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FOREWORD 

Back of evf!IY great achievement Is knowledge. Back of every successful human 
undertaking must be exact data for proper guidance of the enterprise. 

Farmers of America have undertaken the gigantic task of producing more foods, 
tats, and fibres than America bas ever PMduced before--vital crops needed for 
war. These crop&--oiJs and fats, mtJk and cheese, meat and eggs, and many 
others--are as essential to winning the war as are tanks, planes, warships, and 
ammunition. Food Is a first weapon of war. And our production goals wlll 
llkely have to be even higher In order to feed the people of the world made hungry 
bywar. "' 

This puts a tremendous responslblllty upon American farmers and a burden on 
their equipment. But American farmers know bow to farm and how to get good 
crop yields. 

It puts a strain on our farm lands, too. We do not have enough good land left 
under cultivation in America to do this job, unlesa we U&e everv means at our 
dl•po•al to mcreaae yieltl8 and to protect the aoil while we are doing ao. And . 
even then, we may have to bring some new land Into cultivation-by irrigation, 
perhaps, or by drainage. Even some of the older erosion-impoverished lands may 
have to be put back Into use through application of intensive measures for-control 
of erosion. 

Unless we take these precautions we must face such unpleasant alternatives as 
these: (1) We may fall to meet bur war cro"p-production goals, and thereby pro
long the confilct, or (2) much land may be laid waste by hazardous overcropping, 
and in this case the devastation, while less spectacular, would be no less real than ' 
thnt caused by bombs and shells. 

These considerations put a premium on knowledge: That special kind ot knowl
edge which will enable farmers to meet the vital war goals without so Impoverish
Ing their land that It cannot produce the even greater crops which the next 
succeeding year of war may demand. 

This knowledge, supplementing the training and experience of American farm
ers as a group, points the way to a successful carrying out of the vital war 
crop-production enterprise upon which they have embarked and upon which 
America and a great deal of the world depend, today·and tomorrow. 

This publication contains much especially slgnltlcant knowledge as It has been 
developed through study and research for the Palouse region of the Pacific North
west. Briefly, it is a report of technical advances in conservation farming over 
a period of more than 10 years, showing not only methods used, but also the basic 
factors Involved. They are set down clearly and they are authenticated by 
flgures, plates, tables, and other data, concisely presented. · 

In effect, this report Is a manual or handbook for technicians and for tech
nlclnns only. Any soil and water conservation technician working in this region 
has In his copy of this report a bandy pocket guide for determining degrees of 
slope for terrace channels on certain soils, the vertical fall between terrace crests, 
the expectancy of protection to be derived from various kinds of cover crops on 
different sons and slopes, the amount of water likely to be conserved from the 
average rains for crop use under various conditions of slope and soU treatment, 
and so on. Other reports are planned to provide the same useful data for 
technicians In other important farming regions. 

They wlU contain a very large amount of quantitative data that will be 
particularly useful to agricultural engineers and crop specialists. In these hun·. 
dreds of measurements, engineers have for the first time avafJable data for 
computing the probable amount ot water that wlll be delivered by various types 
ot rains falling on the more common surface conditions over large areas of land 
In the Palouse wheat region of the Pacific Northwest. And by interpolation, the 
same data, eoosidered coordinately with slmllar data from other regions' experi
ments can be used in making estimates of considerable reliablllty for many 
Intervening land conditions. 

These reports are not for general distribution, but In the bands of the tech
nicians who work with the farmers they wm be the means of putting Into effect 
on the land more rapidly and more e1fectlvely than ever the essential measures to 
Increase production tor war. 

WubJncton, D. C. 

H. H. BENNETT, 

Chief, Boil OonaervatioiiBeroice. 
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The Palouse region, where most of the n• ul ts of this tation nrc 
npplicublc, hus n steeply rolliJ1g, dunclikc topography. The hills 
have south and southwest slopes which are longer and not us steep 
as the north und northeast slopes. Silt loam oil s nrc dominant in 
the area, the most important of which is the Palouse seri es. The 
average unnuul precipitation at Pullman is 20.54 inches of which a 
lar~e part occurs during the pc1;od from 1\ovcmbcr to Murch. 
Ramfall intensities a1 e relatively low in comparison with other sec
t ions of the country . 

The most seJ;ous erosion has occulTed on the hilltops, where the 
soils are shallow, and on the upper parts of south slopes. Climatic 
factors most closely related to the erosion P.roblcm are: (1) Prolonged 
winter ruins falling on wet or saturated sort, (2) melting snow with or 

• Submitted for pu blica tion ;\lay 1~3. 
1 Former m~bers of t-1!~ s~tl<!n stafT wbo contributed to the planning and de,·elopm~t of the reteareb 

program are \\ . A. Hockte. I . C. ;\l cGrew, C. E. IJeardorfT, and S. J . ;\l ecb. L. ;\I. :.0&1 IJtcr and 0 . A. 
Leonard. who haw been on the station statl rontlnuously since tbe work wu lna~rat.ed, have con tributed 
much to the accurac) of the work. 
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Map of the United States showing location of 10 soil conservation experiment stations. 
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without rain on frozen soil, and (3) intense summer rains which occur 
infrequently anrl are confined to small areas. 

The amount of soil moist-ure present at the time of the storm is of 
greater importance than the amount or intensity of the rrecipitation. 
Rains of relatively low intensity fnlling on satumt<>d soi en use hoavy 
erosion losses whlle storms of larger amounts and g~·oatcr intcnsitiPs 
falling on dry soil result in no runoff. Other factors being constant, 
the intensity of the rainfall has a greater effect than the total amount. 

The type of plant cover effects the amount of runoff and soil loss. 
The most effective cover tested was an established stand of perenninl 
grasses which resulted in an average annual loss of 0.08 ton of soil 
per acre and 0.96 percent runoff. The common fanning practice 
which resulted in highest soil and water losses was the seeding of 
winter wheat on summer fallow land. This practice caused an annual 
soil loss of 4.62 tons per acre and 5.52 percent runoff. A bare, un
tilled condition resulted in the Joss of 22.08 tons of soil and 21.13 
percent runoff. Winter wheat stubble standing over winter provide 
an effective erosion-control cover. 

The cropping system designed for erosion control should furnish 
the maximum plant cover during each erosion season and provide 
sufficient soil nitrogen for the maintenance of a satisfotctory soil
fertility level and development of a fotvorable soil structure. A 
4-year rotation consisting of 2 years of sweetclover and 2 years of 
wheat, resulted in a significant decrease in erosion as compared to 
the conventional winte~ wheat-summer fallow system. The effec
tiveness of the sweetclover rotation became prog~·essively greater 
after several cycles of the rotation had been completed. The effec
tiveness for erosion control of four 2-year rotations was found to be 
in the following order: (1) Hubam clover-winter wheat, (2) peas and 
spring wheat as a green manure-winter wheat (3) peas for seed-winter 
wheat, and (4) summer fallow-winter wheat. A cropping system is 
more effective for erosion control if spring wheat can be substituted 
for winter wheat; especially is this true in the area where crops are 
grown annually. 

The erodibility of the soil is affected by the amount of soil organic 
matter present .. Results show that land which has been cultivated 
for only a short period or has been treated with barnyard manure 
has lower soil and water losses than the same soil type with less 
organic matter. . 

Measurements show that at the end of the growing season the soil
moisture content for the upper 6 feet of summer-fallowed land was 
20.9 percent as compared to 14.6 percent for winter wheat, 13.0 
percent for bunchgrass, and 10.9 percent for alfalfa land. A rela
tively small amount of rain is required to saturate the summer-fallowed 
soil, a condition which contributes to greater runoff and erosion. 
At the start of the growing season, the soil moisture is highest on 
north slopes and lowest on the hilltops. On terraced south slopes 
the moisture content was highest under the terrace channel and lowest 
under the ridge and the down-slope side of the ridge. 

Tillage practices should be carefully considered in formulating an 
erosion-control program. The utilization of crop residues to leave 
an adequate amount on the surface for vegetal cover and also the 
securing of a rough loose condition of the surface soil are effective 
practices for reducing runoff. Modified moldboard plows and differ-
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ent types of subsurface tillage implements are being developed for 
this type of work. . . . . 

Terracing studies were made to determme the adaptability of this 
practice in the Palouse region and to measure the effect of such terrace 
characteristics as length, vertical spacing, channel grade, and land 
~~. . 

Studies on the spacing of terraces indicate that a wider vertical 
interval can be used than in parts of the United States where rainfall 
intensities are greater. A terrace grade of 6 inches fall per 100 feet 
was- found to he most satisfactory where the land slope was about 1.1 
percent. A steeper grade resulted in soil movement along the channel, 
und with a flatter grade, snow obstructed the channel and caused 
frequent overtopping. Somewhat steeper grades are recommended 
for steep slopes than for gentle slopes, and for long terraces, the vari
able grade is recommended. 

Terraces proved more satisfactory on slopes below 15 percent than 
on steeper slopes. On the flatter slopes a broad-base terrace can be 
t•onstructed which allows farm machinery to cross more easily. Also, 
the plow furrow can be turned up the slope when desired and tillage 
equipment operated so as to help maintain the terrace. 

Erosion measurements conducted on watershed areas show that the 
rate and amount of runoff is affected by watershed characteristics, 
climatic factors, and farming practices. The highest soil and water 
losses were obtained when the land was seeded to winter wheat follow
ing summer fallow. 

INTRODUCTION 

This publication is one of a series of reports designed to cover the 
first decade of experimental work at each of the 10 original soil erosion 
experiment stations established with funds appropriated by the 
Congress and carried in the appropriations for the United States 
Department of Agriculture. 

Plans were developed for the establishment of experimental work 
on lands representative of large problem areas of eroding land in 
\"arious parts of the country (1, 2, 3, 4, 5).• The locations of these 
stations are shown on the map of the United States (p. 2). 

The research programs of the stations were designed to investigate 
the causes of erosion and to determine the most effective and practical 
me~hods of checking and controlling ~oil. and water los~es from the 
agricultural lands of the areas. This mcluded ex~nments with 
various types of vegetative cover, soil treatments, cultural and crop
ping systems to determine their comparative effectiveness in prevent
Ing erosion, studies of the performance of terraces and check dams 
of different design~ in removing runoff without injury to soil and crops, 
attempts t? reda•m and revegeta~e eroded land, and the keeping of 
meteorolog~cal records. The findmgs of these experiments nnd the 
practical measures evolved to effect soil conservation have become 
¥}tally imp~rtn~t as me'!-ns of ma~taining and increasing production 
smce participation of this country m World War II. 

II! April 1935 the Soil Conseryation Act was passed by which the 
N at.Ional Governme~t was defim.t~ly committed to the policy of soil 
nnd water conservatiOn and proVIsiOn was made for the establishment 

, Italh~ numben. ln parentheses refer to LlteratUJ:e CJted, p. 60. 
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of the Soil Conservation Service in the Department of Agriculture. 
The stations, at this time, became an integral part of the research 
activities of the Service. 

The research program of the Soil and Water Conservation E.xperi
ment Station near Pullman, Wash., was established to obtain infor
mation on the problem of soil conservation in the Palouse wheat
growing region of the Pacific Northwest. The general objectives of 
this work are: (1) The determination of the factors affecting the rat .. 
and amount of soil erosion and runoff and (2) the development of 
prncticnl measures for minimizing or controlling these losses, thereby 
protecting the fertility of soils for increased crop production. 

The station was established in 1930 and is located 3 miles north
west of Pullman, Wash., within the wheat-producing area of eastern 
Washington. The research work in soil conservation is conducted in 
cooperation with the State agricultural experiment station. 

This publication describes the investigational work of the station 
and summarizes the results obtained during the period from .July 1, 
1931, to June 30, 1942. Although records were taken during the first 
erosion season of 1931-32, no records are included prior to ,July 1, 
1932, from experiments which required the establishment of a definite 
cropping system. Some studies have been terminated or new ones 
initiated from year to year as indicated in the discussion of the 
results. 

THE PROBLEM AREA 

The problem area to which the results of the station are most 
directly applicable is known as the Palouse Wheat Belt. This area 
consists of the wheat-producing section of eastern Washington and 
adjacent parts of Idaho and Oregon. It occupies a belt extending 
north and south between the foothills of the Rockies and Blue Moun
tains on the east and the Columbia River Plains of central Washing
ton and north-central Oregon on the west (fig. 1 ). 

Soils.-The soils of the area have marked variations associated with 
the prevailing climatic factors, especially precipitation. Each suc
cessive westerly belt of soils, having been developed under less rain
fall, consists of soils lighter in color and with less definitely developed 
profiles than the soils to the east. They range from the light brown 
grassland types in the west to the very dark brown in the east. From 
west to east, the principal soil series are the Ritzville, Walla Walla, 
and Palouse. 

The light brown Ritzville soils, chiefly silt lonms, runge in depth 
from a few inches on steep slopes of the major drainageways to 40 
feet on some of the hilltops. Lime carbonate is usually present in 
distinct layers below a depth of about 30 inches. The area over 
which this soil prevails is a gently rolling plain. The dark-brown 
Walla Walla soils differ from the Ritzville pnncipally in their greater 
depth to bedrock, higher content of humus, darker color, and greater 
depth to the carbonate layer. The Palouse soils are dark brown to 
black, high in content of silt and organic matter, and of a granular 
structure. They have a fairly thick silt loam surface horizon and a 
heavier clay to silty clay loam subsoil. The range in depth is from 
10 to 100 feet over bedrock. Erosion has exposed the yellowish 
subsoil on many of the hilltops and ridges. 

ln detail, the Palouse varies from undulating to rolling with slopes 
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FIGURE I.-Location of Palouse "'heat Belt problem area. 

ooenerally less than 15 percent in the western section to a. typically 
d unelike hilly surface farther cast. These dune-shaped hills, m general, 
have south and southwest slopes (windward) that are longer and not so 
ste.ep as the north and northeast slopes (leewa•·d). A considerable 

" part of the cultivated land in the eastern part of the Palouse has slopes 
mnging from 10 to 40 percPnt. Some of the land has more than a 
50-percent slope. A characteristic feature of this topography is the 
steep amphitheaterlike north and northeast slopes. Narrow valleys 
of alluvial land make up a well-defined drainage system. Many of 
the hills range from 100 to 200 feet above the bottoms of the valleys. 
Figure 2 is an oblique aerial view showing the topographic features 
of the Palouse region. 

In the foothill section along the northwestern part of the Blue 
l\Iountains, the characteristic topographic features are the long, flat
topped ridges with uniform slopes separated by occasional deep can
Yons. The difference in elevation between the hilltops and valleys 
is sometimes 300 to 500 feet, and some slopes are a mile or more in 
length. 

Climate.-The climate of the Palouse region varies from semiarid 
at the western edge to subhumid near the foothills on the east. From 
west to east the annual precipitation varies from about 12 to 35 
inches. The entire area, however, has humid winters and dry sum
mers. Figure 3 shows the avemge precipitation and mean tempera
tures by months as recorded by the Weather Bureau station at Pull
man, Wash. Slightly over 60 percent of the annual precipitation of 
20.54 inches occurs during the 5-month period from November to 
March, and only 5 percent during the 2 months of July and August. 
Since the bulk of the precipitation occurs during a period of low tem
peratures, the effect of the moisture is intensified by very low rates 
of evaporation. The surface soil has a high moisture content almost 
continuously from late fall to early spring. 
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FIGURE 2.-Aerial view of the Palouse region with Pullman, \\'a.~h . , in the 
foreground. 

Precipitation records for several locations in the probl('m area are 
shown graphically in figure 4 as 3-year moving nverag('S. From lhese 
plotted data there are indications that the precipitntion was at the 
high point of a cycle about 1900, and thereafter the trend was lower. 
There has been 8 marked variation in precipitation since the station 
was established in 1930. The high point reached in 1933 was followed 
by 8 rapid decline to 8 minimwn in the 3-year period ending in 1936. 

The total yearly precipitation at Pullman on the Cdll•ndur-year basis 
has varied from 14.12 inches in 1935 to 30.87 inches in 1927. A study 
of the records at Pullman shows that a rain of between 1.01 and 1.50 
inches in a 24-hour period occurs about once a year and a 24-hour 
rain of between 1.51 and 2.00 inches about once in 7 years. No record 
has been found of a rain greater than 2 inches in 1 day, altbou~h it 
is likely that by consid('ring parts of 2 days, a single 24-hour ram in 
excess of this amount may have occurred. 

The rainfall int('nsities in the Palouse region are comparatively 
low. The maximum 1-bour rainfall to be expected once m 5 years 
is 0.50 inch, and once in 50 years is 0.75 (8). Localized rains of 8 
thundershower type greatly exceeding these intensities have occuJTed, 
but so far as known they were not measured by a recording gnge. It 
is estimated that the most severe of this type of local storm results in 
a total precipitation of as much as 3 inches in a period of not longer 
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than 1 to 2 hours. The frPquenr.y of these storms would be difficult 
to estimate, as some areas have had only one such storm since settle
ment 50 to 60 years a~o, and other areas have not had a single storm 
of that kind during this period. 

About one-sixth of the annual precipitation falls as snow. The 
amount of snow accumulation varies widely for different parts of the 
region depending on elevation and other factors. Individual snows 
or the accumulation of several snows may be melted rapidly by warm 
chinook winds and by 1·ain. The soil may be frozen to a depth of 
about I foot, hut in general, the depth is less and the periods of freez
ing weather are of relatively short dw·ation. Rain or melting snow 
or both or.curring when the soil is frozen, contribute to accelerated 
rwwff and sh<•<'t er·osion . 

• r 
/ ' Puurnaro, Wosh 

L .d. ·-·---·AwotciQtofMosc:o.ldoroo andPullmon 

_L_ .. -. . ·.\ Cotto•, Ro\OIIo, orod Wollo'Wcllla Wolh.' 

I \ Tlw...J.t:: r mo.~CM!•oO.o ' 

" IL .· :.II: ~ 

1\ .. ,\ •' 
t\Jo>. fr) ·', . ' • ' ' . ... " -·· ~::/ .. · \,\ If\\ /! •• _i 

\. "'\ ' ' ! \ [\\.(r•"" ' , 

' 

,. : . 
ott-·-- ----
liO> .... .... 1910 "" .... .... ..,. 193S 1940 1945 
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EROSION AND RuNoFF HtSTOIIY 

Accelerated erosion has occmTed in the Palouse region since t.h<• 
land was plowed from its original cover of bunehgrass. Most of the 
land has been cui tivated 50 to 60 years. During this period, about 
20 percent. of the cultivated area has lost all or most of the topsoil 
through erosion while an additional 35 percent. hns been serioush• 
damaged with about half of the topsoil lost. Tlwre is some win(! 
erosion in the drier western edge of the area, but wnter erosion i• 
dominant in the more humid localities. Sheet erosion is most common 
over a large part of the area. In the foothill seetion near the Bhw 
Mountains. considerable damage by gullying has resulted on t.lw 
longer slopes. 

Erosion is undoubtedly more serious at present than during tlw 
period immediately following the bt·eaking of the sod; nevertlwll'ss, 
the. problem has been recognized for a number of years. Data pub
lished in 1922 by Sievers and Holtz (7) showed that after 39 years of 
farming certain of the soils bad lost 34.5 percent of their organi<·. 
matter and 22.1 percent of their nitrogen; The authors pointed out 
that erosion on steep slopes was severe and that the wheat-summer 
fallow system of agr1cul ture did not make for permanency. Since 
the appearance of this publication, the additional depletion of soil 
orgamc matter and topsoil bas greatly increased the erosion problem. 

Several climatic and farming factors are closelv related to the erooion 
problem on the cultivated lands of the Palouse. Over much of the 
area the summer-fallow system of producing grain is a common prac
tice. The land is plowed in the spring, kept free of weeds during tlw 
summer, worked down to a seedbed of fine tilth in the fall, and rlant<•d 
to wheat. This system results in a large carry-over of soi mois
ture into the winter season. Although the l"lllllfall int<'nsities are 
relatively low as compared to those of other parts of the United 
Stat.es (8), the concentration of the precipitation during the part of 
the year when temperatures and ev,tporation ar~ low may r!.'Sult in 
excessive accumulation of moistme in the soil pi'Ofilc. The infiltration 
of wate.r undm· such conditions is greatly reduced. The lack of suffi
cient Ycgetal cover on much of the land durin~ the rniny season is ulso 
nn important factor contributing to tlw eros1on problem. The most 
severe erosion damage occurs as a r<•sult of (1) rains of long duration 
although of relatiYely low intensities falling on w .. t or saturated soil, 
(2) melting snow with or without rain on frozen soil, (3) runoff flow 
ucross lower slopes and bottom-land resulting from tlw rapid melting 
of la•·ge snowdrifts located on steep north slopes, and (4) high-intensity 
summer rains which occur infrequently and are confined to smnll 
areas (6). 

THE STATION 

The experiment station farm of 202 a~t-e• is located 3 mil<·s north
west of Pullman in "Whitmnn County, Wash., in one of the mot·<• 
humid eastern sections of the I'nlous<• r<'gion_ The conditions at tlw 
station are typical of the surrounding tm•u insofar as factors of climal<•, 
topography, soils, and erosion nr•· conccm<'d. The lund bas been the 
property of the State C'oll<'g~ of Washington since th•• estublishment 
of the station in 1930. Before that date it was privat..!y own<•d and 
croppt•d almost exclusiYely under the wheat-summer fallow system 
for a period of 40 to 50 years. 
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FJ<Jnu-; .i.-Aerial view of the Soil and \Yater Conservation Experiment Statioo, 
Pullman, Wash., 1933. 

DESCIUJ>TION 

Tupograp!.y.-Thc ell•vation of the station mnges from 2,471 to 
2,656 feet above sea level. There arc four hills on the fa1m where 
the slope is as great as 50 percent on the steepest part. These steep 
slop<'s have a ll'cwanl (northeasterly} exposUl'e and give rise to an 
amphitheatcrlike topography which petmits the formation of large 
snowdrifts just below the crest of the hill. These slopes are typical 
of a large area around the station but are shorter and steeper than the 
slop<'s found on the \\'<'stern edge of the Palouse and in the sections 
adjacent to the foothills of the Blue Mountains. An aerial view of 
the farm is shown in figure 5. 

Soik-Tlw soils of the experiment station farm consist of the 
Palouse silt loam, Palouse silty clay loam, shallow phase, and Chamber 
silt loam. The soil t~'P<' is an important factor in erosion because the 
chnracteristi<'s of Nleh typP may affect the rate of infiltration, pore 
space, water-holding rupneity, and resistance to washing. Figure 6 
shows the location, exposure, nnd extent of tJ1e different soil types 
together with topographic fl•atures and the erosion classification. 

Th<' Palouse silt loam is the most extt•nsivc type, covering 76 percent 
of tJlC farm. The surfnce laver consists of 9 to 26 inches of dark
brown to black friable silt loum high in organic matter. Vnder normal 
conditions, the soil structure is gmnular and permits a rapid absorption 
of moisture. This layer is underlain to a depth of 24 to 44 inches by 
dark-brown silt loam somewhat finer in texture, slightly more compact, 
and lighter in color. A grayish, light silt loam to sandy layer varying 
from a very thin laver to one several inches thick is usually encountered 
at the lower portion of the surface layer. It is in this layer that 
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considerable lateral movement of water takes place, producing s~cp 
spots and soil slips. 

The third distinct layer is a dark-brown silty clay to clay, very 
tough and impervious. The structure is columnarlike and the 
cleavage planes are stained with dark, organic colloidal mnterinl. 
This layer varies from 4 to 14 inches in thickness, nnd is umlerlnin bv 
n yellowish-brown heavy clay layer that is usually many feet thick 
and extends to the underlying basalt. 

The upper layers of the profile of this type vary on different slopl's 
and exposures. The surface layer is thicker on the mon• gentle 
slopes. This layer reaches its greatest thickness on north slopt•s at 
points covered by snowdrifts during the winter. This gn•at~r tlt•pth 
under the drift is largely a result of the building up of the soil whidt 
has been filtered out of the runoff water by the snow, and the washing 
nway of the soil below the drifts. 

The ·Palouse silty clay loam, shnllow phase, is confined for the most 
part to hilltops, ridges, an,d upper portions of slopes. It occupies 16 
percent of the area of the farm and represents the most severely 
eroded condition. This soil is scattered throughout the area as smnll 
irregular patches, occupying the higher elevations. It consists of a 
few inches of yellowish-brown silty clay, which is underlain by a yellow
ish-brown and in some places a slightly reddish-brown heavy dny. 
The organic matter content is very low. Under the extreme erosion 
conditions, the silty surface layer has been completely removed and 
during cultivation the remnant of the henvv prisirnatic clay is mixed 
in with the upper few inches of the heavy cfay sub-stratum. 

Alluvial soil in small areas along the flatter drainage channels is 
classed as Chamber silt loam. It is found on 8 percent of the station 
farm. The surface layer consists of 15 to 18 inclws of compact black 
silt loam high in orgamc matter. This soil is generally very wet during 
the winter and spring months with the ground-water table at or near 
the surface. In poorly drained places it is a dark-gray, heavy silt 
loam. This is underlain by a waxy, drab, very compact clay, some
times mottled with gray. 

Relative productivity of different parts of a field is closely related 
to the soil type. The Palouse silt loam is the most productive of tlw 
types found on the farm and represents the main bodv of soils suitable 
for the growing of cultivated crops. The Palouse sl!ty clav lonm is 
relatively unproductive, especially on the severely eroded hilltops, 
where the yields of grain, peas, or other annual cultivated crops nrc 
generally so low that the land is farmed at a loss. For this rPason as 
well as for erosion control, this type of land is best adapted to the 
growing of ·perennial plants; such as grasses and alfalfa. The crop 
vields from much of the Chamber silt loam are low because of the 
poorly drained condition of the soil. . 

An erosion survey of the station farm shows that slight sheet 
erosion has occurred on 24 percent of the land, moderate sheet erosion 
on 43 percent, moderately severe sheet erosion on 17 percent, and 
severe sheet erosion on 16 percent. A large proportion of the severe 
erosion has occurred on areas clnsserl as Palouse silty clay loam soil. 
The Chamber silt loam and the more gently sloping Palouse silt loam 
soils have been damaged only slightly by eroison. 
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PURPOSE AND PLAN OF EXPERIMENTS 

The primary objectives of the experim~nts at the s~ation are to 
determine. the variables affecting the rate and amount of soil erosion 
and runoff, to studv the fundamental processes relating to losses of 
soil and water, and to develop practical measures for retarding or 
controlling these losses. Specifically, the problem consists of ~he 
determination of the effect of such factors as soil characteris~ies, 
vege~al cover land use, topography, and climate on the rate and 
amount of ~oil erosion and the development and testin~ of such con
trol measures as cropping and tillage practices, terracmg, and gully 
and channel protection. The projects under study are: 

1. The effect of different plant covers on soil and water losses. 
2. The rela~ion of crop rotations to soil and water losses. 
3. Studies of soil erodibility as affected by soil organic ma~ter and 

depth of surface soil. 
4. The development of methods of managing uncultivated plnnt 

covers. 
5. The development of tillage practices to conserve soil and water 
6. Runoff and erosion from terraced and unterraced agricultural 

watet-sheds of different types and sizes. 
7. The influence of the length and degree of slope on soil erosion 

and the development of conservation practices based upon the modi
fications of slope characteristics by teiTacing and similar practices. 

MEASUREMENT OF ERosroN LossEs 

Water and soil losses as affected by different factors are determined 
under measurable conditions. The areas under study include small 
plots, terraced areas, and different sized wateJsheds. 

South cantrol series.-These plots are located on a 30-percent south 
slope of Palouse silt loam soil. The set-up consists of 13 plots of 
Jloo acre each, 1 plot of %oo acre (plot 1) and 1 plot of %o acre ("plot 2) 
with all plots 6 feet wide. The standard length of the plots rs 72.6 
feet except for plot 1 which is half length and plot 2 which is double 
length, to provide for a comparison of the effect of slope length upon 
runoff and soil loss. Each plot is enclosed with sheet-metaf borders 
to prevent leakage or intake of water; and is provided with a metal 
tank at the lower end to catch the runoff and eroded material (fig. 7). 
The quantities of water and eroded material lost during each runoff 
period are measured and the results correlated with the different 
cropping and cultural practices followed on the various plots. 

Plots 1, 2, and 3 have the same treatment, namely, winter wheat 
alternating with summer fallow. The wheat stubble of the previous 
year's crop is spaded under in April and the soil kept free of weeds 

·by harrowing and rod weeding until winter wheat is planted in 
October. The soil is bare in alternate summers and has only a scant 
covering of winter wheat the fall and winter following. The soil 
is protected by a cover of wheat stubble from July to April of the 
second year. 

A 4-year rotation is followed on plot 4. Sweetelover is seeded in 
the early spring without a nurse crop and in June of the following 
year the top growth is turned under as a green-manure crop. After 
the sweetclover is plowed under, the soil is fallowed the remainder 
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FuH·m: 7.-South control plots. 30-pcrccnt !\out.h ~lope. Plots are mimhered 
from left to right. :\larch 31 , 1932. 

of thl' summer and srcdcd to winter wheat in October. Spring 
wlwat is grown the last venr of the rotation. St.ubble is allowed to 
stand over the wintt>r following each of the two wheat crops. 

Plot 5 is cropped to wint<'r wlwat followrd by summer fallow. The 
!'oil is tillNl 16 inch<>s decp with a chisPl spnd<> a ft<>r the removal of 
thr crop and immNliately preceding tillage for fnllow. 

Plot 6 is planted to a mixture of pen•nnial grassPs, smooth bromc 
(Bromtls inermis) slend<'r wlwat.19·ass (Agropyron 1JG1t.cijlorum), and 
tall oatgrass (Arrhenatheru.m elattus). The crop is cut for hay each 
y<>nr. 

J)lot 7 is plnnt<>d to spring wheat C'ach year, on sprmg-tilled land, 
nncl f<>rtiliz<'clnt th<' rate of 200 pounds of ammonium sulfate per acre 
nt. the time of planting. 

Plot 8 is cropp<>d to wint<>r wheat, which is nlt<>rnated every other 
Y~'llr with summ('r fallow. This is a common cropping practice over 
a large par t of the wheat-growing section of the region. 

Tlw 4-yC'ar rotation followed on plots 9, 10, 11, and 12 consist of 
pC'os for groin and as a nurse crop for swectclover, swl'etclover turned 
under in ,June as o gre<>n manure, followed and se('ded to wheat in 
Oct.obC'r, and spring whPat the fourt.h year. Each crop of the rotation 
is rC'presC'nted ('VI'ry yC'or on one of the plots. 

J>lot 13 is nl'ith(•r croppC'd nor cultivat ed, the weeds being kept 
down by scraping with a hoe or by pulling. 

Plot 14 is a st.udv of erosion on subsoil. The surface soil was re
moved and the subsoil is cropped according to the winter wheat 
summer-fallow system. 

Plot 15, from which the surface soil wns rl'mOV<'d and replaced 
with subsoil from another area, was established as a supplement to 
plot 14. Th~ e~cessive amounts of drifting snow retained on the 
latter makes tt dtfficult to secure comparable results for those years 
whC'n much of the precipitation is in the form of snow. 
Cr~p-rotation pfot.~.--The series of plots dPsignat('d as the crop

rotatiOn .Plots o~e locatC'~ on a 30-~ercent south slope of Palouse silt 
loam sotl. Tlus expertment consists of 29 plots 13 feet wide and 
fll feet long. Ru~off soil loss<>s, and crop yields are m easured from 
on nrea 10 feet \nde and 87.1 feet long. The 3-foot strips between 
the areas takl's care of the border effect of the different treatments. 
The catchment system for this series of plots consists of a primary 
t!mk and a smnllt•r SPCOJ.tdary tank. Tlw primary t.nnk is of sufficient 
stz£' to store the mntel'lnl from most of the rtmoffs, but when it IS 
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filled to cnpnctty, the excess runoff water ts pnssed through a multiple
slot divisor and an aliquot is retained in the secondary tank (fig. 8). 

The cropping and tillage practices on this set of plots are cnrried 
out in accordance with the rotations listed in table 1. During the 
periods that tillage and seeding operations are being pcrfoimed, the 
sheet-metal borders are removed from around the plots to permit tlw 
use of small standard-type equipment on both the plot and l>Oi·der 
area. The type of tillage obtained with this procedure mm·c nearly 
duplicates regular field operations than in the case when hnnd tools 
are used. Straw is returned to the wheat nnd pen plots after thresh
ing and no stubble is burned. 

Rotation 

Dura-
No. tlon 

(years) 

}_ ________ - 2 

2---------- 2 

3 ------- 2 

• - ----- 2 

,"i ____ ------ 2 

6 --------- 2 

; __________ 
2 

s __________ 2 

g _____ -. • 
10 ...... ·-- 8 

I 

TABLE I.-Cropping system on crop~rotation ploU 

Plot Nos. 

9,22 .. -----------
3,16 _____________ 

10, 2lt-- ---------

12, 2lL ......... 

14,2L ......... 

4,18 _____________ 

i, 28 _____________ 

6.19 •.. __________ 

2,~1~23,27.. ... 

1, 6, 11, 13, 17, 20, 
24, 26. 

De!'crlptlon of rotation." 

Winter wheat thl' flr:;t yl'ar, stubble left O\'Cr wlntrr, fallowe•l tl 
second summer with whc>nt II('Cdl'd In fall. 

Sprln~t wheat the ftrst year, stubble lert over winter, fnllowl'd th 
second summer with whe.nt IIM'IIf'd the followln~ 11pring. 

Winter wheat the flrst Year. stubhll' ll"rt o\"er wlntu, p<'M (for t'N'd 
the second year with wheat !l(>(>ded In thf' fflll. 

Spring wheat tht' fir.~t year, !ltUbhlt' ll'ft over wint<>r, JX'M (for i'WNI 

• 

the second year, fsll plowed with whcnt 8ol"eded the followln • 
of 
h 

!lprlnr;~. 
Winter wheat the fit!lt year, stubble lert over winter, mixture 

pe&'i and spring wheat for green manure the second year wit 
wheat "Seeded in the fall. 

Spring wheat the fit!lt year, stubble lett over winter, mlxturo 
peas and spring whoot for green manuro tho second year wit 
wheat seeded the following spring, 

of 
h 

Winter wheat tho first yeru-, stubble lefto\·er win let, Jiubftm clove 
for green mo.nuro the second year with wheat ~dcd In thj• fall. 

Spring wheat tho first year, stubble left over winter, HutM'm clo\"1' 
for green manure tho second year \\ith whMt seeded 1-he follow 
lng spring. 

MIIture of sweet-clover and ltJ1I.SS !IC('()ed the ftr.~t YI'Bt and plowl' d 
d under ns green manure the second year, wtnwr whj•at thf' thlr 

yl'ar, stubble left over winter/. lo!': (for llf'(>d) the fourth yea 
foil plowed whent IIN'dl'd the ol owing !'.~ring. 

r, 

Mixture of alfalfa and J[m'IS for 4 ycars, !l~t ng whNit the fifth yroa 
winter wheat tho sixth year, stubble eft O\'et wlnWr, rw·a.~ (to '· r 
.seed) the seventh year, fall plowed with wheat seeded tho fo 
lowing spring. 

I· 

North control plots.-Six Xoo-ncre plots were established in 1933 on a 
northeasterly 48-percent slope for the purpose of determining under 
different cropping prnctices the amount of erosion caused by the melt
ing of deep snowdrifts formed on north slopes. The type of installa
tion consisted of sheet-metal dividers between plots and a concrete 
retaining wnll at the lower end of the slope. 

A relatively large lateral movement of wnter occurs through the 
subsurface layer of soil at th!s location. :rhe retaining wall at the lower 
end of the plots caused this water to nse to the surface as seepage, 
which then passed over the weir and was collected in the runoff catch
ment tanks. Thus, the surface runoff from the plots was usually 
mixed with seepage water, and although se,ernl attempts were made 
no satisfactory method was found to separate the two types of water 
and determine the amount of each present. This experiment was dis
continued in 1940 because of this discrepancy in the results. 
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FJGt"Rt; 8.-Crop-rotnt.ion plots, 30-percent south slope. 

