ 4.3 2.8 1-1.0 12.0 13.1i 

193i•• _............................ 31. S '21).5 ('I (2i ('I

1038.................. ........•.•.. e'l e'l ('l e'l (l)

1030............................... 29.2 18.5 • 1·1.3 25•• 1 3ft• 

1940••••.•_........................ 42.1 37.4 04.8 .:.0.8 51. \i 

1041 ••.••••••••••.••••.•••••••••_.. 23.5 18.6 ('l ('J <'l--_. 

0~rotal yieid 1935-.IL.............;:::::I.:.o::::I,===12;:2.=7 =- __ . 1-13. 6'=-"~:?:~' ~.=..!:~. ~ 
.1·~~dI3rti~~~.e..~:~~i~.~::~,..).9:~~,.:.Il:.0~.I___!!·_3._01___18_._6'1___35_.9_1___3_0_.2_1 ___3_2._5 

Yi~i~k_~I~~~e.~.~.~:.:.~~••~:~~:~:.~::~. -10.1 I +1.2 +9.2 

, Rotation A: Com, com, onts, cio\'cr; beginning with second·yenr corn in 19:j2. Rotation 13: COrti, 
com, com, ants; bcginning with second·year com in 1032. 

I Bomn crop other than corn was grow·n that year. 

Ei.ght years after the experimental watersheds were established, or 
in 1D40, another year of about normal corn yields waS experienced. 
Actually the l(Verage corn yield per acre for Iowa in 11HO Was about 
11 percent greater than in 1932; for Page County the increase was 
about 6 percent, and the average yield per acre of all plots in this 
experiment was about 13 percent gL'eater than at the start of the study. 
By 1940 the crop rotadons which had been practiced on these smltll 
watersheds had passed through two complete cycles. By comparison, 
then, of corn yjolc1s from these watersheds for 1D40 with those of , 
1932, we may gain some idea of the trends in son improvement which 
may hay~ tlll<en plac~ as a result of the treatments. The differences 
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t 
ill yields between these two years is presented in the last line of table 
2a. Here we see that Plot1V, which originally yielded weU, but which 
carried a severe rotation and was un terraced, actually yielc1ec11ess at 
the end of the experimental pel'iod tha,n at the beginning. Plot X, 
with the same severe rotation but with terraces, showed a very slight 
increased yield for 1040 as compared with 1932. Plots Y and Y, the 
results from which may be considered together for purposes of this 
comparison, showed increases roughly like those fOl' Page County, 
Iowa. Oil the other hand, Plot Z, which had been terraced at the 
beginning of the experiment and carried the improved rotation, 
doubled its yield within the 8~year period. Through the combination 
of terracing and a good rotation, the annual soil loss from this area 
'was reduced to a negligible quantity. It is obvious that a further bene~ 
fit had accrued to this plot through the combination of the two good 
practices-the retcndoll, for use of plants, of the nutrients added 
through commel'cial fertilizers and through the growth of :t legume. 

Detailed analyses with hydrographs of many individual storms 
o('cul'l'illg 011 these watersheds were presented by Schoenleber.s 

o Schoen lebel',. L. H. CO~[l'If.A'fION OF ItArNFAf.L AND IWNOE'F FltO~{ TIlE WATEIt
Slllms OP 'l'UE ~lISSOURI VAr.r.EY r.m:ss HEGION COXSE!WA1'ION E),,"PEltnrEXT s'rATION. 
('I.AIUNHA, 1OW.\. 1D34-38, Hydrologic Studies, SCS'-TP-31, 1D40, [Mimeographed] 

, 

, 
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APPENDIX 

In order to avoid an excess of tabular material throuO'hout the text, 
summary tables~ving yearly records of rainfall, runoff, and soil loss 
at the Clarinda ;:;tation have been placed in the Appendix as tables 
27 to 48. 

The data presented in these tables will be of practical value and 
interest to technicjans who wish to follow the details of this 12-year 
record of research at the station. 

T.\BLE 2i.-IIIIUvialllLl 7'UIIOf! records of control plots 1-9, experiment 1, Nov. 1, 
1931 to Dec. 31, 1932 

[Average slope, 9 percent] 

jE~~ I 
Dat(} ;p:~~Ih. Plot 1 Plot 2 Plot 3 Plot 4 Plo~ 5 Plot (j IPlot 7 Plot SPlat 9Iitntion 

---/9-3-[---::'-In-c-h-es,---,--------- ---1---1--- ----- 
Xo\'.23............ , 2.02 S~:~k CfH~ c.;~:~ C;~:{ti c~:{~ IC~il~·7'~/~·1 ~/~1 CIU~1 

[932 
Fcb. 17 to Apr. 1... .77 20.19 5.1.6S 30.56 36.81 32. H 26.89 32.48 22.26 30.29 
Apr. 0.............. .S-I 2.89 9.70 2.87 7.66 2.·10 5.41 5.92 7.00 3.·10 
Apr. 2·1............. .55 2.8.1 10.55 4.53 9.25 4.41 8.14 S.61 9.91 5.57 
Mnyi. ............ 1.5-1 4.2525.01 12.7615.3531.5137.5239.5230.85 2.80 

TotaL...... 16.32 -:w:2l m.121---u:J.551112.38 121.31 1124.831130.74 12ii:"'23--m.u7 
J,une 2 (a. m.l...... 1. IS I 7.05 26. 99' 18.50" 22.55 14.15' 12.20 10.13 15.791 8.23 

Junc2(p.m.l...... .33 3.3,1 20.02 8.77 12.20 5.80 5.&1 4.70 8.50 7.04 

June 10............. 2.00 11.19 73.5-1 39.84 40.00 33.40 31.46 48.OS 4·1.81 4.74 

JuncH............. .27 1.07 4.57 2.71 2.84 2.07 2.80 2.68 4.87 •••••.•• 

June 26............. .74 2.·1-1 10.00 3.98 7.27 ........ .97 6.43 S.OI ...... ' 

Jul~·31..............702.452.17 4.!H 5.57 1.4i 3.101.392.04 2.85 

Aug. 0,............ .74 ,4.11 4.7S 5.89 8.21 ........1...................".... 3.05 

Aug.l~. ........... 1.95 11. COO 4S.89 2';.23 3,1. 21 3.90 2.50 !. 33 6.00 28.:J 

Aug. 15............ .93 5.00 35.0.1 10.15 20.54 1.79 .63 1.30 3.23 12. 27 

Aug. 17............ .67 4.35 2,1.30 9.91 .11.68 1.17 .26 1.91 2.24 10.30 

"\ug.31............ 2.29 J2.37 01.00 134.05 3~.31 1.40 2.97 2.99 3.13 25.61 

Sept. 12............ .47 2.~1 5.. 76 2.00 I 3.50 •••""., .. " .........-... ........ 2.80 

S~pt. 21 ........... ,1 .71 I 3.69 6.50 3.35 5.57 . IG; .97 .90 .93 6. I}!

Oct.22 _______.. ,,~_ .. J .92r .<13 _~_ .. ___ ~ .30 .70 •__ ~_ .. ,.'.5:) I') ~1l 1 • .J:~ 


Dec. 22.......... ".. I! .Hi .05!' .......1 .101 .28 'OSI' .00 5:·1~ .7S ... ".""" 

Dec. 24............. : .43 '" ..... " ........ ,........ , .~1 1.66 S.15 12.li 0.57, ...... .. 


TotaL·..•.. I";H:suf71:os'i324.27fJ.6.iiT2I2.051"07.;-,"72,i;G-, 100.61-107. 01 l~ 
~.~--~~ ....----.. -~ 

I Xo\,. I, 1931·Jun~ 1,1932, tolal precipitntlon 1-1.70 fnchl's. 
'JUD(' I. 1932·Dcc. 31, 1932, totnl precipitntfon 21.70 inch~s. 

i5 
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TaBLE 28.-individllaZ erosion records of cOlltl'ol plots 1-9, experiment 1, Nov. 1, • 
1981, to Dec. 81,1939 • 

[.\ycragc slope, 9 perccl1t] 

Date ~~~i~. Plot 1 IPlot 21 Plot 31 Plot 4 I[ Plot 5 !Plot 6 Pial 71 Plot S I Plot 0 

italion ! I I I !
----'--;------1----·--- 

1931 lncht! POlJ.lId. Pound! IpoundS!POlLnilS POllnds Pound. Pound. IPOUntl.Y POluld.• 
Ko\·.23•••••••••••• 2.62 5. ·15 11.38 S.42 0.30 0.70 S. i4' 0.92 11. ii 67.73 

1981 

Feb. 17-}.llr. I ••••• ' .77 :.2!! 3.30 2.W 2.82 33.. 3016 3.42 1.76 2.58 fi.M 
Apr. 6__•••••••••••• .84 •. 8. 13.89 5.90 16.66 9.51 6.30 I B.SO In. 01 
Apr.2L••• __ .......~ 10.54 16.5011.55 15.2\! 13.32 19.08 22.07 27.82 41.02 
::'.Iayi. __ •••••..•__ ~~, 129.38 ~~ 119.70 102.23 112.67 110.30 ~ 

'I'otnl •• _..... 16.:12 i 75.331174.541114.741128.22 140.99 142.DS 1152.n! 161.27 168.73 

Junn2 (n. m.)...... I.IS r'so:-27 172.1>1 15~.57 IIliS. 07 I 10.2'2\ 4.521-7.341 4.511-61.04 

JU11e2 (P.lO')"''''1 .33 1 3a.47 117.36 OO.SO 64.34 4.43 3.30 2.20 t 2.·11 I 56.40 

Jul1al0............ 2.0\1 so. SO 7S0.lil 312.40 316.25 0.00 5.77 S.37 I 12.43 18.90 

JUl1e H ••••••••••.• l .271 18.12 77.49 45.70 I 47.93 .07 .07: .OS .21, ........ 

