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Investigations in Erosion Control and Rec-
lamation of Eroded Land at the Palouse

Conservation Experiment Station, Pull-
man, Wash., 1931-42"

By Guex s M Horxen, projeet supervisor, A, G MeCarnu, senior soil conservationist,
and ¥. G B, chief, Erosion Conirol Practices Division,
Research, Soil Conservation Service 2

The United States Department of Agriculture, Scil Conservation Service
in cooperation with the Washington Agriculteral Experiment Station
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SEMMARY

The Palouse region, where most of the vesults of this station are
applicable, has o steeply rolling, dunelike topograpiyy. The hills
have south and southwest slopes which are longer and not as steep
as the north and northeast slopes.  Silt loam soils are dominant in
the aren, the most important of which is the Palouse series. The
average annual precipitation at Puliman is 20.54 inches of which a
large puﬂ occurs during the period from November to Mareh.
Ramnfall intensities ale 1clatlvely low in comparison with other sec-
tions of the country.

The most serious erosion has occurred on the hilltops, where the
soils are shallow, and on the upper parts of south slopes. Climatic
factors most closcly 1eluted to the erosion problem ave: (1) Prolonged
winler rains lallmLr on wet or snturated soil, (2) melting snow with or

1 Submitted for publivation Moy 183,

t Former memtbers of the staton stafl whae conlsibuted to the planning and develupinent of the rl_scurch
progruny sre W, 4, Meekiv, PO Muetirew, O, E. Deardart?, und &, J. AMech, Lo M. Nafiger and Q, A

Loeonard, whe e bees on 'Lhe station statf pontinuonsly since the work was maus,ural.ed havey L(mmbuled
wueh 1o e acviteney of the work,

GH2G2E - dd. —1 1




Yomain,

x
<
ot
T
'
|
1}
)
t
1]
1
-t

——
[
- Bethony

s OKLA.,

)
Guthrise

Yean
TEX. S aumss

Tyler .

e Temple

wis. .

- e,

Map of the United States showing location of 10 soil eonservation experiment stations.

TUALTIADINOV I0 "IdFd 'S ‘0 ‘098 NITFEIINA TVOINHOHL




EROSION CONTROL AT PALOUSE EXPERIMENT STATION 3

witheut rain on frozen soll, and (3) intense summer rains which ogeur
infrequently and are confined to smal! aveas.

The amount of soil maisture present at the time of the storm is of
greater importance than the amount or intensity of the precipitation,
Rains of relativ cly low intensity falling on seturated soil eause heavy
crosion losses white storms of Targer ameunts and greater intensities
falling on dry soil result in no runoff.  Other fnctors heing conslant,
the 111{01151{,)' of the rainfall hias a greater effect than the fotal amount.

The type of plant cover effeets the ameunt of runofl and soil loss.
The most effective cover tested was an established stand of perennial
grasses which resulted in an avernge annunl loss of 0.08 fon of seil
per aere and 0.96 pereent runoff. The common f{arming practice
which resulted i Inghest soil and water losses was the seeding of
winler whest on sinnmer fallow land. This practice caused an annual
soil loss of 4.62 tons per acre and 5.52 pereent runofi. A bare, un-
tilled condition resulted in the loss of 22.08 tons of soil and 21.13
pereent vunoll, Winter wheat stubble standing over winter provide
an effeetive o roston-control cover,

The eropping system destgned for erosion control should Turnish
the maximum pl‘mi cover during ench erosion season and provide
suflicient soil witrogen for the maintenance of a satisfactory soil-
fertifity level and developnient of & favorable soil stracture. A
4-year rolalion consisling of 2 venrs of sweetelover and 2 vears of
whend, resulted in n signifieant deerease in erosion as compared fo
the conventional winter wheat-summer fallow system.  The effee-
iiveness of the sweetelover rotation beeame progressively greater
afier several eveles of the rotation had been compieted. The effec-
tiveness for crosion control of four 2-vear rotalions was found to be
in the following order: (1) Hubam elaver-winter wheat, (2) peas and
spring wheat as o green manwre-winter wheat (3) peas for sced-winter
wheat, and () sumimner fallow-winter wheat. A cropping system is
more effective {ov erosion control if spring wheat can be substiguted
for winter wheat: especially is this true in the arven where crops are
0‘]0\\'}] .IIHHIHH\

The erodibility of the soil is affeeted by the amount of soil organie
matter present. Tesults show that Iand which has heen cultivated
for only a shori poeriod or has beea treated with barnvard manure
has lower soil and water losses than the same soil tvpe with less
arganic matier.

Measurements show thal at the end of the growing season the soil-
moisture content for the upper 6 leet of summer-fallowed land was
20.8 percent as compared to 14.6 pereent for winter wheat, 13.0
percen( Tor bunchgrnss, and 10.9 percent for alfalfn land. A rela-
i;ivei_v small amount of vain s requirved Lo saturaie the summer-fallowed
soil, a condition which contributes to greater rnmofl and erosion.
At th{\ start of the growing season, the “soi) moisture is highest on
north slopes and lowest on the hthops On lorraced sout %x slopes

the moistirs content was highest under the tervace channel and lowest
under the ridge and the down-slope side of the ridge.

Tillage pmctices should be carefully considered in formulating sn
erosion-contral program. The utilization of crop residues to fenve
an adequate amount on the surface for vegetal cover and also the
sccurving of a vough .oose condition of the suwrface soil are effective
practices for reducing runoff.  Modified moldboard plows and differ-
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it types of subsurface tillage implements are being developed for
this type of work.

Terracing stiudies were made to determine the adaptability of this
practice in the Palouse region and to measure the effect of such terrace
chareleristics as length, vertical spacing, channel grade, and land
slope.

Studies on the spacing of terraces indicate that @ wider vertieal
interval can be used than in parts of the United States where rainfall
intensities are greater. A terrace grade of 8 inches [all per 100 feot
was found to be most satisfactory where the land slope was about 15
percent. A steeper grade resulted in soil movement along the channel,
nnd with a flatter grade, snow obstructed the ehannel and enused
requent overtopping.  Somewhat steeper grades are recammended
lor steep slopes than for gentle slopes, and for long terraces, the vari-
able grade is recommended.

Terraces proved more satisfactory on slapes below 15 pereent than
on steeper slopes.  On the Oatier slopes o broad-base termee ean he
constructed which allows farm machinery to cross more cagily, Also,
the plow furrow cun be turned up the slope when desired and tillagee
eegipment operated 8o s to help maintain the termeoe.

Erosion measurements condueted on waiershed arcas show thait the
rate and amount ol runoff iz affected by watershed chareleristies,
climatie Tnetors, and farming practices. The highest soil and water
losses were obfained when the land was seeded to winter wheadt follow-
ing summer fallow.

INTRODUCTION

This publication is one of a serics of reparts designed to cover the
first decade of experimental work &t cach of the 10 original soil crosion
experiment. stations estabiished with funds appropriated by the
Congress and carried in the appropriations Tor the United States
Department of Agrienlture.

Plans were developed for the establishment of expetimental work
on lands representative of large problem aveas of eroding land in
vavious parts of the country (7, 2, 8, 4, 5).* The locations of these
slations are shown on the map of the United States (p. 2).

The vesearch programs of the stations were designod to m vesbignte
the eauses of crosion and to determine the most effcctive and practical
metheds of cheeking and controlling soil and water losses from the
agricultural Jands of the areas. This included experiments with
various types ol vegetative cover, soil treatments, cultural and crop-
ping systems Lo determine their comparative effectivencss in prevent-
ing crosion, studies of the performance of tereaces and cheek dams
of different designs in removing runolf without injury to soil and crops,
atlempts Lo reclaim and revegelate eroded land, and the keeping of
meteorological records.  The findings of these experiments and the
practical measures evolved to effect soil conservation have hecome
vitally important as means of maintaining and increasing production
since participation of this country in World War 11,

In April 1935 the Soil Conservation Act was passed by which the
National Government was definitely committed to the poliey of soil
and water conservation and provision was made for the establishment

* Italie numbers in pareotheses refer to Literstuee Ciled, b, 59,
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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 Experi-
ment Station near ﬁ)ullman, Wash., was established to obtain jnfor-
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 rate
and amount of seil erosion and runoff and (2) the development of
practical 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 seil 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 frem July 1,
1931, to June 30, 1942. Although records were taken during the first
erosion season of 1981-32, 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
initi{xte from year to vear as indicated in the discussion of the
results.

THE PROBLEM AREA

The problem area to which the results of the station are nmost
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 oecupies a belt extending
north and southt 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 assoeinted with
the prevailing climatic factors, especially precipitation. Each sue-
cessive westerly belt of soils, having been developed under less rain-
fall, consists of soils lighter in color and with less definitely develcped
profiles than the soils to the east. They range from the {ight‘ brown
grassland types in the west to the very dark brown in the east. From
west to enst, the principal soil series are the Ritzville, Walla Walla,
and Palouse.

The light brown Ritaville soils, chiefly silt loams, range 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
distinet layers below & 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 principally in their geater
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.

Tn detail, the Palouse varics from undulating to rolling with slopes
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Fiaone L-—Location of Palouse Wheat Belt problem ares.

cenerally less than L5 perent in the western section to o typicall
dunelike hilly surface farther east.  These dunc-shaped hills, in general,
havesouth and southwest slopes {(windward) that arc longer and not so
steep as the north and northeast slopes {(leewsrd), A considerable
part of the cultivated land in the castern part of the Palouse has slopes
ranging from 10 to 40 percent. 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 Palousc region.

Tn the foothilf section along the northwestern part of the Blue
Mountains, the characteristic topographic features are the long, flat-
topped ridges with uniform slopes scparated by occasional deep can-
yons.  The difference in clevation between the hilltops and valleys
]is sometinies 300 to 500 feet, and some slopes are & mile or more in
ength.

Timate.—The climate of the Palouse region varies from semiarid
ab the western edge to subhumid near the foothills on the east.  From
west to east the annual preeipitasion varies from sbout 12 to 35
inches. The entire arca, however, has humid winters and dry sum-
mers. Figure 3 shows the average precipitation and mean tempers-
tures by months as recorded by the Weather Burcau station at Pull-
‘man, Wash. Slightly over 60 pereent of the annual precipitation of
20.54 inches occurs during the 5-month period from November io
March, and only 5 percent during the 2 months of July and August.
Sinee the bulk of the precipitation occurs during a peried 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.




Frovee 2.—Aeral view of the Dalonee region with Pullman, Wazh., in {he
Toreground,

Precipitation yeeords for several locations in the problem area ave
shiown graphically in figure 4 as 35-eny moving averages,  From these
Potted data theve ave indications that the preeipitation was at the
bigh point of & eyele about 1800, and therealtor the trend was lower.
There has been o marked vaviation in precipitation sinee the station
was established in 1930, The high poini veached in 1933 was followed
by a rapid deeline 1o a minimum in the 3-vear peviod ending in 1936,

The total yearly precipitation at Pullman on the calendar-venr hasis
has varied From 14,12 inchies in 1035 to 30.87 inches in 1997, A study
of the vecords al Pullnan shows that a rain of between 101 and 1.50
inches in u 24-hour pevied occurs ahoul vnee a yvear and o 24-hour
rain ol between 151 and 2.00 inches about ance in 7 years.  No reeord
has been found of o vain greater than 2 inclies in 1 day, although it
18 hikely that by considering parts of 2 days, a single 24-hour rain in
excess of this amount may have ocenrred.

The ratnfall intensities in the Palouse vegion are comparatively
low.  The maximum 1-hour rainfall to be expected once in 5 years
is 0.50 inch, and once in 50 years is 0.75 (8). Localized rains of a
thundershower type gready excoeding these intensitics havo oceurred,
but so far as known they weve not measured by a recording gage. 1t
is estimated that the imost severe of this type of Jocal storm results in
a total precipitation of as much as 3 inchies in o peviod of not longer
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Figrre 3.—D>Mean monthly precipitation and temperainre as recorded by (Lhe
Weather Bureau al Pullman, Wash.

than 1 fo 2 hours.  The (requency ol these storing would be diflicult
Lo estimate, ns some areas have had only one sueh storm since settle-
ment 50 to 60 vears ngo, and other areas have not had a single storm
of thatl kind during this period.

About one-sixth of the annual preeipitation [alls as snow. The
amount of snow accumulation varies widely lor different parts ol the
region depending on elevation and other fctors.  Individual snows
or the accumulation of seviers] snows may be melted vapidly by warm
chinook winds and by rain.  Fhe soil may he [vozen Lo a depth of
about 1 foot, but in general, the depth is less and the periods of [reez-
ing weather are of relatively short duration.  Rain or melting snow
or both occurring when the soil is frozen, contribute to acecleratee
runofl and sheet erosion.

1 1 I 1
Puliman, Wosh
= === =-fueroge of Mascom, Idghg, and Puliman
Gollor, Rosgha, ond Walid Wallo, Wash
Thint—year moving overoge _

Y ~d V{t‘ ‘I_

¢

JR—

Prac|pHigtion [Inchas)

12—

1 - pp—
I%Q& 1900 19058 1910 1915 120 1925 1530 1935 1940 583

Ficuns 4.—Precipitation at dilTerent teenlions in the problem area for the
period 1893-1941.
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Exosion anp Rusorr Histony

Acceleratled erosion has occurred in the Palouse vegion sinee the
land was plowed from its originn! cover of bunchgrass.  Most of the
land has been cultivated 40 to 60 vears.  Daming this period, ahout
20 pereent of the cultivated area bas Jost all or most of the topsoi
through erosion while an additionn) 35 pereent has been seviousiy
damaged with abowt half of the topsoil lost. There is some wind
erosion i the drier western edge of the area, but water erosion is
domimant in the move humid loealities.  Sheet erosion is most common
over a large part of the area.  In the foothill seetion near the Blue
Mountains. considerable damage by vulfving has vesulted on the
longer slopes.

Erosion is undoubtedly more serious at present than during the
period immedintely following the breaking of (he sod; nevertheless,
tlte problem has been recognized for a number of years. Data pub-
lished in 1922 by Sievers and Holtz (7Y showed that after 38 venrs of
farming cerlain of the soils had lost 34.53 percent of thelr organic
matter and 22.1 percent of their nitrogen.  The authors pointed out
that ervosion on steep slopes was severe and that the wheat-summer
fnllow system of agriculture did not make for permanency. Since
the appearance of this publication, the additional depletion of soil
arganic matier and topsoil has grestly inerensed the erosion problem.