Cdhye.farm plrlfs.-A group of six control plots is located on the col
l«'gl' funn on a 22-pcrccnt south slope of the Palouse silt loam soil 
(fig. 9). 'l'hrl'l' of the plots are on lnnd that had never been cultivated 
prior to 19:34 wh<'n the <'Xperirnent was inaugurated. Plots 1 and 2 arc 
cropped according to the winter wheat-summer fullow system (when 
one plot is in wheut the other is fallowed) and plot 3 had the original 
stond of native bml<:h~mss. A second series of three plots is located 
ndjuePnt to the virgin ureu on lund that had been devoted to the grow
ing of wlwut for a period of more thnn 50 years. The cropping treut
mcnt of the two groups of plots is tlH' same, plot 3 of the latter group 

FJGt"RE 9.-College farm plots, 22-percent south slope. Cultivated area is to 
the left and virgin area to the right. 
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huving b~en seeded to a grass mixture in 1936. The prim·ipnl ohjt•etivt• 
of this experiment wns to det~rmine the effect of the content of •nil 
organic matter on erodibility. A marked reduction in soil Ol""nnit• 
matter and depth of topsoil occurred during the lonf pt•riod of crrftivn
tion when compar~d with the \oirgin or uncultivate< soil. The genernl 
procedure for handling these plots is the same as that described for the 
first series of control plots. · 

Idaho plots.-Supplementing the work at the Pull.mnn Experiment 
Station measurements of soil and wnt<'r losses hnv<' bet•n mndt• on 
six of the rotation plots located at the Idaho Agricultrrrrrl gxp<•riment 
Station at Moscow. Three of these plots received applications of 
organic matter while the other three (plots ~-B. 8-D, and 11-E) 
received no treatment. All six plots nrc croppNl to winter wlu•nt rnd1 
venr. On each of tlw selected plots, nn nrPu 6 feet wid<• lliHI !!0.7 f<•t•t 
long is equipped with sheet-metal bord<•rs and n nwtal eutdmwnt 
trough nnd tank for the collection of runoff matrrial. All equipment 
except the tanks is removed from the plots during the harvesting nrul 
seeding periods. The farming operations nrc coruhwted with fif'ld
scnle machinery. 

Terrace"/ areaR.-Det!'Iminntione of soil and water loss!'s W<'r<• mndt• 
on several terraced ar!'ns during the 7-yenr period from ,July 1921 
through June 1938. ThPse terrnees were construetrd on 12- to :!0-
percent slopes of the Palouse silt loam soil. Table 2 gives a descrip
tion of these terraces, showing drainage nren, land slope, vertical 
spacing, length, and grnde. Most of the termers nrc on south slop<•s 
although some continue around the hill on a west slope (lig.6). 

TABLE 2.-Description of the terraces and unlerrared areas for which meatn~remenU 
of runoff and soil loss are given in the taMes indicnted 

TerriK't' or area No. and tables In which ' I>ralnue I 
rainfall, runoff, and 11011 los.<~ are recorded area , 

'l'nhles 16 and 30: 
3 I_ ........... .......•••••••••••.•••.. 

3 J • • -- •• - ••.•••••• ------------------- •• a A . .... _ ... _. _. __ ---------------- ____ . 
4 . . - .. ---.-.- --.----------------------. 
."i . .. ------------ -------------~--------. 

Tables 18 and 31: 
2. ----.--.---.--- -----~-------- -----.-. 
5 .. ------ ..... ---------------------- .. . 
6 . . --- .. -. . . . ------ ------~-------- .. 

Tah!PS 19 and 32: 
13 ...... -- .. - •• ------ ----·--------.- .•• 
18 . .. - ....... - .. -------------.------- .. 
17.-- ·- ------- --------------------- .. -
16. - .. - .... - ... -. ---------------- .. -.-. 
15. - ....... - ... -.----- ·------- ---- ... --

'l'ahles 20 and 33: 
7 .. - ...... -- .. - ·-----------------------
5 -- ····-----------------------------· 
17 .. ······--·---------------------- . 
3.-\ -- -·-·· -----~-----------~---···· 'l'11hles 21 anrJ 22: 
\\'-IV. ········------------------- -·· 
\\'-V .. . ----···------------~------ -
\\'-VI. ....... ----------------- ... . 
\\'-II ... --·------------------
W-VIJI __ ···------------··· 

At'l'tt 
U6 
1.22 
1.01 
1.8."i 
I. 26 ... 
1.211 
4.118 

l .• "i2 
J. 18 
.92 
.82 ... 

20!! 
1.211 
.92 

1.04 

2:<1 
14. 4 
16.2 
68.2 

7112 
W-\'H . . 16. 700 

1 Before construction of tt'rrtlC.'e 3A. 
1 .Utt>r oon!';trurtlon of terrlll'e 3A, Oc-tober 11il32. 

J.and 
sln()8 

Yertlc-nl I lntcr\'1\l l.t!nl!'th 

---1------ ·-. 
I l11cht• ptr 

Pnen~t F«l Fut 1m fttl 
27. fl :L"i. 0 ,~, " 28 .• "'- 0 7KIJ 12 
27. I lf>.O jfi() ' 12 
2<.7 2-"i. 0 iXO ! 12 
211 .• 16.0 ,,., 12 

"'- 0 lft.U 4lll I 12 "'-. M.O 7fi(J I 12 
16.8 lfi. 2 2. 27 .. 12 

14. 2 13.1'1 '"' f) 

"'- 2 14.0 ,.., • 2-"i. 2 14. 5 '"' 12 
211. 6 13. fj ,,., IH 
23. • 17.0 ... , :u 

13.4 16.0 7KIJ ' " "'- 8 15.0 iMO 12 
2.'i. 2 14.5 '"" 12 
27. I 1/J. 0 ,.., 12 

... 
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FIGt'RB 10.-RunofT measuring equipment at the outlet ends of terraces. 

All of tlw tPrrncc.'d lnnd was cropped during the period of the experi
rn<·nt to wintl'r wheut-summN' fallow. The wheat was threshed 
wit.h n comhin0 hnrY<'StPr and the stubble left to stand over winter. 
An orchard-type.' di~k wns us<>d for the initial _sp~·ing tillage. opera
tions t.o work the stubble into the surface sotl m preparatiOn for 
summrr fnllow. Suhs<>quent cultivation was done with a revolving 
rod-W<'t'dc.'r until wlwat wns 8N'ded in the fall. With this system, good 
Nos ion !'On\ rol was fw-nislu·d t'VN'Y otlwr rainy season by the standing 
st ubhh•, but SPH'rt' Prosion conditions existC'd during the season follow
in~ the winter whent se<'ding on fallow<'d land. 

Ero~ion losses nt the 0nds of the terraces were detennined by means 
of wnter-l('vc.'l recorders, Parshall flumes, and Ramser silt samplers 
instnlled at the outlet. ends of the terrace channels (fig. 10). 

1\ 'atersl!ed areas.-The purpose of this study is to compare runoff 
and erosion from field areas of different size with that from small 
plots and termers and to seCUJ'<' inf01mation needed in the design of 
fnrm stock ponds, channel and flood control, and other conservation 
structures. Six arPas of typical ngriculturallnnd ranging in size from 
2.33 to slightly morP than 16,000 acres of the Palouse region, cropped 
in nccordnnce with the.' common practices of the area, were selectt>d. 
Tlwy are d0signntNl by th<> numbers vY- II, W-IV W-V W-VI, 
""-Yll, nnd W-Vlll. Results are recorded in table 2i. ' · 

Parshall flum<'s with water-level recorders were used until 1939 for 
men suring runoff from all except W-VII. On this nreo. a water-level 
recorder wns used nnd a rating curve established. The Parshall flumes 
on W-ll, W-V, W-YI, and W-VIII were replaced with triangular 
broad-crested W<'irs in the summer of 1939. 
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OTHER }:'10\"ESTJGATIO:'IiS 

In addition to the projects where soil and wnter lo!'!'P!' W<'rP mPn!'un·tl, 
investigations ha\·e been mncle of oth<'r fnctors nffc •rtin~ thP prnhlc•m 
in this r('gion. lncludNl in th<'sc studi<'s is tlu• d1•nlopnwut. of tillngc• 
practices d<'si!!ll('d to utilize crop rl'siduPs nnd incr('llSt' stu·fnc<' st.nrngo 
m ord<'r to reduce erosion loss!'s. Diffl•n•nt implt•nwnts in common uscl 
01 recPntly introduced are t<'Sf('d under fidd conditions. l\foclific·ntions 
of th('se implements are b<'ing d<'Y<'Iopcd for the purpos1• of improving 
tlH'ir performance. lnformntion is n•conlt·d ns to the c•fli<"ic·m~y of 
Ynrious tillage practires fo•· <'rosion rout rol n nd I hi' pffprt 011 nop yiPlds, 
physirnl charn<'tPrist ics of the soil, mul ot lll'r fndors . 

FwrnE 1 1.-Trce plantinl( at !'Oil conservation cxpc:·rimcut ~tatinu. ;1, l';rH•w
drift held by hilltop plant in~(. Fchrunry 19, 1937 ; IJ, I(CIIcrul view uf hilltop uud 
adjacent north-8lopc plantin~. June H142. 
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Soil-moisture measurements were made in order to determine th1• 
effect of the type of crop, topogrt~phical fentnres, so~ ~ype~ and 
different soil-management practices on the amount and dtstnbntwn of 
moisture in the soil profile. 

Trees were planted (fig. 11) on a severely eroded hilltop and the 
adjacent steep north slope in order that ~ study might be made of the 
utilization of such land for tree product1on, the effect of trees on the 
formation of snowdrifts on north slopes, and the effectiveness of trees 
in controlling erosion and conservi_ng ~oisturc. The hilltol? ":as 
planted in 1932 with two rows of Russmn-ohve (Elaeagnus angustijol1a) 
on the windward side, then two rows each of Caragana (Arborescens) 
and Asiatic elm (Ulm11.s pumila), and five rows of black locust (Robinia 
pxeudoacacia). On the leeward side and just below the crest of the 
ridge are two rows of Douglas fir (Pseudot.,-uga taxifolia) n.nd one row 
of Norway spruce (Picea ercelsa). In 1937 an ar<>n of 6 n.cres on the 
adjacent steep nort.h slope was pln.nted t.o (.rees, whir.h consisted largely 
of block locust with small numbers of nine ot.hPI· species distributed 
through the pluntin!l'. Soil-moisture determinations are mnde periodi
cally and observatiOns of tree growth and snow n.ccumulation are 
recorded. 

Studi!'s have been mode of methods of wo.ter disposal as related to 
gully and terrace-outlet control based on mechanical or vegetative 
practices, and stabilization of field waterways. 

Studies also have been made to determine what crop rotations and 
tillage practices are effective on land that.is adapted to the growth of 
cultivated crops, such as wheat and peas. Experience has indicated 
that excessively steep or severely eroded land requires other control 
practices, such as the use of uncultivated plant covers. Bette.r 
methods of managing these crops were evolved from study and experi
ments and have been put into practical application. 

CoNTRIBUl'ING REcORDS 

Climatic dala.-Detoiled precipitation records have been taken at a 
number of locations on the farm and the experimental watersheds. 
Both Fergusson-type recording raingages and Weather Buren u 
standard ga~es ore instulled at each location. Additionn.I climato
logical data mcluded maximum and minimum temperatures relative 
humidity, and wind movement. ' 

RESULTS OF EXPERIMENTS 

Th" dnta d<•nl_ing with runoff and erosion is presented for the most 
pnrt on the eros1_on-yeor !·nther ~han t!1c calendar-year basis. In this 
pro_blem area >ytth relatively h1gh wmter nnd low summer precipi
tatw.n, the e~s1on genernlly commences in October or November and 
contmues until Marc)! or April. These ~ates may be earlier or later · 
some. years, but p_rnctJcally all of the erosiOn occurs between the time 
fall-tillage oper.atJ?ns are completed ~nd the spring work is begun. 
Therefore, no s1gmficant changes are likely to occur in the condition 
of the plant co':er du.rin~ the erosion seaso!J. An analysis of the data 
on a ;re~rly bas1s begmnmg Ju!y I and endmg June 30 is used in order 
to ehmmate as much as posstble the variations in tillage and plant 
cover, 
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RAINFAI.I. Cn \RACTERISTJcs AND Enos JON 

The amount and intPnsity of precipitation hn.• nn important effect 
on erosion. Rain falling on soil will cans~ runoff wlwn the moisture-
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FIGURE 12.-Annual and avera~u JJrccipito.tiun for the 11-ycn.r poriod July 1, 
1931, to June 30, 1942, from ficl 3 gage at the S{)il Conservation Exp1•rinwnt 
Station, Pullman, Wash. 

holding capacity of the soil is exceeded or when the rainfall rate ~x
cecds the rate at which watPr can infiltrate into the soil. Till' 
charact~ristirs of the soil d~t~rmin<• wlwn this point is rrachcd. 
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A summary of the precipitation recorded at the station for the I 1-
year period, July I, I 931, to .hm<• 30, 1941, is shown in figurP 12. ThP 
precipitation varied from a maximum of 28.80 inches during the 12-
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month period of 1940--41 to a minimum of 16.05 inches in 1935-36. 
The distribution of precipitation by months is shown in figure 13 for 
the 11-year period in comparison with the 49-year averages recorded 
at Pullman, Wash. These data show that an above-normal precipi
tation was recorded (in the 11-year period) for the 4 critical erosion 
months of December, January, February, and March, and a sub
normal value for most of the summer months. 

The relationship of monthly precipitation to soil and water losses 
from south control plot 13, bare hard fallow, is given in figure 14 and 
table 26. The maximum monthly runoff occurred in February and 
the maximum soil loss in March. During the 4-month period from 
December to March, when nearly three-fourths of the total erosion 
occured, there was a general increase in soil and water losses although 
there was a downward trend in precipitation. The higher precipi
tation in December caused less erosion than the precipitation during 
the subsequent 3 months. The precipitation in November and March 
was approximately equal, but the runoff and soil loss in March were 
36 and 129 percent greater, respectively, than in November. This 
indicates that factors other than the total amount of precipitation 
have an important influence on erosion. 

Runoff and soil losses occurred on south control plot 13 as the 
result of 334 storms during the 11-year period of July 1, 1931, to 
June 30, 1942. A record of 65 of these storms, each of which caused 
soil losses in excess of 0.50 ton per acre, is given in table 3 and Appen
dix, table 27 on the basis of the time of year the storm occurred and 
the moisture content of the soil when the ruin began. These storms 
caused 65.6 pe.rcent of the total soil loss thnt was recorded from this 
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FIGURE 14.-l\lonthly distribution of precipitation; runoff, and soil loss from bara 
hard fallow south control plot 13 for the 11-year period July 1 1931 to June 
30, 1942. • • 
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TABLE a.-Summary of storm• which CaUBf'd lfnil lolfJjt'lf in ('X('t'#.lf nf O.tiO ton ,,,., 
acre from bare hard fallow, south control plot 1 S, durit~g tlu: pt>riod July 1, W31, 
to June SO, 194S 

season that Soil moisture con· 
!'torm occurrt'rl ditlon when storm Storms 

b<>gan 

Numbn 
.o\utumn ....... Moist. ....... ~---- 11 
Winter ........ Very wet. ......... 26 

do ........ Mobit_ ..... ------- 13 
Spring _________ ..... do ............. 7 
Summer ....... Dry-- ....... ------ 8 

I A ve~e yaJues pt>r storm tor each group. 

Storm chftmCtcrl:ltiOI t 

I 
• Maximum rntt• Jwr 

hour 

Amount 
6-minutl' ·30-minutt• 

period \ p•rlod 

lndle• Inc he• Jncht• 
o. 79 0.41 0.21 ... .'¥1 .13 . .. • 28 .I • 
. 37 ... .26 
.77 1.11 .39 

l.,.,,,n " 
('M'n,·nt· 
11~1' ur 

llfl't'lt•l· 
to. lion 

Pcrttrll 
:w.o 
61.0 
31. g 
63.1 
:i!l.6 

•i 
I 

l

l'••r l't•r 
l'll~>rm hwh 

I"'' nrr'' of ruin 

! 

70,., 'lbru 
I..'J3 UH 
3.1\2 li. !17 
2.. 43 4. IU 
2. ·lfl 6. II~ 
I. K8 2. 44 

plot during the 11-yenr period. There w~re 39 storms during tlw 
winter months; the others were distributed through t.lw r<•st of tlw 
year. 

The 26 winter storms that occurred on very wet soil resultNI in 
the most severe erosion. w Iller losses were 61.0 perc~nt or tho 
precipitation and soil losses 3.62 tons per acre per storm. The 13 
winter storms which fell on moist soil caused about mw-hulf as mu<·h 
runoff and two-thirds as much soil loss p~r sto1·m although tlwr<• 
were no significant differences in the averag~ amount of pr<•cipitu
tion or in the maximum rainfall int~nsitics. The autumn rains had 
greater amounts and significantly higher maximum intcn•ities but 
resulted in only 30.0 percent runo!I and an averngc of 1.53 tons of 
soil loss per storm. The spring stonns resulted in the smull~st umount 
of J'recipitation, but the maximum intensities W<We rclutivcly high, 
an they caused the second highest erosion losses. Although the 
summer rains had high maximum intensiti~s, they resulted in low 
runoff and soil losses from relatively dry soils. 

These data indicate that the moisture cont~nt of the soil is the most 
important factor affecting erosion losses in this nr<•a. Small wintl'r 
rains of relatively low intensity falling on wet or saturated soil cuuse 
heavy runoff and erosion, while the high-intPnsity summer rains 
generally fall on dry soil and result in smaller soil and water lm<'<'H. 
Under uniform soil-moisture conditions, th~ rainfull int~nsity hM u 
greater influence than the amount of precipitation. It is tlw high 
soil-moisture content, resulting from high precipitation and low evap
oration, that produces heavy erosion losses during the winter s<•nson. 
Many of the spring storms cause heavy erosion loss~s on account of 
their relatively high intensities and the fact that they full on soil which 
has become packed and otherwise left in an erodible condition by the 
winter precipitation. 

EFFECT OF PuNT CovER 

South control series.-Results from these plots are given for the 
10-year period from July 1, 1932, to June 30, 1942. The plots were 
installed and the cropping system initiated in the spring of 1931, but 
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the Prosion data obtainPd thP first Prosion season of 1931-32 Is not 
included in this analysis lwcnus<' till' ~rnss SP<'din~ wns not w<'ll 
establislwd nor W<'r<· all tlw erops of tlu• 4-y<'nr mtntion grown. 

ThP pffpct of difi'PrPnt typt>s of plant conrs is shown by thP dntn 
givPn in tah!P 4 !tncl figurP 1.5. Grnss C0\'<'1' lws hPPn found to he 
the most pffpctiv<' of thos<' teskd for pr<'Y<'nl ing runoff nnd ,-oil loss. 
The avt>mg<' annuallossps have bc<·n 0.08 ton of soil pPr IH'r<' nnd 0.9ti 
percent of the total prPcipitation lost ns runofl'. vVinter wlwut stubblt• 
Jpft standing ov<'r wint<'r has hPPn pruetienll~· as efl't>rtiY<' as grnss in 
controlling soil losst•s, nlthough th<' aYPrng<' wnl<'r loss<'s wpre higher 
than for gmss. This discrPpancy is n ttri butNl to tlw high runoff in 
the spring of 1933 from snow mPlting on fro7.<'n soiL ThP stnnding 
stubble held a much larg<'r amount of snow than th<' other plant 
covers tested. Relatively low soil losses occmT<'d during this runoff 
period. Soil losses nre slightly greater under n spring whent stubble 
cover than under winter wheat, sine<' thP density of thP stand of 
spring wheat is genemlly much lPss than that of full-se<'dt>d wheat. 

The wide discrPpnncy betwt>Pn the soil losses us reportt>d by the 
reconnaissance erosion surv<'y nnd thosP from the control, is aeeountcd 

Plant Cover 

Gross 

Spring wheat 
stubble fertilized 

Sprino wheat 
stubbre after 
winter wheat 

Winter wheat 
stubble after 
summer follow 

Winter wheat 
stubble after 
sweetclover 

Winter wheat 
after sweetclover 

Winter wheat 
after 

summer follow 

Arst year 
sweetclover 

Bore 1 untilled 

_I i 
~Soil loss (tons pe< ocrel 

Runoff (percent) 

6 P· 0.96 

7 
.lllo.6e 

I 11.36 

~1.011 
lr6 

0.07 
2.Se 

9·12 

3,e 

llo.2e 
3.311 

I 
3.14 

14.37 

9·12 

9·12 

I 
4.62 

5.52 
3,e 

I 
•lee I 21 

lr9 
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9·1 

22De , I II 121.13 
13 

I I 
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Soil loss hans or runoff, percent) 

FIGURt; 15.-Effect of plant co\'cr on erosion losse .... from t.he ~outh control plot..;; 
for the period July 1, 1932, to June 30, 1942. 
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for in part by th~ fact thnt the control-plot dntn are confitwd to 
relatively short slop<•s om! otu• soil type, whil<' thos<• r<'port<•d fmtn 
the survey includ<• a vari<'ty of slope lengths of vnr~·ing topogrnph.v 
and several soil types. Furthermore, the losR<'R from the op<'n fi<•lds 
are augmented by the prnrtirr, common in this region, of throwinr: 
th~ furrow slice down the slop<' each time the land is plow<'d for wlwnt. 
Th~ mor~ rapid melting of deep snow drifts muh•r tlw infhu•tl<'<' of 
wmm winds may cause more runoff nnd soil mov<•nwnt in tlw op<'n 
field than in the restricted area of th<• control plot lu•ratts<• tlw wid<'r 
variation of slope exposure of the fornwr ns eompnn•d with the lnt l<•t·. 

Erosion is usually severe during the wint<•t· imnwdintPiy following 
the seeding of winter whent, espPcinlly if s<'NI<'d on sumnwr-fnllow<•<l 
land. The fallow system as practiced on these plots consists of plow
ing th~ crop residues under, and since the wheat mak<'s only a S<'lmty 
growth durinf the fall growing season, the soil is left with an inndc
quate vegeta cover during a period when heavy rnins nrc lik<·l~· to 
occur. Wheat seeded on swe<>tclover land is also defi<·i<•nt in V<'!!''t,.. 
ative protection during this period. The nvernJ:e annual soil loss fmm 
the wmter wheat plots has been 3.14 tons per arre followin!! swe<'t
clover nod 4.62 tons following fallow. W nter losses have U<'<·n 4.:17 
and 5.52 percent of the preeipitation, respectivl'!y. 

TABLE 4.-E.tfrd of planl rover on erosion loRsf's, 11011lh rofllrol plot. 

WATI*~R LOS.S IN ~UHFACJo: lNC'IIY.S 

Year' 

---;ot 7 I Plots 3, 8-P~ll!t 3-, 8 l'luts ~1211'1nts tJ--12 l'ln~ Y-l2 l'l"t" ll--l2 , 
(summer I (winter (wlntr (winter bummer (wlntrr lfifllt I lot II 

Plot 6 wheat wheat whratr whl'at Whl'nt wheat yf'ar (hnre, 
(!n'as.~) !'ltuhhlc, , stubble ort('r stuhtM, Mtuhh\(' artrr IIW{'('t• un-

fertil- 1 after follow) oiH•r 1 nftrr wtn- rlo\'ll1') clo\·er) llllrd) 
i.wd) , follow) ('\on•r) trr whmt) 

I - --1- ---' 

lfm-33 1. 309 o. 600 4. 476 2. 134 .... 247 I' I. fl10 3. 272 
1933-34.. .002 1.225 .00 5.700 .7i4 I.W) 3.6.'>t'. 
tDM-35 . . . 025 . 015 . o:tJ . 200 . 001 . 01!3 . 004 
193.'r3f\ . 708 . 4S8 . OZJ . 377 . 092 ' 109 . 007 
1936-37. .17R .021 .1tf8 -~ .137 .147 .. 0,00 
1ro1-as. .ooo .001 .ol4 .m .002 .001 .131 
!938-39 . . 149 . 046 . 210 . 64!1 . 000 074 . 7AA 
!9.1!l-40. .021 .000 .013 .!WI .017 .Olli .H)-I 1 1940-41 .001 .222 .026 .183 .lfiD 01-.l ,(lj41 
11141--42 .. ..... \ 0 €' .OUI I .221 .OOtl mu .021 

Av"•••--j-.-.oo-:1--.... -f---.->1-0·I'--I.-OO-I ~--.M< ~~--. ,.-. -~:· --""-, 
~~--'-~--'---

um-33 ...... 1 

tD.13-3L .. ----~ 
1934--15.. . . - .. - ' 
1935-36 ........ ' 
1936-37 
1937-38-. ·---. 
1938-39 ... -----' 
1939-40 ... -----
t{l-.lo-41 
1~1-42. 

0. 76 
.00 
.00 
.01 

0 
0 
0 
0 
0 
0 

SOIL LOSS IN TONB PF.R ACRF. 

o. -46 
3.96 

·"" 2.17 
0 
0 
0 
0 ... 
0 

0.49 
• 08 
.01 

0 
• 01 

0 
0 
0 
• 11 

0 

1.10 ...... 
.to 

t.n 
.08 
, 17 1 ... 

CJ.OI ... 
!l.IKI 

t."' .... 
0 
0 
0 
0 
0 
0 

.I& 
0 

o.n .. "' 
0 
• 11 
.01 

0 
0 
0 
0 
.en 

3. 13 
23,10 

·"' 0 ... 
.01 
.01 ... , ... 
·"" 

4. 2711 .... , 
.000 
. 011 .... 
,3f,() 

·. 077 
. 7fll 
.I)IK ',., 

..... 1 

7.-43 
21. t(J 
0 
8.16 
.II 

t.oo 
0 .. , 
0 
.31 

A \'t>faKe .. 
1 

.08 .08 .07 .... ·"' 
---:----:-

1.01 3. Ul 3.MK 
I 

1 'l'bt> data are hs..;M on 17--month fJt'Tlodl" ~tnnin11: July 1 and mulln~~t Jun .. 30. 

7. 2110 
7.0711 
221H 
7.M9 
3 . ... ~ 
3.1\111 
4. 2U!o 
4. 710 
a.:m 
3.11'o17 

-4. t7G 

:lllOO 

""·"" •. 77 ... 
1f• f{/, 
2'172 
II.~ 
..... :17 
13. :n 
74_ wr, 

Precipitation (im·b('!l): tm--33, 21.54; 1933--:W, 2i.04; 1934-36, 18.67; 1\135--U, lfUYJ; ls,t<M-37, 20.12; lll37-38 
18.56; 1113S-39, 15.38; 1~, 16.3£; 1\140-U, 2:6.MI; 1941'""'-2, 17.1l8; &VetaJe t9,7G. 
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A vegetal cover of 1-year-old sweetclover which had been seeded 
with peas as a companion crop, with the crop harvested for dry peas 
and the residue returned to the land, did not providf adequate 
erosion control. The low degree of protection furnished by the clover 
can be attributed to the poor growth frequently obtained when a 
companion crop is grown. The average annual erosion lo~s for this 
type of cover was 5.79 percent of the precipitation as runoff and 3.88 
tons of soil per acre. The effect of a companion crop on the amount 
of vegetal cover, as measured by soil and water losses, is shown by a 
comparison of the results obtained from south control plots 4 and 9. 
No companion crop is grown with the clover on plot 4, which is seeded 
to clover the same years as plot 9. For the 3 years that sweetclover 
was planted on these two plots, the average annual erosion losses 
were 1.91 percent runoff and 0.25 ton of soil per acre on plot 4 as 
compared to 9.16 percent runoff and 12.27 tons of soil on plot 9. 
The average annual green weight of the sweetclover turned under the 
second year of the rotation was 13.9 tons on plot 4 and 4.3 tons per 
acre on plot 9. There was probably an even greater difference in 
the actual density of the plant cover furnished in the two cases during 
the erosion season than is indicated by the data given. 

Plot 13, maintained in a bare and uncultivated condition has shown 
the highest losses of both soil and water. A loss of 22.08 tons of 
soil an acre annually and 21.13 percent of the rainfall as runoff have 
been recorded for this condition. This treatment produced a very 
critical erosion condition in that the moisture in the soil profile w~ 
maintained near its maximum moisture-holding capacity at all times; 
the soil was compacted and no protective cover was provided. Severe 
channeling of the soil, as shown in figure 16, also contributed to the 
losses that occurred on this plot. 

Three years' data from the crop-rotation series of plots showing 
the effect of four types. of plant covers on erosion is given in table 5. 

TABLE 5.-The effect of plant cover on erosion losses for the 4--year period 1938-4£ t 
(crop-rotation plots) 

Erosion losses 

Rotation Plant cover during RunotT Soil loss per acre 
No. erosion season 

' ' 1038- 1939- 11l40· 1941- Avg, 1938- 1939- 1940- 1941- Avg. 
"" 40 41 42 39 40 41 42 

------------------
/nchu lnchu Inchu lnchu lncM11 T""' Ton.• Tom T""' Tom 

10----------- ·'""""""""mixture ... r 049 0. 003 0. 001 0.014 0.017 0 0.01 0 0 0 
2, 4, 6,8 _____ Sprin~ wheat stuhblr .. _ .071 .026 .002 .027 .032 0 .03 0 • 01 .01 
I, 3, 6, 7 ... .. Winterwhf'atstubble .. _ .12i .017 .030 .010 .046 0 .01 0 0 0 
I, 3, 5, 7 ..... Winter wheat_ __________ .273 1.373 I .070 .164 .470 .05 13.82 .111 1. 75 3.1l2 

I The datB are based on years beginning July I and ('mlinR June 30. The rainfall data for these years are: 
1938-39, 15.::\8 inches; 1939-40, 16.35 inches; lG-iO-U, 26.59 inches; 1941-42, 17.58 Inches; average, 18.98 inches. 

The results, which are in agreement with those obtained from the south 
control plots, show that t.he highest erosion losses occur on ,nnd 
seeded to winter wheat, and the least on established stands of alfalfa 
and grass. Both winter and spring wheat stubble are very effective 
in controlling runoff and erosion, but the winter wheat stubble is 
usually slightly more effective than that from the spring-seeded grain. 
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FIGURE 16.-South control plot 13, bare and untilled treatment. May 5, 1942. 

EFFEcr OF Cnop ROTATIONS 

The wide variation in the effectiveness of different plant co,·ers in 
the control of soil and water losses indicates the importnnce of dc,•<•lop· 
ing a farming system that will provide an ndcrtuo.te V('gl•tnl cover or 
pr·oduce o. favorable tillage condition during the wint<•r erosion S<'nson. 
It is also essential to provide soil nitrogen and organic mnUl•r in 
sufficient quantities for the maintenance of o. satisfactory fertility 
level and development of o. favorable soil structure. 

Such a cropping system should include a legume like sweetclover 
or alfalfa ns o. soil-building crop. All crop residues should be care
fully utilized to furnish an effective protection against erosion during 
the winter season and to provide plant material for the muintcnenace 
of soil organic matter. 

South control plots.-A 4-year rotation, consisting of peas and 
sweetclover seeded together the first year, sweetclover as green 
manure the second year, winter wheat, and spring wheat, has been 
followed on plots 9 to 12, inclusive, since 1931. Four other crophiug 
systems followed on this series of plots consist of grass cut for 1ay, 
spring wheat fertilized annually with ammoniam sulfate, winter 
wheat alternated with summer fallow, and the bare and untilled 
condition. Wheat stubble was the winter cover following all wheat 
crops. The effect of these different cropping systems on soil and 
water losses is shown by the data given in table 6 and by figure 17. 
The data are divided into two 5-year periods, July 1, 1932, to June 
30, 1937, and July 1, 1937, to June 30, 1942, in order to show the 
cumulative effect of the treatments. 
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Cropping Plot 
system 

Gross 6 
10.15 

_11.17 

I 
Spring 7 
wheat 

1.32 
I 

I 
Rotation 9-12 "I 

Winter wheat 
l 

I 
and 3,8 

summer follow 

Bore, 3 untilled 1 

PO.OOI ' 
0.19 

Gross 6 

Spring 7 
wheat 

p.03 
0.29 

,~.53 0.75 
Rotation 9-12 

Wheat 
fallow 3, 81 

1.40 
11.34 

I 

~ Soilloss~tons per ocr~ I 
Runoff (pircentl 

2.33 Five-year period rl 
Julyl 1932-June30 1937 

3.63 
16.59 

3J 
16.52 

20.53 
II 21.96 

' 

Five-year period 
2

1 
July 1,1937- June 30,1942 

Bore. 
untilled 13 

23.62 
'I 11 20.20 

0 2 4 6 8 10 12 
Soil loss (tons)or runoff (percent} 

Fwt,H.J<; 17.-Effpet of eropping system on soil and water los/'i.PS. :\.vPrag<' amlua 
\'alne~ for the south control plots. 

TABU: 6.-Rifect of cropping system on f'rtn'1ion losst~s. Average annual values from 
south control plots for the 5-year periods July 1932-June 30, 1937, and .July 1, 
1937-.hme SO, 1942 

1937--42 1-- 19:~2-37 
H.unoJJ Hunofl 

Croppinl.! ~ystl'm I' lot 
Kos. 

' Pt•rCf'llt-

I 
De th ag<' of 

P precipi
tation 1 

Soil 
lo,;s 
pt>r 
acre Depth 

-- - --~~~~~--~-- Inches I Prrc-:: ~'or-:: hlclu~ 
Grass. . 6 o 344 t. 67 o I.S o. 036 
Sprinl!' wlwat, r~·rtlhzo·ol _ 7 482 2 33 I. 32 OM 
Hotatlon________ I \l--12 1.362 6.59 3.63 .142 
Wintt•r wht>at-fallow. 3, 8 I. 348 6 . .S2 3. 29 . 2C3 
Dan', untilll'd. 1:1' 4.5.17 21.96 20.5.1 a.81fl 

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

Peret>nt· 
ag-e or 

prt'clpl
tation I 

Percent 
0.19 
.2\l 
.75 

1. 34 
20.20 

Soil 
loss 
per 
acrt• 

T<m• 
0.001 
. 03 
. 5:i 

I. 40 
20. fi2 

• An>ra~Zt' annual pr~·dpitlltion: July I, 1932-June :lO, 1007,20.66 inches; July I, 19.17-June 30, 1942, J8.8il 
lnC'he.s. 
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The most effective cropping system for the control of erosion wns tlw 
~~inten~nce of a g_rass sod. Spring wheat ~own enrh yenr nncl f•••·
tthzed wtth ammomum sulfate also gnve <'ffeettve control. Durin~ tlw 
first 5-year period, the 4-year sweetclover and tlw wint••r wlwnt
summer follow cropping systems had approximately equnl erosion 
losses; but during the second 5-yenr period, the swc<:tdover rotntion 
had only 56 percent as much runoff and 36 percent os mut•h soil loss 
os the wheat-follow system. This indicates that the use of swe••tdover 
as a green-manure crop hns reduced the soil erodibility ns eompnr••d to 
the summer-fallow treatment. Severe erosion occurn•d on the bare 
and untilled plot during both 5-yeor periods. However, tlw wol<'r 
losses from the latter treotment were only slightly h•RS, wlwrens the 
soil losses were greater during the second 5-venr p••riod thnn the first.. 

The effect of sweetclover and summer faflow on ••rosion from lnnd 
seeded to winter wheat is shown by the datn given in tnhle 7 nnd fi~m·<' 
18. The results are summarized fm· three diff<'rent p<'riods on the 
basis of the number of crops of sweetclover utiliz<'d as gt•t•<'n mnnm·•·. 