JUl1c20 ........... ; ,74' 12.54 37.55 21.13 20.75 ........ , .• _••• , 3.41 3.27 I•• ' •.•• 

JUIY3!.............! .i6 I 5.47 13.48 16.65 18.9:1 2.05: 2.3.11 1.51 1.00 I 17.00 

Aug. G............ .7·1 22.52 14.13 28.33j a1.03 1--........ "" '........ ........ 35.96 

Aug. 12.. __••____••• , 1.95, 8~.11 229.84 i lOi.96 15.1.41 ,..... --.i ........ : ........ ' ...... --~ 15:1.88 

Aug. 10............ ' .9313G.29 110.11; 32.43t 62.HI ................. ' .•. .., .•. :...... : 93.47 

Aug. Ii............ .G7' 19.H iO.39! 2.1.80' 39.711. ....... :....................... ; 7S.9:! 

Aug.3!. ........... 2.291' 20.02 00.74126.00131.021 .001........ IfJ-I.45 

Sept.12. _____...... ! A7 7.10 10.21 4.17 4.03 ....... !.. ................ j 28.80
1Scllt.21.. .......... , .il! 3.04 i.59! 3,2,1 3,a:l ..... ; .Ul .02 .01 M.W 


g~~:~:::::::::::::! :11:::::::: ::::::::::::::::::::::::=:"::::::::::: ::::~.:::.:::: i: :::::::;:::::::: 
TotnL· ..• ..i-;l4.;Tj28.00I~,~'·!)siO.'j27.J21aoO,2"2.ii3,23.87f 7s5.9s 

, ~O\·. I, 1031·June I, 19:12. total precipitation H.7G I11Ch~s. 

~ June 1. 1932·Dec. 31, 1932. totnl preCljlltntion 21.70 {nclws. 


, 


I 
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TABLE 29.-lnaividllal runoff records of con/,rol plots 1-9, CWpCl'illlellt .1, Jan. I, 
1933 to Dec. 31, 1!J·'J.1 

(A\'crage slope, 0 perccnt) 

E~~' I I I 1 
Dllte 	 p~~~rp,: Plot I I Plot 2 Plot 3 ) PloL·\ PloL 51 Plot 6 Plot 7 Plot S Plot 0 

Italion I I t I I 
-l\-IO-r-.3-0-~9-.~-".-.-..-••-.-.l:-J-n-i~-oo-; .~u ..:~.) .~u~:~_!.~~/:.I.~U:f~_!. ~~::~j .~I~::t:. !.~::t:.I.~':·'::' CUl~~ 
l\for.31. .... " • .. .52j 1.57 I 1. iO ].22; 1.93 1••• -•••• j........ ........ ........ 3.34 

l\lnr 12.... ........ .82 2.26 1.50 1.10 1 5.0~ 1...... __ , 1.20 I........,........ 3.61 

l\loy 22............i .20 '. 1.45 ........ ......... 4.88 ........ !..................... __ 1.43 

JUI1027............. [ 2.8S' 7.03 18.-14 s.50'1 0.50 2.43,' 13.51 I 2.03,' 3.31 17.38 

Jun02O"",,, __,,, , 1.10' !:l.31 I 48.9\1 23.44 8.74 ' ........ 26.07 I........ ........ 23.05 

JIII~.8····· .. •· .. ···I. .64 ' ..•...•. !'........ '........................,..............., ........1 3.77 

Au~.21. ... · ........ 1 3.iO 2.18 2.651 3.18 11.07 1.50 I 2,01 3.521 3.53' 58.02
1~~gt: 19 :.. :.::::::I, IJ~: :::::::': ::::::r:::·::!::::::::;::::::::::::::::::I':·::::::C.~:::, gr
Sept f 25 ~ __ 	 ~_~"""_,f 1.76! 2.~l{) 5.12 3.90 ,~~""~~-,,:.,,,~.~-~' 5.00 j' ~~ ........ ; _ ~. ".1 30.53
1-----_.---------.---.------.----- 

'fotal.. ....... I H. 9S' 30.00' 7S. ~O; ·11.3·1 3S.70 3.03 ·IS.OO; O. ~5 1 0.114: 1M. IS 

.==.===..:='=====::;:;:::-::.::::==-==::;:== 

~~~:t~~~{::::::::11 (1~1~ .-:.:~~.: .. :::~J :.:~~:;. ::~:~~:!:::::~~).::~:~t .~:~~} ::2:~L ..::~ 

, 
l\layI2............ I.:lO 12.01 ",1.36; 20.80,. ......121..10 27.30 1,........ ,...... 2'2.40 
Aug.3!. ........... ! 1.15, 1.39 '...... 4.2O! ·1.40 I 21.87 1-1. III i ........ ' ..... ' ........ 
Sept.a ............. ! 1.22 1.69....... 2.2i I........ a'F,1 3.111 ........ : ....... : ...... ' 
Scpt.15..... ......i .S-!' ·1.12 I 16.09 5.81 I 4.00 13.50 I G.O/) •.• .... ...... 8.19 
Sept.26... ....... 1.73 12.81 40. i·1 17.88 I a.fr!, \ 2-1.73 I 17.:11 ....... : ....... , 2S.l\8 
Oct. 19 • ... ..... 2.37 IS.·15 i 6.;.09 29.02 I 5.03. 32.32 I 11.00 , ....... , 3.gbl 38.67 
?-~\:.~:.:::::::::::; .37 2.10 r7.70 a.91 !........! 3.09 ; ........... , • .'..... 4.01 


Xo,•. ?L_.~~.~.~~h. l:!~, t~~; lj:gij r:~~ ;~:::::::< .. ~~~:~.i:~:~:~::i:·~·: ..:~~~·~~-~-~1 ~:l~ 
'TotnL ...... 7i7.""iSoo-;;:;---;O;:OO~20:02ri;5.15i 85.81 l~!'-6.7311i1.Sii 
'1'otol.l'xelud· I I . 

ing l\lar. 5 , 1I.7S 50.01 201.80 100. Ii 18.93 i 124.17' 85.8·', 0 l 3.S5; 111.31 

I Jun. 1-])~r. 31, 1P:J3, totnl precipitation 20.37 Inehrs. 

, l\felled snow, winter accumulation. 

1 Jail. I·Dec. 31,1931, total precipitfltion 21.7i Inches. 


, 
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~rAnLE 30.-Individual erob'ion record8 ot control plots 1-9, elDperiment 1, Jan. 1, 
1938 to Dec. 31, 1934 

[A \'orago slope, \I percent] 
-··----.I~·e_.__ I--'~-"'-'- • __.. _ •...• 

Pale riot 1 Plot 2 Plot 3 l'lot 4!1110t 5 Plot 6 l'lot 7 l'lot 8 Plot 01:1r~r~. 
I Intlon 

----- -----(----.-1--------- 
1933 	 Inche.! Pound. Pound. Pound. Poundsl Poullds Pounds Pou7ldJ Pound. Pound. 

:Mllr. 30. ..... ...... 1,00 •••••••.1........ ........ ........ ........ ........ ........ ........ 31. 00 

::.rnr. 31. .... "..... ,.52 0.73 2. 66 2. 59 "."."..........._.._...._. __•• 14.0P 

May 12••••••••.• __ ,82 1.14 6.45 2. 89 11. 25 •••••••• 2. ·11 ........ •••••••• 19.55 

Mn~·22............ ,29 2.50 ........ ........ 7.00 ........ ........ ........ ........ 4.86 

Jlln027............. 2.SS 0.77 21,24 10.17 .36 0.15 30.11 0.20 0.27 132.01 

JllnQ29•.•••., ...... j 1.10 17.50 135.21 31.01 .·19 •••••••• 38.02 ................ 242.\17 

JulyS..............1 .64 ••__•.•• ........ ........ ........ ........ ........ ........ ........ 29.02 

Aug. 2L ...... __ ... ~ 3.70 3.51 O.SS 3.47 2.62 1.11 3.15 .70 1.45 120.2.5 


~~gt: {~::::::::::::l IJ; :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: U~ 
ScPt.25............! 1.76 2.10. 3.2,. 1.90 ........ 1........... 1 :1.611 ............... 2.17.il 


'rotal........ ~1-1. 0~1 42. 67 L.!.S~7S5:~I!..I"".}!:OI t"" 1. ~L.!7. 30j .00 L l.72 .•..~H. 6.'1 

193J I I
:\[nr.5............ (l) 1.40 2.00 2.11 1.35 .89 ........ .00 1.26 3.!H 

Apr. 4............. , .44 ..............., ......... ........ ........ ........ ........ ........ 9.48 

i\lay g..... _.. .•••• .50 ........ ........ ........ ........ ....... 17.42 ....................... . 

i\[ay 12.. .."..... 1. 30 \19.12 442.48 1S7.52 ........ 109.99 8.1.38 ••.• .... ........ g.1. 92 

Ang. 31..... __ , 1.15 9.70 ••,.,•• , ~'9.32 .17 09.28 13.76 ........................ 

Sopt.3...... " •... , 1.22 2.27 ........ 4.78 ........ 8.30 .54 ••••••• '
••••••••••- •.•••••••••••• "';8'.'8'."
Sept. 15.......... '1' .84 14.04 62.52 23.00 .00 44. 20 3.39 ,

Sept. 26....... .. 1.73 17.0.1 52.35 31.07 .00 54.00 4.41 ........ ........ SS.70 

Oet.19............ 2.3751.00 19],01 \15.58 .1589.52 3.15l··.......10100'.:,6


13 7 
NO\', 3. ............ 1.39 4.18 15. i2 7.31 ........ 4.18 ........ ........ ........ 19.40 
~ov. 22............ .47 .37 3.41 .55 ......................,. ........ ........ 2.08 

Oct.• 20............1 .37 5.36 20.69 9.27 ........ 5.08 ········1................ 

'rotaL·..•..:~I! 204·5.1l 791.6813o'i:7ll.79 '1l7. 24 1· 126. 65 I-:OOI-UO--.w:5i 
'rotnl. cxclud· i ,! 	 I 

ingi\lar.5.. 11l.7SI203.13789,08:389.60 .4-1 ·116.35 126.65 1' 0 .• 10 437.07 
t . t j 	 t 

I Jan. I-Dcc. 31, 1933, totnl proclpltatlon 26.37 inches. 
, Melted snow, winter accumulation. 
I Jan. 1-Dcc. 31, 193·1, totnl precipitation 21.77 incites. 

TADLE 31.-Illdi-!;iIlllal runoff 1'ccol·(l.~ of control plol.~ 1-9, experimcnt J, 

J(m. 1-Deo. 31, 1935 


[A \'ernge slope, 0 pcrcolIl] 

.. - .......... ,~. -.-.--...,-----,.--........---:----;-----,--,...~-


E~~ I I 	 I 
Dnto 	 p~~~rp. Plot 1 1Plot 21 Plot 3 Plot 4 Plot 51 Plot 6 Plot 7 Plot S IPlot 9 


1lation : 


---.--- . -.• Inche. CU. II. :-CIL./!.-;;:; Cu./t. CII./!. rC/L.;.~:-:;: CII.fl. Cu.!!. 
Jan. 10............. 0.53 5.66 8. -Il 12.03 13.86 a. OJ! a.2ti 13.41 11.82 6.15 
i\fa\' 14............ 1.35 ..... ........ ....... ........ 2.58 : •• -- ........................... .
'f . , .,.,.. . . 3.:'.~ I S' I 	 • 03 
~r~~ ~t::::::::::: ~: 73 '''i:6~' ·"i;:.io' '''il:u.r . ,.1 1:00 I"Ts-i' "'1:28' :::::::: 3: 6:1 

::.lnj'2S............. 1.55 5.57 17.58 10.33 Ii. 31 5.70) 2.7·' ..........__.... 4.03 

June 1.............. 1.57 12.47 ·Ii. -Il 24.21, 16.39 4.03 I 2. 4 ____......__ .... 18.07 

JUliO 3.............. .07 6.52 2.,;83 1.3.70 7.23 \' ....... ........ ........ 10.61 

June -1.__........... .4i 2.00 10.·19 5.02 3.·16 1. 67 .73 .!H 2.35 3. 16 


