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FOREWORD 
The Nation's soil conservation program, begun little more than a 

dozen years ago, was dedicated to the permanent security and wel­
fare of all our citizens. In war it demonstrated its capacity for service 
to the country as a powerful weapon in the hands of thousands of Ameri­
can farmers. On the home front it helped them wage the year-round 
battle for the necessarily monumental production of foods, fibers, fats, 
and oils. 

The modern methods of land use, soil protection, and water conserva­
tion are designed to maintain and improve the vital natural resources 
on which our agriculture is founded. These same measures hold our 
soil and. conserve our water for today and for tomorrow. As an average 
across the country, they have also increased the yields of all the principal 
crops by 20 percent or more per acre. This is being accomplished on 
thousands of farms with savings of time, labor, fuel, power, and other 
production faQHities. 

However, we still do not have enough good land left under cultivation 
in the United States to meet our present needs, unless we use every 
means at our disposal to increase yields and to protect the soil while we 
~m doing so. Even then, w(' may have to bring some new land into 
cultivation by irrigation or by drainage. 

'l'hese considerations put a premium on knowledge-that special kind 
of knowledge that will enable farmers to increase production without so 
impoverishing their land that it cannot produce the even greater crops 
that the postwar needs of hungry peoples require. 

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

This bulletin contains much especially significant knowledge, as it 
bas been developed through study and research in the important agri­
cultural region served by the conservation experiment station at La 
Crosse, Wis. Crop yields are being notably increased in this region by 
conservation farming methods. This bulletin describes the methods 
farmers may use to increase crop production without abusing their land. 

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

Any soil and water conservation technician working in the Upper 
Mississippi Valley region has in his copy of this bulletin a handy guide 
for determining degrees of slope for terrace channels, the expectancy of 
protection to be derived from various kinds of cover crops, the amount 
of water likely to be conserved from the average rains for crop use un de)." 
various tillage treatIllf:nts, and similar factors. Other reports provide like 
data for the guidance of technicians in other important farming regions. 

These reports in the hands of soil technicians who work with farmers 
will be the means of putting into effect on the land more rapidly and 
more effectively than ever before the essential measures to increase 
production and to maintain a permanently prosperous agriculture. 

H. H. BENNETT, 
Chief, Boil Conservation Service. 
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SUMMARY 
The Upper IVIissis3ippi Valley Soil Conservation Experiment Station, • 

near La Crosse, \Vis" wtlS established in 19:3i as a cooperative research 
project between the United States Depl1l'tml"nt of Agriculture and The 
Wisconsin College of Agriculture. Sttlciies are conducted to obtain 
information on the basic factors affecting soil and w;\"Ltcr los8es and their 
control in this important agricultuml arefL, The area includes the un­
glaciated soils in southwestern ·Wisconsin, southeastern Minnesota, 
northeastern Iowa, and northwestern Illinois. Dairying is the dominant 
type of agricultUl'e in mOI!t of the area. 

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

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

The yield of crops is greatly influenced by the depth of surface soil. 
This has been shown by plot and field studies at the station. Areas 
under uniform treatment show that the yield of corn is about 70 per­
cent as much on a severely eroded as on a moderately eroded soil, of 
grain 60 percent and of hay 90 percent. The severely eroded soil lost 
1.7 times as much of the precipitation in runoff as the moderately eroded 
soil. The soil loss was 1.5 times as much on a severely eroded area. 
The plots were planted to a 5-year rotation of corn, grain, and 3 years 
of hay, and l'('ceivcd good fe~tilizer treatments. These results were 
oLtained on moderately deep and uniform Fayette silt loam. On the 
more shallow soils such U$ the Duhuque silt loam, the loss of surface 
soil would probably be even more eritical. 

The control plot studies show that eover is one of the most important 
factors affecting soil and water losses. A dense growth of bluegrass or 
timber protected from fire and gr(tzing will prevent erosion. It will 
also produce a soil condition capnblr of absorbing most of the precipita­
tion, even during the most intense storms. III general, the soil and 
water loss will vary according to the density of crop. 'rhe less dense 
the cover, th(' high!'r the losses. • 

A :3-year rotation of COl'll, gmin, and hay reduced soil losses to less 
than one-third of the losses from hmd pl:wted annually to corn. But 
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INVES'rIGATIONS IN ER.OSION CONTROL 

it did not give adequate control on a I6-percent slope of Fayette silt 
loam. The loss from corn in rotation was about one-half that from 
corn following corn. 

Organic matter added to the soil in the form of green manur(' and 
barnyard manure will greatly reduce soil losses, depending on the 
amount add(~d and on the length of time required for the material to 
deeompose. In general, carbonaceous material has been found to have 
mor~ lasting effects than nitrogenous material. Corn following alfalfa­
timothy sod, which was rather grassy, resulted in much lower soil losses 
than corn following I-year clover-timothy hay. 

Strip cropping with 2 or more years of hay has been found to control 
erosion effectively if the slope is not too long. A 17-percent slope of 
270-foot length was cropped to a 6-year rotation of COl'll, grain, and 4 
years of hay, with strips about 50 feet in width. Strip cropping in this 
instance reduced soil losses to one-half of that I11l'!lsured from a similar 
watershed that was contoured "'ith a filter strip and planted to the Same 
rotation. The average loss from the strip-cropped area was about 2.5 
tons per acre for the growing season. On fields that are strip cropped, 
it has beeh found that if the drainage length is greater than 300 feet the 
soil losses from the lower strips arc excessive. The width of strip re­
quired to obtain adequate'erosion control will depend upon steepness of 
slope, length of slope, crop rotation, soil type, and method of cultivation, 

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

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

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

Lysimeter studies show that the loss of water and 1lutrients by per­
colation from a Fayette silt loam is low. The amollnt of loss decrease~ 
with the density of cover. 
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THE AHEA 

The unglaciuted area of the Upper Mississippi VnHey RE'gion includes • 
some 12 million acres in southwestern Wi(o;consin, southeastern Minne­
sota, northeastern Iowa, and northw('stern Illinois (fig. 1, in envelope, 
p. 3, coyer). ThC' topography ranges from stepp, short slopes with nar­
row ridges and valleys in the bluff portion (fig. 2), to the more gently 
rolling long slopE's with broad ridgC's and \'alleys on the lands extending 
beyond the bluff portion. The- bluffs frequently 11Iwl' slopes of 50 to GO 
percent with ridges E'xt(>nding from 300 to 500 feet aho\'C' the floor of 
the vallC'y. Slopes of 30 pC'rcent an' not uncommonly eultivatC'd. 

The soils of the Upper Mississippi Valley area belong to the gmcral 

Gray-Brown Podzolie group. Thl' und(lflying rock is largely limestone 

and sandstone. Most of the arC'(t has 1>('('n rov('red with a mantle of 

loess. The thickness of the mantle \'tuies, IUl\'ing a tendency to be 


• 


• 

FIGCItE 2.-Air view I:Ihowing topography of l'ppcr 1\lissi~sippi Valley Area. 
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INVESTIGATIONS IN EROSION CON'l'ROL 

t.hieker ncarer the .Mississippi RiYf'I'. The dominant vegetation has 
been the oak-hic-kory association. This type of YC'gC'tation has t,.'ncleel 
to rC'turn more of the humus to the soil resulting in a less acid surfacC' 
soil than in the truc Poclzols. UndC'r yirgin conditions, the soils in. tlw 
area nrc n('utral or only slightly acicl. The FayC'ttc' sC'l'iC's is till' major 
serie,> in the problem area. 

1'h(' li'ay('ttC' silt loam .is v('ry high in silt contmt. A nwehanieal 
analysis of a profil(' 10('atC'd l1f'ar tIl(' ('outrol plots on thf' Station shows 
that thC'rC' is OVf'f 70 pC'r('eut silt to It depth of 8 ineil('s auel OV('l' G5 p('r­
('ent silt: to a dC'pth of ·~4 in('ll('s. This soil, which is low in eolloidal ('on­
tent and high iJl silt, has It low df'grC'C' of aggrC'gation; th('rC'fol'(', til(' 
soil is easily dispersed by rain. As a rcsult, high soil loss('s o('('ur Whp11 
thc soil is not prot('etcd by dpnsC' vegetation. 

TIl('rt' was little laud ('ultivat('d until about 1850. Fnrming nt first 
('ollsistC'd principally of til(' produdioll of spring wlwat. 'I'll(' praeti('c 
waS to ('rop an area of land successively to spring grain until til(' erop 
yirld b('c'am(' too low to pay for (,lIltiYation. TIl(' only aim was to s('cure 
till' largt'st ('rop for tht- ,smallpst outlay of capital without rC'gard for the 
futUl'(,. At first the soil was so pI'oduC'tive that it was not eonsid('l'cd 
ceonomic-al to apply bn1'1lyard manuI'{' 01' to rottlt(' erops. Yidds ck­
eiined rath('r rapidly under this systrm of ('ontinliollS grain. By 1880 
tlH're was a trC'lId toward a more din'rsifi('d typC' of ngrieultul'e with 
dairy farming definitrly on tIw illC'rN1Sl'. 'With t11l' ('h~Ulge to dairy 
farming ('all1l' tIw llC'(,c\ for hay. R('c! eIo\,('1' 1)('('a 111(' a popular ('rop in 
the an'a. 

It is appar('nt that during the 20 to 30 years of whent fa.rming the 
soil wus rapidly depl('tec\ in fertility and IllldouhtpcIIy til(' losses by (,1'0­

sion ,,'C'rp high. 'Vashing away of loose soil by spring rains, years of 
short ('rops, low prie('s, and t 11(' iIls that follow (JI1C'-(,I'OP fnnning I('d to n 
ehange from wh('at farmillg to dairying. 

Fortunn.tC'ly for the ngriC'llltur(' of thC' lu('a, dairy fanning was adopted 
along with the ui!e of barnyard manurC' and rotations. ..M thC' prpsc'nt 
tinl(' dairying is tIll' prrdominant ty]J(' of fanning ('X('ppt: in til(' southern 
purt. In that S('ejion ('01'11 and hogs mak(' up a grl'atC'J' part of til(' farm 
inc'om('. 

A1t:hough erosiOll hns not Tl'sIIlt('el ill th(' nbanclOlllll('nt of lnrge nrpas, 
tll('l'(' arc fields UI' portio1ls of fiC'lds whkh, dl\(' to se\'('re (,l'Osion, havp 
\)('('n removed from C'uItivation nnd s('('dpd down for pnstllr('. 1\:1 \I ('Ii: ('11­
hinl ancl Z('asrnun3 found in H140 thaI. about 38 )(,I'('('nt of till' ('ropland 
in Wis('onsin had lost an average furrow slice or more of soil, that 25 
percrnt of the pasture land had lost a similar amount of soil. This 
amouuts to more than 7 million acres of Wis('onsin farm lanel that ha.vC' 
lost approximately 011(' prO\\' clrplh of topsoil. TIl(I)' report that th(' loss 
was much high(,T in the RO\ltll\\'C'st('rn part of the Stat('. Tlwrt' they 
found that 0\"('1' 60 )(,l'C'('nt of tIl(' ('fopland has .lost on(' plow depth 01' 

morC' of soil. III Winona County (2)4 in southcast(,rll i\1inn('sota, ft 
detailed erosion SUIY('y showed that of til(' cropland 21 per('('nt has lost 
more than 50 p('l't'ent of the sUl'faee soil. III Iowa, He similar surv('y (6) 
C'onduct('d in til(' li'arnwrsburg nr('a, in til(' llortIwnst('rn pal't of th(' 
State, showrd that 30 p(,l'('('nt of til(' C'ropland has lost· 50 per('ent 01' 

mor(' of t}l(' sUl'faee Boil. 
i :\]U(,J\I-~~UIJt."'i. Uo. .1., and ZI-!.\SlL\N, O. H. HOIL ..moal0!\~ ~VH\~I-:Y QI-" W1S('O~"'JI:-; 'Vis. l:nh··. Spec. 

Bul., 2·' PP.. ilIus. lPrQcl·,;scd.j 
of Itnlic n\ll1lht'r~ in pnn·lIthf!!:!t.'s rC!rt,,, to L1t('ruturr- Cited. p. t>7. 
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The results of these studies should apply fairly well to the general 
problem area. Although erosion has not progn~"scd to the extent that • 
it has in some sections of thc United States, it h:t"l removed and is con­
tinuing to remove surface soil at a rapid rate. Control lll('[tSUreR, if 
applied in the ncar futllre, will save these soils from further rapid loss 
ancI a\'oid tIl(> cost of a genem! n'elamntion progr:'LIl1. 

)IETEOHOLOGICAL BECcH DS 
Daily mcteorologicn.l record" of prceipitn.tion and t('ll1p('rntul'(, ha\"(' 

been obtained. l\{ost of the erosion in this arp:l is C'ltust'cl hy wat('l'. 
OecuITcnee and intensities of prcC'ipitation arC', there'fort', important to 
the study of the eons('I'vation probk'lll. TC'l11prmtul'c is important ill 
that the ground is frozen for n.bout: ·1 Il1'JIltln L'1eh Y(,/U', cllll'in~ whieh 
time soil losses are ('xtremely low. 

PHECIPITATIO:\ 
Precipitn.tioll was measured by metUlS of rN'ording fillO'" anti !'flill 

gages and stn.ndard 'Veather Bureall gage's. Tht' thrpe faetors of mill­
fn.Il that havc bCC'1I found to be most important ill affec,ting ('rosion con­
trol are amount of pt'C'eipitation, intensity of pl'('eipitation, and season 
of oceurrence. The average annual p!'('C'ipitation fol' the ll-ye:tl' period 
WHS 32.61 inches. This is 1.65 inelws abo\'(' til(' 70-year av('mgl' meas­
ured by the Ullited Stn.tes Wen.thel' BUl'eau at Ln ('1'08S(" 'Vis. DlI1'ing 
the ll-year pel'iod COVPlwl by this I't'port th(' allnual pl'ecipitation \'al'ied 
from a minimum of 2:3.17 inl'lws ill 11)·13 to a maximum amount of 44.10 
inches in 19:38. •5 

4 I-­

"il 
n 
,.§ 

3 f-- f-- I-­

~ 
0 0
a: 

2 I-- f-- t-- I-- I-- I--

f-- f-- f-- '-- f-- - f-- I-- ­

•
~o - - '-- - '-- - - L- '-- - '-­_ _ _ 00 ­
~ ~ ~ ~ ~ ~ ~ ~ 

FIGVHl'J 3.-CIulI°!' showing l1-yellr a\'t'rnge rainfall by months 11(; Upper Mississippi 
"Hiley (~oIlScrVtlUon I~)(perilllent :O;lalioJl, La ('rosse, Wi:;. 
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• The Itvel'llgt' monthly rninfull fit the Station is shown in fi~UI'0 3, It 
will be noted thut thl' distribution of I'llinfnll by months through the 
gro\ying season is good, In some seasons the yield of one or two crops 
mny be greatly rC'duccd by n short dry period oe('urring at It {'l'itical 
tinH' in the deve>lopnl('nt of thnt {,I'Op, bllt g(mel'lllly good {,I'Op yields 
oce'ur l'V01'y yt'IU', 

nrNOFl·' A~D EH.0SION FACTOHS 
Tht' amount of runoff and C'l'Osioll that is caused by It gh'('n rain will 

depcnd on the total amount of ruin full and the inU:'nsity of the minfall. 
In order to d(,termill(' the> relativ(' imporhtn{'(' of intensity and amount 
of prceipitutioll, datu. by storms from fallow unci corn plots \\'(,I'e antt­
lyzcd, Factors were d(,Vl'lopt'cl that include the total amount of [)re­
eipitation, tlw 5-miuuh' intrnsity in il1ehes per hour, and the 30-minllte 
intf'nsity in inelH's per hUlIl', In figure -I: (in ('I}Velop(', p, 3, eonr) th(' 
fWl'I'Ugl\ intt'llsities for 0-, 15-, and 30-minute p('riods of pr('{'ipitntion 
nr(' shown for ('\'(,I'y nlOnth of the growing senson, By usc of these 
factors, storms enn b(' gl'oupNI 01' ('lassifieci tleeol'dillg to the amounts 
of runoff tlnd l'rosion that would be PXP()(\tNI. . 

TI1l' formula for the prosion f:lC'tor is as follows: 2J,.~ timps tho total 
amount of PI'l'cipitatioll in inclll's plus SH times the 30-minute illtonsity 
in ill('hNi p('1' hour minus till' 5-mil1ute illi<'lIsity in ilH'll('s pt'I' hour, 

TIll' formula 1'01: th(' runoff flletor is as follows: 7 tillH'S tlH' total 
amount of prl'('ipitatioll pIllS 5 times til(' 30-minute intensity in inches 
P('I' hOllr minus tIl(> a-minute intellsity ill inellf's per hOllr, 

Dr, Ht'IlI'Y Hopp, Suil COlls('rvutionisl at th(' Washington office, dl'­
(prmirwcl thp cOI'I'l'lntioll of tl1('sl' factors with soil and wa.tp}' lossl's, 
His data [U'(' shown ill tn.ble 1. A vel'y satisfuctory cOI'I'('lation with E'oil 
alld wutC'l' losses WtlS obtained by the usc of these faetors, 

'L~JH,I, l. h'.f!iciellcy ()j' wcclidillfJ crosion and /'Il/l.o./l' fl'oll/. stUI'll~S b!l 
mea nil of meleo)'%(Jic(ll lIIellSUrements 

COI'I'cl:tl ion bchl'cpn fll'l"Jit'l.l'd 
lo.;scs :lncl Ill'lUll1 IOS3C:l on­

1<':\('101' FOl'lllulll 1 

__ . __ .' '" _._ ,_._ _,._~~II()I:__J CUi'll 

EroHion , ... I ~ 12:\ + 8 1213 - (' i O,!l4. j 0,84
RUlloff... -_...... I i~\ + ~B.=.~._L,~!~_._,,___ ,~8~._,__ 

iA = Amollnt of PI'('l'ipitnl ion; 13 = IIl[lXillllll11 30-lIlinlittl intcllsity; (' = ml\ximulIl 
5-millul.C inlensity. 

In this report lIlOSt. of the cintI1IU(' divided11lto thl'('c groups by lise or 
tIll' ('}'osioll and rUlloff fndors aR follows: 

Ft\~tor 
GrO\lp; /;ro';(JII I!IW(/JJ 

• 
~w ~ ~ 
~Iodcmte i-II (HI 
High.. . _ . _ •. _. " IIII 

For the period 1940-4:3 then' was nn average of ·1 storll1S a. year in the 
high group, 7 storms fL. yenr ill the moderate group, Ilnd 63 storms a. yt'tll' 
in the low group, This classification of storms resulted in the distribu­
tion of soil and wat('1' loss('s shown in table 2, FO\lr storlllS a. Yl'tlr !'{'­
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suIt in 95 pNcent of thc soil loss and 84 perccnt of the rlilloff from corn­
land. Conservation practices to be l'fIl'ctive must be d('signed to con­
trol runoff and erosion during these storms if eftcrtivt' cons('1'vation is 
to be accomplished. 

TABLE 2.-Soil ancZ wale/' loss by s/o/'J/I. (JI'OllpS 

I 
iTottll soil loes Totall'unoITICrop ,- ._--­,
I

High l\loc\cl'lltc .I.o\\' High IModcl'! -
Percell/, Percellt PC)'Ccllt Percent ! Pcrce) 

Corll ••• _•. _. !)5 2 3 F4 Hl
IGroin....... 74 12 14 64 24 


Huy___ •• _" SS 7 5 RI 15I !, 
I 

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

. TEMPEHATOHE 
Daily readings were made of maximum and minimum air tempera­

tUl'(~s. Temperature has an effect on soil and water losses, primarily 
due to type of precipitation and condition of soil. Most of the winter 
precipitation is in the form of snow. Occasionally a rain of low intensity 
is experienced. The ::loil is usually fl'ozen for most of til(' period from 
December 1 to April 1. During this pl'riod soil losses have been low, 
with the excl'ptioll of onl' storm when rain fl'll on soil that was thawcd 
on tIll' surface to a depth of 3 to 4 inches. 

:Maximum, minimum, and mean air tl'mpemtmcs are shown in tabk 
3. Mor(' detailed data ar(' given in table 19, Appendix. 

TABLE 3.-.111axhnmn, mini'mum, and mean ail' temperatures by 'l/lOnlhs 
at La Cros.sc, 1933-43 

!• A\'CI'HJ!,C 
1 ... _·---·,,--- ~ >-'-"',.,. ­

i\lollth i\JCIlIl I !I Higl:esl I Lowest ..J. ~~~~.':.I~ \'. ~;~1~~1~\~1~\,.,----,
°P. ; oPe t o~ Q~ .~ 

,lollun!'y. " ]8 50: -32: 40, -20 
Februtl!',Y" •.. 19 47 -2-1 41 I -Iii 
Murch._, __ " a2 75 -17 M I a 
April.. 48 ~"5 S 7(j! 10-I IMtI),._ •. ,. 61 104 28 8(i a:~
,Julle __ __ ! (jn !J4 40 so 44- i
July .. " • 75 105 
Au!!usL" •• ,_ 72 98 !i~ g~ ;;~I' 

Scpt.cmber. ,." . "··1 fi3 04 2'1 so :l4 
Oct obel'. _. _•. ,. ,. 51 f'3 14 77 2a 
Novembel' _., .. ,. 35 74 -2 02' 7 
Dccem I )CI' __ •• _ • ,. 23 55 ~ l!l 4G I -11 

1 Weathcr BUI'enu, Lit Crossc, Wis. 

THE SOIL AND WATEH CONSEHVATION EXPERIMENT 
STATION 

LOCA'l'ION AND DESCIUl"l'lOX 

The Upper Mississippi Valley Soil Conservation ExpNiment, Station 
is locutl'd neal' La Crosse, Wis., about 5 miles l'HSt of the Minnesota­

• 

• 

• 
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• Wisconsin linc (fi~;, ~i). ThC' furm of IGO ncrC's was pUl'chascd by tIlt' 
Stuh' of Wisconsin in 1931. It eonstitutpd Ol1e of tho grollp of 10 t'X­

perimC'ut stntioJ11:l (lstablished on farms rppresentativc of hu'ge problc~m 
ttreus of eroding soils in various parts of thC' country, Its establishu1C'nt 
waf) uuthoriz('d by the Buchanan Huwndnwnt t.o thC' Agricultural Appro­
priation Bill (7) for tll(! fiSCHI year 1930, appl'Opl'iating $HiO,OOO for 
soil-C'rosion illvestigntions, The topography is typical of ridge farms 
IOC'tttcd in the bluff portion of the UPPC'l' :Mississippi Vall('y unglnc'iatpcl 
arpa, TIl(' ridges nre narrow, breaking olf rathC'r abruptly to stC't'» 
slope's. Slop<,s as stl'l'P us 25 perc'c'llt WNC uncleI' ('ultivntion, OPl'1l 
ttnd wooded pastllrp slopC's tiS stcC'p I1S 40 pert't'nt w('re bC'ing gt'az('d, 
About 70 of HlP 160 tteres of land "'NC at one time undt'r cultivation . 

• 


FIGt:llN :i,-Air' yicw of the l'ppel' l\Iississippi Vnlley Soil COIISel'\'lltioll Experimellt 
Slntio~. [Photo hy .Jallles ~. i\leyel',1 

• 
Sows 

The principnl soil tYl?t'R 011 tht' Station ure Fayette silt loam and 
DubuquC' l$i1t loam. ThC' Fayettt' silt loam wus formC'dy t'lassifit'd m; 
]{nox silt loam and Clinton silt; loam. It has been dc\'('loped from lot's­
sinl mutt'rial dC'positt'd at various d('pths, rl'lw maximum dl'pth is 
ahout () feet, til(' I\Wl'tlgl' ,n~ fC'('t. 1'h(' Dubuque silt 10all1 has only a 
thin ll1!1l1tl(' of lo('ssial nHtkrinl o\,C'r soil r('sidual from IinH'stol1('. The 
(\('pth of lo('ssiul mntel'inl may b(' as l11u('h as 24 ill('lH's. The two soils 
haw surfltt'(' soils thllt !U'P high in silt ('OlltPllt and ('rodC' vC'ry ('asily. 
Both tIl(' F:ty('tte nnd thl' Dubuquc soils un' low in organit'-mattC'r ('on­
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tent and require the addition of 2 to 3 tons of lime to the acre for legume 
production. A soil and erosion map, ::;hown in figure 6 (in envelope, 
p. 3, cover), was made of the Station in 1934. It will be notC'd that 
much of the cultivated land is severely eroded. 

AGRICULTURAL HISTORY OF THE STATION 

It has been difficult to obtain a very accurate record of the agricul­
tural history of the Station farm. The farmer from whom it was pm­
chased stated that, in general, he had followed a rotation of corn, grain, 
and hay on the cultivated fields. r!'illage and planting operations were 
done parallel to roads and fences; as a result, much of the cultivation 
was not on the contour. A nmp of the Station and the expC'rimental 
areas are shown in figure 7 (in envelope, p. 3, cover). ' 

The fields on which experiments were set up had probably been under 
culth,ation 70 to 75 years at the time the Station was established. The 
farm was first cropped to grain and potatoes. In the late eighties there 
was a change to dairy farming. In 1932, at the time the Station began 
to function, the land was lmproductive. Indications were that the 
farmer had not used good cultural practices and that as a result the ::;oi! 
was run-down and in low productive condition. The hay on the fields 
was composed largely of quack grass. Soil tests showed that the cul­
tivated fields were acid, requiring 2 to 3 tons of lime per acre, and were 
low in phosphorus and potassium. 

In 1940 additional land was rented from Mr. Hubert Hundt 11car 
Goon Valley, Wis. (fig. 8). Fifteen acres of Fayette silt loam soil are 
included in this tract. This farm is located outside of the steep bluff 
portion in the more gently rolling section of the area. The leased tract 
is mqderately eroded and has uniform slopes that average 11 percent in 
grade and 300 fC'et in length. 

'VIN1ER EROSION 

During the winter period, November 1 to April 15, the ground is nor­
mally frozen. Most of the precipitation during the winter is in the form 
of snow. However, there may be some light rains in November and the 
first part of April. ,Usually, these l,.ins do not cause high soil losses un­
less they fall on a soil that is thawed only for a few inches. Under these 
conditions there is 11early 100-percent runoff and the unfrozen soil, if 
unprotected by crop cover, is easily carried by the runoff ('ven though 
the intensity of the storlll is not high. 

Detailed data for the control plots and watl'l'shecls aJ'C' giYl'll ill tables 
20 und 30, Appendix, showing the soil and water losses by winter and 
growing season. Figure 9 shows the losses by sC'asons from the a-year 
rotation on the control plots. The losses from corn for the entire year 
averaged 53 tOllS per acre, of which less than 2.t,ons were lost during the 
winter period. On land planted to grain, about one-third of the year's 
total loss of 30 tons took plaee durillg the winter period and two-thirds 
during t}l(' growing season. The winter soil loss averaged only :3 tOllS 
per acre of the total annual loss of 52 tons per acre on the eliltivatf'd 
watershed for a 5-year period. 

The soH loss during til(' winter is low and the difficultiC's or obtn.inillg 
accumte data are many. Unequal distribution or snowdrifts, resulting 
in more precipitation on some arens than others, ('ntlses more UUUl the 

• 


• 


• 
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FIGURE 7.-Map of the Upper Mississippi Yalley Conservation Experiment Station 
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Soil"loss (tons IWr ocre> 
PERIOD SEASON TOTAL 0 10 20 30 40 50 60 

Corn in rototion 17 512 529, 

WINTER GROWING • 
Groin in, rototion 10.7 191 29.8 

Hoy in rototlon 24 45 69 

50 60 

Corn In rolohon i:9S; 497 ';96 

Winler pe"od. 
Groin in rototion 2.56 3 83 6A I I 

Growl"9' ;,.eoson D 
Hoy in rototion' 2.5 IA 39 

FIGUIU; 9.-Effc.ct of sellson on soil and water losses. 

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

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

FACTORS AFF.ECTI~G FROST PEl''"ETI\ATION AND TUA WING 

Studies were made in pasture, plowed land, hay land, and protected 
timber to determine the effect of cover and depth of snow on frost pene­
tration. A summary of results of these studies (1) shows that soil 
covered.with a good growth of timber, protected from grazing and fire 
so that there is a good covering of leaf litter on the ground, will not 
freeze deeply. In such a timbered area the snow depth is fairly uniform. 
The snow and the leaf litter afford good insulation to the !:>oil. The 
maximum frost penetration in timber was 5 inches as compared with 
10 inches in a good pasture having a similar slope and exposure. 

Vegetation will protect the soil to an extent depending upon its 
height and density. Under general field and pasture conditions the 
effect of vegetation on frost penetration is more dependent upon its 
ability to trap and hold the snow cOYer than on, the insulation afforded 
by the vegetation. Normally, the depth of snow is less variable in 
vegetated fields than in plowed fields. It has .been observed in the fall 
that an area coV('red with a fair amount of vegetation will not freeze 
as soon under moderat(~ly cold tcmperattlr('s as a plowed field whell 
there is no, snow on either. Maximum frost penetration on hay during 
some years has b('en as much as on plowed land. 

Snow cov~r Seems to be the most important fa('tor affe('ting frost 
penetrationtiuring low temperatur('s. l\leaSUl"(,llwnts were made on a • 
terrac('d field to d('termine the effect of snow depth on frost penetration. 
On the t<:rrace ridgt' tIl(' snow con~1" was the thinnest and frost pene­
tration the greatest (fig. 10). During the winter of 1!)3i the maximum 
depth of snow measured on th(' ridge was 5.5 inches and the maximum 
frost penetration 2+.8 inches, 

http:9.-Effc.ct
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Flh!'HI'; 1(1, \"i('\\ of ",\" t(,I't':I('P~ "ho\lillJ,!; \':tl'ialioil" ill d('ptli of '!lOll ('OIPI', 

'I'll!' IIl:lxillllllll (~l'pth of SIIOII' ill till' ('hullll<'l \\'a~ ts ilWIIl's :tlld till' 
IJI:tXillll1tl1 1'1'( ,,{ pt'II(1tl'lltiull ;'l.S ilH'IlC'~, ,\~~tllllillP; Ihat \'ariali()11 ill 
dpplh or ~\Il'r:l('(' ~()il Iras Ilot :t ru!'t(jJ' infltl!'IlC'iIlg; I'l'Osl IWIIl'll'lllioll, tilt, 
d<'ptlt or ~Il()\\, ('OY('!' dllrillg IIH' ~pa"(J1l I'(':;ttlt('lt ill :\ \':tl'iatioll ill fr(l~1 
]H'II!'t I'alioll of ~ I iIWIl(':;, III at'll! hpJ' :;1 tidy \'ariou-; cll'Jlt II:; Ill' SII()\\' \1'(,1'(' 

:l]lplil'd to a soil that \ra" fl'Oi:('1l ttl a (it'ptll \'uryill~ ('mIll -; to It) il)('II(','::, 
Th(' dl'pt Its oj' :mo\\' \1Sl'd WN(' n, Ii, I~, a lid ~I lllelH':', ~II()W Iras [11:1(0('11 

Oil i'I'OZPU "oil parlj' ill .January I \110, Tit!' rro~1 pl'lI!'t I'llt lOll (Ill tl1f' () 
dC'pth or haJ'(' plot {'oJltilltlf'd to iltr'I'l'a:,(' lIllt iI tlH'I'(' \\'('1'., ~~ ill('I1('~ of 
frost, 'I'll(' (j ill('l1('S of SIlO\\ ('OY('!' ,ga\'(' :;0111(, IH'IlI('('lioll, hul alloll'('t\ 
fros( to IH'llPt ral(' Ion dC'I.I11 III' 12 in(·IIl's. '1'11(· I ~- alld 21-ill('h <It'llt h 
of :;1I0\\, ('()\'PI' )!;a\(' ,;ullit'i('llt ]ll'Ot{'('(iOll a)!;ainsl thl' t('lllJlNatllrl's (')\­
JlC'ril'lI('t'd to 1II'C'Y!'I1( fnrtit( r P('IIt'tr:tlioll ot'fro:,l. In fa!'!, lIlIdpl' t"ps,' 
(It'PI II~ of !'II()\\ t 111'1'<' \\,:1" a slcm 1'<·<1I]('t lOll ill til(' dC'pt It of fms!. 11\ 
I\l,IO, IIt(' ,\'1':11' ill \"hil'lI t IH',,£, llH':l!'IIJ'('llll'lIt,; \n'J'(' 111:1<11', t 1](' Inilllltllllll 
t(,lIIlH'rHtlll'p for .J:UIlI:lI'Y at (lit' stntion \las ,- 2:~) 1". :tlld for 1.'('hr1wl'Y, 
- I.:~o F. TlJp :I\'prap;p IIlillill111111S 1'01' tll(· 111011111;; IrI'J'(' ;1" F. and + I~o F. 
1'01' ,J:tlllltU'y :llld Fp\;rll:try, J'('s]J('C'lin'ly. Titu t('llIp('r:ltll(,(''; l'xJl{'riPIlI'('d 
that \\'illl(01' \1'('1'(' alHlllt ll\'!'rap;('. 

TIl(' thawirtj!; of tlIP soil in (Ilt' sprill)!; i..; illfltwlI('pd hy t'XIH)SIII'P and 
\'(')!;C'inti()ll••\ s(;lItll-f:1('ill,!!,' "tol.!· (':111 1)(, ('X]I<,(-(('<I to IH' 1'1'('(' of ""O\\' 

and rrost Il('f()]'(> a 1I0l't II-facillg ~I()p(', It \\ill (Iw \I slow],\' wit h l!lost or 
Ih!' IIwltill)!;!'1l0\\' illfHtrntin)!;. l'slIally, durin)!; til!' fir:;! tha\\~ tltat ()('('llI' 

Oil a ;,ulI(h-faeill)!; s]uPl', (II(' l"11I1 is 11O( SJ,lfli('i(,IlII~' IIi)!;II to (':1I1S(, 1I1111'h 

lhawilllJ: Oil 1l0l"tlr,.fu!'in)!; ~IOIH's.•\s a r('sllit tll<,s<, ~loJl('s rio Ilot lha\\ 
until til(' [{-IllJl<'ratur!'s :ln' 1l1UC'1t lIi/1I]('I', This \\'ill (':lI1!'(' 11101'(, of tIl(' 
"IIO\\' (0 1)(· lost a:; rUllo!! whic-It \\'ill I'pstrll ill 1ll00'{' :,oil 10:':> Oil (II!' Ilor! 11­
faring slope'S, 

Yf'gptatioll, ~\l('h as )!;I'a:,::, nlld hay, will pro(l'cl (hI' soil 1'1'0111 t Ita II ill),!; 
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so that more of the snow is lost as runoff than from plowed fields. The 
plowed soil thilwS rapidly ",11('11 frep of snow and is capable of storing • 
und absorbing water in amount depend{'l1t Ilpon the rOllghness of the 
surface and the moistllre ('ontellt of the soil. 

GENEHALINVESTI.GATJONAL PHOCEDeHE 
Experiments were conduded to obtain information on til(' btlsi(' fa('­

tors affecting soil and wuter consel'Yatioll. These factors are: Typr and 
density of vegetn,tion, p('r('ent slope, length of slope, characteristiC's of 
precipitation, and soil type' and condition of soil. In addition to t\1('se 
stud~el'l, measuJ'('ments were made on h'rracprl and strip-cropprcl land 
to determinr the brst dPRign of tlwsp ('ontral prartiers for condition~ 
comml)Jl to this probl{,1ll art'a. Datu obtained consisted of nwasur{'­
Ill{'nt~ of soil and W:1ter losses, yipld of ('rop, and gelll'mi o bS('J'\'utiOllii. 
Vlater losses are reported in surface inclws and as p<'I'('C'nt of pre('ipita­
tion. Soil losses arc J'('portpd in tons P('1' :1('1'('. 

M{'asuring equipment varied, dC'pl'!1ding upon the size of plot. On 
the control plots and lysimetC'rs, metal tanks of sufficient capaeity to 
hold all of the runoff expC'('ted from one rain w{'re IIS(,(\. TIll'se tanks 
had a capacity of 3.5 surfa('{' inehes of runoff which is about 50 pt'Tecnt 
of 7.23 inches, the maximum amount of rainfall en'r f('('of(I('d during fl 
24-hour period by the Weatll{'r Bur{'au at La. Crosst', 

Plots huger than 1100th acr{' and I('ss th:w ;.,~ acr{' aJ'l' cqllipp('d with 
a silt tank, multislot divisors, and aliquot tanks (fig. 11). As tIl{' runoff 
suspension pass{'s through thC' silt tanks, a portion of thc silt is dl'positec\ • 

• 

F.lGUIII': ll.-Plol-measuring equlpmenl: ::;iJl-t:lnk Illultislot divisors III1lI illiquollank~. 
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and the trash is screened. When the capacity of the silt tank is ex­
ceeded, the screened suspension flows through a multislot divisor in 
which one slot is.connected to an aliquot tank. ThNcl'ore, most of the 
runoff is wasted and only a relatively small portion collected in the 
aliquot tank for soil and wttter determinations. 

'Vatersheds and terraces have measuring equipment arranged so that 
the runoff suspension passes throug'\ a calibrated flume to which is 
attached a water-stage recorder with which a hydrograph of the runoff 
is obtained. The runoff .is then collected in a largc silt box wherr some 
of the soil is deposited. The silt box is constructed so that. the end of 
the box is a weir, over which most of the rtllloff flows when the capacity 
of the silt box is excceded. A Ramser silt sampler is at.tached to the 
side of the box by means of whieh an aliquot of the runoff is obtained. 

Runoff was measured or weighed after eaeh thu,\V and rain which 
produced a measurabl<.' amount of runoff. The sampling proeedure 
varied with the type of measuring equipment and the size of thc area. 
The nmoff in the silt box was measured, the suspension thoroughly 
agitated, and an aliquot obtained for sampling as the box was drained. 
The runoff in the aliquot tanks was stirred, pumped through n divisor 
by which n continuous sample was obtained, and collected in a large 
tank mounted on a scale. Each tank was measurcd or \\'cighcd, and 
sampled separately. Triplicate quart samples were obtaim·d from pueh 
tank for dry-soil eontent determination . 

COl"fJ'.CL .FLOTS 

A series of 11 plots known ,til "eontrol plotlf" was established in 1932 
and mensurements were begun in J933 (fig. ] 2, .It and 13). Thesp plots 
are located on a 16-pereent slope of Fayette silt loam soil with northern 
exposure. All the plots we)'(~ 6 feet wide and 72.f> feet long rx('ept plots 
1 and 2. Plot.l was 3U.3 fert long, and plot 2, 145.2 fpet. The sitc on 
which this experiment was loeated had bcen ('roPPt'd fol' 70 01' more 
years at the time the study was started. It, howl' \'('1', was not as 
severely eroded as the rest of the farm. Therr were about 8 in('hes of 
surface soil on the plots at the time the cxperiment was estabJishpd. 

In 1933, plots 12, 13, and 14 were cstablished on a 30-perc(~nt slope. 
Measurements were discontinued in 1939. Plots 15 and 16 W{'l'e es­
tablished in 1936 on a 16-pereent slope. Plots 17 and 18 were established 
in 1939 on a 16-perecnt slope in conneetion with the study of degrec of 
erosion. During the same y('ar, plots] 9, 20, 21, and 22 were established 
on a 6-percent slope. All the plots established after .1932 were () feet 
wide and 72.6 fect long. Datu from these plots are given in table 20, 
Appendix. 

Plot treatments during 1932-3$ werl;' as follows: Plots I, 2, 3, and 11 
were plmIted to corn each year. Plot 11 was desurfaeed by removing the 
8 inches of surface soil manually, Plot 4 was planted to grain llllnu­
ally. Plots 5, 6, and 7 were planted to.a 3-y(·ar rotation of corn, gl'llin, 
and clover-timothy hay. Plots 8 and 9 were fallowed, being cultivated 
with a hoe sufficiently to eontrol wecds. Plot 9 received an anllual appli­
catioll of 5 tons per aere of barnyard manure. Plot 10 was ('overed with 
bluegrass sod and not mowed or grazed during the years 1932-38. 

Bluegrass sod gayc vcry good controlj only 5,5 })('re('nt of thc prc­
cipitation was lost as runoff. This removed only 0.1 ton of ~oil pcr aere 

http:COl"fJ'.CL
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per yeur. Most of this loss occurred during the wint(lr p(lriod. Tubl(' 
20 gi"es detailed datn from this exp(lriment by pIotR. It will be noted • 
that of the ayerage unnual runoff of LSi ir1('hes from blu{'gmss only 
0.03 inch l .....as lost during the gl'Owing season. It WitS found thnt more 

• 


• 

]~IGClIg 12.-ColI(rol plots: II, COl'll 011 right in :t a-YCIlI' rotation of ('(ll'n, grltin, tlnd 

hllY· .It hns p!'(l(!u('cd 11 mudl bctl('r Itr(lwlh of ('01'11 thlln.t hp plot 011 lhl' ll'ft I hll! 
has becn ('ontillllolisly ('I'oppcd [0 ('01'11 sill('l' Hlo2. U !'lots loeu(pd on It Hi-perrellt
slope (If I~H'yctl\· silt. 

http:AGHlC{;Vi't'.RE
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• runoff oC(,lII'S fl'om gl'llss land in til(' wintl'" t.han from plow('d lund. 
This is du(> to U1(> fact that th(> soil wllt'n frozl'n under a good d<'nsp 
growth of gl'llss thllws out slowly, Thus, vCl'y litti(> of th(' nwlting SIIO\\' 
is absol'lwd, WI1('r(>HS plo\\'(>(1 land wl1('11 fl'(,(' of snow will thaw mthcl' 
1'Ilpidlyand absorb a cOllsidt'l'ahl(' amollnt of prp('ipitatioll. In til(' SlIlll ­
In(,1' this ('ondition is I'Pwl'sed. TIlt' grnRs plot then allows pmctieally 
no runoff, whpl'l':ts plowpd nr'pus allow high amounts of runoff. 
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FWl'ItF. la.-':\lIl1lml Hoil tlull wuter losses from ('ontrol plolli, l!)a3-3~. 

Figun' 1:3 shows thc annllal soil and watcJ' loss by (,I'opping systPIll 
for the IWl'iod 1933-38 inelush'e. Thc higill'st soil loss 0(:('111'1'('<1011 plot 
8, wld('h \\'I\S fnllow throughout thc 6-ycnr period, Th(' It\'{'rag{' llllllllal 
soil loss "'HS 191 tons PCI' H('rc, which is equivalent, to about J% indl('s 
of soil. TIl(' appliration of 5 tons of malHlrp pel' aerc anllually on fallow 
was ('ir('etin' in I'(>dudng soil loss{'s by about :30 tons per aer('. 