TABl,E 7.-CompariJton of erollion lostJes from wintu tllht'al lft'f'flrd aftrr 111UIIIII" 
fallow and swerlclover. Average annual valuett from the south crmtrol plntlf 

Winter wheat set>ded after Wlntl'r whrat !IN'(Ird afler 

Period 1 

· summer fallow (plots 3, 8) 
1 

sweetclovcr (J1Iottl D-12) 

-
...... .., acn• 

Runoft' I Soll2~ per I' Runoff , Solllrn~.." IH•r 

----------------------1·------ -
Inehu T!11U Jndlt• Ton• 

1932-36 '---------------------------------------- 1 •• 1100632 : 8. 06 1. 7tSO I ft. Ml 
1936--40 '---------------------------------------- 1. 98 . 3..'13 I. 14 
194()-42 '----------------------------------------, _____ . _202_ ------··-""+---· "'-' .'----""" 

1932--42.__________________________________ l.OiH I 4..62 .8631 3.14 

1 The data are based on 12-month period!, ~Inning July l and ending June 30. 
'Each rotation plot had had 1 crop of swe .. tclover. 
1 Each rotation plot had had 2 crops or swe£'tclo\'er. 
• Each rotation plot had had 3 crops or swl'ctclover. 

Sweetclover had been b'l"OWn once on euch of the four riots during the 
1932-36 period, twice during the 1936-40 period, an< three times on 
each of the two plots of the 1940-42 pt•riod. The nnt·ug<• nnnunl 
soil and water losses were highest in 1932-36, and there wns a det"rt'nRe 
each subsequent period, except that the soil loss was greater on tlw 
summer-fallowed plots during the third period than during the s<•cond. 
Wide variations in the amount of erosion los.•Ps [rom yrnr to yPnr of 
each period can be attributed largely to climatic fnrtors. 

Runoff and erosion was less during each of the tlm·e periods on lund 
seeded to winter wheat following sweetclover thnn from land pn•viousl~· 
summer-fallowed. Also, the ratio of erosion losses from fnllowt•d lnnd 
to those from sweetclover land became greoter for each surce.•ding 
period indicating that each additional grc<·n-manure crop of swe<•t
clover' reduced the erodibility of the soil as compared with summer
fallow practice. It appears that the protective effect of severul crops 
is cumulative. During the period from July 1,1932, to ,June 30, !93fi, 
when each of the rotation plots had had one green-mnnure crop, th11 
average annual soii ioss from these plots was 6.59 tons pt•r twrr· u• 
compared to 8.05 tons [rom the summer-fnllowed lund. AftPr three 
crops of sweetclover, however, soil loss was only 0.26 ton per acre as 
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FIGURE 18.-Comparison of erosion losses from summer-fallow and sweetclover 
land seeded to winter wheat. Average annual values from the south control 
plots. 

compared to 3.05 tons per acre annually for the same period from the 
fallowed land. 

A comparison of the yield of winter wheat grown on sweetclover land 
and on summer-fallowed land is given in table 8 and figure 19. The 
results, summarized as 4-year moving averages, show that sweetclover 
used as a green-manure crop greatly increased the soil productivity. 
There has been an increase in the wheat yield from 42.3 bushels per 
acre for the 4-year period of 1933-36 to 51.9 bushels in 1938--41. A 
corresponding increase was obtained in the green weight of sweet
clover turned under. This factor and the cumulative influence of 
succeeding crops of sweetclover grown on the land are the principal 
reasons for the steady increase in wheat yields during the course of 
the experiment. This particular area of land was not in a high state 
of fertility at the time the sweetclover-cropping system was initiated 
in 1931. This increase in yields by these well-tested methods of soil 
conservation, developed during 11 years of research, has important 
significa'?-c.e for the entire Palouse, at the present writing, in meeting 
the wartrme demand for greater crop production. It is expected that 
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FIGURE 19.-Yield of winter wheat grown after summer fallow and swcctclover 

plowed under. South control plots. 

the present upward trend in yield will soon reach a maximum de
termined by some other limiting factor, such as soil moisture. 

Although the yield of wheat on summer-fallow land bas fluctunt<'d 
widely during the period of the experiment, the trends in yidds, 
together with results of soil-organic-matter analyses and soil and water 
losses by erosion, indicate that the wheat-summer fallow cropping 
system is soil depleting, while a rotation including a legume such as 
sweetclover as a green-manure crop tends to maintain the soil nitrogen 
and organic matter in sufficient quantities for satisfactory soil ft•rtility 
and structure conditions. 

The results of an analysis of soil samples taken from these plots in 
1931 and 1939 show that the practice of summer fallowing reduced 
the soil organic-matter content at a more rapid rate than tbc sweet
clover cropping system. ·wben the experiment was initiated in 1931, 
the organic-matter content of the soil on these two groups of plots was 
was 1.95 percent, and in 1939 the fallowed land had 1.76 percent nnd 
the sweetclover land had 1.88 percent organic matter. 

There is a direct relation between the weight of sweetclover tumed 
under as green manure and the yield of winter wheat produced on the 
land. The weight of sweetclover obtained on plots 4, 9, 10, 11, ami 
12 during the period of the experiment and the corresponding yields 
of wheat given in table 8 were arranged in order of increasing weights 
of sweetclover. From this arrangement, four-plot moving averages of 
weights of sweetclover and wheat yields were calculated and arc showu 
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TABLE 8.--Winter wheat yield following summe.r fallow and sweetclover plowrd 
under (south control plots) 

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

Year 

I 

.... i{ 
1934.--------------- .. 
]935.- ----------------.---.- ------------. 
1936.---------------------- ---.------------

19.38. -----------------------------------
19:UL .• ---------------------------------- . 
1940. ---.---------------------------------. 

{ 

11>41.. ···················-·-········ . { 

Plot No. 

Gre<>n 
wei~ot:bt 

or 
sweet 
clover 
turned 
under 1 
per acre 

T.,.. I 16.4 
1.7 
6.6 
4. 7 ! 
9.0' 
9.4 
1.5 

13.0 
5. 9 

13.9 
18.8 
9.8 I 

Yield o! winter wheat 

Sweet
clover 
land 

per acre 

Bmheh 
50.8 
38.9 
41.5 
41. g 
46.7 
45.3 
4S. 7 
54.6 
42.0 
S2. 7 
r,a. 2 
58.2 

Summer·fallow land 

Plot Yield 
No. per acre 

3 
3 
8 
3 
8 
3 
3 
8 
3 
8 
3 
3 

Btuhtl~ 
4<.4 
44.4 
22.9 
51.3 
37.1 
48.0 
48.0 
34.9 
39.3 
19.5 
46.3 
46.3 

FOUR-YEAR MOVING AVERAGE (PLOTS 9, 10, 11, AND 12) 

1933-36.----------.--------------- .. 
1934-37. -----------------------------------
1935--38.----------------.------------------
1936-39.-----------------------------------
1937-40.----.---------------------.--------
193&-41.--. --------------------------------

1 Sweetclovcr was turned undcr during the previous y!'ar. 

5.5 
5.5 
7.1 
7. 4 
8.6 

10.7 

42.3 
44.0 
47.2 
47.3 
48.8 
61.9 

389 
39.8 
42.8 
39.8 
35.4 
35.0 

graphically in figure 20. These results show that small crops of sweet
clover are only slightly effective in increasing wheat yields, but for 
amounts greater than about 6 tons per acre, there is a rapid increase in 
yield for each additional increment of sweetclover utilized as green 
manure. The curve tends to level off for sweetclover weights in excess 
of about 12 tons, indicating factors other than the supply of available 
nitrogen have become limiting. The yields of winter wheat after 
summer fallow for the same years show that climatic factors have bad 
no significant effect on the trend of crop yields during this period. · 

Crop-rotation plots.-Runoff and soil losses from the eight 2-year 
cropping systems for the period July 1, 1938, to June 30, 1942, arc 
given in table 9, and in figure 21. The cropping systems including 
summer fallow in combination with wheat bad the largest soil and 
water losses, while wheat grown in rotation with Hubam clover as a 
green-manure crop had the smallest erosion losses. The summer
fallow treatment permitted more than twice as much runoff and four 
times as much soil loss as the use of Hubam clover. Rotations con
sisting of wheat alternated with peas harvested for seed or used in a 
mixture of peas and spring wheat as a green-manure crop, bad losses 
intl'rmediate between the two extremes. 

The high losses for the crop year 1939-40 are the result of three 
periods of heavy precipitation in February and March. Most of the 
rain during this period had relatively high int<'nsities and fell on 
saturated or nearly saturated soil. The high erosion losses in the 
spring of 1940 from plots 12, 18, and 19, which were cropped in 1939 
to peas, peas, and spring wheat (under), and Hubam clover (under), 
respectively, were due to a large extent to the fact that these plots 
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FIGURE 20.-Effeet of amount of sweetclover turned under on the yield of winter 
wheat. South control plots. 

cropping 
system 

Winter wheat 
and Hubam 
clover under 

Winter wheat 
and peas 

(under) + 
spring wheat 

Winter wheat 
and peas 

Winter wheat 
and summer 

fallow 

Sprln~ wheat 
and ubam 
clover under 

Sprln! wheat 
an peas 

(under) + 
spring wheat 

Spring wheat 
and peas 

Spring wheat 
and summer 

fallow 

7, 

14, 

10, 

9, 

6, 

4, 

12, 

3, 

0 01 

Soil loss (tons per oete) 

02 
Runoff (inches) 

0.3 

FIGURE 21.-Effeet of cropping system on erosion lcmres. AveraS(e annual values 
from the crop-rotation plots _for the period July 1, 1938, to June 30, 1942. 
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were fall- lowed up and down the slope. Consequently, ~e amount 
of erosiot during the 1939--40 season for these three sprmg whe~~;t 
cro in systems is considerably greater than woD;ld be expec~ed If 
thep~su!l type of tillage operations had be~n pract1ced. Fall tillage 
operations were conducted on the contour m 1940 and 1941. . 

T 9 -Effect of cropping system on erosion losses. Average annual values from 
ABLE ihe crop-rotation plots for the period July 1, 1988 to June 80, 1942 

Runoff 

Plots 7, J>lots 3, Plots 6, 
Plots 9, Plots Plots 14,21 28 Plots Plots 4, 18 19 16 spring Year1 22 10,29 wlnt<>r winter spring 12, 25 spring 
winter wheat and wheat spring wheat and whr.at 
wheat (winter 

peas (under) and wheat wheat peas (under) and 
and wheat and and +spring Hoban and + spring Hoban 

summer peas) wheat clover summer peas wheat clover 
Callow (under) fallow (under) 

--
Inch Inch Inch Inrh Inch Inch · Inch Inch 

lfl:lS-.19 . . ------------ 0.159 0.301 0.131 0.""' 0.096 0.114 0.019 0.111 

1009-40_-- ----------- .918 • 753 .738 .372 • (;)I , . 713 '.471 .. •.307 
HUO-·U ... ----------- .080 .080 .006 .033 .062 .005 .ooo ,001 

l94l...o12.-- ----------- .312 .057 .048 .021 .498 .035 .138 ,]21) 

A verago ••••••• .367 .298 .281 ,]59 .289 .217 .157 .137 

Soil loss per acre 

ToM ToM ·Ton. Ton. ToM Ton• ToM To .. 
1938-.19 ... ----------- 0.02 0.05 0.01 0.02 0.01 0.04 0 0 
1939-40 ... ----------- 9. /i8 7.00 7.81 3.28 7.04 1!},83 I 5.26 , 3. 26 

JMCJ-11 .•. ---···----- .04 .07 .01 .04 .11 0 0 0 
194.1-42.------------- 3.48 .17 .12 .02 7.89 .06 .33 .37 

Average _______ 3.28 1.82 1.99 .84 a. 76 2.48 1.40 .91 

1 Precipitation (inches): 1938-39, 15.38; 1939-40, 16.35; 1946-41, 26.59; 1941-42, 17.58; average,l8.98. 
I The furrows were placed at right an~Jes to the contour when the pea land in rotation 4 and the greens 

manure land in rotations fl and 8 were plowed in 1938 an4'1 1939. It is believed that the high erosion losses 
on thl•!l(! plots in the spring of 1940 were caused, to a large degree, by this practice. Contour tlllage was: 
practiced In 194.0 and HUI. 

SoiL ERODIBILITY 

The effect of the depth of surface soil and soil organic matter on 
soil erodibility has been studied at three locations. At the south 
control series, plot 14 (desurfaced) has not given satisfactorily typical 
results because the lower level of the plot surface frequently accumu
lated excess moisture from drifting snow. On plot 15, the layer of 
clay soil, utilized to replace the ori!Pnai topsoil, has not settled suffi
ciently to represent a normal conditiOn. The erosion losses from plot 
14 have been greater than from check plot 3, but plot 15 has had very 
little runoff or erosion. The results from this particular series of 
plots are not considered to be reliable. 

College farm plots.-The land that has been cultivated for over 50 
years has lost a large part of its organic matter through cropping and 
erosion losses. An analysis of soil samples taken in the spring of 1942 
shows that plots 1 and 2 on the cultivated land have an average of 
~.34 perc.ent of o~~nic matter as compared to a 3.89 percent content 
m .t~e adJa.cent VIl'jl'ln land. This represents a loss of 40 percent of the 
ongmal sod o~amc matter. Plots 1 and 2 on the virgin area had an 
a.verage orgaruc-matter content of 3.51 percent after being cropped 
smce 1934. 
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TABLE 10.-Soil and water losses f~om virgin land, cultivated since 1984, and from 
land cultivated for 5(}-{JO yeara 

(College rarm plots} 

V(,gln land 

Winter wheat Wheat stubblo o ..... 
Year• Runoff I Runoff I ' 

Runotl 
Soli Soil Roll 

' '"" '"" I I ...... 
Per- "'" PC!r- .,.., 

Depth I 
Pl't• 

·~· Depth cent- """' Depth ~nt- """' oont- """' ... ... ... --
Inchu Ptrcent Toni Inch Ptrctnl Ton Inch Ptrcnll Ton 193&-37 ______________________ 0.006 0.03 0 0.005 0.02 0.001 0.010 o.o< 0 

1937-38 ____ ---------- --- ----- .... .02 0 .003 .02 .001 0 0 0 
193&-39 ____ --- --------- -- ---- 0 0 0 0 0 0 0 0 0 
1 {139-40. ---- -- --- ---------- -- 0 0 0 0 0 0 0 0 0 
194o-4l ____ ------ -- ---------- 0 0 0 0 0 0 0 0 0 
1941-42 .... ------ ---- ------ -- .005 .03 .ou 0 0 0 0 0 0 

Total _________________ .015 .o• 1 .ou, .008 .01 .002 .010 .01 0 

Cultivated land 

1 D36-37- --------------------- o.ml u1 
<m •~lf •~ 0.0!10 0.25 0.010 1937-as. ____________ --------- 0 ' 0 0 0 0 0 0 0 0 

1938-39.- ----- ----------- ---- }, }63 I 6, 74 ,203 0 0 0 0 0 0 
l93HO ...... ----.. ----- ----- .700 I 4.31 2.789 0 0 0 0 0 0 
194o-4t ______ ---------- --- --- 0 0 o I .022 .os .087 o o 0 
19-11-42 .. ------ ---- ---------- .154 .86 .707 0 0 0 0 0 0 

Total. ______ -- __ ------ 2.591 \~ --.:oaal·--:o,gl .02j--:<i01-:Q;O>--:o? ~ 
1 Pr001pitation (lnches),l936-1937, 22.88j 1937-38,18.26; 193&-39, 17.26; 193H0,16.23; 19(0-f,l, 28.2-f.; 1941-42, 

18.05. 

Soil and water loss data from the virgin and cultivated areas for 
the period July 1, 1936, to June 30, 1942, are given in table 10. The 
winter wheat-summer fallow treated plots (Nos. 1 and 2) are summar
ized on the basis of the two tvpcs of plant cover prevailing during 
the erosion season, namely, win.ter wheat seeded on fallowed lund and 
standing wheat stubble. A very small amount of erosion occurred 
in the virgin land with any of the three types of plant cover. Only 
0.01 percent of the precipitation was lost as runoff and 0.014 ton per 
acre of soil was lost during the 6 years from the winter wheat plot. 
Erosion losses were small from the wheat stubble and grass plots 
located on the old cultivated land, but on the winter wheat plot, which 
bad a less effective plant cover, 2.14 percent of the precipitation and 
8.04 tons of soil per acre were lost. These data indicate that the higher 
soil organic-matter content of the virgin land resulted in more rapid 
infiltration of water and a greater resistance to erosion as compared 
to the land which has lost a large part of its organic matter. The 
differences in the structure of the two soils is very striking during the 
runoff season. The surface of the old cultivated soil breaks down into 
a decidedly puddled condition, indicating a lack of stable soil aggre
gates, while a much more porous structure is evident in the vi11fin soil. 

Idaho plots.'-The influence on erosion of the application of barn
yard manure to the soil is given in table 11 for the 5-year period 
from July 1936 to June .1941. Thes~ plots have been cropped to 
winter wheat each year smce 1915, w1th plots B--3, D-8, and E-11 

'The farming operations and the analyses of runoiY aamplee wen UDder the aupervisfoD of Mr. 0, 0, 
Baker, assistant profl!:$50r of Asrooorny, 1.Joiverslty of Idaho. 
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· h b d anure at the rate of 15 tons per acre every 
treated wit nrnyar m 1 soil and water losses from the th · d ar The evernge annua . h 
un~real:d plots have been 0.146 ton of soil ped ~c~~30.:c~·~f~~ff 
of runoff as compared to 0.088 ton per acre an · 
from the manured plots. 

T 11 -Runo" and &oil w88e8 from the rota~ion plot& at the Idaho Agricultural 
ABLE • 'JJ Experiment Stat'ton 

----
With manure J 

--

Year• Plot B-3 Plot D-S Plot E-ll Average 

SoU loss SoU Joss Runoff Soil loss Runoff Soil loss 
Runoff per acre Runott per acre per acre per acre 

' 

India ,.... India Tom India ,.... India Tom 
0. 051 0.002 0.003 0 o. 015 0. 0.022 0.001 1936-37 •• ------------
.0.53 .005 .024 .002 .044 .001 .041 .003 1937-38.-------------

·"' .005 2.650 .655 1.168 .628 ].347 .429 1938-39.-------------
.055 .003 .024 .001 .095 .003 .061 ,002 

193~0. ------------- .007 .042 .004 IM0-41. _. ----------- .041 .003 .041 .001 .047 

Average ....... .085 .004 .550 .122 .Z74 .128 .302 .088 

Without manure 

Plot B-2 Plot D-7 Plot E-10 Average -

1{136-37-- ------------ 0.066 0.026 

·~ 
0.160 0.028 0.075 0.021 

1937-38.------------- .126 .009 .023 .002 .022 .002 .057 .004 
1938-39.------------- 2. 026 .349 1.014 .028 4.m I. 707 2.424 .695 
1939-40. -------.----- .165 .009 .155 .007 .175 .008 .165 .008 
19olo-41.-----.-- ----- .051 .001 .043 . {X)l .007 .003 .024 .002 

Aver&Je .•.•••• .<89 .079 -~1 .008 .917 .352 .551 .146 

1 Precipitation (inches): 1936-37,20.84,1937-38,20.16, 1938-39,16.39,1939-40,18.35, IM0-41, 30.36, average, 
21.22. bird 

1 Barnyard manure applied at the rate of 16 tons per acre every t year. 

Soil losses from the Idaho plots have been relatively small in rela
tion to the water losses because a very large proportion of the runoff 
was the result of melting snow, a condition which is conducive to low 
soil losses. Another factor affecting the low density of the runoff mater
in! is the rela,tively gentle 8-percent slope of the land on the plots. 

An analysis of soil samples taken in 1938 shows that the organic
matter content of the manure-treated plots is significantly higher 
than that of the corresponding untreated areas. The average values 
for the three plots of each treatment are 2.26 and 1.88 percent, 
respectively. The effect of the manure is also evident in relation 
to crop yields. Average yields of winter wheat during the/eriod 
from 1937 to 1941 were 21.7 bushels per acre for the treate plots 
and 14.1 bushels for the untreated. 

MOISTURE STUDIES 

Soil mcmture in relation to field conditions.-The absorption of 
precipitatio~ by t~e soil is important from the standpoint of obtaining 
adequn~e soil mOisture for plant growth, ns well as for its effect in 
~ecre~mg the nm~unt of runoff and erosion. This is especially true 
m the mtermountnw area of the Pacific Northwest where crops must 
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depend almost entirely- on the water stored in the soil from the winter
and early-spring prempitation, since there is little summ~r rainfnll. 

Soil-moisture determinations have been made pcriodicnlly on tlw 
different soils and on land where varied tillage and cropping syst .. ms 
are employed. The results indicate some marked differences in tlw 
moisture conditions of different types of soils and in soil handlNl 
under varied soil-management practices. 

The influence of different crops on the moisture content of the soil 
at the end of the growing season (August) is shown by the data giv!'IJ 
in table 12. The samples represent uniform south-slope conditions 
on which different cropping systems were followed. 

TABLE 12.-lnjl:uence of cropping system on the perrt>ntage of 11ail moisture at rlolff' 
of growing season (August) 

Molsturo content or soil alter-
"" 

Depth Clf penetra. 
tlon (feet) Bummer fallow Winter wheat 

1934 1936 1936 1937 Average 1934 1935 I 1936 ] 1037 Averawe ---- --~--·----

Percent Perc tnt Percent Percent Pttunt Percent Percent!Ptrcent Percent Pncenl 
1 .. . -------------- 15.8 15.0 14.0 12.2 14.3 11.4 .. ' 7.0 0 .• 9.1 
2.-----------.--- 23.4 22.7 23.7 22.2 23.0 14.0 14.8 14.4 13.0 14. I 
3.--------------- 21.8 23.4 26.1 21.9 23.3 14.3 15. 5 14.6 14.9 14.8 
4 ... - --- .. -------- 20.0 23.0 23.8 17.1 21.0 15.4 15.8 13. 5 13.7 lUI 
5_-- -------------- 21.2 23.3 23.8 17.4 2). 5 18.4 10.0 14.0 14. 3 10.. j 

6_-- ---------.--- 21. 2 23.0 22.9 22.3 .... 18.9 20.1 17.0 17.2 18.4 

Average ... _~ 20.6 
-------------, .. ,r•a.• --

21.7 22.4 18.9 :1<.9 , ... 15.6 14.6 

Grass Alralra 

1 .. --------------- 7.4 6.6 5.6 7. 7 as 8.3 7.' 7.6 ... 7.' 
2 __ --.- -------.--- 12.0 11.9 10.9 13.0 12.0 10.6 It. 4 9.3 9.5 10.2 
3 ....•.. ·••···•••· 13.1 14.7 13.0 13.1 13.6 12.3 13.3 10.0 11.9 12. I 
4_---- --------- ·-- 13.7 13.4 13.0 13.8 13.5 IU 12.' 13. 1 12.8 12.7 
5.------- .. ------- 14.9 14.0 14.0 17.3 15. 1 12.1 11.2 11.4 11.8 11.6 
6.---.--------- ·-. 16.7 15.7 16.7 18.7 17.0 11.4 11.3 11.2 10.6 11. I 

----------------------
Average ...• ] 13. 1 12.6 12. 2 13.9 13.0 11.2 11.2 10.6 10.6 10.0 

The results show a high soil-moisture content of the summer-fal
lowed area as compuTed to the exceedingly dry condition of the soil 
on which alfalfa was growing. The average moisture content of the 
fallowed soil to a depth of 6 feet was 20.9 percent, while alfalfa lund 
contained only 10.9 percent of water. Bunchgrass and winter wheat 
used moisture to a depth of 5 to 6 feet, but these plants did not reduce 
the moisture to as low a point as alfalfa. Samples taken in the fall 
of 1937 in a 6-year-old alfalfa field showed that the moisture was 
depleted to about the ~lting point. to a depth of 14 feet, the av_erag~ 
moisture content to this depth bcmg 10.7 percent. Some mmsturc 
had been utilized to a depth of 17 feet. 

During the subs~quent ~ter season only a relativc_l:l: s~all amount 
of rain will be requiTed to bnng about a saturated condition m summer
fallowed soil while the greater moisture deficiency in grass. alfalfa, or 
wheat land permits the absorption o! much more precipitation before 
saturation occurs. These facts mdJCate the reasons for the greater 
runoff and erosion on fallowed land. 
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The soil and topographic characteristics have a marked influence on 
the amount of water present in the soil at the close of the season. of 
heavy precipitation. The data given in table 13 show that the mo1st-

T E 13 -Soil-moisture measurements for different locations on different soil types, 
ABL • 1984-36 I 

Moisture content of soil on 

Depth of penetration I Palouse slit loam (north Palouse silt loam (south Palouse silty clay loam 
((eet) , slopes) 2 and west slopes)Z (eroded hilltops)' 

193< t93s I 1wa Aver- 193< 193.'i 1936 :Aver- 1934 1935 1936 Aver-
(10) (10) (6) age (5) (5) 

(8) I age 
(6) (6) (6) age 
----

Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pel. Pd. Pd. Pd. Pet. 
1 ..•••••. - -------------- 22.8 23.7 24.2 23.6 19. 6 18. ;5 22.0 20.0 16.3 18.8 18.0 17. i 
2 .••• - ------------------ 24.5 28.8 30.2 27.8 22.1 25.6 25.5 24.4 17.7,21.2 22.1 20.3 
3 .... - ---- ... ----------- 26.7 29.7 29.8 28.7 24.1 25.4 24. 6 24. 7 18.0 I 19.0 21. 1 19.4 
4 .... ---.--------------- 25.3 27.2 27.7 26.7 21.4 23.2 22. 2 22.3 17.4 19.1 21. 7 19.4 
5_ ·- .... -.- .. - ----. ---·- 23.9 24.5 24.4 24.3 21.9 22.2 20.7 21.6 19.7 i 20.9 21.6 20.7 
11. ••. ---·--- -----------· 23.5 23.3 22.6 23.1 23,6 22.8 20.0 22.1 19.9 20.2 20.5 20.2 

-1--:-:-::- l8.2f'"lo:9 20.8 
,....,.... 

Average ___ ------ 24.6 262 26.6 25.7 22.1 23.0 22. 5 22. 5 

I Samples taken In May 1934 and 1935, and Aprll1936. 
t The numbers In parentheses below the years indicate the number of locations from which samples were 

taken. 

ture content of the surface 6 feet of soil is highest on the steep north 
slopes and lowest on the eroded hilltops. South and west slopes 
have a soil-moisture content intermediate between these two extremes. 
The upper 6-foot section on the north slopes is usually at the maximum 
field moisture-holding capacity in the early spring, while dry soil is 
frequently found above the SD<th foot on hilltops that were cropped 
the previous season. 

This variation in soil moisture is the result of differences in the 
infiltration rates of the surface soil, the amount of effective precipita
tion, and the evaporation from the soil surface in the thiee locations. 
The deep friable surface soil on the north slopes absorbs water rapidly, 
while on the eroded shallow soil, absorption is much slower and more 
of the precipitation is lost as runoff. The greater effective precipita
tion on the north slopes is the result of snow blowing off the hilltops, 
and to a smaller extent from the south and west slopes, and accumu
latin~ in drifts on the nortli slopes. Evaporation from the soil surface 
is lowest on the north slopes because of lower temperatures and less 
wind movement. 

The hilltop tree planting has had a marked effect on the amount of 
water absorbed by the soil. In the fall of 1936 the soil moisture had 
been depleted approximately to the wilting point to a depth of 12 
feet where trees were f9'0WU and to 8 feet on a hilltop planted to 
alfalfa. The precipitation during the winter of 1936-37 consisted of 
a large proportion of snow, which drifted very extensively. Sufficient 
snow was held in the tree area to cause the moisture to penetrate dur
ing the winter a';ld spring season to a depth of 9 feet. It was calcu
lated that 30.9 mches of water was absorbed by the soil. On the 
alfalfa area, where most of the snow blew off it was found that the . ' 
mmsture penetrated only 2 feet deep and only 7.1 inches of water 
was absorbed. · 
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TABLE 14.-Soil-moisture measurements at terrace 17 for different aeaaona and 
locationiJ 

ltO feet Nl!t proftle, line F) 

35 FEET ABOVE TERRACE CHANNEL 

Moisture content nt SC~il nflcr-

Depth of Jl('nrtmtlon !feet) Swnmor fallow Winter whl•at Winter I 
wheat 

I ,-----,----------~-----
Sep:~~bcr! MBY um I Sep:~~bcr I Aprll1936 

1.- ---.------------------------------------
2.---------------------- .. ----.------------
3.- ·---- -·- .. -.--.----------.---- .. -. ------
4-. ------.------------- .. -.----------------
6 .• --.------------------------------------·-. . --.-----------------------------------

Average •..•. _ •.••.• -- •.•• ---- •. -----

Ptr«fll ' 
12.9. 

13. I i 
14. 7 
H. I 
13. 1 I 
14.8 I 

1---
13 .• I 

Pm:enJ 
22.6 .... 
21.9 
20.5 
20.D 
21. 1 

2L61 
IN TERRACE CHANNEL 

i;; :my:::-; -·:;:::::·H:=:~mm:==l 
14. 1 
18.0 
17.1 
17. 4 
20.1 
21.0 

19.6 
21.1 
20.7 
20.1 
23.0 
25.2 

Pert:~nt I Percml 
14.0 21. 3 
21.3 1 23 .• 
21. 3 1 Zl. 2 

"'·'I 21.6 ,' 
20 .• 2'.l.O 
20.3 20.2 

1 •.• , ... o I 

17.6 ..... 
21.0 21.0 
20.6 22.2 
20.2 21. 1 
19.9 22.4 I 
19.8 24.8 

------~-----:------:-----------------------------·-·1 18.0 I "·"I 10.81 ,_ • I 
ON TERRACE RIDGE 

AliiHL'It 
IU:~ 

Percn1t •• IU 
12.U 
12... 
12..11 
12."' 

ll.O 

1no 
13.11 
I .. I 
16.4 
17.0 
20.0 

15.6 

I .. -------------------------------------·-- 6. 2 0.8 17 •• 0.6 21.0 
2 ----------------------------------------- 6.11 8.3 18.5 1 ... 24.' 
3 ............... ---- ----- ...... -----------. II. I ••• I at 18.2 23.2 
4. ---------------- .. ----------------------- 10. 7 11.8 18.-t 18. 1 21.1} 
5.----- --- .. -------.---.--.--------- ------- 12. 6 12.. 13 .• 14.8 111.6 
fi ----------------------------------------- 12.0 

!--~~:-~~:---~~--~~:---~ 
13.0 13.6 13. 2 14. 4 

A vera~ e .............. ------.------ •• 11.0 l 16.81 It. III 
10 FEET BELOW TERRACE RIDGE 

0.8 111.0 
11.2 20.5 
13. I 20.2 
tat 18.8 
13.6 10.1 
13.6 H. I 

12.51 lB. I I 
30 FEET BELOW TERRACE RIDGE 

1. --------------.------------.------.---.--
2 .. -------.-------------.------------------
3.---------------.-.------------------ ... -. 
4. - --------.--.-. --------------------------
6 ... -------.--- .. --------------------------

11.8 
10.7 
ln6 
IU 
13.8 

20.6 
21. 1 
20.3 
20.1 
20.0 

17.0 
21.6 
20.1 
20.7 
17. g 
17,9 I 

' 10 .• 
1 

172 
22.3 
23.2 
24.0 
24.1 

"'·'I • •• 

1 ... 
21.3 
20.6 
20.6 
20 .• 
111.11 

10. 'I 

17.6 .. o .... •. 7 
22.1 10.2 
22.3 12.7 
21.0 12. 7 

1 .. 7 20.2 20.6 21.11 14..6 

12.. 1 20. 51 "·"I 21.3 ' 10.6 
6 .. ---------------------------------------1--=-:---.:_:-:--=~:-------'---_.:.::..:: 

Average ••••••• ___ .............. ----. 

The distribution of soil moisture on terraced land is shown by the 
data in table 14. Samples were obtained in the fall of 1934, spring 
and fall of 1935, and spring and fall of 1936 at terrace 17. The terrace 
channel contained the l!u·gest amount of moisture, the spring average 
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for the 6-foot depth being. 22:0 percent. Th~ high con ten~ in the 
fifth- and sixth-foot layers mdiCates that cons1de~able leac~mg may 
oreur at this place. TherE\ was a lowe~ absorptiOn ?f mOisture on 
the terrace ridge than in the channel or 1~ the. terrace m~erval. The 
overage percentage of moisture on the r1dge m t~e sprmg was 15.2 
for the fifth- and sixth-foot layers as compared With 21.1 percent at 
the same depth on the undisturbed soil 35 fe~t above the terr9:ces. 
The absorption of moisture on the down-sl~pe s1de of the terrace ndge 
was also )ow. There appeared to be practiCally no lateral movement 
of moisture on this part of the south slope. 

TILLAGE PnACfiCES 

Tillage is an important factor in crop yield, weed control, Cf:!St of 
production, and erosion. Frequently in the past the e!fect of t~age 
operations on erosion has not been fully considered. Tillage proVIdes 
mechanical resistance to erosion by means of plant material mixed with 
the soil and from obstructions it introduces, such as holes, clods, or 
furrows; and it affects the soil structure, the rapidity with which the 
soil will absorb water, and the water-holding capacity of the soil. 

Utilization of crop residues.-Wheat stubble is the principal type of 
crop residue available in the Palouse region for use in erosion-control 
practices. It offers considerable mechanical resistance to erosion, both 
when standing and when left on the surface as a mulch or mixed with 
the top Iarer of soil. Crop residue utilized in this manner maintains a 
higher infiltration rate b{ reducing the degree of puddling of the soil 
surface. The presence o a large amount of organic colloidal material 
in the soil, resulting from decomposed residues, is an important factor· 
in the maintenance of a granular soil structure and a high water-hold
ing capacity. These desirable soil characteristics decrease runoff 
and soil losses. 

A vail able nitrogen in the soil is necessary for the proper decomposi
tion of highly carbonaceous material, such as wheat straw, and the 
amount of nitrogen present determines to a great extent the quantity 
of such material transformed into soil humus. The incorporation of 
wh~at straw with the soil is likely to reduce the amount of nitrogen 
available for plants, and since this nutrient is generally the most 
frequent limiting factor in crop production in this area, crop yields 
are frequently lower on land where straw was returned than where it 
was burned. 

The effect of stubble utilization and nitrogen fertilization on yields 
of wheat, grown. on land cropped to wheat each year, are given in 
table 15. The YJelds where straw was burned were higher than where 
straw was returned f?r all three levels of nitrogen fertilization, the 
average ?f ~ plots bemg ~0.4 and 18.4 bushels per acre, respectively. 
A;fi applicatiOn of ammoruum sulfate gave a marked increase in the 
YJeld of wheat. The plot.s with no fertilizer had an average yield of 
13.4 bushels per acre while 80 pounds of fertilizer increased the yield 
to 19.9 bushels, and 160 pounds to 24.9 bushels. These results show 
the effe?t of retu~ng straw to the soil and indicated that the practice 
hD;S an ~portant mfluel!ce on the balance of available nitrogen in the 
soil. It IS genern!ly cons1dere.d th9:t the depression of nitrate production 
by wheat straw IS less on soils With a high organic-matter content or 
where legUDies such as alfalfa or sweetclover have been grown. If 
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the stubble is _utilized _effectively to control erosion, the reduction in 
the rate of soil deplet10n from erosion losses will probabl;v counter
balance the depression of nitrification, especially if a croppmg system 
including certain legumes is followed. 

TA)lLE 15.-E./fecl of stubble utilization and nitropen fertiliur on yielda of wint<r 
wheat (bushela per acre). StubbZ.-utiluation plots-field 6 

Treatment 1937 1938 1939 HMO IOU I Avel'llKII 

----------1--1----------
~~::::: t~%~: ::::::::::::::::::::::::::::::::::: ~ 11.7 12.0 17.3 12.7 u 116 

11.6 1~ 1 20.8 17.7 7.0 tt. 4 
Straw returned+SO pounds ferttuzer •·----------- ___ 16.4 26.8 27. 1 14,6 o.o IS. IS 
Straw burnedj80 pounds fert.Uizer .....•......•...•. 19.6 30.4 28.4 18.2 •. 7 21.2 
Straw return +ulO pounds fertiUter ............... 21.4 34. 1 31.6 .... 10.0 ',!4.3 Straw burned+ 160 pounds fertillzer _________________ 19.6 34.8 37.4 23.3 12.2 !!b.li 
Averages of all plots: 

Straw returned .• ------------------------------- 16.4 2'.0 26.3 17.3 0.1 18.4 
St.ra w burned ... . __ •• ------ ------·. _. ------.. __ . 16.8 26.8 28.0 19.7 o.o 20 .• 
No fertilizer ..... _ --- ·------· _. ___ • __ . ____ ------ _ ll.tl 1U IV. 1 15.2 7. 7 13.4 80 pounds fertilizer ______________________________ 18.0 28.1 27.8 1ft .• 0.4 IV. 101 
160 pounds fertillzer _________ -------------------- 20 .• .... .. .. 23.0 IL 1 240 

l Spring wheat planted In 1941. 
• Ammonium suUate per acre applled 1n tbe taU. 