Severnl elimatic and farming factors are closely volatod to the erosion
profdem on the cultivated lands of the Palouse.  Over mueh of the
area the summer-faliow system of producing grain is o common prac-
tice.  Phe land is plowed in the spring, kepl free of weeds during the
summer, worked down to a scedbed of fine tilth in (he fall, and planted
to wheat.  This system vesulls in a large earry-over of soil mois-
tare nto the winter season.  Although the manfall intensities ave
relatively fow as compared Lo those of other parts of the United
States (8), the concentration of the preeipitation during the part of
the year when temperatures angd evaporation are low may result in
excessive aceumulation of moisture in the soil prolile.  The infiltration
of water undoer such conditions s greatly reduced,  The lnek of sufli-
cient vegelal cover on much of the land durmg the rainy season is also
an important [actor contributing to the erosion problem. The most
severe erosion damage oceurs as a result of (1) rains of long duration
althongh of relatively low intensitios falling on wet or satuvatod soil,
(21 melling snow with or without vain on frozen =0il, (3) runoff fow
across lower slopes and bottom-land resulting from the rapid melting
of large snowdrifts loeated on steep north slopes, and (43 high-intensity
summer mins which cceur infreguently and are confined 1o sl
nyens (&),

THE STATION

The experiment station farm of 202 seres is located 3 miles nortli-
west of Puilinan in Whitman Coeunty, Wash,, i1 one of the more
humid eastern sections of the Palouse region.  The vonditions at the
station are typical of the surrounding aven insefar as lactors of climute,
bopography, soils, nnd erosion ave concerned.  The Iand bas been the
property of the State College of Washington since the establishmont
of the station in 1030, Before that date it was privately owned and
cropped almost exclusively under the wheat-summer fallow systom
for a peried ol 40 to 50 years,
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Froswe 50 Aerind view of the Soil and Witer Conservation Bxperiment Sation,
Pl Wash,, 1934,

PhEscsorrios

Cegography. The clevation o the station runges from 26071 1o
2656 feet above sen Jevell There are four Lills on the farm where
the slepe ix as wreat as 50 pereent on the steepest purt. These steep
xlopes have o leewand (orthensterty s exposire and give vise to an
amphitheaterhke topography which permitz the formstion of Tavge
snowdrilts just below the evest of the Bill,  These stopes are typieal
of o large area avound the station but ave shovter and steeper than the
slopes found an the western edge of the Palouse and in the seetions
adjreent (o the Tosthills of the Blue Moantains,  An aevial view of
the Tarm s shiown in e 5.

Aoids- The soils of the experiment station Turm consist of Lhe
Palouse silt lonm, Palouse siliy elay lonm, shallow phase, and Chamboer
st loam. The soll 1ype ds animporiant fetor in eresion beeause the
clhaacteristivs of eacly (ype may alfeet the rate of infilteation, pore
space, wiler-holding eapacity, and vesistance to washing.,  Figure 6
shows the loeation, exposare, and extent ol the dilferent soil types
Logether with topographic leatures and the erosion elassification.

The Palouse sil loam is tie mast extensive Lype, covering 76 pereent
of the farm.  The siefaee laver cousists of 9 Lo 26 inches of dark-
Lrown to black Criable silt lowm high in organie matter. Under normal
conditions, the sail strocture is granular and permits a rapid nhsorption
of moisture. This layver s underlain (o a depd of 24 1o 44 inches by
dark-brown silt loam somewhat finerin texture, slight!y more compnet.
and lighter in color. A geayish, light silt lonm (o sandy layer varying
from a very thin tayer to one several inehies thiek is usually cucountered
at the lower portion of the sueface layver. 10 as in this laver thnt
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cansiderable Inteml movement of water takes place, producing seep
spots and soil slips.

The thivd distinet Iayer is a dark-brown silty clay to clay, very
tough and mpervicus,  The structure 8 columnaviike and the
cleavage planes arve stained with dark, organiec collioida]l material,
This layer varies [rom 4 Lo 14 inclies in thickness, and is underlain by
a yellowish-brown heavy clay layer that is usually many feet thick
anel extemnds to the underlying bhasalt.

The upper lnvers of the profile of this type vary on different slopes
and exposures. Tlie surfnee layer is thicker on the more gentle
slopes,  This laver reaches its greatest thickness on north slopes at
points covered by snowdrifts during the winter,  This greator depth
under the deift ig iargely a vesull of the bullding up of the soil which
has been filtered ont of the ranoff water by the snow, and the washing
awity of the soil below the drifts,

The Palouse silly clay loam, shallow phase, is confined for the most
part Lo hilltops, ridges, and upper portions of slopes. it vecupies 16
pereent of the aren of the fem and represents the most sevoerely
eroded condition.  This soil is seattered throughout the area as smali
irregular patches, occupying the higher clevations, 1t consists of a
few wnehies of yellowish-brown silty elay, whieh is underlain by a vellow-
ishi-brown and in some places a slightly reddish-brown heavy clay.
The organic matler confent is vory low.  Under the oxtreme erosion
conditions, the silty surfaee Iayver has been completely removed and
during cultivation the remnant of the heavy prisimatic clay is mixed
in with the upper lew inches of the heavy elay sub-stratum.

Alluvial soil in small arens along the flatier drainage channels is
einssed ns Chamber silt loam, 1t s found en 8 pereent of the station
furm. The surface Inyer consists of 15 o 18 inches of compact black
sitt lonm lugh in orgame matler. This soil is genecally very wet during
the winter and spring months with the ground-water table at or near
the surlace.  In poorly drained places it is a dark-gray, heavy silt
loam.  This is underlain by o waxy, drab, very compaet elay, some-
times mottled with grav,

Relative produetivity of different parts of a field is closely related
to the soil ixpe. The Palouse silt loam is the most productive of the
{ypes found on the farm and represents the main body of soils suitable
for the growing of enltivated crops,  The Palouse silty elay loam is
refatively unproductive, especialiy on the seveeely eroded hilltops,
wheve the yields of grain, peas. or other annuad cultivated crops are
generally so low that the land is farmed at a loss,  For this reason ns
well ws for erosion contrel, this type of land is best adaptled to the
growing of perenninl plants, sueh as grasses and alfalta. The crop
violds Trom mueh of the Chamber silt loam are low beeause of the
pooriy drnined condition of the soil.

An erosion survey ol the station farm shows that slight sheet
erosion has necurred on 24 pereent of the land, molerate sheet orosion
on 43 percent, moderntely severe sheet eroston on 17 percent. and
severe sheel erosion on 16 pereent. A large proportion of the severe
erosion has occwrred on areas classed ns Palouse silty celay loam soil.
The Chamber silt loam nud the more gently sloping Palouse silt loam
soils have been damaged only slightly by croison,
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of GONTOUR.. __ .. . .
ORAINASE CHANNEL. .
EXPERMENTAL WATERSHE!
ROAD :
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EROSION CONTROL AT PALOUSE EXPBRIMENT STATION 13

PURPOSE AND PLAN OF EXPERIMENTS

The primary objectives of the experimentis at the station are to
determine the variables affecting the rate and amount of soil ercsion
and runoff, 16 study the fundamental processes relating to losses of
soil and water, and to develop practieal messures for retarding or
controlling these losses. Specifically, the problem consists of the
determination of the eflect of such factors as soil characteristies,
vegetnl cover, land use, topography, and climate on the rate and
amount of soil erosion and the development and testing of such con-
trol measures as cropping and uillage practices, tereacing, and gully
and channel protection. The projects under study are:

I. The effeet of different plant covers on soil and water losses.

2. The relation of erop rotations to soil and wnter Tosses.

3. Studies of soil erodibility as affected by soil organic matier and
depih of surface soil.

4. The development of metheds of managing uncultivated plant
COVeTS.

5. The development of tillnge practices to conserve soil and water

6. Runoff and erosion from terraced and unterrsced agricultural
watlersheds of different types and sizes.

7. The influence of the length and degree of slope on soil erosion
and the development of conservation praetices based upon the modi-
fications of slopc characleristics by terracing and similar praciices.

MeasureMEnT oF Erosron LossEes

Water and soll losses as nffected by diflerent factors are determined

under mensurable conditions. The areas under study include small
plots, terraced areas, and different sized watersheds.

South control series—These plots are located on a 80-percent south
slope of Palouse silt lonm soil. The set-up consists of 13 plots of
Koo acre ench, 1 plot of Mg ncre (plot 1) and 1 plot of ¥, acre (plot 2)
with all plots 6 feet wide. The standard length of the plots is 72.6
feet except for plot 1 which is hnlf length and plet 2 which is double
length, o provide for a comparison of the cffect of slope length upon
runofl’ and soil loss. Each plot is enclosed with sheet-metal 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, narmely, winter wheat
alternating with summer fallow. The whent stubble of the previous
year’s crop is spaded under in April and the soil kept frec of weeds
by harmowing and rod weeding until winter wheat is planied in
October. The soil is bare in alternate sumniers 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 te April of the
second year.

A 4-year rotation is followed on plot 4. Sweetclover is seeded in
the early spring without & 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 scil 1s frllowed the remeainder
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.

IFiavnr 7.—Soulh control plats, 30-percent sonth slope.  Piofs are nnhered
from left to right.  Mareh 31, 1932,

of the summer and sceded o winter wheat in October,  Spring
wheat 1s grown the last venr of the rotation.  Stubble is allowed o
stand over the winter following cach of the two wheat crops.

Plot 5 is evopped to winter wheat followed by summer lallow.  The
soil 15 tilled 16 inchies deep with a chisel spade after the removal of
the crop and immediately preceding tillage for allow.

Plot 6 is planted to a mixture of perenninl grasses, smoolh brome
(Rromus inermig) slender whealgrass (Agropyron paveiflorum), and
tnll ontgrass {(Arrhenatherum elatiug). The crop is cut for hay cach
vear.

Plot 7 is planted to spring wheat cach vear, on sprimg-tilled land,
and fertilized at the rate of 200 pounds of ammoenium sulfate per acre
al the time of planting.

Plot § is cropped to winter wheat, which is alternated every other
vear with summer Iallow. This is 2 common cropping practice over
n large part of the wheat-growing section of the region.

The 4-year rotation followed on plots 9, 10, 11, and 12 consist of
peas for grain and as a nurse crop for sweetclover, sweetelover turned
under in June as a green manure, allowed and seeded to wheat in
October, and spring wheat the fourth year.  Tach crop of the rotation
is represenled every vear on one of the plots.

Plot 13 is neither eropped nor cultivated, the weeds being kept
down by seraping with a hoe or by pulling.

Plot 14 1s a study of evosion on subsoil. The surlace seil was re-
moved and the subsoil is cropped according to the winter wheat
summer-fallow systen.

Plot 15, from wlich the surface soil was vemoved and replaced
with subsoil from another ares, was established as a supplement to
plot 14. The excessive amounts of drifting snow retained on the
latter malkes it difficult fo secure comparable results for those years
when much of the precipitation is in the form of snow.

Crop-rotation plots.—-The series of plots designated as the crop-
rotation plots are Jocated on a 30-percent south slope of Palouse silt
loam soil.  This experiment consists of 29 plots 13 feet wide and
91 feet Jong. Runoff soil losses, and crop yiclds are measured from
an aren 10 feet wide and 87.1 feet long. 'The 3-foot strips between
the arcas takes cave of the border effect of the different treatments.
The catchment system for this series of plots consists of a primary
tank and a smalier secondary tanlk. The primary tank is of sufficient
size to store the material from most of the runolls, but when it 1s
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filled to capacity, the excess runoff water i1s passed through a multiple-
slot divisor and an aliguot is vetained in the secondary lank {fig. 8).

The eropping and tillage practices on this set of plots arc carried
out in accordance with the rotations listed in table 1. During the
periods that tillage and sceding operntions are being performed, the
sheet-metal borders are removed [rom around the plots to permit the
uge of small standard-type cquipment on both the plot and border
aren.  The type of tillage obtained with this procedure more nearly
duplicates regular field operations than in the ease when hand tools
are used.  Straw is returned to the wheat and pes plots after thresh-
ing and no stubble is burned.

TABLE | = Cropping system on crop-rofation ots

Raotalinn

Lura- : Flot Nos. Leseription of ralacions

Noo ! otion
 (vearsy

- | Winler wheat the Brst yedr, siabble left over winter, Bllowed e
senond surmer with wheatl sesdsd in fall,
Spring wheat thee fiest year, stiabhle il over winter, fndlgwed 1he
seernel stmnier with witear seeded the following spring.
* Winter whept, (Ie fiest yenr, strbhbe lefn ever witler, pens (ur seed
the srcomid yeur with whean seeded in the fll,
¢ Spring wheat (e fiest venr, stub®le loft over winter, poas (fur seedc
the seeosd yowr, @il plowed with wheat seeded L following
! ATIENL.
2 11,92 < Winter wheat Lhe icst year. stabhle left over winler, mixtore of
' peas aned spring wheal for green annre the seeom! yoar with
: 0 wheat seeded novhe fall
T4 ML) FApring wiial Le Arst year, sinhble loft over winter, mixtuee of
preis and spring whenl for green mamtre the second ¥ear with
I wheat seedind e following spring,
- R o Winter wheat the fiest year, stabble lelt over winter, Fubsim ciover
for green nuannre the secoisl year witll whent seeded in s fall.
200G, L Spring wheat the st year, stubble left over winter, Hubam elover
for green tmanteee the second yoear with wheat seeded the follow-
. © ing spring.
L 2,8, 145, 2y 07 AMixinre of sweeteluver nnd grass seedled the first year and plowed
: nndder wg groen manieg the second yenr, winter whest the third
¥ear, Stubbie Ifl aver winler, pens (for soedd) the fourth yeur,
fill plowead whoat geeded the following spring.
L 10, 13,17, 20, ATixture of nlfalia and grass for 4 yvenrs, spring wient the it year,
4, 26, winfer wheat the sixih vear, stubblo jeft over winter, peas (for

seed} the seventh yeur, fall plowed with wheat geeded the fol-
lowing spring.

i
d

North control plots.—-8ix Ljse-acre plots were established in 1933 on a
northensterly 48-percent slope for the purpose of determining uneler
different cropping practices the amount of crosion caused by the meli-
ing of deep snowdrifts formed on north slopes. The type of installa-
tion consisted of shect-metal dividers between plots and a concrete
retaining wall at the lower end of the slope.