~~~~ k:::::::::::: J~ --Tiii' 1~:~ '''i:il:i" :::::::: '''1:73'\:::::::: :::::::: :::::::: :::::::: 
Juno 21............. .70 1i.3G 15.38 S.26 6.67 1.u2 L ............. , ........ 6.7fi 

.Tun026............. .61 7.01 26.51 12.75 0..17 1.20 I....... ........ ........ 11.00 

SoPt.2 ............. 1.S·' 4.1-1 ................ 3.00 ........! 2.28 ........................ 

SePt. 16............ .·12 1.31 2.11 2.1l ........ __............... ........ 3.30 2.97 

ScPt.26............ 1.9S 4.77 ,,,,--,, 3.&1 3.22 ........ '........ 2.17 !........ Il.-Il 

Oct.17............. 1.28 2.80 1I........ 2.42,.................:.......................... 4.91 

Oct.31............. 1.1D 7.40 I 22.01, 9.40, 3.[;7 I......· ......... /----....1.---.... .li.i.) 

No\'.:, .... •••••...·i_~ 2.66 ,~,~-,~ ':::'::'::::":'.:.:.:.:.:.:.::::.:.:.::.:.:.:.1:::.:..:..::.:.'.:.:.:::.::.::.:. ~~ ,·rotnl ....... .1 I LO.2S \ 71.21 ;201.73; 111.30,70.311 2.5.07: 12.S91l7.·~O; li.53i 108.81 


I " _, I . 1 

IJan. I-Doc. 31,1935, total preCipitation 32,31 incites. 

I 
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TADr.E 32.-Imlividual erosion records of cont1'ol plots 1-9, ea:peli1llC1lt. 1, Jan. 1 
t·o Dec. 31, 1935 

I 	 [A verage slope, 0 percent] 

EtTec
tivo IDoto 	 preclp- Plot I Plot 2 l'lot 3 Plot· Plot 5 Plot 6 Plot 7 Plot 8 Plot 0 

Itntlon

--------!--- -----.---------------- 
illch($ Polllldll POllllds 1'011111111 PUlwds POllllds Poltlld., POlt1ld., Poltluls POlllld~ 

JulI.19_____________ 0.53 7.86 14.30 14.18 0.28 0.2·1 0.10 O.Z! 0.20 0.35 

~f~~~:::::::::::: ~:~N :::i~;§: ::ii~61: :::;~~~: ----:8f 7:g~ ::::~a~: ::::~5i: :::::::: ----ng
Moy28____________ 1.55 23.•12 130.09 01.28 11.89 3.501 1.87 ________ ________ 15.01 
Jllllol___________ .__ 1.57 68.23 397.85 177.:12 73.03 .13 .03 ________________ 100.2:! 
JUlie 3______________ .07 1-1. 79 09.52 38.02 10.. 70 _ __ _ _ 43.20 
.TllnoL____________ .47 21.27 13·1.31 57.16 22.20 ----;04" ----;iii- ----;04- -- -;ii7- 24.48 

~~::~ k:::::::::::: ;gg --Tiii- I~Ug --Tiio- :::::::: ----;iii- :::::::: :::::::: :::::::: :::::::: 
JUliO 24.____________ .70 40.40 ZlO.07 04. GI 9·1. 75 .02 ________ ________ ________ 52.02 
JIII1020_____________ .01 83.00 402.29 101.77 82.:15 .01 ________________________ 130.53 
Sept. 2_____________ 1.8,1 11.97 ________ ________ .21 ________ .00 ______________________ : 
Sept. 10____________ .42 4.30 35.31 17.:11 ________ ________ ________ ________ .13 10.05 
Sept. 26____________ 1.03 7.46 5.77 9.35 ________ ________ .15 ________ 30.30 

Oct.Oct.31_____________17_____________ 11 •• 28 .. 3 .., --~l~.-O--O- 1.50 -.-- ____ --_--_-- -------- ________ -------- -------- 71.0014.422 8, u 9.17 5.10 ________ ________ ________10 0 8Nov.4_____________ .91 3.501 7.37 2.61 ________ ________ ________ ________ ________ 0.12 

'l'otaL. ______ 1i'ii:2S 314.05 1,670.01 687.31 13Ui:"OS~---;:-;---:-:W1--:40 545.04 

I Jlln. I-Dec. 31, 1935, total precipitation :12.31 Inches. 