TIl(' ('ired of "('gt'tation on soil loss d<,pl'nds upon the d(>llsity of til(' 
v('gpi:ution, th(' l('J]gth of timp thc soil is protc('ted, and wll('tll(>r 01' not 
prot('('tion is tn'ailabl!' whcll thp intcnsc storms o('CUI'. Crop rotation 
is un impOI'tant fadol' in ('on trolling Nosion, because losses are not 
oniy low whcn til(' UI'PIt is growing hay but loss('s from til{' clmll-tilled 
('I'Op following hay an' 1'(>(I\I('ed by tilt' in('orpomtioll of I'IlW organic 
nutttc'l' into the soil. 

• 
COI'II in rotation lost all 1W('rage of 5:3 tons of soil p{~I' 11('1'(> follOWing 

('lover-timothy hay_ This wns ipss than OIH·-half I.he loss from continu­
ous C'OI'll of about 112 tm1s PPI' ac'r(>. This diffcreJl('{' in loss eltll bC' 
Im'gdy attdbutpd to til(' bett(>1' stl'ucf,u,'e of 01(' soil following hay and 
to til(' raw organiC' matter in('ol'pol'llted illto the soil. 

Th(~ soil loss from grain in I'ollltioll with ('OI'Il has bN'n just about 
double that of ('ontillllollS gmill. lVlore orgn.nie maUcr is incorporated 
into the soil. grown to continuollS grnill than in soil in graill following 
corn, 

S041i$2 . ·!lI··:1 
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The ayeruge annual soil loss from a 3-year rotation of ('01'11, gmin, and 
clover-timothy hay without the application of barnyard manure was 
27.8 tons pel' aere. This loss is considcrl'd to be I'x(,l'ssiv(', inasmueh us 
one inch of soil would be removed in about 5 y('[u·s. T:tble 21 shows 
soil and wah'r losses by ('rops for the growing SCHson, April Hi tu Oeto­
bel' 31. The rains arc divided into three groups-high-t'actOl', mod{'rat<'­
factor, and low-factor rains. Il has becn fuund thut on tIll' Ilv(>J'agl' 5 
out of 59 storms resulted in about 00 pl'rcent of tIl(' soil lost from corn 
in rotation. 

Figures 14 and 15 show total soil and water losses for ('01'11, gr:Lin, 
and hay for each month during thl' period, April to October. TIll' 
runoff from corn following hay is low during April and ?\by. During 
this period the soil is rough and of good structurl'; it is eapabll' of storing 
considerable water on the surfa('e :iml the intake of wnt('r h; high. As 
the senson progresses the land is workl'd and ('01'11 is plantl'd hy the 
latter purt of Muy. At this time much of til(' rough doddy strueture is 

140 
133.74 

120 

100 

-<.I 

U 
~ 

..
.. 
0 

Q. 80 76.26.. 

c: 
0 

.::. 
oil.. 

0 60 

'0 
II) 

40 

20 
14.45 

Hay 1.09:71 

• 


• 


• 

May July 

FlGuu.: 14.-Soillo;<l:\ by montha for (:Ol'n, gl'llin, lind IUlY, 19aa-:JR, ill tl a-yellr rotlltion. 



19 INYES'l'lGA'J'IONS IN EUOSION CONTHOI, 

• 

destl'oyrc1 01' greatly rcduced. TIl(' largest amounts of runoff oceur in 

.July, August, and S('pt('mbcr with thc .runoff peak in August. 


For gl'llin following eOl'n the land is also fIlII spad('(i, but there' is in-. 

suffi('iPllt raw oJ'ganie lJ1att('r in the soil. The eiods llr(', th('l'eI'orc, 
brokc·n dO\rll to a ('onsid('!'abll' cxtrnt by nUt'l'Ilale fn'czing ami thawing 
in (ll1l'ly ,-,pring. EVl'n bl'l'OI'c til(' gl'llin land is tillrd, runoff is mOI'l' than 
1'1'0111 ('ol'l11und. Gl'llill is usually plnnird during Uw last two wt'l'ks in 
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April. At that timc a fine, firm scedbed is prepared for the legume 
seeds. This produces it condition that is conducive to high amounts 

,of j·tllloff. Runoff is high from gl'11in throughout the Sl'[tson 01' until 
the legume!:l b(~gin to reduce runoff, which does not norma.lly oe('1\1' until 
l'arly fnll. . 

H,l.moff from hay is relatively low throughout the s(':tson; however, the 
curve for hay land follows a somewhat similar pattei'll to that of corn 
and gmin. 

In gCll(.'ml, the soil loss curve for COl'll follows a patkrn similar to that 
of runoff from COI'l1, except that th(~ soil loss reaches a peak in Jnly in­
stend of AUguHt. Soil loss from corn reaches a prak in July because a 
large number of intense storms occur in July when the corn is being cul­
tivated and is too. short, to give good canopy interel'ption. In August 
the corn has been laid by, runoff channels havc been cstablished, and 
wCl'ds start to protect the ~oil, all of which tends to red lice soil loss. 

Soil loss from grain is high during April and May. Any storms of 
moderate 01' high intensity will cause high soil lossl's from grain until 
it is 8 01' 10 in('hes tall. Thereafter, soil loss('s c:tn be expected to be 
relatively low. 

The soil loss from hay has been low efwh month. Hains occurring 
immer!iatl'ly nfter the crop has been remoyed ha\'l' not resulted in high 
losses. • 

DEGREE OF EnOSION 

Control plots 3 llnd 11llrc used to compare soil and water losses from 
sUl'fac(' and subsoil plots. In 1932, plot number 11 was desUl'facec! by 
the removal of 8 inches of surface soil. Plot number 3 was not given 
special treatment. Each plot was planted to corn on the contour each 
year dtll'ing the period 1932-38. Detailed data are given in table 24. 
Thc desurfaccd plot lost on the average 117 tons pel' acre per year and 
the surface soil plot 99 tons. Throughout the experiment both plots 
lost soil very rapidly i however, during the first 2 years the desurfaced 
plot lost 45 percent more soil than the sUl'face-soil plot. During the 
last 4 years, the subsoil plot lost only 2 percent more soil than the sur­
face-soil plot. At the l'ud of 2 years of COl'll the raw organic matter 
had become dcp.omposed and the surface plot had become badly ('l'odl'd 
so that there wus not mtlch difference in the l'rodihiIity of the 2 plots. 

By 1938 the fallow and the continuous corn control plots had become 
severely ('l'oded, having lost all but 2 to 3 inches of the sUl'face soil. 
However, the plots in rotation and eontinuous grain during the Same 
period of treatment had lost one-half as much soil or had about 5 to 6 
inchl's of surfaee soil rCllmining, which was considered as model'lltcly 
eroded. By including 2 plots from the moisture series, which WNe in 
the sl1me trl'atment as the control plots, a c!l'gree-of-erosion experiment 
was l'stablished in 1939 which included 10 plots. Ther~' are 5 plots on 
severely eroded soil and 5 on moderately t-rodcd soil. The plots have 
received phosphorus nnd potash on gl'llin in amotlllt.s bused on soil 
tests to maintain a level of fertility of 50 pounds of available phosphorus 
pel' acre and of 150 pounds of available potassium per acre. Lime was 
applied on eorn to maintain It soil pH of 6.5. Eight tons pel' acre of 
barnyard mantll'e was applied on corn. All crops were planted on the 
contour and eultuml treatm('nts were ns similar to field operations as is 
possible with small plots. 

• 

• 

• 
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With the phospho1'lls, potassium, and pH 1H'ld un if o rill til(' )ll'illeipnl 
ditTere>l1ee betwc(111 til(' two c!C'g)'(,(ls of ('I'OSiOIl is in ol'gnl1i!'-math')' ltlle! 
nitrogen ('ontpll t of the soil. The' moclt'rately ('rocl('(1 plots in 1039 hnd 
nil Ilvcl'llge nitl'ogell c'onte>nt of 0,108 ])('I'('(ll1t 1'01' Ow 0- (i-ineh (\('pth 
:Uld t1w severely el'oclNI plots 0,053 ])(,I'('('nl:. TIll' or'ganic'-matf;(I1' ('on­
tcnt of the rnodrratC'ly C'l'OcI('(1 soil of 0- 7-ineh depth was 1.7 P(IJ'(,pnt, 
wh('1'C':1s that of the s('\'C'I'('ly (')'ocl('d soil was 0,82 ))l'1'('(111 t. 

Foul' yeul's of data are l'l'port('(\ 1'01' this C'xpP)'imC'n!;' ')'Il<'fH' dahl m'l' 
showl1 in table 22 und figure'](i, Rpgardless of (')'op, t.lH' Sl'v(')'C'iy p)'o(1Pt1 
plots lost moJ'(' )'unoff thun til(' moclprnt<'ly rroe!pd plo(,s, 'I'll(' (I)'ode>c! 
Roil bceUlllC mo)'c eornpuet rcsulting in lowl'), infilt.ration nnt! high!')' 
)'ltHoff, TIl(' sl'\,(')'C'ly (')'oci('d u)'cns :Lv(,l'ngC'CI :3,1 ilH'lws of 1'11ll0II 1'0)' 

corn, gruin, nne! hay, whr)'l'as till' 1l10cl('l'Ittcly C'1'ocJ('d Il\'('mgpd 1,8 
ineh('s fol' the SHIlH' crops, TIl(' soil loss 011 sl'vNPly el'ociprl soil W/1S 
only slightly morc than f)'om mocJl'ratl'ly l'l'Od('e! soU wlH'n plant:('(1 to 
corn, eVPH though l'unotl' WHS abo\! (; \J,G inclws more ]'ll'r yC':u:. TIH' 
soil 10ss from land plnntNI to grain was highl'l' t.han tht' loss frolll til(' 

::mo:>pING SYSTEM 	 RUNOFF SOIL LOSS RliNOFF (percenl) 
(percenl) (Ions per acre) 1(1 20 30 

Corn 
(severely eroded) 93 

157 

Corn 
(moderolcly eroded) 71 

14.3 

Spring groin
(severely eroded) 21.0 

30,0 

sprln3 groin
(moderate y eroded) 11.6 

16.2 

Hey 
(severell eroded) 5,3 

,6 •D 
Hoy

(moderolely eroded) 2.3 

2 

0 40 80 
Soil loss (tons per acre) 

FIGUlm l(j,-A rcl'Il!!,€.' 1l1l1II1II1 ~oillllld wut.el' los" froll! ll!od€.'l'Il(cly nnt! 

SC\'Cl'cly cl'oded pints, 1!J40-~a, 
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land planted to corn, regardless of degree of erosion. This reduction of 
erosion on cornland is due to the conditioning of the soil in the longer • 
rotation; that is, the soil structure is better and there is much more raw . 
organic matter incorporated into the soil when hay is plowed under 
than when corn stubble is plowed under. Grain on severely eroded soil 
allowed about 1.8 times as much soil loss as grain on a moderately 
eroded soil. This is due to the fact that when grain follows corn the raw 
organic matter incorporated from the hay has been decomposed so that 
degree of erosion can then exert its maximum influence on soil and water 
losses. The soil loss from hay was low regardlcss of degrec of erosion. 

Yield of crop was lower on the severely eroded areas for all crops. 
Corn yielded 70 percCllt, grain 55 percent, and hay 92 percent as much 
on severely eroded as on moderately eroded soil. Yield of hay was not 
as much influenced as the yield of corn and grain by thc loss of surface 
soil. 

In field trials conducted in 1943 on farms in Minnesota and Wiscon­
sin yield of crop was determined on various degrees of erosion within a 
field." 6 Data recorded in these trials (table 4) arc in good agreement 
with those obtained from the small plots at the station. In the studies 
conducted under farm conditions there was a wide variation in cropping 
and fertilizing practices between farms. Degree of erosion, however, 
was found to be a primary factor affecting yield of crop. Yield of crop 
is less on the eroded soil because the eroded soil contains less organic 
matter, less nitrogen, and therefore has more runoff. 

'l'ABLE 4.-E.ffeet of degree of erosion on yield of er01), as shown by bushels • 
per aere in fielel trials of 1943 

Slight.ly IVlodemtely Severcly 

Crop ;,tate Farms crodcd ficlds croded ficlds crodcd fields 


Number J3l1shcl,~ BI(shcl.~ Bushcl,~
Corn .. ____ Wisconsir _______ 8 80 67 60 _____do__________Gmin ____ 11 65 50 43
GrairL ____ Minnesota_______ ,5 36 30 23 

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

ORGANIC MATTER 

Maintaining a soil in high organic matter content is important not 
only for maximum yields of crop but for controlling soil and water losses. 
Too frequently, the farmer follows a practice of removing all crop 
growth that can be utilized for feed. By removing two or three crops of 
hay and by pasturing the aftermath, full advantage is not taken of the 
benefits to be gained from a hay crop in adding soil fertility and con­
trolling erosion. Part of the advantage of rotation of crops is the effect 
that the organic matter has on soil structure and its binding effect on 
the soil when plowed under. 

Within the original control plot experiment there were two fallowed 
p10ts. These plots were worked with a hoe to simult1te c1isking and 
with such frequency as to keep the weeds under control. Barnyard • 

r. HAYS, O. E. t und .MUCKBNIIIIlJ"f, R. J. TUE f:FFt;C1' (W InJI'TUS 01-' SUIWAC"~ 8(l1l4 A~I> CONTOUIU~~G 
OX CIIOP Yl~I.D8, 7 1'1'., 1943. Il'roc:csscd.j 

C HAYS, O. E., AND Ros'r, C. O. TUB }-':Fr~t;CT OF' l>EPTIl 01-' BUJWACt: SOlJ~ AND CONTOUHlXG ON cnol' 
nEI.DS IN ~IINXESOT", 6 1'1'., 1!14:1. WroccHscd. 

http:Slight.ly
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manure was applied to one plot each spring at a rate equivalent to 5 
tons per acre. The other plot received no treatment other than cul­
tivation. 

The soil losses from these plots were extremely high, over 1 ineh a 
year. The plot which received the annual dressing of barnyard manure 
lost 28 tons per acre per year less soil or about 85 percent as much as the 
plot which received no manUl'e. Detailed data on this experinwnt arc 
given in table 25, Appendix. The effect of manure on fallowed soil 
is mostly mechanical. The organic matter keeps the soil opell and 
partly covers it, thus reducing runoff and decreasing the erosive action 
of moving water. 

Barnyard mamll't' applied to eorn on severely eroded soil with 3 
incll(·s of surface soil remaining resultecl ill a slightly greater increns(' in 
prott'ction against erosion than when applied to a fallowed soil. One 
year's data show that bamyard manure plowed under reduced soil 
losses from 80 to 63 tons pel' acre and that barnyard manure, smface­
applied, reduced soil losses to about the same extent as barnyard man­
ure plowed und('r, or 65 tons pel' acre. Thus, the application of 8 tons 
per acre of barnyard manure resultrd in a, reduction in loss of 21 percent. 
Barnyard manure plowed uuder jn the fall reduced the fall und spring 
losses below those from plots on which manure was not applied. Spring 
surface-Itpplied barnyard manure reduced the losses after t1pplication 
below those from the plots on which it was applied in the fall. How­
eyer, for the year there was not much diff('rence in the loss r('duction 
resulting from time or type of application. The effect of time of appli­
cution of barnyard manure on soil loss will depend upon when intense 
storms are experienced. Fall t1pplication will give more protection 
from fall and ('arly spring rains and thaws, whereas spring applications 
will give most protection during the early summer months. 

Gre('n manure, which consisted of the alfalfa-timothy hay produced 

TA13LB 5.-Soil and water losses and C/'op yields on eroded soil receiving 
various organic-malter treatments1 

I 
Runoff from­ i Soil loss per 

acre fl'om-
Yield per 

acre frolll-
Treatment 

Corn 1 Gl'Ilin 
) 

Corn Gmin Corn Gmin 

No treatment; __ ~ - _... 
Barnyard manure fall ap­

plied before corn __ .. ____ 
Green manure plowed uu­

del' fnll befol'c COI'Il _____ . 

!3a1'llyard mflllUre applied 
at corn planting ____ .. __ 

Grecn llltlnllre plowcd un­
dcr in fall plus barnyard 
manure applied at cornphlllling _______________ 

inches ! [rIches 
7.23 0.78

I, 
5.97 

, .76; 
i 

5.64­ .94 

i6.37 1, 12 

I5.{i4 .40 

1, 
! 

1'olls 
80.10 ' 

63,08 ( 

53.02 I 

05.441 

I 

i 
57,80 l 

'l'OTlS 

3.26 

1.08 

2.12 

4.83 

1.56 

Bushels Bushels 
66.1 ~~8.0 

I 
75.1 33,4 

! 
69.6 27.6 

72.2 I 31.4-

I 1 

I 72.1 24,4 
Green manure fall-applicd 

tilled with sweeps _______ 4.23 I .40 20.22 I 
\ 

.69 ! 53.7 18.1 

lPlots 72 fcet in length are located on a l6-pm'cenl slopc of Fayctte silt loam. 
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after the first crop of hay was removed, cfi'eeted a grl'utcr rl'ductiol1 of 
soil loss when plowed under than til(' upplieution of 8 tons of barnyard • 
manure. Soil loss frOIil plots receiving both barnyard manuI'(' al1d 
green manure was higher than from gr('('n manure alom' hut Ic'ss than 
fr·om barnyard manure alone. It would br expeet('(1 that thr ('0111­

bination of the two manures would result in the grratrst rrduetion of 
soil loss. This occurrl'd on one plot but on its duplieate t IH' soil loss 
was mueh higher than from either treatnH'nt alol1r. Thr low('st 10ssC's 
occurred on plots worked with the sweeps whieh Idt all or most of thc 
green manurc on the surfacc. Tbc losscs by trNltnH'11 t and ('mp ar(' 
shown in table 5 and tablc 26, Apprndix. 

The corn stubble was plowcd on all plots cx('rpt numl)('rs 7 and 12. 
These two plots were worked with the' sweC'ps. SC'cciing of grain "'as 
uniform within this expC'riment.. Plots on whieh bal'l1yard manuI'(' was 
surface-applied on corn had the highcst soil loss ",hcl1 planted to grain. 
Barnyard manure plow{'d under and gl'cen nUlI1Ul'r appliC'd on cornland 
rcduced the soil losses from grain land the following y('ar. 

Yields of the crop werc highcst on Plots rccci\'ing barnyard manurc. 
"There the' barnyard nUlI1U1'C was plow('d undcr, thr yirld was slightly 
higlH'r than where it was sUl'face-uppli('{1. Thr low('st yield oC('uJTrd 
on plots worked with thc sweeps. 

SUBSUHFACE TILLAGE 

In thc discussion on organic matt(')' it "'as pOint('ei Ollt that the lo\\'('st 
soil and water losses on cornland oeC'ulTPd 011 plots on whieh swecps • 
were used for subsurface tillagc. It was also shown that yield of crop 
was It'ss than for other tr('utmentd. For thp last .~ yC'ars strips in fields 
have bcrn worked with sw('('ps in s('('dbcd ]1n'pal'lltion for ('orn ill 
placc of plowing. It has prov('d VCI')' difficult to rNlucr th(' stanei of 
grass in th" sC('ond- or third-ycar hay ('nough to kccp it from ('omp('ting 
too se\,rrC;J with corn for l110isturc and plant l1utri('nts. In lifting thr 
sod only slightly, as is donc with the s\\'c('ps, it has 1)('('11 found that, 
unclcr favorable moistllJ'(\ conditions, tIl(' grass k('('ps right on growing. 

It is b('licVC'c1 that th('I'l' is littlc plac(' for subsurfaec tilIagQ for corn 
in this problem arca, eSI)('eialIy wh('J'(\ hay is Icft down morC' than 1 yrar 
and quack grnss is a prohlrl11. On soils not inf('st<'C1 with qua('k gl'llss 
good yi('lds of grain ('an lw obtain<'CI by disking. This will I('a\'c all or 
most of the corn rcsiduc OJl the surf:H'(', This J'l'si(/llC' iR fairly rfi'refi\'C' 
in rcducing soil and wutf'rlosF<'S. StudiC's mueic' at tIl!' station han' 
shown that where thc old pastul'l' sod is tille'd \\'ith a fil'ld cuItinLtor in 
st1ch a way that most of th(' organie r('sidtl(' is I{'ft on or IIt'ar thl'SUJ'­
fn('(' , soil los~('s will \)(' '>"NY low. This is tIl(' (':1SI' ('\'('n though int<'ns(' 

storms oeeUl' bcfon' the l'eeding is ~uffiC'if'11 t Iy \\'('11 ('stn hlislwd to gi \'(:' 

adcquH tC' prot('ction. 


Cnop HOTA'no;-.; 


The practil'(' of ('rop rotation, il1eluding 1 yNl.I· or mor(' of hay, is hasil' 

to f\ good soil eOl1servation program. Thc protretioll gi\'(11I by a rota­
tion will d('J)end on th0 typr and drnsity of the hay crop grOWIl and • 
tIl(' amount of the growth I'l'tul'llrcl to thr soil ",hrl1 the' hay erop is 
plowe'd under. 

:i\Tost of the expNiJl1ents during the first !3 Y('Hrs or th(' Ln Cr05S(' 

station's existclH'e W('J'C on erops in n 3-ycar rotation 01' in continuous 
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• 
cropping. The effect of a 3-year rotation as eomp!tred with C'ontinuOlls 
corn and grain is shown in figure 17. Corn in rotation (,ltu$('d a loss of 
one-half as, much soil as continuous corn. Grain in rotation following 
corn caused a loss of twice as much soil as continuous grain. Thc loss 
for the 6-year period, 1933-38, averaged 28 tons prr aer£.' for the three 
crops in rotation. 
CROPPING $'iSlEM ~~~~r I~~~r~) 

CGnlt~OU$ 292
C~" 

IIt1 

COfnlft 

rololrQl'l 
 20. 

>2. 

Conlinu<lYS 21l
'"'' ,.8 

R1
189 , 

00ll 
•296 
~ 

5011'10" I f 

115 

l ~ 
i 
, 

'6 

~ .~--. "2ii-~"---."O- - '"io---.. ----.:f;:{O---,f.;OOC-----::I~O• S041 IQU lIons pet oete) 

FIC;URE 17.-EfTect of rotation 011 soilulld W!LtCI' loss, W33-38. 

In addition to thrs(' elata, n1('asure[llC'nts had Iwen mtldC' by j 941 on 
various sequencrs of crops ineluding a year or two of data in l'aeh c'use. 
This information was flssembled in a bulletin, C"opping Systems That 
Help Control ]~rosion (3). It prl'sents and disC'lIssrs tabl(:'3 that show 
the effect of crop sC'quence, pereent, of slope, and lPngth of slop(' 01' soil 
and wuter loss('s. 

The following tabulation from that bulletin shows the effeet of C'Y'OJ) 
sequen{'c on soil losses from plots 72.6 feet long 10eat£.'d on a 16-pereC'nt 
slope.. It giYCs the eomputed wil 10ssc's und('r vurious eropping 3yStt'lllS. 

Cropllilll/ SI/III,,,, A refuge soa iOS8-7'0I1.1f /Jt'r (fat: Jh.'r llf!(lr 

Corn annually_ ..... _ ..... _.. 89 
COI'l1, barley, (sw('('te1ove'r) 33 
Corn, barley, and huy... 22 
Corn, bUl'I('y, hay, hny .... . 13 
Corn, hari('y, hay, huy, hay.. '.. . S 
Corn, barley, huy, huy, hny, hay_ .. , 7 

• 
It will be seen that thl' data in figure' 17 for a syst(,111 ill whieh ('om is 

grown unJ1l1ully und for til(' 3-y<,ur rotntion system 111'(' not tho sanw as 
the data given in the prccc.ling tabulation. 1711(' data, in the tabulation 
arc for it longer period, 1932-40, and ine1ud(' 2 Y('[Lrs, 1939 and 1940, 
Wh£.'l1 the soil lQss('s \\'("rc low. Th(' data. \lsed in figur(' 17 aI'£.' for the' 
period 1933-38. '1'11('8(' data wel'(, llsed bpcallse somp of til(' tn'atnlt'n ts 
were ehanged in 19:39. Th£.' r('lativ(' eff('et of rotation, however, is 
similar regurdlcss of the period tls("d. 

8().1(iS2-4\)-4 

http:iOS8-7'0I1.1f
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Data obtained since 1940 do not differ materially from those re­
portlO!d by Hays and Clark (3). 1i'or example, the computed soil loss 
from a 5-year rotation was 8 tons per acre. The soil loss for a 5-year 
rotation for the period 1941-43 averaged 7.4 tons per acre. 

More studies are needed to determine exactly the relationship of rota­
tion, percent of slope, and length of slope. Information OIl the rela­
tionship of these faetors to soil loss is essential to the deYClopment of 
good conservation plans. 

LENGTH OF SLOPE 

As the length of slopp increases, the velocity of the runoff becomes 
higher. This is caused by the concentration of wat0r in rills and gullies 
which results in increased carrying power and higher soil losses. The 
studies at the station on the effect of length of slope arc not too con­
clusive because no uniform slopes are available for such a study. J~x­
periments, therefore, have of lH'cessity been limited to the shorter 
lengths of slope. 

The effect of length of slope has bcen studied in three pxperiments. In 
one, three control plots-36.3 fpet, 72.6 feet, and 1·1.5.2 feet, respec­
tively, in length were planted to corn on the contour. The plots arc 6 
feet wide which tends to restrict runoff to sheet .f1ow. Data from this 
study for the period 1933-38 are included in detail in table 23, Appendix. 
The 36-foot length of plot lost two-thirds as much soil per unit area as 
the 73-foot length of plot and one-half as much as the 145-foot length 
of plot. 

PLANTED TO SP~I.NG GRAIN 
AVERAGE ANNUAL. 

SLOPE Pl.Of 
I~I Ll~~,T~ 

RUNOFF' 
lPI'unll 

SOIL LOSS 
ttonlpet' QCN) 0 10 20 '0 

I 
36.' 11.8 

l.4 ~ 
72,6 139, 

5' 
"""", 
Sol! lou •0 

36' ,28 

'00 

12,6 '44 

'0 " 

" 
36 , 218 

'.8 

l 
" 

726 164 

22.6 J 

'8 '63 205 

220 

i 
18 72-,6 196 

286 

! J I 

• 

• 

•

o 	 10 15 20 10 

Soil lou (t~o.tac:rel 

FlGUlU; 18.-Avcrnge annual tioiland water loss from plots with 2 lcngths of slope allli 
various pcrecn ts ofslopc, 1939-43. ....' 
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• IiIGH RAW FACTOR GROUP 

PLANTED TO GRAIN 


SLOPE PLOT RUNOFF SOIL LOSS o 10 40 501_' Lif~:tlH lpet'''''' '10"."".,.., 
r T T 

3 36.3 28.8 

2.9 P T T 
72.6 32.1 

4.3 I RungH1 II I •0Soil 10'1
36.3 30.2 

8.4 I I 
r I I 

72.6 324 

8.8 

I 
I 

I I r 
03 36.3 46.6 

144 r I 
I I I 

13 72.6 36.4 

173 I I 
r I I 

18 36.3 430 

• 
16.5 I I 

r 1 1 
18 72.6 415 

19.3 I 
I I I 
o 10 IS 20 25 

Soil loss (Ions ~ octr) 

FIGUHFJ 19.-Soil und wuter losses from plots with various lengths und percents • 
of slopes during high rain-factor group storms, 1939-43. 

Runoff is not greatly affected by length of slope; th{'re is, however, It 

tendency for the percent of runoff to be higher on th{' shorter length of 
slope. The soil loss is incr{'ased with til{' length of slope. 

In the control-plot experiment corn was grown continuously. Under 
this severe treatment the plots became badly eroded during the course 
of the experiment. In another experiment two .lengths of plot, 73 and 
36 feet, were .planted to a 3-year rotation of corn, grain, and clover­
timothy hay. Detailed data are given in table 37. The plots were 20 
feet wide and were located on u. H)-percent slope. Table 6 summarizes 
the results of this experiment. 

TABLE 6.-Effect of crolJS on soil/oss caused by lCll(/th of slope 

Soil loss pCI' ncre from 
slope length of-

• 
Crop I . I 

Ralio 
72.6 feet 36.3 feet 

'1'0118 'I'OIlSCorn. _____ • ______ • _____ •___ .... 64 1 47.1 1.4Barley ____________ ••• ______ •• __ 31.8 20.6 1.5lIay_____________ •__ • _____ .•.. 2.4 1.2 2.0 
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It will bl' sC'l'n thut thl' soil loss is highC'1' fl'ol11 C'ueh crop wl1<'11 pluntc'd 
on thr longC'r slope. TIl(' gl'('att'st p('rc'rnlagc' iner('tls(' WitS 011 hay. 
This inerl':ls(' oe('ulT('(1 largrly during y('ars wh('11 hay follo\\'C'c1 fL y('ar 
of sC'wrl' soil loss from grain, Rills wOllld I}(' washC'd in tll(' long('l' 
grain plots whieh would l'C'sult in poon'r "tands of hay t 11(' following 
year. 

111 the p('I'('ell t-slopr study two kngths of plots art' ]oC'at('d on ('aeh 
slopt'. All plots ar{, in triplien.!e and are phtnt('d t.o p;min with til(' "Iopt'. 
ThC' two lengths nncler "tudy are 3G.a nlld i2.n f('('t. Tn tnbl(' i t1w soil 
loss('s are shown hy p('l'(,pnt of slop(' and Ipl1gth of slop(' for the p('l'iod 
1931"),,13. 

TABI,I'; i,-' 'l'hr e.freci of percent N/o]Je on NoilloNN by/ellylh of lilope 

Soil loss IWI' lH'I'P from 
slope Il'II)!;t h of 

Prl'l'cnt slope Hutio 

72.0 frct 

3 ••• 
8 .•• 

13••.. 
18•••• 

'I'OI/,~ 
5.11 

10.80 
22.ij(j 
2S.(j2 

TOilS 
BAI 
!l.98 

18.81 
2J.07 

1.;'iO 
1.08 
1.20 
LBO 

TherC' was a higher soil loss from the longer slope than from till' 
shortC'r slope rcgardl('ss of )wreent of slope, Therr se('ms to br no c\rfi­
nit£' relationship hC'tw('£'n length of slope and p('I'('('nt of slope . 
• The relationship of slop(' ]C'lIgths to soil and wn.tC'r loss from nll'ious 
pC'rcC'nt shJj:i('s is show11 in figurC's 18 and 19. 

PEl\CBNT OF SLOPE 

In ordcr to study the (>ffect of perecnt of slopp on soil and watcl' lossC's, 
plots w('rc C'stahlislwd on four slop<'s locat<,d in a 5-1l('I'(' field on whi('h 
soil is quite uniform, Tlw soil is modcmtC'ly ('rOdN\ with () to i inehC's 
of surface soil remaining. .Plots werc C'stablishC'd on thr following 
slopC's: :3, 8, 13, and 18 ))C'rernt. Tlw slope'S 1J,J'(' fairly uniform through­
out the exp('rinwnt with thr ('x(,pption of slopC' 13 on wl'lieh tl1<' upprr. 
part is lC'ss sh'ep than tlw 10\\,('1' part. All plots arr (·l f('et widC'. Within 
('aeh slop£' group tlwrr aI'(' 6 plots, 3 that arC' ;3(j.3 f('('t long and a that 
are n.n fC'et long, All plots during thr period report('d wrr(' plant('d 
to grain with tIl(' slopp, in ord('1' to ('liminate the variabl(' C'ffN't of con­
touring, sin('(' it was aSSUJ1wd that tIl(' eontoul' furrows would hI' mol'(' 
('ffC'('tiw on thC' kss stc'rp slo))('s. DC'tail('{\ data arC' in('!u(](Od in tabl(' 
27, Appmdix. Figurr 18 shows tIl(' soil and watC'I' lossrs by slopC' for 
thC' growing srason, 

As an aV('rngf' for all storms, it will bt' sC'('n that til(' pC'I'('('nt of runoff 
inert'ases slightly as til(' slopt, hecom('s st('l')wJ', In figlll'(, I!) arC' in­
elud('d data from storms in the high-rain faetol' group. For tIl(' 7a-foot 
length of 510))r t1w amount of runoff is about tIl(' stUnc' from C'1l('h slope 
exc'C'pt for that of thC' 18-J)l'I'('('nt. Th(' ;3-p('I'('('nt slop(' lost 32 ppn'l'nt 
of thC' pr£'('ipitatic)Il, the' 8-p<:'I'('C'nt ;32, tlw 13-p(,l'eC'nt ~~n, alld tIll' 18-
pel'c('I}t slope lost ·12 )Jrl'('(,IIt. 1"1'0111 indh'idual highly inLl'nsI' storms, 

• 


• 


• 
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• 
slope had no dIed on amount of runoiT. For exumpl(', a YNY hard 
storm was eX]lerienC'ed 011 June 7, 19·1O, frOIl1 whieh tlH' 8-pel'('('11 t plots 
lost] ,24 in(,hes, th(' S-pel'c'pnt plots lost J ,22 indl('s, the 1:3-percent plots 
lost 1.18 ineiws, and the lS-p('l'(·pnt plots lost 1.2(i il1C'h('R, SUl'f/lee 
runofT is preeipitntioll in exe('ss of infiltration and StU'fHC'(' storage.', 
During tl1(' most int:('ns(' storms surfll('c' storug(' is so grC'atly px('('edpd 
that .it hus \'('I'y IittlC' (·ffee! on rpsulting rUlloiT. 

Soil 105S('S ill ('fl('h c'aSl' al'(' higlH'1' fl'om Ilw stpC'p('1' Rlopt'R I'Pgal'dlC'R'l 
of intC'J1sity of pr('C'ipitatioll, although mORt of th(' Roil IORS ()('('urS dUI'in,!; 
t Iw high-raill flH'! 01' RtOl'mS, TIl(' soil loss from thp a-pp1'('(' 11 t slo(J(' has 
H.\'('rng('d ;>,1 tOIlf't P('1' a('I'P 1'01' Ul(' gl'owing S('HSOIl; that fl'om th(' 8-p('r:­
('('Il t slope' hus a \'Pr:lgC'c! IO,S tOil:; 1)('1' iH'I'P; that fl'om thc' 18-p(,l'C'cn t: 
slo(Jp has a\'Pl'ngl·d 22,0 tOI1f't pC'I' :H'I'[1; and til<' IS-p('I'C'PIl t: slope has 
lost 2iUi {onf; (J<'l' 11(,1'(', TI\('f;(' loss('R Ill'(' fol' til(' i':Ui-foo(: piotR, 'flte 
iIH'I'(':lS(, in Roil loss aR til(' slope' bp('ollll's 8{('('P('1' iR tit" I'Psult l:lI'gply 
of til(' ill(,I'paS(' in \'('Lo('ity of l'unoiT \\'atc'I', It is no! du!' to nn ill('I'(':lSP 
in yolunw of I'tllloif. T(,1't1' lnadp of \'('loC'ity of flow 011 tilp plots imnlC'­
diatply following rainR that ('ntl1'l' I'lll1oil' ~ho\\' thnt 1'01' :ll! ill('I'P:1R(, in 
slope' of i1 1)(,.1'('('nt, tiH'I'(' i::; an irH'J'Ptl1'P if) y('lo('ily of aiJout: R f(·(·t p('[ 
minut(', 

CR')P S~OFE RuNOFF ::;OIL l.OSS o 5 RUNOFFIO(percenl)
lpe"e<lll (pf<cen'l (lens per «re) 20 

r'- -- T·'--"'- ..4~·1 . ~ 

. I "-'--l 
1• Corn 6 54 ~ 

• 1 

Corn 16 7.2 

149 

6 92 

52 

16 110 

197 l-- •. 

Hoy 6 3 

02 

Hey 16 15 l
12• L_ 

o 5 10 15 20 
Sool 10.. (lon, pe< etle) 

j<'wnn; 20,-ElTe('l of perr:.cfll of slop!' (tfl soil :Ind 1I'1I\('1' lo;;.~(';; frOlll mriOlls lllop(',s, 
HJ.ll-,13, 
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In the control-plot experiment corn, grain, and hay are gl'own in 
rotation on a G-percent and 16-percent slope, The plots with 6-percent 
slope are planted to a 4-ycar rotation of corn, grain, and 2 years of hay, 
and the plots with 16-percent sloprs arr planted to a 5-year rotation of 
corn, grain, and ~ yrars of hay, The hay on raeh slope is alfnlfa­
timothy, The losses from eorn probably arc inflllCll(~pd by the varia­
tion ill length of lULY stand, but it ean be assumed that the lossell from 
grain would not be greatly infiucn(,Pll. 

The datu, for the ~-yea1' period, .I IH1-43, are shown. in figure 20, 
These data support those obtained from thr more eomplde pN('ent 
slope experiment. Runoff from thr 6-prr('('nt slopr planted to eorn was 
5,4 perc('nt of the preeipitation as ('ompared with 7,2 pr1'('rnt from a Hi­
percent slope, Runoff from spring gl'llin was 0,2 )Jl'r(,pnt from H 6-))('1'­
cent slope and 11 pprcpnt from a J()-}Jrr('('nt slopC'. That is, th('rC' WilR 

only an increase of 2 prl'('('nt in runoff from ('01'1) ancl grain on th(' Hi­
percent us compared with thr 6-PN('(I!lt slop(', Soilloss('s \\'rl'C' influ­
enced to a greatpr rxt('nt t han runoff, 'I'll(' loss fl'om land plnnt('d to 
corn was 5,5 tons PPI' 11('rr on th(' 6-])('I'('('nl and ]·1.9 tons p('r nerr on t1w 
l6-pereent slopr, '1'11(' soil loss from land plnntpcl to grain was 5,2 tons 
on til(' 6-]Jrr(,(,llt slopp and Hl,7 tons on th(' 10-p('I'('('nt slopr, For an 
increl1se in slope of 10 ]><'I'C'(,lIt th(' rUlloff inrl'pnsrd 2 p('l'('rnt ulld tlw 
soil loss 14 tOilS 1)('1' I1CI'P from ('01'11 and gJ:ain, 

Although thp 10ssC's fl'OIll hay W(,I'(' 10\', 1'1'0111 both slop('s, sloJ)(' had II 

greater proportionat(' rtf{,<'t on soil nnc! wai('1' loss('s fl'om hay than fl'om 
corn and grain, An pXllInintltion of data fl'om indiddual StOl'lllS shows 
that the total amount of runoff during thr wry iniPlll';p stOl'ms is not 
greatlyaff('ctrd by slop(' with tlw rxC'cption or tl1(' plols dpvot:NI to hay, 

COl'iTOUIHl'iG 

Contouring will I'Psult in in('l'paspd yirlds, but undpl' field ('onditiOIlS 
does 1I0t giv(' sufficirnt tontl'ol oJ l'uno.tT to insul'(, adcquatr (,l'osion 
('ontrol. In fipld trials <.'ondurt('d ill l\lil1lwsota7 in 1943, it was found 
that on 12 farms ('ontotll'rd ('01'11 yipldrd an (werage of 82 bllsl1('ls pel' 
acre; adjal'('nt plots, plant('d and tillrel with tll(' slopp, yi('ided 72 bushels 
per aerc, an illl'rC'as(' of 14 IWI'('('nt in f:wol' of C'ontouring, In \ViseOIl­
sin,S similar studirs ('<)nciurtNI on Hi farms in 194.;3 showed that ('on­
tOlll'pd ('01'11 yirld('(1 86,5 hushpIs P('l' 11('1'(' and ('01'11 planted with till' 
slope, 82.4 bushels-a 5-p<'I'('t'nt in ('I'('as(' in yipld due to ('ontoul'ing. 
Thes£' data subst:mtiatr thos(1 ohtninrd at th(' I';tation OWl' a 4-y('ar 
period, Th('l'C' it was found that during 3 of thr ·1 yrl1rs ('ontoul'('(1 ('01'11 

yicldl'd mor(' than ('01'11 pi:lntPlI with the slopt', Til{' eon toured plots 
yielded 4.7 bnslwis 01' nhout 7 IWl'('('nt mol'(' PC'I' 11('1'(" 

Soil lossps from ('ontolll'ing on til(' unU'rrac'NI, ('ultiy:tted watPl'si)('d 
have bcen ex('C'ssh'(' wl)('n that nl'('tl was plantpd to :t :3-yc':lr rotntion, 
The av('rage anllllnl loss was 51) tons P('I' :lel'(l. This watprshrd is 420 
fc('t long and 10('ut('(1 on II 15-p('r('C'nt slopr, Thrr(' ('on tour lincs a1'(' 
used in ol'drr that nil rows shnlllw us ll<?:lrly on the ('ont.ouT ns possib\p, 
Corn is surfaee plnnted so thn.t prior to tlw first C'uitiyutiull th('l'(' is not 
mueh ridging. During the pro('rss of C'liltimtion the ridgr!'-l Ul'(' rfl'p('tiw 

• 

• 

• 
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ifl holding excess precipitation dUl'ing stOl'ms of moderate and low in­
tensities; but, during storms of high intrnsity thr enparity of these 
smull ridges and fUl'rows is soon ('xC'l'edrd and high runoff occ'uI's, 

Contouring alonr giYC's adequatr prot('etion during th(' I('ss int('llse 
storms, but will be of Iittlr I)('n('fit during thr intensr storl11S, Under 
fieJd conditions, difficulty has bern ('xpNirnC'{'d in kreping the rows on 
the contour, parti<:'ularly whrrr thr topography is unr\'t'n, Rows that 
are off contour usually will ('11rry t h(' runoff for It short distanC'r, then 
the smull furrowl'i will O\'t'rtqp and allow thr I'unoff ~o flow down to 
rows that nrr on thr {'ont.our, This runoff addr(! to that held by the 
contour furrows soon rXl'{'('ds thr ('I'tp:wity of thr furrows lind I:h('y 
oVNflow, Thr conC'('ntration of til(' runoff wat('/' on 11 long slope pro­
tccted nnly by contouring will I'l'stdt in high soil IOS5('S, 

Grass wat('rways nr(' n('cdccl on NlIltoul'NI fklds to pn'v(>nt gullying 
WhN(> runoff wut('r COIlN'ntmt(>s, Thes(> \\'at<'Twuys fr(>qucntly have 
to br pluc('(1 so e1osC'ly togC'thC'1' that a sizabl(' pOl'tion of thc fi('ld is 
tnkC'n up by 01('m, 

WATEHSHED STl DIES 

To study ('on toul'ing, ('011 tOll I' st I'ip cl'opping, and tCl'nH'ing) thr('e 
wutl'l'shrds \\'('1'(' rstablish('d on whi!'h ('n('h praeti('(> W:1S us('d, 

Th(> unt('lTlu'(>d, (,\lltinllC'd "'atl'l'slwcl wns (,stablislwd in 1032. Bdore 
that nnw, U1(l lI(lP('I' two-thircls of this nn'tl had h('('n lInd('1' C'ulth'ntion 
for a num\)pJ' of Y('tns and th(' low('l' olH'-third had b('('ll ill hay, '1'11(1 
arCH of this \\'atc'l'sll('d \\'11('11 (>stablislwd WHS ·1.18 H('r('s, III l\lal'('h 
193·1, it was J'NllI('('(1 10 2.aa It('I'('S and in April 1!);3H, O.O!) aC'l'e was rc­
mo\'pc! fl'Olll til(' \\'ni('l'slwd. This 1'('(ll1c('([ tlH' drainagr an'a to. 2,24 
ll('1'08, 

TIl(' \\'atC'l'sl1('d is Y-shalwd with a short ('01l('(lnt mUng trough at the 
bottom, TIl(' dminngp of (11(' upppr (wo-thil'ds of til(' nn'u is lInilltC'l'-
1'1IptNI shr('t now; til(' watpl' COH('t'l1trut('s into pight lipid gulliC's on the 
low(>1' (In('-Ihil'd of til(> arpa. 'I'll(' awl':1p;(> slope> of thc' watprshed is 15 
p!'J'C'l'nt wit h 11 maximum of 2;> jwrrc'nt. TIU' rnnXil11\Ull length of slope 
is 420 fppt. 