A program to utilize crop residues for erosion control involves the 
development of tillage implements designed to leave the residue on or 
near the surface of the soil and to operate satisfactorily through it 
during cultivation and seedbed preparation. In order to make the 
tillage implements operate successfully the stubble is frequently 
burned, and thus a fiber material is lost which could have been 
effectively utilized in reducing erosion. 

Moldboard plows should have good clearance below the beam to 
operate successfully in heavy stubble. Many of the ordinary tractor 
plows do not have sufficient clearance, but this can be corrected by 
setting the frog lower on the beam and bolting on a X-inch steel plate 
to add stiffness. This was accomplished on the 3-bottom, 16-inch 
plow shown in figure 22. The clearance was increased from 22 to 26 
inches, which greatly improved the operation of the plow in heavy 
stubble or for turning under sweetclover. 

Certain changes in the design of moldboards have been tested in 
order to develop an implement that will leave a part of the stubble on 
the surface of the soil. By varying the width and curvature of the 
moldboards, almost any degree of coverage of stubble can be obtained. 
One such set of moldboards is shown in figure 22. More stubble is l<•ft 
on the surface as the moldboards are made narrower. One objection 
to this implement is that it is not possible to make adjustments to 
leave the desired amount of stubble on the surface for different con
ditions of slope and stubble density. Turning the furrow slice down
hill will result in more complete coverage than if it is turned uphill. 
Similarly more stubble is left on the surface when heavier stubble is 
plowed. 'In most fields in the problem area a wide variation exists in 
the degree of land slope and stubble density. 

An adjustable hinged moldboard plow, shown in figure 23, was 
developed to provide a means of easily regulating the proporti'?n of 
crop residue left on the surface. The moldboards on an 18-mch, 
3-bottom plow were cut with an acetylene torch diagonally from the 
heel of the share to a point adjacent to the beam. The two parts were 
hinged together so as to pennit the rear part to swing back against the 
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Fwt·n•: 22.-Three-bot tom, 16-inch plow rebuilt to ~iYe 26-inch clearance below 
heam and equipped with experimental moldboards G inches wide. 

benm. A svslt•m of levers attached to the movable pa1·t allows the 
tmclor operntor to set the moldboards in the desired position while 
the plow is in motion and to make further adjustments to correct for 
vnrintions in stubble height and density, land slope, and tractor speed. 
\\'ith the hi.ngt•d part of the moldboards in the extreme rear position, 
very little of tlH• crop residue is covered and the soil surface is left in a 
roujrh and cloddy condition. 

Fnll plowing of stubble lund with a modified moldboard plow leaves 
suflicien t residue on the loose, cloddy surface, to furnish adequate 
t•rosion control under most conditions during the winter runoff season. 
This type of tillage opemtion is brst adapted to the annual cropping 
s~·stt•m commonly practiced in the higher rainfall sections of the 
Pnlouse region. In an annual cropping system, stubble land is 
usunlly seeded to a l<'gume the following spring and it is an advantage 
to have a type of fall tillngc that will permit ready seedbed prepara
tions. Where the stubble is heavy, a large portion of it should be 
brought in contact with the soil to facilitate partial decomposition 
lwforc spring tilln.ge work is started. 

The one-way disk plow, having 26-inch disks with 10-incb spacing, 
is sntisfnctory for operation where there is heavy stubble. This 
imJ~h.•ment c.nn be used successfully under conditions where an 
or~lumry. 14-mch. gang plow cannot be operated. The stubble is 
mlxt•d w1th ~-he so1land .some left on the surface, leaving the soil much 
lt•ss susct•pttble to eroswn than where the stubble is burned before 
plowing. The one-way disk plow may also be used for turning under 
grPen-mnnure crops. 

It is a common practice to allow wheat stubble to stand over winter 
when ~he lund is t? ~e summer-fallowed, except that a light tillage 
opemtton such as dtskmg mny be performed in the fall if the stubble is 
tnll and heavy. This tillnge reduces the amount of stubble to be 
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FIGURE 23.-Three-hottom, 18-inch plow equipped with acljustahlc hinJCcd-typo 
moldboards. A, Moldboards in the (orward position; B, in the rear position. 

handled during the summer-fnllow season, but leavl.'s enough for 
effective erosion control if it is utilized as a surface mulch. 

In using the combine-harvester the straw is frequently left in a 
windrow or in b\mches. It is difficult to operate a plow in such n field 
unless the stubble is first burned. Even if n tillage implement can 
operate, it is believed that these concentrations of stubble arc objec
tionable. It thus seems tbnt if the stubble is to be utilized, it should 
be spread fairly uniformly over the field b7 means of straw scnttercrs 
attached to the combine-harvesters. Th1s permits the operation of 
tillage implements in fields having heavy stubble. 

It is important that all tillage be on the contour 80 far as is practi
cable. Contour tillage has been practiced to a large <>Xtent on the 
steeper lands since the fields were first plowed, but on lands not 80 
steep the tillage is frequently parallel to the section line. 
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On steep. slopes (above 20 percent) the tillage implements ~ll not 
turn the furrow uphill and all tillage gradually moves the topsoil down 
the slopes. During the last 50. years it is likely that at least 6 inch~s 
of topsoil has been moved a dtstance of not less t?an 25 feet. Thts 
condition along with erosion has caused th~ subsotl to be exposed on 
many hilltops and upper slopes. No practiCal method has yet been 
worked out to stop the soil from moving down the st~ef slopes so long 
as cultivation is continued. The use of more pere1lllla crops on these 
steep slopes and fertilization or cultural p~a~ti~e~ for building up t~e 
soil are believed to be the best means of mmtmtzmg the effects of th1s 
soil movement. 

Special tillage implements.-Two intplements, the hole-digging 
eultivator and the basin lister, were tried on the station on slopes of 
from 5 to 40 percent. These intplements were designed to form small 
depressions in the soil surface for the purpose of retaining the runoff 
material until the water is absorbed by the sotl. The sloughin~ in of 
the holes on account of the steepness of the slopes and weathering 
reduced the capacity to such an extent that they were only slightly 
effective. This type of practice is not satisfactory on winter wheat
land because if the operation is done before seeding the wheat, the 
depressions will be partly elintinated by the drill, and if the tillage is 
done alterward the stand and yield of wheat will be reduced. 

Deep tiUage.-Plot 5 of the control plots was subsoiled 16 inches 
deep with a chisel spade at the tinte of plowing in the spring for sum
mer fallow. The soil loss for this plot was 4.06 tons per acre annually 
as compared with 4.43 tons for plot 8 where ordinary tillage was 
practiced. The average runoff from the deep-tilled plot was 5 per
cent compared with 6 percent for the check olot. The results have 
varied considerably for different years and the differences are of no 
practical significance. Much of the effectiveness of deep tillage is 
lost when the operation is performed in the spring, because the soil is 
not dry enough to cause the plow-sole to break up sufficiently. This 
can be accomplished more effectively if the tillage is done in the fall 
when the soil is dry. 
. A deep-ti~age intpl~ment w~s used in the fall at a depth of 10 
mches, and m the spnng the dtsk harrow was used both in seedbed 
preparation an? for summer fallow. This practice leaves consider
able stubble etther on the surface or mixed with the surface soil 
ma_king the soil much less susceptible to erosion than when crop 
res1dues are burned, or when the field is plowed so as to bury the 
st~bble completely. Either a reg_~tlar c?isel implement or a plow, 
w1th the bottoms removed and ch1sel pomts bolted to the beams is 
suit';tble for this t)J>e of work. Very favorable reports have b~en 
recetv~d from certam areas where the chisel was operated in the fall, 
followmg crops of peas or w_heat, in preparation for spring crops of 
wheat or peas .. If a crop res1due on the_surfac<: is fairly light, a seed
b~d can ~e easily prepared the followmg sprmg, but this is more 
d1fficult With heavy stubble. 

TERRACING STUDIES 

Comparison of the amount of material removed by erosion from 
terraced ~nd unterraced areas serves a valuable purpose in indicating 
the effectiveness of control by terracing. It should be clearly recog-
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nized, however, that under the present experimental technique the 
tv.:o measurements are not precisely comparable. Records of lo~~s of 
soil from the ends of terraces are very useful in comparing the effec
~iveness of terraces of different types, size, and gradient. However, 
m companng such records the surface configuration of the in tertcrrnc~ 
area, and the distances between the terrace ridges, must be taken 
into consideration. 

The unterraced areas are measured as closed watersheds, that is, 
there is no way for the eroded material carried to the low~r part of 
the area to escape except through the measuring device. The drain
age areas formed by the terrace ridges (the interterrnce areas) nrc, 
however, not entirely closed; that is to say, a considerable portion of 
the soil eroded from the upper parts of these interterrnced areas is 
deposited in the terrace channel and does not pass on with t'he run
off through the measuring devices at the ends of the terrace. It is, 
of course, also true that a part of the eroded material on an inter
terrace area is deposited on the lower part of the field slope and does 
not pass off with the runoff through the measuring dev1ce. Under 
some systems of terrace maintenance, part of the soil deposited in 
the channel is periodically moved up and over the terrace ridge 
From the lower side of the ridge this is eventually eroded into the 
next terrace channel downslope. Over a long period this cycle of 
erosion, deposition, and transposition through maintenance operations 
usually is repeated many times. As a result, a continuin~ downslope 
movement of soil takes place, varying in amount from an msib"llificant 
minimum on gently sloping soils of favorable porosity to a serious 
maximum on steep, highly erodible soil of low absorptive capacity. 
Obviously, this movement is not measured by the devices placed at 
the end of the terrace channels. 

The magnitude of the loss occasioned by the trnnverse movement of 
soil over the terrace ridges is difficult to measure and, as yet, has not 
been determined. Through the adoption of a maintenance system 
in which the soil deposited in the channel is plowed upslope, the soil 
movement by erosion across the terrace interval may be greatly re
duced; and, of course, good rotations, the use of seasonal cover crops, 
strip cropping, and other soil-stabilizing measur~s still further reduce 
the losses. 

The use of terraces is conditioned by n large number of factors, 
such as fanning practices and equipment, climate, topography, soil, 
and cost. In the Palouse area the farms are in general large, many 
being from 500 to 1,000 acres. Nearly all the fields in the farming 
section where the station is located have some cultivated slopes as 
steep as 40 percent, and slopes of 45 to 50 percent are common. 
Terraces are new in the Pacific Northwest and have been used on 
only a small number ot farms. 

The drifting of snow introduces a problem (~g. 24}. The snow
drifts sometimes form across the channelA.. and 1f runoff occurs the 
water may flow over the terrace ridge. This occurre~ a few times 
during the winters of 1931-32 and 1932-33, but not dunng the foll<!w
ing years of the experiment. The damage caused by such overtoppmg 
of graded terraces was slight after the terraces were settled, as the 
amount of runoff was small. The snow obstructs the flow in tho 
terrace channel to a considerable extent, thus retarding the runoff. 
and allowing considerable time for the water to be absorbed. Snow 
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in th<' t<'rrnec chamwl frrquently prevents the ground from ~rrrzing. 
whilr the ~round at othrr points without a deep snow cover Wlll freeze 
unci thus he practicully impermeable. 

The an•rnge runoff as measurrd at the outlets of seven representa-
tive tt'JTat·t•s (~os. 2, 4, 5, 6 , 7, 17 , and 18) was ~.9 percent of the 
rninfnll as <·omparcd with 19.9 percent ~or ~n tHlJaCent unterraced 
nr<'n (W-lY). The soil-moistme determmat10ns show _also that the 
t<'mwt•s mav han• reduced the surface runoff, as. the mmsture conte~t 
is higlwr at'the terrace channel. than at o~her pomts (table 14). Thts 
hns not r<'sulted in increased y •clds a~ tlus pomt, ~10wever, b ecause of 
n•mm·nl of topsoil from the channel ·~ constructmg ~he terrace, a~d 
possi hly ot lll'r fnctors, su~·h as leachmg nnd puddlmg_ of _the so1L 
TlH'n' npjwars to be but llttl<' lntt'l·ul monment of mmstmc at the 

Fwnn: 2~.-:-'uow :.uHI il-c iu the ehannel of terrace 6. December 26, 1932. 

loention wlll'l'l' snmph·s Wl'l'l.' tukt•n, us thL· moistme content is lowest 
bPlow tlw ridg<• and on the down-slope side from the ridge. 

The 11\'t•rnge annual soil loss for the seven tenaces was 1.09 tons 
pet· aert•, us nwusurcd at the end of the terrace channels, compared 
with 8.i0 tons for un adjacent untcrrnt.·t•d urea (W-IV). In addition 
to tlwst• nu•nsurNI soil losst•s, there is some soil movement down the 
slope from both erosion and tillage. This movement is being studied 
by nH•nns of pn•cise surY<'Y mt•usurements, but records over longer 
pt•riocls an• nc<'dt•d to dt•terminc the extent of moYement. 

Terrace spacing.-Four terraces, with vertical intervals of 25, 20, 
15, und 15 feet ure includt.•d in the study of t errace design . Each 
terruct• hus u len~th of 780 feet and a uniform grade of 12 inches per 
1~0 feet. The lund sl<~pe vuri~s from 20.8 to 28.6 percent for the 
dJtf~t·ent tL•J·rn~t·s .. Durmg the first year of the experiment one terr~ce 
huYmg a vt•rttcul mtcrvul of 35 feet was included, but the washmg 
bt•lwcen tcrruc<'s was excessiYc and an intermedinte terrace was con
struclt•d. The uvernge annual soil loss at the terrace outlets varies 
from 0.74 to 1.30 tons of soil an acre (tnble 16). The ten·aces on which 
th<'se two measurements were mnde nll have a 15-foot vertical interval. 
Dctuil<'d records nrc given in tnble 30. It is possible that the soil 



EROSION CONTROL AT PALOUSE EXPERIMENT STATION 47 

TABLE 16.-Surface runoff and soil lost in runoff from graded tn-races 1 with diffrrmt 
vertical intervals 1981-88 

' 
Runoff SoU loss per acre 

Total Ter- Ter- Ter- Ter- Ter- Tcr· Ter- Tcr-
Period rain- race race rncc race rncc moo rnoo mce Ornp 

tan '· 3, 3.-\, ~ '· 3 3A, '· 2fi- 20- 15- 25- 25- 20- 11i- 15-
root root root root root root root root 
'f,"c- 'l::'i spac- '!:\'; 'l:.c- Spac- ~lri': s(::-ng ing ng lOg 

- ----
In. Pet. Pet. P<t. Pet. Tom Tom Tom Tom 

JulY-Dec. 1931 ••• 8.08 0 0 (') 0 ------ ------ (') ---- .. PCBS followed by wlntt•r 
Jan.-June 1932 .•• 14. 18 

whent. 
6. 70 18.18 (') 7.33 3.92 I 4. 38 (') 2.39 Winter whoo.t. 

July-De<'. 1932 ... 10.20 8.43 7. 45i ,_ .. F.SS .02 .02 0.05 .02 Wlntt'r whrot stuhhl{'. 
Jan.-June lll3:J .•. 11.83 •• 72 ,'\.QT 14.45 5.16 . 07 .03 .51 -~' Stubble dlskl>d for fnllnw • 
July-Dec. 1933 .•• lfl.94 10.95 17.65 24.97 7.32 2.05 1.53 .... 1.20 Summer fnllow scodod "' Jan.-June 1934 .•. 

wlntl'r whcnt. 
10.94 7.77 11.24 19.20 6.67 1.17 2.18 1.60 1, 14 Winter whrot. July-Dec. 19&4 ___ .... 0 0 0 0 ------ ------ ------ ----· T>iskcd win tor whcnl 

!ltuhhle. 
Jan.-Jnnc 1936 ___ 0.56 0 0 0 0 ------ -----· ------ ------ Stubble disk~l for fallow. 
July-Dec. 19.'36 ___ uo 0 0 0 0 ------ ------ ------ ------ Summer fnllow St-"1..-dOO "' winter wheat. 
Jan.-June 1936. __ 10.94 .64 6.00 11.09 m .. .01 .17 .22 .18 Winter whent. 
July-Dec. 1936 ..• 4.03 0 0 0 0 0 0 0 0 Wlntt>r Wh('ftt !tUhblr. 
Jan.-June 1937 •.• 16.93 0 0 0 0 0 0 0 0 Stubble 11i~kod for fnl\ow, 
JulY-Dec. 1937 ... 10.40 .07 .15 0 .20 .01 .02 0 .11 Summer fnllow sooded "' Jan.-June 11)38 ___ 9. 14 1.10 2.31 .67 2.82 

winter whoot. ... .10 • 02 .11 Winter wheat . 

I See table 2 for descnptlon of terrae~. 
1 Not installed. 1 35-foot vertical spacing. Terrace lat..cr divided into 3 nod 3A. 

losses for this experiment were affected to a greater extent by the 
variations in soil, land slope, and vegetative cover than by the vertical 
interval. Terrace 3A, having a soil loss of 1.30 tons an acre, is on a 
27.1-percent slope and the soil is not so deep as that of terrace 5, 
which is on a 20.8-percent slope. The fertility of the soil decreases 
progressively from the lower to the upper portions of the slope. The 
order of crop yields is the reverse of that of soil losses, the averag~ 
yield of winter wheat on terrace 5 being 36.2 bushels per acre as com
pared to 24.0 bushels on terrace 3A. 

The average annual soil losses are comparatively low for all tl11• 
terraces in this experiment, which would indicate that all the vertical 
intervals are fairly satisfactory. The results from terraces of this 
eJ.:periment and other terraces on the station indicate that a wider 
spacing can be used where the soil is deep than where the soil is shallow. 
Based on the measurements of soil losses and on observations of field 
conditions, the vertical intervals given in table 17 are suggested for 
graded terraces under the climatic conditions in the wheat-producing 
area of the Pacific Northwest. 
TABLE 17.-Spacings and grades of terraces recommended for different land 1lope-

Land slope Grade (fnll Vertical Horizontal L11nd slope Orad(' {fall Vertical florb:ontal 
(J)E'rcent) per 100 feet) Interval spacing (percent) per 100 feet) lntA?rval !IJIBCIRII: 

Incht• F<d F<d Iruhe• l'td F<d 

4' ----------·· 1.6 ·~· ' 100 
18 ________ j'_ 2 1-Ut 1!2 

6 ............. 2.4 17.6 I 127 2() ____ ........ •. o 16.0 "" 8------------ 3.2 .... •uo 22 ...•••.••.•• ••• n.2 "' 10 ..••. ------. 4.0 I 10.0 '100 "·----·----· 0.6 18-4 77 
12.--------·-· 1.8 I 11.2 ... 26 .... -·- ----- 10.-4 19.6 7b 
1( ____________ 5.6 12.. •• 28 11.2 20. !I 74 

16 ----------- 6.4 13.6 "' :W .. 12.0 22.o I 73 

1 Where tbe erosion on tbc gentle s•opes Is greater tban normal the terraces sbould be closer t-ogether. 
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Terrace /mglhs.-Three terraces are included in this -study;_ Nos. 
2 5 and 6 with lengths of 400 780, and 2,274 feet, respectively 
Each terrae~ has a vertical inte~al of approximately 15 feet and a 
uniform grade of 12 inches fall per 100 feet. The average land slope• 
is 26 0 percent for terrace 2 20.8 percent for terrace 5, and 16.8 
perc~nt for terrace 6. Th~ summary and detailed records. of t~P 
annual soil and water lol'ses at the. terr~ce outlet . re given Ill 
tables 18 and 31, respectively. The soil loss mcreases with the length 

TABLE 18.-Surface runoff and soil lost in runoff from terraces 1 with differem 
lengths, 1931-38 

----
I 

Soil loss per acre I Ruootl 
! ! 

Total Ter· Ter· T"·i T"· Ter· Ter- Crop Period rain- fllC:ll2, ract> 5, race 6, rare 2, tnt'C'5, race6, ran 
""' 780 2. 271 400 780 ~274 

I 
r .. t feet feet l teet feet feet 
long Jong long long long long 

Ptr· Per· Ptr· 
Jnehu - ""' '"" Ton.! Tom Ton.! 

July-Dec. 1931.. 8.08 0 0 • 0 Pea.o; followed by winter wheat. 
Jan.-June 1932 .... 14. H~ 6.91 7.331 9.52 ·-r69- --2~39' --s~M- Winter wheat. 
July-nee. 1932 .... 10.20 3.53 5. 88 14.32 . 01 .02 . 12 Wintt>r wheat stubble . 
Jan.-June una __ . 11.83 7. 10 6.16 14.00 .04 .03 .06 Stubble disk.:!d for fallow 
July-Dec. 1933 ... 16,94 14.17 7.32 11.22 2.00 1.20 2.06 Summer fallow seeded to winter 

wheat. 
Jan.-June ur.w ... 10 04 6.03 6.67 6. 49 .93 1.14 .82 Winter wheat. 
July-J>ec. 1934 .. 9,48 0 0 0 ------- ------- ------- Disked winter wheat stubble. 
Jan.-June 1935 . ... .... 0 0 0 ------- ------- ------- Stubble disked for fallow. 
July-Dec. 1005 .. . uo 0 0 0 ------- ------- ------- Summer fallow seeded to winter 

wheat. 
Jnn.-June 1036 .. .. 10.04 .04 10.95 7.04 .01 • 16 .05 Winter wheat . 
July-Dec. 1936 .... 4.03 0 0 0 0 0 0 WinU>r wheat stubble. 
Jan.-June 1007 .... 16.93 0 0 0 0 0 0 Stubble disked for tallow. 
July-Dee. 1937 .... 10.40 0 .20 .02 0 .11 0 Summer fallow seeded to winter 

wheat. 
Jan.-June 1938 .... 9.14 0 2.82 .60 ------- .11 .04 Winter wheat. 

• See table 2 for description ol terraces. 

of terrace the comparison being 0.67 ton per acre annually for the 
400-foot terrace, 0.74 ton for the 780-foot terrace, and 1.26 tons for 
the terrace 2,274 feet long. The larger loss for the longer terrace is 
believed to have resulted from washing in the channel on account of 
a greater volume of runoff. The loss of 1.26 tons for the longest 
terrace is not large, however. The average runoff was 5.49 percent 
from the terrace 2,274 feet long, 3.60 percent for the 400-foot terrace, 
and 3.85 percent for the 780-foot terrace. The largest amount for 
terrace 6, which is the longest terrace, is believed to be due to a deeper 
accumulation of snow over the watershed rather than to any effect 
of the length of terrace. 

This experiment indicates that terraces as long as 2,274 feet are 
satisfactory. It is believed that the grade used, 12 inches fall for 100 
feet, is somewhat more than required on a 16.8 percent land slope. 
Table 17 indicates that about 7 inches fall per 100 feet is suitable for a 
~6:8 perc:ent land slop~. For terraces more than 1,000 feet in length, 
tt ts advisable to provtde somewhat larger channel capacity near the 
outlet than would be needed for shorter terraces. 

Terrace grades.-Qn a graded terrace the water is intercepted as it 
flows down the slope and is then conducted along the terrace to an 
outlet. Some _of the reasons for using a graded terrace instead of a 
len) terrace With an open end are: Less channel capacity is required; 
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there is less chance that the graded terrace will break· and water is 
not so like~y to remain in the channel of the graded terrace for ex
tended penods. In order to study the effect of terrace grnde terraces 
13, 18, 17, 16, and 15, with grades of level, 6, 12, 18 and 24 1~ches fall 
per 100 feet, respectively, were constructed. The~e terraces are 780 
feet lo~g a.nd have vertical intervals of about 14 feet, except terrace 
15, which Is 685 feet long and has an average vertical interval of 17 
feet. The terraces are not entirely comparable because of variations 
in land slope, soils, and location, but these factors are believed to be 
of lesser importance than the grades of the terraces. A summary of 
the soil and water losses for this group of terraces is given in table 19 

TABLE 19.-Surfcu;e runoff and &oil lost in rtmoff from terraces I with different grades 
1981-IJB 

- ---
Runoff I Soil los'\ JX'T acre I 

,; "'• ')l "'· ~. ~ "'· -• ~~I~·~ = - 0'0 -., 
~~ 

o., 
"' Period "' !!!~ ::~ :e~ ~~ !:7~ :£"~I :i~ Crop .s •o; •'il e •• fC: .- tC: f:C: •• ~- 8= e= ~" •• ·" •• s "- e8 ~~ e~ ~~ "- e~ t~ t~ E~ " ~!. " 0 • >:I!. ~& ?I!. • •a >:I!. ?& ?~ E-< E-< E-< E-< 

------ - - - -
In. Pet. Pd. Pet. Pet. Pet. 1\m.l 7\nu 71nu Tono 'Ibn• 

July-Dec.1931 .•. 8.08 (') 0 0 0 (') (') ----- ----- ----- (•) Peas followed by winter 
wheat. 

Jan.-June 1932 .•• 14.18 (') 5.01 7.69 16.16 (') (') 213 5. 3'l 9. Z7 (') Winter wheat. 
July-Del'. Hl32 ... 10.20 3.33 ~-fol 3.82 4.51 8. 43 0. 01 .02 .02 .05 0.08 Winter wheat Rtubhlr. 
Jan.-June 1033 ... ll.R3 7. 86 .59 J. Z7 14. {Ill 21. 30 .07 0 .02 ·"' ·"' Stubble disked for fallow, 
July-Dec. 1!}33 .. 16.94 20.37 19.30 22.31 28. ga134,, 89 J t. 21 3.65 9.03 11.22 13.47 Summer fallow St.>e(IC!d to 

winter wheat, 
Jan.-June 1934 ••. 10.94 10,33-13. 3/i 13. 89 12. 52 18.74 .35 1.34 3,19 3.83 6.30 Winter wheat. 
July-Dec. 1934 .•• 9.48 0 0 0 0 0 ----- ----· ..... ----- -··-- Dtskcd winter w""'t 

stubble. 
Jan.-June 1935 •.• 9.56 0 0 0 1.16 .73 ----- ----- ----- 0 0 Stubhlo disked for f111low. 
July-Dec. 1935 ••• uo 0 0 0 0 0 ----- ----- ----- ----· ----- Summer fnllow seeded to 

winter wheat. 
Jan.-June 1931L. 10.94 10.29 6.64 6.47 24.51 24.41 .15 .12 ... .77 1.12 Winter wheat. 
July-Dec. 1936 ••. 4.03 0 0 0 0 0 ----- ----- ----- ----- ----- Winter wheat stuhhlc. 
Jan.-June 1937 ___ 16.93 0 0 0 0 0 --:04 ·-:ii ·a~i6 TM 

Stuhhlcdi~kl'd for fAllow. 
July-Dee.I937 ... 10.40 1. 39 .10 4.46 22.881 7.00 • OJ Summt>r (Allow !ICC<IOO to 

winter wheat. 
Jan.-June 1938 ... 9.14 3.67 1. 41 7. 49123. 35123. 29 .02 .05 .77 2.34 1.80 Winter whcnt. 

----
I 8l't' table 2 for deSCription O( terraces. 
'Not installed. 
' T£'rrace 12 would not hold all or runoff. wat-er overtopped dike at end of tc~M' 13. 'I' he (·omhlm"l art'ft!! 

or 12 and 13 were used for working up data for such periods. 

nnd detailed results in table 32. The average annual soil loss increases 
progressively as the grade increases, the loss ranging from 0.33 ton 
an acre for a level grade to 4.26 tons (6-year perio?l an acre for a fall 
of 24 inches per 100 feet. Terrace 16 has a soil loss of 4.41 tons 
annually for the 7-year period, but the loss is 3.60 tons for the cor
responding 6-ycar period. The runoff follows the same general tn•nd 
with the exception of the terrace with a level ~a de. Grcat<•r acc~J
mulations of snow over the watershed of this terrace resulted m 
greater runoff. . 

There was considerable washing in the channels of the .terraces With 
grades of 18 and 24 inches fall per 100 feet and some washing.wh~re the 
fall was 12 inches per 100 feet. Figure 25 shows the erosiOn m the 
channel of terrace 15 (24-inch fall) after th~ runoff ~cason of 1931-32. 
The indications are that from the standpomt of sml loss a~d general 
practicability the grade of 6 inches fall per 100 feet (fig. 26) lB the best 

~Q2621°--44----4 
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FtGUUE 25.-Washing in the channel of h•rrace 15, fall of 24 inches per 100 feet, 
April 15, 1932. 

FlGUUE 26.-Channel of terrace 18, fall or 6 inches per 100 feet, April 27, 1932. 

in this group of terraces. The level terrace tends to impound water 
in the chnnnel and is more likely to overtop. 'More difficulty is 
experit•nc.l'd with snow blocking the channels of the level terraces than 
those of the grndl•d terrnct'S. Because of thl' difficulty in obtaining 
channel capacity on the steeper slopes and of the greater tendency for 
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deltas to obstruct the channel, it is believed that terraces on the steeper 
slopes should have more fall than those on the flatter slopes. Further
more, if the terracing machine gets slightly off the line of stakes on e. 
steep slope, a high or low place will occur in the terrace. This is more 
serious with a level grade or slight grade than where the terrace is 
given more fall. A fall along the terrace of 6 inches per 100 feet is 
believed to be about ·right for a 15-percent slope and this should be 
increased or decreased about 2 inches for each 5-percent increase or 
decrease in land slope. The grades of terraces in accordance with this 
recommendation are given in ·table 17. The variable-graded terrace 
is recommended, especially where the terrace is of considerable length. 
The grade near the outlet should be as given in table 17, and the grade 
should be proportionately less toward the upper end of the terrace. 
For the steeper slopes it is advisable to have a slight grade at the upper 
end rather than to start with a level grade. 

Land slope.-Land slope is a very important consideration in land 
use, and in order to study the use of terraces on different land slopes, 
four terraces, 7, 5, 17, and 3A, were constructed on land slopes of 
13.4, 20.8, 25.2, and 27.1 percent, respectively. Each terrace is 780 
feet long, has a uniform grade of 12 inches fall per 100 feet, and a 
vertical interval of about 15 feet. A summary of the runoff and soil 
loss is given in table 20. The detailed results are given in table 33. 
The average annual soil loss through the outlet is 0.17 ton per acre for 
a 13.4-percent slope, 0.74 ton for a 20.8-percent slope, 2.67 tons for a 
25.2-percent slope, and 1.30 tons for a 27 .!-percent slope. In general 
the soil losses are more for the steep slopes than for the flatter slopes, 
althouooh the soil loss for the 27.1-percent slope was much less than 
for th;' 25.2-percent slope. The detailed soil survey (fig. 6) shows 

TABLE 20.-Surface runoff and soil lost in runoff from terraces 1 on different land 
· slopes 1931-88 

Runoff 

Ter- Ter- Ter- iTer-
Total· race race race 

Period rain- '· 5, 17. 
ran 13.4 20.8 26.2 

per· per· per· 
cent cent cent 
lend lend lend 
slope slope slope 

In. Pd. Pd. Pd. 
July-Dec. 193L __ 8.08 0 0 0 

Jan.-June 1932 --iH-18 14.53 7.33 7.69 
July-Dec. 1932 ... 10.20 21.27 5.88 3.82 
Jan.-JWlc 1933. __ · 11.83 35.93 5.16 1. 27 
July-Dec. 1933 ... 16.94 4.26 7.32 22.31 

Jan.-June 1934 ... 10.94 1.65 6.67 13.89 
July-Dec. 1934 ... 9.-48 0 0 0 

Jan.-June 1935 ... 9.50 0 0 0 
July-Dec. 1935 ... 5.50 0 0 0 

Jan.-June 1936 ... 10.94 6.12 10.95 5.47 
July-Dec. 1936 ••• 4.03 0 0 0 
Jan.-June 1937 ___ 16.93 0 0 0 
July-Dec. 1937. __ 10.40 0 .20 4.43 

Jan.-June 1938 ... 9.14 .05 2. 82 ' 7.49 

1 See table 2 for description of terraces. 
1 Not installed. 

race 
3A, 
27.1 
per· 
cent 
lend 
slope 

--
Pd. 
(') 

(') 
U9 

14.45 
24.07 

19.20 
0 

0 
0 

11.09 
0 
0 
0 

.67 

I SoU loss per acre 

Ter- Ter- Tcr- Tcr-
race race race race 

Crop 7, •• 17, 3A, 
13.4 20.8 26.2 27.1 
per- per· per- per· 
cent cent cent cent 
land lend lend lend 
slope slope slope slope 

------
'ron. r .... ron. T= followod by winter ------ (~ Peas ------ ------ wheat. 

0. 74 2.39 6.32 (') Winter wheat. · 
.06 .02 .02 0.06 Winl<•r·Wheat stubble. 

Stubble dlskl'd ror talloW . .06 .03 .02 . 51 
Summer follow &COOed tu .... 1.20 9.03 4.00 

winter wheat. 
JYI Ll4 3.19 LSD Winter wheat. 

------ ------ ------ ------ Dlskod Winter-wheat stub-
hie. 

------ ------ ------ ------ Stubble disked for fallow. 
Summer tallow aooded to ------ ------ ------ ------ winter wheat. 

.03 • 18 ... • 22 Winter wheat. . 
Winter-wheat atuhblf'. ... ... ------ ------ ------ Stubble diskrd for falloW. ------ ··:oi- --:i6" ------ Summer follow lk'CIIod to ------ winter wht'lll. 

0 .11 • TI .02 ; Winter wheat . 
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that more subsoil is exposed on terrace 3A. than on 17 and that t~r
races 5 and 7 have productive ~urfa~e sml over nearly the ent1re 
drainage area. In general the th~ S?il erodes m.ore than the deeper 
soil However where the subsoil 1s eJ>.-posed 1t appears that the 
ero~ion is less than where there is a thin layer of surface soil, al
though the percentage of runoff is greater. The measured runoff 
was greater from terrace 3A, even though the soil loss was less. 

The percentage of runoff in this exp.eriment has no very appare~?-t 
relation to either the land slope or soil loss. But there are certam 
factors which should be explained. The runoff from a land slope of 
13.4 percent was 6.79 percent of the average precip. itation, which is 
more than that from slopes of 20.8 and 25.2 percent, but less than 
that from the 27.1 percent slope. This condition is believed to be 
due largely to a variation in the depth and accumulation of snow 
over the watershed. The snoiV usually has been much deeper on the 
lower slope, and even though the runoff was greater on the more 
gen tie slope than on some of the slopes above, it is almost certain that 
the amount of water absorbed by the soil was also greater. 

Terraces were more satisfactory on slopes below 15 percent than on 
steeper slopes. On the flatter slopes a broad-base terrace can be 
readily crossed by farm machinery when necessary. This is much 
more difficult on the steep slopes. On slopes where the plow furrow 
can be turned up the slope the tillage equipment can be operated so 
us to help maintain the terrace. On both terraced and unterraced 
sloyes steeper than 15 to 20 percent, all tillage tends to move the 
soi down the slope. This movement of soil, along with accelerated 
erosion, gradually eJ>.lloses the subsoil on the upper slope. The soil 
accumulates in the terrace channel and must be moved to the ridge 
with a terracing machine almost every year the field is cultivated. 

Terrace cross sections and their effect on operation of farm machinery.
The type of terrace cross section will vary with land slope, land use, 
and other factors, such as soil, climate, and machinery used. So far 
as practical, the terrace should be so constructed as to cause the least 
inconvenience in the operation of farm machinery, and at the same 
time it should be of sufficient capacity to avoid overtopping. On 
comparatively gentle slopes, such as one of 5 percent, a wide terrace 
can be constructed which will not cause any great inconvenience in 
the operation of machinery. On steep slopes of 20 to 30 percent or 
more a narrow terrace must be used, and it may be impossible to 
operate machinery over the terraces. Actual cross sections of terraces 
OJ?- different land slopes show that on slopes of 28 to 30 percent the 
distance from the center of the ridge to the center of the channel is 
ab~ut ~ feet, a_nd for land slopes o~ 15 to 17 percent it is about 6 feet. 
This distance IS too short to perm1t the operation of wide machinery, 
such as large-size tillage and harvesting implements. 