, 
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TABLE 33.-Mean 7ICights of corn on control plots, lOitll, standai'd deviation, ewperiment 1, 1932-35 o 
~ 

Continuous corn, dcsurraccdRotatiou cornContinuous corn 

I I 
b:i 
C1 

I ]{ow 2 RO"'l Row 2 Ro,vl Ro,,'2
Row 1Dnw I 

Mean ISta~ld'!rd I :Mcan Stundard Standard I l\Icun IStandllrd I Mean St'lIldard Mean Standard ~ l\Ic:m 
height deviation height deviation

height dcvlUtlOO height deviation height deviation height deviation Z 
<0 

Celli i meteT8 CentimeteTs Centimeters CentimeleTs Centimeter. Q1
Celltimeters I 14.D SO. 4 6.3 4D.5 0.0 <0Jllne 22. 19:12. __ •••__ •••••••• DI. 7 D.·I 92.1 7.7 87.0 10.7 01.8 

6.9 73.7 10.7 67: 7 14.5
11.7 133.2 9.9 128.0 5.6 138.3July 2, 10:12.................. 130.1 


16.3 ]56.1 1«.6 92.5 14.5 87.7 12.9
July ]2, 10:12.••••__•••••_.... ]53.5 7.9 156.1 8.0 153.0 

3 ., 5.3 48.4 5.6 28.0 3.S 29.7 3.0 ~ 
June 0, 1u:l3 .•••..• __........ 42.1 3S.7 4.2 49.4 


9.2 43.9 6.1
June 10, 193:) ........___• __ .. 81.3 5.0 74.7 7.3 88.0 5.9 80.4 6.2 40.6 


122. 7 9.1 74.8 16.8 72.5 9.4 p
June 26, 1933 __ .............. ]25.7 7.1 114.1 ]1.1 129.0 10.0 


14.5 105.8 21.5 100.9
July 6, 193:!. ........__....... 179.5 13.0 161.2 13.0 186.2 13.6 179.6 11.7 


Junc9, J!J:H........ _...... _. 40.S 7.0 45.5 4.6 40.8 5.6 36.9 6.6 32.2 3.5 32.9 4.1 
t;:l 
tl 


8.5 71.7 9.9 &1.4 7.4 65.3 8.8
June 19,193·1. ......._....... 00.0 16.3 89.S 7.1 81.a I'd
9.8 104.7 ]3.7 102.5 0.6 104.8 9.1
June ~'il, 1931. ______ ._. __ •• ··1 135.0 !:.'2. n 134.7 9.a 110.1 

110.3 14.8 116.0 12.4 120.5 12.0 !-315t3 23.5 149.3 0.7 128.4 9.3.Tuh· 9, W;lI ............... _.\ 135.8 14.8
110.4 11.6 134.6 11.0 
Jul~'19, \9;14 .............. _. 165.6 23.9 161.7 14.3 130.1 12.3 

6.8 28.8 3.9 29.5 3.1 o
31.6 3.1 43.6 4.9 43.0JUlie 10,10:15 ........ _••• -... 2.8 
 5.8 ~10.6 51.0 6.6 51.6 
JUIIC~), 1935 ................ nS.2 5.3 65.6 7.3 00.0 6.9 86.5
3S·f.1 02.4 S.4 91.4 8.1 
July 9, 1935 ....... _••••••••• j l:!.S.O 6.1 125.3 (I.U 151. 7 7.9 ISO. 1 12.1 

July 19, 1935.............._.. 173.9 8.5 172.2 !J.2 19S.3 0.2 191.1 10.2 125.5 11.4 127.4 10.6 t=; 


11.5 m.5 16.1 146.2 13.6 151.2 13.411.4 2W.O 12.7 230.9 ~July 29, 1~35................. ~19.0 
H 

o 
C1 
~ 
C1 
~ 
t;:l 

.. 




-
 • .. 

t;j 

5 
U1 
H o 
Z 
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Z 
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TABLE 34.-Grop yields per acre 1 on soil-moisture plots in field E, experiment 2 ::tl o 

t< 


1932 1933 >
1934 1935 

Z 
Plot Treatment Hay or Hay or l=' 
N.: IIayor Hay or

Grain Grain Grain stoYcr Grain stoycr >-3stoyer 2 stoyer 
~ 
t;j 

Ton! BUJhel& Ton! Bu!hel& Ton!
BUJhel& T01l6 Bu!hel&

Continuous corn. ____________________________________________________________ c_ 29.29 (2) 3.06 1.16 35.10 1.70 ::tl
25.71 ..---------- t;j 
23.84 49•.'i7 (l) 3.57 1.00 39.59 1.65 n2 ----------- 1.792.i3 .96 34.6922.23 .... -- ... ------ 47_36 (2) t'3 1.55 32.24 1.430.58 (')22.i7 ('l

~--------54 _____do.'_______•________________________ •____________--------------------------- ..- (ll 2.47 (ll .50 38.04 2.73 >:jii~~~~~,~::======:::::::========:::=========:=========:::=============:======= ('l ... ---------- _61 ~ 
6 _____do.'___________________________ --- - ---- --------------------- ------ --- -- --.-- (2l ---------- 62.50 ('l 5.19 .37 C'l 

(2) 1.82 (.) 2.41 (2) 3.21 >7 Alfalfa ••___________________________ --- ---------------- --------- --- - ------------ ('l ----------- 1.20 ;.:;
(ll C'l C') C'l ,.:<C') ---- ...------ C'l 

17,43 (ll .85 .49 7.35 1.11 o~ ~~~ii~us-com:e~ode;C:=:::::=::::::::::::===::=:=::::=::::::=::::::::::::: 6.43 ----------- Z 
I Calculatcdon hasis of 70 Jlounds JlCr bushelair-dry corn, except 1934 wbich was calculated on basis of 84 pounds JlCr bushel air-drY snapped corn, and 32 pounds of oats JlCr bushel; ;J

hay and stO\'er Yields calcnlated on basis of O\'~II-dry (105° C.) material. 
t;j 

, Corn, oats, clo\'er on plots 4,5, and 6 rcspectively in 1932; plots 6, 4. and 5 in 1933; plots 5, 6. alld 4 ill 1934; nnd Jllots 4. 5, nlld 6 in 1935. ::tl 
• ~o crop han'csted or ~ield not determined. 
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TABLE 35.-Runoff records of control plots 1 to 9, elDpermient 1,1986 

Elfec.j 

Date Plot 2 Plot 3 Plot 4 I Plot 5 I Plot 6 I Plot 7 Plot 8 Plot 9
tlve PI

preclpl. ot 1 

tatlon 


-----1------------------------------
Cubic Cubic ClLbic Cubic Cubic Cubic Cubic Cubic Cllbic 

Inches feet feet feet feet feet feet feet feet feet 
Feb. 27........... (') 14.21 70.87 49.64 57.62 20.16 n.49 19.08 5.69 49.40 

Mar.2........... (2) 24.33 50.82 19.37 17.77 •••••••• ........ ........ ........ 9.79 

Apr. 28........... 1.12 2.35 4.15 3.83 5.18 2.80 ........ ........ 2.85 

May 1........... .79 8.27 29.61 16.78 12. 6S 10.55 ........ ........ 14.00 

Mayl1. ......... 2.14 10.72 35.20 18.53 10.83 7.43 ................ 15.13 

Juno 6............ 1. 63 6.14 19.63 11.18 ........ ........ 7.67 ........ ........ 6.06 