This \\'nl('l'sl1('cI is b{'ing fUl'Ilwd on thp ('ontoul' without strip ('ropping 
01' l,('I'!'aC'ing, It ''':is ellltiYalNI to a a-ypnl' rotation of ('orn, !'ll11all 
grain, and hay, sltll'ting in 1!la2 with ('orn. TIl(' \\'at('l"slwd had 1)('('0111(' 

so budly gullil'C1 hy tilt' fall of 19:37 that it was d('C'idNI to !;('('el till' 10\\,('1' 
one-thinl to htly. During wax and W:3n this lo\\'('I' olH'-third of til(' 
ilJ'('ll hnd a. d(,l1s(' stand of h:w whil(' tlw r('st or tlw watl'rsIH'd was in 
COl'll and gl'llin, l'(>SIWt'{iwly: }'\\lmprOll~ ~mnll SO~!-h1lll1P dams and 
sod-bttp; dlUIlS \\'('1'(' rOllstl'u('t(,d lo Iwlp H{nhilizp til(' firld gulli('s, StHI'I­
ing in 10:39 (his 1\'ntC'I'slwd hill> Ill'('I) in H (j-Y('ltr rotation of com, grain, 
and ,J ypars of htl\'. 

TIl('- ('onUJllI' stl'ip-<'l'opp('d watpl'sh(>d WitS ('stahli~ll('d in H):37. This 
wat('l'shcd is nppl'oximnt('ly r('C'tanguhl' in shupp, ha\'ing nn nv(>ragl' 
slOpt, of 17 I)('r('(>n t and a Ipnp;! h of slo1'<' of 270 fN't. Drninllge is by 
she('t flow lind it .is ('oll('('trc\ by llH'tnl-lilH'd ('onc'<'lltmting tl"Oughs 
locnt('d at th(' bottom of til(' wnt(>rshf'd. 

At first this wat(')'shrd was diddl'c1 on tll(' ('ontoUl' into two sl'gl11rnts, 
The upppr Ol1e was strip (,l'Opp('(1 to It :3-),{>ar rotation of ('01'11, grain, und 
hay, The 10\\'rl" s(>gmcnt was ill alfulfll-tin1othy hay. 
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Starting in HHO, the wlltrl'sll('d waS dh'ickd into () strips I'rpl'C'sC'nting 
('lleh yenr of 11 (i-year rotation of ('0 I'll , gl'llin, and 4 Y<'tll'!\ of hay, 

li'ol' a tl.'rra('ecl wl1tershrd thr dminagr I1rrn. of on{, ('ulUynlrd {('rrnee 
was used, mundy Terr:t('t' A-I. Tht' drninng{' itl'(llt is 2,21 ael'('s, thr. 
Il\'crage land slope is 10 P('I'(,{,lIt and til(' t('J'rIle(' is J385 fl'c\ in kngth, 
StInting in 1982, it wus fnrnwd to a 3-yrul' rotation of ('OI'J1, gl'ain, and 
hay, In 1989, til(' I'olation was ehnngpcl to a U-YPIU' I'otnlion of eoi'll, 
grain, and ·1 y(,IU'S of Imy, to c'onfol'm to til(' o til(' I' tw() watrl'sll('ds, 

Thp plan for til(' stl'ip-c'l'opped wIlt(,l'sll('d ",nl'{ to han' II\(' bottom 
strip in the Slllllp ('l'oJ) :IS til(' tl'ITt\(,pd' Ilnd til(' {'ontotll' wu(t'l'slwc\s, 
As this plan (':lll{'d for nil ('I'OPS on Rtl'ips in til(' strip-c'ropp{'d \\'lltt'I'­
sll('ds, it was impossibk to ('Imngr til(' ('rop s{'qUe'I1('(' within I YP:11' with­
out hadng most of til(' wale'l'slwd ope'n, ThpJ'('fol'(', thpn' WHS 11 di\'('r­
g('nC'e in crop S('(lll('llc'r on Ih(' bottom sll'ip IIR C'ornpl\rpd with thl' 0011'1' 
watl'l'sheds until nil W(>I'(> in hay in Hl40, Tnbl('s 8 find \l show (h(' ('rop­
ping systC'TO foll()\\'(I(i on tilt' thrc'(' wnt('I'HiwdH. 

TAIH.}': 8.-Cro}Jphl(J SystflllS jor l'arioliN lI'(/tcr,~hcds 

t'IlI('rI'Ilt'l'<1 ('ultiYnl('d HtI'iP-('I'oppcd '1\!I'I'Il('('<I 
YCIII' wnl('l.,;hcd lower lill'ip wni<'rshcd .\ ,I watershed 

1\l3L Coru IIn\' ('or'u, 
H13I)~. (ll'llill ( 'oj'lI <1m iu 
10,10 lillY (;miu lIllY, 
HHI do lIllY Do, 
JI)42._ do • do ()o, 
1943. do do Do, 

TAULI': n,~('l'o]l}JiJl!1 .~Y,~/(IIl,~ for tile slrip-CI'oppa/ lI'(lll'I..~hcd 
-~..-~~-~ ....--.. ",--

Strip IHas 11)3H 11)·10 1H·II 19,12 19·13 
---~- --"'''' -~. - .- - ...- ~--~~ -,_ .. _-,..... .-- ~-.-,,-- .~~- -~ -~"' ,,-~--.-,..-~-

f;tl'ip 1 , lillY , lfo\,' ('01'11 Ul'llill II:\\" 1111):, 
2 ••• . • do " do IIny Ilny . ('orll (: rmll. 
3 .•.. ('01'11 (il'lliu <1l'iliu do lillY lillY, 
4.... (1raill lIllY lillY do dl) ('01'11, 
0 lillY • • do c1o. ( 'orn nrnin IIny. 
(jr,. . do. ('01'11 Gl'tlill lin,\' Iiny .. _Do. 

'Lower sll'ip of S\rip-<'roPlwd wnl<'I'SIll'd, 

'rhe results obtain('d .nn' J'('('ol'c1('cl in tabl" 2\), Appendix, The /lY('r ­

age pl'l'('('nt of runoff from th(' lhJ'(\(' wnt('J'!;lwds for the ])Pl'iod 19:H· 4:3, 
figure 2\, shows that th(' tel'm('('d \\'ntprsh('d had 1.5 limps mol'(' rUlloff 
than till' oth('r two wllirrsh('(ls, TIlt' l:'oiJ loss as Ilw:tRUl'Pci :l t t h(' ou tlet 
('l.d of the h'lTIl('(' is ahout oJl('-fourth n:; Illll('h as from t h(> ('ontolll'('d 
wa.t('rshed aild about olH'-hnlf ihn! from till' Ht rip-('ropp<'(\ wtlt('l'slH'd, 
The pC:lk mtl'S of rUIHrff from indiddu:tl H\orlllS fOl' tlw thl'('<' \\":11('1'­
sheds nre listrci in Inl>l(1 10, 

The a.vrrng<' tl'('nci of 11)(> penk ral('s of runoff for til(' t hr('e wnt('J'sh('ds 
indicates that for th(' snnl(> storm I Ill' {('ITll('(> wn i:ersh('ci hns the' lowl'st 
p('ak, the strip-eroPPNi watrn;lJ('c1 IH'xt, Hnd the unt('I'I'tlc'('(I, ('lilU"ntrd 
wat('rshed produc('s til(' higlwHt 1)(,:1k nl.t(" TIl(' npp:n(>JJ t ineonsistpn­
('ics in tabir 10 an' proi>n bly ciut' to un:1\'oidnblc "uriables, SU('\l as ('rop 
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l'JTABLE 10.-])ata fJ'om major storms on Tai'll/all, runoff, and peak rates from terraced, strip-cropped, and contoured 'watersheds (fl..., 

------~~-------------- ..,;1 
oTot.l rnior.ll _~~ ~:~:'~:';~':::;::~-l-I-~:ellk rute of runoff per hour :.­
-3 

Storm o 
Strip ~ i Strip Strip (flTerrace cropped C:ontoUl' ! Terr.aee ! cropped Contour 

I
Termee cropped ConluUl" 

~----~-.--~- -~- j'-~- ..... 
Incites illcheli il/ches Perren I Percent Percen/. illche,~ Iflcl/C.~ illche,~

.June 19-20, ]937•• . 2.]2 1.97 2.00 57.74 36.60 58.05 I 1.486 2.931 4.135 t<.l

.July 5, 1938._ ••. __ . 1.56 1.64 ::=;1.70 li3.03 53.53 42.50 1.384 1.998 1.943
July 21, 1938 .•.. "', 1.80 1. 7.4 oI 

Z 

1.78 14.09 47.64 38.76 .836 5.510 5.697
Aug. 20-21, 1939. __ '5.00 5.20 f!35.51 53..t3 .12.83 19.69 .663 .361 ..t64
Aug. 16, 1940 .•. ' .. ! 1A3 1.38 L4{j 61.05 29.56 42.6(j 1.288 1.924 2.169 o zSept. 15-]6;1941.", • ·1 2.54 2.51 2.11 30.55 41.08 26.97 .373 2.589 1.772 
JUlle28~29, 1942. __ I":)"·1 3.75 3.62 3.G2 13.55 14.25 4.00 .187 .935 .247 o 

---.-, ..----~- ----.----.-__~~__ o· _.__•__.__.•..___.• Z.~. _~_ 
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o 	 . 5 10 15· 
Soli loss (tons per acre) 

FWl1UE 21.-Soil and wl~t.er losses under different t reatmen\.s from vnriolia wnlershcds, 

lU37 to 1943. 


condition and time of farming operations that would affect the results. 
Precipitation, water loss, and soil loss, by win tor season and growing • 

season, on a cultivated watershed, a pasture watershed, and a culti-

TABLE H.-Average anmwl smnmary of 1J1'Cc£lJitat7'on, j'unojf, and (,1'osion 

by winter season and growing season on a cultivated watershed, . 


1Jastllre watershe(j" and cultivated ter1'ace, 1934-38 


Precipitntion I 'Vnlel' loss Soil loss , 
Treatment 

Winter Gl'Owing Wint(lr IGI'O"'ing '1 Winter GroWingl ­
period senson Total period senson 'rotnI period season Totnl1 

[nchc.~ Illches ~! 'I'OI/I;! 7'()/LS[lIchcs Inches Inches Inch 1'ons 
Un terraced 7.72 26.35 3'1.07 1.19 4.ii4 5.72 ! 3.37 48.20 I 51.6ii 

cultivated . . I 

watershed. 

UnLerraced 7.72 2(i.35 34.07 .51 1.67 2.18 .01 .41 I .42 

pasture 

watershed. 


TerrnceA·5. 7.72 2(i.35 34.07 1.72 4.90 6.02! .46 1 7..19 7.95 

! 
. 

vated terrace are shown in table 11. A morc complete record .of these 

watersheds is shown in table 30, Appendix. A detailed compilation 


. of rainfall and runoff data for 1932-38 was issued in 1939.9 It will be 
noted from table 11 tha~ the average anmml soil loss during the winter • 
season from the ullterraced, cultivated watershed was only 6.5 percent 

'lIA'YS, 0" Eo, und ATKINSON, II. B. IlYDHOLOOI,C H1'uuu~a; CO~WILATION 010' U.\.l~FALL A'ND UUND"'}/, 
FROM ,TilE "'"ATlmSJJEDH OF TilE UPllt;tt MI~~JS81J1"1 YALI.l'~Y CONI:HmV".\TION .:X}l,EIU~IF!NT STATION. L.\ 
CIIOSSE, WISCONSIN, 1932-38. SCS-Tl'-29. 1930. Il'rocc881·d.1 
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of total averng(' tlllllunl soil loss and for tho CUltivated termcc it wus 
only 5.8 percen t. 

On examination of tn,b\e 36 of tl)(' Appendix, it will be noted that for 
termce A-4, on the average, four intense stol'ms per growing senson 
produce 87 perc(mt of til(' total soil loss. 

'1'he unterl'ltced pnstl\l'e watershed was established in U)32. The 
upper two-fifths of the [U'N), before 1932 was part of a cultivated field; 
the remainder had been in pasture for n, number of years. The area ol' 
this watershcd when t'stnblished was 2.71 acres. At thn,t tinw there 
wns an old road that divided the upper and lower pn,rts of the area. 
This ronci had n, tend('J1('y to net ns n, partial terrace. 

During thr fall of ] 1)34, It l'lmall diversion was (~onstrllcted ncross the 
upper part- of this wnt:erslwd tlmt reduecd the drainage Hr('n (;0 2.41 
acres. The rrlnoyttl of t11(' old road from the waterslH'c1 \\'ns stlll'trd in 
April Hl30 and fillislH'c1 in ,}lIn(' 108(i. 'rhe old-l'Oad lo('ation was fenced 
for n short lwriocl to k('rp thr RlO('k otl'. 

'I'll(' wf\.trrslw<l is V-shaped and has a COll('rrte COll('rntmting t,rough 
Itt the bO(:loill. 'I'll(' lanel slope rnngC's from 20 to 32 p('r(·ent. The 
nvrrngr is 2-l p('r('('nt. 'l'h(· llULXill111m It'ngth of slope is 420 feet. 

'l'nblC' 12 shows til(' runoff and soil lo~s 1'1'0111 the ullterrncecl pnsture 
wat('l'slt('d [mel fl pnRtllrNI tl'rrflC't' for th(' period 1083-37. Table 31, 
APIWlldix, shows it mol'(' ('omplde r('('orcl of these wntC'rshccis. There 
nrr s('yel'lll fnetors afi'retinl,!; thesr data. Two of til(' 11101'(' important 
nrC' t1H' proximity of tlw undC'rlying ro('k and thr raw bILek slop('s of the 
tC'rI'Hce whi('h exish'd clllring til(' ('ourRl' of this cxperimrnt. A more 
clduilNj discllssion of til(' E-3 trl'l'll('(' will Ill' found unclC'r tht.' subject of 
tr1'l'IlC(, stllcli('s. 

'l'AHLI'; 12.--J(./luo.O· (l1ul soil 708S from an 1I11/Cl'racc:cl lJ(tsilll'e watershed 
and (/ Illls/,ured terracc by classified (Jron]J1I of r(£in,~, 1933-37 

i HUllolT tiS PCI'('Cllt 01' l'IIinfnll i Soil luss pCI' 1l(~I'(' 

1·--··..•·•·· - ...... ." ~~.-~.. ..--......-~......... ~-


Hninfull f.!,I'OUp 	 : l'lIlcl'I'lll'ecl pll~lul'c IPastul'ed Unlcl'meed p.lli'ltUI'C Pnsllll'cd 
i walel'shed lel'I'II('(' watcrshed I Cl'I'lll'2 

--,..-- ·-------I---i;·;;----rp;,:;.;,;';'1 ,-,. --'l'o~--'POliS 

Allllual '.. , : 4.li2 i S.OO! 0.47 0.30 

Hip;h-l'Ilill flll:lol', , .. ~lodel'!ltC-l'tlin flll'tOl.'~. 
Low-ruin facIoI'. "._ 

: 
: 

13,·1[j2.Ii't 
.31 

\. 22.S4 I7.li3 : 
.01 I ..__"__.4_0"',._."~.I. __.._.2_1._.Oli .05 

.01 .O;,! 
~."""fl-~-.'_~ _._ _ ___ ,~,~_ 

Even thoug11 thr pasturcd trrmce had these mw back slopes, table 12 
shows the mtio of soil loss from the pastured terl'l1ce to that of the un­
t('l'l'accd pasture wlltershed to be 0.64. The average n,nnunl'soil 105S 
from the unterrncecl pnst;ured watershed for the high-min-factor storms 
was only 0.'10 tons. rrcrmces in pastures are not recommended unless 
the pastUl'e lies aboye cropland 01' in case a pasture bt'comcs gullied 
from ovC'rgl'ilzing 01' ns Il. result of being subjeeted to high amounts of 
runoff from cultivated fil'lds. Tenacl's may be used in such cases to 
divert runoff from the gullies so that they can be seeded and vegetation 
established. A good stand of gmss('s rrduces Wll.ter loss and the soil 
loss will be negligible. 
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In 'order to study some of the effects of co\'er and character of land 
use upon runoff and soil loss, the United States Forest Service estab­
lished 3 small watersheds uuder various covel' and land use conditions 
in addition to the watersheds previously mentiollcd. 1o 

Two of the tracts, one timbered (watcrshed A) and one cleared of tim­
ber in 1932 (watershed 0), are grazed. The third tract (watershed B) 
which is well-forested with serond-growth hardwoods is maintairwcl in a 
fully protectcd condition. In each case, a diveri:ion ditch has been built 
around the upper margin of the wat('rshec\ so that only the predpita­
tion which aC'tually falls within its boundari('s enters into the runoff 
calculations. The wat('rsheds A, B, and 0 have drainage areas of 2.67 
acres, 11.5 acres, and 5.85 (1rr('s, respertiYely; the average channel 
gradients of A-17, B-27, and 0-26 perc('nt. The maximum gradient 
of A is 28, B, 50, and 0, 35 perc2Ilt. The common exp:nure is north in 
all cases. 

At tll(' time the~t~ watershed experinl('nts were started in 1932, 2·1 
percent (2.78 acres) of tract B was occupied by a heaYily sodded, nearly 
treeless strip along the upper rim of the watershed. This open land 
was seeded with walnut, red oak, and hickory in 1933, but these young 
seedlings htwe had little influ('nce on the runoff. A. part (estimated at 
35 percent) of watersh('d A is also poorly timbered. A part of this oprn 
area was likewisE' seeded with oak, hickory, and walnut in 1933. 

Table 1:3 shows the runoff and soil loss from fivc small watersheds with 
yarious co\,('I' ronditions by r1assified groups of rains. Table 32, Ap-

TABLE 13.-Runoff and soil/oss fl'om small watershecZs with va.n:ou.~ COI'{'/' 

conditions by classified (JI'OUJ)S of millS, 1935-,41 

RunofT as pereent of rainfall Soi I loss pel' acre by
by storm p,roupli storm groups

Watershed 
.---,---hlou- -'--.---.~Joa:--!---
Anllual! Hip.h ~ crate ; Lo\\' . Annual; High ! crate : I.olI' 

-.-.-----1.Percent IPercellt; Percent Ip;;:;;;;;: '!'01l8 : TOilS i Tans TOilS/1 

"atershed 1\, pas-~ I ! 
lured woodland j 1. 16 i 3.37' O. 15 i' ,. _ 0 . 14. l 0.14: .'... _ ' . 

W~tel'shed 13(1), ; ! 
protected \\'ood-; j 
land. ____ "•••• ! (1) t,·' 

Watershed 0, : 
cleared pasture) .35 I .93 .45 .0.'> .05 • ,Un tert'llced pas- I 
ture watershed 2 _: '1. (j5 1,' 13.86 1.05 1­

Strip-crClPped : 
watershed2 _____ : 7.34120.85 2. i3 i 0.23 2,66 t 2.23 0.28 0.15 

Untert'llced cul- ' i I I' I 
tivaied water- i I I I . 
shed 23________ , 7.49 j ]9.09! 3.i5 1.37 ,1.00; 3.76' .59\ .65 

Cultivated terrace!: ! 
A-42__________: 10.39 27.33: 5.58 l.09· 1.20 I .91 i .23 .06 

___ •____ ...............
______.:...~___" ¥~__"_••_____ .~__ '"_,~_ _______.,.,.._t___ 

10.02 inches of runofT in 1935. 

2 Period 1937-43. 


• 

• 


• 

3 Filter strip at; boLtom of watershed, 1937-41. 

10 SCHOLZ, If. F. SUltMAlI.Y OJ.-" EItOSIOY nESEAHCIl C/o..Rnn:u OX 'n" 'fJn; l"XITgp ST.\'n:s POHl-:;ST SEIUoJCE 
IN TIIB UNGLACIATBl> U!';G10N m' "'1$CONa'N. 1035. Il:np\lbIi5h~d.1 
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pendix, gives a more complete record of these watersheds. From the 
standpoint of controlling runoff and soil loss, protected woodland is the 
best land use. No runoff or soil loss has occurred on this watershed since 
1936, and only small amounts from 1932-35. For the cleared-pasture 
watershed, 0.35 percent of the rainfall was lost as runoff; 1'01' the pas­
tured woodland, 1.16 percent; for the unterraced pasture watershed, 
4.65 percent; for the unterracecl culth'ated watershed, 7.40 percent; 
[or the strip-cropped ,vatershed, 7.34 perccnt; and for a C'ultivatecL 
terrace, 10.39 percent. 

The average mUlllnl soil loss for the growing season has been very 
low for those watersheds that are not in cllltivation. The tC'rra('(~ had 
an avC'ragc annual soil loss or 1.2 tons per acre, t11C strip-cropped water­
shed, 2.66 tons pel' acre, and the 1Il1terl'l1('ccl cultivated watenlhed, 5 
tons pCI' acre. These watershNls are in a 6-year rotation or ('orn, grain, 
and" years or hay. 

Following the dear eutting or wfttc'1'shecl G in 1932, the organic' debris 
lel't on the watershed gl'l1dually disappC'arecl and the conditioll of the sod 
improved steadily. During this sam(' pcriod, ho\\,('\,cl', there was not a 
parallel improvC'ment of the grass ('over on watershC'd A and the con­
tinu('d grazing reduced tlw clC'nsity llnd quality further. Pasturc rec­
ords are uvnilable for the 7-yeal' period HI3:3-39. These show that 
wutprshed G produced on thc average 128 ('ow pasture days; watershed 
A, 62 cow pasture days; and the untel'rnced pasture watcrshed, 82 cow 
pasture clays pel' ac1'('. 

These data would inclieatp thnt one cannot have both woodland and 
good pasturc on the same fU'C'n of land. II' additional pasture is needed, 
a suffieient amount of the woods should b(' C'learecl to meet this nef!d 
ane! the remaining woodland protf'etc'd. If the soil is ])roduf'tiy(', a 
properly managed open pasture will allow only low soil and WlltCt· 
losse's even 011 the very s1:('('p slopC's. 

As pointC'Cl out prcl'iously, the upper part of the unU'rraeed pastUl'ed 
wat('t'shecl prior to ] 932 was in c·u]/.i"'1 ted crops and sel'erely eroded, 
while the lowcr part was s("'C'l'ely gnLzC'Ct, Thcsc' pre'vions conditions of 
land UFe refleet themsC'ln's in the runoff figlU·(,S. For the unte'l'1'aeed 
pastured watel'slH'cI, 4.05 P('t'(,C'llt of the rainfall rC'sulted in runoff 
(table] 3) as complllwl with 0.35 percent for the' cl('nr('d pasturp water­
shed. Soil 10ssC's for these sanw wlltcrsheds w(,l'e low, almost negligible, 
in both cases. 

TEHHACE S1TDIES 

The terrace studies can be' diyided into thl'C'c major experiments. 
First, terraces with different variable' grades on cultivated land, desig­
nat('cl as tel'1'll~e A-4-, A-5, nnd A-6; sN'ond, variable-grade terraces 
with different vcrtieal spacing all cuItivtLted land, designated as C-2, 
c-a, nnd C-4; and thircl, variabl('-grudc tCl'l'llC'C'G with difI('rcllt vertical 
spacing all pastul'e Jand, designatC'd as E-2, E-:3, and E-4. 

Tcrrace A-'J has grades as follows: 250 feet with grades of 6 inches, 
5 inches, 4 inches, 3 inches, 2 inches, and the last 135 feet with 1. inch 
grade per JOO feet. Terrace 1\.-5 has intervals of 500 feet with grades of 
3 inches, and 2 inches, and 385 feet of I-inch grades per 100 feet. Ter­
race A-6 is a level terrace with one end open. 
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TERRACE 	GRADE 

Table 33, Appendi:x:, 'shows that there is not much diffrrence in total •
runoff between terrace A-4, with a maximum grade of 6 inches fall prr 
100 feet and terrace A-5, with a maximum grade of 3 inches fall ]1rr 
100 feet. Terrace A-6, the level terrace, conserves a much gn'at('r pro­

I': 	 portion of soil and water; however, level terrac('s cannot be I'('com­
mended on Fayette Ailt loam and soils of similar infiltration ratl'. 
Some difficulty was encountered in maintaining sufficil'nt chann('l 
capacities. Numerous ponds were formed in til(' chann('1 caused by 
silt fans and this tended to drown out so·me of the vegetation. These 
wet spots also caused some delay and hindrance to the operation of farm 
machinery, 

Soil losses from the terraces are corrrlatl'Cl with tll(,' steepness of 
grade of the channel. Terrace A-4 with a maximum 6-inch fall had an 
average annual soil loss of 5.35 tOllS per acrr; A-5, with a maximum 3-I: 
inch fall had 4.85 tons per acre soil loss; and A-o, the level terrace with 
one end open had 1.42 tons per acre soil loss. The runoff from thr 3 
terraces ranged as follows: A-4 had 3.79 inches, A-5, 3.81 inches, and 
A-6, 2.42 inches. Soil losses are higher where thr grade of thr trrracr 
is steeper as a result of the higher velocities in the tcrrace channels. 

Table 15 gives the peak rates of discharge, the total volume of runoff, 
, and soil losses for 3 selectrd storms for each year of the rotation. '1'er­
'race A-4., which has the steepest grade, produced the highest pl'aks and 
when the watershed was in corn or grain producrd the highest soil loss. •From the data presented it appears that terrace grades on cultivated 
Fayette silt loam and similar soils should not rxcced 3 to 4 inches fall 
per 100 feet if maximum amounts of soil and watrr arc to be l'etairH'd 
and if the terraces arc to be satisfactory from thr standpoint of main­
tenance, workability, and crop growth. 

TERRACE SPACING 

Two terrace-!5pacing experiments, one on the culti\,atc'd () term('es 
and the other on the E pasture terraces, were established in 1932. 

Table 14, and tables 33, 34, and 35, Appendix, show tilr J'('Sttlts of 
these experiments. 

The results, as shown in tablr 14, for cultivated trrracrA cropped to a 
3-year rotation, indicatc that there is still need for more information on 
vertical interval. Terrace C-2 with a vertical intcrval of 5 fcct on a 10­
percent slope had an avcmgc annual water loss of 19.38 percrnt and a 
soil loss of 8.67 tons per acre. Terrace C-3 with a 7-foot vertical intrr­
val on a I5-percent slope had a water loss of 17.90 percent and 8.(i2 
tons per acre soil loss. Terrace C-4, with a 9-foot vertical interval on a 
I7-percent slope had 15.65 percent water loss and 5.16 ton A per acrc 
soil loss. 

The average annual summary, table 14, for the vertical-interval ex- • 
periment for pasture terraces shows the same trends. Trrrace ID-2 with 
the smallest vertical interval on a I5-percent slope had the greatest per­
cent of runoff, 10.18 percent; terrace E-3 with a 9-foot vertical interval 
on a. I9-percent slope had 8.99 percent runoff and terrace E-4 with an 
ll-foot vertical interval on a 21-percent slope had 7.76 percent runoff. 
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TADLE H.-Average annual soa and wale)' losses from terraces 1vith didfe'1'en~ 

. < 
....vertical intec~c:Js (/!!;L.gradeU~:?l!!-.ands r.I:!~!~.-!-l)_(/_st_tl_r_e~__~__-,________ Z 

I 1!!2 
Ul! 1 I Runoff ill ...Soil loss ~ 

terrace No. (fall per interval Length land lengt 1 allnual 1 Runoff of rain· per acre 0 

100 feet) slope slope J'l\infall I fall 1:3 

Experimen t and Grade Vertical A verage I A verate Average 1 percent 

... 
0 

Inches Feet Feel Percell I Feel I incites inches Percent Tons Z 
Variable grade, cultivuied tel'1;accs in Ul ...a 3.yea;· rotation, 1933-40; 

A-4_.~ .• , '" 1 to 13 7 1,385 10 70.0 24.24 3.79 15.64 5.35 Z 
A-5............ "., 1 t.o 3 7 1,385 12 58.5 24.24 3.81 15.72 4.85 1!!2 
A-6•. __ ., .• 0 7 1,385 13 54.0 24.24 2.42 9.98 1.42 

Vertical spacing, cullj~·~ie~l-l;;;I;lc~~- 0== 
in a3·year rotation, ] 933-37: 

Ul... 
00-2............... _._ ......... 1 to 3 5 850 10 50.0 23.58 4.57 19.38 8.67 Z· 


0-3. __ •••. " .•. _............ 1 to 3 7 850 15 46.5 23.58 4.22 17.90 8.62 

C}-4_ •••• __ •• _._.__________ •• _ 1 to 3 9 850 17 53.0 23.58 3.69 15.65 5.16 c 

0Vertical spacing, for pnsture terraces, Z1933-37:E-2___ .• ,...__ ''- _________ ._._ 1 to 3 7 850 15 46. 23.58 2.40 10.18 .38 ~ 
E-3. ___ ",, ______._ .... " ..._ 1 to 3 9 850 19 47. 23.58 2.12 8.99 .30 0 

t"E-4__ ... _. I.. - - .. .. -"," 1 to 3 11 850 I 21 52. I 23.58 1.83 j 7.76 .41 
I I 

CI:) 
~ 
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ThefOe terraces an' located on land which hns a COl1\'ex slope. The 
terraces with the greatest vertical inten'al ar(, lorated below and on 
steeper slopes than those with th(' lesser Y('rtical interyal. Therefore, 
the increase in vertical interval of 4. Jeet did not l'('slilt in much differ­
encc in horizontal intrl'val. With two fartors) pel'('ellt of slope und ver­
tical interval, influencing thr data, it is impossihl(> to c\C'tC'l'lninr the in­
fluence of dtlwr. Therdon', mrasurrments 011 tIl(> two ,'('rtiral intrn'al 
studies were discontinued in 1937. 

As stated pre\'iollsly, th(' B ternH'('S ,,'el'(' built on a s9il that Was ,-cry 
shallow. Tlwl'e is considerable variation in the ad.ual gradC's of HIP 

terrHce chulllle']s and these' grades also vuripd C'onsidC'l'ably from the' 
COlT('Ct th('oretical grades us s}x'rifiecl at til(> till1C' of the installation of 
the experiment. The' proximity of the' underlying roC'!\: [[nd thc raw baek 
slopes and channel slopes arC' fadol's that luwe alI(·ded the data. E\'en 
under these conditions, the low soil Jossrs from t br pasture' trlTllr'efi 
bring out un important poin t; namely, spueings for pafiture tPl'ra('('i4 
should 1)(' governed by the Hmount of rtmoiT, availnblr ehl1nnri capac­
itics, and grades of tlH' terntC'C' chanJl('ls and not by the amount of fioil 
loss, The soil loss rrom all pasture 0xprriments has been small. 

The data from tiH' C tpl'l'!1('(' show quite conrlusive'ly that shc(>t ('1'0­
sion must be reduC'(>d to minimum if thp terrace system is to he> ITlOfit 
effective. Soil 10ss(>s from tcnaces as shown unclc'r til(' eonclitions of 
this experiment are too 1m·gr. To obtain ad(><]uate rontrol of (>rosiol1 
unc\(>r thcse soil and slopt' C'onditiol1s, a rotation ineluding two or more 
years of hay would be needc'd. 

The effects on the trlTnees of three major storms that oC'(,UI'red in 
1935-37) arc shown in ta hie 15. 

TABLE 15.-E.fJ'cct of thl'ee 1I1a.i(.1' .'lu1'1II.N (,1/ the A Lamers in .t 93:)-,37 
I 

i Peak !'ale I Tolitl Soil loss 
Date of storm Hainfall 

·-J-Jl-rl-Je-.~­

j of runoff I'U Il off 

--;;-;;;;;-1 /lIrhr-: 

p(ll'lt!'re 

'l'()I1.~ 

Crop 

2.55 2 140 1.70:3 3. I(j ( 'Ol'll. 
Aug. 5-6, 1035 2.55 

2.;iii 
2.014 
1.2RO 

1.77-1 
.7ilO 

2.03 
1.06 

Do. 
Do. 

1 ,73 1 .2GS .737 •i.08 Clrain . 
May 1, 1!l36_. 1.73 .!l7S .R30 4.8-1 Do. 

1.73 .328 .-182 1.13 Do. 

.Julle 10-20, Hl37 • 
2.12 
2 . 12 

1.·180 
l. 178 

1.22-1 
1. Hi3 

.15 
• 'Y_i) 

UnY 
. Do. 

2.12 .577 .7\;) • 16 Do. 

DIYEI'!:'J(:'i TErt'M~ES 
Two dh'ersicn tern\('('s \\'('1'(' constructed at th(> station in 11):)2. Om' 

was built nhoye watel'l'hrd B, thr nroteet:rd woodland lnra, b) onlr)' to 
divert the' runoff from ;).5 ucres of cropland. The' 0\\1('1' was built nhon' 
watershed 0, 111(' e\e'tlrl'd pasturc nrC'a, and it di\'(>rts runotT from 7.83 
arre'S of cropland. 

])iversion h'lTncr B has n gradr of 1.2 )lel'('t'nt and c1iYe'rsion t!'l'r:tee 
G hns [1 grnck of 0.S3 1)(,1'c(ln1. After ('onstrlletion, the din'l'sion terrace:;; 
we're sc'pdpd down and It 10-foot fi\tPl' strip was l(,rt nbo\'(' the' tpITacC' 
and the bottom or tIl(' lo\\'el' ('ultivatNl strip. 

• 

• 

• 
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The area above the diversion terrace has been cropped to a 5-year 
rotation. Both terraces have remained satisfactory under th('se cOllcli­
tions. Diversion terrace B has scoured to some extent ncar the outlet, 
but this was due to the lack of vegetation ill the channel, No appreei. 
able amount of silting in the channels hus h('(,Il notieed. 

TEllBACE l\JAINTENANCE 

The t(,lTuces werc built ill 1932 by a terracing grader with an 8-foot 
blade. All maintenance nec('ssary sinee eonstruction hus been accom­
plished with the plow. No rC'gmding was cionC'. 

\Vhen th(' eaparity of the terraces Iwcame rC'ducC'd to sueh an extent 
as to r('quire 1111 inerC'ase in capaeity to a\'oid overtopping, the dead fur­
row was left in the ehannC'1 ancl the back furrow on thl' ridge. ·When it 
was not lleeessary to incrNlsC' thl' ('apneity of the tl'rnlec a back furrow 
was left at the top of the slope and a dead furrow at the bottom of the 
watershed. This praeticC' works bC'st with thC' usC' of the two-way plow. 
The plowing and other farm operations \\'e1"(' made parallel to the ridges. 
The results obtained from surveys and observations indi('a.te that ter­
raceS luwe to be main tainC'd if tll('Y arC' to remain effcetive as silt is cle­
posit('cI in the channel and the effective 11l'ight of the ridge' is gradually 
reducC'c\ by tillage. 

• 
Corn has b('en planted with th(' row on the ('rest of the ridge. It 

was thought that by this proeedure eultivatioll would tend to maintain 
or inerense tIl(' h('ight of thc ridge. That is, thc normal procedure in 
cultivation is to adjust the shovels so that during the second and third 
cultivation, soil is thrown toward the row. In order to determinc the 
dIed of this practiec on hC'ight of ridgc, 2 profiles wrre run in 1035. 
The first one wus made soon after thc ('om was phinted and the second 
one soon after th(' eorn was removed in til(' fall. A eomparisoll oj' these 
profiles wa~ desired to show the cfTect of ('u]t;ivation and erosion during 
the season on the hC'ight of the ridge. l\1('::tsurements were made at 
50-foot intervals, eardully mcasured from the flume with a steel tape. 
The average ditTerence between the 27 locations on thC' 2 dates was only 
0.02 of a foot, the elevation b('ing slightly lower in the fall. 

\Vhen the two chanll0i profilt's "'ere compared, the tlv('rage difference 
showt'd an increase in elevation of better than 0.10 foot. In combining 
the two chang('s, the twprage effC'etivC' height was lowered by almost 2 
inches in one growing f'eaSOll. The maximum loss of l'ffeetive height at 
one station \YHS 0040 foot. Similar profiles wPre run in 1938 when this 
area. was again in corn. This year the average effective height was 
low('red by 0.21 fout. 

• 

In 1930, when thC' area was in grain, profiles were run aftPr tlw grain 
was seeded and again in tl1(' fall. The awrag(' difTerence of the two 
channel profiles showed an inC're:tse of 0.17 foot and the average dif­
ference of the two ridge' profilc's showed a decrease of 0.03 foot. The 
('ombirwd loss in C'ff('ctiw height was 0.20 foot. No farming operations 
enter('(l into this r('duetion in C'fft'ctive height when the area was in 
grain. This recludion waS primarily ('aused by siltation of the eh:U1l1t'1. 

The general praetic'e used in teJ'race maintenanec at the station was to 
backfunow on the tC'J'nH'C' ridge aJld at the same time leave the dead 
furrow in til(' ehanneI. This was done at the time the eoru ground was 
being plowed for grain, for n deeper furrow ('ould tht'H bt'used. By 

804582-1!J-0 
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doing this once during a rotation, enough height can be added to carry 
sufficient channel capacities through the rotation. 

The number of intense rains occurring, soil type, rotations used, and 
type of farming equipment used are factors which will affect the amount 
and kind of maintenance required to keep terraces in a good working 
condition. 

TEI\l\ACE OUTLETS AND \VATEI\WAYS 

The data presented for the terrace studies conducted at the station 
show that outlets or waterways properly designed to handle a large 
volume of runoff water arc an ('ssential part of a terrace system in this 
area. 

From a storm occurring August 5..0, 1935, maximum rates of runoff 
for terraces A-4 and A-5 wc're 5A4 and 3.nl cubic feet pel' second .respec­
tively. Another storm on .July 21, 1938 produced maximul11 rates of 
runoff of 12.9, 15.0, and 4.50 C'ubie f(,pt p('r spcond from til(' contoured 
watershed, strip-cropped watershpcl, and a pastuI'('d watersl1('d, respec­
tively. These high rat('s of diseharge from tC'rraees, c'ontouring, strip 
cropping, and pastures indieate very conelusin~ly thp need for 11 good 
water disposal system regardlpss of th(' praetice or: bnd usp. 

Sod watprways arp tbp most suitable type of lNraee outlet. They 
are the most economic111 to eonstruct a,nd can be (,[lsily maintnined by 
the farmer. In ('xcpptional casps wh('rc large \'olul11Ps of water with 
high velociti('s must be handled, SOI11C' type of hard surfacrd ehannc1 
or series of drop structures must be used. 

To study further tlw use of bluegrass as n, protective lining, n, sod out­
let was establish('d brIo\\' thr fiume of the strip-cl'Opprd watershed. 
Part of this outlet was used as a test section. This S('ctiOll was 25 fC'et 
long and had 11 slope of 18.27 percent. It had a3-foot bottom width 
and 2 to 1 side slopes. The chnnnel was f('rtilized and sodded, and a 
good dense sod was established. 1'h(' channel was dipped with a mower 
in order to maintain a uniform height of grass throughout the ('xperi­
ment. 

From two observations during runoff })rriods, vrloeities of 8.32 and 
8.78 feet per second were obtained when tlw pettk flows \\'rro 3,41 and 
5.86 cubic feet per s('cond, I'rspectively. Although the sod outlrt was 
in place in 1938, when the July 21 storm pl'Oduc'C'C1 a maximum p('ak 
flow of 15.0 cubic feet per second from the stI"ip-crop)l('d watC'rshcd, 
no record is available of the velocity or depth of flow for this dis('hargr. 
The bluegrass has withstood these flows without damage. A sod water­
way buUt and mn,intaiuecl under thrsC' conditions ('ould be drsigJled to 

'carry velocities from ]() to 12 fert prr sr('ol1(1. 
In 1941, It. J. 1\luckenhirn and V. J. Ki1m('l' tri{\d various methods of 

protecting 25-foot seetions of ('hnnnC'ls on a 20-p('l'('ent slope dUt'ing thr 
time the new s('eding in the {'han nels w('r(' bring establishrd. Runoff 
from a terrace wus allowed to flow down the ehannrls throughout the 
season after seeding. 1'h(,l'e wus no damage wl1('re the ehanll('ls were 
protected by straw mulch and woven wir(', by fL burhp coyel', or by 
sodding. The stl'l1W mulch proved most pl'Ilctieal b('c':1use it nIIowcd 
the grass to grow bette!' than burlap and involved much I('ss work than 
sodding. \Yhcrc the channels were merrly st'ec!rd without giving them 
protection of any kind, th('y w('rr badly washrcl out and conycrtrd into 
ditches. 

• 

• 

• 
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TAllL~!{j.-Det((ils and cost, data of hCl7"d-swjacecl outlet channels built in 19S5t .'
, 

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

Proportion of 
.~! 

lotal cost, 52 J

I Cos\' Cost ;3 
Chunnel I I ,!cupa<:- ! Sur- ,I Totul I per per rfJ 

.,..;J
No. I Type '. Slope ity Lengthl face ?lla(criul$ used I cOSv linenr sq.unre DesiR.II ....