The terrace cross sections on land slopes of 5 and 15 percent have 
the lower side of the embankment 10 percent steeper than the land 
slope, and for. 25- and 30-percent land slopes, the lower side of the 
embankment lS 15 percent steeper. The wider terraces give a less 
abrupt terrace embankment, but the amount of soil to be moved 
becomes very great fo~ slopes of ?O to 30 percent. In order to have 
a C?mplet~d .terrace With total Width of 36 feet and height of about 
15 mches 1t 1s necessary to cu~ 24 inches d.eep on slopes of 25 or 30 
percent, and the average cut lS about 18 mches over a distance of 
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12 feet. The total cut is about 18 cubic feet per lineal foot of terrace 
as compared with 8 and 13 cubic feet on 5- and 15-percent slopes, 
respectively. · 

This study indicates that the broad-base terrace, which can be cui
. tivated, is practical on slopes up to about 15 percent, but that for 
steeper slopes a narrow-base terrace must be used. Although the 
narrow-base terrace can be cultivated, the work cannot be donp 
readily with large machinery. 

Level terraces with closed ends .-Level terraces with closed ends were 
constructed on different slopes: Terraces 14, 19, and 20, encircle hill
tops, terraces 2A, 8, 9, and 10 are on the upper slop.e where the soil 
is poor, and terraces 11 and 12 are on the lower slope where the soil 
is deep and fertile. The runoff on several occasions has greatly ex
ceeded the capacity of most of the terraces, and dikes at the end were 
lowered enough to permit the excess water to waste and not overtop 
the terrace .. 

During the winter of 1932-33 and again in 1933-34, water stood 
continuously in the channels of terraces 8 and 9 for periods of 4~ 
months, which, of course, killed the crop of winter wheat. The water 
in excess of their capacity was wasted at the end. The capacity of 
all the other terraces was exceeded at some time during the. period. 
The drainage area of terrace 12 is nearly all good soil, and this terrace 
has prevented the occurrence of runoff from most rains. 

During the winter of 1933-34, when runoff was especially large for 
most areas, terraces 14, 19, and 20, in second-year alfalfa, first-year 
sweetclover, and winter wheat, !'"espectively, held all of the runoff and 
absorbed the water without material damage to the crop. In previous 
years, with a cropping system of wheat-fallow, terraces 14 and 19 had 
not held the runoff, whtch indicates that the alfalfa and sweetclover 
increased the absorptive capacity of the soil. Terrace 20 has never 
had as much runoff as many of the other terraces, which is likely due 
to a soil condition. 

The experimental data indicate that for the soil and climatic condi
tions at the station it is not practical to build level terraces to hold 
all the runoff from bare cultivated land. 

w ATERSBED AREAS 

Runoff and soilloss.-A summary of soil and water losses from the 
unterraced watershed areas is given in table 21. The lowest average 
annual runoff was recorded on the 14.4-acre watershed, W-V, and the 
highest on the 16 700-acre area W-VII. The larger amount of run
off from the latter' watershed m~y be partly attributed to the. fact that 
about 20 percent of its area is located in the Moscow Moun tams where 
the precipitation and snow accumulation are greater. The data do 
not show a relationship between the size of the watersh_ed and ~he 
quantity of runoff. Factors such as plant cover a~d croppmg practice 
appear to have a much greater effect than mere size .. 

The amount of soil carried from a watershed area ts affected by t~e 
character of the drainage system and the land slope. Where _there 19 
relatively level land at the lower portion of a slope, a.considerable 
amount of the sot! is deposited and does not pass through the measur
ing device. The measurements were discontinued ~ 1938 beca~se 
this type of soil-loss determination is not an accurate mdex of erosiOn 
on the whole watershed. 
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T 21 ~S f. ce ruM« and soil loss in ruMif from watershed areas of different 
ABLE • ur a sizes and characteristics, 1931-41 1 · . 

~ • I 
RunotY ror JX•riod Soil loss per acre 1 

~ i! ~ 

= Ptrtod ~ ~ 

> ~ = ~ ~ 

~ ~ "3 ~ ~ ~ 
~ > 

~ 
> > > > ~ 

~ ~ ~ ' ~ ' ~ ~ " " " ------------------------
In. In. In. In. In. In. In. Tom Tom Tom Tom Ton• -· July-Dec. J93L .... 8.08 t 0.41 ~·> ~~ 

• 0.29 (') (') '0.49 (') (') G 0,03 ('l ~·> 
JRQ,•JUOP 1932 ....•. 14.18 '4.5S ') '8.52 (') (I) '22.50 b) (') 825.07 (') ') 
July-Dec. 1932 ..... 10.20 It, 46 • 0.66 '0.37 1.19 (') 0.18 '.03 6 .05 •o 0.54 ('! 0 
Jan . .June 1933 ... __ 1!.83 '5.30 • 4. 70 76.84 6.83 (>) 8. 4R '.30 19.05 7 0.40 4.19 ~: 3.26 
July-Dec. 193.'1.. .... 16.94 • 5.43 '1.15 ~5.HI 3.71 (>) 4. 58 110.97 r.oa e 7. 92 3.54 4.90 
Jan.-June 193L .... 10.94 •t. 83 1 3. 39 • a.ts 4.81 (>) 3.64 6 2. 98 '· 04 e 2.10 1. 67 (') 2. 70 
JuJy-DPC. 1934 ..... 9.48 •o IJ.~ ·- 19 .93 .211 .23 '0 .... s.oa .60 .14 .09 
Jan.-June 1935 ....•. 9. 56 'O 14.28 '2.43 3.03 2.62 4. 57 •o •t. 50 •.22 .35 .25 -~1 
July-Dec. 193lL ..... uo •o •o " .09 .02 .01 .02 •o •o 10.09 0 0 0 
Jan.-Junl' 193L .... 10.94 • 3.12 'I. 07 10 2. 69 2.06 2.19 2. 59 6}. 71 •.12 10 1.46 • 18 .45 I. 16 
JuJy.Dec.l9.'{6 ______ 4.03 'O •o •o 0 0 0 •o <0 •o 0 0 0 
Jan . ..June 19:17.. .. __ 16.9:1 •.68 • 209 1 3.81 2. 18 1.84 3.91 •.o1 I .82 e 2. 51 .40 .95 1.09 
Julr·Der. 1937. ___ __ 10.40 • 3-05 •o •.36 .32 .08 .15 e 14.85 •o •.22 .02 .02 .01 
Jan.-June 1938 .... __ 9.14 1 3.63 11.58 11.90 2.17 ). 71 4.17 6 7.04 11,02 11.03 .10 • 19 .-t5 
JuJy.Dec. lOOfL ____ 6.89 (II} •o •o .20 .01 (13) ------ ------ ------ ------ ------ ----
Jan.-June 1939 ____ __ 9. 71 ------1011.66 •.75 2.68 2.01 ------ ------ ------ ------ ------ ----~- ---·--
JuJy-Dec. 1939. _____ 6.14 ------ "O •o 0 .01 ----- ... ------ ... ... .. .. ·- . ----- ----
Jan.-June 194() ______ 11.69 ------ 10.56 ' .98 .77 1.4 8 - ---- ----- - ----- - ----- - ------ ------ ------
Julr·Dec. 194.0 ______ 14.24 ------ " .51 41.05 .25 .46- ... ------ --- ----- - ------ --- --
Jan.-June 1941 ... ___ 14.6 7 ------ 14 2. 3 5 4 4.17 .93 23 7 ----- . ----- ------ - ----- ------- ------ ----------------------------·--

A vera~te (1932-
38) .•.••..•.• 20.98 4.08 3.17 4. 34 4.54 

A ,·era 1ro (1934-
38) .••••..•.•• 19.00 262 2.28 2.62 2.68 

A \'t'r&gC (1934--
41) ___________ 19.90 ------ 1.88 240 2. 22i 

t Sizeofwak'rshl'ds (ncrt"S): W-IV, 2.33; W-V, 14--4; 
W-VI, loU; W-11, 68.2; W-VIII. 762; W-VII, 
16700. 

t Rl>COrded by rain gage No.5 near terraced ar<>as. 
' Soil-Joss mt>asurementsdisoontlnut>dJune 30,1938. 
' Winter wheat following peas. 
1 Not instaiiM.. 
• Winter whl'St on fallow. 

------ 5.42 6.32 2.10 2.50 l.O 3 ------

219 3.91 5. 00 .86 1. 14 .41 .50 

2.15 ----- ------ ------ ____ ,_ ------- ------
I 

T Standing wheat stubble. 
~ Stubble fa11 plowed or disked. 
• Peas. 
10 Swcetclover. 
II Flax. 
u Spring wheat. 
11 M£'asurements discontinued. 
H Winter barley. 

2.41 

·"' 
------

Soil losses from the watersheds w~re relatively small except on the 
2.33-acre area (W-IV}, which has a large proportion of steep land and 
a drainage system that is conducive to carrying most of the silt past 
the m~asurin~r equipment. This area was also cropped more fre
quently to the winter wheat-summer fallow cropping system than the 
other watersheds. 

A summary of the results for the three areas, W-IV (2.33 acres}, 
W-V (14.4), and W-VI (15.2 acres) shows the effect"of the cropping 
treatment on runoff and soil losses. During the 4-year period from 
July 1, 1934, to .Tune 30, 1938, the average annual runoff was 4.53 
inches from winter wheatland and 1 inch from stubble land fall
plowed or disked. Soil losses were 6.93 and 0.07 tons per acre, respec
tively. The erosion season July 1932 to June 1933 was marked by 
high water but low soil losses as the result of melting snow on frozen 
soil. For this 1932-33 season watershed W-V, seeded to winter wheat, 
lost 5.36 surface inches of water and 9.10 tons of soil per acre, while 
areas W-IV and W-VI, with a plant cover of standing wheat stubble, 
lost an average of 6.99 inches of water and 0.37 ton of soil. Total 
annual run-off is usually significantly greater from summer-fallowed 
land than from land treated with the other common cropping practices. 

Runoff from the watershed areas is greater than that from the small 
control plots and terraces. The average annual runoff from the 5 
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watersheds for the period July 1, 1932, to June 30 1938 was 4.31 
inches as compared to 1.15 inches for two }\00-ac're co~trol plots 
(Nos. 3 and 8) and 1.42 inches from 12 representative terraces. The 
greater runoff from the larger areas is due to at least 2 factors namely 
the greater accumulation of snow and the presence of grou~d-wnte; 
flow. The accumulation of snow is much greater on north slopes, 
lower slopes, and valleys than on south slopes and hilltops. The 
older plot installations and most of the terraces are on the upper or 
middle south slopes and do not have these areas of large snow accumu
lation. Ground-water flow rarely occurs for terraces and plots. on 
south slopes, but usually continues in the natural drainage courses of 
the larger areas for several months each year. An attempt was made 
to separate the ground-water flow from the surface runoff, but thr 
data are not sufficiently complete to make an accurate sPparation. 
The indications are, however, that for years of heavy runoff, such n.• 
1932-33 and 1933-34, the surface runoff may be five times as much n" 
the ground-water flow, while for years of moderate to slight runoff, 
such as 1934-35 and 1935-36, the ground-water flow may equal the 
surface runoff. 

Maximum rates of runoff.-The rates of runoff from the experi
mental watersheds for the principal storms during the period 1932-41 
are given in table 22. In some cases, snow melting at the same time 
the rain fell, greatly increased the runoff. 

TABLE 22.-Rates of runoff and rainfall for principal storms, 198$-41 
-

" • '!i 
!< • Date St.stion ~ 
0 
• 

·-~ 

"' 

.. tcru 

W-IV ...• j 2. 33 Jan. 11, Ul32 ___ 
2.33 Mar. 27-28, 1932. 
2,33 Dec. 5-6, 1933 .. 
2. 33 Dec. 22, 1933. _. 

W-V _____ 2 14.4 Dec. 21, 1934 ... 
15, 2 Nov. 2-3, 1033 .. 

W-VI ... t 15.2 Dec. 5-6, 1933 ___ 
15.2 Dec. 22, 1933. _. 
68.2 Jan. 11, 1032. ___ 

W-II _ 68.2 Jan. 5,19331 ___ 
68.2 Dec. 22, 1933 ... 

""" t M 

Mar. 7, 1940 ____ 
-- 762 June 17, 1941. .. 

16, 700 Jan. 7-8, 1933.--
16,700 Sept. 9, 1933 ~. __ 

w -VII 16,700 Dec. &-9, 1933 ... 
.. 

1
,~ '"' Dec. 22. 1933 ____ 
16,700 Jan. 2-3, 1934 . .. 
16,700 Jan. 22-23,1934. 

I Maximum runoff for watershed. 
:1 No high water for this watershed. 
s Snow. 

I I Moximum m te or runolt 

I 
; Stcond 

Inch-

~"· f<d our 
0. 4 0.17 
.7 .30 

1.0 .42 
1 1. 1 1.47 

2. 2 .15 
t5 ·"' 16.0 1,39 
<.I .27 

117.0 '· 25 12.0 .17 
8.1 • 12 

31.1 .040 
38.0 .049 

660 .039 .,. .054 
11,062 •.063 ... .059 

065 .039 
7,. .04:1 

1 Intense summer rain over part of watt>rshed. 

Maximum ralnfnll I 
rate for period of-

24· 

E ~ 
~ hour 

~ RemArk" 

• ] rain-
• ] fall .s ·s 8 8 
~ s ,; $ - --

In. In. In. In. In. 
0.33 0.33 0.30 o. 27 ~ .. Rain on mow. 
.42 .3<1 .24 • 14 , 73) Do . 
.48 .36 ·"' ·"' 2. 22 Rain. 
. 72 .42 .14 • 10 . 19 Rain on saturated Mn . 
.48 .30 .18 .17 . 93 Rain . ... . 36 .22 .10 1.07 Rain on Mturated AOII. 
.48 .36 . _,. ·"' 2.22 Rain. 
• 72 .42 .14 . 10 • 70 Rain on saturated soil . 
.33 .33 .30 . 27 ... Rain on snow . 

'· (f1 
Melting snow. 

--:72 --:42 -·:if • 10 .70 Rain on saturated 11011. 

.24 .24 .20 .17 . 88 no . 

. 48 .42 .26 .17 _.., Do. 

.16 .16 .12 .09 . 72 Rain on snow . 
(•) lnlPnse rain. 

··:2i --~iS --:iS ----- Rain on satumted 11011. .17 1.72 
. 72 .42 .14 . 101 .79 Do • 
. 24 ... . 18 . 15, . 55 Do . 
.24 .20 . 16 .141' .95 ()O, 

' 

The maximum rates of runoff for the period of record on water
shed of 2.33, 15.2, and 68.2 acres were 1.1, 6.0, and 17.0 ~econ~~rl~t, 
respectively. High rates of runoff have occurred several tlffies . hg 
the period of record and higher rates are known to have occurred m t e 
past. 
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Table 23 gives estimates of the runoff from watersheds o~ different 
size in the Palouse region, based on measurements of Winter and 
spring runoff. 

TABLE 23.-Estimated runoff for differen~ size agricultural watersheds in the Palouse 
regt.on 1 

Probable runoff which will 
Drainage area be equaled or exceeded 

once In 10 years 

&cond-ftd· 
per-1quart· 

A ere• Sqtulrt milt.t &cond-fttl milt 
2 ··---. 1 ---

10 ------ ' ---
20 ·o:ors • .10 14 180 

100 .156 22 141 
200 .312 36 m 
:Jzo . ' .10 100 
MO 1.0 "' " I. 2lSO 2.0 141 70 

3, 200 •. o 2!12 '" 6.400 10.0 '10 M 
12.800 20.0 8i0 43 
19. 200 30.0 1,170 39 

1 This tahle l'l based on mea:mrements of winter and spring runoff. 

DISCUSSION OF RESULTS 

The erosion problem in the Palouse region is closely associated 
with the climatic factors, physical characteristics of the soil, and 
farming practices which affect the vegetal cover, soil-moisture content, 
surface-storage capacity, and the rate of infiltration. Each of these 
factors must be carefully considered in formulating an erosion-
control program. . 

The concentration of the precipitation in the winter months when 
evaporation is at a low rate results in heavy runoff and soil losses 
durmg the months of December, January, February, and March. 
Erosion during the balance of the year is relatively light. Therefore, 
the major part of the erosion occurs when plants are dormant and 
when no tillage operations are being performed. The vegetal cover 
on cultivated land must be provided by crop residues because the 
climatic conditions are not suitable for the growth of winter cover 
crops and the cover provided by winter wheat during the erosion 
season is usually inadeguate. The severe winter and early spring 
erosion is caused by contmued precipitation falling on wet or saturated 
soil, melting snow with or without rain on frozen soil or runoff flow 
across lower slopes and bottom land caused by the m'elting of snow
drifts on steep north slopes. 

Rainfall characteristics have an important effect on the amount 
and rate of soil erosion. The results show that runoff and soil losses 
are more closely correlated with the intensity of the precipitation 
than with the total amount. Many of the storms that result in a 
large amount of precipitation have relatively low intensities; and 
unless they occur when the soil is very wet, the losses from erosion 
are slight. ~igh-intensity rains usually cause runoff even though the 
amount of ram may be small and the soil-moisture content low. 

The amount of moisture in the surface soil at the time of the storm 
has a greater effect on erosion than the amount or intensity of the 
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pre?ipitation. As . the soil-l!l!:!ist~re content inCI:eases during the 
penod .of heavy wmter pre~Ipitatwn, the susceptibility of the soil 
to eroswn bec<?mes prog;ess1v~ly greater.. Under these conditions 
storms of relatively low mtens1ty or meltmg snow cause severe soil 
and water losses. The most critical period is in the late winter or 
early spring when precipitation of higher intensity falls on wet and 
compacted soil. · 

Relatively la1·ge water losses may result from melting snow with or 
without rain, when the soil is frozen. The total runoff under these 
conditions is closely correlated with the amount of snow on the ground 
and the rainfall, regardless of the type of plant cover, because the 
rate of infiltration of water is very low. Consequently, the runoff 
from land covered with heavy wheat stubble may be greater than 
that from bare, fallow land because the stubble will hold a larger 
amount of drifting snow. Soil losses, however, are usually slight 
with this type of runoff, except on tilled land that has the surface 
thawed above a frozen layer. 

Severe erosion in the Palouse region results from the formation of 
large snowdrifts on .steep north slopes. The melting of the snow 
causes rill erosion on the slope and in the field waterways below the 
drift. Effective control practices for this type of erosion include 
seeding the steep north slopes and the waterways to grass, alfalfa
grass mi.'<tures, or other perennial plants or the prevention of the for
mation of drifts by hilltop tree plantings or snow fences. 

The maintenance of an adequate vegetal cover during the winter 
months is one of the most effective means of reducing runoff and soil 
losses. A satisfactory cover is generally provided by established 
stands of grass, alfalfa grass, or sweetclover-grass mi.'<tures, or stllild
ing winter wheat stubble. Spring wheat stubble is not as effective 
as winter wheat stubble because the density of the stand of spring 
wheat is less than that of winter wheat. Land seeded to winter wheat 
and not protected by a crop-residue mulch is subject to very severe 
erosion. Summer-fallowed land is more erodible than fail-plowed 
cropped land because of its finer tilth and higher soil-moisture content. 

The utilization of crop residues so that a portion i~ left on. the 
surface as a mulch is a very effective erosion-control pract1~e, espe~lllli.Y 
on land seeded to winter wheat. The effectiveness of th1s practiCe Is 
directly related to the amount of material on the surface after the 
seeding operation has been completed. . 

The incorporation of a large amount of w~eat straw mt~oduc~s 
problems regarding tillage and seeding operatwns and ~ertam soil
fertility relationships. Most of the tillage implements m common 
use in this area cannot be readily operated in ~xtra hea.vy stubble, 
nor are they well designed for the purpose of lea-:mg sufficie?t stub~le 
on the surface to control erosion. Fall-seedmg operatJO?S With 
present equipment are also impeded when the stubble t;nulch IS ~~avy 
enough for adequate erosion control under severe erosi?n con<;!ItJOns. 
Crop yield and other data show that the amount of .avmlabl~ ?Itrog;en 
is decreased by application of wheat straw to the soil. A~ditw!lal m
vestigations are needed for the development or mod1ficat1~n of 
tillage implements and farming pract~ces. This would permit the 
more efficient utilization of crop residues and. encourage a more 
extensive use of an effective erosion-control practice. 



58 TECHNICAL BULLETIN 860, U. S. DEPT. OF AGRICULTURE 

Significant differences in erodibility _as effected by the ~oil organi~
matter content indicate that the mamtenance of orgamc matter IS 
one of the basic features of an effective ~rosi<!n-.co!'trol _program. It 
is recognized that organic matter, especially if It 1s active, serves as 
an aggregating agent in soils: The stablE? aggregat~s produce an 
increase in the rate of infiltratiOn of water mto the soil and thereby 
reduce the amount of runoff. . 

An erosion-control program should include certai!l ba~ic measures 
but the application of these may be affecte~ by chii?-atw ch!1racte_r
istics soils and other variables. In the sectiOns of higher ramfall m 
the Palou;e region where annual cropping is practiced, the farming 
system followed should provide for: Maximum practical protection 
during each winter season by means of plant covers or rough, loose 
fall tillage· the growing of legume-grass mixtures, such as sweet-clover 
grass and ~lfalfa-grass; and the utilization of crop residues. 

Sweetclover can be used as a green-manure crop or for pasture. 
The length of the rotation should be determined by the use-capability 
classification of the land. Land which has not been se'verely eroded 
and is in a relati velv high state of fertility does not require the sweet
clover crop as frequently as land located on steeper slopes or which 
has been more severely eroded. The most severely eroded and steep
est sloping land should be farmed to a long-term rotation including 
the use of alfalfa and grass and a smaller proportion of cultivated 
crops. Tillage operations in the fall preceding the seeding of a spring 
crop are most effective for erosion control if a loose cloddy condition 
of the surface soil is obtained with a considerable part of the crop 
residuPs left on or near the surface. 

In the drier sections of the Palouse, the common cropping system 
consists of winter wheat and summer fallow. The critical erosion 
period is the winter season following the seeding of the winter wheat. 
A satisfactory method of control is the utilization of crop residues 
so that an effective stubble mulch is present after the winter wheat 
has been seeded. 

Results indicate that ten-acing is not practical on slopes steeper 
than about 15 percent because of the cost of construction and main
tenance and the difficulties experienced in the operation of large farm 
!llach!nery. The use of ten-acing has not been generally recommended 
Ill tins area because of _the large-scale farming operations, irregular 
topography, and excessively steep slopes. The ten-acing program 
has been adopted to a limited extent in the Blue Mountain foothill 
section of southeastern Washington where the slopes are longer and 
not so steep. 
~ modifie? .s:~:stem of strip ~ropping may be applied to the Palouse 

regiOn by d1v1ding the fields mto two or more parts on the basis of 
topography and land use capability. The eroded hilltops and adjacent 
steep north slopes s_houl"' be cropped to grass, alfalfa, or trees, or to 
lon~-term r_otatwns. m whwh grass and alfalfa are the dominant crops. 
Th1s practice furnished effective erosion control on such land and 
reduces the runoff ~cross the other parts of the field. 

The regular c~lt1vated crops should be ._grown in rotation on the 
more gen~ly slopmg and _less e:oded land. This land may be farmed 
a~ _one umt unless there 1s a Wide variation in the fertility and erodi
hlht:r betw_een the upper and -lower parts of the slopes. The more 
erodible soli on the upper slopes requires the use of sweet clover and 
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the adoption of other control practices, such as crop-residue utili
zation and rough tillage, to a greater extent than the less erodible 
soil on the lower slopes. 
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APPENDIX 
In order to avoid an excess of tabular material throughout the text, the data of 

the individual tables necessary for deriving the summary tables and figures used 
in the text have been placed in this appenix as tables 24 to 33. 

The data presented in this appendix probably will be of only minor interest to 
the casual reader, but, as they give specific records of the results of experimentation 
from year to year, they will be of practical value and interest to technical workers 
in the field of soil conservation. Observational data briefly describing important 
seasonal and daily conditions are also appended. 

TABLE 24.-Precipitation at 5 locations in the problem area tabulated as 8-year 
moiling averages for the period 1898-1941 

Date Pullm81l, A vera~te of 5 1 Date Pullman, Average of li 1 
Wash. locations Wash. locations 

Ineht& Inchu Inche& Inche1 1893-95 ________________ 
20.0< 20.56 1917-19 _________ ------ 18.53 17.34 

1894-lNt ••••••••• ------ 21.14 20.37 
1918-20 _______________ 18.12 17.54 

1895-97---- ------------ 23.52 21.32 
1919-21_ ______________ 20.03 19.46 

1896-98 _____ ----- ------ 23.76 21.97 1920-22.-------------- 19.06 17.63 
1897-99----- --------- -- 24.43 22.93 1921-23.--: ______ ----- 18.18 17.67 
189&--1900 .•••• - -- ---- -- 25.16 22.61 1922-24.----- ---- --- -- lli. 75 15.71 
1899-1001 ••• --- -- -- ---- 24.61 23.19 1923-25 _______________ 

15.74 16.40 
1900--1902 •• --- ---- ----- 22.86 22.43 1924-26. -- ------------ 18.32 17.26 
1001-3.---------------- 19.96 20.65 1925-27--------------- 23.84 21.38 
1902-f ---- -- ------- ---- 21.70 20.47 1926--98. ---- ---------- 24.53 21.19 
1903-5. --- -- ------- ---- 21.03 19.03 1927-29 _______________ 

21.29 18.32 
1904--ft ••• -- ----------- 22.34 20.27 1928-30.-------------- 17.29 14.73 
I 005--7. ------ ---------· 22.15 20.77 1929-31.------- ___ .:, --- 18.38 16.01 
1906--8 _____ --- --- ------ 21.30 19.53 1930--32.------- ------- 20.42 18.57 
I OOi--9 ••• _ •••••••••••••• 21. 6J) 19.47 1931--33.--------- ----- 23.00 21.25 
I ntl3--10 •••••••••••••••• 20.DO 19.06 1932-34.-------------- 22.77 20.94 
1909-11 ••• - ----- --- ---- 20.73 18.56 1933--35.-------------- 20.11 18.M 1910-12 _________ ---- --- 19.31 18.48 1934--36 _______________ 16.11 15.21 1911-13 ________________ 

20.65 19.58 1935-37--------------- 17.73 16.07 
1912--14-- --- ----------- 20.54 20.41 

1936-38 _______________ 
17.79 17.43 

1913--15 ___ -- ------ ----- 19.58 19.23 1937-39------------ ---- 18.01 17.34 
Hll4-16 .••••••••••••••• 19.84 19.25 1938--40.-------------- 17.56 18. 13 
Hll5-17 ..•• ------------ 21.55 20.0< 1939-41.-------------- 20.41 20.74 
1916--18.--------------- 20.78 18.63 

1 Pu~lrnan, Colra:.:, Rosalia, and Walla Walla, Wasb.; and Moscow, Idaho. Annual averages ror 49-year 
pttlod. Pullman, 20.!'14 Inch'-'~: C'ollax, 20.12 in<'hes: Rosalla,l8.31 inches· Walla Walla 16 24 inches· Moscow, 
2UI1llnch<>s. ' • · • 

TABLE 25.-Precipitation by months for the period Jan. 1, 1981, to Dec. 81, 1941. 
Gage in field S 

Year IJ ... Feb. Mar. Apr. May June 1uly Aug. Sept. Oct. Nov. Dec. An· 
nual --1------------------------

' In. In. In. In. In. In. In. 1931 ________________ In. In. In. In. In. In. 2.27 1.28 3.38 1.07 0.00 1.24 0.05 0 0.81 !.DO 2.34 3.30 18.24 
1932 ••• - --- ---- ----- 3."' ~84 4.53 1. 31 ~07 .28 .78 .15 .15 2. 24 4.35 2.43 24.63 
1933.------- -------- 4.43 U6 1.84 .56 .85 1.01 .22 .4B 1.55 4.42 1.00 8.23 28.01 
1934---------------- ~ .. .47 ~ .. .79 1.17 U7 .20 .03 ... ~ 76 2.31 3.42 19.67 

!m~~~~~~~~~~~~~~~~ 
U3 1.08 H3 ~13 .2.1 .62 .2.1 .oo .26 • 74 .D7 2. 52 14.58 U4 I. ro 1.65 ... 1.08 .71 .00 .00 I. 33 .'n .12 I.DS 14. 46 3.73 3. 39 2.03 3.14 .57 3. 76 .DO ••• .26 1. 21 3.34 4.32 27.14 I. 73 2. 19 ~28 1.03 ... 1.06 .28 .06 .87 1.84 ~37 1.49 16.09 

i5t::::::::::::::: I. 33 .... 2.91 ... .72 ... .07 .oo .24 .07 • 36 .... 15.62 1. 76 4.~ ~65 I.DS .37 ... I. 0< .oo ~ 76 3.03 3. 74 2.51 25.s:; 
~30 I. 23 1.06 1 ... 4.22 4.02 .'r/ 1.00 1.84 1.00 2. 73 3.46 25.21 

A Vf>rft!re •••••••••• ~ .. U2 2.4711.36 1.16 1. 46 .42 .26 .D6 1. 94 ~21 3.43 r.o:s. Average.1893-1941. ~72 Ul 2.19 1.49 1.48 1.29 •• 7 ... 1.18 1.58 2. 76 2.72 20.54 

60 
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TABLE 26.-Runoff and sail loss by months from •o·•th control plot 1S (bare hard 
fallow)for the period July 1, 1991, to June S0,194ii 

Runoff 
Year 

Jan. Feb. Mar. Apr. May June July Aug. SePt. Oct. Nov. Ike. 

----1-------------
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ h. h. ~ 

1931. _______________ ------ ------ ------ ------ ------ ------ ------ ------ ------ -.---- 0. 2fl7 0. 473 0. 740 
1932 ________________ 1.620 t.MD t824 o.w o.os7 ______ ------ -~---- ...... o.oot t.6oo t.400 s.m 
1933. _______________ 2.121 .952 .840 ______ •..••. 0.004 ------ ------ 0.006 .oM . rot 4.oo7 u. 201 
U134................ 1. 179 ---·-- • 254 • 031 • 025 . 219 .••••••••••• -----· • 437 • 1M , 5M 2. 863 

~:~:::::::::::::::: ~:~~ ~:m :ra~ := --.-oio ~===== :::::::::::: :::~== :::::::::::: :~ k~ 
1937 •••••••••••••••..••..•• 802 .435 1.123 .•••••• 883 0.079 0.062 •.. : •.. 011 .698 .641 4.;34 
1938~~-----·-·------ .487 .604 1.020 .••..•.•••.•••••••••••••••••.• ---~-- .150 .411 .li:\ 2.8-IS 
1939 ________________ .159 1.354 2.045 .003------------------------ ---··-- -··--· ------ .3fo7 3.\1~ 
1940________________ • 796 2. 461 • i60 .325 ------ ------ ------ ------ . 860 1. 3.'il . 728 . 044 6. -~2-~ 
194L--------------- .3ot .063 .069 .222 .051 .1st~ ••••••• 165 .lio .oso .921 .006 3.m 
1942---------------- .150 .473 .141 ______ ------------------------ ---~-- ------------ .764 

Average runoll.. .. ---:826 -:sM --:689--:168 -:oi'6 ---:1i8 .007 --:o2i' . fwo ---:-252 ---:-oo8 .R22 4. 3.10 
Runotll _________ 30.15 37.96 31.61 12. 54 1.31 8. 25 1. 79 8. 40 5.. 21 ta 1D 23. oo 2t. 01 21. fli 

Boll loss per acre 

Tom Ton• Toni Tom Tom Tom Tom Tom Tom Tom Tom Ton" Ton• 
1931 .•••••••••••••••.••••. ------ ............ ------------------------ ...... -·· -· 2.128 0.8.16 2.Dfl4 
1932 ________________ 18.711 0.29822.754 0.212 1.278------------------ ...... 0.8~ 8.235 .62152.005 
1933 ................ 3. 560 .065 6, 599 -----· ------ 0.038 ------ ------ 0.038 4. 5Si 3. 789 19. M4 38.100 
1934 ................ 8. 456 ----·- 1. 295 • 031 • 328 • 654 ------ ------ -- __ .. 1. 758 • Ui3 6. 492 19. 167 
1935 ________________ .346 .oto .002 .509------------------------------------ ------ .oro .O.l7 
1936 ________________ 6.920 .279 1.712 .002 .164. ...... ------------------------------ 1.26410.341 
1937 ______________________ .144 5.99411.947 ______ 6.169 2.136 1.043 ______ ,043 1.804 2.92032.206 
1938 ________________ 5.326 2.502 6.939 ------ ------ ------ ------ ------ ------ 1.303 2.288 2. 780 21.138 
1939 ________________ 1.001 .536 3.063 .oo1 •.•••• ______ ------------ __________________ 3.150 8.{1116 
1940................ • 401 35. 319 4. 437 2.004 ------ ------ ------ • ----- 3. 591 2. IM 1. 085 . OOi liO. 039 
1941.--------------- • 755 . 504 . 476 1. 092 . 081 2. 470 ------ 5.176 1. 4{15 • 350 3. 138 9. 400 z.t.. 973 
1942________________ . 368 ~ ~ .:..:.:..:.:: ------~ ::..:.::.: ::.::.:..:. .:..::..::..:. .:..:.::.:..: :.:.:..:.:: == 5.. 3.')3 

Average _________ 4.25 3.99 4.91 1.44 .17 .85 .19 .57 .46 1.01 2.14 4.29 24.27 

1 Rnnoft in percentage of the precipitation. Preelpltatlon (lnehe!l): January, 2.74; February, 2.25; 
March, 2.18; April, 1.34; May, 1.22; June, 1.43; July, 0.39; August, 0.25; September, 0.94; October, 1.91; 
November, 2.12; December, 3.30; 11-year annual average, 20.07. 

TABLE 27 .-Summary of storms which caused soil losses in excess of 0.50 ton per 
acre from south control plot 18 (bare hard fallow) during the period July 1, 1981, 
to June SO, 1941! 

Date 

Storm chMactcdstlcs I I 
Maximum rate per hour rnu~r~ Sollloss.Soll condition 

for- centa~e per when storm 
'---~----~-----' al storm A.moantl- ofr!S! peratte be~an 
5-mln~ 15-mln- ao-inln-

nte ute ute 
period period period 

----------
193! Inch a Inchu Incht< lncht< Ptrt:tnt Too• 

Mar. 24 •• ---------------------------p-- 0.46 0. 24 0.18 0.18 67.6 9. 23 Very wet. 

Mar. 27-28. _ ------------ -------P·------ • 81 .48 .24 .24 52.0 7. 11 Do. 

May 21.----- -------------------P·----- • 70 1.08 • 36 .20 12.4 1.28 D..,.. 

Nov. 16.---------- _. ---------------· --- .82 .12 .12 .12 88.9 7. 57 Very wet. 

1938 1.00 Moist. 
Oct. 21.------------- -------------·P·-·- • 70 .24 .16 ·" 211. I 

Oct. 28. ------------------------P·------ 1.21 .36 . 32 .32 25.0 2."' Do, 

Nov. 2--3. -----·------------------------ 1.00 .36 .24 .18 5'). 3 3 . .-o Ve% wet. 
Dec. 5-6 .... --------. __ .------••••• ----- 2.20 .48 .28 .20 46.7 9.19 Mo t. 

Dee. 8-10 .................. ------------. 2.00 .24 .20 .20 66.3 3. 16 Very wet. 