June 9............ .59 2.38 8.04 4.3t ........ ........ 2.02 ........ ........ 2.71 


~~~t350::::::::::: 2:~ "io~O(i ···2.5~8i;" 21:~g '''ii:58' '''i:iii;"''j:7:iii "'i~85' :::::::: 18:~i 
Sept. 13.......... .82 5.41 14.89 11. 54 4.07 ........ 9.44 ........ ........ 13.59 


g~\~:::::::::: U~ ~:~~ ~:gg a~ '''2:57' :::::::: "'2:62' :::::::: :::::::: lUg
Nov. 2........... .30 .88 1.83 1.fl.1 ........ ........ ........ ........ ........ 1.04 
Dcc.30........... ~~~ 22.17 ~:':::':=:I~:':::':=::':::':=:~ 

'1'otal.. .... 313.69 100.64 316.13 195.75 135.3" 21.22 00.03 20.93 5.69 170.83 

I In 1936, plot 4 iu oats. plot 5 in cloyer, and plot 6 in com. 
, Runolf caused by melting sno\\·. 
31936 total precipitation 23.15 Inches. 

TABLE 36.-Erosion records of control plots 1 to 9, experiment 1,1986 

'Elfec.[
Date tive Plot 1 Plot 2 Plot 3 Plot 4 I Plot 5 I Plot 6 I Plot 7 Plot 8 Plot 9 

precip·
itation 

-----i--------------·--------- ,Inches Pounds Pounds Pound., POlmds Pounds Pounci. Pounds Pounds Pound. 
Feb. 27........... (2) 0.09 0.4·1 0.93 1.08 -------- -----_..... -------- 0.05 0.62 
Mar. 2.... , •• , ••• (2) 2.39 28.8-1 2·1.13 25.42 -------- -------- ---_ .... -- -------- 4.88
Apr. 28______ ..... 1.12 7.90 18.63 17.72 24.56 -------- 5.00 -------- ..... --- .... - 6.65 
May 1........... .79 30.95 178.83 119.67 55. [,0 --_.. _--- 3·1.65 -------- ---_ .._-- 50.62 
1.fny 11....__ .... 2.14 51.11 283.76 131.56 37.91 28.61 100.77------_.. ------_ .. -------
.Tuno 6..__......... 1.63 20.07 121.71 77.05 197.02 -_ .. _-_ ..- 23.03 

June 9__.......... .59 10.62 73.55 31.09 -------- -------- 8.10 -------- -------- 8.43 

Juno 30____....... .&1 .45 .......---- .12 

Sept. 0........... 2.20 "18:iH.' "'64:30' 62.86 "':5:85' '-'o~iii' --02:70' '''ii:ii' 93;63 

Sept. 13........_, .82 10.00 26.35 24.64 5.06 22.86 49.18 

Sept. 28.......... 1. 57 .06 .06 3.06 5.00 

Oct. 5 ..........._ 1.04 6.67 43.67 32. fl.t "··fao' -------- --20:68' -------- --------

62.07
------ ... - -------'" --------
Nov. 2........... .30 5.80 9.02 5.56 ----- .. -- -------- .. _--_...... 14.59 

Dec. 30__......... .86 141. 07 957.22 309.36 'i7i:88' -------- 209.47 -------- -------- 302.94 


Total... ..... 3 13. 69 394.83 1,806.38 930. 72 331. 56 .01 679.45 .12 .05 722.5.3 

I In 1936, plot 4 in oats, piot 5 in cloyer, and plot 6 in com. 
2 Erosion caused by melting snow. 
31936 total precipitation, 23.15 inches. 

, 
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TABLE 37.-Runoff records of control pZots 1 to 9, ea:periment 1, 1987 

Efrec· 
Un 	 It• Date precipi. Plot 1 Plot 2 Plot 3 Plot 4 I Plot 5 I Plot 6 I Plot 7 Plot 8 P a 9 

tation 
-----1------------------------------

Inches Cu.fl. Cu.ft. Cu.fl. Cu.ft. Cu.ft. Cu.ft. Cu·fl. Cu.ft. Cu.ft. 
Feb. 13...•..••••• 7.38 18.80 14.33 7.44 6.38 11.28 10.44 3.07 16.48~')Feb.1L.•••••••• I) 7.91 18.20 18.03 9.81 6.67 11.45 12.65 3.15 30.42 
'Feb. 19•..•..••••• (I) 9.19 20.06 15.87 11.18 10.26 13.80 25.39 5.55 19.15 
Mar. 3••..•..•••• (I) 24.19 12.67 5.25 3.20 2.87 5.03 22.52 10.94 16.75 
Mar. 4••••••••••• (I) 3.14 ---.---- 2.01 5.43 
Apr. 21. •••••••••• 1. 09 4.82 ···iO:71· ····8:63· ···ii~.jo· ···7~73· -------- -------- 6.94 
Apr. 24•••••••.••• .46 2.43 9.24 5.11 4.56 4.10 - ..------ 4.16 
May 5••••••••••• .23 1.90 0.37 4.58 2.40 3.30 1.88 -------- 2.23 
:May 7••••••••.•• 1.43 21. 41 81.25 40.09 49.50 26.15 49.18 -------- --_ .. _--- 42.65 
May 21. •••.••.•. 1. 23 9.74 39.31 19.97 27.82 15.67 22.37 -------- -- .. ----- 17.08 
May 26•••••••••. .37 2.43 8.30 3.90 5.18 2.88 3.69 -------- -------- 2.90 
May 31. ••••••••• .31 1.96 7.01 3.49 2.81 .. - -------- 2.89··"9:33· -----_ 

__ a ...___June 13•••••••••• 1.37 10.66 39.46 22.26 16.14 11.4P 1. 72 22.06 
June 16••.••.••••• 1.08 8.99 32.18 15.97 11.80 10. gO 7.23 -------- -- .. ----- 17.46 
July 14••••.••.••• .67 7.13 6.84 4.20··ii:08· ···22:40· ···i1:00 ··io:iio· ···i~'i2· --------July 19••.••••.••• 1.69 	 1.26 13.58 ------ .. - 20.41 

__ a· ____Jul~· 30..•••••..•• 1.48 11.94 31.23 15.23 7.40 11.57 17.76 25.42 
Aug. 20•••.•••.•• 1.00 -------- -----.. --- .. -------- -------- --.-.--- 5.16 -------- -------- 21.23 

---"' ..--

'fotaL. •••••• 3 12.41 140.07 363.25 201.67 173.22 124.60 191.83 78.33 22.71 277.86 

I In 1937, plot 4 in elo"er, plot 5 in corn, and plot 6 in oats. 

1 Runoff caused by melting snow. 

3 1937 total precipitation, 26.43 inches. 


TABLE 3B.-Erosion recO'rds Of control plots 1 to 9, experiment 1, 1987 

EITec· I 

I 	

liveDale 	 preeip. Plot! Plot 2 Plot 3 Plot 4 I Plo~ 5 I Plot 6 I Plot 7 Plot 8 Plot 9 
italion------1---_____-1_--____'______________ 

Illches Pounds Ponnds Pound. Pounds Pound. POlmds p, mtfs Pounds Pound. 
Feb. 13........... (') 3.83 6.23 2.23 1.71 0.12 1.53 u.07 0.02 4.69 

Feb. 15............ (2) .12 •••••.•• 66.88 .99 ••.••••• .01 .02 87.03 

Feb. 19........... (2) 9.22·.75 3.75 .13 .03 .03 .24 .01 .28 

Mar. 3........... (') 83.19 9.05 .13 .02 .01 .03 .04 .08 


~;::ii.:::::::::: l!oo 43:g~ ·370:23· ··i0:5:57· ··51:58· ........ ··5ii:iii· .... :~:. ...•.... 80:~ 

Apr. 24........... .46 28.36 240.11 102.00 59.95 55.26 ••••••.• •.•••••• 39.80 

May 5........... .23 12.20 81.14 37.07 .18 12.22 ••••.••• •••••••. 16.32 

May 7........... 1.43 296.99 2,117.31 676.92 554.81 129.29 630.80 ••••..•• •••••••• 62.64 

May 21.......... 1.23 01.08 507.80 213.32 134. [,() 58.77 106.07 •••••••• •••••.•• 137.88 

May 26.......... .37 13.95 64.21 25. r.a 8. ~1l 5.76 5.36 •••••••• •••••..• 20.00 

May3!.......... .31 18.82 101.53 39.81 19.73 •.•••••• ••••.••• •••...•• 26.10 

June 13........... 1.37 108.43 5.35.38 221;.22 6.77 47.76 .13 .05 •••••••• 189.40 

June 16........... 1.08 79.17 32·1. 30 129.98 2.30 40.88 4.87 •••.•.•• ••••.••• 175.93 

July 14........... .67 • •••••• ••.•••••• .04 .•...... .28 •••••. ••••.•.• 8.94 

July 19........... 1.69 82.18· 139.30 43.14 .03 50.6.3 .96··.06 •••••.•• 148.89 

July 30........... 1.48 31. 11 00.54 13.24 .02 14.09 14.93 ..•••••• •••••••• 150.02 

Aug. 20.......... 1.00 .•.•.••• ••••••••• ••••••••• •••••••• ••••.••• 3.19 •.••.••• ••••.••• 67.27 


TotaL. ••.•• ~ 	 ~!i02.3411,557.88jl,ii73.89 822.1lf307.07I89l.8G ~1---:03 
I In 1037, plot 4 in clover, plot 5 in corn, and plot 6 in oats. 

'Erosion caUSEd hy melting sno\\'. 

, 1037 total precipitation, 26.43 inches. 


, 
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TABLE BO.-Runoff 1'ecords 01 control plots 1 to 9, elDperiment 1, 1988 

EtTec· 

tivo
Dato 	 prpeipi. Plot 1 Plot 2 Plot 3 Plot 4 I Plot 5 I Plot 6 I Plot 7 Plot 8 Plot 9 t 

tation 
------1----------------------------

Inches Cu. ft. Cu. fl. Cu. fl. Cu. fl. Cu. fl. Cu. ft. Cu. fl. Cu. fl. Cu. fl.Apr. 6_._________ _ 0.94 2.69 8.74 4.33 3.77 4.96 •••••••• ••.•..•• 6.07Apr. 10__ •• ______ _ 1. 06 7.02 23.85 12.27 0.78 10.32 •••••••_______ •• 12.83May L ____ . ____ _ 1. 96 .94 3.63 2.20 14.82 19.00 •••••••___ •___ •• 5.41May 7__________ _ .72 .90 2.53 2.74 8.05 9.36 ._._._•• __ ••____ .99
May 17____ •____ _ .51Juno L __________ _ ---2~8ii- ··-·5~711·---5~ill·------- Ug ~:~ :::::::: :::::::: ----i~75.64Aug. 21. ____ .___ _ 16.48 53.31 30.17 23.78 19.68 15.84 ____ .___ ________ 34.592.28Aug. 28 _______ •__ 3.41 12.99 6.85 6.05 ________ . ______ • ________ ________ 8.421.18Sept. 6__________ _ .87 2.69 1. 94 .78 __________ •• ____ ._----.- ___ .____ 2.65.56
Sept.u. __ ••_••• _ 1.31 	 2.00
Sopt.13._•• _____ _ 1.09 --'8~79- "-ai:27- ---i7:4Il --iO:85- :::::::: ---2:45' :::::::: :::::::: 18.65
Sept.H_________ • 4.57 15.07 7. i3 5.52 ________ 2.15 •______________ _.40 	 9.73Nov.3 __________ _ 9.10 28.72 18. fJ3 7.63 _________ •__ •__________ • _______ •2.00 	 20.86 

'l'otuL _______ '14.71 57.72 189.16 109.48 04.01 58.18 00.60 _________ ._. ____ 124.85 

I In 1038, plot 4 in com, plot 5 in oats, and plot 6 in clover. 

'1038 total preCipitation, ~3.23 inches. 


TABLE 40.-Erosion record. of control plots 1 to 9, e:cperiment 1, 1988 

EtTec

tive
Dato 	 prerip- Plot 1 Plot 2 Plot 3 Plot 4 I Plot 5 I Plot 6 I Plot 7 Plot 8 Plot 9 

itation 

II/ches Pounds Pounds Pounds Pounds Pounds Paul/ds Pounds poundsl PoundsApr. 6_______ .____ 0.94 0.64 28.27 5.76 __ •_____ 11.60 10.86 ________ ________ 25.41 
Apr. 16___________ 1.00 47.24 360.00 117.42 32.71 73.04 -------- ---.---- 83.41
MayL______ ._._ 1.96 3.04 17.32 12.13 64.00 76.10 ___ . ____ ._______ 42.66 
May 7_______ .____ .72 .62 3.10 3.83 15.33 28.50 •____ •________ ._ 2.88 