A relatively large lateral movement of water occurs through the
subsurface layer of soil af this loeation. The relaining wall at the lower
end of the plots caused this water to rise to the surface as scepage,
which then passed over the weir and was collected in the runoff eatch-
ment tanks. Thus, the surface runoff from the plots was usually
mixed with seepage water, and although several attempis were made
no satisfactory method was found fo separate the two twpes 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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Frov e &~ Crop-rotation plotz 30-pereent south =lope,

Cillege form plots- X geoup of six control plots is leeated on the col-
loee farm on w 22-pereent sonth slope of the Palouse =il loam soil
(he. 1. Three of the plots are on land that bad never bheen cultivated
prior Lo 1934 when the experiment was innugarated. Plota 1 and 2 are
cropped according to the winter wheat-summer Tallow system (when
one plotis in wheat the ether is fallowed) and plot 3 had the original
stand of native bunchgrass. A secomd series of three plots s loeated
adineent o the virgin area on land that had been devoted (o the grow-

ing of wheat for a peried of more than 50 vears. The cropping treat-
i

ment of the two groups of plots is the same. plot 3 of the latter group

Frevne 0.—College Tarny ploiz, 22-percest =onth slope,  Cultivared area is to
thae lefr and virgin aren 1o the right,
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having been seeded fo a grass mixture in 1936, The principal objective
of this experiment was Lo detormine the effect of the coutent of soil
orgunic matter on erodibility. A muarked reduction in soil orgunic
matter and doepth of topsoil occurred during the long period of cultiva-
tion when compared with the virgin or uncultivated soil. The genernt
procedure for handling these plots is the same as that deseribed for the
first sertes of contiol plots,

Idaho plots. —Supplementing the work at the Pullinan Experiment
Station measurements of soil and water losses have been made on
six of the rotation plots located at the Tdaho Agricultural Experiment
Station at Moscow.  Three of {hese plots recdived appleations of
organie matter wiile the other three (plois 3 B, 8=D, and 11-i)
received no treatment. AN six plots are cropped o winter wheat each
vear.  On oeach of the seleeted plots, anaren 8 Teel wide and SU.7 feet
long s equipped with sheet-metal borders and a metal eatehment
vrough and tank Tor the collection of runoff material. - Al equipment
except the tanks is removed from the plots during the harvesting and
secding periods. The farming operations are condueted with field-
seale machipery,

Terraced arcas- Delerminations of zoil and water losses were made
on several terraced areax diring the T-vear period from July 1927
throngh June 1938, These terrmees were constructed an 12- to 302
percent slopes of the Palonse stle loan soil. Pable 2 yives o deserip-
tion of these terraces, showing deainnge aren. land slope, vertical
spacing. length, and grade, ¥ost of the terraces are on south slopes
althongh some continne around the hill on a west slope (lig.6)

Tanie 2. Descetption of the tereaees and wnlerraeed areas Sor which measvrements
af runedl and soil fuss are given in the fnbdes ndicated

Ferrsee of prep Noo and iables i which  Diroiisee b Virtien?

B - A i HA
raipfail, raselll ond soil s aee rpcordmd areit slape  : ipreryal Leberh (eruta

: fuches per
Fablos 16 pmi Kk Jdeses & ikt feet
i : ] H :

3
RS
1

TG

Fables 1§ amd 310
)

A

Tablos U peed 342:
13
i%
Iy
i3
15
Faides 20 noek 337
'
.
th
a4
ke 23 aned 22,
WOV

Edi, 70N

! Before conpstrinetion of teenees 34,
PALer coanrne ton o terreee Y, Spobher 1932

Azl b4 -2
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Frovwe 10, Rl mea-uring equipinent at (he aullot eonds of Tereaces.

Al of the teremecd bind was evopped during the period of the experi-
ment to winter wheat-stnneer llow,  The wheat was thiveshed
with a1 combine harvester nnd the stubble Tefi fo =tand over winter,
An orehard-tvpe disk was used Tor the iniGal spring tillage opera-
tions te work the stubble into the sirface =oil i prepamtion fov
summer fallow.,  Subsequent eoftivation was done with a revolving
rod-weeder wntil wheat was seeded in the fallo With this system, good
erosion control was frenishied every other miny seazon by the standing
stubble, hnt <evere evosion conditions existed during the senson follow-
ing the winter wheat seeding on fallowed Tand,

Erosion Tosses i the eids of the terraces were determined by menns
of water-level recordemas, Pavshadl Buomes, amd Rameer sift samplers
installed wr the outlet ends of the teveaee channels (g, 10,

Weatershed arcas— The purpose of this study is to compare runofl
and erosion o field arveps of dilferent size wich that rom small
plotz and leveaeex and to secure nlormation necded in the design of
favin stoek ponds, channel and flood contvol. and othier conservation
struetures. Six areas of bypleal agricultural land ranging in size from
233 to sightly more than 16,000 aeves of the Palouse vegion, eropped
in accordiper with the common prictices of the aren. were selected.
They are designated by the numbers WO LT W=V, W=V, W-Vi
W-VTL and W VI Results ave veeaded i table 21,

TParshiall fumes with water-level recorders were used until 1939 for
messuring vunofl from all except W-VIT0 On thix aven a water-level
recorder was usod and o rating curve established. The Pavshail fumes
o WoOIE W VW VL and WOV were replaced with tviangulay
hroad-evesied weirs in the sunnner of 1434,
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OmieEr EXVESTICATIONS

In addition to the projects where soil and water losses were measured,
investigations have been made of other fnctors affecting the problem
in this region. Included in these studies is the development of tillage
practices designed to utilize erop residucs and increase swrface storage
in order to reduce erosion Josses.  Different im plements in common use
o1 recently introdueed arve tested under field eonditions. Modifications
of these 1mplements are being developed {or the purpose of improving
their performance.  Information is recorded as to the eflicicncy of
various Lillage proctices for erosion control and the effeet on evop yields,
physical chavacteristies of the soil, and other factors,

Fiorre 11.—"Tree planting st =0il conscrvation experiment station. A, SBnow-
drifi held by hilllop planting, February 19, 1937; B, general view of billtep and
adjacent north-slope planting, June 1942,
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Soil-moisture measurements were made in order to determine the
effect of the type of crop, topographics! features, soil type, and
different soil-management. practices on the amount and distribution of
moisture in the soil profile.

Trees were planted {fig. 11) on a severely eroded hilltop and the
adjacent stecp north slope in order that a study might be made of the
nti]liza.t,ion of such land Tor trec produetion, the effect of trees on the
formation of snowdrifts on north slopes, and the effectiveness of trees
in controlling erosion and conserving moisture.  The hilitop was
planted in 1932 with two rows of Russian-olive (Elaeagnus angustifolia)
on the windward side, then two vows each of Caragana {Avrborescens)
and Asistic el (1 lmws pumidla), and five rows of bluek locust (Robinia
psendoacacia). On the leeward side and just below the crest of the
ridge ave two rows of Douglas fir (Peendotsuga tarifolie} and one vow
of Norway spruce (Picea ereefsa). In 1937 an arca of 6 acres on the
adjncent steep novth slope was planted to frees. which consigted largely
of blnek locust with staall numbers of nine other speeies distributed
through the planting.  Soil-moistire deferminations are mide petiodli-
eally and observations of tree growth and snow accumulation are
recorded.

Studics have been made of methods of waler disposal as related to
gnlly and termce-outlet contro] based on mechanieal 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.  Expericnee has indicated
that excessively steep or severely eroded land requires other control

practices, such as the use of uncuitivated plant covers. Better
methods of managing these crops were evalved from study and experi-
ments and have heen put into practical application.

ContriruTing REcORDS

Climatic data.-- Detailed precipitation records have been taken af a
number of loeations on the farm and the experimental watersheds.
Both Fergusson-type recording raingages and Weather Bureau
standard gages are installed at each location. Additional climato-
logical data. included maximum and minimum temperatures, relative
humidity, and wind movement.

RESULTS OF EXPERIMENTS

The data dealing with runoff and erosion is presented for the most
part on the erosion-year rather than the ealendar-year basis. In this
problem area with relatively high winter and low summer precipi-
tation, the erosion generally vommences in October or November and
continues until Marely or April. These dates may be earlier or later
some years, but practically all of the erosion occurs between the time
fall-tillage operations are completed and the spring work is begun.
Therefore, no significant changes are likely to oceur in the condition
of the plant cover during the erosion season.  An analysis of the data
on & yearly basis beginning July 1 and ending June 30 1s used in order
to eliminate as much as possible the varintions in tillage and plant
cover,
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RaAINFALL CHARACTERISTICS AND LRosiox

The amount and intensity of precipitation has an important effect
on erosion. Rain falling on seil will cause runoff when the moisture-

Buzroge -20.?!'!)
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Rukntall {inghes)

Figrae 12.—Annuat and average preeipitation for the 1l-year period July I,
1931, Lo June 30, 1942, from field 3 gage al the Soil Conservation Experiment
Station, Pullnan, Wash,

Lolding capueity of the soil is exceeded or when the rainfull rate ex-
ceeds the rate at which water can infilirate into the soil. The
characteristics of the soil determine when this peint is reached.

)

I::'-'l'l-TeEr (FEINEE

AGyenr (83314

Prowiait inzhes)

oh Feb. Mo ap Moy Jurn oo, Har, [=3

Fravre 18- Average precipitation distribution by months for the {l-year period
1931--41 and the 49-vear period 18031941,

A summary of the precipitation recorded at the station for the 11-
year period, July 1, 1931, to June 30, 1941, is shown in figure 12. The
precipitation varied from a maximum of 28.80 inches during the 12-
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month period of 194041 to a minimum of 16.05 inches in 1935-36.
The distribution of precipitation by months is shown in figure 13 for
the J1-vear period in comparison with the 4%-vear nveragos recorded
at Pullman, Wash. These date show that an above-normal precipi-
tation was recorded {in the 1l-year period) for the 4 eritical erosion
months of December, January, February, and March, and a sub-
normal value for most of the simmer months,

The relationship of mouthly preeipitation to soil and water losses
{rom south control plot 13, bure hird fallow, is given in figure 14 and
table 26. The maximum monthly sunofl’ occurred in J_"thern-y A
the maximum soil loss in March. During the 4-month period from
December to March, when nearly three-fourths of the Lotal crosion
oceured, 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 crosion than the precipitation during
the subseguent 3 months.  The precipitation in November and Mareh
was approximately equal, bul the runolf and soil loss in March were
36 and 129 pevecut greater, respeclively, than in Neovember, This
indieates that factors other than the total amount of precipitation
have an anportant influenee on crosion,

Runoff and soil losses occurred on south control plot 13 as the
result of 334 storms during the Vi-year period of July 1, 1931, o
June 30, 19420 A record of G5 of these storms, cach of which caused
soil fosses in excess of 3,50 ton per acre, is given in table 3 and Appen-
dix, table 27 on the basis of the time of yvear the storm oecurrod and
the moisture content of the soil when the ratn hegan,  These storms
eaused §5.6 pereent of the total soil loss that was recorded fram this
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Tanue 3.—Swwmary of storms which caused soil losses in excess of 0.50 lon per
acre from bare hard futlow, south control plot 13, during the period July 1, 1951,
to June 30, 1942

| Htoru charneieristics § 1 . Soil loss

: Wengl i~

Suil wohtiure cotie M aximunt este per perestil-
1 ciftion when sternr Slorms hour g of
began : precipi-
Lation

Season that )
SLOTIE GLENTM Per Pur
slgrir nely

per were of min

CARMMINL m—om——————

CSmimiie $-ninnge
period prerind

Nuwwher  Inchex | fuches friches Fercent ‘fone  Pans
Avgmp., L. Molst . il 059 i1} 0.2 LR L (]
Wiinter ... . Verv wel _ S i) Aif . 3 61,4 3 & h

do...o. 0 Modst | - 14 W58 b a8 X 4.1
Rpring. .. C o n . .58 . Y L 6,62
Summer ., .. Lry L. L L. 8 : . L . SR 244

plot during the 1i-year period.  There were 30 storms during the
winter months; the others were distribuied through the vest of the
yeqr.

The 26 winter storms that ocenrred on very wet soil resulled in
the most severe erosion.  Waler losses were 61.0 percent of the
precipitation and soil losses 3.62 tons per acre per storir. The 13
winter storms which fell on moist soil caused about one-half as much
runoff and Lwo-thirds as much soil loss per storm although there
were no signifieant differences i the average amount ol precipita-
tton or in the maximum rainfail intensities.  The aulumn rainsg had
greater amounts and significantly higher maxinmm intensities but
resutted in only 30.0 percent runoll and an average of 1.53 tons of
soil loss perstorm.  The spring storms resulted in the smallest amount
of precipitation, but the maximum intensities were relatively high,
and they caused the second highest erosion losses. Although the
sinimer rams had bigh maximum intensities, they resulted m low
runofl and soll losses from relatively dry soils.

These datn indicate that the meisture content of the soil is the most
important factor affocting crosion losses in this area.  Small wintler
rains of velatively low inlensily falling on wet or saturated soil eause
heavy rvunoff and erosion, while the high-intensity summer rains
generally il on dry soil and result in smaller soif and water losses.
Under uniform soil-moisture conditions, the rainfall intensity has o
greater mfluence than the amount of precipitation. It is the high
soil-moisture content, resulting from high precipitation and low evap-
oration, that produces heavy erosion losses during the winter season.
Many of the spring storms cause heavy orosion losses on aceount of
their relatively high intensitics and the fact that they tall on soil which
has become packed and otherwise feft in an erodible condition by the
winicr precipilation.

Erreer or Praxt Cover
South control series--Results from these plots are given for the

10-year period from July 1, 1932, Lo June 30, 1942, The plols were
installed and the cropping system initiated in the spring of 1931, but
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the erosion data oblained the first eroston season of 1931 32 is not
included in this analysis beesuse the gruss seeding was not well
estublished nor weer all the crops of the i- -voenr mtllmn SrowWn.