I ; nrea ,foot foo\' Mate- and o 
! i 1 • area Labor rials s~l?er- > 

I 
::2 

---I, ---;--1 Cubic \_-_\\:__It__~~'''-'-''~-'------'-'-- \-l'---I---------~ ~ -,
rfJ 

Prr- 'joot. , Rguore . Per- Pcr- Per- .... 
cellt ,I per Peet, \ fool Dollllrs IDO/lIITS Do/lars cellt CClIt cent 2!I 

secQlld " 
Turand 1]9.0!18.oj76.0 342ITypeBhi/!!l\mytllr,2/Xo.2crushcdlime- 47.00 0.620.13735.150.0 14.9 

m'ushcd 1 ; I, stone, ChiPS, eClllcnl, sund, and l!f!lyt.1. 3 
I ~ wrock , •.• 1 ! I \ ; 	 I I ....50.8 7.0Sheet-metal i 22.2! 20.0, 96.0 !120-~nl!e !!u\\'Unized shect iron, 2 X 4's, 1115.461 '1.20 "'I' 42.22 .. 	 I! ~ flume.••. ! 	 I I I \ "'';l0d P?sts! ccment, sund gnl\'c\, und 1 I j 


, i ' ,l'clllfor(,lII~ Iron} 
 74.1 4.53. _.. , --i Creosol cd 29.012] ,0 ;J06.0 I Pressure creosoted 2-inch \unlhl'r, Illllchine 112.30 \ 1.50 I - 21.4 ~ ~____\:.:-il~.~~~~_.____ .. I ;.___~~.. _':.~~\~~.~,:~~~.S.~.~:~~__."____I___L- I ~____-:..__...:-__ ~ 
1 No.1 finished, Scpt. .14; No.2, Sepl. 13; No.3, Ocl. 21-	 t' 
20.366 fallolls of t.llr pcr Ilqlllll'C fooi uscd. 
3 Cost data include cost of I'cinforced-COIwrete hender ut entrllnce. Cost of hemlcr S30, of ",\tieh 51 pcrc:ent wus for lahor, 39 percent fOI' 

material, ulld 10 percen!, for supervision, 

t 
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-Wh('n UH' quantity and v('loeity of walpr is higl1('1' thall Rod alIo\\'8, 
Rom(' type' of hard sUl'farr ('!Ill II IlC'I OJ' a R('I'I<'8 of dl'op Rtl'l]C'tUI'PS is rp­
qUiT(,ci. In this J'('gion of S('\'(,I'(, elimntie conditions, I'llbble-JJ1flRonry 
fhl1l1<'R, and thin-shel\(1d rom'l'c' iC' flUJ1l(,R \\'ithotltrrinfoJ'c'C'Ill('nt Ill'(' !lot 
durtlbl(~, Hrillfol'(,(,ci ('OJ1Cl'('t(', if proprl'ly c'Ollsll'l]('('d, pl'ovidc's :. 
satisfnrtol',Y 1)(11'll1ar,PlJt ('hlUll1e'l, but til(' high ('ost and til£' t('('hllienl 
C'onstl'uetioll dl'tail;-\ inYolv('(l, pl'ohibit its llSP, 

Thl'(,(, diif('J'('nt typps of IiningR o(hC')' thun I'Pinfol'(,pd \'onC'l'('t{' \\'P)'P 
{'onstrud{'d at th(' stntion: Oll(, of tnl' and l'oC'k, 011(' of galvJllli~wcl sh('l't 
il'on, flnd tIl(' thil'd of e'I'(,<)Ro(('<I III III I){'I', Tahlp Hj lists tlIP dt':-lign and 
(,ORt figUI'(,R fo)' til!' dHTPI'Hlt IlHttpJ'inlR, 

Obs('I'\'atiol1R of [II(' various typ('s 01' IlwC'buni<'al c'hanlwls nnt! ('011­
sidpl'atioll of thC' ('()1II1mnt-tivp ('ost of ('a('h, sho\\' t Itat ('hal11H'ls IilWcI 
with bituminous mate'riftls and rl'lI:-;ll('d J'()('k or gl':t\'('1 un' I'll" lllo:-;l 
sn.tisfnC'tol'Y, pl'iul'il/tllly 1l('('tUl;-\(' tIH'Y II\'(' l'C'lntiv(·ly RillllllC' (0 C'ollRtl'Uet. 
Th(·y J'{'quil'C' mul(,l'iulR lh!.!t nl'C' not itllu'C'C'ssilJll' [(, tiH' fa 1'1 1)('1' and 1I0! 
too (IX]lPllRiw, Tlwy Ill'(' l'1l!'i1y ll111intniJ1('d by ttl!' addition of RllJall 
nmountR of bitullH'n and r()c'le 

STIl I P C){OPPI,n 
Std}) ('ropping hns 1><:('11 WHIp)' obsC'l.'vntioll at til(' ::-itntioll Rit}('P 1\):32. 

::\iPllSl1l'('I1l(,J1 t of IOHS('S frolll It strip-(,l'opping Ry;-;I('Jl1 hny(1 b('(lll mnti(' 
sin('(' lHai, Thp c\{'P;I'P(, of ('ontrol ohlain('(ll>y this pmetiC'(' will d(']H'nd 
to n. lal'gp pxt<'n( upon ahility to ohtain and mailltain good ;-;lands of 
Ipgul1lC's and gr:tRS(,S, 'Yith ultPl'lltltp strip" of ('I'OPS, Ruch UR ('01'11 amI 
grain, and ('ontJ'()1 ('I'OPS slI('h as fl.ll'::t1fa-g)'aHs hay, tlH' I'unoff wnlt'J' pie!;:::; 
up soil from tIl(' grain nnd (,Ol'll strips in amounts dC'Jl('nding upon \'('­
loeity of How and will dC']lol'it a paJ't OJ' mo,.;t of til(' soil load in til(' hay 
strip (\eJ)<,nding upon tl\(' l'f1'('('(iYl'npSR of tIl(' hny ill I'P(\lIeing til(' \'('10­
('ify of flow of 1'1l1lOfT. 

Among th" 1':1('tol's inf\u('l1C'illg tIl(' llltim:ttp loss from i1 fipld nrc' the 
lC'ngth of slopc', thp width of strip, lc'nglh of I'otation, po~iti()n of tht' 
(,l'oC\iblr fit I'iPR, soil typc', (\<'!!:l'('(' of (,I'osion, and typP of ('ultinttioll, 
~\JtC'r n. fil'ld has 1)('('11 \\ ol'kc,d 1'01' n J111lllhl'l' of Y('tU'S ill 11 eontoll1' :-trip­
el'opping Ryst(,ll1, l'u))(xlf is Ill< l't' dir('etiy down t ht' ~I(lp(l, This I'('SUlIS 
in I('ss t'Oll('pn!ratioll of \\'utel' and [t r('du('tiol1 in til(' He('d fol' wul('l'­
ways, Ho\\,('\,C'r, this .l1l(,;lllS that as Uw ;-;ys{(,1ll b('('olllPs old(,I', IllOI'(, 
\\'atrl' is flo.wing ltC'l'ORR thl 10\\'(']' purts or til(' RIO]lt'. Thus,.if tIl(' slopp 
is OWl' aoo to ,JO() !('('l h'ng, thp lo\\'PI' strips wiII h:LY(' ('x(,(lsHh'p soil 
losR during ill (,IIRC' StOl'IlI:-, 

'1'h(' widpl' tIl(' stl'ip tIl(' higlH'1' tIl(' soil 10R;:;(':;, Ho\\'p\'Pl', it has not 
b(,pl) found pl'lt('ti('ul to t'('dul',1 til(' width of Rtri]> Iwlo\\' :iO [('('t. 'flIc' 
('xa('t width of ;-\tl'ip Il('pdnl to obtain tuIPqUtlt(' contl'ol of t'l'OSiOll will 
c\e]l<:nd not only upon th(' P(,l'('C'llt of slop" !Jut til(' 1(,Ilp;th of slopt' :llld 
t)l(' l'otlLt ion, OhSC'I'\'at ions would iudic'nt p that wi l h t1lC' g(,I1(')'nl 1)1':1('­
tie(' of iJlC'rpnsillg til(' ll11l11lwrs of ypal'~ of hay as til(' sIoJlP lW('OllWS 

st ('{'lW l', t hp following ,\'id t hs of l'tripl' will gi n' allt,C}\tatC' ('on t rol Oil a 
mot\('l':ttply C'l'od(ldFayp(t(' silt loalll wit h slIJ'f:1('C'-pi:tlItl'd ('onIon slop('s 
up to :300 r(,<'t IOIlp; OJ) whic,lt thpl'(' is llO rUlloff fronl oth('l' al'('as: ;j{j 
p('I'('('nt 510]1('1 100 f('(lt width; () 10 j)<'l't'mt slc!ll(', iR ft'l,t width; :tntl 
10,Hi ]lPI'('PJ] t Rlo)w, :jO f(,pt wid th. 

TIl(' I(>ngth of rotatiou is impol'lnnt in a strip-C'l'opping progral1\. A 
3-y('tlr rotation with only 1 y(lftr of hny is 111('fTc'('U\'p bet':\usc two-third;; 
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of the.' m'CIL is opcn 11 part of til(' time carh y(>ltl', A 4-yCltr rotation with 
2 ycal'S of hay works w('11 on n 2-('rop systC'111 in ",hieh alicl'Ilate strips 
nre in COI'l1 and hay 01' gmin and hay, Ho\\,C'\,(>J', if all ('rops nrC' I'cpre­
s('niC'd in It lkld 011('(' in -I: ,Vparfl, ('orn alld grain will be in acijnC'C'nt strips, 
This ,,,ill makC' a ruthN' wid{' arp(\, (1)('11 10 ('rosion, '1'11(' 5- alld G-yC'nr 
1'otationfl with;) and ·1 YPltrs or hay al'C' llC'c'('ssary Oil long slopes of Illore 
than 10 I)(,l'rcnt. Th(' {'xlwl rotation to hc' wl('d will drJ)Pllcl upon the 
('I'OSiOll hazard and tlw ability of til(' farmel' to m!lintnin tilt' hay ('I'OP, 
It has hN'11 olls(,l'vC'd that, ill gpnPI'al, lwf'tpl.' C'I'OSiOll ('011 trol btu; beell 
oiltnilwd Oil fal'ms on whkh hoth of (h(,s(' fneton; \Y('J'C' tnk('1l illto ('011­
sidC'mtiol1 than wl1('l'(' .im;t 111<' ('J'osioll hnz:tJ'(1 waH ('onsic\('J'ed, 

TIl(' positio11 of ('l'oJ) is HOIllPthing abol1t ",hic'h .not Illllch ('tIll 1)(' dOlle, 
Xp\'(,l'l b!'l(·ss it musl IJ(' I'C'C'Ogll izpd t hal til(' far! I WI' dowlI t he slope the 
loratioll of tlw ('\Il!ivnlpc! ('I'OP, til(' higllC'r will bp tlw soil loss, The 
rUllofT fl'oll1 tlw t'I'odi!JIC' ;;trip llnd tilt' 1'1I11otl' rl'OIll IULY, ('01'11) 01' ,!!;min 
:;triPil aIH)\'C' will flo\\' [H'I'();;S tlj(· 10wN' Hll'ips. If COl'll and grain ure 
grown in 111(' ::HlJ)1P fjeld, graill should 1)(- loC'aU'cl Iwlo\\' ('01'11, Gmin 
lalld ullo\\"R high amollllts or l'lIllOt1' thl'()ll~llOut most or Ill(' sen:lon, If 
IhiR 1'1lnotT 1i00n; dowlI HC'I'O;;;; llll(Jl'Ot('c«'d c'ol'lllalld \'PI'Y high iloil 
]OHl"C'S NUl Iw ('xIW('j('d, 

A filt('r strip at Ill(' hottOlll of the iipid wilirNlu('(' thr nmount of soil 
h('ing J'('mo\'C'd from llll' fjpld. .\('lllnlly, howP\'C'I', tltiR 1'(':;U!tii lnl'grly 
in t1 ehan,!!;C' in ]o('ntion of al'('a of d(~p()siti()ll, 'I'll(' dTc'c,t oi' a filtN strip 
on ;;oil loss('s is shown in table' 17, whi('h cOII(:1il1fi clata frOID th(' llllter­
1'I1('('d, C'ultiYa«-(\ \\'::tt(,l'slwd 1'01' it lWl'iocl cluJ'inp; \\'hirh til(> ('ntil'(' al'('it 
was plnnt('d to 011(' CI'Op and for :t jJ('riod dUl'ing \\"hic'h the 10\\,('1' 130 
feet was in hay serving ns a filter strip, 

T.\BLI~ 17. h~fT('cl of Il jille/' strip 011 soillusN 

Hoil I()~s (lCI' a('l'(, 

TJ'rat 1l\('llt IllId ;I'<'IU' ( '1'0(> 

l'lll <'I'I'IL('(-d (,1I It i- ('Oil t 1'01 
m\t'd lI'a\rl':;itpti plot 

EntiJ'(\ I('n~lh in OIl(' ('I'Up: 'I'IIII,~ 'I'OIl,~l!laa (;raill IR,2 a,,~lOa-I Ilw IG,O .51!l:3,j ('c\i'll 01.7 Ofi,2I03n ( ;rnill \l!J.8 ,)1.0
.\n'!'!l!!C' ,i(i.-I 


LO\\"('I' lao r('(,\ ill hay fill PI' ~tJ'lp: 

37.0 

1\1;37 lI:ty 1-1,7
1038 ( 'Ill'll _ l!).a , .0 

70,S
.\r('I'Il~(, • 17,0 35,7 

TIl(' u nl(l1'l'1l ('('tt, ('I tl I i\'at ('(I \\':1 tNl:ihed and til(' eOIl tl'ol plot us:·d in this 
comparisoll \\'('1'(' I>oth ('ontoul'(·d t1ud planted to a :~-yel~r I'OtitUOll, 
TIl(' wat('l'sll('d had nil IW('r:lge slopc' of 1.5 IlP['('(>I)t and th(' control plot 
Hi J)(,l'(,pnt. The \\'ut<'l'sh('(1 had a lellgth or ,120 f(,(,t, and the control 
plot n I'('('t. B\'fol'C' til(' filtcr strip wns (\stt\blifllwd the wntel'sh('d lost 
about 1,5 tinws t1S m\l(·h fioil pel' ael'(, annually as the sl1mll plot. Aftc'r 
th(' fiIt('1' strip wus e:stablished on the: low('l' pal'!; or tht' watcrsllC'ti) the 
loss [!'Om th(' small plot was twice as much as from the wutel'shed, 
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It is probable that the upper part of the wut('rsh('Ci WitS still losing soil • 
at a l'Ilte in excess of that from the control plot, but tL \tu'ge part of this 
soil was de};osited in the hay filt('r stl·ip. 

During .1 !J37-43, the un terr,:lced c\llti \'Il tNI wat('l'sh('d anel tl1(' stl'i p­
cropped watershed wer(' in the roUltiQn of ('Ol'll, gl'llin, :\nd 4: years of 
hay. Detailed data nrc contained in table 2!J, Appendix. Th(' soil losfi 
from the contoul'('d watershed was twice thnt fl'om th(' eQutourl'(1 strip­
croppcd watershed !.'vcn though tl1('I'C was a 130-foot: filt('\' strip on t\1(' 
bottom of thl' con tOll 1'('(1 wat!.'rslH'ci. Th!.' 11111jOl' loss I'm' till' Iwriod 
oeclined in 1\)38 wl1('n the contoured wat(,l·sh!.'d was in ('ol·n. .Af:5Um­
ing that the sam!.' relationship would ('xist l)('bY(,(,1l the srn:lll plot. and 
the watersl1('d in 1930 us in ]\)35011(' would ha\,(' ('xp('l'ted n.1;oil loss of 
68 tons 1'1'0111 the contoured wat('l'sl1('d or apPl'oximatply ;)0 Ions pCI' acre 
marc than was netually mcasUl'ed with tlH' HIt('1' strip at: the' bottom. 
This calcuhtt('e1 68 tons of loss for corn in 1938 \\'ollid I'('sull in an av('l'­
age less of 12 tons pl'r nC'r(' from thr contolll'('d wnt('l'slH'd, whieh would 
be about" timcs thnt rrom Ih(' strip-C'l'opp('d wnt('l'sl1('d. 

In a large strip-l'ropping ex})('rin1('nt \oeatl'C1 on til(' Hundt rflrm thc'rr 
a}'(' 32 stl'ip-eropped plots and 8 ('on toured piotR in fl 4-yc'ar rotation of 
COl'll, grnin, and 2 yenrs of hay. These plots an' lo('atNI on un 11-per('('nt 
slopc. 'fll(' plots HI'l' 20 fc('t widc' and vary ill It'llgth frolll 200 to :300 
fcet, depending UpOll the width of til(' bottom strip. All ('ontoul'('d 
plots nrc 250 reet in I('ngth. Thc design of thc ('xp('l'inwnl iH such that 
within eneh bloC'k or 5 plots thc snnl(' ('rOJ) is planted on the firth 01' \)ot- • 
tom strip and on the C'ontolll' plot. Thr ('rop Oil tl1(' firth lilrip Ynric's by 
bloeks und eneh ('}'Oll is }'('})1'c's('nl('d ill duplicat('. Th(' pOliition of th(' 
crop on til(' up}Jcr rOlll' strips is unirorm for n11 st.rip-crO}lpl·d plots. 
Within enC'h blo('1\. thCl'0 nn' thl'c(' widths of strip Oil till' hottom strip­
50,75, and 100 rcc,t. In t:1IlI(' 18 art' sumnHlrized til(' dntn. Hhowing thc 
soil and watcr loss('s from contouring and rrom. strip c·roppinl!;. Dc'­
tailed data Ilrc (Iolliained in table' 28, Appc'nciix. Data from til(' two 
most intense storms un" not illeiUc\C'C1 as th(' llW:l.slll'inl!; e'qllipn1('nt 
failed b('cause' of the' cx('('ss amount or lrnsh washed from Ih(' C'Ol'll plots. 

'TABLE IS.-·Soil and 1valel' losses from contourecZ and Nirip-CI'()IIPI'Il plols 

('011 tOl il'cd Hll'ip (·rop[ll'd 

-:':ioil1(;.~ - .- . H()i1I(;.~sCrop 
\\'n('1' 10';;; JlCI' Ill're Wall'l' IORS Pl'I'IWI'l' 

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

Il/cilcB TOilS I IIrlt I!N 'l'OI/S 


Corn. ___ ••..• -- 1.2 0.4 1.2 3.·1 

.Grain ___ _ I.H 1.2 1.-1 ..-) 


.1 1••-, .2
FirsL-yelll' btlY'.• 1..1 

Second-ycnr huy .8 .1 1.0 .2 

AYcrn!,!;c ...• ' •. 1.3 2.0 La 1.1 


It will be srcn that strip ('ropping during til(' ('stahlishn1('nt p<'l'iod rc- • 
duced the soil loss(,5 hy 50 pC'I'("('nt and that runoif was about t\1(' sume 
for the two pnu'U('('s. Th('s(' Hrst 3 y(,llrs of data inciiC'ul(' the control 
that could b(' ('xpcett'd soon arter n fi('\cl wns ('hangNI rrom ('on touring 
to strip cropping. It would b(' ('xpcc·t('(1 from an examination or the 
data by storm int('nsities that if t\w two inl('lls(' storms hud \)('en prop­



~. 
, 

~. 

• 


• 


INVESTIGA'l'IONS IN EROSION CON'l'HOL 47 

erly l11('asured there would have been more advantage to strip cropping 
than is shown ill table 18, The data indicate that ev(m during the'most 
intense storms a good crop of hay .50 feet in width will filter out 80 per­
cellt of the Soil washed from a corn or grain strip, 

In a strip-cropping system, soil is pickl'dup by runoff wItter in the (:orn 
or grain strip, The amount of Pl'osion then depends upon the width of 
open strip, A portion of the i"ioil loncl is dC'posited in the h:ty strip, de­
pending upon til(' density of the hay and the width of tlH' hay strip, 
Preliminlu'y indi(,:ltions 1'1'0111 this l'xlwril11ent would show that the soil 
loss is 1('ss HS the strip width is d('('I'('lIs('d from 100 to 50 feet, when corn 
or gmin is grown on til(' 10\\'(.'1' stl'ip; that the loss fl'Olll the :ll'efL is less 
as tllP width of hay st:l'ip inc'I'('ns('s fl'olll .50 to 100 fpet; wh('n hay is 011 

the lowpl' strip, i\ 50- to 71,)-foot width of slrip ('ould b(' e'xpeetNI to give 
sntisfa(,jol'Y ('ontl'ol 011 It 250-foo[ length of ,Fay('tt(' sil(; IOHm Oil I1Il 11­
pel'(,pnt slope ",11('11 CI'O}JI)('d ('0 It ·1-y(,111' rotation of ('orll, gmill, nnd 2 
,YPIU'S of alfalfa-timothy bay, 

LY::;I\IETlmS 

LysinwU'l's WPI'(' IIHPd to d('[PI'mil\(' 11I110unts of walpl' ulld nutl'ients 
lust und!'r \'llrious ('rQPS I!;I'Own on til(' Fayettp Hilt loam, Thp Iysimct;ers 
('ol1sist of G 11\(' tal <,ylind('rs ('ontnillinl!; jl'ay('(t!' silt loam profile mono­
liths aG .inch('s in dianH'tpl' fmel .J.J. inc'hps dppp, Tlw monoliths wpl'e 1'11­

('usNI by fun'illg tlH' ('ylilld('1'1'l dowllwal'd into til(' soil, after whieh thC'y 
w('re' liftpd unci spt upon pnns pIlI'tially filll'd with !l;mv(·l. TIl(' Ilwthod 
of ('onstl'uC'tion of' thiR type' of lysillH'(;PI' hns b('('n fully dcsC'l'ibecl by 
lUuRgr:wp (Ii), Losse's \\'('1'(' n1t'lIS1Il'('(.l froll\ <'01'11, fallow, and elo\'('r­
timothy hay, Wlwn thl'I'P is :t growing {'I'OP on thp Innd t1wre is 1101'­

mally vPJ'Y lit'tip pl'l'('olatp, 'I'll(' pJ'('cipitation is I(lRt 11I1'g('ly by runoff 
or takcn up by the' roots of plants. The I'('R1JitS from ('01'11 and fallow 
havp he'!'!1 pU blisl1('cl (.1), 

Thc' alllount of \\'atpl' lost by pPJ'('olntiol1 on 11 10-percent slope is less 
than .( Pl'J'(,Pllt of' til<' annual pJ'Peipitatioll 011 fallo\\'(·d Iysinl('tpr plots, 
and less than I. P('l'c'Pl1i on lysinH't('r plots ('J'oPP('cl to ('01'11, Wlwl1 the 
slIrfllc'(' ,,'HS maintaillPd at approximlttely a Z('I'O Hlope, the loss of' water 
by pel'C'olate fJ'om fnllow('d lysillH'tl'r plots wns !) pPJ'('('nt of til(' prc­
('.ipitation whPli runoff was prrmittrd and 20 I>PI'('pn t ",1I('n runoff was 
pl'ev(,1l tN!. 

'1'11<' plnnt IIltlTic'lIis dptprrniJ1('d in the' 1){'l'eolnt(', ",11('n HlTtUlgec\ ill 
ol'(lpr of (\r(,I'Pllsing amoullt. of loss hy IpHehing, '\'PI'(' ns folIo",s: Cnl­
('iUIlI, lIlagnpSilll11, sulphur, potns:;;itulI, and phosphorolls, 'I'll(' amount 
of un trien tF; lost by INlehing was low whc'll tIl(' soil was el'oPPNl. The 
highesLlossps WPI'C 1l)(':tslI1'('(1 on plots that wrrp fullow('(1 nnd fl'om which 
no I'ulloff was pprmittt'C1. TIlt' losses of ealdulll und mnglH'sium under 
tlwsl' ('onditiolls ('ould bp I'Pplac'pd with til(' appli('ntion or )12 tons of 
dolomitiC' liuH'stonr on('p ill 10 Y('111'8, Potassium und phosphorous 
Joss('s W(,I'p ll<'gligihll', Loss('s of nitl'OI!;('n W(,I'l' not dC'tpl'lllinpd on pl'r­
('olate from lysil1wLPl' plots ('rOPlwd to ('orn, bll t it is assumed thnt 
they would not he high, innsmuC'll as til(' loUd amount of Pl'l'('oitltl' from 
Fltyettp sil t loam is 10"" ' 

In J9·13, all six lysinwt<'1' plots w('rc' seeded to n I'pd eiovC'r-timothy 
hlty mixture. TIl(' sUl'facl'S of the lysinH'ters W('I'(1 mainillinNl at ap­
proximately n ZPI'O slope as (hIring 11)41 and 11)42 when al1lysimeters 
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were fallowed. Approximately 2 percent of tho precipittltion wns lost 
as percolate when the lysimetcl' plots were gl'owing huy as compared 
with 9 percent of the precipitation when fallowed. IVleasurenwnt maci(' 
on.percolate obtained during 1943 with the Iysimetcrs cropped to C'lovel'­
timothy hay showed that tho amount of soluble nitrogen 1'01110\'0d frotH 
the soil by leaching was 2.75 pounds pCI' acre. It would be assunwd 
thnt the loss of nitrogen from crops like corn and grain would b(' consi­
derably higher due to tho fact that they have much short('l' growing 
sensons and for a part of the year the land is fallow. 

APPLlCATlON OF STATlO~ DATA TO ELlOSIO,\i 
CONTHOL IN TUE PHOBLE'\I AH EA 

No control mensure hus been developed for this problem area that 
will prevent the loss of soil from a cultivated sloping fipld, As long as 
the soil is not protected by dense-growing vegetation, then' is soil 1110ve­
.lilent whcnevcr a min or thaw results in runoff. Soil loss('s nre greatly 
reduced by the application of mechanical and "egelati\'(' control meas­
ures, but even with th{'se controls on the land the loss of soil from sloping 
fields is continuing. To reducp soil lossps to an pxtpnt necessn:l'y 1'01' fI, 
permanent agrieultul't', fit'lds on slopes in excess of 15 percent will hn:ve 
to be seeded down to hay 01' pasture ancl not planted to graill 01' C01'11. 
The hay can be reestablished by l'pnovation ill such a way that the or­
ganic residue is left on the surface', This will lnrgely prevent runoff 
until the vegetation has been reestablished. This means that some 
farms in the problem area will have to change to a grassland type of 
agriculture. This will rpquire changes in Iivpstock so as to consume 
large amounts of J'orage. 

Most of the soil loss oceurs during a few very intense' storms during a 
year. In the developme'nt of: an erosion-control program in the Upper 
Mississippi Valley area, til(' farm plannel' should take into consideration 
precipitation records. Datu are avnilnbk ovpr long periods of time nt. 
nearby 'Veather Bureau stations. These show periods of exc~'ssivc pre­
cipitation. Crop nnd cultural practices can be adjusted to protect tho 
soil better during intense storms. As l11uch as gO percent of the annual 
soil loss may occur during ,~ or 5 intense storms. These storms mny be 
experienced at any time during the growing senson within any single 
year. Study of the data recorded for several years, howevN, reveals :1, 

definite trend toward concentration during certain months. At La 
Crosse there is a concentration of moderate-intensity storms dming 
May and June when spring grain In,nd is vulnernble. There is also n, 
concentration of high-intcnsity storms during the period Junp 15 to 
September 15 which causes high losses I'rom c'orn land. 

A control practice to be cffl'etivo must be capable of maint.aining soil 
loss at a minimum during intense storms. Fortunately, during these 
criticnl periods, alfalfa-brome gruss, alfnlfa-timothy, nncl r(~d clover­
timothy hay give excellent protection. A good dense hny crop not only 
protects the soil from erosion bu t greatly in('renses the nlllOtlll t of water 
that can be absorbed by the soil. 

" SEEDBlm Pm;;PAHATJON 
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Most recommendations for sppdbed preparation prior to the pstablish­

ment of soil conservation research work were bnscd on stucli('s made on 
evel or nearly levelland whl'l'c erosion was not an important problem. 
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Thoreforo, the noed for leaving the soil in as cloddy a condition tts is 
consistC'nt with good ('I'Op yic'lds wus not I'ccognized, On sloping lund 
it is important that tlw soil b~' tillNl wit,h machincs thnt will control 
wceds and yet leave the soil in 11 rough, cloddy condition, Tho disk 
nnd the cultiplwkC'r should Ilot be usod, tit lenst on til(' heavy sloping 
soils, Obscrvatiolls nt thC' Rtation would indiente that good yields cILn 
be obtainpd hy tho usC' of thl' fiC'lcI cultivator 01' spring-tooth in pbce of 
til£' disk, The spring-tooth 01' fiC'ld cultivator lifts the soil unci, if prop­
(')'Iy o]ll'mtt'Cl, will ~('fwC' tho l'Oots of \\'C'eds on the surfacc whCl'e thoy 
",ill dry out and also produ('l' n trashy surfa('(~ eondition that will in­
('l'C'alW infi\t'rfl,tion and dl'crCtlRe !'unoff. Lifting the root,s to the slll'facc 
is It w'ry l'ffe('(i\'l' li1t'thod of ('ontrolling wceds, sllch as ([uIH'k gl'(lSR, 
that sprC'acl by IllNtJ1R of rhizomes, Th(' disk has been found to cuh 
thrse ullde'I'gt'oUIlc! stems ofT bllt !lot ll1aiCl'inlly to redllce their ability 
to ]Jroduc'e I1('W JllnntR (,X(·('pt. for t;ho::w f(,w which I11fty he t:urned ovor 
on top of the soil and t1l('I'(~by he ('XposC'c\ to drying, The ('ultipaC'kcr, 
when lIRcd i'ollowing til(' s('('c1ing of gmin, will rcsult in It bettC'r strtnd of 
!c'gunws only if thel'p is It <1t'y s('('dbl'd and il' 110 rains are ('xpC'rienC'od in 
the 2-w('(lk pl'rioc\ illllll('diatply following R('eC\ing, Dming the past 
10 yenr,; legumes hnNl' beC'n sC'cded with and without. til(' pneker, 

• 
Tire' C'xpC'l'il'Il('(I of thr Rtation haR bN'1l tlmt us good n, stalld of legumc 

is oi>tnill('d without tlw ('liltipaehr as with it, It hns also been ob­
s(,l'\'ed that H n rain o('curs 1)('1'01'(' the gmin hns 1I1:1.(\e suflieieJ1 t; growth 
to ]JI'oteC't the Roil, lund On whielt the ('ultipncker hns I)(,t'n llsed will 
('1'0(\(' tnorpRcvel'C'ly t'llltnland on which it haR not been lISN!. 

In R(,Nlb('d ]lI'('parnUon /'01' cornland, the salllC' general principles 
npply, Thnt, is, till' mol'(' rough tht' s('('cll)('d that is ('onsistl'llt with ,the 
proc\uetion of n good C'rop, 01(' lowt'\' will he the Roil loss nnd til(' longer 
will high yields be' mnintainec.\, Unless malllll'C~ high in straw content 
is used as n top dressing, th(' field eultivlltor wiII \VOl'\\: very satisfac­
torily in preparing a seedbed for the ('01'11, This will leave mllch of thc 
organic matter 011 til(' slIl'fnec fLnd mnintain th(' dNlirecl rongh, clO(ldy
Rtl'ltf'tlll't', 

Plowing should b(' dOtH' as late in the fnll as possible in orciN to have 
tl1(' soH protC'etl'Cl by Y('g<'tation dlll'ing the eftrly fall rn.inR, Enrly 
plo\\'('c\ lnnd is C'olllpuetcd by til(' fall rains; :lR a result high fall and 
spring losR('s l'eRult eY('n though It good growth of hay is plow('t\ ullc1Cl', 
After plowing, titp lund shol1ld not be tilled in t.he fall. The prlletiec of 
(lisking or spring-toothing land immedinh'ly arkr plowing gl'ently rc­
dUCC'R tIll' Rl1rfaC't' storagp ('apaC'ity, nllowl-l the soil to l>C'eome eompactcd 
hy rain, and 1'('RultR ill high rUlloff. 

• 

'I'll(' two-way plow, wl1('11 u!';('d to turn soilupilill, has b('('11 found to bo 
the best tYI)(' of' plow Jor hillsid(' plowing, Furrows turned uphill havc 
becn found ('apable of holding mueh more water thnn furrows ttll'llcd 
downhill. The lanel is lC'ft 11101'0 opl'n alld rough so that both slll'faco 
storage and illfiltmj"·ion nrC' higher on land tUl'nNl uphill. Deacl fur­
rows, whieh :In' freqnentiy the ('[lUSe of serio LIS gl1lly ('1'OSiOll, 111'0 10­
cntecl at the bottom of 111(' plow('c\ firld instead of at the middle or top, 
us is thc easl' whe1'C' tho ('ollv('l1tional plow is used, Turning soil uphill 
aetllully moves It furrow slie(' against til(' c1il'(,C'tion of ('rosion, wlwrelts 
nil soil tlll'lled downhill netunlly sp<,pds til(' mOV('U1C'1l t or topsoil from 
the fiplcl, 
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The use of 'the two-way plow works very well in both strip cropping 
and terracing. In strip cropping the dead furrow is left at the bottom 
of the plowed strip. If the furrow is slightly off contour, as is fre­
quently the case under field conditions, any concentration of runoff 
water by the dead furrow will flow onto a hay strip where little damage 
will r.esult. In plowing terraced land with the two-way plow, the 
dead furrow can be left in the chann~l and the backfurrow or: the ridge 
.at such times as it is desired to increase the capacity of the terrace, or 
the backfurrow can be left at the :op of the field and the dead furrow 
a'ii the bottom if there is sufficient capacity in the terraces. 

CHOP HO'J'ATIOl'iS 

Rotation of crops including 2 or more years of hay is essential to the 
control of erosion on sloping fields. The higher the percentage of hay 
in the rotation, the lower the soil losses. The number of years that the 
land is protected by a dense growing crop is important. Not only are 
losses low during the time that the soil is protected by that crop, but 
losses are also reduced from a clran-tilled crop followillg the plowing 
under of a hay crop. The amount of reduction ill losses resulting from 
plowing down a hay crop will depend upon the type of crop and amount 
of surface growth plowed under. It has been obscrVed that soil losses 
are less from corn following an old alfalfa-timothy or alfalfa-brome 
field than from clover-timothy. This is thought to be due to the fact 
that the grass makes up a higher ,proportion of the mixture in an old 
alfalfa-grass field than in a clover-timothy field. This is especially evi­
dent if .the clover-timothy stand is left for only 1 year as in the Llsual 
pmctice. 

The soil loss from corn in a 3-year rotation has bC'en about one-half of 
that from corn grown continuously, The soil loss fronl a 3-year rota­
tion of COl'll, grain, and clover-timothy hay on l1 16-percent slope has 
averaged 28 tons per acre. Although this is a marked reduction from 
the loss from continuous corn, it is still much too high. Rotations 
with 4 or more years of hay will be' required to muintain losses ut the 
desired minimum. 

Where the longer rotations are used, and barnyard manure is applied 
to corn, it has been found that soil losses are as high and in some cases 
higher from grain than from cornland. The relative loss from corn­
land and grainland will depend upon when the intense storms OCCUl: 
within a year. Harcl spring rains will cause high soil losses from grain 
and usually will not result in much soil loss from fall-plowed hay land. 
Hard rains occurring in mid summer will result in high soil loss(ls from 
corn. At that time grainland, Oil the other hand, will usually be fmffi­
ciently well protected that the soil losses will be lo\\'. The runoff from' 
grain during these intensc summer rains frequently cxccpc\s the amollnt 
of runoff from corn. 

CON'l'OUlUNG 

Contouring, even with a good rotation inc1ucling 3 or 4 yC'ars of hay, 
cannot be expected to give adequate control on the Fttyette silt loam 

• 

• 

• 

where slopes are steep and fairly long. '1'he amount of storage capacity 
furnished by rows that arc on the exact contour is not sufficient to hold 
all of the rain that is falling during the intense storms. When the 



• 


• 


• 
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capacity is exceeded, the furrows break over, the stored water drains 
out and exceedingly high soil losses will result on the longer slopes. It 
has also been found almost impossible to plant all of the rows on the 
exact contour in a field. The general practice has been to establish 
new contour lines at points where it was felt that the rows varied too 
much from the contour. It has becn observed that the point rows and 
other off-contour rows carry the runoff water for a short distance until 
it reaches a place where tlw capacity of the small furrows is exceeded. 
This runoff then Hows down to thc contoul' rows, making them overtop 
and become ineffective. 

STHIP CHOPPING 

Contour strip cropping with a good rotation, including 2 to 4 years of 
hay, is probably one of the best qontrol measures that can be adapted 
to the cultivated fields of this area. For strip cropping to work prop­
erly and accomplish an adequate deg~'ee of control, its limitations should 
be recognized. Strip cropping does not reduce the effective length of 
slope. During the most intense storms, runoff can be expccted from 
hay [1(3 well as corn and grain strips. 'l'hC'refore, in fields in this area 
with slopes that average 10 to 12 percent, strips that arc receiving run­
off from watersheds more than 250- to 300 feet long will have high soil 
losses when the lower strips are in corll or grain. Terraces must be 
used to reduce the length of long slopes . 

The control given land against erosion by strip cropping is dependent 
upon the success of obtaining and maintaining good stands of grass and 
legumes. It is as important to teaeh the farmer how to increase his 
chances of obtaining a good seeding and how to safeguard against 
having most or the fidd open in case of a seeding failure as it is to lay 
out the contour strip-cropping program on his land. In case a seeding 
is poor and it is questionable whether it should be left, plowing should 
be delayed until spring. At that time, choice can be made between 
plowing the old hay and planting it to corn or leaving the old hay, 
plowinp.: up the new seeding, and reseeding to grain and legume. In 
some caRCS, the land can be worked up thoroughly after the grain is 
removed, if it can be determined at that time that the stand of legume 
will not be sufficiently good to leave. The field cultivator has been 
used with good SllCC(,SR for seedbed pl'('lx1ration following grain. It 
is best to work the land sllfficien tly to kill all vegetation; otherwise) 
that which is left will sl'verely compete with the new seedlings. 

Summer seedings of legume and grass should be made before the 
middle of August so that the new plants will become well enough estab­
lished to withstand the winter. Not mueh success has been obtained 
in attempts to thicken stands of old hay where thin patches have been 
worked up and reseeded, 1101' have spring seedings on frozen ground 
shown much promise. The most reliable method is to work the land 
thoroughly enough to kill all existing vegetation, then reseed. 

A strip-cropping system properly designed and followed with good 
success in obtaining and maintaining stands of legumes will give good 
erosion control if the slope length. is not excessive. On a strip-cropped 
watershed located on a 17-percent slope with a slope length of 270 
feet, the annual soil loss has averaged less than 3. tons per acre for a 7­
year period. This is considered as good control for these condiUons. 
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TmmACBS 

Terraces cropped to ft rotat.ton, ineluding 2 01' morc years of hay, will 
provide the best control for (lrosion on eultivated land. Termers defi­
nitely reduce the length of slope. They rrlUO\'(' surplus wutN from the 
field, tlwreby protecting the area below the trl'l'[te('. A ·1-YN11' rotation 
of COl'll, grain, and 2 years of hay will give adequatr eon(l'ol ",hrll usrd 
with termees on lL 10- to 12-prl'('rnt :;;Io])r. 

Terracrs lo('ated on lL 15-])Ncrnt slopr hav(' bpPIl maintained at Ruffi ­
cient eapacity by IJaekflll'l'owing on the ridgp unci Ip:Lvillg th(' dmd 
furrow in the ehanrlC'1 oneo in thC' l'otation. A tpl'rncC' of about 1·1001'('('/ 
in length with a maximum :3-illC'h grad(' pr1' 100 f('pl: and \'(,I'tic'nl int<'l'­
val of 7 feet was found to have ('nongh capacity to handl(' the' I'ulloff 
if the ridge hright was maintainrd at a minimlllll of J 2 ill (,1\(18. In 
genrral, terrncps ill pnstul'o lanel h:wr not 1)('('11 of sl1ffi('ipnt IJen(l[it to 
justify the eost of ('onstl'Uetioll. On thl' shallow soils fl'Pqu(,lll-ly fonnd 
in pastul'('s, it is \'('ry difficult to l':;;tablish a stand of gmsfl in tlH' chan­
nel and on the inslo])l'. 11' Ihl'l'(' is suJficil'nt field wai('l' flo\\'inp; nCI'oss a 
pasb.ll'r to e/tllfP gulli('s, a, tprl'l1C'l' fhould be built at thp top of th(' paf;­
turr arpa to diwrt this \\'at <' I' to an estnblishpd outlpt, or, if 10('atNI 
abo\'e (,ltltivatpd fieldR, :1 jPI'I'uC'l' ('nn bl' us('cI to ad\':u,tugC' to di\,l'rt 
rUlloff in order to PJ'of:C'ct the fil'lcI .• 

Some difficulty has been pX]Jrl'iPl1c'pd with trrJ'tlC'c's O\'Pl'to])lling during 
thaw periods. If the tpITncrs are not j)l'of:C'('f:NI by vegC'ta.tiol1, st'l'ious 
damage may rC'sult, as tiw runoff wfI_tC'r will ofl:('n thnw thl' soil, ('[tusing 
a gully on the ridg(' \\'hi('h will grc'ntly r('(lucl' till' capndty of the 1('l'1'ac". 
An ordinary plow may bo uSNI to (1)('11 up a C'hal111('1 so thnt the water 
can flow to thr ol1t1et ('ml. Usually this fUJ'I'o\\' is ('nough io tnke ('arc 
of thc runoff unless the thawing is vpry rapid. 

PAS'IUI'E A:\D \YOODI~A'.\D 

For maximum pasture production, all :1r('a should not b(' in both 
timbc'l' and pasture. For maximum runoff protc'el-ioll, a "'uocke! arl'a 
should 1)(' JlI'ot:l'cted from grazing. So, in p;enrl'al, pasturr ane! \\'noels 
shoulclnot br mix('cl. Very good pasturl' produc'tion has h('rl1 obfninecl 
all slopl's liP to 30 ]JC'rccnt as long as th('rc is p;ood }JrocluC'th'(' Eoil nnd 
the pastur('R nrC' not oYl'rgrnz('cl. UncleI' tll('s(' conditions til(' I'lll1ofI 
will alfo 1>(' fairly lo\\'. Fl'om:1, produC'tiol1 and a c'onS('l'\'ntion staJld­
point, it; s('ems b('st to hnyo O])rll pasf;u]'(' of 8ufiiei(,llt UC]'('ft!!;(' und qual­
ity available to 111('('1; til(' forng<' "C'quil'('ml'nts of tlw Iin'Rtock that will 
be etlrricd on the farm. Th(' main thing (0 c'onRi(]l'l' is that til(' Foil 
should be pl'Odurtive-,slopl' is not thought to 1lC' too impol'tan t a 
factor. 

APPENDIX 
In orell'r to avoid. nn l'x('('ss of tahuhn matC'l'ial thl'Oughollt th(' t('xt, 

the data of til(' individual tabll's neC'l'RSlLry 1'01' cl('ridnp; 111(' Rlllnll1tlr,Y 
tables and figures used in tIw tc'xt lHwe b('C'n pla('('cI in til(' :\p])('nc1ix 
as tables J9 to 36. 

The data prC'sentcd in the App('uc1ix givc sprcifie l'eC'ords of til(' l'(,­
sults of f'xperimentation for the period of _this report that havl' prac­
tical value and interrst for technicians ('ngng('d in til(' dC'\'('lopment of 
conservation ptogmms anel practiceR. 