~~~~ f~~~:::::::: :~ ---7:i8- --'i6:i8- '--24:07' :::::::: ~: ~~ Ig: ~~ ::::::::C::::: ----8:38 
Aug.2L _____.___ 2.28 77.22 233.82 80.90 78.68 .12 .10 •• ___ •__ i.._____ ., 272.98 
Aug. 28 _________ • 1.18 10.15 63.79 25.02 11.57 _____ ••_ •_______ •• _•• __ .1•• _____ .: 85.60 

6_. _______ ._ .50 1. 68 0.40 1. ·15 2.63 -------- -.-.---- ...... __ 1. •• __ •__ 1 6.05Sept.Sept. 11 ___ ._.____ 1.31 ____ ••• ____________ •____________ •• _____ •__________________ 1__ ._____ 13.48 
Sept. 13 ________ ._ 1.09 28.50 108.38 20.54 22.47 ____ .___ .03 _. ___ • __ 1. __ • ____ 100.40 
Sept. 14_ _________ .40 13.99 56.28 8.59 8.05 _______ • 9.27 _______ +_.._. __ , 44.70 
Nov. 3___________ ~~~~~=========,=== 27.94 

TotaL _______ '14.71 209.43 941.18 314.41 126.76 130.82 217.86 _. _____ j___.____ 1 713.98 

lIn 1938, plot 4 In corn, plot 5 in oats, and plot 6 in clover. 

, 1038 total precipItation, 20.23 inches. 


, 


I 



-------- --------
-------- -------- -------- --------

I 
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TABLE 41.-Runoff records of control plots 1 to 9, eaJperiment 1,1939 

EtToc· 

tive
Dnto preclp;. Plot 1 Plot 2 Plot 3 Plot·j I 1'1015 1 Plot 6 I Plot 7 Plot 8 Plot 9 

latlon 
------1-----------------------------

Illche. Cu. ft. Cu. ft. Cu. ft. Cu. ft. Cll·ft. Cu. ft. Cll·ft. Cit. ft. Cu. ft.l\Inr.4. ____ •_____ ('J 	 ----_ .. _- 1. 93 6.17 12.89 6.58Mar. 9___________ ---0~i6- -"·-2~70- ----§~5:i-	 ---i2~26('l 	 4.55 20.02 28.28 15.21Mnr.1L _________ 1.92 21.96 72. 75 35.34 29.13 5.40 7.03 19.23 15.56 39.07
Juno 9_.__________ 2.18 25.24 104.97 53.06 17.22 .-- ... ---- 41. 22 -----.. -- -------- 48.22 
June 10 .85 9.31 :13.10 17.36 0.50 -- .. ----- 10.13 .... _-- .... - -_ .. ----- 16.76 
Junc 13.:::::::::: .70 5.62 17_3U 10.24 5.42 8.39 8.57Juno 19___________ 	 -- ------ -------- -_ .... _--

1.19 2.28 2.67 	 -------- ---23: iiiJunc 21. __________ 	 -------- --j.j:02- -------
1.40 10.33 45.16 20.46 17.20 ---- .. --- -------- --------June 22.__________ .55 4.40 19. !O 8.94 3.84 Ii. 37July 4____________ 	 -------- -------- -------- 10.59 
1.29 7.64 26.26 14.54 11.138 3.67 18.19July 5____________ 	 -------- -------- -------
.36 2.26 8.93 4.30 2.48 -------- 1. 75 5.86July 25___________ .91 5.71 19.52 6. 7~ 6.20 14.11Julr 28 ___________ .56 5.28 19.33 9.52 -------- -------- 6.67 -------- -------- 12.42Aug. 8._. _________ 

Oct. 9____________ 1.23 1.138 4.92 1. 97 	 1.27--- .. ---- -------- -------- -------- --_ .. _--
1. 25 2.54 4.138 1. i7 -------- -------- --_ .. -.._- -------- - ... _----- 1.42 

'fotal ..... ___ 7i4.3OiU1.1i' ~11s9.43~ li:8s l3ii:44 00:40 37.35 2i1.84 

I In 1939, plot·1 In ants. plot 5 In cIo\'cr, and plot GIn corn. 

, HunotT ",Iused hy melting snow. 

31939 total prccipitation 24.76 Inche... 


TABLE 42.-Erosion records of conlrol plots 1 109, experiment 1, 1989 

EtTcc

tlve
Date 	 prccip- Plot.! riot 2 Plot 3 Plot -I I Plot 5 I Plot 6 I Plot 7 Plot 8 Plot 9 

Itnlion 

Inches Pounds POllnd., -;ound-: Pounds ;olLnd. r;:::;::;;' Pound. Pound. \ POltlld:r,lar.4___________ (Il _________________________ • ____________________ ••__ 0.08 _._____________ _ 
Mar. 9___________ {Il 0.06 _________ 0.03 ____ .___ 0.03 0.12 .18 0.09\ 1.07 
Mar. 11._________ 1.92 56.08 313.15 100.3:1 78.54 1.18 1.44 .12 _.______ 80.37 
June 9 ____ • _____ • 2. 1~ 20.27 154.95 54.20 3.88 ______ ._ 29.15 ______ ._ ________ 53.31 
June 10__________ .80 5.04 17.92 6.08 .37 ________ 4.55 _____________ •__ . 7.48 
June 13._________ .70 I 2.15 9.31 4.77 .47 .-- •• ,-. 2.84 ----.---·---.---1 5.35 
Juno 19 .. ________ 1.19 -------- 1.42 2.~7 .-----~- .----.--\-.------ -.----- ______ ._1 ________
Juno 21.._.______ 1.40 4.54 39.45 10.69 .4.1 ________; 3.18 _.___________ "__ 15.75 
Jullc22__________ .55 2.13 10.59 a.82 .10 _. ______ 1 .76 ___ .____ ________ 5.40 
Ju I~' 4 __ .._______ 1.29 i 5.8·\ 41. 51 18.53 .58 ____ .___ ' 1. 40 ________ ________ 21.17 
July 5.___________ .36'1 2.89 11.32 3.53 .20 _.______ 1.14,___ .____ ________ 4.6-1 
July 25___________ .01 2.41 12.43 2.58 -------. _______ .1 1.36 _______ • ________ \ 8.81 
JIII~'28----------- .5(; I 3.3g 17.6-1 7.70 .------- -------., 3.10 -------- ---_____ 20.87
Aug. 8__________ • 1.23 .00 .06 .O·j .. ------ --------i-------- ________ ________ .08 

Oct. 9~1::~~;~~::::I*Ci.~r03~1 21~: ~~ i--~:~;~-i~l~;;~;y-=~t-=~I~ 
I In 1939, plot 4 in oats, plot 5 In cloYor, and plot 6 In corn. 

, Erosion caused hy molting snow. 

3 1039 tolallJrcolpitation. 2·1.70 Inches. 
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T.ABLE 43.-Runoff records of controZ plots 1 to 9, eiDper-iment 1, 1940 

Effec· 

tlvo
Dnto precipl. Plot 1 Piot 2 Plot 3 Plot 4 I Plot 5 I Plot 6 I Plot 7 Plot 8 Piot n 

tntion

-----1·---------------------
Inches Cu./t. Cu. /t. CIl. /t. Cu./t. CIl./t. Cu./t. CIl./t. Cu./t. ClI./t. 

Mar. I . ......... ('l 1. 20 5.85 .;.3-1 4.74 2.37 2.65 1.37 1. 90 ...... ". 