The effect of ditferont types of plant covers is shown by (e data
given in table 4 and ligure 15, Grass cover has been Tound to be
the most eflective of those tested for preventing ronofl and soil loss.
The average annual losses have been G.08 Lon of soil per nere and 0,96
poereenl of the tetal preeipitation tost as rnnoll,  Winter wheat stabble
ieft standing over winter has heen practicnily as effective as grass in
controlhng soil losses, atthouweh the avernge waler losses were higher
than for grass,  This digerepianey is atirtbuled (o the Ingh runofl
the spring of 1933 from spow melting on Drozen smb. The standing
stubble held a much fneger amount of snow than the other plant
covers tested,  Relatively low soi losses oecurved during this runoff
period  Seit losses are slightly greater under aospring wheat stubble
cover than under wnter whoal, sinee the density of the stand of
Si:lili[.. wheat s genceally moeh less thon that of nllseeded whest,

The wide digere praney between the soil losses us reported by the
recontnissaner erosion suevey and those from the coitrol, iz secounted

T

Plont_Cover Ol '

i Soil loss (ions per acre)
13
I Runoff {percent)

.08

Gross 096

Spring wheot 7 O.68 |
stubble fertliized L36

Spring whea!
stublile ofter S-12
wintler wheqt

Winter wheot
stubble afier
summer foliow

Winter wheao!
slubble after
sweetciover

Winter wheat
oftar swesiciover

Winter wheot
ofter
summer follow

First yeor
swealiclover

Bare, untilled

o 2
Soil ioss  {tons or runoff, percent]

Fravee 130 Kieet of plant eover on ecrosion losses from e <mh control phat:
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for in part by the Iact thal the control-piol dats are confined (o
relatively short slopes and one seil type, while those reported from
the survey include a variety of slope lengths of vurving topsgraphy
and several soil types.  Furthermore, the losses from the open fields
are augmented by the practice, commeon in this region, of throwing
the furrow slice down the slope each time the land is plowed for wheat.
The more rapid melting of deep snow drilts under the influenee of
warm winds may cause more runoff and soll movenent in the open
fiold than in the restricted area of the control plot beenuse the wider
variation of slope exposure of the former ag contpared with the Intter.

Frosion is usually severe during the winter immedintely following
the seeding of winter whest, espoeialiy if sceded on summer-fallowed
fand.  The fullow system as practiced on these plots consists of plow-
ing the erop residdues muder, and sinee the wheat makes ony a seanly
growth during the fall growing season, the soil is felt with an inade-
guate vegetal cover during o period when heavy mins are likely to
vceur. Wheat seeded on sweetelover Innd s also deficiont in veget-
alive protection during this period.  The sverage annoal soil oss from
the winter wheat plots has been 2014 tons per acre following sweoet-
clover and 4.62 tons following Milow,  Water {osses bave been 4.37
atd 5.52 pereent of the precipitation, respectively.

Taspe L Fffeel af plant cover on erosion losses, south cantrol plots
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A vegetal cover of 1-year-old sweetclover which had been seeded
with peas as a conrpanion erop, with the crop harvested for dry pens
and the residuc returned to the land, did not provide adequate
erosion control, The low degree of protection furnished by the clover
can be atiributed to the poor growth frequently obtained when a
compartion crop is grown. The aversec annual crosion loss for this
tvpe of cover was 5.79 pereent 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 ;neasured by soil and water losses, is shown by a
compnrison of the results obtained from south conlrol 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 vears that sweetclover
was planted on these two plots, the average annual crosion losses
were 191 percent runoff and 0.25 ton of soil per sere on plot 4 as
compared to $.16 percent runefl and 12.27 tons of soil on plot 9.
The average annual green weight of the sweetclover turned under the
second yemr of the rotation was 13.9 tons on plot 4 and 4.3 tons per
nere on plot 9. There was probably an even greater difference in
the nctual density of the plant cover furnished in the two cases during
the erosion season than is indiented by the data given.

Plot 13, maintained n a bare and uncultivated condition has shown
the highest losses of both soil and water. A loss of 22.08 tons of
soil an acfe annually and 21,13 pereent of the rainfall as runoff have
been recorded for this condition. This treatment produced a very
eritical erosion condition in that the moisture in the soil profile was
maintained near its maximum moisture-holding capacity et 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 scries of plots showing
the effect of four types of plant covers on erosion is given in table 5.

Tanue 5.—The effeel of plant cover on erasion losses for the j-year poriod 1988—421
N {crop-rolation. plots)

Evosion lossus

+ :
Rotstion Dlant cover Jduring Rusioft Sail losg per acre
Wa. : erosten season

VAR | 19680 | 1040~ | 1041

Avg, o Y- | t080- 1160 | 1041
| 40| 4] 4 B2 |4

1 | ez |

EZhrc'a‘!eal Fiches|Tnches|Inches) Fackes| Tons| Tons g’nm Tons: Tons
1 G P

0. .| Aledfa-prass indxiure . 0,04 6083 [0.00! 10.014 lo.017 ot P
2,4,6,8. . ..} Sprimg wheot stubble. .. .671 5 026 og2 | L0271 .a32 | @ 5 a W0l L0
14,57 . . Winter wheal sinbble .2 127 017 © 030 010 ! L0461 D NN a TG
LAY l Winter wheal 7 273 1873 070 0 14 i AW L05 e8! 07 | LTS i .62

!“T'he dala are based on years beglnning Jniy | and ending June 30, The rainlgl data for these years pro:
1938-20, 15.38 inchus; M30-40, 1695 inches) 104041, 26.50 inchios; 104142, 17,58 inches; avorage, 18.08 inches,

The results, which are in agreement: with those obtained from the south
control plets, show that the highest erosion lesses oecur on land
sceded to winter wheat, and the least on established stands of alfalfn
and grass. Both winter and spring wheat stubble are very effective
in eontrolling runofl and crosion, but the winfer wheatl stubble is
usualily slightly more effective than that from the spring-sceded grain.
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Fravge [G—Bouth control plol 13, bare and untlilled trentment,  May 3, 1942,

Erreer or Cuor Rorartioss

The wide varintion in the effectiveness of different plant covers in
the control of soil and water losses indieales the importance of develap-
ing a farming svstem that will provide an adequate vegelal cover or
produce a favorable tillage condition during the winter crosion season.
ft is also essential lo provide soil nitrogen and oreanic watter in
stflicient quantilies for the maintenance of a satislactory fertility
level and development of a lavorable soil structure.

Such a cropping sysiem should include a legume like sweetclover
or plfalfa as a seil-building crop.  All crop residues should be eare-
Fully utilized Lo Turnish an effective proteclion against erosion during
the winker season and Lo provide plant material for the mainlenenace
of soil oreanic matier.

Soutfe control plots—A 4-year rotation, consisting of peas and
sweelclover sceded together the first year, sweetelover ns green
munure the second yeur, winter wheal, and spring wheat, has been
fuliowed on plots 9 to 12, inclusive, since 1931, Four other cropping
systems followed on this serivs of plots consist of grass cut for hay,
spring wheat fertilized annually with ammoniam sullate, winter
wheat alternated with summer fallow, ond the bare and untilled
condition.  Whent stubble was the winter cover lollowing all wheat
crops.  The eflect of these different cropping systems on soil and
water losses is shown by the data given in (able 8 and by figure 17,
The data nre divided into two 5-year pertods, July 1, 1932, to June
30, 1937, and July 1, 1937, Lo June 30, 1942, in order to show the
cumulintive effeet of the Lrealments,
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Cropping  piot ] _
system i
Grass g A Sait toss {tons per acre

: Runoff {percent}

Spring

wheat Five-year period
July 1,1932 - June 30,1837
|

Rototion 9-12 _—lﬁ 59

Winter wheg!
and A8
summer faliow is.52

Bore, -
untilied 13

'_"F-iva—yeor period
Juty | 1937 - June 30, 1942
T T

Rotation 9-12

Wheot
igliow

Bore,
untilled

4 6 -] 10 12
Soit loss {tons]or runoff {percent}

Fiovas 17— Bifeet of cropping system on soil and waler lusses,  Avorage annian
values for the south control plots.

TapLy G.——-Iflect of crapping system on erosimie losses.  Avernge annval vadues from
senth control plots for the s-year periods Tuly 1982—Fune 30, 18537, wnd July I,
1887-Jwne 30, 1942
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Tyre, untilled .. . e e 4. ¥ 8y, At 5 3816 20024 AL

! Averape nonugl precipitation: July 3, 1982-June 20, 1W37, 20060 inches; July 1, 1937-June 39, 18432, 18,84
izteiang,
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The most effective eropping system for the control of crosion was the
mainienance of a grass sod.  Spring wheat grown each year and fer-
tilized with ammonium sulfate alse gave effeetive control, During the
first d-vear period, the d-vear sweclelover and the winter whent-
summer follow cropping sysiems had appraximately equal erosion
losses; but duving the sccond d-vear period, the sweetelover rotntion
hael only 56 percent as much runoff and 36 pereent as much soil loss
ns the wheat-fallow system,  This indieates that the use of sweetelover
as a green-manure erop his redueed the soil eradibility as compared Lo
the summer-fallow treatinent.  Severe erosion occeurred on the hare
and unbilled plot during both d-vear perieds.  However, the water
losses from the latter treatment were only slightly fess, whereas the
soil losses wore greater during the second S-vear periad than the first,

The effeet of sweetelover and summer fallow on erosion from land
seeded to vinter whent is shown by the data given i table T and figure
18. The results are swmmarized Tor three different periods on the
basis of the number of crops of sweetelover utilized as green manure.

Tanug T—-Comparison of erosion lasses from winder wheal seetled after swmmer
fatlaw and gweetelover.  Average wnpnal velues fram the south conirol plots

Winnter whiat soeded nfter  Winter wheat seeded nfter
summer fallow (ploas 3, 81 sweetelover (plats v-12)

Perigd L

Boll s rer Hoil lsg per
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-6 2. : 1. Utk 505 1. TH{]
1600 H L 32 1. U8 b
1H0-42 ¢ -] 105 LTHE

iyl 4,62 LBOG
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1/The daln are boased on 12 manth periods, |

* Each rotad{or (Hol bad lael 1 oergp of Swe

Y Bredh rotalion phot liael hand 2 erofs ol swer

4 Fael rotaiion plot had hiael & eonps of sweolelover,

Swoeelelover had been grown anee on enen of the four plots during the
1932- 36 period, {wice during the 1936 40 period, and three times on
ench of the two plots of the 194042 period. Fhe average annual
soil and water losses were highest in 193236, and there was a decerease
each subsequent peried, exeept that the soil loss was greater on the
summer-fallowed plots during the third period than during the second.
Wide variations in the amount of erosion losses from year (o year of
each period ean be ativibuted largely to climatic factors,

Kunofl and erosion was less during each of the three periods on land
secded to winter wheat following sweetelover than from jand previously
summer-fullowed.  Also, the rotio of erosion losses rom fallowed fand
{o those from sweetclover land became greater for cach suececeding
period, indicating that eaeh additional green-manure erop of swoeet-
clover reduced the crodibility of the sotl as compured with summer-
fallow practice. It appears that the protective effeet of several crops
is cumulative. During the period froin July 1, 1932, to June 30, 1936,
when each of the rotation plots had had one green-manure erop, the
nverage annual soil foss from these plots was (.59 fons per aere as
compared to 8.05 tons from the summer-fallowed land.  After three
crops of sweetelover, however, soil loss was only 0.26 ton per aere as
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Fiarre 18— Comparison of erosion losses from summer-fallow and sweetelover
land seeded o winter wheat, Average annual values {rom the south control
piots.

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 whent yield from 42.3 bushels per
acre for the 4-year period of 1933-36 to 51.9 bushels in 193841, A
corresponding increase was obtained in the green weight of sweet-
clover turned under. This factor and the eumulative influence of
succeeding crops of sweetclover grown on the Iand are the principal
reasons for the stendy inerease m wheat yields during the course of
the experiment. This particular area of land was not in & high state
of fertility a6 the time the sweetclover-cropping system was initiated
in 1931, This increasc in yiclds by these well-tested methods of soil
conservation, developed during 11 years of resesrch, has important
signifiennce for the entive Pulouse, at the present writing, in meeting
the wartime demand for grenter crop production. 1t is expected that
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Fioure 19.—Yield of winter wheat grown after summer fallow and sweetclover
plowed under,  Bouth control plots,

the present upward (rend in vield will soon reach a maximum de-
termined by some other limiting factor, such as soil moisture.

Atthough the yield of wheat on summer-fallow land has fluctuated
widely during the period of the experiment, the trends in yields,
together with results of soil-organic-maticr analyses and soil and water
losses by crosion, indicate that the wheat-summer lallow cropping
system 1s soil depleting, while 2 rotation including a legume such as
sweetclover as & green-manure crop tends to maintain the soil nitrogen
and organic matler in sufficient quantities for satisfactory soil fertility
and structure eonditions.

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 & more rapid rate than the sweet-
clover cropping system. When the experiment was initinted in 1931,
the erganie-matter content of the seil on these two groups of plots was
was 1.95 percent, and in 1939 tise fallowed land had 1.76 percent and
the sweetelover land had 1.88 pereent organic matter.

There is a direct relation between the weight of sweetclover turned
under as green manure and the yield of winter wheat produced on the
land. The weight of sweetelover obtained on plots 4, 9, 10, 11, and
12 during the period of the experiment and the corresponding yields
of whent given in lable 8 were arranged in order of increasing weights
of sweelclover.  IFrom this arrangement, four-plol moving averages of
weights of sweetclover and wheat yields were calculated and are shown
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Tavre §—Winler whent yield following summer fallow ard sweelclover plowed
under (south rontral plots)

!

Green Yicld of winter wheat
welght,  _ _
of i
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s
FOUR-YEAR MOVING AVERAGE (PLOTS 0, 10, 11, AND 12)

L Sweetelover wag lizeoed uncder ducing the previons venr

graphically in figure 20, These results show that small erops of sweet-
clover are only slightly effective in increasing whent yields, but for
amounts greater than about 6 tons per acre, thiere is a rapid increase in
vield for each additional inerement of sweetclover utilized as green
manure.  The eurve tends to level off for sweetelover weights in excess
of about 12 tons, indicating factors other than the supply of available
nitrogen have beeome limiting, The vields of winter wheat after
summer fallow for the same years show that elimatic factors have had
no signilicant effect. on the érend of crop yields during this period.