Dec. 14 ••. --- _____ ------- •• ----·------ •• ... • 12 ,12 .06 41.1 . 61 Do . 
Dec. 21-23 .................................. • 97 .lit .32 ,16 83.9 U7 Do. 
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TABLE 27.-Summary of storms which caused soil losses in excess of 0.60 ton per 
acre/rom south control.plot 1/J (bare hardfaUow) during the period July 1,1931 
to June SO, 194£-Continued. ' 

Date 

19!4 
Jan. 2-3.----------- ..... ......... -
Jan. 16-17 ..•..•.........•..••••.•. __ 
Jan, 22-23 .......... ---------------
June 26 .............................. -
Oct. 23-24 ............•.......... ... 
Dec. 2L _ ---------------------------

/936 
Jan. I G-IL ........ -----········----- .. 
Jfm. 12-13 .• _____ . ___ ---------------- __ _ 
Mar. '1:1 ........ _. . . _ ...... -------- ... _ 

/9!JT 
!\tar. 2 ... .... ___ ... __ ------------------
.\pr. 4 ... -- -----------------------------
.\ pr. 12-13 .•. ------------------ _____ ••. 
.\pr. 14-16 ••••••••••• ·-- •..•••••••• ___ . 

~~~= ~~: :::: ::~::::::::: :::::::::::::::. 
June 22. _____ ----------------------- __ .. 
Jnly 28 .. ... ------------------ ...... __ _ 
AIIR. 13 .•.• •••••••••••. ·----· •••••.. _. 
Xo\'. 13. ~ ___ •••• ------ __ ---------- •••.. 
Dt>e. 10-11. --··--·----------·------·--· 

liMB 

~~· 
1/M/J 

g:: ~::~~-- :::::::::::::: ::_:::: _______ _ 

Stann charactPristlcs 

Runoff 
Maximun;o~~ per hour in per- So~el~ Soil condition 

J.---,---,--- centage ston:D when storm 
Amount of total Per acre began 

15-min- 30-min- rain 

lncllu 
0. !iS 
.39 
.96 

1.66 
1.22 ... 
.6S 

1.08 
.46 

.29 

.42 

. " I .43 
• 7!i 
. 21 1 

.68' 

.28 

.23 

.46 

.69 

.21 

.22 

.22 

.27 

.22 

.66 

.10 

·"' • 14 

... 
• 61 

I. 24 
.20 

I. 27 I 
.23 
.31 
.07 
• 88 
• 21 
.19 
.49 
.71 

1. 46 
1.12 

.29 
1. 17 
1. 13 

·"' ... 
1, 14 
.28 
.33 

5-min
ute 

period 

l11chu 
0.24 
.24 
.15 
.36 
.24 
.48 

.18 

.24 

.20 

.96 

.48 

. 36 

.18 

.54 

.60 ... 
1.68 
1.08 
.18 
.36 

.18 

.30 

.36 

.18 

.18 

.84 

.84 

.30 

.21 

.24 

.84 

.24 

.12 

. 36 
• 36 
.12 
.18 
.24 
.24 
• 48 
• 60 
. 24 
• 24 
.24 

.24 
• 72 

1. 44 
1. 92 
• 60 
.36 
.24 
.12 

ute ut.e 
period period 

]1lchU 
0.20 
. 16 
.15 
.32 
.24 
.24 

.10 

.12 

.16 

.48 

.32 

.28 

.12 

.36 

.48 

.48 

. 76 

.48 

.16 

.28 

.14 

.24 

.16 

.06 

.08 

.32 

.32 
• 16 
.15 

.20 

.60 

.16 
• 08 
.20 
.20 
.08 
. 08 
.20 
.24 
.36 
.52 
• 16 
.24 
.20 

.24 
• 36 
.84 

1.08 
.24 
• 20 
. 16 
• 08 

11lchU 
0.16 
.10 
.15 
.32 
.22 
.16 

.10 
• 12 
• 16 

.26 

.16 

.24 

.10 

.28 

.30 

.30 

.48 

.32 

.12 

.28 

.08 

.18 

.14 

.06 

.06 

.16 

.16 

.10 

.12 

.20 

.35 

.14 

.06 

.18 

.16 

.06 

.04 

.20 

.20 

.26 

.38 

.16 

.18 

.18 

.22 

.26 

.60 

.58 

.22 

.18 

.12 

.06 

Pereent 
40.0 
30.0 
76.6 
12.3 
35.8 
68.8 

20.5 
48.8 
11.7 

04.6 
47.9 
57.4 
57.7 
27.6 
50.0 
46.9 
28.2 
27.0 
35.7 
16.2 

69.0 
14.5 
30.5 
30.4 
67.3 
15.5 
6S.O 
7.5 

40.0 

16.8 
31.0 

51.0 
54.0 
77.9 
94.6 
42.6 
87.1 
63.1 
49.5 
63.8 
16.0 
29.2 
44.3 
31.5 

39.0 
17.5 
40.0 
32. 6 
7.3 

27.5 
46.8 
51. 2 

Ton• 
1. 43 
1. 32 

. 5.28 
. 57 

1. 76 
6.46 

2.17 
3.19 
1.13 

5.13 
2.65 
6.05 
1.29 
3. 48 
1.18 
• 50 

2.14 
1.04 

·"' 1.28 

• 80 
. 57 

2.34 
I. 76 
1.27 
1. 05 
. 95 

·I. 58 
1.19 

• 51 
2.54 

8.04 
1.48 

14.74 
2. 49 
• 53 
.47 

3. 47 
. 59 

1.08 
1. 52 
1. 78 
1.as 
1.80 

.67 
1.05 
2.26 
5. 17 
.50 

6.29 
1.26 
1.03 

Moist. 
Do . 

Very wet. 
Dry. 
Moist. 
Very wet. 

·Do. 
Do • 

Moist .. 

Do. 
Do .. 
Do. 

Very wet. 
Moist. 

Do. 
Do . 

Dry. 
Do. 

Moist. 
Do. 

Very wet . 
Moist . 

Do. 
Do. 

Very wet. 
Moist. 
Very wet . 
Moist . 

Do • 

Do . 
Do . 

Very wet. 
Do . 
Do . 
Do . 
Do . 
Do . 
Do . 

Moist . 
Do . 

Dry . 
Moist . 

Do . 
Very wet. 

Moist. 
Dry . 

Do. 
Do. 

Moist . 
Do . 

Very wet . 
Do . 

v .. h. 1 
Yeb.a .46 .12 .OS .08 38.5 2.79 Moist. 

------------------------1-__ ·'_"~----18 ___ ._,_•~----~0~--·-2._8~--~--48~-v-~ ___ w_•'_· __ 
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TABLE 28.-Runoff and soil losses from the south comrol plots,• Jt~ly ·1 1981. to 
June SO, 191,8. Palouse silt loam soil. SO-percent south slope ' 
1ULY 1,1931 TO JUNE 30, 1932-PREClPITATJON, 22.98 INCHER 

Plot No. Crop condition Crop yield 
per acto 

B....W. 1 .• ------------ Winter wheat stubble ____________________________ _ 
2.._. ----------- __ •.• do. _____ . ___ ---------------------- ------------
3 _________________ .do .•.. ------------------------------------- .. 

1\nu 
4 .• ------------ Sweetclover •••• _______________________ 16.4 

5_- --~---------
6.- ------------7 ______ -------

8_- ------------

Bwhda 
Winter wheat.------------------------ 31.3 
~rimssmerwheat·siUbbie::::::::::::::: --- · ·-28:a· 
Winter wheat. ___ .-----·-------------- 31. 9 

1\nu 
9_; ____________ Sweetclover___________________________ 1. 7 

BtUhell 

Runotr 

In<Au 
0.174 
• 138 
.732 

.7111 

1. 740 
1.992 
• !160 

3. 476 

3.449 

Pt:rctnl 1 
0. 76 
.60 

8.19 

3.40 

7.59 .... 
4.19 

16. 16 

15.04 

. 

SolllOSII 
per'"'"' 

'll>M 
0.017 
,0,2 .... 

1.111 

16.M3 
li.l~ 
2.2'.!6 

36.367 

23.802 

10.--------- __ Wlnterwheat •..• --------------------- 30.0 3.629 tli.83 30.AAII 
11.· .•. .:........ Winter wheat stubble.________________ 24. S . 799 3. 48 t. Sf\."1 
12 .•• ---------- Summer wheat stubble.. _________ ~---- ___ ------·- 2.625 11.45 5.200 
13 .• ----------- Bare, untilled. __ • ____ ----------------- ------- ____ • 5. 862 25. 56 46. 217 
14.------------ Winter wheat stubble.. _____ •• -------- ------------ 4. 974 21. 69 10.929 
15 ...... --.... ·- -·---------.. --·-----·--.. --.. --·---·-- --------.. -· ...... _ .. __ '\' .. --....... -·-.. ·---·--

JULY 1,1932, TO JUNE 30,1933-PRECIPITATION ,21.54 INCHES 

I._.---------- Winter wheat.------------------------ 42.0 o. 398 2.------------- _____ do .••. ---------------------------- 36.2 .114 
1.85 
.63 

3.------------- _____ do________________________________ 44.4 2.134 9.91 
4 •• ___ -------- ___ .do •• _. _____ ----------------------- 50.8 1. 981 9.20 
5 ____ ---------- Winter wheat stubble .•• -------------- • ----- -----· 2. 953 13,71 
6. _ -----------. Grass._ •.• ----- __ .. _ ...... ------------ •• ------. __ . 1. 309 6.08 
7-------------- Summer wheat stubble________________ 23. 2 . 693 3.22 
8 ... ----------- Winter wheat stubble .................. ---------- 4.476 20.78 
9 ______________ Winter wheat------------------------- 38.9 3.272 15. 19 
to_____________ Winter wheat stubble.________________ 16.3 5. 247 24.36 
11------------- Summer wheat stubble------------- • 16.4 1.610 7. 47 

1\nu 
12 •••• --------- Sweetclover .• -----------------------·- 6. 6 4..276 19.85 

Bush<ll 
13 .• ----------- Bare .• _------------------------------- ------- __ ___ 7. 200 33.43 
14 .• ---------- _ Winter wheat.------------------------ 8. 9 2. 740 12.72 
15. ------------ ••. __ do .••••• -------------------------- 37.9 • 058 • '¥i . 

JULY 1, 1933, TO JUNE 30,19M-PRECIPITATION, 27.04 INCHES 

t ____________ .. Winter wheat stubble .... ------------- ------------ 0.000 
2 •• -----·------ __ ..• do. __________ .-------------------- .... -------- . 000 
3 •• ---------- _______ do •• __ ._-------------------------- ------------ • 083 
4 •. ------------ ••..• do. __ --------·-------------------- 15. 6 • 243 
5 .............. Winter wheat ..................... :.... 31.7 5.013 

1\nu 
6.------------- Grass._-~---------·--~------·--·-·---- 1. 5 . 002 
7.------------- Summer wheat stubble ______________ __ 
8 ••• ~-------~-- Winter wheat .. -·-------·------------9 __ ------------ Winter wheat stubble ________________ _ 
10.------------ Summer wheat stubble ______________ _ 

BmhtU 
la3 
22.9 
12.0 
21.6 

1\nu 

1.22.1 
6.21\9 
• 774 

1.4l!O 

11 ••• __________ Sweetclover.__________________________ 4. 7 4.471 

BW~h<ll 
12_____________ Winter wheat------------------------- 41. 6 3. 656 
13. __ ---------- Bare .• __ • _____ ------------------------ ___ . __ : __ . __ 7. 076 
14_____________ Winter wheat stubble_________________ ___ __ ____ ___ 1. 893 
15 •• ----------- ••.•• do_ •• __ • _____ . __ ------------------ • ____ • _. ____ • 298 

See footnote at end or table. 

0. 01 
.00 
.31 
.90 

18.76 

.01 

4.63 
19,49 .... 
5.47 

16.53 

13.52 
76.17 

7.00 
LIO 

O.OM 
.ro7 

I.O\lO 
1.03<1 
1.268 
.7 .. 
.t51 
.487 

3.133 
1.040 
• 719 

2.431 

20.004 .... 
.009 

0.011 
.<XMI 

·""" .572 
'Zl. 792 

.001 

3.1100 
29.681 

1.11011 
9.235 

21.865 

23. 192 
38.1lll0 ..... 

.1113 
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TABLE 28.-Runoff and soil losses from the south control plots,1 July 1, 19.,1, to 
June SO, 1941!. Palouse silt loam soil, SO-percent south slope-Continued 

JULY 1,1934, TO JUNE 30, 1936-PRECIPITATION,18.57 INCHES 

Plot No. Crop condition Crop yield 
per acre 

.BmhtU 
1. -----···--·-- Winter wheat.---------···------------ 47. 6 
2. ---··-··----- . .. do._ ... ___ ------------------------- 40. 8 a______________ .. . do .... _ ... _______ ------------------- 51. 3 
4-------------- Summer wheat stubble .. ______________ ------------
6 ..••...••..... Winter wheat stubble ........•........ ------------

Ton~ 
6-------------- Grass._------------------------------- . 9 

Bu&htb 
7-------------- Summer wheat stubble .. ______________ 16. 6 
8 •••..••....... Winter wheat stubble _________________ -------····· 
9-------------· Summer wheat stubble................ 26.8 

Tom 
10............. Sweetclover.__________________________ 9. 0 

Buihdl 
11. _ ---------·- Winter wheat_---·····---------------- 41. 9 
12. _ ---------·. Winter wheat stubble .. --------------- 13.4 
13. -----------· Bare . ..... _. _____ --------------------- -------- _. __ 
14 ............. Winter wheat.------------------------ 20.0 
lit_---------__ __ .. do ... _ ... ------------------------- 22. 9 

Runoft 

Inchu Per""' 
0.192 L03 
.134 • 72 
.203 1.09 
.023 .12 
.050 .'J:I 

.025 .13 

.015 .08 

.033 .18 

.003 .02 

.000 .05 

.004 .51 

.007 .04 
2.294 12.35 
• 725 3.00 
.753 <.05 

JULY 1, 1935, TO JUNE 30, 1936-PRECIPITATION, 16.02 INCHES 

4 ••.••••...•••• Sweetclover .•••••••••••••••• ----------

6. ------------ Winter wheat •• ·········-------------_ 

6 ..• ----------- Grass_ . ___ ... ---- ---------------------

7.------------- Summer wheat stubble._-------------
8. -------······ Winter wheat .........•...•••••....... 

9 •.• ------- .•.. Sweetclover ---------------·····---- __ _ 

W: :::::::::::: ~~:~~ :~=~-StUbbiEl:·:·------------
1
132. ------------

8
summer wheat stubbl6.·.::::::::::::: 

Tom 
9.4 

BmMU 
33.2 

Tom 
.9 

Bmhth 
32.9 
37.1 

Ton~ 
I. 5 

Bmhtl& 
4~ 7 
17.6 
?:1.7 

------------- are ....... . 

!t: ::::::::::: -~!~~~ ~~~~~~~~~~::::::::::::::::: :::::::::::: 

0.070 0.44 
.017 .ll 
.023 .14 

.21l0 L62 

.283 L77 

.208 L30 

.458 U6 

.377 2. 35 

.911 5.69 

.rm .61 

.002 .57 

.100 .68 
2.649 16.54 
.089 .56 
.001 .57 

JULY 1, 1936, TO JUNE 30, 1937 PRECIPITATION, 30.12 INCHES 

0.488 2. 43 
. 738 3. 67 
.685 3.40 
.428 2. 13 
.118 • 59 

6 . • ----------.. Grass. __ ··--------------.-----_------_ .178 .88 

•------------ - Summer wheat stubble BtuhtlA 
8 - Wloterwheatstub --------------- 26. 6 
9
10

:·_:_._::_-_.: __ :·_._::_:_· •• :. Winter wheat ble _________________ ---------- ·-
Wloter wheat-StUb·····--------------- 45.1 11 Summ h hie .... _____________ 18.8 

------------- er w eat stubble_______________ 31.5 

.021 .10 

. 198 .ll8 

.500 2.53 

.132 .66 

.147 .73 
12. ..••..•••... Sweetclovcr___________________________ ~01 

.344 L71 

13 ............. Bare Bmhtll 

~t:::::::::::: -~-~J!~-:~~i::::::::::::::::::::::::: ----.--22.1. ~ -••. 
-------------------------- ':1.. 

3.465 17.22 
.970 4.82 

3.06 L52 

See footnote at end of table.. 

Soil loss 
per acre 

Toni 
0. 423 
1.407 
.102 
.004 
.011 

.002 

.019 

.012 

.000 

.ooo 

.038 

.003 
9.271 
1.048 
.575 

0.003 
0 
.001 

.246 

L 126 

.005 

2. 174 
1.40.5 

8.156 

.001 

.002 

.112 
9.148 
.003 
.003 

0.022 
.075 
.077 
.114 
.003 

.001 

.001 

.005 .... 

.003 

.012 

. 105 

25. 517 ..... 
.047 
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TABLE 28.-Runoff and soil losses from .the south control plots,' July 1, 19S1, to 
June SO, 194-S. Palouse slit loam sotl, SO-percent south 11lope--Continued 

JULY 1, 1937, TO JUNE 30, 1938--PRECIPITATION, ISM INCRRS 

Plot No. Crop condition Crop yield 
per acre 

Brulldl 
1-------------- Winter wheat stubble .•••••••••••••••• ------------
2. ---·--------- •..•• do. _____ .• _------------··---·---·- ------------
3 .• ------------ ___ .• do •• _---------------·--··--------- ------------
4. -----·------- ____ .do .• ------------------------------ 21. 7 
5 .. ·----------- Winter wheat......................... 35.8 

6 •• ------------ Grass ________________________________ _ 

7 _ •• ----------- Summer wheat stubble •• -------------
8. _ ------------ \Vlnter wheat. _____ ------------------· 
9 ••.••••••••••• Win~r wheat stubble .•.•••••.•••••••• 
10 .••• --------- Summer wheat stubble.--------------

Too• 
I.< 

ButhtU 
2'l.O 
34.0 

~~· 7.6 

Too• 
11 .• ----------- Swectdover___________________________ 6. 9 
12. __ ---------- Winter wheat·-----------·------------ M. 6 
13 •• ----------- Bare .. _______ ------------------------- _ ---------- _ 
14 .•. ---------- Winter wheat stubble .•••••.•••••••.•• ------------
15. _. --------·· ___ .• do •. _____ ------------------------- ------------

Runoa 

lnthtt 
0 
0 
.014 
.oos 
• 240 

.000 

.001 
• 321) 
.002 
.007 
&60 
. 131 

&601 
.100 
.001 

l'«unt 
0 
0 

·"' ·"' 1.34 

... 
.01 

I. 77 
.01 
.04 

1.04 
.71 

19. 40 
1.00 
.04 

JULY 1, 1938, TO JUNE 30, 1939--PRECIPITATION, 15.38 INCHRS 

1. •• --------- __ Winter wheat_________________________ 42. 5 
2 __ ------------ ..••. do._ .•. --------------------------- 29. 1 
3_ ------------- ••..• do._ .• _____ ----------------------- 39. 5 
4_ •• ----------- Summer wheat stubble •• ------------- •... ----- __ _ 
5. _ ------------ Winter wheat stubble.. ••••••••••••••••.. --------- _ 

6_ • ___ • ___ ----- Grass. ______ ••• _____ ------------- ___ • _ 
Tool 

•• 
Buthtl• 

7. _ ------------ Summer wheat stubble •• _____________ 32.3 
8. _ ------------ Winter wheat stubble __________________ ------. __ . _ 
9_ ------------- Summer wheat stubble_______________ 23.1 

7lma 
10. _ •• --- -----. Swcctclover ••••••• -------------------- laD 

ButhtU 
11 •• ----------- Winter wheat ________ ----------------- 42. 0 
12_____________ Winter wheat stubble •••••••••••••••• :. 20.2 
13. _ ----------- Bare .. __ . ___ -------------------------- --------- _ .. 
14.------------ Winter wheat·------------------------ 18. 4 
15. _ ----------- ___ .• do. ____ --------------------------- 13. 3 

0.012 0.08 
. OM .35 
.045 ~ 10 
.128 .83 
.057 .37 

.149 .f!l 

.046 .30 

.210 L::\7 

.074 ... 

.1117 .60 

.268 1. 74 

.060 • 30 
uos Z7.93 
. ... 5. 49 
.080 .ss 

JULY 1, 1939 TO JUNE 30, 1940-PRECIPITATION,16 35INCHEB 

~:::::::::::::: :~;t~=~~~;:~~~;~:::::::::::::::::l:::::::::::: o:m \ 
0:5 

T0111 
4. ------------· Swectclover --------------------------- 18. 8 .004 .02 

BtuhtU 
5-------------~ Winter wheat .•••••••••••• :.._________ 27.0 .rm 6.ll8 

T0111 
6. ------------- Grass .•• ------------------------------ • 8 .021 .13 

Buthtll 
7.------------- Summer wheat stubble............... 11.9 
8 .••••••••••••• Winter wheat......................... 19.5 

0 0 
.861l 6.31 

T0111 
9_. ------------ Swectclover --------------------------- 9. 8 .708 U3 

Btahtll 
10 ••••••••••.•• Winter wheat.------------------------ 52.7 
11.------------ Winter wheat stubble................. 11. 9 
12------------- Summer wheat stubble_._____________ 13.5 
13. ----·------- Bare. _____ ... _______ ------------------ ------------
14. --------·--- Winter wheat stubble. •••• ------~----- ------------
IlL •• --------~- ••••• do ••••••••••••••••••••••••••••••••• --·- -· --·-·· 

.so< 3."' 

.017 .10 
• 015 ... 

t. 710 28.81 
.113 ... 
.002 .01 

Solll~M 
,.,. len! 

.,..,, 
0 
0 
.001 
.001 
• 114. 

0 

0 
.I HI 

0 
.004 

L Oli."l 
.ota 

22. j21 
.241 

0 

0.001 
.0011 

. ""' .OIYl 

.001 

.002 

.001 

.01<1 

.001 

.ooo 

.010 

.001 
11.877 
5. l!i2 
.002 

0.002 
0 
.004 

0 

6. 201 

.001 

0 
6.000 

al:ln 
0 

.001 
45..370 

• 21!5 
.001 

L---~--~--~--
See footnote at end of table. 

552621"-44------ll 
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TABLE 28-Run<J.ff and soil losses from the south control plots,' July 1, 1931, to 
Jun~ so, J9J,.e. Palome silt soam soil, SO-percent south slope--Continued 

JULY 1, 1940 TO JUNE 30, 1941-PRECIPITATION, 26.59 INCHES 

Plot No. Crop condition 
Crop yield 

per aero 

Brllhdtr 
1.. •••••••••••• Winter wbect ••••••••• ---------------- 53. 0 

!~~~~~~~~~~~~~~ =~=~~~;=~~:~=~.~~~~~=~~~~~~~~~~~~~~~~ ···----~~~-
6. --------. -- __ Grass ••••• ----- -------------------- ---

Tons 
1.2 

Butrhell 
i .............. Summer wheat stubble.______________ 31.0 
8. -·----------- Winter wheat stubble •..•••••••••••••. -----------. 
g_ ••••••••••••. '\\'inter wheat. .. ____ ------------------ 58. 2 
10. ...••.•.•... Winter whl'at stubble................. 16. 0 
11. ------------ Summer wheat stubble.-------------- 27.8 

Ton" 
12. _. ---·. •• ••• Sweetclovcr. ----------- --------------. 23.6 

BushtU 
13 •• ----------- Bare._-------------------------------- ------------
14.------------ Winter wheat.------------------------ 23. 3 
UL --------··-- ••.•• do.-------------····-------------- 20. 2 

Runo1! 

In eMs 
0.28< 
• OMI 
.183 
.002 

0 

.001 

.222 

.026 

.074 

.)69 
0 

.018 
3.377 

.800 

.001 

Perce11t 
1.07 
.22 
.69 
.01 

0 

0 

.83 

.10 

.28 

.64 
0 

.07 
12.70 

3.04 
0 

1ULY 1, 1941, TO JUNE 30, 1942-PRECIPITATION, 17.58 INCHES 

1.------------- Winter wheat stubble ____________________________ _ 
2.. • _. ___ •• ----- ____ • do. ___ .. _. ______ ---- ------- --------------------
3 •••• _____ • •• •• . ...• do •... _ .••••. ____ ------ •• ---------- ---------- __ 
4 .••• ___ -----.. . .... do .... ___ .••• ______ ------- ----------- __ ------ __ 
5. _ ------------ Winter wheat-------------------------------------
6. _ ------------ Ornss .. ________ . ----------------------------------
7 .•• ----------- Summer wheat stubble.--------------------------
8 .. ------------ Winter wheat .......... ---------------------------
9 •• ------------ \V\nter whrot stubble·----------------------------
10 ••• -·-------- Summer wheat stubble .• -------------------------
11. ------------ Sweetclover .... ------.----------------------------
12. ------------ Winter wheat ....•. -------------------------------
13 .. ----------- Bare, untilled .. ____ ·------------------------------
14. ------------ Winter wheat stubble·--·-------------------------
15 ..•••••••••••..... dO-------·--·-----···-·-········-·············· 

0.058 
.053 
.019 

0 
.112 

0 
0 
.221 
.039 
.039 
.263 
.021 

3.097 
.122 

0 

0.33 
.30 
.II 

0 
.64 

0 
0 
1. 26 
.22 
.22 

1. 50 
.12 

17.62 
.69 

0 

Soil loss 
per acre 

Ton• 
1. 29'i 
.123 
.396 
.001 

0 

0 

.150 

.110 

.252 

.153 
0 

.001 
12.206 

2. 941 
0 

0.002 
.009 
.005 

0 
4.M3 
0 
0 
5.694 
.002 
.016 
.315 
.257 

24.949 
.131 

0 

1 Plot 1, hair length ¥-roo acre; plot 2, double length, ;.f;o acre: plots 1, 2, 3, 5, 8, winter wheat-summer ranow; 
plot 7, spring wheat rcrtilb:c<!; plot 4, 4-yearrotation (swcctclover, swcctclover under in June, winter whc~t, 
spring wheat); plot 5, subsotlcd; plots 9, 10, 11, 12, 4-year rotation (peas and swcctclover, clover under m 
June, winter wheat, spring wheat); plots 14 and 15, desurraced, winter wheat-summer Callow. 

TABLE 29.-Runo.ff and soil losses from the crop rotation plots, July 1, 1988, to 
June !JO, 1942. Palouse silt loam soil, SO-percent South slope 
JULY 1, 1938 TO JUNE 30, 1939-PRECIPITATION, 15.38 INCHES 

Plot No. Crop condition 

3 .• -·---------- Summer wheat stubble .••••••••••••••• 

tff~~~~j~~j~~ ·i~~~~1~1:~:~~~j~~~~~~~~~~~~~~ 
12 •• ----------- Summer wheat stubble _______________ _ 14------------- Winter wheat 

~~~~ ~i1~~'~;~~ 
See footnotes at end or table. 

Rotation 1 
No. 

2 
6 
8 
7 
1 
3 • 5 
2 
6 
8 
5 
I • 7 
3 

Runoff 

Inch a 
0.058 
.015 
.066 
• 061 
.058 
.095 
.045 
.169 
.133 
.023 
.156 
.092 
.260 
.183 
.357 
.507 

Pucem 
0.38 
.10 
.43 
.40 
.38 
.62 
.29 

1.10 
.86 
.15 

1.01 
.60 

1.69 
1.19 
2.32 
3.30 

Soil loss 
per ncre 

Tono 
noo1 
.001 
.002 

0 
.028 
.002 
.002 
.023 
.018 
.002 
.002 
.003 
.017 
.072 
.946 
.088 
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TABLE 29.-Rtnw.ff and soil lt?sses from _the crop rotation plot8, Julr1 1, 1988, to 
June 30, 1942. Palouse stlt loam sod, So-percent south slopt--Cm1tinucd 

1 LY 1, 1939 TO JUNE 30. JI).IO-PRECIPIT.\TION, 16.36 INCHES 

Plot No. Crop condition Rotation 1 Runoff No. 

Inchu Pa=t 
2 1. 001 6.12 
6 0 0 
8 0 0 
7 • 74.4 .... 
1 0 0 
3 1. 443 8.83 • 1. 321 8.08 • .000 .04 
2 0 0 
6 • 9·11 5. 76 
8 .613 3. 7/) • 1. 4f.9 8. •• 
1 1.8:16 ll.ZI • .104 .M 
7 0 0 
3 .f't)2 .38 

JULY 1, 1940, TO JUNE 30, 1941-PRECIPITATION, 26.59 INCHES 

3 •• -.---------- Summer wheat stubble .......•..••.••• 
4 .• ------------ RouJCh plowing _________ .. ____ ••. ------
6 .• ------------ .••.• do ..... -------- ___ .----------------
7.------------- Winter wheat stubble ..... _ •. _--------
9. _ ------------ Winter wheat ... ___ . ______ ------------
10 ___ . --------- Winter wheat stubble .... -------------
12.------------ Summer wheat stubble.... ----------14._____________ Winter wheat. _______ . ----------------
16.------------ Summer fallow ____ --------------------
18------------- Summer wheat stubble---------------
19 ________________ .do--------------------------------
21..___________ Winter wheat stubble-----------------
22. __ ------- .•• -----.do. ___ ----------------------------
25 •• _ ---------- Rou~h plowing ______ ------------------
28.------------ Winter wheat _____ ..... ----------------
29. __ ---------- _____ do _____ -----------. ----------------

2 
6 
8 
7 
1 
3 
4 
6 
2 
6 
8 • 1 
4 
7 
3 

0.002 
0 
.001 

0 
.049 
.000 
.005 
• ()0{1 
.121 

0 

.003 

.111 

.004 

.00<1 

.164 

0. 01 
0 
0 
0 
.18 
02 

.02 

.00 

.46 
0 
0 

• 01 
.42 
.02 ... 
.68 

JULY 1, 1941, TO JUNE 30, 1942-PRECIPlTATION, 17.68 INCHES 

3. ___ ---------- Summer fallow------------------------ 2 . 0.967 ~50 4______________ Summer wheat stubble _______________ _ 6 .004 .19 
6. _ ------------ •. __ .do _____ • -------------------------- 8 .012 ·"' 7 ____ ---------- "'inter wheat •. ___ -------------------- 7 .034 .19 
9.------------- Winter wheat stubble.---------------- 1 .010 .06 
10 _____________ \\'inter wheat ________ ---------------- 3 .100 .69 
12. __ ---------- Rough plowing 2 _______ ---------------
14. __ ---------- Winter wheat stubble-----------------

4 .007 • 21 
6 . 014 .08 

16.-. ---------- Summer wheat stubble _______________ _ 2 .029 . 16 
18. __ ---------- Rough plowing 2 _ ---------------------
19. __ ---------- ____ .do.--------------------------------

6 .242 1. 38 
8 .245 L 39 

21.-. ---------- Winter wheat-------------------------
22. ------------ ___ •. do _____ ----------------------------25_____________ Summer wheat stubble .... ------------
28 .• ----------- Winter wheat stubble.----------------
29. __ ---------- ___ •. do _____ ----------------------------

• .081 .46 
1 .614 3.4.9 
4 .003 .19 
7 • (!lfl .04 
3 .010 .06 

Solllrnt!! 
perU('rc 

7\on• 
B. OS.~ 
0 
0 
6.ti.'il 
0 

13.9.'~i 
lU.MO 
.~n 

0 
10.511 
6. 52-1 

IS.I\12 
19.15."1 

.121 
0 
.0.10 

0.002 
0 
0 
0 
.004 

0 
.on 

0119 
.208 

0 
0 
.001 
.0:4 
.001 
.<r79 
.142 

15.771 
.014 
.oo< 
.1>12 
.002 
.343 
.103 
.004 
.007 

. "'' . 742 

.2-14 
6 001 

. 011 

.001 
003 

I Rotation No.1, winter wheat-summer fallow: No.2, spring wheat-summer fallow; No.3, wtntcr wheat.. 
peas; No.4, spring wheat-peas; No.5, winter-wheat-peas and spring wheat under; No.6, spring wheat-peas 
and spring wheat under; No. 7, winter wheat-llubam clover under; No. 8, spring whcat..Hubam clover 
under. 

I 'l'he furrows were placOO at right angles to the contour when the pea la.nd ln rotation 4 and the green· 
manure land in rotations 6 and 8 were plowed in 11138 and 1939. It Is believed that the high erosion I~ 
on these plots In the spring or 1940 were caused, to a large degree, by this practice. Contour tillage waa 
practiced in 1940 and 1941. 
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TABLE 30.-Surfau runoff and soil loss in runoff from graded terraces 1 with different 
vertical spacings, 1932-38 

Date 

A VCr8J!"C rate of 
rainfall for To- Total runoff Soil loss per acre 
period of- tal 

' 5 15 30 rain- Ter· Ter· Ter· 'l'er- Ter- Tcr- .Ter· Tar
min- min- min- fall race race race race race race race race 

Crop 

utcs utes utes 3, 3A' 4 5 3 :1 3A1 4 5 ----J-==- -- -- ---------------- --,--------
/n.ptr ln.ptr Jn.per 
hour hour hour In. ln. In. In. ln. Ton.s Tona Ton& Ton.s 

Jan. 9......... 0.16 0.16 0.15 0.49 0 ----- 0 0 0 _____ 0 10 
Jan.ll •••••.... 33 .33 .30 .69 0.02 .•••. 0,02 0.030.100 ....• 0.0780.096 
Jan.IS .•.••.••• 16 .16 .16 .66 .14 •..••. 05 .11 .02.'i _____ .015 .oao

1 Fob.21-22 .• __ .•••...•.••.•••.••• 09 .03 .•.•.• 01 .01 .004----- .002 .001[ 
Feb. 23 .....•. ------ ....•....••. _____ .08----- .04 .01 .Oil----- .009 .001 
Feb, 24 .....•••.••••.....•. ------ .12 .10----- .09 .07 .057 .••••• OS3 .004, 
Feb. 25 ....•••• ------ ______ ------ .08 .04----- .06 .09 .023. ____ .035 .045 
Feh.26 ....•••. ------ ______ ------ .04 0 0 .010 _____ 0 .0061 

Feb. 27-28 .•••• ------------------ .21 0 .••.. 0 0 0 .. ,.. •. 0 · 0 \ 
Mar.H .••.•• ------------------ .26 .02 ....•. 01 .00 .046 _____ .022.100 
~tar.l7 ...•.•.• 18 .17 .14 .55 .01 .••... 01 .04.034 ...•.• 022.102 
:\far. lB ..•.••. ------------------ .41 .05 •..... 04 .08 .170 ...•.. 274 .205. 
:\far. 19 _____ ------ ------ ______ .14 .02 _____ .02 .03 .052 _____ .0116 .092 
:\lar.20 ----------------------- .11 .01 •..... 01 .01 .025 ...•.. 034.030 
:\far. 21. ...... -----· ______ ______ .16 .01 _____ .01 .02 .025 _____ .042 .054[ 
:\far.24 ........ 30 .24 .21 .45 .17. ••... 16 .17 .fi86 _____ .716 .664 
:\tar.27-28 ••... 42 .32 .24 .73 .45 ...•.. 40 .323.070 .... 2.455 .9101 

:::~:.~~~~-: :::::::::::::: :- ,16 ,:~! ::::: :~! ,:~1.:~~ ::::: 3:~:,.:: 
1'-. ... --··=-=== (') (~ (~ (') -----=== 

Dec.l9 .•.•.••. 12 .12 .12 '.64 .16 .07 .13 .16.003 .oos .004.004 

Winter wheat fol
lowing Peas. No 
vegetath·e cO\'Cr. 

~ov.16 ........ 13 .13 .13 .71 0 0 0 .010 o o .002! 