Mllr. 2. .......... 0.96 1. 36 1.56 2.17 2.10 1. 38 1. 75 1.43 1. r,1 2.44 


~~~:..:.:::=::::=: :~g ·· .. ~8i· ....·:78' ..····:70· ::=:=::: :::::::: =::::::: :::::::: :.:::::: I:W~ 
Apr. 20........... • Or, 2.00 0.40 6.02 ........ ........ 1.33 .........:...... 6.00 

June 4............ .92 1.14 ·1. i8 2.52 ........ ........ 1. 41l ....... , ........ "'''''' 

June 2;........... . 51 1.96 3.78 3.68 .51 .01 .70. 1.52 

Jul~·IL......... 1.01 7.06 18.38 Ii 07 3.02 4.S0 H.52 "":51' ..··:78" 14.34 

July 15........... . no 1. 03 • 2.99 2.76 .64 2.35 ........ ........ 2.64 

July 21--......... 1. f\S 10.73 39.2·1 Ii. 96 16.:IS 5.99 ........ ....... 20.00 

.ruly 28........... 2. C,2 2·1. 01 101.29 58.50 8.2-1 &1. 87 47.50 .1. 40 :....... 69.21 

Jul~' 3L......... .45 2.78 10.10 5.79 5.12 1. 49 ........ ....... 5.73 

Aug.S ........... .eS 2.02 10.10 .5.21 4.48 ........................ 5.83 

Aug. II.......... 1.17 10. SO 40.81 22. i4 10.87 S.75 ........ ........ 2O.4C, 

Aug. 12.......... .29 1.22 :1.87 2.31 1.35 ........ ........ ........ 2.31 

Allg.12.......... .50 3.8.1 14.98 7.75 0.41 2.70 ........ ........ 7.55 

Aug. 24 ....._.... .5:1 5.29 16. 10 3~'. 3S 8. 111 ...... __ ........ ........ 7.90 

Allg. 26. ........ . 1. 05 16.7a r.o.67. GO :10.03 0.55 ........ ........ 27.8.5 

Aug. 27.......... 1.50 H.i7 5ti.6,; 29.8.; 24.8ti ............... _ •• __ .... 27.78 

No\·.ll.......... .82 1.80 7.2:1 1.39 1.40. 0.01,........ .80 3.41 


'rot,,!. ....... ~I~~ 23:i:8iJ J8.7O 1sQ.i2jloii.OOf7.71M2~ 


I In 1940, plot 4 in clover, plOL 5 in corn, nnd plot 61n onls. 
I Runoff cnused by melting snow. 
3 19·10 total precipitntion. 30.81 inches. 

TABLE 44.-Erosion reo.Ords oj cOlltrot plol.,~ 1-9, c:r:pcrimellt 1, 19.W 

Effec· 

Dale tivo Plot I Plot 2 Plot 3 Plol, ·11 Plot 5 I 1'lot. 6 I Plot 7 Plot 8 Plot 0 

r~li~; I 
------1·-----'-----------------------

Inches POlLnds POllll/ls POI/:llds Poullds Pounds POlLnel.• POll1lds Pound., Pounds 
Mar.l........... (Il 0.71 I.H 2.62 0.00 0.15 0.08 0.05 0.02 ........ 

l\far.2........... 0.06 ........ ......... •••• .... ........ .0:1 .78 .17 .07 0.02 


~~:..:.~~:::::::: :~ ....~54· '''Tiir'' ':44' .. : .... :....... ........ ........ ........ g:~g 

Apr. 29........... .06 5.16 3-1.28 17.80 ::.::::: .::::::: ....~,i7· :::::::: :::::::: 56.44 

June 4............ .~2 20'~ 3s0"21~ 17.1° ...... (~)~.....1·.6·,·1· 2.28 ....................··0.. 

Juno 27........... .01 .101 I. ~ 0 .50 ................
15.1. 3.4 

.Tulyll......____. 1.61 25.50 1.<4.52 146.44 .01 S.17 ]J.30 .01 ........ lH.I9 

July 15.-......... .66 4.00 ZI.44 15.31 103.. ~/71 2.27 ................ 17.51 

July 27........... 1. 68 4.;. ·13 3-11.34 109.40 ........ a. ali ........ ........ 483.30 

July 28........... 2.02 95.00 501.96 203.S1 J,OS 102.86 15.20 .11 ........ 316.74 

July 31........... .45 0.71 57.36 17.46 2.1.70 2.50 ................ 39.05 

Aug. 8........... .68 8.00 23.42 12.53 14.51 • ...... ...... ........ ;j9.20 

Aug.I!.......... 1.17 27.79 82.01i 31.20 87.50 . 2.75 ::...... ........ 68.66 

Aug. 12.......... .20 I. H 6.71 1.31 :1.95 ." ..... ................ 5. OS 

Aug. 12.......... ,,;0 5.45 3.;.3.1 l4.0S ]2.28 .2:1 ........ ........ 23.88 

Aug. 24.......... .53 9.2a 45.28 S. i9 10.10 ................1........ 78.59 

Aug.20. __....... 1.05 44.55 211.1:1 81.0.; Ill.H' .90!................ 189.51i 

Aug.27._........ 1 .• ;0 30.]0 08.52 48.71; 61.131........................ 74.34 


1
Nov. 11.......... .82 .43 1.82 1.30 .861 .3·1,........ ........ 4.30 


'rotaL....... ~r3a2.5311,764.7sr8a3.ii6"2.7iJ G44.06r43.14r~l~~ 

I In 1940, plot 4 In cloyer, plot 5 in corn, and plot Oln onts. 

I Erosion caused by melting snow. 

• 1040 totnl precipitation, 30.S1 inches. , 
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TABLE 45.-Runoff records of contf"Ol plots 1 to 9, experiment 1, 1941 

ElfCC·1 	 ItivoDnto preclpl. Plot I Plot 2 1'1013 1>1014 I I'lol5 1 ! Plot 6 I Plot 7 Plot 8 Plot 0 
laUon

------1·------------------ ___________ 
Cubic Cubic Cu/;/c Cubic Cubic Cubic 

IlIch~.. Jeet Jut jut Jeet Jett Jut
Apr. 18........... 1.02 15.38 lI7.07 31.28 27.34 :l2.44 

Mnyi .......... . 

Mny 20 ......... . 
 :~ "Til5" ............::.... ::::.... L:g :::::::: :::::.:: :::::::......... 

,Muy 2~t._ ... ~ ........ ~ .39 1.75 4.·17 ••• 3::i:i' •••• :::: 5.27 .......................... i:r,q 


.. _.... _~1\[ny 22, . ., _ .:10 1.7:1 5.H :1.:10 ........ 3.82 ......... ........ ........ 2,:12 

l'.{U)· 2i.._ .... ~..,_ ... ~ .37 	 I.:IS 
JuI103 ......... .. .·19 '''7:62' ···2il."i;ii' ··'la.91 ""'7:78" 15.1:1 .:::::: ........ "2:20' "U:8-1 

JUl10 10 ......... . 3.76 19.-14 1liS. 1">1 U5A7 ;0.02 1iS.1I:l 2.03 10.00 :1.1:1 SO. 87 

Juno 11 .......... .51) 0.3a 24.88 12.·18 8.08 a.70 ........ ........ ........ 11.2ti 

July I........... . 

Sept. :l........... 
 Ut U~ 1~:~1 1~:~m '''f22' l:~ ........ ........ ....... Itg;) 

Sopt. S........... Ull 15.09 ·13.!!; 24. Oil 17.90 5.02 .::::::: :::::::: "":g;j' 28.8\1 

Sopt.13......... . 

Sopt. IS ........ .. 4:~g .5U: lrdJ~ o.u~ "78:50' "24."is· :::::::: .... :60· ''':i:ii" ~:~g

Sopt. ttl ......... . .20 I.OS 6.0·1 3.50 2.:18 ........ ........ •••••••• ........ 4.05 

Sept.30......... 1.12 11.30 7.50 .1. til .SI 11.42 

Oct. 6........... . 2.00 I 27.07 Stl.l:! ·m.711 18.12 ""3:&1' :::::::: :::::::: :::::::: ~2.OO 

Oct.7 .......... . 1.llil· 31.40 102.11) liS. 47 :U.48 15.09 3.07 ....... ........ .>I.1iS 

Oct. 9 .......... .. .·15 .Stl 1.,111 1.21i .UO ........ ........ ........ ........ 1.5:1 

Oct. 20 .......... . .9:1 l.ti5 3.0\1 :J.81 ' __"'" ........ ........ ........ .••••••• 2.21 

Oct. 2'.L .. ",~_ .... ~ ... ~ 2. 16 2.5.2.5 97. 12 47.01 I 32.65 7.30 ........ ........ ........ 47.28 

Oct. 2i ............. ,_ .... .. .f,() .77 2.01 1.0S ....... ....... ........ •••••••• ........ 1.5H

No\-. L.~_ .. _.... ~_, .. ~. 35 lng 3r.• .181 1I~.?: I~. 5~ ........ ........ ........ .. ...... 21.17 

NO\·.3 .......... .

No\"'.5"_ .. _____ ..... .. (.)21 1.tiO I~:ll~ ~:~71 j';;; :::::::: :::::.:: :::::::: ..:::::: ~:&~ 

..... w_~~Nov. 23. ___ I.S1 -1.81 S.·IV 5.15 5.08 .• , '" ...............! ....... 3.60 


'1'otal.-...... '31.321~1 SO:l.·lD I 500.73 PIs.71 ISI.SIi I ;. G3 111.5O(lo.0514ii9.28' 
I In 1001I, plot -I .In corn. plot 5 lu onts. lind plot G In clo\·cr. 
, Runoff caused b)' molting snow. 
, 1041 totlll precipitntion. 4·1.551I1ches. 

TAnLE 4G.-Erosion records of controL II/Ot8 1 to 9, experiment 1, 19.p 

Effec· 

tlve
Dille 	 precip' Plot 1 Plot 2 Plot:l Plot -I I Plot 5 I Plot 0 I Plot; Plot 8 Plot 0 

Itatlon 

Illches !POlllill., PO/L1/1I" ~>01Ll"1., Pound.!, Pou1Ids Pounds pO/ll/lI.f-;:::::;: ~ 
Apr. 18........... 1.02 202.87 1,281.07 -112.,16 ........ 176.00 0.18 ................ 330,51 


R}:!rr~:::::::::: :;~ ~·-:r2r ::::::::: ::::::::: :::::::: 3~:}8 ............... ~~ ........ ~ .. ~ ... ~ .........-...----

Mny 22,......... .:lIl a,a-l ~3.\l9 10.1>1 ........ 0.,18 :::::::: :::::::: :::::::: ....:ijii

?fuy22........... .30 i.-I7 i5.2; 2·1.·13 ........ 11.83 ........ ........ ........ 15.13 