Crop-rotation plots.—Runofl and soil losses from the cight 2-year
cropping systems for the period July 1, 1938, to June 30, 1942, are
given in table 9, and in figure 21. The cropping sysiems including
summer fallow in combination with wheat had the largest soil and
water losses, while wheal grown in rotation with Hubam clever us a
green-manure crop had the smallest crosion losses. The summer-
fallow treatment permitted more than twice as much runoff and four
times ns 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, had losses
intermediate between the two extremes. '

The high losses for the crop year 1939—40 are the rvesult of three
periods of heavy precipitation in February and Mareh. Most of the
rain during this period had relatively high intensities and fell on
snturated or nearly saturated soil. The iigh crosion losses in the
spring of 1940 from plots 12, 18, and 19, which were cropped in 1939
to peas, pens, and spring wheat (under), and Hubam clover (under),
respectively, were duc to n large extent fo the fact that these plots
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Figure 20.—Effect of amount of sweetclover turned under on the yield of winter
wheat. South eontrol plots,
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Figure 21.—Lffect of cropping system on erosion losses. Average sunual values
from the crop-rotation plots for the period July 1, 1938, to June 30, 1942,
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were fall-plowed up and down the slope. Consequently, the amount
of erosion during the 193940 season for these three spring wheat
cropping systems is considerably greater than would be expected if
the usual type of tillage operations had been practiced.  Fall tillage
operations were conducted on the contour in 1940 and 1941,

TanLe 9-—Effect of crepping system on crosion losses.  Avernge annunl values from
the crop-rolation plols for the period July 1, 1938 lo June 3G, 1942
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Son. EromsiriTy

The cffect of the depth of surface soil and soil organic matter on
soil erodibility has been studied at three loecations. At the south
control series, plot 14 (desurfnced) has not given satisfactorily typical
results because the lower level of the plot surfnee frequently accumu-
lated excess moisture from drifting snow. On plot 15, the layer of
clay soil, utilized to replace the original 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 arce not considered to be reliable,

Oollege farm plots—The land that has been cultivated for over 50
yeors has lost o large part of its organic matter through cropping and
crogion 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
2.34 pereent. of organic matter as compared to a 3.89 percent content
in the adjacent virgin land. This represents a loss of 40 percent of the
original soif organic matter. Plots 1 and 2 on the virgin area had an
aversge organic-matter content of 3.51 percent after being cropped
since 1934.
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TasLe 10.—8ofl and waler losses from vi rgin land, cultivated since 1934, and Jrom
land cultivated for 50-60 years
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Soil and water loss data from the virgin and cultivated areas for
the period July 1, 1936, to June 30, 1942, are given in tuble 10, The
winter whent-summer laliow treated plots (Nos. ! and 2) are summar-
ized on the basis of the two tvpes of plant cover prevailing during
the erosion season, numely, winter whead seeded on fallowed land and
standing wheat stubble. A very small amount of erosion occurred
m the virgin land with any of the three types of plant cover. Only
.01 percent of the precipilation was lost as runofl and 0.014 ton per
acre of soil was lost durmg the 6 years from the winter wheat plot.
Erosion losses were small from the wheat stubble and grass plots
located on the old cultivated tand, but on the winter wheat plot, which
had 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 orgunic-matter content of the virgin land resulted in more rapid
infiltration of water and u 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 cultivaied soil breaks down into
a decidedly puddled condition, indicating o lack of stable soil aggre-
gates, while o much more porous structure is evident in the virgin 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. These plots have been cropped to
winter wheat each yenr sinee 1915, with plots B-3, D-8, untr E-11

17 e farmiing operations nod the aneiyses of runoil samples were under the supervision of Mr, G, O,
Boker, wisistant professer of Agronomy, Universiy of Tdahe,
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trented with barnyard manure at the rate of 15 tons per acre every
third year. The everage snnual soil and water losses from the
untreated plots have been 0.146 ton of soil per acre and 0.551 inch
of runoff as coinpared to 0.088 ton per acre and 0.303 inch of runoff
from the manured plots.

Tapse 11.—Runoff and soil losses from the rotation plots ai the Idako Agricultural
Experiment Station

With manure ¥
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3 ffamynrd mantre npplicd 8t the mto of 15 tons per uere every third year.

Soil losses from the Idaho plots have been relstively small in rela-
tion to the water losses hecnuse 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-
ial is the relatively gentle 8-percent slope of the land on the piots.

An analysis of sotl samples taken in 1938 shows that the organie-
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 period
from 1937 to 1841 were 21.7 bushels per acre for the treated plots
and 14,1 bushels for the nutreated.

Moistyne STunies

Soil moisture in relation to field conditions—The absorption of
precipitation by the soil is important from the standpoint of obtaining
adequate soil moisture for plant growth, as well as for its effeet in
decreasing the amount of runofl and cresion. This is especially true
in the intermountain area of the Pacific Nortlowest where crops must




EROSION CONTROL AT PALOUSE EXPERIMEXNT STATION 37

depend almost entirely on the water stored in the soil from the winter
and early-spring precipitation, since there is little summer rainfall.

Soil-moisture determinations have heen made periodically on the
different seils and on land where varied tillage and cropping systems
are employed. The resulls indicate some marked differences in the
moisture condilions of diffecent tyvpes of soils and in soil handled
under varied soli-management practices.

The influence of difierent crops on the moisture content of the soil
at the end of the growing season (August) is shown by the data given
in table 12, The samples vepresent uniform south-slope conditions
on which different cropping systems were followed,

Tantg 120 fufluence of cropping system on the pe reendage of soil moisture af close
af growing season tugust
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The results show a high spil-moistnre content of the summer-fal-
lowed area as compared lo the exceedingly dry vondition of the soil
-on which alfalfa was growing. The nverage moisture content of the
fallowed soil Lo a depth of 6 feel was 20.9 pereent, while alfalfa land
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 alfalia. Samples taken in the fall
of 1937 in a 6-year-cld alfalfn field showed that the moisture was
depleted to about the wilting point to a depth of 14 feet, the average
moisture content to this depth being 107 percent.  Some moisture
had been utilized to a depth of 17 leet.

Duzing the subsequent winter season only a relatively small amount
of rain will be required to bring about a saturated condition in summer
fallowed soil, while the greater moisture deficieney in grass, alfaifa, or
wheat land permits the absorption of much more precipitation before
saturation occurs. These [nels mdicate the reasons for the greater
runofl and erosion on fallowed land,
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The soil and topographie charncteristics 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 moist-

TapLE 13.—8oti-moisture measurements for different locations on different soil types,
19386 1
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ture content of the surface 6 feet of soil is highest on the steep north
slopes and lowest on the croded hilliops.  South and west slopes
have a soil-moisture content imtermedixie bebween these two exlremes.
The upper 6-foot section on the north slopes is usunlly al the maximum
field moisture-holding eapacity m the early spring, while dry soil is
frequently found above the sixth foot on hilltops that were cropped
the previeus season.

This variation in soil moisture is the result of differcuees in the
infiliretion rates of the surfnee soil, the amount of effective preeipita-
tion, and the evaporation from the soil surface in the three loeations,
The deep friable surfnce soil on the north slopes ahsorbs water rapidly,
while on the eroded shallow soil. abserption 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 ofl the hilllops,
and to o smaller extent from the south and west slopes, and accamu-
jating in drifts on the north stopes.  Evaporation from the soil sueface
is lowest on the north slopes hecnuse of lower Lemperatures and less
wind mevement,

The hilllop tree planting has had a marked cfleet on the amount of
water absorbeil by the soil. 1o the [nll of 1930 the soil moisture had
been depleted approximately to the wilting point to a depth of 12
feot where trees were grown and to 8 feel on a hilitop ptanted to
alfalfa. The precipitation during the winter of 1936-37 consisted of
a large proportion of snow, which drifted very extensively.  Sufficient
anow was held in the tree avea to cause the moisture Lo penetrate dur-
ing the winter and spring season to a depth of 9 feet. It was enleu-
lated that 30.9 inchies of water was nbsorbed by the soil.  Ou the
alfalin ares, where most of the snow blew off, it was found that the
moisture penetrated only 2 feet decp and only 7.1 inches of water
was absorbed.
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Tarrr 14.—S8oil-moisture measurements al lerrace 1?7 for different seasons and
locations
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The distribution of soil moisture on terraced land is shown by the
data i table 14, Samples were obtained in the fall of 1934, spring
and fall of 1935, and spring und fall of 1936 al terrace 17. The terrace
channel contained the largest umount of moisture, the spring average
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for the 6-foot depth being 22,0 pereent. The high content in the
fifth- and sixth-foot lnyers indicates that considerable leaching may
occur at this place. There was o lower absorption of moisture on
the terrace ridge than in the channel or in the terrace interval. The
average percentage of moisture on the ridge in the spring was 15.2
for the fifth- and sixth-foot layers as compared with 21.1 percent at
the same depth on the undisturbed seoil 35 feet above the terraces.
The absorption of moisture on the down-slope side of the terrace ridge
was also low. There appeared to be practically no lnteral movement
of meisture on this part of the south slope.

TiLaceE Pracrices

Tillage is an important factor in crop yield, weed control, cost of
production, and erosion, Frequently in the past the effect of tillage
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 ebstructions it introduces, such as holes, clods, or
furrows; and it affects the seil structure, the rapidity with which the
soil will absorb water, and the water-holding capacity of the soil.

Utilization of crop residues.—Wheat sbubl%le is the principal type of
crop residue available in the Palouse region for use in erosion-control
practices. It offers eonsiderable mechanical resistance to erosion, both
when standing and when left on the surface as o muleh or mixed with
the top layer of soil. Crop residue utilized in this manner maintains a
higher infiltration rate by reducing the degree of puddling of the soil
surface. The presence of a large amount of organie 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 decresse runoff
and soil losses.

Available nitrogen in the soil is necessary for the proper decomposi-
tion of highly carbonaccous material, such as wheat straw, and the
amount of nitrogen present determines to o great extent the quantity
of such material transformed into soil huinus. The incorporation of
wheat straw with the soil is likely to reduce the amount of nitrogen
available for plants, and since this nutrient is generally the most
frequent hiniting factor in crop preduction in this aven, erop yields
are frequently lower on land where siraw 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 yicids where straw was burned were higher than where
straw was returned for all three levels of nitrogen fertilization, the
avernge of all plots being 20.4 and 18.4 bushels per acre, respectively.
An application of ammonium sulfate gave a marked increase in the
yield of wheat. The plots with no fertilizer bad an average yield of
13.4 bushels per acre while 80 pounds of fertilizer incrcaseg the yield
to 19.9 bushels, and 160 pounds to 24.9 bushels, These results show
the effect of returning straw to the soil and indicated that the practice
has an impoertant influence on the balance of available nitrogen in the
soil. Jtisgenerally considered that the depression of nitrate production
by wheat straw is less on soils with a high organie-matter content or
where legumes such as alfalfa or sweetclover have been grown. If




EROSION CONTROL AT PALOUSE EXPERIMENT BTATION 41

the stubble is utilized effectively to control erosion, the reduction in
the rate of soil depletion from erosion losses will probably counter-
balance the depression of nitrification, especially if cropping systamn
including certain legumes is followed,

TapLe 15.—Effect of stubble utilization and nilrogen fertilizer on yields of winter
wheat (bushels per acre}.  Stubble-utilization plots—ﬁe!é [if
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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 reduecing crosion.

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 ean be corrected by
setting the frog lower on the beam and bolting on a Y-inch steel plate
to add stiffness. This was accomplished on the 8-bottom, 16-inch
plow shown in figure 22. The clearance was inereased from 22 to 26
inches, which greatly improved the operation of the plow in heavy
stubble or for turning under sweetelovaor.

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 left
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 (iiﬁ‘crent 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 ficlds 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 proportion of
crop residue left on the surface. The moldboards on an 18-inch,
3-bottom plow were cut with an acetylene torch diagonelly from the
heel of the share to a point adjrcent to the beam. The two parts were
hinged together so as to permit the rear part to swing back against the
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e 220 = Threebot am, 1G-ineh plow rebuilt to give 26-inel elearance below
Bemin aadd ogipped wilth expertinemiad moldbaaeds G inehes wide,

bBeam. A svstem of fevers altached to the movable part allows the
tractor operator Lo set the moldboards in the desired position while
the plow is in motion and to make further adjustments Lo correel for

variations in stubble Licight and density, lund stope, aned tractor speed.
With the hinged part of the nmldlmmis in the extreme rear pusition,
very hittle of the crop residue is covered and the soil surface is left in o
rough and eloddy comdition.

Fall plowing of stubble land with a mogificd maldhoard plow leaves
sufficient restdue on the lovse, cloddy surface, to furnish adequate
erosion control under moest conditions during the winter runofl season.
This type of tilluge operation is best adapled to the annual eropping
system commonby practiced in the higher rainfall sections of the
Palouse rvegion.  In an annual cropping system, stubble land is
usunlly seeded Lo legume the Following spring amd it is an advantage
to have a tvpe of fall tillage that will permit ready seedbed prepara-
tions. Where the stubble is heavy, o laree portlon of it should he
brought in eontact with the soil to eilitate partinl decomposition
before spring tillage work is started.

The one-way disk plow, having 26-ineh disks with 10-ineh spacing,
is salislactory for operation wlere there is heavy stubble.  This
implement can be used suecesslully under conditions where an
ortlingry  ld-inch gang plow eannot be operated.  The stubble is
mixed with the soil and some left on the surface, leaving the soil much
fess susceptible Lo erosion than where the stubble is burned before
plowing.  The ene-way disk plow may also be used lor turning under
SreCI-IManure ¢rops.

Tt is o common practice to allow wheat stubble to stand over winter
when the land is Lo be sumraer-fallowead, exeept that a hght tillage
aperalion sueh as disking may be performed in the fall if the stubble is
tall and heavy. This tillage reduces the amount of stubble to be
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Freone 23— Three-bottam, 18-ineh plow egnipped with adjusiable hinged-lype
moldboards, .1, Moldhoards fu the forward positions J3, in the rear position,

handled during the summer-faliow season, but leaves enough for
effective erosion control i 0t s utilized as o surface mnleh.

In using the combine-hmrvester the straw is {requently left in a
windrow or in bunches. 1t is dillicull to operate a plow in such n field
unless the stubble s first burned. Even H a tillage implentenl can
operate, b is helieved that these concentrations of stubble are objec-
tionable.  IU thus seems that if the stubble is to be utilized, it should
he spread fairly uniformly over the ficld by means of straw seatlerers
atlached to the combine-harvesters. This permits the operation of
tilage implements in fields having heavy slubble.

Lt s important that all tillage be on the confour so fav as is practi-
cable.  Contour tillage bas Deen practiced to s large extent on the
steeper lands sinee the fields woere first plowed, bat on lands not so
steep the tillage 18 Trequently parallel 1o the section line,
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On steep slopes (above 20 percent) the tillage implements will not
turn the furrow upbill, and all tillage gradually moves the topsoil down
the slopes. During the last 50 years it is likely that at least 6 inches
of topsoil has been moved a distance of not ess than 25 feel. This
condition along with erosion has caused the subsoil Lo be exposed on
many hilltops and upper slopes.  No practical method has yet been
worked oul to stop the seil from moving down the steep slopes so long
as cultivalion is continued.  The use of more perennial crops on these
steep slopes and fertilization or cultural practices for building up the
soil are believed to be the best ineans of minimizing the effects of this
$0il movement.