• 


• 


• 
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TABLE 19.-lIfaximu1n and minimum. temperature.s by months and by 
• years at soil conservation experiment station La Crosse, Wis., 1934-43 

~-I--' .fnllllllry I February i ~ "lnrch 

y "" I ",," I I I I i Mo""Mo,," 

_I lligh __~ ~ lligh l~~2Iigh ~~I' Lo~ IHigh l-~~! High },ow 

I~ ~ ~ ~ ~ ~ ~ ~ ~ ~I~ ~ 

19~~:::::~:· '3S' -:":ai" --'20- "--2' ---3S- --:":5- ---25'I'--iii-I'-'iiiil "12," r"·iii' '---24 
1036__ •• ___ a6 -a2 ].I -l! 44 ~2·1 I 12 -8 li71 0,:i8 22 
lO?7....... :I~ -17 ?O -3 4:J -IT ~:l --I i 5! .!; 3~ 20 
1038 ______ . 4~ -1·1 21 8 .J.l -1.1 .11 I 10 i 7". b,·\o 24 
1930..._... 50 -8 30 1.4 ·13 -Hi I 2.1! 2 i 75 1 0, ·10 18 
1940------- ao -23 J.I -3 ao - la" 28 J 12 i 50 I -2 t 31. 10 
l!l-lI....... all -li 2U 10 :18 -20 I' 25' 0 I ';8 t -12!:l4 17 
1042. __ ••• 1 50 -25 24 10 3·1 -J.I 2.1! !J I (j.I, Hl 42 26 
1\J.l3•••••.• j 421 -25 22 -5. 47 -16 ao I 5 7·1 ! -17 35 !O 
AYcrn)(" .•• ~. 40 -20 21 a I -II -Iii 25. 6 I ~-I a 38 20 

~I__-,-_._'_\-;P_ri_l_______I ,_ "I,"Y _. _____!I ___~.._~~\.:~.____ 
"{cur i i :l'Ienn 1 ':\lcnn ;. j :\lcnuc 

I I!: i 'I 
_ . __..j High Low High If ,Low IHigh I Low jlli'lh L:.o,,-:-I Jligh ~!'Ili)(h ~ 

; 'P. 'P. 'f'. 'Po I 'f'. , '10'. I 'P. I '10'. I '10'. '10'. I 'P. 'P. 
10?!....... ; 8! 2~ ~O I :l!l i 10.! I 4~ ~O 5.1 I!!" 50 sa, ~!l
1??,,· .. ····I!." 18 il) .loJ I 7b ~s I h~ ~:I! ~~ 49 1 79 ~~ 
1,J.l(L ...... , II 8 4.J 30 I 87 .H 7.~; ,,3' 80 4" 7" "" 

IlIl:!7. ..... _! il 20 51! 37' 80 a:J Jl8 -,' 4!1 I' 00; 010 I 70\ 50 
lOas __ .... _ 77 18 M :17I' 78 33 /i·1 48 !II I 40 74 57 
1030.......1 Sil 14 51 I 32 SO! 3·1 72,' 51 87 017 75 tiO
• 1!J40··· .. ··1 7:: 1.5 52! :12 85 28 (i-I 401 S!l I ·17 77 57 
1!J-II __ • __ •• 78 20 01 42 8a :12 72 ' .50 j SO 012 7{\ 58 

11!l42 ____ ... 81 22 til, 30 f 85! 32 Ij.I oJ4 84 42 i7 54 
1!l4:!. ___ .__ 72 18 iH! 30! 88 I a2 Ii:! 40 02 45 I 80 I 58 
AYerll!:e. __ •1 70 10 501 35! 8(1, :i:! _ nit 1 47 811 H 70 ';7 

.July j August t 
I----~----------·--I--·--~--~----·----I----~-------------

Ycur I I ~Ielln 'I' I Menn , I :\Iellll 

____ High 1~llligh Low High Low IHigh ~ High ~ ([j~h I~ 
~ ~ ~ ~ ~l~j~ ~ ~ ~ ~ ~ 

1!l3L...... 100 52 85 58 114 40! 711 il4 78 32 60 44 
10:!~ ..... __ O~ ~~ i 85 ~~ 88 ~2 79 !!P 85 :If 7~ 5!
JO?".. ___ •• 10" ".), ~9 1!6 OS 

I 
I ~O I 8:? I!~ 87 :{!J 7-; ~" 

l!Ja7.._ ..._ 0·\ ·W II 8" h-I !J7 ,,0 8" On IH .1-1 72 ,,1 
1038....... 87 5:1 80 I 02 80 I 54 80 I 1i2 85 41 no .';2 
10311---''''1 0.5 52 82 04 S71 51 Iii U:! aa 72 55I 771
1040_...... 00 ·10 8a (14 OJ! 4-1 7.'l 58 88 a5 72 53 
!U.\l.____•• , or. 50, 81 GO. U:!, 4n 78 5n 85 a4 71 52 
10-12______ .' III ·HJ I 7!l 51l !J2 'I 4:1,' 70 I 58 8·1 I 24 US 50
Hl4:!. _, "'" 02 40 8a flO 80 48 SO I 58 85 :H (\(\ 43 
A\·orn~e._.. Oii 52 8a 62 92 47 80 liO 86 a4 iO 51. 

I !Odober November December1 
~.---.----'I ! .!Ycnr lIleall MOlln :\Icnn Annual 

! High II~ow High Low High Low IJigh Low High Low High l.ow High Low 

• 
------,-------------------------- ­

'10'• 41-"- 'f' '10'. 01". '10'. 'Po °P. 'P. OPt op. °P. 01". O~\ 

1934 ....... 80 20 (jJ a8 58 20 43 ao :lli -18 23 S lOt -lS 
193il....... 78 22 58 :m 54 7 ali 21 55 -14 20 10 IH I -31 
103IL.... __ 71 17 54 an 00 7 as 21 .'la -15 31 15 105 -32 
1037. ..... 78 21 5:1 a7 1\2 u :17 2:J 38 -2 20 10 07 -17 
J!J3S_._. __ • 81 :!8 (J.l 4» 701 1 4:1 2IJ 30 -12 27 1a !ll -14
103!J.____ cO S3 2·1 50 42 05 111 28 44 52 -7 3il 22 95 -16 
1940 ___ "_ 75 :13 li4 44 0:1 ~2 al. J!) 47 -I!J :lO 15 00 -23 
1941._..... 70 20 58 41 6S !I 411 28 53 -4 

I
3li III !J5 -20.1042_______ 78 14 511 3·1 03 4 -12 2a 3:1 -0 23 7 III -251943_______ 77 2.5 61 38 50 :I 37 21 40 -11 35 12 02 -25 

A\~CrIlRC____ 77 23 5H :m 62 7 :m 26 46 -11 29 13 ----- ----­
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TABLE 20.-.tlnnual SltIlWI(lI"Y oj minjall, rUl/off, lIlIll soil. loss by wtntcr period lind growing season on the control plots ~ 
CONTROL PLOT 1, l(;..}'ERCENT SLOPE, 3u.a-FOOT J.ENGTHl 

--.~'----- 1-3 
trJ1 1,rCciPitUtiOn------1j- 'Wnter loss ! SoUloas p~r ncre (")

::=Year "Tinll'I' cQvqr Crop Hlld tn'utlll('ui l-~~'---l-'" ,....".,..,- I - 1 I z, .wif!ter Oro\\'i1l1( I. "l'M,,1 Wif!tcr. Growing 'I'otul I Wif!tcr Growing Totul ....I I~('rlod ~eu~oJ1, perIOd s~nsou t period season (") 
:>­----~'-- --·~·-~~-·-----'----!-:r;;;,;::;;-r;::}.;::;·:·-;;;';;:'--!~'-I Incite., Inches 1 7'011., 1--7'-Q-,t-.~-7'0118 

,1033 •.• .1 Fldl~spudcd corn stubble•• __ •• Corn..... lL2li 21.23 j' :12.49, 4AIi. l.00 (L3G I 8.35 17.32 25.67 
t< 

103·1 •••. L ....do•••• _............. _.......dIL. 3.8S 24.9U, 2iUH! .72: 58!) II (LUI, .:37 42.42 42.79 to 
1035.. __ ' .•••do..........................do._ 13.71 29.741 4:1.451 .3U I fL07 !J4:l j' .07 lOS.44 lOS.51 
19~U •• ,!'. -"'dlo.- ............ • ••do. I:. IT ~O'F ~Q.Q:l I ~,~l 'I' ~.!)~ \ 12·g 12.~0 ~~_8~ ~~.7-1 ~ 
HI37. __ ...... 0................ ...do.. . (o.",l .1..0. .1.13. ..81 .. 7.), n.;)U! ,,·1 I "'L7. "".Olj

!!J;!S••. _! ___ .do........ -.... . •. do.. 8.31 ail.On. -13;10; 3.US I 14.2(l! IS.2·1 I La!! IO(Ul2 108.14 ~ 


....68.47A\'cr(t~'·l. ,h..,_,,, ··2~j?~i,=~;E:!z:C:lufi::~10It=]~~C~I::!~~ l Z 

.." 

1930.... 1 ..•.do. . .• Spring gmin·liw(·, ph,,"phorOlls, IS S7 25 05 : a!J5: .1. a.; , lCW j :1.471 Ii. 01 fl,4S CD 
! ami )Jotnsh. 1 : i i "-I 

1940._ •. 1 Alflllfll·t!lllothyse.tling..... First,y"llr hll),. . 21.UIl 2S.2..1 l :i.2,1: 1.8·1 i 5.08, 2.:19 .79 !' :1.18 c.> 
11141. .••1"'Ulllfll'lllUOthy lillY _ •.• H".,ontl,Yp.llr hllY.. a2.7(1· .\0 !I.;' !! .• '5 J.2!J' :1.8·1, .0·1. ,2(; .30 
1!142.••• !.....do. __ .......... ,....... Thinl·yellrhn)' :1I.0:J :W S5 5!1 ,1·1 loa j .0:1 j ,O·I! .07 0 
1!l4a....! ..... do...... ''''__ Fourth·yellrl",)" '18.:W _~ ~..:::. .!11 .01 .~..:~:',_.• ~~!:..:.:::.::.:::.:I__..05 

A\'emlll·.I... ......... . • 7.0B! 2·1 {iO 31. HS 2.·15 1. ii!l ". (].I , L 20 I 1.42 I 2.62 ~ 
----~----~--~"'""" ....~-,--""~--......---,...--!......... ..,,-~- j -~--~~'.--,~.~~ ~ .... ---. -~. ~-. ti 

('O",'1'J,OL 1'J.O'1' 2, lG·]'EltCE",'I' 1'1.OpE, j·15.2·FOOT LENGTJl! trJ 
~ 

1933••••!.Fllll~SPUd"dcOriistlll)lJi~;:: .~-:-:T·C~r~ .::...~ :-. "~-'- -C-"}I~2(; ":I.2S ,1:07' 24':5:ij~"4:C7;l!~6S:2l; .." 

:\ 88 11.22 1.!lI 8:l.1)(i I 8·1.97 
1:1.71 8.~8 .OS! J.l7.0·1 147.12 0 

!I.;;:-I, :lii.a!l I I:lG.sa I 162,22 "'l 
h.n~~ (i..I(J' 14 .89 I las.7ii. 1,;0,(;4

t~I~~~:: I~~~J~:':=~~:~: ~~~..:::::' ~: I~ ~~: ~~~::: ~ ~:': .. q !! 
S:iI 10.OS : H 07 j 205.lfi i 211.22 :>­1038--..1-·--·<10... ~ ,.......... ~. -" .. ·1· ..·.do.. . l ... ,......__· "' __·t______ 0
.~, ~-"" _____ I______ 

~-\vcrRg:c.. ___ ..._ ........ ~ ._ ..... ___ .... _...... ,_ _ ~ n.lo: laSI I 12:Ui!J i 137.·10 ::;: ....-~--:~-:;.-:--:104-:;::-:-:=::::::~~,-~~-;_:=-=:=~....;;::;:;;; ':::--~ ~~ _.;::; 
1930... .1 .....do .. Spring gruin-·lillll·, Jlho~phorou8. 6.87! 1.:11; 7.85; O.lli 

Q 

and lJOtllSh. 
1940.... Alfalfa·timothy secdinl.l. Vir:-;t-ycnr hay. li.:M 2S 2·1 2.3.j ~ ;3j'j} 0.10 a 77 [ 1.50 i 5.27 

0 
t:

1041.. __ .."Alfalfa·timothy hIlY.. . .• Secoml..yeur huy ~ . _._ ~ ~ __ S.I\I oIl)!1ii ;j !l7 , 2 20 U. 1705 ' .2·1 : .211 01942... . Full-sp.Hledlt:ly........ __ • Corn-lIIanun.' and liu1l' ~ ~ _ _ __ . 11.82 3ILS:' .20 I Iii 1.3ii I(l ; :1401 :1.62 
 ::;:1\)4:1... . Full,spllded eorn .(Ublll,,-- ... -1 Spring grain-JJho8phorOuti Hnd S.O(i 2(;.·12 ,0-1 ·12 1 on' 50; 55; 1.11 trJJlotush~ .. ·.-·---·-·----i--~._L_-__I--- ­i ! 708 24(10 :II (j-s"'--------.S"-5 : 247 I 4.:12; 1.171 2.721 a.S!1Averuge-l"" .. _:......,.i'.~~ .. 
f t t i 

---,....~--~-
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CONTHOL l'L01' 3, IO-PlmCEN1' SLOPE, 72.6·1'00'1' (.ENGTH ,. 

11l33""I" FlllI~SIJud"d corn stubb(~___ COrn ..._.. 11.20 I 21.2:1 1 :J2AU -1.41 I 2.04 
0.451 

27.0:1 32.80 50.S3o· I'. 

11l34-_._ ._._.do..._•..••. 0., ...........do... a.ss .24.\)6. 28.84 .:IS 6.43 6.S1 .90 61.56 62.52 

•1935._._ •• ___ do._ ••_••.•.• "0. .d(L.. la.71 2!l.74 J ·1:J..I5, .:.W S.GO S.SO .0.5 141.44 141.4!l 

IIl36. H ••••••do......... , ..........do.... .. Ii.li I 20.77 I 2(;'04 I 0.70 5.15 I1.S5 33.S1 102.25 136.06 
:J.02111137.........do.. ., ""'" ..•do..... 6.5;1 21.20! 27.7:l, 2.07 6.59 0.92 102.94 J09.SU 

JlI3S••_.1_._._dodo.... 8.al I 3500 J .1:l40! 5.34 13.37 , IS.71 5.00 155.25 160.251 
Aycruge.I.... •__••••· ••.. • .;=-~~31 [, 25.501 :la.8IC 3.44 I 0.4:J I 0.87 i 12.30 I !lIl.a7 111.67 .... 
W31l •• __ I. .do. Spring gruin-Iilll~, pho"phorous, j-·~7:Q81··-18.87j-25.i)5··- a.OI I 6 . .1:1 I 1.60 t 10.12 H.72 Z

2.221
f nnd potush. . { ! 

I !l40... i Aifulfa·tilllothy seeding.... First·yearllll)'... .... '. ~ Ii. 25 i 21.!l!J i 28.24 a.2:J :UJI 2.2,0 .02 a.12 ~ 6.24!1941.__ • l'alI·spaded hay............ ('orn-(illlcand lIIanure......... ' g,]Il! 32.71i' '10.0;'; 2.40, 5.fi(i R.02 .36 :16.07 36,43 Ul 

>--,31942.__ • l'alI ....i""lrd COrn stubble... Spring gl'l1in"phosphol'Ous and 5.82! :!l.Oa 1 ;In.RBI 1.35 I 4.80 7.012 16.35 23.77 ....11.151 ~potash. I! Cl 

1Il43•••• Aifulfli·tlllloth~·sccding••• __ Fi,,"l·Y"'lr hIlY.·.... 8.061 18.361 2(;'42 i .11 .OS .05 .02 .07 
~'~-I ._--. ­ ~l ~ 

AverugH_ .. _....... '.......... 7.0S; 2.' (i0 ~ at ns ' 2.02 f a.·18 5.50 r 2.a2 [ 12.70 15.02 ..... 

I i 0

__.,..L_~. _____ • ___ __,","" __ ~~._ Z 
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....
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I "'7.08 ~2.loo-·-;il-:USj"~i~3il;'1A5 ----;~! .-15 2.32 j 0 
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See fO(jlllot~s at end of table. 
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11133:· .... ,. Ci~lfl;,;;iTI):~c~~:-:·-··jIil)~:·~..-:~-:----.-.. ~..----iT2(l 1-' 21~2a ....- .. :12.:I!l"--~:ril() 0: Jij , ·.i:03-!--"ij::~!0":15 O.m 
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T,\\Ii,tJ 20.-.4 mlll(li .~IIIIIIII(lr!l 0/ raill/flll, rUI/(lff. (!lid .~oilloss b!l1l7illier pcriflri (!I1d growillg seuson 011 the cOlltrol plots-Continued ~ 
CONTROl, PLOT II, .16-l'I':RCENT SLOPI':, i2.f>-FOOT LENGTH 
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M

l)recipitutioll 'Vnler loss Soil loas per ncre C':l, 
Z=Yeur ,\"'illl(t1" (~u\'cr Crop nnd trcutmcnt 

WiI!lcr 'CrOWing I 1".;'lnl Winter IGrowing Total Wi~lcr IGrowing I Tolul 
penod scaumn; period seRSon perIOd seuson C':l'"' :.­._---' ---- t<• Jnc/u;s. t 1~~dl~. f J 1I~},C8 Illdu!..8., llirhu Jllc!,es TOilS Tons To".

10:1:1. _ VIIII·spnded Flll1ow1' !ltns IHllIHlrc4 IL2b _I _.I! :12.-10 ~,"_ 1,48 6.00 14.90 21.~0 36.aO 
.l03~ ... ..•do .. . ...dou .• - ••• - •.. a.88! 2~.!Hi 288-1 1.25 i,Hi 8.41 1.28 108. Ii 168.45 
1035. .,do. ..do%#_~ .. 1:1. 71, !!!I i·1 I ·1:1..15 .45 8,41 8.S0 1. 74 20:1.61 205.35 d 

tIj 

W36 •• ..do. . __ ,doU ... fl. Ii I 20 ii I 2fU14 5.28. 5.:12 10.60 :19.72 120.02 ·168.i4. t< 
lOai •.• .do. do". •. 05:1, 21 20 i 27.7:1 3.li2 :l.oli i.18 4.11i 136.20132.1:1 I ~ 1938. '" .do do" 8:1I! :150!J i .laAO. ~.OI 12.021 16.0:1 10.02 2~3.M 253.06 
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1935•.••• ___ .do". ..uo.. __ Ia.il 20i·1 ·la.·15 .UO ...... . .Oll I .. _. _.. """' __ ......... 0 

JOa(i •.•i .. __ .do••. .do._. n Ii 20 i7 2!i.!J~ :I.W ........j a.1Ii I .171 .01\ .IS "!l 
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1Il3S .. j ..... do. .do•. 8 31 j a500 4:1.40 2 JJ 0:1 I 2.1~ . Hi "........ • III ;.. 
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~}g~3:::~::::::I~:" . ..'" ····~:::l:::: ::1 In~ l ~gn 21l.!J.I 1 00 .78 '00.00 Ul1037.... ! ..... tlo, ... .... • ",' .. do. ..' liii:l I 21.20 27 7a .2-1 .·1·1 .0:1 ,1).1 
W3S.... j.••do.......... . .,10., ....1 S 31! 3;'0!1 43.,1() 2 llll .Il:! .:lil .,1:1 o 


Z
lAO 2 !IS .23A-;'cl'Il/lc 1·--·--·.. ____._~__ -'.... ~.._~·..:.:..:_.=:--:-~:.~·.:~1._ S.~11 2[j 50 (-i:Is.-'-·-'i.5s: o ..-<~=-'-. -. --.-- ­ o

CON'I'HOI, 1'1.0'1' H, :IO-PEHCI;;Nl' SLOPE, 72,Ii-l1()O'l' 1,1:::\(;'('11 ;.;I, 

IO:l!_... Full·apu<led corn stuhbhl~. :::.\ ·to~U=:::·~':'~__.:':::~:.::.'~ :-::'1. -';qs! ~7 .~G i 2~.Sn 0. }"!!~'~!F7, ·O.O:I·!' ""':I7:f:r---14·j. ~(j ~ 
103".... _••••tlo .............. __ • __.. 1....<10 ..........__ • ----""J 13.11 _.1 .... i .I.{A,,; .3., /.'i> S,W i .lO I 11~.,,1 114.(,1

10:10.___ .....do •••• _•••___ .......... 1. ....do.. _.......... __ ........, lUi I 2ll.ii· 2IUI~; ,·Hl i -128 ·1.i4, .29 105.53 105.82 o 

t"'

11l37.___ .....<10._._. _____ ............1. _•.do•• , ..... -- ..........1 lL5:1 j 21.20 I 277:1 I .37 I 2lH, :1.21 I ,UI 1-11.37 1-11.:18 

]038. ___ •••••do __ ...... __ ...........I.....<Io... ................... 8;!l :lil.o!l, ·1:1.-10 4.47 \ U51! 15.0S I IS.67 i 21!l.3:J 23S.0()


1, I "-:-::;-l-~i~---··-:--J----I----·-1--::-;"'·... t--;--q-,' l ~9:*'( .),,",crugc • ___ ••.••• __• ____...............- ................-...... I.'~ 'I -b .•l". 31.0" LlIl 6.10 \' ,,,U I ,1.8_ 1_,).69 I 1_9.,,1 
---!...-------~~---------'-__..:...__..;.I__.....:..,_.__ __ __ •.•_ ....:.__ • .~."".._.__ 

c. c.o 

" 
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TMiI,E 20.-.'1 nnual.~WII/l/(Jrll of rai11fail, TIll/off, (lnd soil/oss bytLinler 71criotl (lnd. growing .~c(lson all. fhc cOlllrollI1ol.~-COllti/lucd 8 
CONTROr, I'LOT 15. lfi·l'ERCENT SLOPE, 72.6-FOOT r,BNGTll 

to5 
t 1'rccipitution 'Yater loss Soil loss per ncre (j 

"" 
I:!: 

"·int(~r l'O\'('r CCOI'! Huli trC'ntlllcnt Y~nr I Z 
HTotnl TotnlWi'!tcr IGrowillg I Wi'!ter IGrowing I Totnl IWi,!!er !'. Growi,'g I nperIod scason period Benson period st.'usnn :.­

"'---"---~'- -------,. t"1I1cI.to. I IlIcl.es Inchcs Inches f Inrlu:s J 11IrJu!s I 7'mur \' TOlUr j--T-or-I$­,---­
l!l:ii._.j I'ull.sputled s()ybe"n~ .• , __ • f;oyl)(,nI's .•.•. _.. __ r,.5a I 21.20 I 2i.i:J 3.81 I 3.3·1 I •. 15 0.27 62.851 G3.12 l::d
1!J3S••• ,........tlo,,_._... ('orn........... .. .. 8 31 I :!5.00 013."10 2.·15, 1;'28 I ](l,;3 I 1.71 110.0:1 111.74 
!!l3fl••• 1 FIlII,spllded corn lltllhbl~ Win!cr·gruin-ph\l.phorous IllUl i.08' 1887 25.{)5 ·1.12 i 2.00! 7.0S I .02. 2 :!i . 2.\l1l t:l 

t" 
: pottIsh. t"

1040.. ~~"i t,:lovcr-tilllothys('{'(ting l"ir:;t"'S(,~lrhny .... ~ ... ",,-~ ,,~- 0.25 21.!lO ' 28.2-1 2.20 i 2.3:3 I .L5:1! ••. 60 t 1..13 I i.O!! 
HHL ••• j }nll'spllde,1 blly......... ('orn-Illne und ''''''lUre ... "._ 8,1H 3270 40.05 !Uj:l I 1l.25! 8.78 i' .2fl I 70.84 I 71.13 tr1 

0-: 
HH2•• _.! FIlII-spndcd rOrn ~tnbble. "'1 Win!er'f(rnill-phosphorolls Illld 5 S2 31,0:1 3(1.S5 2.80 I :l.00 I D.IlS 3.07 ; 2 2·1 • 5.:n ... 

i I potnsh. I Z 
1!l~:1... -I Clover·timllthy S"Cllillg First'~'ellr hny- . _.. . • •. 8.0r. IS :10 ; 2fiA2 : 1 IS .07! 1.2.1! .021•• _••.••• i .02 

<0 .._---------.-----­ -t 
A\·C'rnl!.r i_~ .. 70S 2·I.UO :lIGS 2.5R 2. f)oJ ;; 52 i Ln:J ; 15 ;I!; Ii.al ~ 
L~-:!~" 

~ C:OXTROL PLOT IG, 16-PERCEN'r SL01'I':, i2.G·FOOT L1::XGTlI 

!!I3;.-:-::;-AHI;li,;:ii.~iOrh;; I";~;-:_ ., , Old I;;;-Y:-:--'--~ ~- -.- .. fi.5a "2'}':20-j 2i. 7!J ~ 2.fi7 '---O~IS '-275 000 . ti 03'7 -----O:-O!J :n 
1fl3S•••• , Full-spnded hny, . """ ("orn .. ~ ...... _ ... ~-'" ... _.>_~ .. _ 8.31 :m,oo ' -Ia.·lo: 2,iH Ii 02 8.113 . Ii ·Ii 10 I -Ii .3:1 
!!l:!!). . Full'slliided curll stuhhle. Spring-Jtrnin-pJw$pllOrOltS and 7.08 18.87 2,).05 2.18 2 21 ·1:111 . fl·) 1.'15 ; 2.3!J ;::

potush. t;oj 
1040_. __ ; Cluver-timothY"ceding • First-ye/lr huy... • 0,2:; 21.!)U 2S.2·1 2.13 .au f 2 ·10 1.33 .14 1.·)7 ":: 
I!HL ... i FlIlI,splldrd lilly ......... . Corll ............... . ~LHl 32 iii ·IOU;; I. i-l oj. 10 6.S·1 .]01 :l!i.65 31l.70 
1!J.l2..... t FlIlI·spndc·d cOrll.$tuhblc .. . s..prill~-I(rnl" •.•_ .i.h2 31.0!1 :lIUi;; 1. iO , ",an o (),j I·LOS 2!l.lS ' -I3.2U 

S 

1I)'!3 .. _••Ii Clo\'er-tilllothy s('cding I·,r.t-ycnr hill' S.Ot) 18:10 2U·12 LU4 01 105 .02 .02' -.-.<--- - 0 
'=:l'-~-'''-'.''''< 

.A'·erage ._>t •• ~ 7.08' 24.(iO :!lGS 10·1 2.41 .j :I.) a.:lo 13 4S In 7S 
~::!iL_ :.­

0COXTHC)l, 1'].0'1: Ii, lIl·l'EU('gXT SLOPI':, '2.0·FOOT l.EXG'1'1! ~ 
-

10~0.... Fiill=-sIlUdetf'gru'il, stlihl;)(. ('orn ,:lirne-tlll~f 111tllltlr(; -_ ~ __ (l.2;; .21.flO :!~f 2-1 ~ '0::12 1.5:1 l,n.) 22U 'i:r:la~m (j 

19·11. ... Full·spuded <,urn ~tubbl(', Sprillg-J!r:lin·~ pht)sphofv":$ UtlU 8Hl ~t2 70 ·10,05 2 7{i • fLOi ~ ,S!! I 0;1 ·1302, ·14.0,'; t:l 
Iwtnsh. 

11142.... Alfulfll-(illl(JUw 5"edillg J'ir~t-Yl'lIr hay, :>.R2 :1I .1l3 allSi; I,H2 ,U2 !! 2.' .:{2 11 ·I!! S 
,.;;

19·1:1.. ,. Alflllfll·tillloth)· huy._ SN'ont!-yeur hn~~ ::i.01l Isan 20..12 2.07 OS 2 15 on 02 .os ,< 
;::: 

AVt:rllJ.;t· i.OS 2()0·1 :la.12 I 72 2 US 3M! .!J~ 1-1 12 15.(H t.".l 

http:IlIcl.es
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CO:-l1'JIOL PJ.01' 1$, IG-l'EHCEN1' SLOPE, 72.6·1'001' LE:-IGTII 

l!)TIi :; T.'';lI:;;JlltlCJit'n.i.i·~tlibhlc Corn lime nnd mnnur~""" __1 U.2.'i' 21.!J!J I 28.24! '--o"1iij-'-:C!JO :J:8ii" 1:l.4tl '-:i:l'iiz­, 30.'1R 
1!J41 i FlIJI,splulcd c!lrn1!luhbl" .•. Spring·grnin-phosphorous nnd 8 H) :l2.7(j 40.9ii: :3.70 ILii!l 1~~.29 ~ L23 n.w 74.-12 

. 1 . . .potnsh. I 1 I' , . .
1!J42...1'\ffulfll·lUllulhys"edlllg.. _.... Flrst·yenrhny___ ............. 5.82l ;l1.03l :la.S5 .02; .ili! l.nS :30 .-IU i .ilj 

1\143 .•• j Alflllfll-lirnot"hy Imy." •• _.... S"cond-yellr hny•• _. __ .......[ 8.06 I 18.36 j 26.-12. 2.02; .Oi; 2.ml! .06 , .02 i 08 


I ----. . ! ----,---." ---"-"'-.-....--;--~-
,\v('mg,' ,'" ..... ........ ...._________ ........ \' 7.08 1 2(;'041 33.121 1.91! 3.83 \ .5.74' 3.7u 2-t.2.'i! 28.01 Z 

1 1 I I I <: 
-----~~-..---.---~ ...-.----~~----..... -- .. ~--.~-" -"--------...~-.-- t;:j 

CONTHor, PLOT I!J, !;·PERCE:-I1' SLOPE, 72.0·1'00'1' J.ENGTH W
...: 

_. "--~-~- ---~~- "'-- ~--.,.......-- ...-­ ~]!HO....f Orllil~ !;ceded ill·CO~I.;t.Ubbi(;"':-::r"'iJ\tcr.grnin phosphorous nll(11 Ii .25 j 2('!JD 28.24! --2.02'-" 223 ·125 2.:18 1,35 i :l.:a oi potnsh. . ' ! ;..1041"" .. ~ Ftll1-8pudt~d ~ruil1 t;tuhblc ____ .. ~ Curn-lillle und nuUlurc__ ~_~ ... __f 8.IH ~ :~2. 76 -to .. H.1 2 .·I~) -I 33 D.rn .00 10.38 Hi. (;.1.I 
~J!J42 • I FtlJl·~pndcd "orn stubbl"h .....!Spring·gruin-phosphorous Ilnd j ii.82 i 3LO:l :1';'85: 2.BI !!.5t ii.12 3.~0 .J.O;; i .45 

I , pola,h. I I' : o 
1!J4:L__ .! Alfulfu·tilllothy seeding...._._! First-yellr hnl·_. __ .......... __j._~.O(j., IS.3(j !lilA!! j__ .~2~,___~:.. _ __.......:.~: z 


w 
\ 'c • ' , I -OS' "('''1 "'j I" , ') -I' .) ?- I 0 !J{',J' rngf" l' ... -~,. ......... ,. ..... ~ .. --- .... ,,~- -..... ,-" -,. ... -~ .. ~ ... -- .. ~~-~-" I.. f _1.,-," .]•• - , _.1 I - __ I + • i 

~___,~_ ..,~_~,,__..,..__._____-.l___, I Z 

CO",TnOL I'L01' 20, tl·PEHCE"'1' SI.Ol'E, 72.G-FOO1' LE",GTll 
t;:j 

1!J.fc.TFllii:;p,~Je~rc.;r'~·--.:-:::--1 Spril;g.grllin pllO"phorOll8 and i ti.2if~:!Jg--2S:-2-ri I IS I.S!) 3072.21 "-T.'ii'--:r.!i:! ::0 
• .r '..' • ..POh~s.h.. I . (I . ., _> I ' ,.' •• • o 

\!J41. •••, .-\lfnlfn-tllnoth) sec~hng. __ • __ . Flrst·.Hur Iml. ___ ••_....__ ...1 8.1.) I 3•. /b. -10 ..).) ,{."It . iii :{,7!! .un 03 w.U!l ......1942••••' AlfaJ(n·tilllothyhuy.......... Second.ycnrhIlY ___ •• ______•.• j ;;,82 j :1I.D:l; ;m.S5 2.35 ,OH I 2.4·1 .12 
 .01 .I:~
J!J43 __ ._. FIlII.SPlldedhlly......... _..., Corn-lilllclllldmnnllr"__....._ g,O(i i 18.:!li + 2(;.-121, 

I 

L:l3 .02 1.3;; 0-\ .O~ 
o 
Z 


"fi-t 2.(;-1 . Iii 1.0;;Average !----....... --...........--.......-.............. -......., 7.08 I-~i ~~~~f=_~~~,·- ~ o 
CONTROl, 1'1.01' 21, G-l'ERCENT SI.OPE, 72.G·FOOT 1.ENGTH 3 

19-10· ___1(lrnll1se"cledill'corn.tubble...· Willter-gruin-phosphorou""lld I 6. 25 1 -21.!J0 28.24 I' i.oT;- - 2-1o-··a.ii;1-2~Oif--'1--:2f :fa;; 5: potush. 
w·u •••.! Alfalfn-timothy hny.......... First·yenr hny....._.......... 8.19 :12.76 1I 40.95 l 2.79' .04 2.83 .02 .02 t" 
1942....1 FlllI·.pudedhny............_ Corll-lilJ1eIlUdlllnllurc....._••' 5.82 ;11.03 36.85\ .71 .05 .76 .21 .15\943""1 Full'sp"tlnd corn stubble.•• ___ Sp'rillg'l(min-phosphorous "lid 8.0G 18.36 J :!ll.,12 .62 II .02 ' .Il-! .03 

potush. ~ j 

1----·1---- ----;----- -----!-----
Avcrllgc I................--.· .. · ....1. . .................. -. 7.08 21L()4 33.121 1..t-ll .•j:; • 1.9!1 .iil> .:lG 

___--,,___ { t ~ i .-. _._ -'"_~'+-'__ _ 

l­
C 
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~ 
1'.ABLr} 20.-Annual sUlllmary of rainfall, Tll1Iojj, and soil loss by winter perioel and growing season on the cOl/lrol ploti>~Continued 

CONTROL PLOT 22, 6-PERCENT SLOPE, 72.6-FOOT LENGTH 	 ~ 
t:;! 
oSoil .loss pcr acre ::= z .....Year Winter co,'cr Crop and trcatment o 
:> 
t"' 

b:I
l!J40----1 Fall-spaded corn stubble_____ _ Cl 

~::~~~:~ -:~;:I~:-~!~:~~~-:c:~~~:~~~~~~: 	 §
1943_ ___ Alf3lfa-hmoth~ ha~ _________ _ 	 ..., 

Z 
~ a5- tons per ncrc~1 Slope length of 72.6 feet from 1939 on. ::0'8 inches of surface soil were removed from this plot in 1932.: Hoed to control weeds. 

::: 
TABLE 21-Rainfan and soil and water losse.s from control plots 1wdcr various kinds of vcgetation and froll! a cultivated fallow 'plot, ~ 

by classified groups of rains', 1933-382 

t::i 
l':1 

Soil loss "dAmount of 
Rains rainfall "Tater loss per acre ~ 

o
Percent of 	 I:::jRainfall Amount rainfall group and Vegetative cover 1938' Average Aycr­

plot No. 1938 I age 
:> o 

1Causing \ Causing 1938 Avcr- ....\vcr-I I'~::-	 E!Total I~ Tota1 runoff ___ ~~ 1938 ~,______ o 
Cl,Y.",. N.m'. "'."'" N='" I"~" I:"'~ II"d. I""" p~", Pm,,,' ITOllS Tons t"' 

Annual:1 	 H10_____ _ Blue grass, unclippcd _____________ •• ___ _ 	 98 3 ,,9 I 3".091 _".,,0 0.03 0.02 0.08 0.08 _•• _ ____ 0.01 
8______ _ Fallo,,'____________________.-.___ .---- 98 27 59 Iii __ • ____ .•_______ 12.72 6A7 36.25 25.38 310.43 Ii7.82 d 
3 _______ Corn annulllb·o _________________ • _____ _ 98 :iO 59 16 __ • ___ •.1._______ 13.37 6.43 38.10 25.221155.22 99.38 
4 ______ _ Grain annually_________ ._ -_ -. ____ - ___ _ 	 98 32 59 18 ___ ••• __ ________ 10.83 5.25 30.86 20.59 21.44 14.80 ~ 

98 23 59 13 ________ ________ 10.40 4.97 29.64 19A9 70.85 51.20Corn in rotntioIL_______ ............ ______ .. __ _
5,6, i_ ..._ !l8 26 59 16 ________1__ ._____ 5.35! 3.83 15.25 15.02 23.08 19.115,6,7__ _ Barley in rofntioll __ ... _____ ... _.. _______ ... __ _ 
5,6,7__ __ Clover-timothy hay in rotution _________ _ 	 98 20 59 9 ----____1._______ 2.63 lAO 7.liO 5A9 1.11 .43 

http:25.221155.22


__ _____ 

lliolt-fador 
rains:10 ______ 

8 _______ 
3 _______ 
4 _______ 

5,6,'7___ 
5,6..7_ ... _
5,.6,7___ 

JlIOflt:rale­
factor rains: 10. _____ 

IL _____ 

w:l. ____ ._ 
4 _____ - ­
ii, 6, 7___ 
5, G. i ___ 
5,6,7___ 

Low-Jaclor 
rains:10______ 

8 _______ 
3 _______ 
4 ____ ._­
5,U,7___ 
5,6,7..... _ 
5,0, i ___ 

• 

Blue grll!!S, uneJippc<L_________________ .1 8 

8
Fallow ________________________________ 
Cor!, annually______ • __________________ 8Gram.annual!y_. _____________ , ________ 8 
Corn In rotatlOn .. _______ ............. ____ .. _... __ 8
Barley in rotntion____• _________________ 8
Clover-timothy huy in rotntion__________ 8 

B1uc grass, unclipr.ed ___••. _.. ____ • _____ 8Fallow _____ wow_wow. __ • ____________ ow, 8Corn unnuully..__ ._._._., _____________ 8Grain annuully___________ •• _w_ • 8
Corn iu rotatioll____ .. _____ .. "' __ ~ .. __ .... ___ 8Barlcy in rotation____________ • ____ • ____ S 
Clo"er-timothy huy ill rotntion._ . _______ 8 

Blue grass, ul1clipped._ .... _.. ___ . ____.. 82Fallow________________ ._. _..... ______ 82 
828~~rl1~:::.:'!11~:~:::==:=~::: :::::::::::: 82 

Corn In rotatlon______ .. ,.."" ..... _............. ___ .. _ .. 82 

Barlcy in rotation_____• _____ • _._ •.•••• 82 
Clover·timothy hay ill rotation _. __.... _ 82 

3 
8 
8 
8 
8 
8 
8 

0 
7 
S 
8 
Ii 
7 
8 

0 
12 
H 
1(; 

9 
11 
4 

ii 
5 
5 
5 
5 
5 
5 

6 
6 
Ii 
Ii 
(j 
Ij 

Ii 

48 
48 
48 
48 
48 
48 
·18 

1 Runoff-storms are divided illto 3 groups hy use of the runoff factor us follows: 
The high group include.. storms with factors of 11 or more, the moderate group il1­
cludCll storms with factors of frolU 5 to 11, and the low group includes storms witlt 
factors of less than i;. Erosion-storms arc divided into 3 groups by uSe of the erosioll 
factor us follow.: The high group includc" storll1s with factors of 11 or more, the mod­

• 

1 
4 
5 -" ------- .. --- ...... ­-·=~:~~----~:~-I 

5 
5 

5 

===::::::=::::::I 
4 

• 
.03 

8.91 . 
02 

4.29 1 
.W 

W.W 
r.-P

M.ro 2M.92 
.01 

154.16 
9.94 
8.34 ti~ ! OOA9 

55.n 
~.U 
46.n 

125.82 
14.84 

8&.87 
10.60 

8.32 
3.74 
2.36 

3.2.62 
65 1 

1.21. 

~M 
25~02 
M.m 

45.~ 
32.n 
U.~ 

57.26 
15~25 
1.06 

44.67 
14.07 

.33 
! ..... 

Z°5 ____..__________ 2.3.5 L62 39.10 23.34 23.90 16.55 <l 
5 

6.01 6.941..------1'------_.'-------. ________________________ 
_____ • _______ ••• 1.70 1.53 28.29 22.05 19A8 10.91 t".l 

6 	 1.631 1.17 27.12 16.86 .89 1.61 
4 1.09 1.03 18.14 14.84 11. 72 5.70 ~ 
6 l.:U LOO 21.80 14.41 .2(; 2.08 o::::::::::::::::I 
3 	 .22 .14 :Ui6 2.02 .02 .02 ;.. 

>-3.... 
o o 14.13 10.56 1----'--- --------1- ..·_.. -\-·------ --.----. -------- z6 ________ ••.___ ._. 1.46 .56, 1.0.33 .5.30 20.61 7.11 rJ) 

~ :::=::::=:~ :~:=1 l:~~ :~~ 1~:~~ I t~ g:~~ ~:~ 	 .....
4 ._.____ •••.••••• ; .99 .29 7.01! 2.75 1.87 .83 
~ ! 30 "I " 1')'-I'1 99 - ~- " 96 

Z 
.J - ... ---- .... ~- '-,..- ~ .. - - .. I~O)I -. 
2 .••.•••.• --- •.••1 .05 1 .0;; .35 .47 .03 .08 	 t".l1 

o 
~ 

crute group inc.-ludes !5tOrIllS with factors of frolll 7 to 11, und the low group includes: rJ)
storms with fuctors of leiS than 7~ ..... 