~~~~ r::::::::::: :~~ "2.5~ii7' ··2·i7:2:i· ·"8.<;:i2· "io:oo' Z~:~ ........................ '''25:88 

Juno 10........... 3.;1i 121.-11 3.185. i8 7:18.02 277.02 22.09 ....:6:i" "'0:07' :::::::: 019.60 

June 11........... .51; 10.,10 HO,52 5O.•J() i2.10 2.42 ........ ........ ........ 51.0t 

July I............ 1.2.; .').50 17.32 0.07 .0:1 ........ ........ ........ 11.00 

Sopt.3........... 1.:11 21.10 89.:15 38.10 28.-1:1 .:~1 ........ ........ ........ 88.65 

Sept.8........... 1.86 68.81; 221.77 115.11 Oil. 05 .Ul ........................ 188.20 

Sept.la.......... .38 2.77 10.51 1.87 ............ _ .......... ..... ........ 2.01 

Sept. ]5 ____ "'_ .. ___ 4.,10 157.2:1 3M.8U tROt Ia 12.1.20 i~'13' .. ______.. .. .2'2 __ .. _____ 070.88 

Sept. 10.......... .20 9. on 8. J7 4.89 3. ZI ........ ........ ........ ........ 7.10 

Sept.3U.......... 1.12 1.18 .on 1.~>Q .·111 ........ ........ ........ ........ 8.00 

Oct.O............ 2.00 H.05 02.00 45. Gtl 28.89 1.13 ........ ........ ........ 82.50 

Oct.7............ 1.llti 90.-1.5 li2.\l9 115.22 UO.-I5 2.21i a.82 ........ ........ 135.03 

Oct. 9•...••_..... . -IS .57 .57 .51 1. 99 ........ ........ ........ ........ 2.liII 

Oct. 20........... .03 .57 2.02 2.01 __ .". 2.1Ii 

Oct. 22,....._.... 2. to 51.0.5 312.-12 91.29 "oo;·i1'· 2.17' ==:::::: :::::::: :::::::: 10:1.20 

00t.27........... .50 ..\1) I.:H .51l ........ ........ ........ ........ ........ I.f>.I 

Nov. L.......... 2.a5 2.-13 31.45 6.·17 10.ZI ............_.. •••••••• ........ 13.62 


~g;: ~::::::::::: ('!21 :~~ 3: 1(; ""':iJi)' ::::::~: :::::::: :::::::: :::::::: :::::::: I:~ 
Nov. 23.......... 1.81 1.-10 2.49 1.52 3.211 ........................ "' __'" .60 


TolnL.. ... 7:i1~32TD3iOll~i~1 i~~~.la~I~5[~I_ •• ~..~.~...~ •.~. /j(j4 ••~ 
I Tn 10-1l, plot" in corn, plot 5 In oats, nlld plot 0 in clover. 
, Erosion cnused IJy melting SIIOW. 
, 1041 totul pr~cipltlltlon, 41.55 Inches. 

http:1,281.07
http:111.5O(lo.0514ii9.28
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TABLE 47.-IlUlwff 'records of control plots 1 to 9, experimellt 1, 1942 

Ettec· 

live
Date wecip. Plot 1 1'lot 2 Plot 3 Plot 4 I .Plot 5 I: Plot nI Plot; Plot 8 .Plot 9 I

Itation 
-----1------------------------------

Cubic Cubic Cubic Cubic Cubic Cubic Cubic Cubic Cubic 
Illches fut fut fut feet fut feet feet fut feet 

Jan. 28.•••__•• ___ ('l 1.3;. "'" 1.57 0.48 1.44 1. Ui 1.2U I. 41 1.34 
Mar. 7. ••••_•••__ (') 51.08 --76.58 40.65 30.49 13.H 9.85 3.04 3.61 31. 92 
Mar. 16. ••••••••. .86 4.55 5.05 3.21 4.16 .50 .76 8.72 
Mar. 19.......... .48 .92 1.31 .03 ...._••• '''''''' ................ .H 
May 11. ....._... 1. 29 2.01 3.87 4.06 5.47 •••__......._.......___• ""'__ ' .... __ .. 

Mny22. ______.__ 1.25 1.00 .93 1.58 8.80 

June 20........... 2.05 311.64 102.10 58.19 29.83 "i9~oi' --53~ir "-2~8ii' --Titi· '''52~i8 

Juno 25........___ 1.56 U.:17 20.28 11. !Xl 0.10 3.00 7.19. ....... ........ 10.23 

Ang. 6........___• .82 3.03 3.89 3.69 3 09 5 80 

Aug.27._...._.__ 1.08 7.11 11.48 11.66 "'i:.ji' :::::::: 12:24 ....... --Too' 13:50 

Sept. 2-3 __...._._ 3.46 43.89 82. 14 53.24 8.78 2.00 41.00 2.35 52.96 

Sept. 15......___• .00 1.42 3.40 2.50 .............__ • 1.10 ............... , 4.i3 

Oct. 3--4.._....... .93 1. 55 1. 17 1. 77 ..... __...__................................._.. 

Dec. 21-22 __...... .21 2.20 1.09 3.34 .90 __...... 2.01 ....................... 

Dec. 26-27........ .88 9. i4 Ii. 85 12.26\15.62 11.84 10.25 12 38 ........ 2.99 


Tota!... •••._ I!ii:'ii7 m:68 3:m.53'f2i7:0s Wi:Oii" "52:73l42.2.1 ""'i:+l12:23ls4.8i 

I In 1942, plot 4 In oats, plot 5 In clovor, and plot 6 in corn • 
• nunotI caused br melling snow. 

11942 total precipItation, 30.58 inches. 


T.O\BLE 48.-Erosion reeords of control plots 1 to 9, experiment 1, 1942 

'E~.1 	 I[ 
Date 	 l•pr~ici~i. Plot 1 Plot 2 Plot 3 Plot -\1 Plot 5 I Plot 6 I Piot 7 1'lot g Plot 0 

I tation I I 
-------: Illchea!pounds Po U/I da Pounds PouMa poulld81~oul'dslpOl Ida !POUlld.\POU1Id& I 
Jan. 28. __ ........ ('l I 0.03\..".... 0.02 0.07 0.0-I! o.oa 0.07 0.0:1 I 0.08 

Mar. 7••• __ ...... ('l .96 1.44 .58 .57 .17 1.8.1 .47 .38 2.99 

Mar.l0.......... 0.86 3.56: 14.89, 1.25 .42 .02 I........ ........ .01 7.68 

Mar. 19........... 48i .22.; .. __ •.. 1 .03 .01 ........ 1.............."........ .08 

May Il........... 1.291 9.42: 8.511 7.:18 5.87 ............................ 1. ....... 

May22.......... 1.25 I .91;, .47 1.01 11.n8 [ ....... 1..............' :.... .. 

Juno 20........... 2.95 I 219.90 1,061. 01 413.50 47.3U I 27.92 28.53, .01;...•.•. : 380.98 

Juno 25........... 1.50 jIl.631145.69 48.54 .17 I .10 I 10.:18 I ·•· ... ·i ...•· .. 1 29.82 

Aug.G.......... __ .82 4.53 18.2.1\10.58 .......+ ....... 1 10.60 t..... t ••••. l. :la.70 

Aug. 27 •• ____ .... 1.08 11.10. 2:1.8·1 29.06 .37 ....... : 4,;.77, ..... \ .30 t n.31 

Sept. 2-3 .. __..... 3.46 78.171 2·1~.02 81. OJ .82 .08.112.611"''''•.161190.2? 

Sept. 15.......... .90 1.0-1. 1.0, 4.3................. 1 4.0\4 I ........ ·...... I 9.13 

Oct. 3--4.......... .931 .51 I 1.59!. .47 -- ..•..•••• ·.. i ........ I..•..... •........ ,....... . 

Oec.21-22........ .21 .16! .06 .01 .m ...... , .0:1 L.. __ ,....... ;..... " 

Dec. 26-27........ . 88 6.58 I 8. 19 \ 5. 39 •29 . 22 I 2. i6 I .5-1· ........ 1 4. iO 


'rotal._......;-;lG.ii7;3.i8:sGli,53il.OO;tiO:l.2trii7.(iOi28':5fi2i7.iiofl-:J2-~'88·r7ai:7:1 

I In 1942, plot 4 in ants, plot 51n clov~r, and plot 61n corn. 
'~~rosion caused by melting snow. 
3 1912 total precipitation, aO.68 inches. 
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