Dec.20 .•••••• ------------ ___________ 0 0 .01 .020 0 .001 .001' 
Dec. 23 .•....•• ------ ------ • .• . 01 0 0 . 02 0 0 0 0011 WI t h 

1 1 
b 

Oec.26 ......... 16 .16-- ."15·-_-z; .51 .48 .62 .33 .015 .040 .011 :oo7 bJcerw ea su • 
Dec.27 ......•••••••••...•.•.•..• '.04 .03 0 .04 .02.0010 .002.001 · 
Dcc.29 ...••• -::.:..:.:.:~~~~ ·.03~~-·- .002.004.001 

~::~--r~~-:..:.:.:..:::.:.::.:.::.:.:.::.::.:..:.::..: .76 .ss .86 .rlO.Ot9.047.022.ot7 

year .•••• ------------ ______ ............... 1.81 1.64 ..... _____ 3.9412.406 
I~ ===·========= 

i:::t:::::::::::::::::~~~::::~. ':J~ 0
.05 :~ :8: 0

.02-.-002 :&!88 0 
Jan.7......... .12 .12 .12 .55 .06 .17 .03 .07 .006 .023 .002 .004 
jan.:··-······ .16 .16 .08 .26 g .14 g .01. ..... OHL ..... 001 

~t=m : : : ·~ :* •~ ··.~~ ::; :~;; ::~ ::~ ::~ 
-- .02 .002 .059 .002 .005 

TotaL ••.• :.:.:.:..:.:.[·:·:·~~=~l.7il."i5---:6i .021J .511 .067 .027 

:=::~~:~:::: ::: .J. - -~ ~·) ~·~, ~·) ~·) .. =-~- ........ 
~o,-.2________ .ao .22 .1s .91 .o5 :10 o o -·oos -~ ----------
Nov. a .. ______ .48 .28 .22 .50 .12 .38 .02 .06 :102 :220·:02i ·:042 
Re~-:--------- .48 .32 .20 1.82 .46 .64. .u1 .15 .93tt.OS7 .286 .m 
D . ·•••••••• ------ .20 .04 0 0 0 044 

g~:~o:::::::: :~~ ···:: ---:~t 1:~ :~ :~~ :~ :~ :~~ ·:gsi -:~og -:~~~ 
0~- g-------- .20 .12 .10 .16 .o3 .01 .02 .01 .002 :J~ .004 .oo5 
0 : 13:·------ ------ ------ ------ .17 .os .02 .03 o .004 .009 .ooo ____ _ 
D~ u ------- ----i2 ·----- ------ .13 .07 .05 .04 .03 .125 .042 .054 .028 
nt'C·t -------- • .os .oo .10 .04 .o5 .02 .o2 .035 .021 .010 .oos 
n · 1;-------- · 18 .1o .1o .65 .Zl .as .t9 .to 122 .142 012 021 
0~: 20-------- .03 .03 .02 .1a .to .16 .oo .04 :OM .004 : 034 :oos 
Dec 21··------ ------------------ .25 .15 .17 .09 .04 .238 .064 .034 .013 
nee' -------- •24 .18 .16 .18 .14 .13 .10 .oo .230 .050 122 102 
nee:~-------- · 72 •28 .14 .79 .47 .57 .40 .331.2101.122 :110 :476 
Dee 24··--·--- ·-·-·- ...... ------ ---- .OS • 21 .04 .03 . 299 .471 .158 .064 

DC(!~2:i~::~: ::::::1:~:::· ~~L :~~ LL_. _._. :~i: ~=~== ::=== 
Total·;~- .:...:..:...:.:_.:.........:...._ 1 ~.:....:..:...:. 2.00 4.23 1.86 1.244.5-134.5992.0531.203 

'ear .... J ..... .i.. ... J .......... 3.46 6.94 3.01 L8.14.56216.1102.120L230 
See footnotes at end of table. 

Ground con'r or 
winter wheat 
stubble. 

Winter wheat on 
summer ran ow. 
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T ABI.E 30.-Surface runof[ and soi~ loss in runoff from graded trrraces 1 with different 
verltcal spactr1gs, 1982-.'18-Continucd 

Axero~c rate or I 
rai1_1ran ror To- ,I Total runofi 
period o(- tal 

? 15 30 rt~fJ 
1

Ter· ''f<'r· 'rer- 'l'cr- Ter-ITer• Ter- ·Ter• 
mm- min· min- race race race rooo race rnoo moo , rlil'6 
utcs utes utes 32 3AJ 4 5 31 3A1 4 \ 5 

---,.-,-4--1 ~:; ~:; ~:r -- -- -- -- -- -- -- --~--
hour hour hour In. In. In. In. In. ToM Toru Ton&·l1'oM 

Jan.2 ________ 0.12 0.10 o.os· 0.21 o o.ooi o.ot o -··:.··,o.OI2i0.007 __ .. 
Jnn.3 .....•..•. 24 .20 .18 .37 0.23 .24 .. 12 O.ll:0.4t0 .3t2' .14YO.I27 
Jan. 4--------- ------------------ .04 .01 .osj 0 0 1·0021 .oc.l9' _____ l ____ _ 
Jan.5 ........ - ------------------ .•••.. 01 .03~ .01 .01 .002 .0011.002 .002.· 

Soil loss per nero 

Date Crop 

~~~:~~:~::~::· --·:24·-·:is···:is··:ai 
0
.02 :ril 0.03 °.oal·:ooo :~~-.-00611-.-oiaj ~~~: l~:::=:::: -··:iS ···:12 ···:iO ··:25 °.oo :?~ 0.oo 0

.04. ·:iOO :~ ·:044 ·:020' 
Jan.t7._. _____ .48 .20 .12 .14 .01 .n .MI .O.'i! .118 .018).0361.0261 '~~~~~c~r;,j(~w~n 
Jan. 18-21. ...• ------------------ .10 .04 .30 0 .02 .028 .049 ()(WI 
Jnn.22........ .24 .16 .14 .74 .28

1
1 .ao: .151 .n! .728 .684 ·:aiS, :3~1 

Jan.23....... .24 .18 .16 .26, .181 .22, .13· .09 .472 .09 .zi61 .2HD 
Jan. 24--77 ..••...•.•. ------------ .061 0 1 .08. 0 I 0 1_. ...•• 013 ...•....•. 1 

~tar. L_______ .30 .28 .20 .68 .04 .03 .07 .ot
1 

.M4 .031 .078 .107, 
::\tar. 2 ........ ------------------ .12 .OJ .01 .04 .05 .001 .001 .044 .Oi71 
:\lar.5....... .30 .20 .20 .69 .24 .18 .17 .14 .157 .10-1. .200 .158 
~~~~: ~tO"itiO(i ...... ------ ------ ----- .01 .oa .01 .01 .002 .001 .0041.0041 
Ju~~ i-iO-n(.C:· ···--- ·----- ···--- ----- 0 0 0 0 --- -----

1 

----~~Winter" hent disk· 
31__ ·------- ------ -··--- •..... _____ o 0 o 0 _________ ...•• edafterllflnest. 

'f~t:~r.~~~- ==~=c~~~~~-:!::!1. 70011.170)= 

'·ri. 1t~~~:: ______ _i ___ J __ J ___ (3)1 (3) (3)1 (3) ___ __i __ ) __ J __ __ 
19S6 =.====·=====1== 

Jan.l-2....... .24 .16 .141 .000 f.0220 .016 0 1-002,0 .001 
Jan. 3-4_______ .24 .24 .18, 1.171.005 .046 .008 .017 .oot .ooo;o .001 
Jan.D......... .24 .16 .12 .43 .0170 0 .013 .0020 1'0 .001 
Jan.l{)-1!L. .... 24 .12 .12 1.76 .219 .645 .011 .316 .122 .tfJ6 .003 .078 
Jan. I-t........ .06 .06 .041 .07,0 .043,0 0 0 .0030 ,0 , 
Ja.n. HL .....•. ------ -----· ..•... 1.280 .018

1
0 0 0 .001

1

·0 '0 ~ 
Feh. 24-2D..... .06 .00 .05 .40 .385 .436 .047 .807 .047 .047 .0081.088, 
Mar.2 .. ______ ------------ ........... 027 .004 .OOS .020 .002 .003, .001 .010 
~~:~: 30:\i-.iO- ----------------------- .0040 0 .010 .0010 0 1.01)2 

Dec3l ______ ______ _ .... (') (') (I) (') __________ ...• _ .I 

T~~=~ror ===[~~-::~~~--:~~~~ 

Winter wheat 
rollowln~t 
summer fallow. 
No VCI!l'tnth·e 
cover until 
April. Whi'Dt 
stuhhll' dl-.kerl 
after honest. 

Jan.11~Dec.1===1===·=====:=i 
10 _ -.·------ ..... ______ ·----- _____ (1) (I) (S) (') ............... 

1
' ..... ·~nl-.kffl wheat

11 Dec. It_______ .24 .24 .22 .asn o .002 .005 0 0 ... 004 .002 stuhhleunt 
Dee.\7 ...... ' .24 .12 .12/ .2:\.6160 .007.015.017 0 .002.0031 :\lay. Summer 

------------------------ fallowed anrl 
Total for I I I I 1 I seedl'd to winter 

year .. ___ I .................... 6160 .009 .020 .0170.000 .005 when~ in 

1938 ===== ===-~--~ Octo er. 

Jan. to-ts ... ' .24 .. 18 .12 .67 .0270 o .027 .0130 o .023 
Jnn.lS-23 ........... -·---- ..•..• 4.41 .033 .025 .010 .030, .036 .012 .012 .M61 
Fch.2.'l-26 ..... ·---- ------ ______ ...... 02DO 0 .0011.0010 I 0 .000

1 

Ff'h.2fr28 ................. ------ ...... 0160 .009 .0171 .0000 .000 .001 
Feh. 28--Mar. 2 ···- .. ______ __ ..•.. 027 o .013 .013: .007 o .009 .oot 
Mar.2-3..... .12 .08- :oo- .110 o .001 .on1o o .007 .OIJ3 
Mar.3-5...... .24 .15 .141 .25 .on .005 .005 .016, .om; .002 .003 .005 
Mnr.H-t!L •.. 12 .12 .08 .44 .on .003.007 .0!7j.004 .001.003.0011 
Mnr.lli-16 .• ~. .12 .08 .08 .25 .017 .oosi .013 .009 .007 .003 ,005 .002: 
Mar.l5-22 ...................... 41.04 .016 .0061 .010 .020 .024 .001 .007 .OO.'i 
Mnr.22-24 .... -----· ------ ....•.. 02 .021 .0151.030 .091 .001 .001 1 .0031 .Oifi 
M8'.24-26 ____________________ ··--- .oooo o o .ooolo __ o_;~_-

T~~~l~~~)~ ~===~2t4,~~~~~~ .lOOI_{Hgl_trNi 

Winter wheat 
rollowlnlt 
:-~ummcr fallow. 
So vegetative 
cover. 

1 ReP table 2 for description of terra~. , , 
21o Octohl•r 1932 terrace 3A was constructed to reduce vertical Slmcln~ of tt•trn('l' 3 .rum ,15 to 2? f{'('t, 
, Xo runofl for following periods: Apr. 3-Nov. 15, 1932; Mar. 4-0et. 28, 1933; Jan. I-Dee. 31, IV35, Mar. 31-

Dl'C. 31, 1936; Jan. 1-Dec. 10, 1937. 
tSnow. 

fi!'"t2021 °-4-1--6 



70 TECHNICAL BULLETIN 860, U. S. DEPT. OF AGRICULTURE 

TABLE 31.-Sutjace runoff and soil loss in runoff from graded terraces 1 of different 
lengths, 1932-38 

A \'erBI!"e rate of 
rainfallfnr period Total runoff Soil loss per acr(' 

or- To· 

Date tel 
rain- Crop 

• •• 30 I all Ter- Ter- Ter- Ter- Ter- Ter-
min- min- min· •ace <ace •ace '""" '""" , ... 
Utes Utes Utes 2 5 6 2 5 6 

---/-------------------~------
Inch Inch hicA 

1~1 f~r h~~r , f:r Inch Inch Inch Inch Tom Tona Tom 
Jan.O ......•. 0.10 0.16 0.15 0.40 0 0 0.01 ___________ 0 
Jan. II........ .33 .331 ,30 .6~ 0.24 0.03 .02 0.762 0.091'1 Q.031 
Jan.18 ..•...... 16 .to' .16 .66 .03 .11 .em, .005 .030 .025 
Fcb.21-22 _________ •...•. .09 .07 .01 .01/ .010 .001 0 
Feb. 23........ ...... ••.... ...... ...... .08 .01 .01 .011 .001 0 
Feb. 24 ....•... -··--- ------ ..•••. .12 .15 .07 .05, .021 .004 .001 
Feb. 25 ....•••• ------ ------ ...••• .08 .08 .00 .08' .011 .045 .004 
Feb. 26 ......••....•.••..•• ______ .04 .03 .01 .oa: .004 .006 .004 
Feb.27-28 ..... ------------ ______ .21 o o .os· .mn 
~=~: ~----··---··.-iS ---_-i7 ---.-14 ::g o· 03 

::: :5~~--~~~ : ~~ :~ 
Mnr.18 --------------------- .41 0 .08 .08·------ .205 .154 
Mar.m ..•. ------------------ .14 o .03 .oa

1
· ______ .092 .053 

Mnr.20 __ ....• ------------------ .11 0 .01 .01 ______ .030 .200 
Mar. 21__ ----- --·--- ------ __ .16 0 .02 .02

1

1______ .054 .102 
Mnr.2-4 _______ .30 .241 .21 .45 .04 .17 .14 .116 .664/1.006 
Mnr.27-28..... .42 .32\ .2-4 .73 .23 .32 .52 .666 .910

1
3.873 

Apr.2. ------------ ... __ __ .16 0 .01 .01 ...... 048 .038 

TotaL .. __ ------~==~~- .98 1.04 1.35. 1.69312.388: 5.639 
Apr.3toNov. ------------------

12 ..••. ----------------------------- (2) (2) (1) ------------------========== No\'.13 ____ ------ ___ __ __ 0 0 .05 -----· ______ .033 
No,·.15 .15 :1s ·:i4 ---:47 o o .07 ____________ .013 
Nov.16 ----- .13 .13 .13 .71 0 .01 .15 ______ .002 .040 
Dec.19________ .12 .12 .12 J.64 .11 .16 .21 .002 .004 ,010 

Winter wheat follow
ing peas. No vege
tati\'e cover. 

n~: ~~~~~~~== ====== ====== ====== ====== o·
07 :~ :8~ --~~~ o'

001 :~i 
ec. -------- .16 .16 .lli '.'J:l .18 .33 .i4 .006 .007 .020 Winterwhentstubble. 

~~: ~:::::::: :::::: :::::: :::::: i.~ o0 ._0042 .os ______ .001 ._oo
00

1
1 • 00 ------ . 001 

Total. ...•• ~~~~~~----:"601.46 ~ --:olii ~ 
Tolnlro,,..., ..... -/·····/ ............ 1.34 1.6-1/ 2.81/1.7~1[2.404 5.760 

1988 ----------===== 
j:ri: !:·::.:::: :::~=~ :::~:: :::::: ':~ :~ 0.02 :~1 .001------ .003 
Jan.7. ________ .12 .12 .12 .55 .12 .07 .18 :~ 0.004 :~ 
80.8......... .16 .16 .08 .26 .01 .01 rJl 0 001 002 

Jan, I) ____ --- ...... ------ 08 0 0 ·04 · · 
F('b. 21. .... _ · 

0 
- ------ ------ .001 

Jt>b. 27_ . 12 .08---.-07 --·:22 -~ 40 -~ 0 005 ···oog 0 005 

F~~:~t_::· •.oo g· g· :02 .. ~--- --~--- o· 

if~;~-- ... ·- -- · ---- ---_-i2 .05 0 O.Ol .. :OOi :::::: 0 ___ Oroundcoverofwinter 

M:f~L~~~~:~~ ··:·:~ -----~ _··:i6 ·--_-~ :&i :~ :~ :~ :~i :~ wheat stubble. 

Mar.s______ ---------- ··---· O O .04------------ .ooa 
Mnr. 7.... ______ ~=:~:: :::::· 1_25 g g .03------------ .002 
Mar. !t.... ______ ______ 0 0 

·~ ------ ------ ·~ 
Mar.0-12 _____ '.37 o o :o.s:::::: :::::: :012 

Total. .... ___ -.. -.-.----:84'~1.77~~ .Oii~ 
Ator. 13 to--;--=.--==,= == 

Nov.2. ...... ='--·-·I ..... I ...... (') \ ('I [ (') [ ...... -····- .... 
-----, I = 1--,=== 

See rootnotes at end or table. 
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TABLE 31.-Surface runoff and soil loss in runoff from graded terraces 1 of dijft•rr11t 
lengths, 1932-38-Continued 

A ''eraJ!,'e rate of 
rainfall for period Total runofl SoU loss per acre 

or- To-
Date tal 

rain-
Ter- I Ter·l 5 15 30 [all Ter-1 Ter- Ter- Ter-

min- min- min- race race '""' race rare I rBl'C I 
utes Utes utes 2 5 6 2 5 6 

------ --
Indo I11ch Inch 

Tonal 11m• "" "" "" 19!3 hour hour hour Indo Indo Indo Inch 11m• 
Nov. 3 _____ o. 48 0.28 0.22 0.50 0.04 0.06 ('1.01 0.000 o. 042j 0. 009 
Dec. tL .... .48 .32 .20 1. 82 .15 .15 •. 25 . 212 • 222 • 35-l 
Dec. D ••••.•••• • 21 .18 .18 1. 53 .48 .33 1.80 . ~34 .191 .800 
Dec. 10 ........ . 12 .08 .08 . 31 .00 .04 . 10 .043 .023 . 108 
Dec. IL ....... .20 .12 .10 .16 .oa .01 .02 .000 . 005 .010 
Dec. 12 ........ . ----- ------ ------ .17 .02 0 0 .004 ------ ------Dec. 13. _______ .13 .03 .03 .03 .024 .028 .028 
Dec. 14 ... .12 .08 .06 . 10 .04 .02 .02 .016 .008 .006 
Dec. IS. _______ .18 .10 .10 .65 .35 . 10 .08 .038 .021 .021 
Dec. Ul ....... .03 .03 .02 . 13 .26 .04 .03 .068 .008 .008 
Dec. 20 ......•. ···:is . ·---- .25 • 21 .04 .04 • 233 ,013 .013 
Dec. 2L .24 • 16 .18 .07 .06 .10 .078 . 102 . 102 
Dec.22 ....... . 72 .26 • 14 • 79 .55 . 33 .39 .842 . 476 .476 
Dec. 23. _______ ------ -- ---- .08 .03 .03 . 192 .064 .064 

TotaL ..... 2. 40 1. 24 I. 00 2. 002 1. 20.3 2. 005 
====== === 

Total for 
year _____ ............ . 3.24 1.85 3.67 2.039.1.230 2.1~ 

========== ,.,, 
JIU\, 2_________ .12 .10 .08 .21 .03 o. 
Jan.3 _________ .24 .20 .18 .37 .24 .11 
J!Ul. 4 _________ ---·-- ------ ------ . 04 .01 0 
Jan. 5 .••.•...• ------ --·--- ------ ------ .02 .01 
Jan.13 ......... 24 .18 .18 .31 0 .03 

0 .028 ------ ------
.13 .305 .127 .128 

0 0 ------ ------
0 .006 .002 --·--· 
.01 •.•.••• 013 .001 
.01 .009 .• 020 .000 

Crop 

Winter wlll.'!tl on ~um
m~r fallow . 

Jan.16 ......•.. 18 .12 .10 .25 .01 .04 
Jan.17........ .48 .20 .12 .14 .06 .05 
Jan.lfl........ .12 .10 .06 .15 .01 .01 
Jan. 21. _______ ------------ ------ .04 .01 .01 

.01 .000' .026 .006; Winter Wh~,>at on sum

. 01 · oog: · 002 • 003· mer fallow. 0 .009 .002 ....•. 1 
Jan.22 ......... 24 .161 .14 .74 .11 .11 
Jan.23 ......... 24 .18

1 

.16 .26 .12 .00 
Mar.l......... .30

1 

.28 .20 .68 .01 .07 
Mar. 2 ... _____ -----· ...... ...... .12 .01 .05 
Mar.s........ .30 .20 .20 .69 .02 .14 
Mar. 6 ............... ------ ...... ------ 0 .01 
Mar.7toJune 

.17 . 226: . 328 • 3101 

. 12 . 2441 . 269 . 2191 

.05 0 .107 .0401 

.o1 001: .Oii .<»l 
• 19 • 1)(13: • 158 . 008 

0 .001 -·----

Jufr~~~~~~~~~ ~~~~~~ ~~~~~~ ~:~~~~ ~~:~~: : : : ~~~~~~ ~~~~~~ ~~~~~~~~w~~~r~~~:_ dlsked --------------------1 
Total.. .. ------------)------...... .66 .73\ .nl .930~1.135 .815; 

Jari. \~~~~~:. ------ ...... j _____ J _____ (I) (I) r(l) !.. .... ------ ----~ 
========--= 

19.'16 
Jan. t-2 .... ___ . 24. • 16 . 14 
Jan. 3-t. ______ . 24 • 24 .18 
Jan.9......... .24 .16 .12 
Jan. 16-:12.. ... . 24. .12 .12 
Jan. 13-Feb ................. .. 

29. 

.00 _____ _ 
1.17 .012 
. 43 ------

1. 76 . 047 
~.78 .044 

Mar. 2 ............... ------ ------ ------ ------
Mar. 30 ........ ------ ------ ------ ------ ------
Mar. 31-Dec. ------ ------ ~----~ ------ (2) 

31. 

.016 .007 ------ .001 0 

.017 ,009 0 .001 .001 

.013 ...... ------ .001 . 

.316------ .005 .078 
,807 •.853 .002 .088 

.020------ ------ .010. 

.010 ------ ------ .002 
(') (~ ------ ------ . 

'.046 

Total.. ........ __________________ .103 1.199 .889 .001 .181 .047 

========== 
t91J1 

Winter wheat follow
ing summer fallow. 
No VCJ!:etatlvc cover 
until Aprn. Wheat 
stubble diskcd after 
harvest. 

Jan. 1 to Dec. ---·-- ------ ------ . ----- (I) (I) (2) -- -- · - · ----~Disked wh~at stubble 
to. until May. Sum-

o~c.ll ------- .24 .24 .22 .38 ----·- .005 ·--- ...... 0021 mer-followed and 
Dcc.17........ .24 .12 .12 .23 ...... 0151 .002 • .003 .001 seeded to winter 

-----------------oo;r-----oot' wheat in October. 
TotaL •• ------.~-----------------· .oro! .002!------~~ · 

See footnotes at end ot: table. 
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TABLE 31.-Surface rurwif and soil loss in runoff from graded terraces 1 of different 
lengths, 1932-38-Continued 

Date 

Total runoff Soil loss per acre 
o(- To-I 

Avrrn5!erateof I 
rainfall (or pPrlod I 

1-----\ tal 1----,--....,..--1----,--...,---1 
min· · min· i min- race race race race race race 

' Ute."i : Utes Utes 2 5 6 2 5 6 

Crop 

I 5 ~ Hi 1
1 ao 'r~W~ Ter· Ter· Ter- Ter- Ter-1 Ter· 

-----:-1---------1-------
:, Inth \ Inch I Inch 

1938 foe:, ' f!r i foe:, /11ch Inch I11ch I11ch Tom Tom Ton1 
Jnn.lD-15 ..••• 0.24 0.18 0.12 0.67 ...... 0.021 0.008 ....•• 0.023 0.019 
Jan. ts-Z:L.... 1.30 .030 .009 ------ .046 .013 
Feb. 24-2.5 .•.•• ______ ------ ..•..•. . •..•• ______ .001 ------ ______ 0 
•• ('h. 25-26 .••.• ----- ------- ,007 ------ ·----- 0 
Feb. 2&-28 .•.•....•• ------ ..•• ______ .017 ______ ·----- 0 
Feb.28-~lnr.2l .•..• ------ ...•. ______ ••. __ ,013 .005 ______ .CMH .002 
~tnr.2-3. __ .12 .os .06 .18 ..• =-- .on ____________ .003 ..... . 
:\tnr.a-s. ____ .

1 

.24 .Is .14 .25 ....•.. 016 .005 ______ .005 .002 
Mnr.l4-1L... .12 .12 .08 .44 ______ .017 .004------ .004 .001 
:\tar.l.'i-16 .•... Fl2 .08 .08 .25 ______ .009 .008 ______ .003 .002 
:\lar.16-22 ........... ·----- ...... '1.04 ...... .020 .007 ...... .005 .001 
1\lar. 22-24 ........... ------ ...... .02 ______ ,091 .008 ...... .016 .001 

---1------
T~~aJ~~!): ...... ------------ ------ ------ .2.581 .055 ...... .106 .041 

1 Sre tn. ble 2 for description of terraces. 

Winter wheat follow
ing summer fallow. 
No vegetative cover. 

1 :s'o runoll for following periods: Apr. 3-Nov.l2, 1932; Mar. 13-Nov. 2. 1933; Jan. I-Dee. 31, 1935; Mar. 
31-Dec. 31, 1936; Jan. 1-Dec. 10, 1937. 

lSnow. 
1 Sltulrrel hole under terrace 1,.500 feet from outlet wn.s plugJ!:ed at 9:30a.m, 
1 Squirrel hole under terrace 300 f~t from outlet was plugged at 10:30 a. m. 



TABLE 32.-Surface runoff and soil loss in runoff from terraces 1 with different grades; 19!JS-38 

n ... 

A vcrago rate of rainfall 
for period or- Total runoff Soil loss per aero 

• ~ w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
min- min- min- race race race race race race race roco race race 

Crop I~I':'O::::'! I I I 
--------l--u-tes_~~---~--'"---"---'"-~ ~--'" ___ '7--:--'"-+-"-'-·-------------

193! .:~~~ur p<~nt:ur ~n~~ur Inch Inch Inch Inch Inch Inch Ton I Ton• I Ton• I 7bn• 
Jnn.IL_.______________ 0.16 0.16 0.15 0.49 -----·-· ........ -··----- 0.02 ------------------------ -------· 0.001 
Jan.ll________________ .33 .33 .30 .69 0.02 0.02 .21 -------- ........ 0.045 0.0.10 1 1.o.12 
Jan.l8 ................. 16 .16 .16 .66 0 .02 .12 ......................... 001 .0·10 
}<'('b. 21-22 _____________ -------- -------- -------- .09 0 0 .08 -------- -------- -------- -------- .008 
F('b. 23-24------------- -------- -------- -------- .12 0 0 . 14 ------ -------- -------- -----·-- .01-1 
}'t'b,25. _______________ ------------------------ .08 .01 .01 .11 ~~------ -------- .002 .001 .010 
F('b, 26 ....•.••.••••••. -------- -------- -------- .04 ------·· 0 0 .06 -------- -------- -------- ..... .006 
F('b, 27 .•••.•.••.•.••.• -------- -------- -·------ -------- ·-·----- 0 .06 .07 ___ -------- -------- .032 .072 --------~ 
Mar.s ________________ ------------------------ ________ -------- .01 .02 .11 ---- · .003 .004 .042 --------
Mnr.6 ...... __________ ---------------- ............... -------- 0 0 .06 . ---------------------- ------·- .064 
Mnr.l7 _______________ .18 .17 .14- .55 .02 .06 .09 -~-------------- .030 .104 .132 
Mnr. 18.-------------- -------- -------- -----·-- .41 .06 .17 .21 -------- -------- .195 . 983 1. 870 Mnr.HL ______________________________________ .14 .02 .03 .03---------------- .010 .110 .211 
Mnr. 20 ............... -------- ........ ________ , 11 .02 .03 .02 ........ -------- .010 .110 . HO 
Mnr.2L ................. --------------------- .16 .01 .03 .05 --------------·- .056 .103 .210 

Ton 

Mnr.24 ................ 30 .2-1 .21 .45 .18 .14 .20---------------- .5fl8 l.OSU 1.7f.S 
Mnr.27-28____________ .42 .32 .24 .73 .35 ,48 .55---------------- l.lfi6 2.ti.~O 3 .• '1!i-l 
Apr.2.................................. .16 .01 .02 .02---------------- .045 .101 .002 

TotaL .......................... I ........ I ........ ~ .71 1.09 2.15 ....... ) ........ ) 2.130 5.315 9.2116 ....... . 

Apr. 3 to Nov.liL. .... --------1 ........ \. ....... 1........ (') (') (3) I (1) (') )-·------1--------1-------- -------- --------
Nov. Hi. ........... _.. .13. .13 .13 .71 0 .08 .02 .04 .07 ........ · .OH ,Oitl .013 .021 
n('c,l\L______________ .12 .12 .12 '.M .01 .10 .02 .03 .o..~ .001 .00-1 .001 .oot .om 
D('c.20 ................ -------- ........ ........ 0 0 .01 .02 .03 ,02 ..... .l"llll .001 .lXII .filii 
Dl•c.2li................ .16 .16 .15 1,71 .21 .24 .22 .27 .49 .002 .003 .02.'1 .0:?5 .0:14 
Dt'c.:.l'l ................ ------------------------ .04 .07 .01 .03 .05 .OS .002 ,00\ .OIIl .007 .OIIR 
Dl'C. 28 ................................ -------- 0 .01 .os o .04 .001 .1101 .tlt14 
nee. 29 ................ ________ ........ --------1 .30 .05 .02 .03 .04. .11 .oo2 .om 1 .oo2 .008 .015 

"'""''- ______________ ==:r:-~-=1==:, ~i---:341-----:-.7 -:a.r--:w,-:so,---:;;;rr-1----:w.l-----:o;s ~ -----:;;s.-
'l'otauory('nr ......... 1. ....... 1--------!--------l----··:..:.1 1.18, 1.4~1 2.ti1 1 ...... -!----~-~~ 2.1S5I 5.:\:i~. 9.:i21 ....... . 

Sloe (ootnot('S nt cntl or Ln.hlo. 

Wint('r Whl'nt rnllowlng ~[L'{, No 
\'('!!t•tnti\'f' l'O\'l•r. 

Winter whcnt !ltuhhle. 

~ 
rn 
~ 

0 z 



TABLE 32.-Surface rurw.ff and JJoilloJJIJ in runoff from terraces 1 with different gradeJJ, 1952~38-Continued 

Average rate or ralnCall 
for period or- Total runofl Soil loss per Bert• 

1--~-~---11'otal 1--~------~---1--~----------1 

____ n_._ .. ____ , __ ::-_l_.'!_·_~ __ ::-_:.._~~-- ~:~ 7~~- ~r; / ;r ;F I ;r I ~F. ~:~ ~~ ;f I ;r ~F. ___________ C_ro_· _____ _ 

Inch Inch Inch 

~ "-"-"~·------- ~ ~ ~ ~ Jan. 4 .................... _. •o. 10 0. 02 0. 01 0. 02 0. 34 o. 6-t 0 0 0. 001 0. 013 0. OH 
Jan.:;_______________________ .07 .14 .01 .02 .34 .52 0.002 0.001 .001 .013 .010 

~:~: ~-:.:::::::::::::: ···-o:i2 ···-o:i2 ····o:i2 ·····:ss 0
.02 °.02 °.o:; 

0
.22 :~---o··-- .OOi ---·:ooo ----:Oi6 :g~ 

Jan.s................. .16 .16 .08 .26 .01 .01 0 .18 .25 0 0 .·014 .033 
Jan. D .....•..••...•.....•..... ---------------- .08 0 0 0 .04 .08 _______________ -------- .003 .010 
:FC'b. 21..-------------- ·------- ------------------------ 0 0 0 .05 0 -------- ---------------- .006-- --
Jo'eb.22________________ .12 .08 .07 .22 .02 .01 .03 .17 .23 .001 0 .003 .021 .027 
FC'b. 23 ..........•...•• -------- -----··· ••..•.•• '.66 .03 0 0 0 .02 .001-------- ----··-- __ .003 
Feb.27-28 .....••....•• ---------------- ••..•••. .12 o 0 0 0 .12 ••...... _ ------ ..... 

00 
.. 

7 
...•• _.

04
,. .013 

Mar. 1. .•..• ---------- .••••... -------- •••.•••. ----·--- .06 .01 .02 .18 .14 .005 .002 .017 
Mor.2 ---------·-- .24 .20 .16 .30 .46 0 .01 .lfi .16 .051 ........• 003 .038 o~ 
Mar. a. ------------- •••... _ -··----- -------- 0 .17 0 0 .07 .09 .016 ________ -------- .017 .013 
Mar. 7-10 ......•.......••... _ -·------ ........ •.69 0 0 0 .03 0 ________________ -------- .012--------

TotaL .......... ______________ ~------ --------1 .oo·_ .m .1s 1.11 2.:;2 _ .o75 .004 .ots .100 .197 

Mar. 11 to Oct. 28 ...•• -··----- ________ -------- ----·--- (') (S) (') (') (1) ---------------- ••.••••• _____ _ 
Oct. 29.. • • • .01 0 0 .02 .01 .001 -------- -------- .010 oct.31._::::::.::::.:·---·_-aa···--_-22-----:i6··-·:73 o .ot .01 .01 .03 ________ .oos .Ot4 .oa6 
No\',2 ----------.---. .30 .?2 .18 .01 0 .05 .16 .23 .17........ .6-l4 .218 .058 
No\·,3................ .48 .28 .22 .60 .14 .08 .28 .28 .40 .010 .070 .378 .444 

-.- 00-i 
. 014 
. 041 
. 786 

~::.·6~~~:::::::::::::: -----_-48 -----_-3·2 -----_-20 -- ·i:82 °. M ~- 68 ~- 63 :~~ 0
.01 ----_-352 ·--i."OSO ---2."235 2:~~~ ... 3."688 

R~~:t~_-:::::::::::::: -----.-:zi -----:is--- .1s 1:~ ~-so :~ :~ :~ 1:~ i."220 :g~ ~:~s2 2:~~ 2-~~~ 
Dec.lO________________ .12 .08 .08 .31 1.14 .11 .20 .20 .15 1-0.'lS .069 · .366 .471 :420

1 

Dec.ll................ .20 .12 .10 .16 •.0.1 .03 .08 .08 .08 •.003 .016 .062 .058 .079 
Dec.l2 ................ ~---------------------- .17 '-04 0 .06 .10 .11 •.004 ......... 046 .078 .100 
Dec.13 .. ··---------- ------------------------ .13 •.oo .03 .06 .15 .10 1.008 .035 .142 .335 .310 
Dec.14________________ .12 .08 .06 .10 '-03 .02 .03 .11 .03 1.003 .008 .020 .072 .047 
DC'c.15--16 ............. -··----- .•.•..•• -------- •.50 o 0 0 .04 0 -------- _______ .. _____ .00-l 
lJee.17................. •.15 •.02 .01 0 .05 .13 '-002 .002 · .004 
oec.ts ________________ ."is·····:ta··--·:to .65 •.32 .25 .24 .29 .61 •.oso .092 .uio .224 
Dt>c.10................ .03 .03 .02 .13 1.17 .09 .10 .17 .26 1.026 .038 .046 .151 
Dec.20.............. .25 •.35 .07 .os .20 .16 •.138 .090 .022 .181 
Dec.2L ............... 24 .18 .16 .18 1.12 .14 .O.'J .20 .24 '.04S .129 .012 .181 
Dec.22________________ .72 .28 .14 .rn 1.52 .57 .84 .G4 ,81 •.252 1.225 2.900 2.900 

.042 
• 268 
• 121 
.073 
, Ill 

3, 430 

Ground cover of wlntcr wheat 
stubble. 

Winter wheat on summer Callow. 