, Data arc Jor the pcriod, Apr. 16 to Oct. :1I. olll~·. 	 o 
• Year of highest soil loss for period eO"cret! by tht;; tuble. 	 Z 

(':) 
o 
Z 
>-3 

o ~ 
t" 

~ 
C/.j 
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TAIII.1·; 22.-Hoillf(l!l oml soill11/(ll('nlcr lo.~.w?S from sCI'crcly ('roded (lnd modero/ely ('rodcd conlroll)/ols 111/ r:l(/s.~ificd groups of rains,1 1940-432 ~ 
--~--.------------~--~ 

Amount of Soill()s!'J ~II ltninH rninfull "--uh'r loss per ncre 

llninfn)) grotlp, degr('c of erosion, t--- 1041 3 Avcrnge 19.J1 Avcrngc. Percent of ~ 
nnd ('TOP Amount rainfallI 

I 1 -- I!!n A,'orngc ~ 
ICausing Cn\l~ing I I t' 

______••_______•______ ~_ runolT Totlll runolT Totlll ._~~_~_ AWrIlllC J!J.\I I~=-____:____ 
b:I 

A'umlJrr .Number Num/l{f JVumber lllcln"'l l"clle-Of IllrlH~8 IlIcht:." Perc,mt Percellt 'POllS 'Pons o
AIIl1ulll~ 

St>,·cn·ly l'TOd('d. (~()rn ... _",_ .. 75 Hi 7·\ II a2.711 2li.O·\ 5 .• in 2.·\:! .W.!!7 11.3:1 :16.01 15.70 ~ 
J\Io<lcl'lll,~ly "1'0<1(0<1, oorll.... ._ 75 12 7·\ 8 32.7U 2li.O·J ·1.28 l.Sli la.OO 7.14 :35.12 J.\ .27 
HpYcrt'ly erodf'ti, 8)1rillp; grnill. ~~~ •. 75 20 74 18 :12.70 26.0·\ I LS!l iiA7 a5.as !!LOI 7:1.10 20~05 ~ 
:\Iodc-rntely ('foded, sJ1rilig grnin .. ,._ .... 7il 21 '/.\ .Hi 32.76 21i.0·\ 1i.07 3.02 IS ••;a 1 \.tiO 4a.!!2 H\.24 I-< 

Rp\'I)I"'ly cro<l,·d. lillY••• __ .•• __ •.•.• 7:' II 74 J\ 32.71i 26.0'1 I.72 1.37 5~25 o.2() .85 .57 Z 
~lodernt('b" CI'Odl'd, hny...... ~ .. 71i 10 74 7 :!2.70 20.0-1 I. 28 ,61 :U)l 2.34 •Iii .20 co

I1igh-fllctnr rnin$! 
Ht~\"(*rt·ly ('rodell, ('01'11 ____ _ 7 7 ·1 4 \1;'10 8.li8 ·1.00 2.0·' ::J2.45 2:1,7S :H.!lS H.!l4 §1 
::\lotil'rnt('ly eroded, l'orn ~ ....... 7 7 ·1 .\ 15.10 8.58 :1.9:1 l.Or, 2n.['~ 1!!.:15 :14.40 13.-1-1 
SC\"I'rdy l'rml('rl, slH'ill~ gl"aiJl_~__ 7 7 ·1 .\ 15.lO 8.58 7 .. 85 a.49 ['1.HO ·1O.liR 60.14 22.21 
l\to(lemtt·ly ('rodl'd, :-lpring graill_ .. ~ 7 7 4 -I lIi.1O 8.58 ·1.5:l 2.12 ao.O() 2·1. 71 41 ~fi7 11.87 ~ 

.....Sl'vl'1"(liy prodcll, hay," __ h .... _ '" ~ _ ~ 7 7 4 .\ 15.10 8.!iS 1.58 1O •.\{j 12.IH .S:I .501. ~ ~ Ull\IOIII!mloly "rod"d, IUlY.... _• ". 7 7 .\ ·1 15.10 8.,,8 1.22 ",6 8.08 1i.53 .00 .H) 
l'Iodprntr.-fnctor rnins: 

Sc,'prply pruucd, ('01"1\ .. _'"' ~_, _ !l (j ·1 ILO" .10 U2 .:18 10.25 7.4" .31l .35 
l\Iodcrutf·Jy ('rotied, ('orl1.. _~_ .. _~ !l -I :J G.05 .10 .:1:1 .I!! 5.-45 :I.7:l .3·\ .13 § 
SC\"C'l'dy (·}"o(it'o. ::tlll"ing grnilL~.~_ !) !l Ii G.05 .10 2.0!! 1.34 3·1.55 2U.27 S.H) :1057 ~ 
.l'loderately c~rodt'd, 81wiHg gntin .... _ !l 7 Ii 1;~05 .10 .77 .5!! 12.7:! 11.57 1.2:1 2.88 :-:' 
Severf'iy ('J'uded. hny,~ .. _,... ~ ....... ' .. .- !J ;! ·1 (j.05 .10 .12 .21 LOS 4.12 .0-\ 
1.lorlerntl'iy ('rode,I, ltily............ !) 2 2 IU)5 .10 .05 .04 .sa .78 .01 o 

] .. ow-ful'tor ruins: "':J 
Severely ('rcd~(l, t'OI·II......... .. ,;!! 2 Ii:! 1 lL1i1 lC:.:Hi .0-\ .01 .:14 .08 .70 Al 
l\lodemt!'ly Nod,·d. corll......._....... 50 I O:J 1 II.lll I2.:lU .O~ *02 .17 .Hi .:lS .70 g;Scv('rdy NodNI, sprinl!; ~rHin___ ...... _... __ .,._ 5!! l() Ii:! R J1.0I I2.:lfi LOii • Ii-I 14.21 5.18 ·\.80 4.17 
lVlot1crutcly C'J'ollf'ti, ~Hll"illg grnil"i __,.., __ .. _ .'ill 7 Ii:! 5 1LUI 12.30 .77 .31 O.U:! 2.51 1.12 I.·I!) ~ 
~e\"f'r('ly ('l'oel('d, hay",,_ ~ __ ... _ 50 1 63 a ll.lil 12.:lH .02 .05 .17 Al .02 .oa .... 
Modl'r11lo1y "roded, I",y.. _ 50 1 6:1 I II.Ol 12.3G .01 .01 .on .OS .01 Q 

----.- -------'--..--.~----'--
o 
t' 

1 RUIlOff-:;tOlo Il1H nrp divided into a grollps by usc of the runoff factor as follows: moderato group includes stormi; with rlll'tor~ of from 7 to 11, uucI th~ low grouIl ill­
trhc high group includ(~s storllls with ftu,tol's of 11 or mon', the motlerntc group in­ dudPM HtorlllR with fnetors of less than 7. " d"" 
cludes storlUfi with factors of froll1 !i to 11, and t1j(~ low group includeB storlll~ whh :I! Data urc for the period, Apr. IU t(,) O(,t,. aI, onh~,. ~ 

trjf~H.'t.ors of J~ss thnu 5. Brosion-stOI'IHt; urc divitir'tl into a groups by U'dC of the erQ­ :I Ycar of hiJ.!;hest Hoilloss for p(~riod co\"cff'd by tllis tllhlr.. 
sion factor H8 foHow::;: Tho high group indudes storlns with fnetol's of 11 or more, the 
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TABLE 23.-Rainfall mlc1 soil. alld waler losses from conlrol 7)101s of I!arious lenglhs, by classified groups oj rains,t 19J8-382 

[Corn grown annually1 

Amount of Soil loss 
Rains rainfall 'Yater loss per acre .... 

Hainfall 
group and Length of slope J938' Average Amount ~ 1938 !Aavg".;"- I I P:~i~f~tf I I Aver-

Z 

plot No. U2
I --------, I ---- age 

g:
j1938 

Causing Causing A\·cr- Aver­'0 

Total runoff Total runoff Total Total 1938 age 1938 age/
·-------------1 ",Vumbcr ~ J.Vllmbcr .Number) I1Icites ,Inches Inches Illclles. P(''rCCllt Percelli--Z:;;;;;;---Z:;;;;;;- ..."" 

...inntlal: oL _____ _ 36.3 feeL ___ . ___ ._._ Z3 ______ _ !l8 ~1 ~O H; :35_09 I 25.50 14_~6 ~.46 40_641 ~~_3~ lQ~.~2 6-1.5972_6 feeL __ .• _____ .... 9S 30 ,,9 16 _. ___ .__________ 13.37 6.013 38.10 _".2. 1"".•2 99.38 U2 
2 ... _____ _ 145.2 IeeL_. _____________ • __ !l8 31 59 16. ____ ••. 14.012 6.36 41.09 24.94 205.15 123.58 ....1Jioh-faclor Zrains: I1 ______ _ 36.3 feeL••... __ . _. _ ._. _.•.• ___ .. __ _ S 9.75 -1..29 65.221 53.633_____ ._ 80.11 I 54.84 t;:J72.6 fccL ____ ._____ ._ .•. _..••..••.• 8 9.94 4.011 66.49 55.13 125.88 85.872 ____ ,_ • ~145.2 feet. ___ II !I !·I::~~::~.i:::~~~~: o8 !l.81 ·L18 65.62 52.25 155.71 106.26 

)foderalc-fac­
tor Taius: L __ . __ _ 

3 ______ _ 36.3 fcet ____ .,. 8 2.46 1.64 40.93 23.63 7.69 o
72.6 feet _____ "_' gI 17.4218 1. 70 1.53 28.29 22.05 19.48 10.91 Z2___ .. __~ 145.2icet___ •• _. II ! I:::~=~~J·:~=~::I 

U2 

8 6 2.68 I L61 H.59 23.20 21.78 11.04 
Low-faclor o

rain8:L _____ _ o 
3______ _ 36.3 feeL __ ••. 82 15 I 48 53

72.0 feeL. __..• 1 2.
05 1 1 14.51 I 5. 02 1 29 1 2.06 Z

82 14[ 1.73 All 12.24 . 4.64. 9.. 9.86 2.60 ~.J8 I2_ ... _.. __ _ 145.2 feeL __ ••.. 82 15 , 48 1.93 .57 13.66 5d() 27.66 6.28 ::tii I::~~=~~=I==~~~~~:I , o 
t"' 

1 Runoff-stornls arc divided into :l groups by usc of the runoff factor us follows: moderate group inCiudcs storms with factors of frotu i to 11, and the Io\\r group in­
The high group includes storms with factor. of Jl or morc, the moderate group in­ c1utles storms with factors of less than 7. 

cludes stor'n" with fnctors of from 5 to II, and the low group includes storms with 'Data arc for the period, Apr. 16 to Oct. 31, only.

factors of less than ". Erosion-storms arc divided into :l groups by usc of the ero­ , Y car of highest soil loss for period covered by this table. 

sion factor as foJlow~: The high groupilldudcs !:3torms with factors of 11 or IllOrc, the 

8i 
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TABU: 24.-Ruinfall amI soil aw/wuler lOS8C.~ frolll surface-soil and subsoil cOlllrol plols 1J/II1i1etZ 10 corn, by class(fiecl group.~ of -rains,' 1983-382 

Amount of Soil loss >
Rains rainfnll 'Vater loss per acre t"' 

txl 
Rainfall Aver- I Percent of o 

group and Crop und surfnce 1938' Aseruge 1938 age Amount rainfnll 
plot No. I Aver­ ~ 

~I I I I I I-'I~l-l' I I 1935 I ;.;;Causing Causing I AYcr- A\~er- age 
______,_____. ______~ ______ I Totul runoff Total r:llloff Totul Totnl ~,~I~~,____,___ _ Z 

JVumber I N1lmber I JVumber 11Vllmber I ["dieS I 11Ic/le.'t Inches Inches Percent Percent Tons Tons <0 
~4Il7Ulal:3. ___ • __ Corn annually-surface soil ____________ _ 98 59 13.3i U.43 38.10 25.22 155.22 99.38 ~ Corn annually-subsoiL_______________ _ 30 I :31__:~~?:J.:~:~~_11 ••• __ • 98 1 31 59 14.45 i.Oi 41.18 27.72 185.48 116.69 
lIiy/,-faclor ~ rQ1~1I8:3 _______ 

Corn annually-surface soil_ .......... _.. ____ .. 8 8 5 ;; 14.95 S.OO 9,!)4 4.41 GO..!9 55.12 125.88 85.8i 

11 ___... Corn annually-subsoiL __ .... _________ _ 8 8 5 5 I ... ___ ,..,_~_l_ .... _ .. __ _ 10.42 4.56 U9.70 57.00 153.36 96.60 Ui 

~Iod<rale-fac­
tor raills: t::i

3 .. ____ _ Corn annually-surfuce soiL_.. ________ _ 8 8 6 1.7~ 1.53, 28.29 22.05 19.48 10.91 t'.l
!1.___ .. Corn nnnuully-subsoiL ______________ .. 8 8 6 ~ I.._~:?~J._~~::_ 2.15 1,84 a5.77 26.51 Ii.90 14.li "d 

-3Low-fac/or 
rui1ls::L _____ _ 

11. ____ _ Corn annually-surface soil~_ ......... _.. _.. _.._ 82 14 48 1.73 .·I!I 12.24 4.64 !l.sn 2.60 o
Corn unnually-subsoiL______ • ________ _ 82 1.88 .6i 13.:m 6.34 14~22 5.92 ';l15 48 ~ I--~~~~~~I--~~:~~-l 
> 

I Runoff-storms nrc divided into 3 groups by use of the runoff fnctor liS follows: moderate group includes storms with £l1ctors of from 7 to 11, and the It)W group in o 
'J'he high grouJl includc. storms with fuctors of 11 or more, the moderate group in­ eludes storms with factors of less thll11 7. ~ 
cludes storms with factors of frolll 5 to 11, lind the low group includes storms with 2 Dlltll nre for the period, Apr. 16 to Oct. 31, only. 8factors .of less than 5. Erosion-storms urc divided into a ~roupB by UBC of the ero­ 3 Yellr of highest soil loss for puriod cO\'ered by this tllble. osion ruet~r us follows: The high group "inc.-Iuurs storms with factors of 11 or morc, the 

~ o 
:::; 
t;:j 
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TABLE 25.-Raillfall alld soil and water losses from (I fallow plot which rcrei~'cd barnyard 11I1l1r!I.rc and a fallow plot lI-ithOlli manure, by clas/,-ijieri grollps 

of rains,! 1933-382 

Soil loss .... 
]lain" Tninfull "ruter loss per acre zAmount of 

<: 
t!:! 
Ul 

Hainfall ~ Aver­ Percent of 
.Amount rainfall 

group and Organic matter treatment 1!l38' Average 1938 age 
Aver­

.... 
plot No. 1938 age g: 

Cuusing Causing Avcr- Aver- ~ 
____I runotT ____I rUlloff Total Total ____ 

.... _____________ . 1 Total I____t Total ____l ____•____.~I~I~I~,____I . o 
Tons TOilS zNU7IIber I NU7IIber I NU7IIber I Numher I I"clte., I IlIclte" I IlIcltes I Jllehes Ii'ercell! Ii'.rce,,! 

Ul 
~hfl1ual: (;.47 310.43 177 .82Fallow________••______ • _. ____ - .- ••• -- 27 5U 12.72 36.25 25.38 

0 ______ _ Fallow plus 5 tons manure•••__ • ____ • ___ U8 26 5!l l~ I..~~:~~.I._:~::~_ 12.02 6.32 34,25 24.78 243.64 149.83 Z
S••••••_ !l8 .... 

lliult-factor 
raiflS: S.lll 4.29 59.60 53.63 265.92 154,16 t!:!8 ____ .,_ 5Fllllow. _....... ___ ._ •••• __ ......... -. !J 8 


9__ • ___ _ Fullo\\" plus 5 tOilS IIlIl.nure ........ ~_ .. _~ .... " !l 8 5 ! L~:::~J..~:O~. 8.43 4.:11 56.39 53.88 207.91 128.94 ~ 

M aderute-fac­ Ul 


lor rains: 2a.90 16.55 
.... 


8•• _•. _. ]~Illlo,,' ______ • __....... - •• - •.. 8 i (j 5\ (LOI I 1i.!H 2,35 1.(j2 3!l.10 23.34 o 

f) i __ ....... ~ _t_ .. _ .. __ _ 2.06 1.51 34,28 21. 76 23.80 16.65


!L.._ ._. Fallow plus 5 tOilS l1IanurP~ .. .. _ ......... ~ 8 Ii 6 z 

Low-factor (")

raills: 1.46 .;i6 10.33\' 5.30 20.61 7.118...._._ Fall(",' _._. _._. ___•._' •• ---...... -'" 81 12 48 o
Il _______ 1.53 .50 10.83 4.73 11.!l3 4.24gL~4·~~t~O:~~'iFallow plus 5 tons manure ............ _......... ... 81 12 48 z 


I 1 

~ The high group includcM storms with fuctors of 11 or more. tlw moderate group in­1 HunotT-sturlU' lire dh'idcd into 3 groups by us,, of the runotT fndor "5 f,.lIows: ocludes .torlUs with fnctor. of from 7 to 11, lind the low ~roup includes storms withThe high group includes storms with fuctOfl:i of 11 or more, tim Illoderntc gI'O\l}l in­ t' 
cludes storms with [nctal's of from 5 to 11, and the low group includes storms with flletors I)f less thnu 7. 

'Outu Ilrc for the period, Apr. Hi to Oct. 31, oub··ruetOrt; of less t11nl1 5. • Year of highest soH loss for periorl eO\'cred by thi. table.Erosion-storms tire divided into :3 groups by usc of the erosion fuctor as fol1ow::l: 

~ 

I 

http:11I1l1r!I.rc


• • • 

" 


'l',UII,}] 26.-RClinfall (/1Id soil and waler 10. ,J alld crop yields from various orgallir-lIIf1Uer Ircalll:ellis 011 sc!'ereiy aoder! soil, by classifieci grollps ~ 
of rains,' 1941-4fP 

~---.'---:---:-----

llms Amount of rainfall! .---.•~:::: Soil loss per ~:-'T;icld I':~:C:" 8 
t>j 
c 

! 
::t----.-- spring'lU'1linl--- I Amount Il'ercento;'ainfall -'-'-'-~-.-''--;---,--~" 

Huillf,,11 ~rOUJl and .....Plot \ HII), 1941' 1943Corn 1942 1----,----,:. i 
Z 

treatfllcIlt3 No~ Spring ; I Hprill\! 1 ; $prill~ ~ 

lIay Corn J,!rBin Spring- f Spring: Hay ('ufn 4 pruitl ('orn p"rniu >­
Caus· Caus· Caus· 1041 1042 1943 Hav Corn ~",in 1 Hav ('orn vrlliri I' 1941 1942 I 1U43 j 

j 

1U42 1!14:1 t" 
Tota1l jng Total ing Tot.1 ing ,1941 1942 1!14:l j 19~1 1942 1943 ';. I:d 

I runofT runofT runofT ' !... . :.. . : I!--j-xo-:-,N-;;:,-;;;:- --:v: N;: -;;;: J,;;;; -I;;;; 11l;he; ;-J~lr"t; '1-;;ch:1& J;;d;;a- 1-J;~I:' -~;;tl;~j;e-;;;:tr7;O;'-; T~;l; t 'i';"~~k'B~h;;;IIBu;h~ ~ 
Annual:' I ' ~ Notreatment-Call plowt,I.:} I! 34 I 5 'I 80 l 221 67 7 16.86131.03 18.36! 0.P2 6.45 0.64 5.46 20.70 3.48: 0.39 72.06 2.27 tl5.7 I 29.6 

I. 0 34: 5 80 I 22 117 S .........._••• ,. •••••• ; 1.29 8.02 .02 7.65 25.84 f 5.01' .23 8S.15 4.26 66.5! 26.5 j 
8 tons pcr acre b .•rn)'a,,1 il 21 341 5! SO j 20 67 II - ...... f .•••••• .1•••••••1 1.111 0.00 .40 0.88 19.34,' 2.18 i .:14 .. 56.S3 .41 75.7! 38.9 Z 

mallureploweuunderinff tii 34 51 80 18 67 8 ....... ' .......I ....... i .SO 5.94 1.13 4.71 W.14 6.15i .23'70.52 1.75 74.5' 29.0 

fall preceding corll ••••:.<1 Ii!' :0 

Green manure plowed UII' j~ 3! 34: t1 I SO. 18 j 67 8 ....... ,..........__ " 1.80 4.96. .74 lO.n8 15.98 4.03 .27, 40.87 1.22 70.2 27.3 
I I' 

~ derinfallprecedingcorn.j:'~ 34 I :1! 80 t 231 67 (j ....... :....... / •• __ ••• ! .6616.33, 1.14 3.91 I~0.40 0.21 .O!l i 66.37 3.03 69.1 2S.0 

~ 


8 tons per acre hnrityard it J ! t ~: t \ : I
manuredi.k~djnt~rall·,l 41341 0,80 1 21 071 !l1..____.,._..._.L......: 1.00 6.3111.09 5.03,20.3415.94 .11l,nS.49 3.52 70.1 :14.0 ~ 
PIOWel\landlmllledU!tcIY ,'( 10 I 34 I 6 I 80 I 22 67! 10 :.--.... '.--._••1---...• ' 1.08 0.43! 1.14 li.40 I 2C.72 , 6.21 .27: 62.39 6.14 74.3 28.9 
Prl'Cedlllg eorn plantIllK•• J I 'I I I ! ' i U2 

Green manure plowed un· 1 • I I ,., I . 
der in fall prt'Ceding I I I • i I' ! t::corn:8tons peracrcl: ; , . I" I ' ~ 
l,arn),ard lIlan~rc disked If 81 34: 5 80 i ~21 tid 51--·-···1···--»I.--···- l 1.62 481 I .21i n.li! I!5.5~ I 1.42 .09 ! 31.04 . • 1·1 ~ 65.1 , 2;.. 6 "'d
lIlto Call.ploned land I' 11 34 : 4 j 80. .1 ti,! 6 ....... ' .......1.......1 .43 0.46 .55 2.55 _0.8_ 3.00 .07 ' 84.56' !t.!!g' 79.1 21.2 
immediate!y preceding, i I' : I I ' I . 1 ! :-3 
corn plantllll( ..____..... " . I ' ,I 'I' I I. oGreen manure ... orhod with F ' . I I i I I. i "'lsweeps in filII precClling I! 7! 34. Ii 80! 17 67 6 ; ••• _...1......+..._.-, 1.01 5.84, .114 5.0!! IS.82 I 3.48 i .19 ! :l2.2!1 1.18 53.8 21.6S- ,c~n; cultivatt'll ,vith i [ 12 i 34! 3 80: 14 H7 4 ; ••••••+..____ 1•••••• ,1 .59 2.63 I .W 3,50 8.48 . , .55' S.lti .20 53.6 ! 14.7 

Q
>­

llifJlt_r:incJ!}:t~~:""""""-4 ..-""N l' t ~I f 
::0 

! 9 :I 2 . Ii I Ii 1 1 ................._••• ' 1.22 5.35 .17 16.58 51.29 14.05 c 
No trcatrnenl-full plowed.!' 1 3'· 3' Ii, Ii 1 1 7.36 10.43 1.21) .88 4.31 .17 I1.U6 41.32 14.05 .34 ! 53.6i .... 
8 tons per acre harnya~d I' ~: :1 .~ ! ~' 5 illL....1.-.....__ ....! 1.10 4.~~ t .1! 14.94\42.66 9.09 :J~ i ~Ui ~~i ~~~~~~f~~~~~ d 
m.nurepl~";dunderlll ': b, .1 _ 6! Ii i 1. 11....... ,...... .1....... , .711 4"'1 .1, 10.33 40.!l4 14.05 .20 ' 54.8!1 

fnll prcccdlI!g corl.l ... __ ... !\ .:. i ,,! 1 i ! I J _ • 

Greell mallure plo'H'll Ull· II ..!: b I' h I 1, 1 ._•••_. __ ._... ....... 1.73 3.51 I .1, .. 
I)' 

1.50 33.105 14.05 ' .24 , 2".37 , ~ 

deri.nfull prt'CCllingcorn.i, 3: 2' Ii 6 I! 1 .......1..__ .• .1 ....._.. ,.03 4.51/ .20 8.56 43.24 16.53 .. .06; 50.H ! :J~ :::::::1::::::: ::0 


'8 tOilS per acre uarnyard i' t'j1 .......1......1._____manure dish,1 into fll.II'11 4, 3 • 3, 6 I Ii· .92 4.33 .25 12.50 41.51 20.1i6 ; • 15 4S.32 .20 _...... ,•• 
plo"cc\landimmedi,!tely 110. 3 :1: Ii I 6l' .......I ....... i..__ •.• 1.01 4,58 .20 13.72 43.91 16.5:1 . .23 45.28 .40 _...... '.......

prl!Cl-dmg: corn (llantmg .. _ t 1 

http:14.94\42.66
http:5.03,20.3415.94
http:6.3111.09
http:16.86131.03
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Grccn Dlanure plowed UII- ',']der in rail preceding I ! 

! , tCOfn; 8 tons per acre i 	 II
harnyard manure disked , 	 " "1 ,- ; '11 -, i - '4Ii I ....... _ .._ ~ .. ~ .. M"'~"i..... ____ 1.58; :\.31 [ .. G" 1 _ " .. I f' .1 .. : 1.'"3 _os 21.0:1 .0:1
I~ Iinto r.II-I·lowed land Ij d 	 .3!! 4.15 .10' 5.30 i 311,711! 8.21i, .05..... ' !'--'---I' 	 53.13 .00
immediately preceding I ! n! , I 

corr. pInntmg_......_______ { ! 

Green mhllUre worked with I" 1 

! . 


sweel's in r.1I precedin" ! 7 ;} t 3 j 5 :. __ •• __ i •••... .j. __ "., .85 3.07. .181 11.551 :t5.l!! : 14.88: .10 22. i:~ } .ml 
corn; culti""ted with f 12 2 4 r····-- .... ---, ...... - .50 1.76; .05 I ;_61· 16.S7! 4.13 .54 5.86 .01
S\\·ccps........ __ .... __ ....... ,.._ :I ! 

Modtratr-raill/actor: i I ; i . ... 
1No treatment, rail ploWed __ 1~ 1, 	 6 2 ! 9 Ii 5 I ,'i.04 I 7.85 i 4.00 _04 ' 1.38 046 .79 lUiS 0.3\1 .05 8.40, 2.15 Z 

(1.II I , :J I U Ii 5 .07 I 1. i!l .70 14.28 .04 HL57 I 4.02 < 
8 tOilS per acre barnyard (j 2, n o 5 .00 I .86 , U~ : i~:~a 5.12 _04 4.38' .35 t"i~2H 

Ulmanure pl~wcd under in I ii i 6 3 : !l 6 	 .04 .LO .U2 .79 1l.46 18.78 _03 4.71 i 1.62r.1I preel..!lIIg corn _____• 	 1 ..:: ...Grccn manure IIlowcd un.. 3 i 3 1 6 	 .07 ; .84 .54 I 1.39 111.70 11.02 .03 3.112 1.07 oderin rail preceding corn_, ll! G .03 1.02 .87 ,GO 12.911 17.76 _0:1 5.882.83 '.
8 tons per neru harnynnl 51 I! t3manure diskcd into rall­ 8; -- ! 	 .....4 I td 6 i 	 .O~ : 1.19 • 11 t 1.50 1.'i.16 la.71 I .04 10.81 1 3.32plowed land imlnediately lOt It r 8 I 6 I 	 .0, , 1.12 .87 j l.39 14.27 17.76: .04 8,81, 5.72 o 

precetiing corn planting __ 	 I Z 
Green manure plowed un-	 Ul 

der in rail preceding 
corn; 8 tons per arrc ... 
harlly~rd manure diskcd t 81 U 2 :I 1 01 .04 .04 .Ii . ill 11.07 3.47 .01; :1.85: .11 ZIinto rail-plowed land II Ii (I, 61

i 	 .04 1.44 .45 • ill : 18.34 9. IS; .02' 22.0,1' 2.U3 
immcdintc]y precedingcorn plantmg___________ { ~ 

Green IIlllnur. worked with I o 

SWl"CPS in rail l)rcccdill~ Ii Ii 5 • Hi, 1.~~ .-16. a.I,7, H! .. ~! :~.~!I .Il!!: ;1.04 i 1.0!1 UJ
...corn; cultivated with I 1~ j 6 5 :1 .03 .n_, .11, .110 b.b_ ___,I .01: .76 .W 

LOU'-Ta~~};;~~-;::-------- ".-----I 
o 
Z 

No treatment-rail Plowed_I'~ 1 25 65 f s' :m ;1.46 12.75 i 12.25 : . itt 5.0n .OS " q.U!) ~ ~ ...-.... ,' .....-~~- C')!I 25 ti5 s .88 !l.UO .41 1-- 1:l.lltl
8 tons per acre barnyard 1 2 	 o25 fi5 9 	 .1iI1 5.41 8.52~~ c··­manure plowed under in ' 25 US ~ 77 6.04 .35 10.112 	 ~ ran preceding corn ______ l 

a 25 iGreen manure plowed un- !I.' 65 \iO 2 	 .111 .0:1 4.78 .2-1 7.58 ' 
@ 

der in rail preccding corn_ 5 25 65 8 fiO 	 .SO .07 U,27 .57 W.G5 o 
~~- ..... ~ '~""~"-1"""-"~-8 taus IleT acre barnyard if t:" 

manure di.ked inlo rall- l! 4 25 liS 7 1i0 , ;1 . iH .1.17 tl.20 .57 !I.56 , ...
plowed land iDuncdiatcly l ' 10 25 65 8· liO 4 	 ~ 7:1 .07 -5.72 ~57 S.30: .02jpreceding corll plunting"_I(

Green manure plowed UII- ,t 

cler ill fall preceding: { t 


corn; 8 tUIiS per acre j { i 

harnyard manure disked ; I, 8 J 25! ........... ! 65 3 ~5~ ,"~~" ~_,_~ 4.311
~~ .,.-_. --­
into rail-plowed hUlli ,'III J 25 L'. __I 65 !l 	 .S, ._ 0.82 ~: 1~ :::~::: :::::::::::::::
imlne..!i.tcly IlTl'Ccding j 	 I . 
corn planting___________ J ' 	 :__________ ~_.___ ._ g 
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TAnI,1<: 2(;.- RI/il/jull (/nd soil find waleI' losses (//1(1 eroJl1Jidds jrom III/dollS ol'gauit'-lIll1l1l'1' /I'CI//IIICII/.« OIl .~el'el'e/.y eroded xoil, by clllssified gI'O/lJl.~ ~ of mills, I ./.941-1,S'l-Conlinucd 

Hains ____~__ Amountolruinlall \_____ "'uterloss I Nillossperucre _I Yie~~ t;j 
n
::e. I ! Fiprin~·~ruin I I I Amount I l'ercent IIf r~inlall I I I " 
, 

1, zllallllall group an" IPlot Hnl' IU4(}l Corn 1942 I 1943 . j ___• _._ ~-- -- I • H
treatment' No. 1_____--""---'- __~ f o1iprin~ i I !Spring Sprlflg n! • - lIay {'orn prahl Spring Sprin!; lIay Corn grain. ('orn i gr~ifl ;.-I \(,an,· ICaus· \ 1Caus·\ 1041 1!142 \ 1!14:1 II II\' ('orn ~rain Hul' Corn grain 11941 ! 1942 / 194:1 ; 1942 I 1(143 t"

! Tolal ing TOlllll hog Totlll jng i 11141 11142 1943 194 I 1942 HI43!. . I I 
l runoff zrulloff rUlloff; 1. i 1 t:d 

, '1' -- '~-ll-~lvo~"li~~\~~:' ~~';~~'-·il- j\~~~ I--~\~Ot Ii." No. Im'/u'lI· ;~;~J;~II·I'-1';'rlj;3 /1U:llclI 11J~~/H!lf 11I1~"t8- }It.ceCllt\ Pare,;' .;)C;;~/llt~~7'~lI#] TOliff "i. -7'01111 ~ IJ"'hrls:' /l'lSIIfilJ cl 
Grecn Il1llpurc'worketl ~Ith l ' j f 1 t 1 ' ~ 

swee,," 1Jl 1:111 "rec"d!n~ , ii' 2ii ,••."., (\5! (i; fiO I. ,.. . .1i2 ..... ! . .... 4.86 ! 1 f).52 i·. ............... 

corn; cultivated with J 12 25 !...... j li5: 5 I (iO I.' .:15 • ' 2.74 .... ,. ..i 1.54 . ~1 ...

~_S~!~I!~:":':;':":-""_::':':~~-=T-"-=_~-...-t,_.....__ \"_~-<-.~__......._~__ ' __ ~ < ----~~~ -,--~- " ..... ~:.-.--.-.-:.. Z 

a. ii. " S, 11, tllld 12 hud nil nVl'rn~(' of 1.30 tons pe'r neTt.· of dry or~l\lIi(' T('shlue on till't High-ruin factor group illclud('s un rnin:; with H rnin flU' tor of 10 cw lIIore; IUodl·rull .... to5urfac:f~ Uti t'ollltlUrcd with 0.70 tOilS per m'n' 011 ,;luts I, 2, ..I, n, fl. nm] HL All plutsruin factor group iut'ljldt:'s ull ruius with ,u rHin fHl'tor of 5 nlld It.'ss thnu 10; Ipw-ruill -I 
werc plowed ill th(' full of IH-12, for grain, ext'cpt ; llud I:.!, whic'lI wcrt.' worked with tlwfn,~tor J,(roup illcluut;>:i nn I"uins ,\\th tl ruin factor uf IctiS than u. .J> 
H\\'CC'JJl:i. JII th~ ~pring of 10·1a. all pluts were f('rtilized heron" ~rniJ1 plnnting nntllcgulIlc, Dutu nrc lor the period. AI'" Hi to Oct. 31, only. seeding with ('ollullcrciul fertilizer to It ullirurlil fertility level.:J Grcc.:n Ulnl1UrC! consisted Q the growth of hnl" produced ~lfteJ" till" first crop of hay • l'or 1!).II, Aug. a to Oct. 31, ollly. The second ,:\It 01 huy WuS rellloved frolll plots ~ wus .removed from plots a, 5. 7.8, 11, nnd 12. Un Oct. 2S, 10·11, when nil plot:; W"rt~ 

plowed with the cxceptiCJll of 1110ta 7 nUll 12, which were worked with SWl'('J1fh plots U1It 2, ·1,0,0, nmi 10011 .Aug. 2. 

TABM; 27.-R(Liltfllll lind ,~Oilll/lli 1I'lIla l()ssc.~ fro/ll plols u:ill! Ill'O 1"lIglh.~ oj .~lol;e lora/eel 01/ I'IIdolis f!(,,.cellis of slope, 71lullieri /0 sWil/g !fraill , ......,
by clll.~sifi('d !ftOlIllS of ruins,1 I.'1S.'J-4fP to::l 

:1-1'1': ne-EX'!' Sl.01'1' '1:: 
~ 

:ioilla:;.Aruuullt of o 
Huins rninlull "'utpr lo,s per ncr(,\ "fj

I
j-- ;.­

.PcrCcllt of a 
Amounl rllinflllll!l4P A"prageHuinlull group un" plot No. Length 01 slope I c:~\ \"c.'·r­Avcr­ ~-...--.->--~~- nl~1 U~(~ n1!l41 ngc 

"AYcr- ,\\"I.."r­ c1 
rUIlQIT 1041 ng" IU·II t\~e 

ClltIsillg 

~ 
lllfhr~ ~ -1~;h~~- "j "c1tf!~- ~:l- Perrellt, Patellt' 7'OIUf 'forM G

Fed .Sumbcr .ilYiw,ber I , :;:I
Allnual;l :l2.71i I 2·1 no i 2,!lS 21.811 12 11 15 J3 :I.Si to::l

i11!·i1 Z~ 12 ! 2.5~, 2 AU li.-lO 10.00 II 81g~=k:~ :~:.: a. is< :l28 2·1. (i!l la. ;13 J.I 10:m:~ 7~ :l: I3-f)-3..... ........ _ ..... . 
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,Averuge ...... ~ ... ,"""A 12 ,.-""=c-==:=,==~=!,=~=)·,,,,!I::lc, ._:;,;~:.,,,,,~.~.:.S~c'_,_:~~; -~::;-;:: 



•• • • 
1.2.6 I 75 1 2\ I 11 12 \•... , ..' 8.m I 3.21l I !H.U;113.:l71 :12.10 5.111

72.6 75 22 11 131'" ." .. ,. 9.12 3.48 27.84 14.11; 22.7i 5,3:;

n.6 75 22 71 12 ..... ." a.48 26.71 14..15 20.H .l.&!
~=tt:::::::::: ~:::::: :::::1 	 8.75-------. ---------,---_._---,---- ­ ~--

Average........ .I....... ......_. __7_5_,_._~:..I___i_1 __I.::.!~..:...~ ...:i.:.:::.::.::::;~ ~J~~-=:~~ 

. ! -----t----·--·- ----.-~- ..- --'--,--------1-----------

II igh·/aclor raws: I 
 :l6.a 7 :. 7\ " :1: 1:1.07. 6.0;;' 5.14 2.04\' 37.liO 20.35 H.71 3.30 
~16.3 7 I U -1 a:.............. _.~ ·1.51 1.80 32.110 25.00 0.60 2.22 

:16.3 7 i 7 ·1 a: ....... _...... ' 5.62 2.20 I -11.11 31.65 13.50 3.22
~=ii:=:::::::::::::::==::::j 	 .... 

Z......... ,.. =n=~=~I==~===-~-l==-::-~~;:! 5.0l~ - 2.01 I a7.23 _28.11:"12.61 _ 2.11-1
$\v~rngc,"_"",,; ~~"'.c <c~_ .. "._. ~~ 

72.U ----71-··-7'f----:j' ------:\ 1=--::-:::-:-:-':-:-:-;5":l7 "'2:l11:i7.82 -ao.:itl20:46-:w7 ~ 
:1-1.....1.......... ____ • __ ." ._--\ 	 U1
72.0 7 f 7! -I ·1." ....... _...." O.O:! 2.23 H.1l 32.0!I 20.65 4.42
3-L-2........................ 
 72.0 7, -; , -l 4 :.. " .• __ ' 5.77 2.28,' 42.21 32.80 11J.07 .j.1l ....:3-1....3 ................--- •.- __ , . , 	 "" 
o---7-r---7j---:! 4 .'i.66 ~~31:802Q.ii6~ ;;,A\·craJ;c••••. -- .--... -... • ..I· =,:;::;:.:":"=l=--~=-!-=;=:~:;=:~;:;:"""""~=-;:;: =--~':;:::.~ == --, - j 

.lfoderale-/llc/or TIIi"s: I 	 !l I 7 I 7 ii l.05 O.lil! I la .55 11. 1 i .13 .32 o 

3-8-1_ .. _................ --. '. au.a 


!J , (l t 7·1 	 .72 .531 0.211 8.5:1 .00 .21i Z36.3 1 • _ _ I oJ' ,- - f) _. I) • 

~~:~::::~::::::::::.:::: :::~j 36.3 \I i ' .. I. , I, .J !.: .•.. __ .•.•.... < 1. ••1 .78 1.,.8, 1•• uO ••0 .37 U1 

..... 
............ '" 	 Z
~\'·cr8gc ... _ ... ___ . ~_ ~ =:~~~C.-==E:<=--=~J=·~·:.~:~·:;~::.:..:=l- L~_ .1l7! 12.90 Jo.7(j"-.13 .a2 

Z;.~ 1-"O-j~-'"Ti---it~----T;'''---:-~'-:~~~~'~I--8-2-1 17.~4 1~.~(!--:ti8~~-Irl ..... ............. . I:'j 
3-L-2... . ~!:;.I! !l i ~ I ! I ~ ." .,.. . I . .,:~ .8~; I!!.,~ I~.~i{ .~p .U· 

3-1.-3•••. ":"\ ••• 	 o1•• 6 ~---~L__._~I.____ --'-'- .:.:..-:.: --.;..:.::·.......::.:::..l-~.~.L~~ ~~~~ 
U1 
._. 01 s 1 	 7 f ;; :...... J_. . ", 1,~5 .83 I 18.il 13.;lfj .76 A5 ..... 


A\"crn~c ..... _ ~ 	 1~ .. - ~ 

"""'==I=""-"'"""":-=""'=iC!'~' ""=:==~""',==,- _=;C __"";=---== o 
ZLow-fac/or Ta;",,,: ali.:l 51l 1 7 , liD I ·1' !la·l I lL-H .08 .25' S.1i-! 2 IS .29 .16
3-8-1...................... .. 
 36.:l 51l! '), ou 1 :1 .•• eo." ...... .' .·17 ,131 4.14 I.J.I .15 .10 na-S-2._ ..... __ • __ .• ''''''''- ­

a-8-3._ ............... -- ••••. 3U.3 •__~~~~.L_~.2.,__,!i~i___·~:.::::.:~..::::::::.::.::~~\~I-=·(j2 ~__._I_\J o 

zr 	 r- I • ~ •. , : I o}' t - q ,o) -Average.......____ .........	,........... .... ,,9 I h, 60 I ·11.. __ ........ _... .90 .•3 I 1.!14 •. 01 ._8 .1.. ~
\ ..--.======,=====~--===== ;e
,

3.1rL__..........__•• _. ___ .• j n.6 5!J; 7 I GO I 3 i.. __ ... : _______ . ,' 1.51 .36 I 13.321 a.15 I 0,06 .:15 o 

3-L-2.._...____ ............ 1 72.1i Ii!) 7 i UO, 4 '•• __ .... '...... __ ' 1.56 .42\1 la.76 3.U7 1.22 41 t' 


3-L-3................... _____ 1 72.6 [,I! ; i 60' a' .......... __ ....' 1.50 .37 la.76 3.23 .!JB :3a 

j .------_.----- --------------------------- ­.).....-- ... -- ...I.~__~~.i_•._~ 7.:_.. _~_:~~_~._~ \ ~. _l~:l__~~.l la.58 I 3.32\Average. 	 .. .:: .. 1.05\----:36 
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T ..\111,r~ 27.-Rainfall allt1soiL and 1V(ller lossc,~frolll 7)/0Is 1L>ilh Iwo ICllgllts of S/ol)C IOCl/lcd Olt variow; ]lerCellts of slo~II', 7)lanlerlln S]lrillg gmill, 

by classified 9roll111) ofrains, I 1[JS9-J,S"-Contillued 
 tjS-PERCENT SLOPg 

.____.~".~~__<_e.._,_---­

..\mount of , Soil 1o,", 
}tiling rninfnlJ Wllt~r'I0&! 1 per n~re ~ 

(') 
- ~ ---.---~ .----- --- -., --" 	 l------ ­

1 iII 
P~rcent of ~ .....]{lIinftLl1Ilrllupllu!l plOl No. 1.cngth of slope 1!IH' A"ernj\(! . Alnounl I rninfllll. • (')

~_\ : J\,'('r- '"",.~--~~__" .. ______ ,...r • AVf'r­
!J­, ,. • I HH 1 Ilg,' ;: I l!141 ' "lle t"'I ! I ('ausing ('llUSillj\ ; ; . ..h·cr- I \ Awr- . I 

_.t_______._i:~~I_"~~~_J____!--~-;~-~!~!-~..'::-L---I---- t:i 
c:! Peel i ,\'"mlu'r i Number Number Nl/mber IJIICile81 Inches ;, lucllell ~ j"cht::f. Percellt 1prrrc'IL~. 'rOfiS ; 7'0(lg

.Anlll1al:: 	
1. 

I :1Ii.3 j 7" ! 22 71 ! 14 \ :12.76 2·1.60 j iL623.3Ii; 20,21: 1:1.611 I 40 SI) ! 10.:14~-t~--··- . 3(1 3 1 -. . "') -) 1'\ • • - 81' ') 01' 1- 80 I 11 83' '0 .\- I " S'·~~ ;- .... _....... 	 • I' t.J f ..- J. • .. -" .......... - ~ - . I OJ.. J _..! I .. ~ +... ~ I, iJ. U ~
~-8-3___ _ I 	 ....,;lfJ.:l 71i j 21 71 I 1:1 ' .). 1i.05:11!) I IS,47 12 Oi I 39.40 t 9.72 
Z! ;~----75r--22T -~'7i" __e ·j:l;--~-l~-,--(i:t7·-3.i511ii8:1' 12.801-.'iO:2I:--ifiSAYI.'rug:{!. _ ... ~ .-. -'·'1' 	 <0!--::.::-~ ~~ ;:----;:~. ;"~----==-,':::='--.--~ _-::.=..=.....-:;;::I~-::-= ~::= ..i~'--.--I==-~~.~-=---:;; -z

72.11 I '" I 24 : 71 W, -.j 11.(1); ·1.11 I 27.47 i HI.71 I 45.111: l\.20 ~ 72.(\, 7.; t 2:3 I 71 . 15 i '" ... , 8,01 I :JAO. 24.·15 14.1\) I -I:J.56 i 10.;;2f=tt:::::::::-.. =. ~~~: -~: ~l 72.6! 75 I 2:1 i 71 j 14 , 1...... -' (L!lG i 300 1 21.24. 12.20 I 44.01 1 lO.ml 
~! l'----::-:-----·,:--;----:'-r-----:-·----i--;----·--·---'-.,--,,- ---.-.-j---;;:-,- .- ­

":\.VQfllgC ... _ ..... ~- ... - .. - .. - ...... - - ~ .. ~l . '" , _:3 ; tl i I" i' '," ...... 8.00 I 3.,,3 i _4.-1~ 1 14.3<> I 4-1.~" t 10.80 
a;.