Special tillage  implements—Twao implements, the hole-digging
valtivalor sud the basin lister, were tried on the station on slopes of
from’3 to 40 pereent. These implements 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 sl The sloughing 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 sli htly
effective.  This type of practice is not satisfactory on winter wheat-
land hecause if the operation is done before seeding the whent, the
depressions will be partly eliminated by the drill, and ¥ the tillage is
done atterward the stand and vield of wheat will be reduced,

Deep tillage.--Plot 5 of the control plots was subsoiled 16 inches
deep with a chisel spade al the time of plowing in the spring for sum-
met fallow. The soil loss for this plot was 4.06 Lons per acre annually
as compared with 443 tons for plol 8 where ordinary tillage was
practiced.  The average vunoff from the deep-tilled plot was 5 per-
cent compared with 6 pereent for the eheck plot.  The results have
varied considerably Tor 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 cnough to cause the plow-sole to break up sufficiently.  This
ean be secomplished maore effectively if the tillage is done in the fall
when the soil is dry,

A deep-tittage mmplement was used i the fall at a depth of 10
inches, and in the spring the disk harrow was used both in scedbed
preparation and lor summer fallow, This practice leaves considoer-
able stubble either on the surface or mixed with the suiface soil,
making Lhe soil much less susceptible to erosion Lhan when crop
residues are burned, or when the fiekd is plowed so as to bury the
stubble completely. Either a regular chisel implement or a plow.
with the boltoms removed and chisel points bolled to the beams, is
suitabie for this type of work. Very favorable veports have been
received from certain areas where the chisel was operated in the fall
following erops of peas or wheat, in preparation for spring crops of
wheat or peas. Il a crop residue on the surtace is fairly light, a seed-
bed can be casily prepared the lollowing spring, but this is more
difficult with heavy stubble,

TerrACING STUDIES

Comparison of the amount of material removed by erosion from
terraced and unterraced areas serves a valuable purpose in indicating
the effectivencss of control by terracing. Lt should be clearly recog-
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nized, however, that under the present experimental techrnique, the
two measurementis are not precisely comparable. Records of Josses of
soll from the ends of terraces are very useful in comparing the effec-
tiveness of terraces of different types, size, and gradient.  However,
in comparing such records the surface configuration of the interterrace
aven, and the distances hetween the terrace ridges, must be taken
into eonsideralion.

The unterraced areas are mensured as closed watersheds, that is,
theve is no way for the eroded matenial carried to the lower part of
the area to escape excepl through the measuring deviee.  The drain-
age nreas formed by the terrace ridges {Ehe interterrace areas) are,
however, not entirely closed; that is Lo say. a considernble portion of
the soll eraded [rom the upper parts of these interterraced areas Is
deposited in the terrace channel and does not pass on with the run-
ofl through the measuring devices at the ends of the terrace. 1t is,
of course, also true that n part of the eroded material on an inter-
terruee areq is deposiied on the lower part of the ficld slope and does
not pass off with the runofl through the measuring device. 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
erosien, deposition, and transposition through maintenance operations
usuaily is repeated many times.  As a result, a continuing downslope
movenent of soil takes place, varying in amount from an insignificant
minimum on gently sloping soils of favorable porosity to & scrious
maximim on steop, highly erodible soil of low absorptive capacity.
Qbviously, this movemeni is not measured by the deovices placed atl
the end of the terrace channels.

The magnitude of the loss ocensioned by the tranverse moveinent of
soil over the terrace ridges is difficult to measure and, as yot, has not
heen determined.  Through the adoplion of a maintenance svstem
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 seasonnl cover crops,
sirip cropping, and other soilstabilizing measures still further reduce
the losses.

The use of terraces is conditioned by & large number of factors,
such as farming practices and cquipment, ¢limate, topography, soil,
and cost. In the Palousc 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 g small number o1 farms.

The drifting of snow miroduces a problem (fig. 24). The snow-
drifts sometimes form across the channel, and if runoff accurs the
waler may flow over the terrace ridge.  This occurred a2 few times
during the winters of 1831-32 and 1932-33, but not during the follow-
ing years of the expertinent.  The damage caused by such overtopping
of graded terraces was slight after the terraces were settled, as the
amount of runeff was small. The snow obstructs the flow in the
terrace channel to n considerable extent, thus retarding the runoft,
andd allowing considernble time for the water to be absorbed. Snow




40  TECHNICAL RULLETIN 860, U. S. DEPT. OF AGRICULTURE

in the terrace channel frequently prevents the ground from freezing.
while the ground at other points without a deep snow cover will freeze
and thus be practically impermenble,

The average runofl as measured at the outlets of seven representa-
tive ferraces (Nos. 2, 4, 5, 6, 7, 17, and 18) was 4.9 percent of the
rainfall as compared with 19.9 percent for an adjaeent unberraced
area (W-IV}. The soil-moisture determinations show alse that, the
terraces may have reduced the surface runoff, as the moisture corntent
is higher at the lerrace channel than at other points (table 14}, This
has not resulted in inereased vields at this point, however, because of
removal of topsoil (rom the ehannel in constructing the terrace, and
possibly other factors, sueh as leaching and puddling of the soil.
There appears to be but litUe lateral movement of meisture at the

sy © Jid ' Ly TR, L

Ficrwe 24 Soow and jee in the ehannel of Terrace G, December 26, 1332,

locution where sumples were taken. as the moisture content is lowest
below the ridge and on the down-slope side frony the ridge.

The average anmual soil loss for {he seven terraces was 1.09 tons
per acre, as measured atb the end of the terrace channels, ecompared
with 8.70 tons for an adjacent unterraced area {(W-IV). In addition
Lo these measured soil losses, there is some soil movement down the
slope from both erosion and tillage. This movement is being studied
by means of preeise survey measurements, but records over longer
periods are needed to delermine the extent of movement.

Terrace spacing.—Four terraces, with vertical intervals of 25, 20,
15, and 15 feet are included in the study of terrace design. Each
terrace has a length of 780 feet and a uniform grade of 12 inches per
100 feet. The land slope varies from 20.8 to 28.6 percent for the
different terraces.  During the first year of the experiment one terrace
having a vertical interval of 35 feet was included, but the washing
between terraces was excessive and an intermediate terrace was con-
structed. The average annual soil loss at the terrace outlets varies
from 0.74 Lo 1.30 tons of soil an acre (table 16}. The terraces on which
these two measuremenis were made all have & 15-foot, vertical intorval,
Detailed records are given in table 30. It is possible that the soil
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TapLe 16.—8urface runeff and soil lost in rwnaff from graded lerraces | wilh different
vertical tnlerealy, 1931--38

Runofl Roil loss per aere
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£ S table 2 for des 1 {ion of tormecs.

T Not instalbed, 3 ya-fonl, vertictl spacing.  Verrce Inber divided into 3 and 34,
losses [or 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 fhat of terrace 5,
which is on a 20.8-pereent 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 average
vield of winter wheat on terrace 5 being 36.2 bushels per acre as com-
pared (o 24.0 bushels on tererce 3A.

The average annual soil losses are comparatively low for all the
terraces in this experiment, which would indicate thatl all the vertical
inlervals are fairly satisfactory. The results from Lerraces of this
experiment and other (erraces 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 climatie conditions in the wheat-producing
arcn of the Pacific Northwest.

Tanne 17.—8pacings and grades of lerraces recommended for different lund slopes
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Terrace lengths.—Three terraces are inciuded in this study; Nos.
2, 5, and 8, with lengths of 400, 780, and 2,274 fecl, respectively
Each terrace has a vertical interval of approximately 15 feet and a
uniform grade of 12 inches {all per 100 feet. The average land slope
is 26.0 percent for terrace 2, 20.8 percent for terrace 5, and 16.8
percent for terrace 6. The summary and detailed records of the
apnual soil and water losses at the ierrace outlet re given in
tables 18 and 31, respectively.  The soil loss inereases with the length

Tanue 18.—8urface runafl and sofl losi in runnfl from terraces’ with different
lengths, (931-38

1 Ruae!fl Boll loss per atre
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H
a ; .
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1 Bee bie ¥ lor deseription of ferraces,

of terrace the comparison being 0.67 ton per acre annuelly for the
400-foot lerrnce, .74 ton for the 780-foot tereace, und 1.26 tons for
the terrace 2,274 feet long.  The larger Joss for the longer terace is
hehieved {o have resulied from washing in the channal on aceount of
a greater volume of runoff. The loss of 1.26 Lons for the longest
terrace is not large, however, The average runoff was 5.49 percent
[rom $he terrace 2,274 feet long, 3.60 percent for the 400-foot terrace,
and 3.85 percent for the 780-foot lerrace. The largest amount for
terrace 6, which is the fongest terrace, is believed to be due to a deeper
ncenmulation of snow over the watershed rather than to any effect
of the length of terrace.

This cxperiment indicates that ferrsces as long as 2,274 feet are
sntisfectory. It is believed that the gride used, 12 inches fall for 100
feei, is somewhat more thun required on & 16.8 percent land slope.
Table 17 indicates that aboul 7 inches [all per 100 fect is suitalile for a
16.8 percent Jand slope.  Fur ferraces moze than 1,000 fect in length,
it 18 ndvisable to provide somewhat lurger channel eapawity near the
outlet than would be needed for shorter terrsces.

Tuorrace grodes—On o graded terrave the water is inlercepted as it
Hows down the slope nnd is then conducted along the terrave o an
gutlel,  Some of the reascns for using o graded tereace instead of a
bovel tervece with an open ¢nd wre: 1 ess channel capacity is coguired:;
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there is less chance that the graded tevrace will break; and water is
not so likely to remain in the channel of the graded terrace for ex-
tended periods.  In order to study the effeot of Terrace egrade, teernces
13, 18, lr, 16, and 15, with grades of level, 6, 12, 18, and 24 inches fall
per 100 feet, respectively, were constructed. These terraces are 780
feet long and 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
it land slope, soils, and location, but these factors are believed to be
of lesser importance than the grades of the terrnees. A sttmmary of
the soil and water losses for this group of terraces is given in table 19

Tanur 19—8urfuce runaff and sail last v runafl fron lerraces ¥ with different grades
1981-38
v e oo
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Tn 0 Ly
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4.

Surnmer fklow zecded 10
winler whent.,

Jane- June 1087 16492 0 . . Senblhe tlisked for fylbow,
July-Toee 1937 140 148; 10 2285 7. . BLEE I HE L3 Buner fllow seeded ta
' . wintier whent,

Inn-June IS L 01 R ST L4] TAREL RS s O80T 23 L8 Winter wheat,

T Eee bl B for dleserintion of ferraoes,

T 0ol instanlled,

2 Terree P2 won bl evd hold odl of oo, water sveriopped dikiead sod of termee 13 The earabinne | ot
of 12 and 13 were used for workiog ap dite fur goeh periods,

and detailed resultsin table 32, The average annual soil loss inerenses
progressively as the grade inereases, the loss ranging from 0.33 lon
an aere for a level grade 1o 4.26 lons (B-venr period) an acre for a (all
of 24 inches per 100 focl, Terrnce 16 has a soil loss of 441 tons
annually for the 7-vear period, but the loss is 3.60 tons for the cor-
responding G-venr period.  The runofl follows the same general trend
with the exception of the terrace witih a level grade,  Grealer aceu-
mutations of snow over the walershed ol this terrace resuifed in
creater runoff,

There was considerahie washing in the channels of the terraces with
grades of 18 and 24 inches fall per 100 feet and some w- ashing where the
fall was 12 inches [)(' 100 feet. Figure 25 shows the crosion in the
channel of terrace 15 (24-inceh fall) after the nmoft season of 1931-32,
The indications are that from the standpeint of soil loss and general
practicability the grade of 6 inches fall per 100 [eet {(fig. 26) is the best

BOLGEI® 44—t
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Friveg 23- Wasling in the channel of (orrmee 135, Tall of &
April 15, 1932,

Frovnre 20

Channel of 1ereace 18, Lall of § inelies per 100 foct, April 27, 1042

in this group of terraees. The level tereaer tonds o impound water
in the chavnel and is wore likely o overtep. More difliculty is
experienced with snow blocking the ehannels of the level tereaces than
those ol the graded terraces, Beeause of the difliculty in obtaining
chavnel capacity on the steeper slopes and of the greater tendeney Tor
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deltas to nbstruet the channel, it is believed that terraces on the steepor
slopes should have more fall than those on the flatter slopes.  Further-
more, if the tervacing machine gets shightly off the Jine of stales on a
steep slope, » high or low place will ocenr in the terrace. This is moro
serious with a level grade or slight grade than where the terepce is
given more fall. A {all along the terrace of 6 inchos per 100 feet is
believed (o be about right for a 15-pereent slope and this should be
inereased or decrensed about 2 inches for cach d-pereent inercase or
decrense in land slope. The grades of lerraces in aceordance with this
recomniendation are given in table 17, The variable-graded terrace
is recommended. especially where the terrace is of considerabiv length.
The grade near the outlet should be as given in table 17, and the aride
should be proportionately less toward the upper end of the terraee,
For the steeper slopes it is advisabie to have a'shight. grade at the upper
end pather 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 pereent, respectively.  ach terrace is 780
feet Jong, has o uniform grade of 12 inches fall per 100 feet, and a
vertical interval of about 15 feet. A summary of the runofl and soil
loss is given in table 20, The detailed results are given in tahle 33.
The average anmual soil loss through the outlet is 0.17 ton per aere for
a 13.4-percent slope, 0.74 ton for a 20.8-percent slope, 2.67 tons for a
25.2-percest slope. and 1.30 tons for a 27 1-pereent slope.  In general
the soil loszes are more for the steep slopes than Tor the Matier slopes,
although the soil loss for the 27 1-poreent slope was muel less than
for the 25.2-pereent slope. The detailed soi survey (fig. 61 shows

TanLe 20~ Surfuce runoff and sofl losl {n runoff from lerraces | yu different fand
slopes 1931 -38
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that more subsoil is exposed on terrace 3A than on 17 and that ter-
races 5 and 7 have productive surface soil over nearly the entire
drainage aren. In general the thin soil erodes more than the deeper
soil. Heowever, where the subsoil is exposed it appears that the
crosion is less than where there is a thin layer of surface soil, al-
though the percentage of runoff is greater. The measured runoff
was grenter from terrace 3A, even though the soll loss was less.