00 

"' .o 



Dt~c. :?a ·-· n • • {llcl .Ufi .10 • lti . "I •. "" . 0011 • 635 • 691.1 1.07:i' 
.J)('c, 24 () 0 0 0 .12 .to ________ -------- -------- • 0011 .0061 
J)('C, 2/i 0 0 0 0 .05 .02 -------- -------- -------- . 001 .0011 Dec. 26-27 .. I, 46 0 0 0 .01 .04 ----.-ooi -------- 0 .0021 
Dec. 2S -- ........ .01 .01 .oa 0 .05 .01 .002 -------- .001 . 005 
De~ 

,. -- -· -------- 0 .04 .03 0 .08 .10 .00 .002 .001 .008 
Dec. 30 ·-- .07 0 .01 0 .02 . 10 -------- 0 ····---- . 001 .008 
Dec. 31 .. ---- ... ---- 0 0 0 0 0 . 10 -------- -------- ------·· • 008 

'l'otal .. ----- ... == == == ==1---a.:i3 ---a:27-----a:78 ---zDO -----s:9l "1.210~ 9, 026 -----u.224 13.467 

Total for year __ ................ =------····--· 4.36 3.34 3.93 6.67 8.43 1.285 3.652 9.044. 11.420 13.664 

1984 
Jan. L........ . ____ ........ _ •. ------- o o .02 .02 .02 _ _ .002 .012 .011 
Jan.2 ................. - ·.12 · .to· ·-.08 • .21 .02 .02 .os .oB .t3 ···:004 --·_-oog- .o38 .039 .100 
Jan.3 ..... : .. _________ .24. .20 .18 .37 .16 .17 .22 .23 .24 .032 .100 .394 .500 .845 
Jan. 4 ................. -------- ................ -------- 0 .01 .01 .03 .02 ........ .002 .006 .005 .003 
Jan.5 ................. -------- ........ ........ ........ .01 o .01 .02 .01 .002 ........ .006 .002 .002 
Jan.13 .. ------------- .24. .18 .18 .31 0 .01 .02 .02 .os .006 .018 .082 .131 
Jan. 14 ..... ---·-····· -------- ........ ........ ........ 0 0 0 0 .02 -------- ........ ........ ........ ,009 

i~: ~t~~~~:~:~=~===== ----:is· ----.-12· ----~io· ----~25· 0
.o2 °.o5 °.o1 °.o3 :~: ---.-oos· --·.-oao· --·.-oag· ---.-oir :~ 

Jan.l7................ .48 .20 .12 .14. .05 .02 .03 .05 .11 .011 .012 .018 .023 .051 Wlntcrwheatonsummerfallow. 
Jan.18-2L .. _______________________ .19 .02 .05 .13 .11 .21 .004 .018 .082 .048 .092 
Jan.22 .. ______________ .24 .16 .H .74 .28 .34 .37 .28 .37 .117 .448 1.210 1.526 2.052 
Jan.23................ .24 .IR .16 .2ft .HI .19 .22 .13 .20 .084 .252 .720 .709 1.110 
Jan. 24--27 ..................... _____ ..... 06 0 o 0 .05 .07 .010 .007 
Mar.l................ .30 .28 .20 .68 .06 .18 .11 .09 .07 .019 .144 .259 .278 .113 
Mar.2................................ .12 .08 .05 .02 .06 .07 .031 .024 .012 .186 .113 
l\lar.4................ ........ ........ .06 0 .04 0 .02 ,04 .012 ........ .004 .028 
Mar.li................ .30 .20 .20 .69 .23 .31 7,22 '.15 .25 .036 .ISS .378 .388 .562 
Mar.6................ ........ ........ ........ ........ .01 .02 .02 .02 .o3 .002 .ooo .on .004 .022 

1~f:}t~ot~~-c3~--~~=: :::::::: ::~~~.-:: -----~:~ :::~~:~~ g g g g g :::~:::: :::~~::: :::::::::::::::::::::::: }wlntcrwheatdlskedafterbarvest. 

1"otnl. _______________________ l ____ ).--·· 1~1.!31 1.«1 1.52 1.311 2.051 .341)!.34113-193 3.R29 •. 303 

Jan. llo l>eo. 31, !935.- - -- 1- - . -·' · -··1· -·- · I (') ) (>) ) <'l I <'l I <'l ---·- ··)---·---·) ----- ·1--· -)----·-·-----.--------------1--------
Soo (ootnotcs at eml of table. 



TABLE 32.-Surfau runoff and soil loss in runoff fr_om te"aus 1 with different grades, 198!1-88-Continued 

Total runoff SoU loss per acre 

Dale 

Average rate of raloraJJ 
for period of-

':::l::';1 1----,----,----,----1-.-.-,----.--, ~,----.---1 Crop 

________ 1._'::_L_·_· '::~ ~~~ _:_ ;m ;~ ;~ ;F ¥.~ ¥.~ ~f ;~ ~f % --·----------------· 
Inch Inch Inch - ~-~-~- - - - -- - ~ ~ ~ ~ ~ Jan.I-2"-------------- 0.24 0.16 o.t4 o.oo o o o 0.267 o.a16 o o o o.o.-s o.ons 

Jan.3-l............... .24 .24 .18 1.17 0.021 0.021 0.014 .500 .300 O.CX)l 0.003 0.001 ,214 .3AA 
Jnn.9 .... ------------- .24 .10 .12 .43 0 0 0 .048 .145 0 0 0 ,003 .011 
Jan.I0-12------------- .24 .12 .12 1.76 .367 .210 .114 .661 .557 .069 .069 .065 .364 .397 
Jan.l4................ .06 .06 .04 .07 0 0 0 .120 .201 0 0 o .011 .018 
Jan. 23 ..• ------------- -------- ••. ----- -------- -------- 0 0 0 .043 .036 0 0 0 .005 .()(M 
Jan.27 ..•...•.••.......•..•... ---------------- '-16 0 0 0 .021 .011 0 0 0 .001 .000 
F(lb,24-29.... ••••.•.. .06 .00 .04 .37 .738 .491 .443 .849 .029 .079 .046 .003 .Ill .002 
Mnr.2 .........•.•••••.. : ..•••.••••.•....•••... ------ o o .028 .074 1.069 o o .109 .ou; .236 
Mar.s________________ .24 .12 .os .34 o o o o .oo7 o o o o .ono 
Mar. 30 .. ------------- .. ______ -------- -------- -------- 0 .007 0 0 o 0 .002 0 0 0 
Mnr.31 toDMl.3L .......... ------------------------ (') (') (') (') (') ----------------------------------------

TotaL .......... == --------J==~I.J26 ~---:600'2.682 2.870~~~~J.W === ===== 
JIM7 

Winter Whl'nl tollowln~ surnml'l' 
Cll11ow, No Vt'l!"l'tatl\•c covl'r 
until April. Whl'st stnhhlc 
disked alter hnrwst. 

Dec.J7................ .24 .12 .12 .23 0 .008 .075 .261 .028 0 .00-1 .078 .235 .062 DiskcdwheatstubhleuntllMay. 
1Jt'C.26-30 ..................... ________ ....... 1 2.32 .145 0 .366 2.088 .673 .1).12 0 ,062 2.801 1.441 Summer fallowed and seeded to 

~~C. t1t~-~--~~===::=:: ---·:24· ----:24" ---.-22- - ·.as· o<') ~Jo3 ~J24 ~fu, ~62R --o··--- ···:oo2· --·:oio· ---:i26- --·:oss·l 
--------------- · --- winter wheat Jn Octotwr. 

TotaL .......... ----------------)--------........ .145 .Oll .465 2.380 .729 .0'12 ,001'1 .1.00 3.162 1.561 
= = ======= 

19'8 
Jnn.ID-15..... .24 .18 .12 .67 0 
Jan.l5-17..... .. ... -------- ........ 4.41 0 
Jan. 18-23...... -------- _______ •.ao o 
:f.'eb. 3................ .12 .00 .04 .04 0 
Feb. 4 ................. -------- ....... -------- '.06 0 
Feb. 6 ........................ -------- ........ 1.54 0 
Feb. 8-10.............. ........ ........ ........ '.OS 0 
Feb.1D-ll ............................ -------- .02 0 
Fcb.11-14 ............ ··--··-- ........ -------- '1.04 0 
Feb.l4-15------------ -------- -------- ........ -------- 0 
Feb. 16-16----------- ........ -------- -------- -------- 0 
Feb.21-23 ..................... -------- ....... -------- 0 

~~~:~=~:::::::::::: :::::::= :::::::: ::::::·:~:::::::: g 

0 
0 
.017 

0 
0 
0 
0 
0 
0 
0 
0 

.012 
0 
.on 

.027 
• 014 
.072 

0 
0 
0 
.008 
.013 
.014 
.018 
.008 
.027 
.027 
.027 

.093 

.075 

.302 

.024 

--·.-oar 
.031 
.019 
.005 
.027 
.029 
• 02.1 

.139 

.028 

.477 

.022 
• 02.1 
.005 
.010 
.014 
.137 

.028 

.028 
• 02.1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
.013 

0 
0 
0 
0 
0 
0 
0 
0 

.001 
0 
.001 

.127 

.007 

.216 
0 
0 
0 
.002 
.002 
,003 
.002 
,001 
.002 
.003 
,002 

,337 
• 014 
.453 
,000 

0 
0 
0 
.007 
.008 
,001 
.004 
.006 
.002 
.002 

.149 

. 010 

.394 

.004 
,004 
.001 
.000 
.001 
.004 

0 
·o 

,004 
,0113 
.003 



~o~cb. 25-26 .••••••••... -------- -------- -------- -------- 0 0 .025 .024 .025 0 0 .006 .006 .058 
Feb. 26-28 _____ -------- -------- .016 .013 .023 .025 .025 .001 .001 .003 .001 • 031 
Feb. 28-Mar. 2 ..... .... _.i2" ----_-08- -·-·:oo· 0 .002 .007 .019 .025 0 .000 .003 .00< .005 
Mar. 2-3 ........ .18 .016 .006 .014 .019 .015 .001 .002 .030 .008 .026 
Mar. 3-5 ....••..• :::~~ .24 .15 .14 .25 .005 .010 .024 .025 .018 .001 .003 .045 .037 .021 Mar. 14-15 ____________ .12 .12 .08 ... 0 .014 .027 .029 .018 0 .009 .055 .100 .016 Mar.15-16 ____________ .12 .08 .08 .25 .016 .018 .027 .029 .027 .008 .007 .116 .059 .055 
Mar. 16-22 ..••.... __ . _ -------- -------- -------- 4 I. 04 .260 .010 .236 .984 .697 .008 .008 .102 . 791 .653 
Mar. 22-24 ......... _ -------- -------- -------- .• 02 .014 .017 .027 .299 . 281 .001 .005 .037 • 491 .337 
Mar. 24-26 •.•....• -·- -------- -------- -------- -------- 0 0 .020 .022 .060 0 0 .008 .007 .020 

Total (Jan.- .0181 I June)--------- -------- -------- -------- -------- .327 .130 • 68.1 2.134 2.129 .0<8 .770 2.338 1. 799 

I See table 2 tor description ot terraces. 
''l'hls terrace not installed until after Apr. 2, 1932. 
~No runoff tor following periods: Apr. 3-Nov. 5, 1932; Mar. 11-0ct. 28, 1933; Jan. I-Dee. 31, 1935; Mar. 31-Dcc. 31, 1936; Jan.-Dec. 10, 1937, 
4 Snow. 
• Squirrel bole 500 feet from outlet or terrace li was plugged at 9:30 a. m., and results are adjusted accordiugly. 
• Runoll and soil loss are Cor combined areas or terraces 12 and 13. 
1 Adjusted result based on incomplete record. 

Winter wheat following summur 
tallow • No vegetative cover. 
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TABLE 33.-Surface runoff and soil loss from graded terraces 1 on different land 
slopes, 19!J!J-!J8 

Date 

A vrrare rat I' or 
rslnfall ror period 

or-

8 • 
.il :< = = = .9 .9 .9 a a a 
~ :l ii 

1--
ln. In. In. 

= .!! 

~ 
s • f< --

Total runoff SoU loss per acre 

~ • ~ • 
~ ~ • ~ ~ 0 

~ ~ ~ 
•• 

~ 8 8 •• 
""" """ "M e G "M 
• " • • • • • • • f< f< f< f< f< f< f< f< 

--------------
1931 f::, f::, f!, In. In. In. In. In. Tom Ton& Toni Toni 

Jan.ll. .•••... 0.33 0.33 0.30 0.69 0.06 0.03 0.02 •..•. 0.1.'i80.0960.0.'\0 .••.. 
Jan.IO ..•.•...• 16 .16 .16 .00 .15 .11 .02----- .032 .030 .001 .•..• 
Ft.'b. 21-22 .•.•...•.•• ------------ .00 0 .01 0 ----- ----- .001 -·--- -----
Feb. 23 ......•.•••••• ------------ ••••• o .01 0 ----- .•.•.• 001 ----- -----
Ft>b. 24 .....•• ------ ------------ .12 .23 .07 0 ----- .004 .004----- -----
Feb. 25 ....•... ------ ------ -----· .08 .57 .09 .01----- .040 .045 .001 ----
Ft'b. 26 ...••.•...•••• ------ ------ .04 .54 .01 0 .138 .006----- -----
Fflb. ?:1 •••••••. ------ ----·- ----------- .12 0 .06 •••••• 040 .....• 032-----
Mar. 6 •••••.•. ------ ------------ _____ .29 .03 .02----- .100 .100 .004.-----
Mnr. 6 •••••••• ------ ------ ------ ----- ----- o o -024 _____ ----- ••••• 
Mnr.17 •••••••. 18 .17 .14 .65 0 .04 .06 ••••. ----- .102 .104 •.••. Mnr.18 _________________________ .41 o .08 .17 ...••...... 205 .983 ••••• 
Mar.19 ...•••. ------ ------ ------ .14 0 .03 .03 ...•. ----- .002 .110 -----
Mar. 20 ••••••• ------ ..•••• ------ .11 o .01 .03 ••••• _____ .030 .110 -----
Mar. 21 ••••••• ------ ------ ------ .16 0 .02 .03 __________ .054 .103 -----
Mar.24 •••••••. 30 .24 .21 .45 .01 .17 .14----- .024 .6641.086 •.••. 
Mar.?J-28 •••.. 42 .32 .24 .73 .09 .32 .48 ...... 184 .9102.650 .•••• 
Apr. 2.. ••••••.. ------ •••••• ------ .16 0 .01 .02 __________ .048 .101 ____ _ 

------~-,------
TotaL •... ------------------ ..... 2.06 1.04 1.09 _____ .7« 2.388 5.315 ____ _ 

Apr.3toNov. ------ .••.•. ------ _____ = (J) (',) (J) (J) ______________ _ ... 
Nov.l6 ••.•.•.. 13 .13 .13 .710 .01 .02 0 _____ .002 .010 .•... 
Dec.lO........ .12 .12 .12 '.64 .29 .16 .02 .07 .007 .004 .0010.005 
Dec.20 ......•. ------------------ ••.•.. 08 .02 .02 0 .002 .001 .001 •.•.. 
Dec. 21. •.••.•. ------ ------ ------ ----- .01 o o o .001 __________ -----
Dec. 23.. ....... ------------ ------ ..... .02 .02 0 0 .001 .001 ..•.. ____ _ 
Dec. 26........ .16 .16 .15 •.27 1.31 .33 .22 .48 .039 .007 .002 .040 
Dec. ?:1 •••••••• ------ ------ ------ .04 .22 .02 .03 0 .005 .001 .001 -----
Dec. 28 ........ ------ ------ ------ •.•.. 0 0 .05 0 ..... _____ .002 ____ _ 
Dec. 29 ........ ------ ------ ------ •.30 .17 .04 .03 .03 .002 .001 .002 .002 
Dec. 30 ........ ------ ...... ------ ----- .frl 0 o 0 .001 __________ -----

Total ..... ----------------------- 2.17 .60 .39 .58 .058 .017 .019 .047 

Total for 
)'t'ar ..... ----------------------- 4.Z3 1.64 1.48 _____ .8022.4055.334 ____ _ 

I'm 

~EJ::::::::: :::::::::::: ::::~: _'_:~ :~ :-02 0:~ 0
:: :::o·--- :~l :~g 

Jan.7 ......... -12 .12 .12 .55 1.13 .frl .Oli .17 :~-~004-~003-~023 
Jan.S .......... 1 .16 .08 .26 .73 .01 0 .14 .013 .001 ...... 019 
F~~k~i·------- ------------------ .08 .ta o o .01 o __________ .010 

s~t~=~~~~; ;;;~~~ ;;;~~ ;;::~ ·::~ ~:~ .::0340 :-03 :~ ~:001 ~~~ ~:~ -~oog 
M 2 --------- '""' - ·.m--:'20 ·:OOt .003 :001 ·.205 
M81

• 8-------- -24 .20 .16 .30 .18 .oo .01 .00 .002 .oos .003 .118 

~!~; ;: ~~ ·j:-~ .~, c 1 .. c:~ 2 -~ ~ 
St-e lootn"t.es at end or table. 

Crop 

Winter wheat fol
lowing J>P8S. No 
vegetat1ve cover. 

Winter wheat 
stubble. 

Ground cover 1;! 
winter wheat 
stub hie. 
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TABLE 33.-Surface runoff and ·sOil loss from graded terraces t on different land 
slopes, 193!'-.'JB-Continued 

D8te 

,.,. 
:i\Iar. 12 to 

A V{'f'8Rf:' rate of 
rainfall for period 

of-

• s s 2l 
= = = .!l .!l .!l 8 8 8 

~ :2 >! 
----

In. In. In. 

~ 
c e 
~ ... --

Total runoff Soillos.o; per acre 

• • ~ ~ ::: 0 ::: ~ ~ 0 

8 8 8 •• 8 ~ 8 .. 
•< •< ~ ~ ~ -~ ~ ~ -~ • • • • • • • • ... ... ... ... ... ... ... ... 

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

In. In. In. In. Tona Tmu Tona Ton• 

Oct. 28 ••.••. .----- ------ ------ •.••• (') (') (I) (') __________ •••.. ____ _ 

Oct. 29 ________ ------ ------ ------ _____ 0 0 · 0 0.01 _______________ 0.004 
Oct.31. ....•.. 0.36 0.22 0.16 0.73 o 0 0.01 0 _____ •.... 0.014 ____ _ 
Nov. 2........ .30 .22 .18 .91 0 0 .16 .10 _____ ----~-218 ,1"139 
Nov.3....... .48 .28 .22 .50 0 .06 .28 .38 .... 0.042 .378 .220 
ncc.6_________ .48 .32 .20 1.82 o .15 •.63 .M _____ .2222.ZJ.'H.Ill7 
Dec. 7.-------------- -----· ------ _____ 0 0 .06 0 ••.......•. 240 
Dec 9........ .21 .18 .18 1.53 •.34 .33 .RS .870.160 .liHt.S..r,Q .951 
Dec.IO ......... 12 .08 .08 .:n .02 04 .20 .18 .()()9 .023 .3fl6 .un 
Df'c. 11........ .20 .12 .10 .16 0 .01 .OS .07 ...... OOii .002 .OSO 

Orop 

Dl.'c, 12........ ...... ...... ...... .17 0 0 .06 .02 ..... . .O·H\ .<Xli:J 
Dcc.13 ........ ------ ..... ----- .13

1

0 .03 .00 .05 .... -_-028 .142 .042 Wlntl.'r wheat on 
Dec.l4 ......... 12 .08- .06 .10 0 .02 .03 .05 ...... 008 .020 .021 :oummcrr .. now. 
Dec.l8....... .18 .10 .10 .65 .04 .10 .24 .38 .003 .021 .1ro .142 
Dec.19........ .03 .03 .02 .13 .02 ,04 .10 .16 .001 .€XIS .046 .004 
ncr.20 ........................... 25 .02 .04 .os .17 .001 .ot:J .022 .004 
De<'. 21........ .24 .18 .16 .18 .0.1 .06 .03 .13 .OO'd .1021.012 .OfJO 
ncc.22....... .72 .28 .14 .79 .24 .33 .84 .57 .088 .4i6

1

2.9001.122 

RE: ~i;::::: :::::: :::::: :::::: :.::~ ( {'3 

(" : :~ ::~ ::: :::~· :ffi 
Total. .......................... 72 1.24 3.78 4.Zl .2751.203~9.0264.599 

'l'otR1 ======1====1== 
for year_·--- -·---- ------ ------ ____ . 4. 97 1. 851 3. 93 5. 94 . 334 1. 230,9,044 5.110 

Jan. f~~------ ------ ------ ...... .081 0 0 .02[ 0 1----- ..... i .002 ... 
Jan.2.-------- .12 .10 .OS .21 0 0 .05 .03[·---· -----1·038 .007 
Jan.3......... .24. .20 .18 .37 .OS .11 .22 .24 .033 .121 .394 .372 

::: t====:::= :::::: ::::=: :=:::: .. :~· g 0
.01 :8~ ::1::-::: -.-002~ := ::1 

i:~: ~k~~~~~~~ ---:24 ---:is ---:is ··:ai g 0
.03 °.o2 :'ii ~=~~= ·:oial·:ois :~~: 

Jan.14 ........ ---·-- ...... ------ .•... 0 0 1 0 1 .03----- ····-,--·-- .010 Wlnt('r wht'at on 
Jan.l6 ....•••.. 18 .12 .10 .25 0 .04

1 
.07, .13 •..... 0201.039 .020; summ~rlalltlw, 

Jnn.li........ .48 .20 .12 .14 0 .os: .03: .11 ...... 026: .018 .0181 
Jan. 18-21. .... ------ ------ ______ .19l' 0 .021 .13

1 

.. 30 ...... (1(14 .• 082 .039l 
Jo.n.22........ .24 .16 .14 .74, .02 .11 .37 .36 .008' .3281.21') .6'.4 
Jo.n.23 ..•.....• 24 18 .16 .261 .04 .09 .22 .22 .017 .200

1
.120 .4Hl' 

~i~/t~~=::: ···:30 -··:28 --·:ro ::· g 0
.07

1 0
.n :&: ::::· .'iO'ii-_-29., ::.fl 

Mo.r.2 ________ -·-··· ..•..••.••.•• 12 0 .05 .02 .01 ...... 077 .012 .004 
Mar 5 .30 .20 .20 .69 .04 .141.22 .18 .008 .158 .:118 .104 
~far: a:::~:::~------ ______ ------ _____ o .01 .02 .03 •.•.•. oot .on .oot 
Mar.7toJune -~---- ------------ .•••• 0 0 0 0 ----- --··· -···- ·•·•· p\'1nter whrn.t 

30. !.~kwt a•ter· bar .. 
July 1 to Dec ------ ...... ------ ----- 0 0 0 0 ----- ..... -···· --- · vest. 

31. 

'""·~·;:~~~;· ::::::1:::::: :::::: :::::\ ;;sl (~~~ :~~~~~ ~~~o~---~~~._~~~~~~,\:·_~ 
31, 1935 .••.. = ,==·= = = --, 

See footnotes at end of table. 
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TABLE 33.-Surface runoff and soil loss from g~aded terraces 1 on different land 
slopes, 1982-88-Contmued 

Date 

19M 
Jan.l-2 .. 
Jan. H ...... . 
Jan.9 •....... 
Jan. IG-12 .•••. 
Jan. 13-Fob. 

A Vt'rnR:e rate or 
rainfall for period 

or-

11 11 l! • .§ • E E a a a 
~ 2 ~ ~ 

--
In. In. In. 

J:r fo~r f:, 
o. 24 0. 16 0. 14 
.24 .24 .18 
.24 .16 .12 
.24 .12 .12 

Total runoiJ Soil loss per acre 

~ 
~ • ~ • E ~ ~ • ~ ~ • e 8 8 8 •• 8 8 8 •• ... ... 

3 G G ~ ·~ G G ~ .~ 

0 • • • • ~ • • • .. .. .. .. .. .. .. .. 
1---------------

In. In. In. In. In. Toni 7bna Tcnu Tona 
0.000.0070.0160 0.022;0 0.0010 0.002 
1.171.000 .0170.014 .04610.001 .001·0.001 .003 
.43'0 .0130 0 0 .0010 0 

1.76'0 .316 .U4 .6450 .OiS .065 .166 

29.. . •••....••..•••••. t,78 5.853 .807 .443 .497 a.04.6 .088 .063 .051 
Mo.r.2 .•.... _______________________ o .020.028.0040 .010.109 .003 
Mar.30 ••.... -----------------------0 .010 0 0 .0020 0 
MBr. 31 to 

n .. at.. ___ ---·····-- . ------ ---·· <~ <•> <•> <'> --·-· ---·- ----- --·-· 
TotaL •... ~~----·~ .8691.199 .599

1
1.2141-047 .181 .Z38 .225 

==--===------------
111111 

Crop 

Winter wheat rot
lowing summer 
fallow. No YCI{C· 
tative cover un· 
til April. Wheat 
stubble dlsked 
arter hnn•est. 

~!~:~1~~:~~ ···:ii ···:24 ---.-22 --_-38 o (') -~5 .b~ o (S) o··-- ·:002 -.-0i0 o·---~Ds\~~~1~ w h~n8tft 
Dcc.li-.._,,, •• 24 .12 .12 .240 .015 .0750 0 .003 .0780 May. Summer-
Dee 26-3(L •••..... _______ ------ •2.320 0 .3660 0 0 .0620 fallowed _and 

------------------------ seeded to wmter 
TotaL ••.. ---·-- ...... ------·--------- .020 .465----- ..•.•. 005 .150 _____ wheat in October. 

============ 1938 

1an. U:H5..... .24 .18 .12 .670 .027 .0270 0 .023 .1270 
1an.l5-17.... ----------- •.410 o .0140 0 0 .0070 
lnn.IB-23..... ______ ...... •.30 _____ .030 .072 .0250 .04.6 .216 .013 
Feb.8-10...... .. ...... ______ •.os,o o .0080 o o .0020 
Feb.1D-IL ..................... '.020 0 .013

1

0 0 0 .0020 
Feb.ll-14.. ..................... '1.04.0 o .0140 0 0 .0030 
Feb,l4-l.L ............... ______ ..... 0 0 .0180 0 0 .0020 
Feb.lb-16_,, __ ....................... 0 0 .0080 0 0 .001i0 
Feb.21-23 ............................ 0 0 .0270 0 0 ~002

1
0 

Feb.23-24 ............................ 0 0 .0270 0 0 .0030 
Feb. 24-26 ........... ______ ...... _____ 0 .007 .027 0 o 0 .002

1

0 
Fob.2b-26 ........... _________________ o .017.0250 o o .0060 
Feb 26-28..... ...... . . .......... 0 0 .0230 0 0 .00310 
Feb. 28-2...... . .... _____ 0 .013 .007 0 0 .001 .003

1
0 

Mar.2-3 ______ .12 .081 .oo .1slo .on .0140 o .003 .0300 
Mar.~------ .2t .15 .14 .251

1

0 .016 .024 .0050 .005 .045 .002 
Mar.l-1-15 ..... 12 .12 .08 .4--10 .017 .027 .0030 .004. .055 .001 
Mnr.l5-16.... .12 .08 .08 .250 .009 .027 .0080 .003 .ll6 .003 
Mar.l6-22 ...................... 'UH .ODS ,020 .236 .006 .004 .005 .1020 
hlor 22-24 ....................... 02

1

·0 .OIU .027 .0150 .016 .037 .001 
Mar 24-2ti.. .. ------ ......... ___ -----0 0 .0200 0 0 .0060 

T~::~~:~:~-==r==i·oos ........ 1.062 ..... 106 -:~ -""' 
• Soo table 2 for description or terraces. 

Winter wheat fol
lowing summer 
follow. No vege
tath·e cover. 

1 Tcrraoo 3A was not constructed until October 1932. 
1 

No runoff ror following periods: Apr. 3-Nov. 16,1932; Mar. 12-0ct. 23, 1933; Jon. I-Dee. 31, 1935; Mar. 
31-Dec. 31, 1936; Jan. I-Dee. 10, 1937. 

'Snow. 
1 

From Jan. 13 through Mareh runotl from terrace 6ran onto terrace 7 throUgh a squirrel hole which was 
not plug:ed completely until Mar. 1. Records adjusted accordiugly. · 

• Valuo is high-Includes some water from terrace 6 above. 
r Estimated from part(ai record. 
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OBSERVATIONAL DATA DESCRIBING lliPORTANT SEASONAL AND DAILY 
CoNDITioNs 

1981. The precipitation was 2.10 inchc~ below normal (The normal rni11fnll 
used for comparison is 20.54 inches, which is the avcrn,(e for Pullman Wa:o~h 
for the period 1893 to 1941). • ., 

January to 1\farch. Serious erosion during January from rain and meltin~ 
snow. 

October to December. The precipitation was about normal. Conditions were 
favorable for absorption and only a small amount of runoff occurred. 

1932. The total annual rainfall was 4.08 inches above normal. 
Ja?uary to l\ilarc.h. The precipitation was 3.64 inches above normal. Rapid 

meltmg of snow, ram, frozen ground, and saturated soil resulted in heavv runoff 
and serious erosion. · 

January 11. Considerable snow on ground which melted as rain fC'll. Ground 
saturated; frost out on most of south slopes. Very serious ero~ion and runoff. 

January 18. Heavy runoff; ground frozen except H to 1 inch on top. Scverl' 
erosion but less than January 11. 

February 26--27. Considerable snow in drifts with over half of ground bare. 
Saturated soil; frozen ground under snow; 1 to 4 inches of thawed surface where 
ground was bare but frost below. 

_February 28. Snow mostly gone except drifts on north slopes. Saturo.tf'd 
soJI; frost out on upper south slopes; some frost on lower slope~· ground frozen 
solid on north slopes. ' 

March 5. About 6 inches snow on ground evening of the 4th. Chinook 
started in evening and rain after midnight; rain ap;ain the afternoon of 5th, snow 
mostly melted on upper south slopes, but some -left on flats and north slopes. 
No frost in ground; saturated soil. 

March 18. Rain; no snow or frozen ground. 
March 24. Rain and extremely heavy wind; no snow or frozen p;rmmd. 
March 27-28. Rain starting evening of 27th and continuing with varyinp; in-

tensities until 10:30 a.m. of 28th. No snow or frozen ground. 
October to December. The precipitation was 1.95 inches above normal, most 

of the excess occurring in November. The runoff during November was due to 
rain on saturated ground, while the December runoff was mostly from melting 
snow with the ground frozen. The losses from runoff and erosion were compara
tively slight, however. 

1988. The precipitation was 7.45 inches above normal with most of t.he excess 
occurring in January, October, and December. 

January to March. The precipitation was 2 inches above normal and wo..~ 
characterized by heavy snow and freezing temperatur<>s during the latter part of 
January and most of February. Runoff and erosion were heavy in early January 
and again in late February and early l\-larch. 

Januarv 5. Snow about 18 inches deep on January 3 and fairlv uniform. A 
chinook Started January 4 and continued on the 5th. Ground frozen Rolid. 
Runoff was from melting snow. 

January 7-8. Intermittent rain; melting snow. Snow and frost were ~one on 
upper south slopes but still frozen on lower and north slopeR; patches of snow. 

February 22. Ground frozen solid; deep snow, drifted. Snow started to ffi(•lt 
. on 21st and continued as rain fell on 22d. 

March 1-2. Deep snow on north slopes; bare in patches on south slopeH. 
Frozen ground but with 1 to 5 inches of surface thawed out where snow was gone. 
Runoff from melting snow and rain on 2d. 

March 10-12. Snow (0.34-inch precipitation) fell on the 9th with uniform 
distribution. Still large drifts on north slopes from earlier snow. Fro~t out on 
south slopes but still frozen on north slopes. Heavy runoff and erosion from 
melting snow. 

September 9. Intense summer r&;i~ ov~r part of wa~rshed W-VII. 
October to December. The preCipitahon was 7.23 mches above normal, 5.51 

inches of the excess coming in December. The ground ~·o..~ not frozen exc~pt for 
a thin crust a few times. Not much runoff occurred durmg Octob(•r and 1\ovem
her but the runoff and soil losses were heavv in December. The runoff WO..OJ due to 
rain and, to some extent, melting snow on "unfrozen saturated ground in excess of 
the absorptive capacity of the soil. 

December 5-6. Heavv rain. No frost. 
December 9. Heavy fain; saturated soil 
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December 18. Snow (0.65-inch precipitation) on ground which was melting 
8R rain of 0.65 inch fell. Saturated soil; no frozen ~UOUnd. 

December 22. Saturated soil; heavy rain; no frost. 
1994. The precipitation was 0.84 inch below normal. 
Januarv to l\.lareh. The precipitation was about 1.22 inches below nonnal but 

the Flat,urO.ted condition of the soil following the heavy rains of December caused 
moderate runoff in January. 

Oct.ohrr to Df'crmbcr. The precipitation was 1.43 inches above normal but 
intenRiti<'s were low. About two-third~ of the December precipitation wa.c; snow, 
and about. 1 inch of precipitation wa.q on t-he ~ound as snow at the end of the 
month. There was ont~· l"liJ?;ht runoff and erosion during this period. 

1995. The precipitat-ion was 5.89 inches below normal with most of the deficit 
occurring in February, October, and November. T~e snow J}lelted gradually in 
the spring with only moderate -surface runoff and shght erosmn. Amounts and 
intensities of rainfall were low, and conditions were favorable for absorption. 

1998. The precipitation was 6.08 inches belo"· normal with most of the deficit 
occurring in February, ~larch, October, and November. 

Jannar~·. The precipitation was 2.42 inches above normal. Heavy runoff 
reRultcd from three storms during the first half of the month. 

Januarv 3-4. Runoff from rain of 1.21 inches on saturated soil, no snow or 
frozen grOund. 

Januarv J 0-I 1. Rain on saturated soil. 
JanuarY 12. Rain on saturated. soil. 
Febnuiry-March. The precipitation was 1.15 inches below normal but large 

water ]O!'IRCS occurred during the last of February a.-; the result of rain and melting 
snow on frozen llround. 

Octoher to December. The precipitation was 4.69 inches below normal. 
Amounts and intensitit>F of rainfall were low, and conditions favorable for 
absorpton. 

1937. The precipitation was 6.60 inches above normal with most of the excess 
occurrinll in Januarr, February, April, .June, and December . 

. January to March. The precipitation was 2.12 inches above normal with 
nearly all of that in January and February fallinll as snow and accompanied with 
abnormally low temperatures. The ground wa~ frozen solid until about February 
25. Large snowdrifts had accumulated on north slopes. No runoff occurred 
until February 20. 

February 2~25. The large water losses were the result of rain and melting 
snow on frozen ground. Soil losses were comparatively small. 

March 2-8. Heavy runoff and erosion caused by rain and melting snow on 
saturated soil. 

April 4-20. Abnormally high precipitation on wet soil resulted in considerable 
soil and water losses. 

October to December. The precipitation was 1.81 inches above normal, but 
occurred in small 8Jilounts of low intensities. Runoff and erosion were light under 
most conditions. 

1988, The precipitation was 4.45 inches below normal. No storms of un
usually great amounts or intensities were recorded. 

January to March. The preciJ?itation was 0.83 inch below normal, and con
sisted of about one-half snow. :!'\early all of €'rosion losses during January and 
February were caused by melting snow with or without rain. The runoff in 
March was caused by several rains on wet soiL 

October to December. The precipitation was 1.36 inches below normal. 
Conditions were favorable for the rapid absorption of water and low runoff. 

1989. The precipitation was 4.92 inches below normal with most of the deficit 
occurring in January, April, and November. 

January to March. The precipitation was 1.19 inches above normal and con
sisted of about three-fourths snow. The ground was frozen during most of 
January and February. Very little runoff occurred until Februarv 11. 

February 11-12 and 14-15. Heavy runoff caused by rain and nielting snow on 
frozen ground. Small soil losses. 

March 11-12 and 16-20. Heavy runoff caused by melting snow on frozen 
ground on north slopes. 

October to December. The precipitation was 1.71 inches below normal. 
Runoff resulted from rain on moist 8oil. 

1940. The precipitation was 5.31 inches above normal with most of the excess 
occurring in February, September. and October. 

January to March. The precipitation was 1.20 inches above normal. There 
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was very .little snow and most of the runoff was caused by rain on saturated soil. 
Febrnarv 2~28. Heavy runoff and erosion caused bv a series of relativclv 

intense raills on saturated soil. · · 
March 7. Heavy rain on wet soil. 
October to December. The precipitation was 3.12 inches above normal and 

consisted of about 10 percent snow. 
November 28. Heavy runoff from rain on saturated soil. 
December 18-20. Rain with ground ftozen during first part of stonn. 
191,.1. Th~ precipitation was 4.67 inches above normal with most of the excess 

occurring in May and June W"hen higher temperatures and growing crops mini
mized erosion losses. . 

January to March. The precipitation was 2.44 inches below nonnal. Tem
peratures were unusually mild and resulted in little freezing. 

January 17-19. Rain and melting snow on frozen ground. 
October to December. The precipitation was 0.13 inch abo\·e normal with 

very little snow. 
November 12-13 and December 2-3. Heavy runoff from rain on unfrozen 

ground. 

0 