I=i~..,.~!=:"""'===;""=i--==--=:=;=,"""-; ;=lIiuif-/aclor raill!: 
8-8-1-._ .• :l(i.a 1 7' i. -I -I; 1:1.()7 I 11.!l5 -I.9:J· 2.15 I an.oll! :\O.!H: 38.63 I 8.52 
8-8-2e. 3(i.3 I 7 I 71 4 -1 i . '.e. ·151 1.95 :J20!l! 2SllU i :l8.50: gAS 

o 
t;rj

8-8-;L. 	 31i.3 I 7 I 7 I -1 4 I --I -I iO 211l 
'1' 

:14.38: :n.os i 37.55 J 1>.22 "g..., 
.AY~J'3ge___ " 

..••. _e·_._ -';~~~-I=-__ ~l=:=~;--:F!::·-~~:':~;:;!~-.:=-I:-:~~:=~~fCf~'f;:~1P :~.:: .=~~8-1.-1- .. __ o 
8-L-2 __ ._ ._) 72.6 1 7 I -; : -I : el _ .••. 5.1i5 .2 18 ·Il.aa :i1:l7 :1!I1S' 8.57 "l 
8-L-3_•• _ 72.11 ' 7 i 71 -I -I . . 50S 1.0·1 :l7 Hi !!7.!l1 4(1..52' li.i7: ____ ___ t____"""""-, .. _ "'~'_,..._...'"j 	 o >­

A\,erug,,_ •••. , it il 'Ii 	 IU7 
~:"~-:',::"-'-~i~~=~' ;:;:::~-:~:.:-'; :' ~~ 	 .:-: :::,:::::~,-~=~. ;::..-;.~~ -=--~=,':-:;:;:;:=-:~ ~ 

JloderaJe-/ocJor J'm9 

J1.'ot; 	 ~ 
8-8-L_._ :i(!.:i i ~ '1.7,3 l; 21 !lS; .()J 12.114 1·16'; .SO : I OS c: 
~-~-~-- .. - .7S . 75 j 10 Oti I!LOS, .:Hi w'
8-::;-:L _ • ,. :(g.:: 1 ~ .7S iH 1O.Ofl 12.72 ' In lH d 

S 
• •• 	 _~.=, ____ ..._~~r,,"_____"_ __ ..__ ~•• _~ ..<-_....,.-t __..-__ •__••_.... ,~__ .._... __ ...... ~ 

A\'erul4l'~_ ... ii 	 .84 ; .81 I 10 84 1:1.\H· ,61; ! . III ;:;: 
;,;; ":'---:': ::::'~:~~·;"';::;:--;:;-;::I;--;-;.:!;''''''':;;-=== ~;'= ::-:,.'~::;-- t."lTS-T..-L_ •. 	 i2.1l 9: Ii 1.:l01.1I5' Ill.OI 1.14

8-T.-2. __ !~.~ , ~ r ,~ ,1.:!~~! 1:~.(j5 . IO~8-L-:L_._ 	 I~.h i..__!___ ..._._~.___~I.____.)_ .. ' 1.0~.f( 1~.40 lUi, 

,Average __l II ! 81 7 i {i ' __ ._ • . 	 1.09 
>-~!,_-'~.-" ""7 ~"':~~~ :-.~;-,.;;,!'.~~- --.--~_~ ~~ 



• • • 

_________ __ 

Low-fucttlr rai'tls:,
8-S-1.__ _ :1ti •.!I ;;91 !l tlO r, III :1I 1! 11 .I.I! 7111 :ltIj ti 21i I 2. II!! 1.·13 .74 
8-5-2._ . !l1i.:1 50 b GtI ·1 .... .••• 57 .21 Ii tI:! 1.84 I.:ll .50 
8 ... <;-3 ...... :1ti.3 511 S liO ., . . ! 57 I .2·1 5.0:! 2.10 1.2·1 .UO 

A,·crnJ.tC. ,. ~ ...... ==- 511 =- 8 :=]t~ ~~_~:::~C:=:!:~=1=~=:ii~C:35 C~'2?-'- 2.18 _ ..! .33 - 66 
li-I,·I.. n.1l 50 S I no (j! '1 I lAO I ..18 12.!l4 4.20 :1.01; I.UII 
8-1..-2...... .. 72.1i 511 Ii liO ii _.... I' I 1.13 .4U !LOIl a.~o 2.36 .87 
s~r,·a ••. , .••.• n.1l 511 S 60 r. ! .81l. .211 7.58 2.ii!l 2.10 .81;,0 ••• \ ••••• 

Avcrngc ... _ ,". '" .. __.=~ 511 --·-8r-~~-'-5[~.".'~[~~~~L 1 13-'.= .:~~.=~~.96 ,. !I~~~ 2.50~ ..... 
Z 

• 1!1·PEHCENT SLOl'E < 
t'.l 
ill;r;,;;;~- I --'1-·-' 1·----1" '-'-"'I~~l"--I--'-- ,..:;13-S-I... :ltL3 75 24 ill Ii I :'2.71l! 24.60, o.ao· ,;.17 !!8.57 21.02 65.68 18.3U ...:: 

13~<;-2.... 36.:1 75 24 il 1.7 _.... .. ..j !1.37 5.25 28.tlO 21.34 GO.78 20.47 o
13-8-a...._ 3G.!I 75 24 71 I 16 ,.... __ ;.... ... j IO.tll 5.1l2. 3239. 22.&1 ti4.18 1.7.65 ~ 

Avcr"ge ---:;;----24 --71(---17C~~~-::~"':-'~i'!l:7gl~5~_¥_...... ~ ~ ________l~ 2il.85j"21.75j'Uii.5.I--18.Sl_ 
--3 

_~__ ._~~ ~~ _____________________ o 
1:1-1.-1.... •..• 72.tl -_. 7f,"~·-~71T -'.7 !-.---=-:-- .--:-I~iiToI·-~ 2.'jTlIIii-:7ilI~I""'22.!i3 Z 
13..:1""2•• __ ....... "... 72.6 75 2·' 71 I 17\ _ l. ,,", S.!!!! ·1.03 25.00 Hi as 8197 22.27 ill 
]:1-1,..3.... 72.1i 7,; 24 71 I 1tI •••• 1 808. a.94 24.(j(j j l(i 02 70.15 22.4!1---- .. - -------- -.-~ ~ ~---- .- .....--. ----J-.~----..-..------ ­ 52'\""rtIgc.. 75 24 71 I 17 i ..... r. ..)' S ..20 j >I.O!l I 2;;.031 HUS I 82.US I 2!!..';t;

="'".= ==---='--"=I""'~=== =="'-"'.=="'''''''''-=''''''''"1 """="'-';""'==.C~-"='=""'=--= =-=..= t'.l
1/io"·lo(/or raill$: I t I i 1 , I I ! I ::;:I13-8-L_... •.• :m.a 7 7 ·1 I .j I:l G7 1 tiOii j 028 !l.ll ·'5!).I \ 44.75 ii7.n 1·1.05 

.13-l;i-2. __ ..... .. !I1i.:1 7 7 4 4 , .. . I .. ; 1l.!l1 ;1!!() 41i. W I 41l.0·1 IiI. 15 15.88 o 
J:h<;-:L... ..... · ••1 :ltL:I ___7_1___~ ___.1_1___4_1.:_:.:......::)::..:...:=-.. ::1_.. 72:' _.~;2::.L;;:I·2.() l-·.~~!~~· 13.8:1 ~ 

o 
Amllg'·..... ..j...... 7 I -I __....!..L.:...~:..:::_J;._~J_ ~02 ._.':!.:3~J .18.4~.L ~.:!~J 57,:1l.~~.L_I:::'!J Z-.) ......., -, . -- ..._,.._-....- ·-'--~~-l····q·-;;;-r··;;-:.;;· .. :-·;.~· •.:;. ~---':.'-:;~


13-1..-1... .... ......... 1.. 1> I I 4 4 ....._.j ..... j a.84 .. fl., 4.. 1_ I .17./0 110.41 1/8a r:;

Q -.) ; - 7 ~ ~'- OJ ~ ~. (. -. -- - ')I!I-Ir..................... " 1.. ( I 4 4 ..... I.. . ... 101 I _4:1! -I14S ;H .•lh 1.1.11 11._0 o 


]:1-1,..3...... . ..... _..... 
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1 i2u 7 7 4 >I .... L ..... i 5.72 i 2.411 1 41.S1 I 3.5.8:1 I 7071 I ItLSS L.
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j -------~-------l--·----,--· .._--_.-_._,--- .., 
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o 
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• 9 'l I - t' ! . I '8 I 1'0 j "0 '1'1' ".) •• I 3 .,(; , ., O· .~\ vcrugc~ __ ... __ .... , -, ·· .......... ~- .. t~ ·.. ~"'~ .........-- ......-...t • I ___~,::.:..:::.:.::=--~.:~~ ......._~_,__:::.__~,:.:~~~=~~:__....:..:_~ __ :.:~ 


la-T,...l............ -_.. , 72.6 !I \l I 7 ---t-;1=:-:-::::::~:-::--· ..i:271~J·061-j()-::i9-:.. J7':07I·-3.50-)---3.0ti

13-1,-2......_.........__.j 72.0 9 9 7 .U -........ ,. 1.31 1.09 l.· UU)O. 17.55 3.2:1 I 2!l1l 

la-I..-3.. .. ......... __ 72.0 \l 0: 7 . Ii ....... ~ .'.. 1.21 l.01l, 15.1i!; W.l11 :1.42 354 

-..J
A'·emlle---- ••• -- .....-.-...J.... --- ....-.-.. - 9/---11-1---7-' 61-...-.=!~~.-.·1 1.271- l.ti51 16.30 1-16.91! 3.38,- 3.20 ~ - -------1---'~---·--.---.--------- ­

http:3.38,-3.20
http:2il.85j"21.75j'Uii.5.I--18.Sl
http:C~'2?-'-2.18
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TAIIU} 27.-Railljall (l//(l.~oil lind 1I:(ller lo.~scs from 1JI()I.~ wilh ilL'O ICl/glhs of slop/) [ocalcd 011 f'ariOlls 11erccIIIs of slopc, pial/led 10 spril/g grain, ~ 
by .classified grol/ps of 1'(Iil/.~,t J.939-48"-Conlinucd 

>'3 
t<.1 

~\mount of Soil los. o
Hnins minfsll "'ater I,,"" per ncre ::z:: z ..... 

l'crCt'uL of o 
Hninfnll group and plot No. l'('ngth tlf slope 1041' Average ..Amount rainfall > 

Aver­ Aver­ t" 
1941 age 1!H1 age 

CutL'5ing I ICausing Avcr­ .:\\"cr­ t:d 
Totnl runoff Total runoff 19-11 u~c 1!l41 ugc o 

t"---------~.....-_____i ________I____1 N',.,mber Iltlumbcr 'l'·umbr.r I I1Jche::r I IllC},Cd 11"chelf I Inches l~t~I~I~ t" 
Low-far/or raius: t<.1

Fat I Number ..,
13-S-L••••..•.. ' •.•.••••• an.a ~? I 8 qo ! I 11.3'1/11.4-1 I L~21 .q; II:!.~~ ,~.8!j 1 ~,!l~ ~'.1'~l3-8-!!._ .• __ ................ . ;lU,a ;,,1 8 60 I r.--.... ........ I,ill .6.1 J.l .•l_ h.O.1 "".11> _ ••18 
 ~ ]3-8-3............ au.a 
I~ 8 60 (j !.--..... :::.::::::_::.:::..~~~~~ 

Av.crage," -- .. -- .. - ... - ...--.I_~L 8 60 7 1........I=.::.::::.:.::L2.:~~.L~LI3.03 _ !L12 ~~ "'" ~oo 
]3-L-l. __ ......... _....... __ __ 72.6 
 59/ 8 1 I ••••....I:-::=-::Il':liJ---::i51ii':4!lI~fj3 5.20 I· 2.02 

<=> 

13-1.,-2.............. __ ..... _. 72.li 59 8 6060 77 • __ ..... ........ 1.24 .,,1 10.113 4.·llj 4.97 2.08 
 ~ 
13-1.-3 ......... _•. _.... '". "'. 72.u i~ 8 60 6 .--.•--.C:::::.::..::~~~~~=- 2.0:­

\J1 
Avorage.• _. """'" .... __ • , 59 SI 60 I 7· .... --.-,.-- •• ··1 1.19 .47 10.491 ·1.11 5.07 2.0" 

]8-PEHCENT SLOPE ~ 
Al1ntlal:~ :' 

1S-8-1. ... __ .... , .......... ____ :16.3 71 181 3_.7u _·1.60 .J.'il iJ.,,_II.,u __ .68. UI.I>O ... ".1

751 J "'> ·1 4) (-- - -8 .) - "" '>'> ~!, .I ..,--. "= 

IS-8-2... __ ... __ ..... __ ... __ • 241 o36.3 75 24 71 If! '. __....1......_. 8.8~ 4.~~ *7.p1 20~4 ~L.~~ 19.Q8
18-8-3._.__ •• _... ___..... _•.. 3u.3 75 24 71 I:j

---I 1u .:::.:::::.::1:::::,:::: ~~~~~l~~ 
Average ..... _.........__ ..... ._-_ .. '"'----- 241 71 >
... --~« ~I ____I 17 !...-----!.::.::.::.::.::~ ;;'04 27.231 20.49 ~I~ 

IS·L-1. ••• __ .................... 72.u 75 --. 171--··.....F~~= 9.38! 5.04 I 28.fi3 20.49 11!iD.431·~ @

18-L-2______•• __ ._ .•.• __ • ____ 24172.6 75 24 7171 
IS-L-3•••.• _........ ______ •• _ 72 .. 6 75 24 7] ~~ ====::==t:==:::= ~:~~! t~~ ~~:~~ 19:~b ~~:g'l ~~:g~ o 

o 

t:~\\'eruge ... ___ .. ~ __ .... _ ......, _"' .. _ .. 75 24 71-..--- .. ~ , 171..--....i==-s.!i6 ~r27.35 19.63 /S5':l2I28.ti3R 

I t=.==== ==.=.=.===-====.:-"= aI 

~ 
t<.1 

http:I=.::.::::.:.::L2.:~~.L~LI3.03


• • • 

---------------------

Hioh-iacior rain,,: 18-8-L ___________________ . __ 
36.3 -I. 13.67 6.95 6.42 3.19 46.96 45.90 79.S5 19.9tJ 

18-8-2___., _•••.•...• "'_' ... 36.3 6.04 3.02 44.18 43.45 64.72 15.324 1________ 1__ ... ____ _ 

18-8-3___••• ___ ••••.•.•.. _... 36.3 -1 5.45 2.74 39.87 39.42 61.14 14.62 

;"1"---' -.. ,----.--- 5.97 2.98 43.67 42.88 68.57 16.63 
18-L-l__________ • _____ .•.. __ 

72.6 4 I~_""~_ .. _,..I--- .. .,. __ _ 6.25' 2.98 45.72 42.88 76.28 20.-18
18-L-2___ • ___ • _" ___ ....... __ 
 72.6 -1 5.99 2.85 43.82 41.01 71.75 19.09 
18-L-3_.... _ 72.6 -1 __ ,"_," -- .. 1-- _____ _ 6.00 2.85 43.89 41.01' 72.46 18.89

-1----1----1----,----,----,----,----,----,----,---- .... 
Average•••__ _ Z---,-_._ ....·--··--·1=1= ;"1- -- .----,----.--- 0.08 2.8!J 44.48 I 41.58 73.48 19.-18 -< 

JlIoderale-/actor rains: to:l18-8-1__________ . _____ • ___ ., Ul36.3 75 68 68
671 7. ________ 6.21 / 1. 1 1. 1 21.681 22.8727.05/ 5.03/ 2AfJ________ 1 1.45 1.42 18.71 2_73 4.61 ..,;18-8-2._ ...................._ 36.3 
 ....18--8-3_ . ___ .._•.•.• ". _••.• ___ 6 __________ ._____ 1.36 1.29 17.55 20.77 2.89 1.94.30.3 

Avernge _______ ••__ .~ ••.•. "1" 1.50 1.47 19.35 23.67 3.55 3.00 ~ ~I"-"""------'-
18-lr-1._•.•..••____••..• .._. 6 _..• ________ .___ 1.08 1.43 21.08 23.03 (i. i7 6.34 
18-L-2____ • ______ ..... _•• _'" 

72.6 
0/ ________1________ 1.48 1.34 19.10 21.58 5.1.; 5.78 ~=/ /=/=/=1=1=

18-L-3••••_••••.•._•••_•• ___ • o ____.. _____.____ 1.38 1.:lO 17.81 20.!J3 4.58 5.98 Ulf~:8 '___1____ ,____,____,____.____.____.____.____.____ 
....Average.__ ._ ••_____ ••• __•• _ ••________ ..• _. .1 1===; 1.51 La5 19.48 21.74 5.50 6.03~r·····=' ..--·-·- Z=1=1=1=1=1=1= 

Luw-faclor rai"s: 36.31 t918--8-1..__ ...... __ ."... ____ • a6.3 71 11.
34 1 11.44/ 1.65/ .71 /14.551 6.21 1 6. 72 1 2.91j6 _•••••••••• _••._ 1.36 .54 11.99 4.72 4.42 1.91 

6 _••• _. ___• ___ .• _ 1.35 .52 11.90 4.54 4.22 2.15 ~ 
Ul--------------------- .... 

(j ,------,..-1-------- 1.45 .59 12.79 5.16 5~12 2.34 o~:::::-::--:: _____ ._:::~J. . ':========:========'=1=,=1=1=1=18-lr-L._•. ""__"" 59 II 1.45 .(;3 1~.79 5.51 7.43 3.51 
Z 

18-L-2.__ . __ •• ,. • .•.. 1.36 .56 11.99 4.90 6.00 3,10
18-L-3_........ ___ . _ ... .. 72.61 59 v ._•• _ ••• _. ___••__ • •___•___•___•___1.29 .58 11.38 5.07 5.00 2~7/j72.U 59 1____' ____, ____ o z,.Average .. _, ,,_~ ___ ~_ ... _~. ............__ 7 1________ 1 _______ _ 1.37 .59 12.08 5.16 6.14 3.12 Jo'l.
.,- Q 

~ olRunoff-storms are divided into 3 groups by use of the runoff factor as follows: The includl~s storms with factors of from 7 to 11, and the low group includes stormB with t<high group includes storms with factors of 11 or more, the moderate group inchulcs faclors of less tlmn 7. 

storms with factors of from 5 to 11, and the low group includes storms with factors of 'Datu arc for the period of Apr. 16 to Oct. 31, only.

less than 5. Erosion-storms are dh'ided into 3 groups by use of the erosion factor u.s 'Ycar of highest soil loss for period covered by this tubl". 

follows: The high groupinc1ud.~sstorms with faclors of 11 or more, the moderate group 


""'lc.., 

http:1---.----,----.---0.08


TABLE 28.-Rainfall and soil alld water losses jl"Om contolltcd al/d slrip-cropped plots on the Hlt1ldt jarml ~ 
lTotal rainfall; 1!J41, .1IAa indIes; 1!!42, 27.10 inches; 1!!43, 18.64 inchesl 

>-3I Hains I 'Vater loss I Soil loss per acre
I I ':--------~- a 

tIj 

::t:Crop Rnd treatment j 1!!4] I ]942 I ]!J43 j "\mount I Percent of rainfall ! I Zalld pIaL H 
; I I Iii I I I ~ j t /19'11 1!!42 11!J43 ai Causing f jCau~ingI ICau~ing 1 ~ ttl >I 

._____________,~t:l_l~.J To!:,l runoff Tota! I runoff '~!~~L.::::.~__!~f 1!J43 1_________ t" 
t 

1 1\~1Imlie.. r:. •Yllmber} .-,.-umber.l ;l.\-umber ~Yu".bcrIJ..'r"umbcr Illches f Illches iInche;s lpercelli f PercclIlt PerCClltr TOilS ITOT~S TOil." t:d 
Corn-contour: I __ t _ t .. '} ~: _ t. 1 _ J.. q 

A_~._ •• • ___ •••.• _ ••. "'1 Ii> I ]" I 10 10 68 3 .....01 ].,,9 I 0.26 I 7.00 I u.8!l ].43 I 8.71 .1.2S 0.!!7 
lL..•._......... . .••.. _.j 75 I I:l l 70 ]0 68! 2 1.731 1.41. .22 I 5.51 i 5.22 1.21 .w.so 18.07 .43 ? 
AYCr:~ge._._.. _...•...• 1 75 t H 1 7f) I. 10 u8 ; 2 1.06 1.50 .24. I 0.24 '1 5.5li 1.32 /12.76 .';.68 .70 l"l

Corn-strip ('rop:: ~ I t 1 ' ":: 
A ••• __•••• " . ........ _. ' __ -' 7f> ' J.l; 70: H US: :3 2.00 j 1.52 .121 tL3ti'! 5.63 .66 I' 5.!J4 1.31, .07 

B •••• __ • __ ._ •..•• _ •.•.••• :._ •. = I 75' 12; 70' In I 6S; 3 , 1.u2; 1.5!! .10 I 5.16 5.89 .55 9.3S ,3.64l .12 Z 
Averug~. ___ .• ___ •.• ..j 7ii 1:1: 70 ]5 I li8 I :31 1.81! 1.56 .11 I 5.76 5.78 .60 7.66 2,4S I .10 <0

Harley-colltour: 1, "! ! , -.l/ 
A •• _•••••••• ___ • .... __ .• _•.•• -' 75 j 18 

I 

70 21 HE; a! 2.601 2.61i .10 I' S.27 1 !I.85 .ii5,· .53 I' 4.33 1 .03 ;:-0 
B ....... _. ___ •• __ •.•.•• ___ .•••.• -f 75 20 70 15 liS, 5 I 3.41! 1.85 .31 10.85\ 6.85 L70 1.36 .90 I .14 
A\'erage... _________ •. _...... _ •. , 7;, J!J 70 18 68 i 4.! 3.00! 2.25 .20 !I.5.5 8.:13 1.1O! 1.00 2.H2 I .08 ~ 1inrIey-strip crop: __. _ 9" • ~ i __ ~ ') _i 1. - "~,,." --I 
.-\ ••• _ •••••• ___ •.•. ___ ._.___ .__ Ii) 18 10 .... 6S .J! ]."" i 1.8. .1", 4.!J3', U./-I. .8.. j ...6 I '''''. .03 U113._. ___ ._. _..... __ • ______ .• __ • _I 7;j 20 7010 68 4 I 3.·j(i, 1.2tl .25 I J1.01 4.67 I 1.37 ( 1.53! .29 1 .12 
A,·eruge..... _____ .........._. . 75 10 70 16 6S 4 2.50! 1..';4 .201 7.!!6, 5.70! 1.10, .!l0, ,42! .01; 

lsl.year hay-:coll(our:' c: .~ 17 ~.70 , 6S 1.21 (i.!JI 4.4S .39 .03 tIj
~=:~:::_::-:::::~._~:~=~:==~~~:=:~; ~~ t i~ 70 ! 68 2:74 1 1.!J-I ~.72 I 7.IS .:lO .05 ":: 
.-\vernge~ __ 4- __ ~ _~_ *._,_~ ____ .. __ j 7.j 

" 
70 68 2.4U 1.5S 1.83 i 5.85 .34 .04 -= 1st-year huy-~trjp crop:;

A .. _•.•••.•• __ •.•••• ,,_.•.• ___ 7f) ; 20 '0 ' 68 2 2.7:-J 1.]3 O? S 69 ; -.!.I§ f .11 .t'ifl .03 
l~•.•!c.............. . j;j ~ 20 70 1 ~: 6S :l.G2 1.37 ___ :_~_~ 11:52 ! a.O, .... _....... .54 .17 >::: 

o 
Averllge .... _.. _ .. _~_~_ .. ... 75 20 , 7.0 S; (is 3.1S 1.25 .01110.12 ! 4.63 .05 .60 .10 

2nd·year hay-eolltollr: 1 > 
4.23\ oA._•••• __ • .••• _•.• _. __ • __ ••. __ •. _ 7.j 1 l:l 1 7 68 2 1.33 .55 2.04 .11 .IS .01 ,___ ••. 


B •••__.... __ ._ .. _•.•.•.• __ ._ ... __ .; 7tJ f 20 ~ 7070 I ;) 68 2.26 i A!l 7.1!! LSI· .05 .30 .01 \... _•• 

.,Average. ~ ~ ___ .. __ ~ ___ ~ ...... __ ! 75 161 (is 2 1.S0 ' 59 5.73 . 1.92' .11 .2+ .01 i-- .. . .....
70 ! .5 r a 

::0 
2nd-year hnY-;itrip {'rop: I }.4)-A ___ .••• _.•__ • it) 14; 70 ; 8 08 l.SI .8S 3.26 .04 c:: 

B ••• _.... 75 20 i 70 !J 68 2.58 .99 ~:~~ j :3.67 :05-! :ti2 .10 t" 
A\"er:l~e_ 7J 17 ,~ 7(l S liS 2.20 .94 7.00 I 3,48 .•r .44 .07 ,.:: 

d 
-.-.-:--~--'---.--~ ".~. ::0 

tIj
I Data nre for the period, Al'r. 16 to Oct. !U. 

'All plots planted to a 4·year rotation. Crop shown for strip cropping is the Croll 0,. the bottom strip. 

• 1!l41-hay was actually fall·seeded grnin, spring-BI'eded legum". 


IIH2-hIlY Wa" all first·ycar hny. 


• .. • 




• • 
'rABL!> 29.-Raillfall amI rUl/off and soil loss from cOllioureci,l'l/crraced,' (lllclsirip-C:0]lped4 w(lier.~heds, 1933-435 

• 

------------~--------

Soil loss per acreI ~=~ ~~ I on land­

1. Amount of /:---,-/------ ..... 
Year ZContoured Terrne~d I Strip cropped rainfall on ! AD"ount Percent o[ minfnll I j -<1 ~ ~I~!~ t;:J) I I 1 I I Ii! I I toured raced cropped

I Causing ICausing IOuusing " Con- I Ter- I Strip Con- Ter- I Strip I I ~I Total runoff I '1\,tl1l runoff Total runoff ; toured ,raced cropped' toured! rucl-<i i croPJled I ! ..... o~~--------i,Numberj lYumbrrl ....'-wllbcri A.'-Ulflbrj1}tll1llb",' J,\f"Umberj Illc~eJl.I)' IlllfJt..t'! Ii,' 1llcl~es " Iuclles iper~e7l,tl' Percellt! perCCUl/- TOllS J TIJI,IR l~ >-
l.).l.L " . . . - 1 -19 14 49 1 1-1---..... __ _1._3 ],.,,, 1.,,9 • ___ ....} 7.30 7.49 t·-------. 18.18 1.07,.______ _ 8 
19:U.__ I -II ]5 I -11 1 12. • • . 24.91i 3.86 3AI 1. ___ •• __. 15.46, 13.f)(j ._._. ___ . 15.99 3.72 _______ . 
1935.__ : 63 19 • 113 I 17 _, " ! 29.74 5.58 7.:iG j_ ...... .! 18.7G ' 24.751------ .. ,91.69 ](i.70 ,'_______ _ o 
]93(L•.. .,. -10 l:i I 49 I 10 ! . 20.77 4.60 I 4.50 1• __ ...__1 22.15 21.66 ---____ .) 99.78 I 13.0S -- .. , _ Z 
Averng<'l!la:l-:!U. . 50 15 50! 13 .l 24.1S 3.90, 4.22 j---- .• -.116.1:i! 1!l.03 ,.,,_____ ' 5fiAl I s.M,i ..... --­

...... 
1937__ I" 52 J:l 52 i 13 52! :1 I 21.20 2.96 2.6.; jl .99113.96,12.50! -1.6711-1.671 .191 2.3!J Z1?3~__ ~~ ! 1~ 'j ~~ 1, 2? ~~ I 20 :~5.09 5.(j8 ~.I?; 1>'41 11~.191' 17.3~;, 1~.~! I 19.~1 I 7.~ O.}~ 

U1 

J!J3.,___ I ""'" - "" I ,I ,'" 1 IS.87 LID _.7.l I .67 ",S3 14.-I,! 3."" I ._1, ._OJ! .3;, t;:J1940.__ • 75 ! 5. 75 7 • 75 5 21.99 .S6 l.!l-l i .75 3.91, S.S2 1 3Al .22j___ . __ .! .49 ::::::1941.•• , 'l' 75 . 10 l 7ii I J() I 75 • 15 ! :12.76 1.51 3.10 I 2.1i3! 4.lil I 9.46 I' S.03, .36 .OS! 5.78 o
1942.... . 80 . Ii ! 80 I 0 " so I 13 '1 :i1.03 L30 2.12 I L70, -1.10 I fj.8:i 5AS 1 .20 .05 J ,47 U11043___ .. , , " , 1i7!. • "I 1i7 1 67 --..... 18.36 •• ".OJ ,.__ .... ,..... __ ! .0.; '- ..• ____1. .. ____:.......... . ...... 
A\'crnge Hl:l;--l:j', " 72 ! S 72. !) 72 8/ 25.m I.!l2 2.66 i 1.88 i 7A9j1O.:m! 7.:l4! 5.00 I ].20; 2.mi o 

I! I : 1 1 I ; % 
tContoun'cl wut('nilJPd; Areu-2 .. 24 acres; .Hlope-1.5 percent.; ('rups w('r~ grown u.s follows: HI33-spriuJ! grain; 19:J4-elo,·cr-timothy hay; I035-corn: 1!l:i6~oriug grain; Q

CoUow,,: 1933..-spriug grain: IH:i4-dovcr-timothy hay; 19:i5-corn; 193fJ-spring grain; l!!37-c1o\'cr-timothy hay; 1935-corn; 19:19-spring grain; 104D-41-l2-l3-nlfalfa-timothy o1937-do\'er-tituothy huy (the lower oue-third of wutershed was so badly gullied that huy.

soll-llUJUp dams w~re constructed): 1935-upper two-thirdR, corn. lower one;.third, huy; ~ 
"Strip-cropped watershed: Arcn.-2.7U acres; slope-17 percent; croppeu to n G-year IO:U)-upper two-third.s. spring grain. JOW(>f one-third, hay~ 1940-11-42-43-~ntire area rotation: ("rops were grown as follows on the botton1 strip: lfi37-alfalfu-timothy ;d
iu alfalfa-timothy hay. hay; WaS-ulfalfa-timothy; 1939-corn; 1940-grrun; 1941-l2-lll-nlfnlfn-timothy huy. o'Filter strip added 1!l37. 'Datil nr<' [or the period. Apr. 1(j to Opt. 31. t'"~T(>rr!l(~('d wlltpr}othpu A-t; Arf·.a-2.21 llcr~: 1:ilopp-IO pf!rCNlt; ("fOPS WE're grown a..t; 

-.J 
-1 

http:Arf�.a-2.21
http:Arcn.-2.7U
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TAllI.1-: aO.-AtiJilwlllll'll/1//(/)"1/ of 1'aillfall, 1"Il1lojJ, awl Iloillos.~, by winter period and grO/ring season, on a cultivated watershed, a 1}(1stllTed C":l 
watershed, anrl a cultivated terrace,1934.-SS 	 II: 

Z 
H 

'Prccipitutioll '''uter IO~8 Soil loss per aero 

~ \VU t~r"llOd 
and y('nr ~Njllh'r ('OVCL" 	 Crup GrOW-I I I Grow-I I IGrow- b:IWi'!ter ling 'I'otuls WiI!ter 1 ing Totals ,ViI!ter ing I Totuls cl 

______1 	 ,-..!.)cTlod ~ ____ period ~ ____ peTIOd ~____ 

IIIch"" I I"che. I Illches I Illches I I7IcilCs I Illche•• I TOils I Ton.'1 I TOils 
Un(errnee<l

cultivated 	 ~ 
w,,(ershed: Z1934- ___ Clo\,cr-tiI"nthy seeding __ - .•• -•••• _. JIIlV. - •••• _. -- •••• _••••• - "_1 24.96 28.84 0.2G a.80 4.12 0.26 15.99 1fl.25

!l.88 \
11l3",,"" 1!'nll-plow~d huy.___.:_" ...... __ ._. Corn••••••_.._. __ ._ .•. __ •• _. 13.71 29.7-1, 43.45 	 .M 5.58 6.22 .22 9l.G9 91.91 <0 

-..t193(1.. •• ]i'nJI-ploweu corIl stubblc___ .. _~ _____ ~ Spring-grain ...... ______ .'" ______ n.17 20.77 26.9-l 2~2!) 4.6() 6.85 15.78 99.78 115.56 
lIl37 ___ • Clover-tilllothy seeding ____________ • lIllY_________________________ 53 1 21.20 27.73 2.14 2.9(; 5.10 .!-l !-l.67 !-l.81 .?> 
1938__ •• (i.UI'Pc: two:th!rcls fl~l-plowed IIuy- Upper ~wo;t.h~rds corn-Im"cr I 

lo\\~r one-tlurd hu;\ ... __ .. _~________ oue-thud ll.l;\ ____ ~ _____ ..____ 8.31 35.0!l 43.40 .li5 5.68 6.33 .43 111.31 19.74 ~ 
Averngc_ •. __. . __ •. _._. ___ . _._. _. ___ .1.._____ . _____ . _____ ... _. ___ .-_ 7.72 26.35 34.07 1.1!l 4.M 5.72 3.37 48.29 51.65 

Unterruced Ul 
pnsturc
wutershpd:1934 ____ Grn~s___ . ___ ._._. _. ___________ • __ . 	 t:iI)ustuJ'c.. ____ ~ __ ..... __ ........... ___ 3.88 24.90 28.84 .00 2 .. 12 2.18 .02 l.63 1.05 t;j 
___do_____ •______________ • _..., __ _____rlo______ • _____________ • __1035._._ _. 13.71 29.74 43A5 	 .01 1.30 1.31 --- .14 .14 '"d1936____ _____ do ________ .: _____ • _. ___ .. ______ _• __ -do- _. _____ ..• ___ • _________ 6.17 20.77 2!1.!l4 2.16 .93 3.09 .01 .15 .16

1!l:17____ ____ .do__ .•_______ . _____ •__________ _____do____ • __ • __ • _. __ • ____ • __ 	 ~ 0.53 21.20 27.73 .10 .66 .77 .03 .03 _ . ___do____________ • ____ • __________ ____ .do__ • ___________________ 	 --­1938_. __ 8.31 35.09 43.40 2') 3.34 3.56 .11 .11---	 o
Aw",~ -- -- -- _--------- _- ----- -" _"------ __1_____ ----"" --" ---- --- --- -----" 7.72 20.35 34.07 .51 1.67 2_18 .01 .41 042 

':j'".rcrrace A-5:1934.___ Clover-timothy seeding ______ .__ ___ _ Hay__ • ______________________ 3.SS 24.!lO 28.84 .05 3.06 3.11 .02 2.13 2.15
1935 ____ Full-plowed huy __ . ______________ ._ Corn__________ •_______ ._. ____ 	 :>13.71 29.701 4304.5 1.39 6.84 8.23 .46 14.00 14.46 
1936____ Fall-plowed eOl'n stubble____________ Grain_ ..... ____ • __ ._. ___ • __ .. 	 4.64 8.90 1.50 12.22 13.786.17 20.77 26.94 4.26 ~ 6.5:3 21.20 27.73 1.92 2.47 4.39 .04 .3!l .43 H1937.___ Clover-timothy seeding. -- .. __ ---. -'1 Huy- -' .- ... -- - - ----.---------1!l3S ____ Fall-plowed huy_ ...... __.. _. ____ • Corn..... _________ ....... _._. S.31 35.O!l 43.-10 	 .97 7.51 8048 .21 8.71 8.92 C":l 

....\1;cragc_ _..___ .. ___ ~ ___ ..... _______ ~ _____ ...... _ _ ........ _____ ..... _.. ________ .. ___
_~ 	 .. 7.72 26.31; 3·1.07 1.72 4.90 0.62 .46 7.19 7.U5 q 

_ ..___ __·_-..._·_c_____ ·_··. __ __ I
~ · ~, ~~_'~"~__ .---- ­ !:3 

q 
;:d 
t;j 

• 
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TABLE 31-Rainfall and runoff and lioilloss from. 1mterraced pastured watershed and pastured terrace by classified groups of rains,l1933-3f2 
, ..... 

t 

I 
ZAmount of Soil loss I Hains rainfall Water loss per acre -<
t;J 
Ul 

I I-'l 
Rainfnll group,' watershed, Size of J~nlld Percent of H 

or terrace No. uren slope 1935' Average Amount rainfall o 
Aver- I Aver­ ;:.1 81035 age 1935 age HAvcr- Aver-ICausing ICnusing oTotul rulloff Totul rUlloff lO35 age 1935 age Z---- -------- Ul

Acres Percent Number INumber .Number, l..Yumber Iuches IllClw;-iJ;;;;:;;- Inches Percent Percent Tons Tons 
Annual: 

Unterruced pasture watershed___ 2.412 24 63 8 51 8 29.74 23.58 1.30 1.09 4.37 4.62 0.14 0.47 ZPa.ture terrace E-:L__________ f13 I!"";1.011 III ijl 9 29.74 23.58 3.04 2.12 10.22 8.99 .19 .30 
High-fnctor rains: t;J

Unterrnced pasture watc.•:,ed___ 2.412 24 4. 3 -I 4. 8.0~ 6.61 1.22 .8!! 15.23 13.46 .12 ..10 ~PlIsturo termce 1':-3___________ 1.011 lU 4 4 4 4 8.01. 6.61 2.23 1.51 27.S4 22.S4 .14 .21 o 
?'lodcru!c-factor rains: Ul 

Unterraced pllsture watershed ___ 2.412 24 12 4. 6 a 12.37 7.21 .OS .19 .65 2.64 .02 .06 H 

Pasture terrncc 1!}-iL ___ ~,- ____ ... 1.011 19 12 S 6 4 12.37 7.21 .81 .55 6.55 7.63 .04 .05 o 
J..Iuw-fnctor ruins: Z 

11.76 ________Unterrneed pasture wllter.hed ___ 2.412 24 47 1 .J1 1 9.36 .03 ----_ ... _- .31 .01
Pasture terrnce E--3 ___________ 9.76 ________ (")1.011 19 47 0 41 1 9.36 .06 -------- .61 .01 .04 o1-- Z

,.;::'Runoff-storms IIrC divided into 3 group" by use of the rUlloff fnclor us follows: '1'ne includes storms with factors of frolll 7 to 11, and the low group includes storms with 
high group includes storms with fuctors of 11 or more, the modernte group includes fuetors of less than 7. ~ 
storms with fuctors of from 5 to II, alld the lOll' group includes storms with fnctors of 'Datu arc for the period, April 16 to Oct. 31, only. o 
less than 5. Eros.ion-storms lire dh'ided into 3 groups by use of the erosion factor liS 'Ycar of higl.1est soil loss for period covered by this table. t" 
followH: The hi.:h group illcludcs storms with fuetors of 11 or more, the moderate group 

'-l 
t:.O 
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TABLE 32.-Rainfall and 1'111l0jJ and soil loss froll! sll1allwatersileds 'With variolls COL'er conditiolls by classified groups oj rains,i 1985-412 ~ 
Amount of Soil loss' 

Rain& rainfall 'Vater loss per nCfe ..,:; 
~ 
C":l 

Rainfall group an,\ Size of Land Percent of ~ 
waterslu!d area slope 1935' Average .AtllOUllt rainfall ZAver­	 A\'~r­ .... 

I 
1935 age ]935 t1f.!ie C":l 

Causing Causing Aver­ Aver- > 
1935 age 1935 age 	 t"irunoff Total I runoff •____ � ____.____.____ � ____'____.____Total 

Acres Percent I ..tVumber Number Number I NU1II/>er I Illch.. I 11Iches I 17/Ches I Inches I Perrellt I Percent I TOllS I TOll. I:d 
cjAnnual: 

Watershed _-\. pastured wood­lund'______________________ 
2.07 17 ua Ii li7 3 29.74 25.77 1.06 0.30 3.56 1.10 0.79 0.14 ~ Watershed B. protected wood-	 ,.,land'_____________________ _ 

~ ___ ... _ M_11.50 27 (i3 1 li7 ............... 2· -~.- - ... - _02 --- .. --,.. .. .07 .01 ....
-·--·~05'Vatershed G. cleared pasture'__ _ 5.85 2H n3 u tl7 
~ 

.38 .09 1.28 .35 .30 Z
Unterruced pasture wutershed __ _ 2.412 24 li3 8 ti7 7 1.30 1.18 4.:17 4.58 .14 .10 
Unterrnced (~ll1tivat.e(i watersllt'tl 2.245 ]:) ua 19 li7 11 5.58 3.0:1 lS.7/i 11.71i 91.!i9 :i2.28 <0 

High-factor rains: c;J 
"'ater8hed A. pastur.<l woodland 2.67 17 4 4 ;; :l 8.01 S.liO 1.01 .29 12.IH :1.:17 .78 .14 
Watershed 13. protected wood­land ________ • _____________ _ 

_ c _~.,., __11.50 27 4 1 :; 
-----~--

.02 .25 .01 ~ 
Water_hed G, cleared pa_ture__ _ 5.85 2!i 4 4 :') 2 .34 .08 4.24 .93 .28 .05 
Unterrnced pasture watershcd__ _ 2.412 24 4 4 ;) ;; 1.22 1.10 15.23 12.79 .12 .10 U1 
Untcrrnced cultivated watershed 2.24fi ]5 4 4 :, 5 ... _~ ~ _. _ 

~ ... -"'---- 3.17 2.02 :19.58 23.49 78.75. 27.90 
:'oroderate-factor rains: 

Watershed A, pastured wood- j I I , • tj 
land'__•___________________ _ 	 t;:j

2.G7 17 12 2 7 _ .. _____ 12.:n G.GIi .05 j .01 .40 i .15 .01 1'''-----
Watershed B, protected wood­lund'_____ • ________________ _ 	 ~ 

11.50 27 12 7 	 '" 
------~-­

'Vatershed G, cleared pa.ture'___ 5.85 26 12 2 7 =:::::::: :::::::: :::::::: ---~~04-1L---:Oi- -·--~3:d----:i5- "--:0:+=:::::= 
_________ ________ ________ .08 .07 1.05 .02 ______ ._Unterruc:cd pasture wntcl'shed___ 2.412 2-1 12 4 7 	 . li5 1 C 

3 ________ ________ 2.09. .79 Hi.nO 11.80 11.35 3.H ':::Unterraced cultivated watershed 2.245 15 12 11 7 
J~ow-factor .rains: 

'Watershed A, pastured woodland 2.67 17 ·17 55 
1 >oWatershed 13. protected wood­land______________________ _ 

11.50 .27 	 55 I~~~~:~~~~ ---~~:~---~:~~~J~~~~~~+~~~:~~~ ~~:~~:~~[~~~~~t~~~ ~~~:'I~~~~~:: ~ ....
Watershed G, c1cared pasture__ _ 5.85 26 55 	 C":l!~ ::=::::==/_________ --------- -------- -------- ... -- - ---j--- ---- - ----- ---1- -------(-------- -- ------

~ 

Untcrruced pasture watershc<L .. _ 2.412 .2-1 
47 55 	 --------- -------- --------1--------,-------- --------j-------- -------- -------- cj 

1:nterraccd cultivated watershed I 2.245 15 4.7 4 55 	 --------- -------- _____ . __ 1 .32 ! .22 3.42 i 2.09 1.59 .88 
1 t3 

cj
IHunotI-storms ure dh'ided into 3 groups by usc of the runoff factor as follows: The group includes storms with factors of from i to 11, and the low group includes Htorlll~ ~ high group includes stoinH:i with factors of 11 or morc, the moderate group includes with factors of less thnu 7. t;:j

slorms with fuctors of from 5 to 11, and the low group includes storms with factors of 2DIlta are for the period of Apr. lfl to Oct. 31. only. 
It~SB than 5. -Erosion-storms nfC divided jnto three groups by use. of the erosion fur-tor aSoii.loss measurements discontinued in 19a5. 
as fol1owtt: Tllf~ hi~h v;rouJl 1ru'hulf'H storllls with far:tm'R of 11 or more, thn modl~rtLtc: 'Year of highpst Huillo"" for I)('riod covered by this tnbl.,. 