The percentage of runoff in this experiment has no very apparent
relation to eifher the land slope or soil loss. But there are cerisin
factors which should be explained. The runoff from a land slope of
13.4 percent was 8.7 percent of the average precipitation, which is
more than that from slopes of 20.8 and 25.2 percent, but less than
that from the 27.1 pereent slope. This condition is believed to be
due largely to a variation in the depth and sccumulation of snow
over the watershed.  The snow usually bas been much deeper on the
lower slope, and even though the runoff was greater on the more
gentle slope than on some of the slopes nhove, it is nlmost certain that
the amount of water absorbed by the soil was also greater.

Terraces were more satisfactory on slopes helow 15 percent than on
steeper slopes. On the flatler slopes a broad-basc terrace can be
readily crossed by farm machinery when necessary, This is much
more difficuit on the steep slopes.  On slopes where the plow furrow
can be turned up the slope the tillage equipment can be operated so
as to help maintain the terrace. On both terraced and unterraced
slopes steeper than 15 to 20 pereent, all Lillage tends to move the
soil down the slope. This movement of sail, along with -accelerated
crosion, gradually exposes the subsoil on the upper slope. The soil
accumulates in the terrace channel and must be moved to the ridge
with a terraeing machine almost cvery vear the field is cultivated.

Terrace cross sections and their effect on operation of furm machinery —
The type of terrace cross section will vary with land slope, land use,
and other factors, such as soil, climale, and machinery used. 8o far
as practical, the terrace should be so constructed as to cause the least
inconvenience n 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, o wide ferrace
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 & narrow terrace must be used, and it may be impossible to
operate machinery over the terraces. Actual cross sections of terraeccs
on different land slopes show that on slopes of 28 to 30 percent the
distance from the center of the ridge to the conter of the channel is
about 4 feet, and for land slopes of 15 to 17 percent it is about 8 fect,.
"This distance is too short to permit 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 is 15 percent steeper. The wider terraces give a less
abrupt terrace embankment, but the amount of soil te be moved
becomes very great for slopes of 20 to 30 percent. In order to have
a completed terrace witk total width of 36 feet and height of about
15 inches it is necessary to cut 24 inches deep on slopes of 25 or 30
percent, and the average cut is about 18 inches over a distance of
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12 fect. The total cuf is about 18 cubic feet per lineal foot of terrace
as compared with 8 and 13 cubic feet on 5+ and 15-percent slopes,
respeeively.

This study indicates that the broad-base terrace, which can be cul-
tivated, is practical on slopes up to ahout 15 percent, but that for
steeper slopes & narrow-hase tervace nust be used.  Although the
narrow-base terrace can be cultivated, the work cannot be done
readily with laree machinery.

Level terraces with. closed ends.—Level terraces with closed ends were
constructed on diflerent slopes: Terraces 14, 16, and 20, encivele hifl-
tops, terraces 2A, 8, 8, and 10 are on the upper slope where the soil
is poor, and terraces 11 and 12 are on the lower slope where the soil
is deep and fertile.  The runofl’ on several oeensions has greatly ex-
ceeded the capaeily of most of the terrnces, and dikes ab the end were
lowered enough to permil the excess wntu to wasie and not overtop
the tereace,

During the winler of 1932-33 and again in 1633-34, waler stood
continuously in the channels of terrices 8§ and § for periods of 44
months, which, of course, killed the crop of winter whent. The waler
in exeess of thelr eapacity was wasted &t the end. The capsacity of
all the other Lerraces was exceeded at some time during the period.
The deainage area ol Lereace 12 is nearly all good soll, and this terrace
has prevealed the cccurrence of runoff from most rains,

During the winter of 193334, when runofl’ was especially large for
most areas, Lerraces 14, 19, and 20, in second-year alfatfa, first-year
sweelclover, snd winter whcut respeclively, hold all of the runoff and
absorbed the water without material damage to the crop.  Ln previous
vears, with o cropping system of wheat-fallow, terracos 14 and 19 had
uot held the runoff, which indieates that the alfalfn and sweelclover
increased the absorplive 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 condilion.

The experimental datn indicate that for the soil and climatic condi-
tons al the station iU is not practieal to build level terraces to hold
all the runoft from bare cultivated lnnd.

WarTERsnEDn AREAS

Bunoff and soil loss.—A summary of soil and water losses from the
untervaced watershed areas is given in table 21, The lowest average
aunual runoll was recorded on the 14.4-nere watershed, W=V, and the
highest on the 16,700-nere area, W=V1I1. The larger amount of run-
off from the latier walorshed may be partly attributed to the fact that
aboul 20 pereent of Hs aven is located in the Moscow Mountains where
the precipitation and snow accumulation ave greater. The data do
not show a relationship between the size of the watershed and the
gquantity of runoff. Factors such as plant cover and cropping practice
appear to have a much greater effect than mere size.

The amount of soil earried from a watershed area is nffeeted by the
charaeler of the drainage system and the land slope.  Where there ia
relatively level land at the lower portion of a slope, o considerable
amount of the sol is deposited and does not pass throngh the measur-
mg deviee, The measurements were discontinued in 1638 because
this Lype of soil-loss determination is not an accurate index of erosion
on the whole watershed.
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TarLE 21.—8urfoce runafl and soil Ioss in runoff from wotershed areas of different
stzes and characleristies, 1981—41 1
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Soil losses from the walersheds were relutively small excep! on the
2.33-acre area (W-1V), which bas a large proportion of steep land and
& drainage system that is conducive to carrying most of the silt past
the measuring equipment.  This arca was nlso cropped more fre-
quently Lo the winter wheat-summer Iallow cropping system than the
other watersheds.

A summary of the results for the three nreas, W-IV (2.33 acres),
W--V (14.4), and W-VI {15.2 scres) shows the effeet of the cropping
treatment on runoff and soil losses, During the 4d-year period from
July 1, 1934, to June 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, respee-
tively. The erosion season July 1932 to June 1933 was marked by
high water but low soil losses as the result of melting stiow on frozen
sotl.  For this 1932-33 season watershed W=V, seeded to winter wheat,
lost 5.36 surface inches of waler and 9.10 tous 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 arens is greater than that from the small
control plots and terraces. The wverage annual runoff from the 3
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watersheds for the period July 1, 1932, to June 30, 1938, was 4,31
inches ns compared to 1.15 inches for two Ms-ncre control plots
(Nos. 3 and 8) and 1.42 inches {rom 12 representative terraces, The
or cnter ritnoff from the lavger arens is due to at least 2 {actors, namely,
the greater accumulation of snow and the presence of ground-water
flow. The aceumulation of snow is much greater on north slopes,
lower slopes, and valleys than on south slopes and hilltops. The
oldur plot installations and most of the terraces are on the upper or
middle south slopes and do not have these areas of large sniow aceumu-
lation. Ground-water flow earely occurs [or terrvaces and plots on
south slopes, hut usually continues i the natucal drainage courses of
the larger avens for several months cach yerr,  An attempt was macde
te separate the ground-water flow from the surface runofl, but the
dnte are nof sufficiently complete to make an accurate separation.
The indications are, however, that for years of heavy runoff, such as
1932 -38 wud 1933-34, the surlfnce runofl may be live times as much as
the ground-waler How, while for years of moderate to slight runoll,
such as 1934-35 and 1936-36, the ground-wuter tow may equal the
surface runof?.

Mastmm rades 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 ¢ases, snow melting at the same time
the vain fell, greatly increased the runoff,

TanLe 22.—Rales of runoff and 1'm’nf wll for principal storms, 1988-41

¢ Maxinum tainfall
rate for period of—
-
- hiour
rhin-
Pl i

Mnxituan

el of ronnd? Remarks

Station

LS

1 Sige pf waterslied

®iminuies

A mi

!
|
i

farhe.
Hecand - per-
feet 0 hour - .-
i L 1 e M lain i s,
Mur, 2728, (432, LTy a2 2 I 7 in.
Tree. -8, 106 L0 .42 L300 L2, 200 222 Ruin, .
43 Lee. - . ATt . L4 ituin o1 saturaled soil.
1L Deg 20, 1840 - | - V18 1T Ui Hnin.
15 Nm 34, B, 1. . N LB 1D LT Hain oo snturated sail,
| 36! i . : Rtain.

. 22, . P . . . . LT Rajn on satirated soil.
i lI 1932 . L0b L -+ | R 1R . . Rain o1 snow.
© Jon. 5, 1083 2 AV S P S TR B L Melling snow.
L2 B, '32, 104 1. L . i . - Tinin on saturated soid.
2 Mar T | A . s Cag el i s Da
w62 Tune 13, 1941, 35,00 . . . B T T b [SITR
11, 70 lJnn --8 1934 . j N . . 2 .72 LLuin on snow,
118, 00 Sepl. 4, rret [ U RN B - Inlensae tain.
SR 16, 700 Vec. 8-!) 1933 e, 002 063 L L8 . . LT Rain on snturaled soil,
‘ 16,500 T 3 ) 3o,

16, 700

16, 700 Tun 2. "i 68

1 \Iu‘munm ranotf fnr wu[ersht.d
2 No high water Jor (hls wotershed.
1 B,
1 Indenge sminner tuin over par of waterslied.

The maximum rates of rutnoff [or the period of vecord on water-
shed of 2.33, 15.2, and 68.2 acres weve 1.1, 6.0, and 17.0 second-feet,
respectively,  High rates of runoff have oceurred several times during
the period of record and higher rates are known to have occurred in the
past,
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‘Tabic 23 gives estimates of the runoff from watersheds of different
size in the Palouse region, based on measurements of winter and
spring runoff,

TABLE 23.—Ejstimaled runeff for different size ugricullural watershedsin the Palouse
region !

Probahle ranetl which will
Drainnge arca be equaoled or exceede:)
oneg in 1G yeurs

Second-feel-
X Per-Iquare-
Syrare niiles Secand-feel nife

1 s

tThis Lable is based on mmewsuremnoits of winter s speine runalf,

DISCUSSION OF RESULTS

The erosion problem in the Palouse region is closely associated
wiih the elimatic factors, physical characteristics of the soil, and
farming practices which affect the vegetal eover, soil-moisture content,
surface-storage capacity, and the rate of infiltration. Each of these
[actors 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
dunng the months of December, January, Februery, 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 erop 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 inadequate. The severe winter and early sprin
crosion is caused by continued precivitation falling on wet or saturate
soil, melting snow with or without rain on frozen soil, or runoff flow
gcross lower slopes and bottom land caused by the melting 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 rumoff 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. High-intensity rains usually cause runoff even though the
amount of rain 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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precipitation.  As the seil-moisture content increases during the
period of heavy winter precipitaiion, the susceptibility of the soil
to erosion becomes progressively greater. Under these conditions,
storms of relatively low intensity or melting snow cause severe soil
and water losses. The most crifical period is in the late winter or
early spring when precipilation of higher intensity falls on wet and
compacted soil.

Relatively large water losses may result from melting snow with or
without rain, when the soil is frozen. The total runoff ander 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 & larger
amount of drifting snow. Boil losses, however, are usually slight
with Lhis 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 snowdrifis on steep north slopes. The melting of the snow
causes rill crosion 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 Lo grass, alfalfa-
grass mixtures, or other perennial plants or the prevention of the for-
mation of drifts by hilliop tree plantings or snow fences,

The maintenance of an adequate vegetdl cover during the winter
mouths is one of the most effective means of reducing runoff and soil
losses. A satisfactory cover is generally provided by established
stands of grass, allalfa gruss, or sweetclover-grass mixtures, or stand-
ing winter wheat stubble. Spring wheat stubble is not as offeetive
as winter wheat stubble beeause the deusity of the stand of spring
wheat is less than that of winter wheat, Land seeded to winter wheat
and not protected by # crop-residue mulceh is subjeet to YOIV Severce
erosion. Summer-fallowed land is more erodible than fall-plowed
cropped land beeause of its finer Llth and higher soil-moisture eontent.

The ulilization of crop residues so that a portion is left on the
surface as a muleh is o very effective crosion-control practice, especially
on fand seeded to winter wheat,  The effectivencess of this 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 wheat straw introduces
problems regavding lillage and seeding operations and certain soil-
fertility relationships. Most of the tillage implements in commen
use in this area cannot be readily operated in extra heavy stubble,
nor are they well designed for the purpose of leaving sufficient stubble
on the surface to control crosion. Fall-sceding operations with
present equipment are alse impeded when the stubble muleh is heavy
enough for adequate erosion control under severe erosion conditions.
Crop yield and other data show that the amount of available nitrogen
is decreased by application of wheat straw to the soil. Additional in-
vestigations are needed for the development or modification of
tillage implements and farming practices. This would permit the
more efficient utilization of crop residues and encourage a more
extensive uze of an effective erosion-control practice.
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Significant differences in crodibility as effected by the soil organice-
mafter content indicate that (he maintenanee of arganic matier is
one of the basic features of an effeefive erosion-conirol program. It
is recognized that organic matier, sspecially il it is active, serves as
an aggreaating agent in sodls.  The stable aggregates produce an
increase in the rate of infillration of waler into the soil and thereby
reduce the amount of runofl.

An erosion-control program should include certain basic measures
but the application of these may be adfected by climatic charaeler-
isties, soils, and other variables.  In the seelions of higher rainfall in
{he Palouse region wliere sannual eropping is preacticed, (he farming
svstem followed should provide for: Alaximum practieal protection
during eaeh winter season by means of planl covers or rough, loose
fall Ullage; the growing of Tegume-grass mixtares, such as sweet-clover
grass and sifalfa-grass; and the utibization of crop residuoes.

Sweelelover can be used us o green-manure crop or for pasture.
The fength of the rotalion should be determined by the nxe-capahility
clagsifieation of (he lunl, Land which has not been severely eroded
and is i refalively el state of fertifity dos - nol reguive the sweet-
clover erop as Drequently as land located on steeper stopes or which
has been more severely eroded,  The most severely eroded and steep-
est sloping land should be farmed Lo a long-term rotation meluding
the use of saifalfa and grass and o smalier proportion of cultivated
crops.  Tillage operations in the fall preceding the seeding of a spring
erop are most effective for erosion vontrol if & loose cloddy condition
of the surface soil s obtained with a coruiderable part of the erop
residues ol on or near the surface.

In the driey secetions of the l’.llmis(‘ tne common cropping svstem
consists of wintbor wheat snd sumaner fallow. The entica] evosion
period is the winter season Tollowing the seeding of the winter wheat,
A satisfuetory methad of control s the ulilization of cvop residyes
so Lhal an effective stubble muleh is present after the winter wheat
has been sceded.