CoDnttl from wateli;lu~d At Ii, and G ohtllhwd hy the "I"orC'~'it Sl'n·i("(·. 

• 
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TJ\BLE 33.-il((injull (lnd 1"U1l0J! (('lid soil loss from terraces oj vU1'iable grade by cl(/Is.~ijied groups oj mins! Jor the 8-ycur l:criod, 1988-40' 

• 

.Amount of Soillo8s

Huins ruinfull "rater 10::;8 per ncre 
1-1 

ZRainfall group, t<'rrucl' No., Size of JAlIld I I Percellt of 
and vertical interval area slope Ina53 A \"crugc Amount ji ruinfall ~ 

, . I AYer- I I .-I.vcr- U2 
~1 1'---'----/lua5 luge Ula5 ageI ..., Causing Cam;ing ...-\vC'r- Avcr­

1 'I'otal j runoff I Totul . runoff ! 1!l3.; uge I l!la:) age Cl 
::­

·------.:k;;s-p;;~ JVU11Illl'r Sluuber \1 ,Numberl ~Ytlmbcr Inclu's jIlldlc;- I'IIrhc.'i Im:lie.o.; PerrCfli Perrrllt 1--;;;;;;-~ ::3Annual: t o 
A-4, 1 to 6 inchcs__ ~ :..,.20U JO G;J J71 liO 10 20.741 24.2-1 7.:3U 3.71l 24.75 15.04 16.70 5.35 zA-5,l to 3 inches__ .~ l.81";]2 ua 17 ' liO ,. l:l 2!l.74 24.24 (i,84 :3.81 23.00 ]5.72 14.00 4.85 U2
A-6,leveL ________ .•.. 1.632 l:l 63 17 00 lJ 2!l.7·J t 24.2·1 3.li7 2.42 12.3-1 !l.!!S :l.IjO 1.42 

lligh-fuctor rains: I 1-1 

A-4,1 to (j inches_. 2.20U J(J '1 -I ·1 4 ILOI 7.47 ii.O!! 2. i7 63.54 37.08 15.61 .1.62 Z 
A-5,]to3inchcH J.SS(; 12 " -I -I 4 S.OI 7.-17 .J.1l4 2.7(i 6L{i7 :10.05 la.2!! 4.Hi 
A-O,lc\·cL ___ • . 1.032 13 ·1 -I ·1 4 8.01 7.47 2.G5 LSO 3:l.08 25.30 3.44 1.28 t;j

ldoucrute-fuctur Tnim;: 
A-4,l to 6 inch,·.;,. 2.2UO 10 12 I 1 (j -I 12.:Ji (i,51 2.0'1 .81 IIL4!) 12.'14 .87 .,,7 ~ 
A-5, 1 lo 3 il1l'hl's. 1.885 12 12 11 (j .5 12.:l7 G.nl 1. 73 .84 : ..UIl) 12.nO ."(; ,,;7 U2 
A-li,lc\'cL_____ I.fJ32 1;1 12 II (j ,I 12.:17 IL;;1 .!H .an 7.tiO 5.!)!1 ,I:j .I:! 1-1 

J..ow-r~clur ruim~: o 
A-~,.l to ~ !nclJ~~ I 2,!!U~ 1 ]9, :l? ~ ~o I ~ ;).~~ 10.2~ .23 .:;1 2 .. !~ ;;.O~ .2~ I .I!; Z 
A-o,lto.hnchs ... -. "--0 1,88.. I~ II - "01 t .1.aG 1O.2U .J7 __ I 1.8__.0.,\ .1.,\ .1 .. 

A-6, leveL ___ .. -" ---. 1.632 la ~_L._" ...~....~~ _.... 3 U,:J(j 10.20 .08 .14 .S5 1.36 .03 .01 o 


>0. o z 
J RUlJoff-storms are divided into 3 groUI:S by usc of the rulJolT facloras folluw,;: '1'1", ;.3group includes storlUs with ructors~or from 7 to 11, and the low group includes storms nigh group includes Htorms with facton; of ] 1 or more, the moderate group includes with furtors of less thall 7. ::d 

storms with factors of fromli to 11, and the low group includes storms with f!l~ton) of 2 Dutu arc for the period, Apr. 16 to Oct. 31. ollly. o 
less than tj. Erosion-storms arc c..1iv.idcd into a group; hy UIiC of the erosion fuetOl' m:i t<, Y cur of highest soil 10". for period covered by this tabl,-.
follows: The Jligh group includes stoTms with fnctol's of 11 or wore, the ulOdf.'ratc 

00 ...... 
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TJ\Br,~J 34.-Ruillfllll and rlLnoff frmn terraces 'with the same lIariable (J'mde but differcnt 1!el'tical i'lilcr/lal,~ on 1JUstllre land by cl(/,~,~ijicd gl'OIiPS ~ 
of '/'{/i'fl,~1 for the 5-year period, 1.988-422 Ci 

::t: 
Z ....Amoullt of oHnius I'llinfilII Willer loss t ;.-

Avl'rugf' ----r----"-,.----~--·---,..- ...-- -~.~----- r 
Hniufull group, terrUl~e No" Size of l~tLnd J!).I1' ttl 

'. 11 Amount. J\'rcleuf; of rainfalllind Ycrticlll interyul nrcu slop!' C1- 10H Awrugt} ____. .­ r 
Cuul::ling'\'ollli I rUllofT 1!).Jl IA\'"ru~c L!Hl I:\\'erugc ~ ..::I J\TU,,~;-l-:';IlUltltl-;· -N~;'-;;;;;; --;;;;;;~:;-Il;;;;;-C"'lllrhe';-11[;;j;;:;- J;f~;;;;ti- l't~f.~ ~ 

~ 
I~ 7(; I) :12. 7(1 ~7 •I),,! :1. 2:1 • a.2·1 !l. ~(l I I l. 5\) 
II !' 7fi I JO :12.711 I ~7.!lii ·1.011 i :I.7S 12.:111. I:l.ii:! ~ 

-I
.II 711. S :12.711) :!i.!Jii t 2.!I!) I a.I·1 !I. 1:1 11.2:1 eN 

\J-l,U-100t __ ~_.~ .... _.. _~ __ .. _ .. _ "_"' ___ 1 l-I l "'1 7H ~ ~.t., 7H' ~~7.nfi 1 ~LOS. :~.lI5 H.]O ~ JU .. !ll 
lligh-Cnctor ruins: ;. 20..11 i 2S.00 ~ £-2, 7-fooL ______ ... _____ • ___ ... _. _. .929 15 :i 1:I.1l7 !l.!l:l .S·I 

:12,22£-3, O-foot ______________ • _____ .... __ l.0I1 !i [) la.1l7 !).9:1 a,i'2. 7!1l I .20 ~:1.1ijI!J 
.:; la.07 !J.!J3 2.11 .S5 Hl.S2 28.70 lfJ 

G-\,9-fooL _________ . _______ .. __..__ 1.075 \7 ij 13.li7 !l.n3 !!,fi2 7" 19.17 27.an 
1\Iodprntl'-fnctor rains: I:i 

C-3,7-fooL_________________________ 1.101 15 fi 

];:....2.7-foot__.._.. _________ • ____ •• ___ .!l20 Iii I !l " .~2 I .al :;.42 .1S2 t;j 
J~-3, O-fooL_______________________ .. 1.0lJ 10 !J ... ·1 7.·IS Ii.S·1 't.~H : 
C-~, 7-fooL ________________ ... ___ ... 1.101 15 !I ._7 I .22 :\,48 aA2 

~ C-I,O-fooL ________________ ..____ •• _ 1.075 17 II .:la ; .28 .1. 20 -l.a5 

T.. ow-Cnctor rains! i o.02 I .09 .IS .is 
J~-3, 9-fooL______ __ ________ _________ 1. 011 1\) .0·1 ' .14 .35 1..21 
C-3,7-fooL____ • _________________.._ 1.101 15 .01 ! .07 .O!) .IlO ;.­

E-.2, 7-foot_________.. _____ • ______ .._ .929 If> I fJ l':j 

.0:1 I .OS .20 A:l
C-I, !l-fooL_________________________ 1.075 171 5 ~_J~____ o __~ .. _l_____ ._~ o-... 

I ItUlloff-stOl'lIlS nrc divided inlo 3 groups by USI! of the. rutH.)ff fuetor as follo\\'I:3: fPhl! hi~h Io;roup inchules stOrms with fut,tor:; of 11 01' 11l0n~, the moderate ~I'o~~p Includes S 
storms 1\'ith factors of frl)Jn 5 to 11, nud the low I!:rouI.. lncludcH stornu; with fuctorH of h~HS thull 5. groMion-st.ol'JIlS m'e divided inlu a gl'i:mps bY' m5(~ of tll(~ ("rosioll fHelor H~ c::: 
follows: The high group includes storms \\'ith factors of 11 or morc, the moderate group ilu')ucll's !:itOI'IJIS wilh fHclors of frolH j to 11, and til(! low grUll!) ilwlmie:i MtonllS ~ 
with fuctoJ'a of less tha" 7. ~ 'Dutil nrc for the period, Apr. 1(; to Oct. 31, 01111'. ... 

, Yellr of highest soil loss for period cO\'cred hy this tahle. .­
tt) 
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rT.AllLE 35.-Rainjall and 1"Imoff Clnd soillosii jrom lerracesmith lite SClme ,'unable grade bitt dijJerenl l'el'lical iltl('tI'IIL.~ on (7'07171l11d by ela.~sified 

groll11S oj -rainsl for lite 5-yem' 1Jcl'io!i, 1933-372 


i"Amount of Soil loss 
» Rains rninfllll Wuler 10.5 per acre I-< ____________------------~~---r <: 

Z 
Rainfall grou]), terra"" No., Size of Lnnd t:;

and "crticul inter",,1 nrcu. sla])e 1935' Average I Amount J p~~i~r.~l I W
..:A \~cr- . .Av~r- ,.:;Ill!!i; Ug,'! ! j' l!135 age CCuusiJlg I ICuusing 

I 
I, : I .A '·PI"-

I 
Avcr- I ~Tollll runolT____I TOt.l~, run(l1T i l035 ,uge W35 I age ... 

Acres Pcrcc::l J,Vlllllbcr I JYumluJI' Number .JY11mbcr Inchc1'1 j~J;;;-" 17:c-';;;-llIlCIICS I Percell I !l>;:;;,;t T,;;;;-I-;;';;;;- C 
~ 

AmilIul:C-2,5-foaL _________________ _ Z 
C-3,7-faaL_________________ _ 1.007 10 03 18 51 HI 21l.7'1 !la.5S !L2H j 4.5i :H.H 19,a8 17.67 8.67 w 

,0-4,9-faaL __________________ 1.101 15 03 17 51 II) 2!1. 74 23.58 !1I:~! 4.22 30.70 17.!10 !la.as S.1i2 
1.075 17 63 10 !i1 10 21l.i4 2a,58 i 0.87 3.6!1 2a,1O IS,U5 Ill..l7 S.lIl I-< 

High-fuctar rains: Z 
1.007 10 4 ·1 4 4 I S,Ol lUI [ ii,Si! 2.85 i3.28 4:1.12 15,0!1 7,U,; 

t;:j&~: t}~~t=:::::::::=:=:=:::: 1.101 15 
-I " 

4 4! 8.01 ~.(!I! U.~i I H:! !~.~~ :,2.~)[j 21YQ I 7.y!)
1.07ii 17 ;ti4 1 8.01 tLln I 4.UI, -._1 'JI.a" I 3·1..H II.(ll> I -I ,.l.~l\!ail~;j;;t{~t'o~-;~fu-B~ --.----- --- -- 4 " oC-2, 5-faaL_~ "______ .. ________ WC-3, 7-faaL__________________ 1.007 10 121 11 7 71 12.:17 i.21 j 3.10 I.·n 2;;.00 1!1.5fi 2.;1!1 ' .n;l 

I-<1.101 15 12 11 7 7 12,37 7,21 I 2.72 1.1:J 21.!1!1 lii.H7 2.08 .S20-4,9-faaL________________ -_ o1.075 17 12 10 7 7 I 12.:17 7.21 2.00 1.15 .In.Ii I 15.!15 1.78 .71 ~I.ow4fuctor rnins! 
c.::2,5-foot______ .. _ ...... _______.. 1.007 10 -10 

~ 

471 :J ~ I ~.:l(! ;1.ZI!. .20 'il! 3.!O I :l'!~ ..~9 .on n1.101 15 47 2 40 S .I..lb .1./10., .14, .-.) l.a(l I _.,,10 __ I ,10 o:g-j: ~:}~~t::::::::::::::::::: 1.075 17 d7 2 40 S 11.30 I ll.iB I' .2G .2i 2.78 2.i7 .1-1 12 ~1 I ;.::----'--~-~--~- ::a1iiunafI-storms nrc divided inlo 3 groups by usc of the runalT fuclor us follows: '1'111' groupincludcs storms with factors of from 7 to .11, and th~ low g:rolll) Illdlldes stOI'lIlt; ol1igh group includes storms with fuetors of 11 or 1110re, tim mc;dcrnte grau]) includes with fuelors of less than 7. 
r'stornlS with fnctors of fr0111 5 to 11, und the low group includes storms with fucLars of , Dulullrc for the pcriod, Apr. Iti to (hot. :H, only.

less thnn 5. Erosion-storms nrc di"ided into 3 grou])s by use of the erosion fucLor ns , Y .."r of hi~hc"t soil los" for period ,'O\·",..·d hy thi~ tuhl,·.
follows: The high. grau]) includes storms with factors of 11 or marc, the modernt" 

gg 
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TAUI,I-: 30.·-:I((/.';'lf(/1I (I/Ill 1"/(/w1T IIlId soillossjrom ICl"ral"c,~wi/h Iltll.~aIllC l'arillbit' !Irrtdc l'lli dijJcrcllil'crliclil illlcrllal,~ (III 1)(1s11ll"c lrl1ld by c/a.ssijictl 
to:: 
@

grouJl" oj mills! for ilu' 5-l/C(/l" pcriod, /933-372 

Z-, --.~-..~ ._- '----'---1 ~-.-.---.-----.---.. .... c 
t Amount of Soil loss :...! Bairm ! rainfu.1l 'Vuter Joss per nero t" 

J,IIU<l r-··..·--.-·~~·-----'·---~i Perl'cuLo( ------- bl 
HaillfnH ~r()lIp, tt.~I"I'H(·l· .No., Size uf d~lol'l· ! I I I Iand \·crth.'al illtl'l'vul art'lt lUa5' A,·t·rngl,' AlIlount rIlillfllli t" 

i -_ .. _ .--......___ ....,_ ..__ j~_.____-___ Aver- ----. I Aver­; I I 1!J:l5 uge ma.; age ~ ...,C'UlISilig CllllHinJ,! , Aver- ~\vcr- .....,.... 
__________-.-_~ ••• ~_....~~•._"' •._____ ~.~j__>_~ _, •__~ _~'riota~_ ~ ~~I~~~ ---..~ ~ 7 _____1.___~~~~ ________ -'-. 

'. J.lcrcs J~ Perrrut ..\'-/""brr 11YlllllbCr N'Jl",ber l\'-UlfIbcr Illches Inchcli illches Illches Perccllt Perce"t 7'u1IS ~runs c:> 
-I...:\ul1uul:; 1F..-2. i·foot_ O,!l2\l I 15 n;! 15 51 12 2!l.i4 23.r.R ii.1i 2.40 li.38 HU8 0.21 o.as ~ 

B-a, !l·foot., l.OIl ' 1\) O:! 12 51 {) 2!l.7·J 2:1.58 :1.04 2.12 10.22 S.!l!) .1\) .:10 
r"...I, ]I·fool. LOaO I 21 U3 12 51 10 2!J.i·] 2a.58 2.70 1.8:! !l.oe 7.iO . a·] . oil ~ High·fu"tor rai,,"! I f I
];;-2, i·fooL .!l2() 15 .] -.I I 4 4 8.01 n.61 a.50 I. no 43.70 25.iii .IS .aa U1];;"3, !J·foot.. 1.011 l!) 4 .] , 4 .] S.Ol (;'!il 2.23 1.,;1 27.8-] 22.8-] .1-1 .21 
F..-I, ll·foot.. _ Loao 2J ·1 •.1 I ·1 .] 8.01 Ii.lil 2.(H l.3:! 25.0!l 20.12 .31 .:10 

Moderate·fuctor ruins: ! t:i 
to:: 

B-3, !J·foo!.. 1.011 l!J 12 8 7 4 12.!17 7.21 .81 .55 n.5,'; 7.03 .(H .m; "0 
l~-l, ll·fooL.. l.Oan 2J 12 II i .J 12.3i 7.21 .(i!J .'12 5.58 5.82 .03 .0-1 

B-,' 2, i·foof... .!J2!l 15 12 10 I' i ,j I 12.!li 7.21 1.64 .nl 1!1.2U, S.·W .O!l .O!I 

~ 

l ..ow-Cnetor ruins: 1;;"2, i·foot.. .n2!) 1,; 47 1 t 40 ;3 n.!ltJ !J. i!i .O!l . .10 .32 1.02..... I' .02 o 
];;"3, !I·foot... 1.011 l!J 47 () ·10 1 !Lan !1.7U ._...... .on ._. .IH .01 .09 "':l 
F..-i,l1·fool.. ........... 1.030 21 ·Ii U 40 21 !J.au !l.iU I....... .OS !... .82 .~ ... __ .Ui 
 :.­

~------------ (;) 
1 Runoff-storm::; ure dh'-iuC'd tnto 3 group::; by u~c of the runoff factor us follow8: The group includes storms with fnctors of from 7 to J 1, nud the low gronp includes stormij ::;; .....higl1 group includes storms with fnetOfs of 11 or mon~, the IIIOtI['rntc .group includes ,dth fllt,tor& of less thun 7. cstorms with fUGtors of ftotli 5 to .11 t tlntl the low group irll'ludes storms with fudol's of • Datu IIro for the period, Apr. 1U to Oct. 31, only.

le22 t!mn 5. 1~:i·u::;ion-~to~JlIS are dh~idcd into a grours b:}~ use of the ero!:5ion rudor UK 3. Y(~UI' of highest soil loss for Jleriod cuvered by this tnblt·. d 
follows: The high group includc!:\ storms with fU('lors of 1 t or 1I10n~t the JUodt'rate t: 

a.... 
'"to:: 

• 
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TABLE 37.-Rainfall U1ld soil alld water losses fl"OlII plots of variolls lellgtlts witlt and witltollt berm,llBS5-S82 

CLOVER-TIMOTHY HAY IN nOTATION 
IRainfall amounts: 1938, 35.09 inches; nverage, 26.70 inches)

-j--- Soil los. 
Hains Water loss per acre1-_______ I ....-I-

Plot length and treatment 19~8' Average .Amount Percenl of rainfall I <: 
z 

1938 Average l?!l 
W 
003Cnusing Cnusing I .... 

Tol.,1 runoff Tutnl runoff 1938 ..AYerage 1938 Avcru~e 
----- ~ 

Number lVumbcr lYumber 1.Yumber Inches [llchell Putient Perce"t TOils Tons 
72.6-fool plot: ~ 

With berm_________ • ___•• __ .... _. _•••••• _. ___ 098 15 66 10 3.23 1.90 9.20 7.12 2.07 UJ5With berm_______ • ____ .•• ____ • ____ ........ _. 
 98 18 66 15 1l.7S 3.84 19.24 14.38 2.45 2.60 Z 
Without berm_____ . _.•. ; ..... _•• _•• _•• ____ •.• _ W98 13 61l !l 2.70 2.48 7.09 C.29 1.77 1.27 
Without berm.__ ••• _. __ • _•• , _.,. ..... _..... _._. 98 21 66 15 10.66 5.23 30.38 19.59 '7.00 4.81 .....Avcrage______ .. _.. _.... .... '" _~ __ __ .. ___ _.. __ ... __ ~ _.... 98 17 66 12 5.Sa a.36 16.61 12.58 3.34 2.43 Z36.3-footplot:
With berm_____..... __ ._ ._. __ .... _._ .. ___ ._... 98 66 9 2.83 2.08 8.06 7.79 .78 .S8With berm____ • __ • ____ • __ •• ______ .• _. __ ._. _.•_ l?!lg,9S 66 12 7.38 ·1.06 21.03 15.20 3.61 1.47
Without berm___....... _...._•.•.•• _._.. ______ ::0
98 13 66 II ·1.06 2.55 11.57 9.55 1.82 .99Without berm_••. _. __ • _. ____ •.. _______________ 098 17 00 14 4.ti9 a.31 13.36 12.40 1.37 1.04Average_____•. ___ •••_. _____ '-0 ... .""._ 

W98 15 66 12 ,1.75 3.00 13.5-1 11.24 1.89 1.24 ..... 
0 
Z 

llARLEY IN HOTATIO"" 
C 

98 19 60 16 5.37 5.36 15.30 20.07 35.98 28.90 00372·6-~m~I~:~~===:=::::::::::::::::::::::=:::::~:~I- • 
0
Z 

98 25 66 18 11.96 7.!J.1 34.08 29.74 -10.15 35.07
Without berm........ __ •.. __........ _._ .. _•.. _.j 98 18 66 14 4.47 4.95 12.7-1 18.5-1 20~O2 26.53 ::0 
Without berm__._.••. _._._••._..._••• , •••___ ._, 098 27 ti6 19 9.29 7.20 26.47 26.97 35.22 36.59

Average•.••.•__ •• _._••• _•• _.• __ .• _•._.". __ 98 22 66 17 7.77 6.36 22.14 23.82 32.84 31.77 t' 
36.3-foot plot: 

•••••.___•••••• _" __"'__ """""'1 98 17 66 15 -1.90 4.93 13.96 18.46 7.29 16.35WithWith bermberm•••_..._' __" ••_._. ___.••••• _. _••••• 98 24 66 18 11.89 7.86 33.88 29.44 19.75 19.85 
Without berm••_•••_.• __•••.•.•_•.•••,._•••••• 98 19 66 15 5.85 5.56 16.67 20.82 21.49 22.80
:Without berm•• _. _•••_.......... _. _•••__••• _•. 
 98 24 66 18 10.69 7.38 30.46 27.04 30.16 23.28

Average. ___••••••_••.••_•• __ ._.... _. _. _•.•_ 98 21 66 17 8.3-1 6.43 23.77 24.08 W.67 20.57 

~ 
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TABLE 37.-Rainfall and soil and water losses from plots of various lengths with and without berm,! 1935-38'-Continuc:l o 
;.­
t:'1CORN IN ROTATION 
t:d 

Soi1loss d 
rer acreWnter lossRains 	 ~ 

1!'.1 
Amount Percent of rainfall 	 :j

1938' AverngePlot length nnd trentment Z
1938 Average 

Causing Causing 
Totnl runoff Total ~runoff 1938 Avernge 1938 Average 

Inch•• Percent P.rc~lIt Ton. TOils 
Number Number Number Number Inche8 fl72.6-foot	Withplot:berm____________________.--- ___________ _ 98 24 66 15 12.61 6.37 35.94 23.86 115.89 W.56 

With berm_____________ • __________________ ---- 98 23 66 15 11.17 6.39 31.83 !Jl23.93 104.78 61.57 
Without berm_________________________________ 15 12.88 6.62 36.70 24.79 132.73 66.62 

98 22 66 
29.61 23.48 108.47 67.70Without berm __ • ____ • __________________ --- ----	 23 66 15 10.39 6.2798 24.01 115.47 f>4.1111.77 	 6.41 33.54 

I'd
Average______ ..... ________________ --- - -- ------- 98 23 66 15 	 ~ 

36;3-foot	Withplot:herm_____________________________ ------- 98 24 66 15 10.71 5.68 30.52 21.27 111.65 45.92 ;-3
With berm_______ • __ ._. ______ - _--- _______ --- -- 98 23 66 15 9.73 5.49 27.73 20,56 62.53 38.13 

97.75 55.55Without berm"_______ • _____________ -- -- -- ----- 98 24 66 16 12.02 6.62 34.25 24.79 
48.85 oWithout berm_________________________ -------- 24 66 16 10.63 5.87 30.29 21.98 85.14

98 	 t;I
66 16 10.77 5.91 30.69 22.13 84.27 47.11 

Average ______ •. ---c-------------- ---------- 98 24 	
;.­

1 The berm was a terrace ridge constructed so thnt the crest of the ridge defined the upper plot boundnry. 	 ~ .....• Datil are for the period. Apr. 16 to Oct. 31. only. o• Year of highest soil loss for the period covered by this table. d 
~ 
d 
@ 



87 JNVES'l'fGATIONS IN EROSION CON'l'ROL 

LITERATURE CITED 

• (1) ATKINSON, H. B., and BAY, 0. E. 
1940. 	SOME FACTORS AF}<'EC'l'ING FROST-PENETRATION. Amer. 

Geophys. Union Trans. 1940: 935-951. 

(2) 	BROWN, M. H., and NYGARD, 1. J. 
1941. EROSION AND RELATED LAND USE CONDITIONS IN WINONA 

COUN'l'Y, MINNESOTA. U. S. Dept. Agr. Erosion Sur­
vey 17, 33 pp., illus. 

(3) 	HAYS, O. l!J. and CLARK, N. 

1941. 	CROPPING SYSTEMS THAT HELP CONTROL EROSION. Wis. 
Agr. Expt. Sta. Bu!. 452, 23 pp., illus. 

(4) 	KILMER, V. J., HAYS, O. E., and MUCKENHIRN, R. J. 
1944. 	PI,AN'l' NUTRIENT AND WATER LOSSES FROM }<'AYETTE SILT 

LOAM AS MEASURED BY MONOLITH LYSIMETERS. Amer. 
Soc. Agron. Jour. 36: 249-263, illus. 

(5) 	 MUSGRAVE, G. W. 

1935. A DEVICE FOR MEASURING PRECIPITATION WATERS LOST 
FROM THE SOIL AS SURFACE RUNOFF, PERCOLATION, 
EVAPORATION, AND TRANSPIRATION. Soil Sci. 40: 
391-4g1, illus. 

• (6) PERFECT, D. E., and SHEETZ, D. A • 

1942. PHYSICAL LAND CONDITIONS ON THE FARMERSBURG­


MCGREGOR PROJECT, CLAYTON COUNTY, IOWA. U. S. 

Dept. Agr. Physical Land Survey 28, 25 pp., illus. 


(7) 	 UNITED STATES CONGRESS, HOUSE COMMITTEE ON AppROPRIA­
'rIONS, SUBCOMMITTEE OF. 

1928. 	HEARING ON THE AGRICULTURAL APPROPRIATIONS BILL 
FOR 1930. U. S. (70th) Congress, 2nd sess., pp. 310­
330. 

*u.s. GOVERNMENT PRINTING OFFICE; 1949-104!182 

.' 	 • 






U.. :; J"( 

*113 

i AITKIN 

rCROWWlNG-l . . 

~ ..;-.e::::-
VILAS" ~ 

·c-_.­
• ONEIDA 

I 
L._._. 

LlNCOUv 

\ bi 
\ i 



~IN I 	 ./ /2-, 
..J jJ « Tf\t""'''''- . 	 !BARAGA ~ 

." 	 I I !' 

L._. 

'PINE -. 	 ! . \.. .___ ._1 
I 	 1 

_I, l.1" VILAS" __ ~" ~ 
L " '. 	 1 

·:pliiCE·--L· . t r,;' '. ---r-' ""---- i 
, . ONEiDA .-'-"]J'l' IFlORE~CE~FORESTI 	 ,:
I L . L~rCl-
, LlNCOlN--l. 	 MAR\)TE.1. ~: 

r='~'-'-' . LANGLADE 1 
I TAYLOR -, _.i ' I fOCONTO ~ 

Ji'~'-. CLARK-' -"T' MARAn' N' -, ·l-.JSHAwANO
I 	 ,'~h 
'1 WISCONSIN l. 	 I -1 
!wooo': ;'ORTA~WAUPACA~.-.t 

L . I .OUTAGAMIE
""<i;~~~--I 	 ,IBROWN • 

1-._. ~.L .i ,; ~ 
,_._.YUNEAU IADAMSIWAUSHARA' .--.1_. .~MONROE I (.r' 	 FiNEBAGO C~k~- , MANI,OWOC 

\ i . I 
j [MAROUEiITJGRW~ .\, 	 ! ..flAKE roNoOU'lAC r'HEBOYGAN 

.~,..l.-JL I J 
COLUMBIA '~DGE' -·L. '-'-

I 'WASHING", 
, J TON OJ 

I i~ 



• • • • 

\~' 0 .~D ' I -* 1::1', ;:;
l,(. )'.3 - I 

APRIL 
Inches per hour ~ I I..-{ 30 MIN. PERIOD MAY

30 MIN, PERIOD 

Inches per hour 

3,50104.003.50104.00 

3.00103.50
3.001113.50 
2.50 to 3002.50103,00 

2.00102.50
2.00 	to 2.50 

1.50102.00
1.5.0 102.00 •1.00 to 1.501.0010 1.00 -• 	 •050 to 1.000.50 to 1.00 

Less thon 0.50Less thon 0.50 

'IS MIN. PERIOD 

Inches per hour 15 MIN,PERIOO 


Inciles per hour 

4.50 and over 

5.00 ond ave. 
4.00104.50 

4.50 to 5.00 
3.50104.00 


4.0010 450 

3.00103.50 


3.5010400 

2.50 to 3.00 

3.00 10350
2.00 	to 2.50 


250 to 3.00

1.50 102.00 ..• 	 •2.00 to 250
1.0010 1.50 ... 	 .­

1.50 102.00
0.50 	to 1.00 , 


;r''''' 1.00 10 I 50 

Less Ihan 0.50 -

0.50 to 1005 MIN. PERIOD 
Inche~ r'lpr hour 

• 	
Less than 0.50 

5.50 and over 

•• 
5 MIN. PERIOD 
Inches per hour

5.00105.50 

4.5010 5.00 

• 	
550 and over 

4.00 to 4.50 
5.00 105.50 


3.5010400 

4.50 to 5.00 

3.00 to 3.50 jill• 
4.00104.50 


2.5010300 

3.50 104.00 ..•• 

2.00 102 50 
3.00 103.50 


1.5010 2.00 

-... 	 .... 

250 10300 ~ I 0010 I 50 
~.OO 10250 ~~ 

05010 100 
1.50 to 2.00 

Less than 0 50 poo--'" I
1.0010 150 

0 2 4 6 8 
0.50 to 100

(l~c"rrence (per month) 
Less than 0 50 

0 2 4 6 
Occurrence (per monlh) 

30 MIN. PERIOD 

Inches pet hour Inches per hour 


30 MIN. PERIOD 	 JULY 

35010400 	 350 10400 

300 103.503.00 to 3 50 

250 to 3 002.50 to 3 00 •.. 	 .. 
200 10 250 	 20010250• 	 .. 
I 50 to 2 00 	 150 10200.. 	 .. 

100 to I 50 	 IOU to I 50 

050 to. I 00 	 0.50 to 100 

Less Ihan 0 50 	 Less thon 0 50 

.15 MIN PERIOD 15 MIN PERIOD 

Inches per hou, Inches per hour 


• 	 5.00 and ooerS 50 and ooer 

50010 550 450 10 500 

,. • 400 to 450450 10500 

3.50 104.0040010450 

300103.50350 10400 
250 10 3.0030010350 •--	 .-• 


I..... ­~ ~~ ~ r~ 

http:300103.50
http:4.00104.50
http:5.00105.50
http:3.00103.50
http:3.50104.00
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http:1.50102.00
http:2.00102.50
http:3.001113.50
http:3.00103.50
http:3.50104.00
http:3,50104.00


30 MIN. !>ERIOO 	 MAY 30 MIN. PERIOD
Inches per hour 	 Inches per hour-
3.50104.00 3.50104.00 

3.00103.50 3.00103.50 I 

2.50103.00 
 2.50 103.00 II 

2.00102.50 
 2.0010250 

1.50102.00 ~ 	 1.5010200 ...• 
1.00101.50 1.00 10 I 50 

0.5010 1.00 
 • 0.50 10 I 00 --=-
Less Ihon 0.50 Less Ihon 0.50 

15 MIN. PERIOD 15 MIN PERIOD
Inches per hour Inches per hour 
5.00 ond over 4.50 105.00 


4.50105.00 
 I4.0010450 

4.00104.50 
 j350 10400 •3.50104.00 300 10350 .­
3.0010350 2.50 103.00 ..• 	 .. 

• ! 
! 

I 
1 

250 to 3 00 2.00 	102 50 
I 

.-	 .. I 
2.0010250 	 I1.50 102.00 

:1.50 102.00 1.0010 150 
1.00 10 I 50 050 10 100 
0.50 10 1.00 Less Ihon 0 50 
Less Ihon 0.50 

I 
5 MIN. PERIOD 
Inches per hour5 MIN. PERIOD 


Inches per hour !
5.50 ond Oller 
5.50 ond over 500 10550 	 i 
5.00 105.50 4.50 10 SOC 
4.50 105.00 .. 	 .­4.0010450 
4.00104.50 350 10400 
3.50 104.00 .....-	 • 

~ 

1 
300 10:3 50 ~ 

3.00103.50 250 10300 
2.5010300 200 10250 
2.00102 50 ;

i 50 10200 

I 
!..­1.50102.00 tOOlo 50 

1.00 10 150 050 to ! 00 
0.5010 1.00 Less Ihon 0 ')0 ,..... _..----1___ 
Less Ihon 050 	 '------ '--"""'~'''''''~ 

0 ol 

C0 2 4 	 6 8 10 " 
Occurrence (per monlh) 

30 MIN PERIO~
30 MIN. PERIO~ AUGUST 


Inches per hour I "che' per' hour 


3.50 	104.00 . ­
2 SCi 10:3 003.00103.50 	 1 

2001025025010300 .. ~ 	 •.. 
, 
! rJ 50102002.00102.50 

\J 00 10 1)0 II 50 10200 j..• 
o SO 10 1001.0Ulo 150 
Less Itlon 0500.50 	10 100 

15 MIN PERIOD
Less Ihon 0 50 	 , 

I 	

I IInChes pertiour 
I 

450 Ip :; 0(1 i 
15 MIN PERIOD ; I 
Inches per hour " 00 Iii <) 5U I ;
5.00 and over 	 :3 50 10 4 00 

4.50 10500 	 30010:3 50 ~ 
I 

4.0010450 250 to 300 I~ 	 r- I 
3.50104.00 	 200102 sO 

• 
~ 

3.00103.50 	 15010200~ 
I'· 

3.00 	 100 to t 502,5.0 •. :0
 

"'nn 'ft",,,n ~ 05010 100 
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JUNE 

• 

• 
4 6 a 10 12 


Occurrence (per monlh l 


SEPTEMBER 30 MIN PERIOD OCTOBER 
Inches per hour 

T~~--""l250 10300 


20010250 
 I
T----l-----l I, 
 I

j 50 10 ;'>00 
 I 

, (10 10 i 50 


i ,',!:IO 10 100
I I l 


I. ~s~ thon 0 50
•• I
I -• I 


I j ! 
! 
I 


15 MIN PERIOD 
Inches per hour! 

I I
<150 10500 ! 
i 
 .10010450 


1 \ ;:'0 '040(' I I 
I 


3 00 to:) 50 
 I 

;~ 50 103 OJ 
 I ;200 lO? 50 


I 

! 50 10200 ..•• I 

! 

. 

10010150 
 I 

050 Ie> 100 
 I 
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SCALE IN MILES 
o 25, 50 75, 

II 

FIGURE I.-Location map of t.he Upper Mississippi Valley area, RllOwing locat,ion of the Soil Conservation Experilr 
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SCALE 

25 
IN MILES 

50 75 
~ The problem area 

! ! ! I 
• The Soil Conservation 

Experiment Station 

Upper Mississippi Vallcy arca, Rhowing loca!:ion of the Soil Conservation Experimcnt Station ncar La Cros:;c, Wis. 
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30 MIN. PERIOD 
Inches per hour 

JUl.Y 30 MlrL PERIOD 
Inches per hour 

AI 

,,",~-

3.50 10 400 3.50 to 4.00 
~,.OO 10 3.50 ~ 3.00 to 3.50 
2.50 10 3.00 2.50'103.00 
2.00 10 2.50 ..• •2.00 to 2.50 
1.50 10 2.00 lIB 1.50 to 2.00 

10010 I 50 


1.0u It; 1.50 
0.50 10 100 =-

0.501Q 1.00 

Less Ihon 0 50 


Less Ihan 0.50 

15 MIN. PERIOD 
15 MIN. PERIODInches per hour I Inche5 per hour 

5.50 and over 

• 
5.00 and over 

500 10 550 • ( 
q.50 to 500 


450 10 500 

4.00 to 4 SO 


400 10 q 50 

3.50 to 4.00 

3.50 10 4 00 
3.00 10350 ~ 3.0010 3.50 2.50 to 3.00 

2.50 10 300 
2.00 102.50..• ...-

~ 

2.00 10 2 50 
150 10 200 


150 10 200 

1.00 to I SO 


1.0010 150 

0.50 to 100 

0.50 10 100 
Less Ihan 0.50 

Less Ihon 0 50 

5 MIN. PERIOD 
5 MIN PERIOD Inches per hour 
Inches per hour 

5.50 and over I 

550 and over 
 5.00 10550 I 
500 10550 ..• 4.50 10500 
4.5010 5.00 4.0010450 
qOO 10 450 350104.00 ~ 3.50 10400 3.0010350 

••• ...
3.0010350 250 10300 
25010 3.00 200 10250 
20010 250 I 50 10 2 00 

150 10 2 00 
 10010 150 
10010 I 50 050 10 100 
050 10 100 

Less Ihon 0 50 
Less Ihon 0 50 , L-.I o 2 4 

o 2 q 6 8 10 Occuuenc 
Occurrence (per monlh) 

FIGURt; 4.--Ayprage intensities for .5", 

http:350104.00
http:2.50'103.00
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30 MIN PERIOD
AUGUST30 MIN. PERIOO 

I nches per hourInches pet' hour r--------,---------.---------r----~--_r-----.---- r--------.------ ­3.50 104.00 
2.5010 300 


3.00 103.50 ~ 2.0010 2 50 

2.50'10 3.00 

1.50 10 200

2.00102.50 


10010 150 

1.50102.00 

••... 	 •• 

0.50 10 1.00 

1.0u 101.50 

Less lhon 0 50 


0.5010 1.00 

15 MIN. PERIOD 


I.ess lhan 0.50 	 Inches per hour 

450 10 500 

15 MIN. PER100 

Inches pet' hour 
 40010 450 


35010400 


30010350 

5.00 and over 

4.50 	10 5.00 

25010300
4.00104.50 

200 to 2 50 
.. 3.50104.00 

15010200 
 -3.00103.50 ~ 
10010 150
2.50103.00 
050101002.00 	to 2.50 


Less Ihon 050
1.50 to 2.00 ­
5 MIN PERIOD
1.00 to 1.50 Inches per hour 

0.5010 1.00 550 and over 

Less Ihon 0.50 
 500 to 550 


450 to 500

5 MIN. PERIOD 

Inches pt:< hour 400 to 450 
 • 
5.50 ond over 	 35010400 


-
• 

5.0010 5.50 	 300 to:3 50 


4.50 to 5.00 	 25010300 
 -
4.0010 4 50 	 20010 2 50 


3.50 104.00 	 150 to 200 


3.00 10 3.50 	 1.00101.50 

2.50 to 3.00 	 050 to t.OO 

2.00 to 250 	 less than 0.5lJ 

1.50 to 2.00 


100 to 1.50 


050 to 100 


Less than 0.50 

o 	 4 6 8 10 

Occurrence (per month)to 

FIGURE 4.-Avcragc intcm;itics for 5-. 15-, and 3D-minule pcriods of precipitatioll for cach ",onth of the growing ~clL~on. 19 
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SEPTEMBER 30 MIN. PERIOO OCTOBER 
Inches per hour 

250 103.00 

2.00 102.50 

1.50 102.00 

1.0010 1.50 I 
050 10 100 

Less il,on 0 50 
... .... 

15 MIN. PERIOD 
Inches per hour 

450 105000

i 4.00 10450 

35010400 

300 10350 
< 

250 10300 

200 10250 

15010200 

J 00 10 I 50 ...t 

, I 
I 

I 
050 10 100 

Less Ihon 0 50 

, 

I 
5 MINPERIOO 
Inches per hour 

5.00 10550 

450 10500 

400 10450 

350 10400 

300 10350 

25010300 • 
200 10250 ~ 

I. 15010200I 
i ... 

• 00 to 150I 
050 10 100 

LVS5 Ihan 0 51' ,_.-l.-_,_ '-- ­
2 4 6 -' 8 10 12 0 2 4 


--
r 

--
I - J 

6 
Occurrence (per monlh) O(CUllen(~ Per monlni 

Sseason, 1933-43, La Crosse, Wis. 



LEG END 
SOILS 

CL _____Clinton silt loam (now 
called Fayette silt loam) 

Du _____ Dubuque silt loom 

S S , ~ _. "" _Stee pst 0 ny Ion d 
F _~ __ Timber 

SLOPE PERCENT 
A ____ , 0-3 
B 3- 8 
C ____ ,.8-15 

CC._____ 15-25 

D. 25-40 

DP 40 + 


Number to right of 5011 symbol 

represents inches of topsoil 




NO 

ilt loam (now 
ayette silt loam) 

silt loom 
land 

CENT 
-3 

3- 8 
8-15 
5-25 
5-40 
o + 

f soil symbol 

of topsoil 
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