Results indieate thal ferracing is nol practical on slopes sleeper
than aboul 13 peveent beeruse of the cost of construetion and main-
tenance and the difhienlties expevienced in the operation of large furm
nachinery,  The use of terracing has not been generally recommended
in this area beeause of the large-seale farming operations, trregolar
topomgaphy, and excessively steep slopes. The {erracing program
has been adopted fo o Lmued extent i the Blue Mountain foothill
section of southeaslers Washinglon where the slopes are longer and
unot 50 steep.

A modified system of strip cropping may be applicd to the Palouse
region hy dividing the lields into two or more parts on {he basis of
topography and land use capability.  The eroded hilltops and adjacent
steep north slopes should be cropped to grass, atfalla, or trees, or to
long-term rofations in which grass and alfalfa are the dominant CTOpS,
This practice Turaished effective crosion control on such land and
reduees the yunofl seross the other parts of the field.

The regular cullivated crops should be grown in rotalion on the
more gently sloping nnd less eroded Innd.  This innd may be larmed
as one unit unless there is 2 wide varintion in the fertility and cradi-
bility between the upper and lower parts of the slopes. The more
erodible soil 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.

(1

(2)

(3

(4}
{3}

{6

(7

(8)
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APPENDIX

In order to avoid an excess of fabular material throughout the text, the data of
the individual tabies necessary for deriving the sumnmaery lables and figures used
in the text have been piaced in this appenix as tables 24 to 33,

The data presented in this appendix probably witl be of only minor inferesi to
the casuval reader, but, as they give specific records of the results of experimentation
from vear to year, they will be of praclieal value and interest to technical workers
in the ficld of soil conservation, Observatioual data briefly deseribing impertant
seawnnal and daily conditions are also appended.

TABLE 24— Precipitation at § locutions in the preblem area labulated as 3-year
wmoving averages for the period 18981941

TPuliman, : Averapeof 514 Date Pullmian, jAverspe of 51
Vnsh, lopations Waske. tocations

Incher Juches Inches Inchea
1IR-93 . e e . 181519 18. 3
- 20,14 2%, 1918-170,
&3 52 2, 1910-21
4 T 2T W22,
a4 LY iGN -R
3 12224
Fi-0G,
TSR
1935-27 |
192G
198728
192840 .
PR o[ T
CoiEn-de
7o 192133
1423 ..
| roa-as
FLN R
L 1 .
A28
MT=A L
1038t

1916-15

' Publian, Oolfax, Rosalin, nud Walin Watla, Wash,; and Moscow, biglio. Annual averages for 4-yoar
poria] - Publmn, 20050 inches: Dol 2000 Inehes; Rospibe, 18,31 Inches: Walln Walla, I6,M inelies; Moseow,
21,80 Inelws,

TABLE 25.-—Precipilation by months for the period Jan. 1, 1831, lo Dec. 81, 1341.
Guge in field 3

May | June { Jaly

i, b T
124 10.05
- S
.01
387

.
L

' age

Awerare 3 . 3 . . 1. 45
Average,1893-1041 L : 1.20

60
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Taeue 26.—Runaff and a0il loss by monihs from south conirel plot 13 (bare hard
fallow) for the peried July 1, 19531, to June 30, 1842

Runoft

1 H . i '
Jan, I Feh. l Alsr, - Apr. E AMay ! June | July ' Auvg. Sept.| Oct. -.\’ov.? Tee.
! ' : i ; :
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R i
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D3R MY 003 oot b 6i
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.00 068, i LT L6BD 921 006
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Average runsfl LB20, .B5§ L GHG. .1!'»3; N .IIS'; 06T 0% {00 959 .')UBI .R22
Runef .. 30,15 13?‘“0 i:il.(}! !!2.5-1 !r L3t ! BUS LR . 540 524 JI.'i. 206 (24,00

Soil toss per acre

i

Tans Tum! ’x“on.«.!?'am??‘aml?’om Tons ’J"arwl Tons

' [ TR S RURS S 2,125 0.836

[IR-TE- -7~ S IR 0696 5238 g2l

i e ] ooeBsT 45T 3. 7ED 19544

v 17A5) L 154 6,492

i .- | 70

Nl ool BG4

bo43) L8] 2.900,3

X L 1.303; 2.288] 2 780,

CLU0T LAI6 HOGY .00 P R S T

TR YL AL PR L AR . 3501 2185 1/983] T oer

) o LERR LA 4T . A . 465 L35G 3. 138! B 466
e JUURIE R - L I R o

AVCrBRe s 4,23 ) | 14 I 4.

! Runofl in pereentage of Lhe precipitation,  Preeipitulion fnches): Junuury, .74 Febriary, 2,95
Mureh, 2085 April, L35 May, V23 June, A3 Foly, 053G Augost, 025 Seplember, 0.94; Octobwr, 1.81:
Novewmber, 232 Devomibwer, 3.30; 1 -yenr anmsi nverage, Mo,

Tarnp 27, —Swummary of slorms which cunsed soil losses tn excess of 0.50 lon per
acre from seull control plot 13 (bure hard faliow) during the period July 1, 1931,
to June 80, 1342

Seorm characteristics
- Runeft
iti pwer- Selt loss Soit condition
contage when storm
of toal  SLOTER - began
rain - I¥T o

Maximum raie per hour
for —

Amount :

; bmin-  15min- S0

B ute ute nte
perind  perlod  period

igs2 fuchey  fucher - fnchex  Iuches Pereent Tons

b T T O, IR ) &2 018 018 7.8 224 - Very wet.
Mar, 225 I . .81 .48 L34 .24 5S2.0 . . Do
May .. . [ L0 . ) )] 12.4 . 1y,
Kov. 16 __....... . : .87 ¥ .12 BE.0 . Very wet,

Qet. 21__.. . I WM X L0 Mobst,

. .32 25, Do,
B i 3 Very wetl.
L20 . 3 Moilst.
.20 X Very wet,
N . .08 .G Do,
Daec, 21-28 k .18 . .
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Tasrp 27 —Swmmary of sforms which caused soil losres in excess of 0.50 ton per
aere from south control plot 13 (bare hard fallow) during the perfod July 1, 1931,
to June 30, 1942—Continned.
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Tapne 28.—Runoff and soil losses from the south control plots) July !, 1981,
June 30, 1942,  Palouse silt loam s0il. 30-percent souih slape

JULY 1 !ml ’T‘O JONFE a8, lﬂ‘i"—-T"RFle'i']‘ \'I‘IO\ 2203 INCHES

Cron y;e!d Runoil Rali oss

Blot No. Crop condltion per Rere Jier nere

Burhels Inches ' Peeent

Winter wheat stubbl [T 0,174 0.36
<o . P . 133 .60
do. - LT3 e
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. Winler wheat | .. : 313 L4
©CrTnss . : §.002
. Snminer whent stishbie 8.8 L .
© Winter whaont .. $n8 X476 6. 367

' Tong
. Bweclehover
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Surbner whont stubhle
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JOLY 1, 1082, ') JUNE !
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do. .

do Lo
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. Sumituer whesl stubhle
| Winter wheat stubhble
Winter whent
' Winter wheat stubbje |
' Sumtner whent stubble,

1
caircenmaaeaa ) Swestelover.

| & S ' Burd¢ . ool
14 W mtcruhcat
J&. . . d Cimaen

FULY 1, 163, TO JUNE 3, 13— PRECIFITATION, #7744 INCHES
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W e eea] Swentelover. . e ' 21865
F

Bushels :
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-.-_:A_. o e e . ’ .18

See fooi. naln .1!, Ln(i of l.nl)lu
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Tapne 28.—Runeff and soil losses from the south conlral plols JFuly I, 1931, lo
June 30, (348, Palouse silt loam soil, 30-perceni south sfo;uc—Contmncd

JULY I, 164, TO JUNE 30, 1035—PRECIPITATION, 1857 INQHES

. : Crop yicla . Bolifnss
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Wintter whiett stobhle
Siznamer whent stizhhln

Sweelclover 3 LT

Huxhels
Bore.. ... I 3. 48! 17, 42
Winter whont 3 Ay 4. 82

| . M5 L i, 52

See footnaote nt. end of table,




EROSION CONTROL AT PALOUSE EXPERIMENT STATION G5

Tanre 2B.—Fwnofl and soil losses from the seuth conirol plois,! July I, 1081, lo
June 80, 1842, Palouse silt loam sail, 30-percent south stope—Continuned
JUTA™ 1, 1097, 'PO JUNE 80 18—PRECIPIPATION, 1855 INCHES

. e
s Crups vield . + Soili.es
T -
Plot No. Crop condition prer acre Ranofl - Iwr aere

fucher | Precent

vemsemeemen Winder when . v a

Y« T . & Q

G 4 L0 A
LS L0

358 - 240 .

Tona
14 LKA

Burxhiels

- =24 N

- Wihnter whent . . i il

i Winter whent stealible _ . Nt
Suminer whenl stabble . . . 7. Mt

: 360

L3

Sweetelover, Lo . X
- Winter whent ., .
Tnre R : . 363 . 40
Wistlor whenb stelide _ .18 1L U6
R 4| - ket raae. ] Kith i

JULY 1, s, PO JUNE o, i —PRECIPFPATION, 1588 INCHES

VOWnler whest. oLl . 2, 0.012 205
. . A -

il . .. . LS 4L
Sununer whest sinhble. . [ L 128 -
Winter whent stubide . e e 57 U7

W57

fushels
Snmnaer whent siabbde. oLl 42,3 . 1]
Winter whont stubble | . E .37
Hmteer wiwnl siabile 4t

Sweclclover.,

Winter wheat

Winier wient sinbbio
. Bure | .

Winter wheat, .
: .da .

JULY 1, 1939 1'C TUNE 30, 100—P R RO

! Winter whent stubble
ve -0
cooode oo

Swcltolgver.

Winter wieat

© Rumiaster whent stnbble
Wintler whonl,

Sweptelover

D Winger wleat

Bushely
Winter wltest stubble . .. '

- 4

1.4

Sunirer whent stabble. ... . 3.5

Hure . .- -

" Winier wheat stubbie -
do,

Son I’out;m!;:'.;;;ml of table.

BH2E210 . 44—
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TavLe 28.— Runeff and soil losses from the sowih control plots’ July 1, 1981, o
June 80, 1842, Palouse sill soun s0il, S0-pereent south stope—Continued

JULY I, HHO TQ JUNE 39, 1 9“—?]{?01!’1‘!‘.\'!‘10\' 26,69 INCHER
——
Plot No. Crop condition C;‘:p,ifﬁi‘! l Ruaaf! H ;‘}'[’E}:':“

Jiuxhelx E Inchea Perent Tonx

1 oimccmcmcee.| Winter wheet, ... 53,0 ¢ . 2 Lae [t
. A7 it I 1)

M L] H i

i3 2 & Nl L

FPons
L2
fusheis
Sumeter whent stabble . E1R]
Wipler wheat stabble . .
Wintor wheit R 582
Winter wheus «tpbhle . [{195]
Syeteraer wheat stehble, oL oL Fr]

Coy
HSweellover X6

finxheis
Fire .
Winter wheat 2.3
.2

i
JL'LY i, 164, 'FO ‘l{'\' 30 Wi"’-—T‘RI"(‘H’ ' \'['l't"}'\ 17,68 INCHUER

Winter wheat stuhbie . U005y 0.33 ;
do i iy} .30
de .. . . A
do [+ !
. Winier wheat
Civiss
Sumuier wheast stabbie
Winter wieat
- Winder wheat stobhbis
Sntaner wheat stnbhbbe
Swped elver
. Winter wheat
- Bare, wnt ]
©OW inger wiwast spaldde . )
; tln .. ! o U

oI e T g e

.

. [‘iol 1, hul[ fongtl: Lign nero; plat 2 doulﬂ{- !em.tl: E.n nece: pioks 1,2, 8, 5,8, \\lnler \\'hmlnl:::mmr Inihm
ploL 7, spring whipt fertilived: ot 4, -yenr retation (sweetclover, sw cotelover under in fane, winler whest,
spring whenty: piat 5, sirhsoiiod; plol‘. %, 010, 1, 12, 4-voar roenlion (prens aod sweetelsver, clav er pnder in
June, winler wlieul spring whulu. ];iulu 1Y and lo. desnrfaced, winter whesl-santmer fndlow,

Tanne 29—Runaf r.-nd sgil fosses from the crop rolation plots, July 1, 1938, io
June 80, 1442, Palouse silt loam s0il, 30-percent south slope

JULY i, lB’i‘y "}{J J[ !" :1 3 1939—}’1'{}.("‘{! i’l‘.\'E‘IO\ 1536 INCHES

¥ T et Rotation t Boil lnss
£lot No. Crop condition No. i Runoff . Per fer

fnches | Peicent

0.0358 4 638
RIS 10

' A3
L4
- e

2
AL

Sumumer whoeat sinhble,.
RHoeueh plowing

da. Cma
Winter whest steblile - L o0
Winter wheat .-
Winter whent stnbble
Snintner whent staible..
Winter wheat . . ...
Sinmer fnllrs
Sumnser wheet stishbie. .

ido
Vinter whent stubble.
RPN .
Roueh ;)io\\'uu' .
Winter whoat ..
L& 2 T,

48 L v 1 CE 1 € i B3 b G0 1D

Sve fgotootes at end of table.



http:Winl~r'�~�h~f.lt
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Tanre B&—Runaffl and soil lasses from the erop rotation plols, July 1, 1988, o
June 30, 1942, Pualouse silt lowm sotl, 30-percent south slope—{ ‘ontinued

T LY 1L EMTOIUNE 38, 15—PRE (‘lPI’!‘A'l‘I(}..\'. L35 FNCILES

- . Rotttbon ! Sof! loss
Mot No. I Crep contlition No. Runoit BOF e

]
frches FPereeid
!I). 3]]

Tons
14,085
[t]

=

|Sunm!or fallow ., um
Swigner whond, :.t!lbhk.'

. o

~Winter wheat
Winter whent stubble’
Winter wiheat .-
Rouph plowing?
Winter wient stialbie
Srmiter whent stubble
Immi\i: plowing 1..,... -

WET DTS
tn
En

ez

segaim

Whiiter wieat.
_.udlo
Sumnner winenl stabble
o Winter wheat slubble . .

e e

oo
g
o

=

L3 g o e S GG D S A Bl ] DO 1D
=,
b

=
o

JULY 1, 1640, TO JUNE 30, IHI--PRECITITATION, 26.50 INCHES

Sununer wheat stubbie
Reugzh rHowing
ey

0,002 i
o

Winlor wiirnt stuiio
-1 Winter wheat
. Winier wheab stubide
Sntngeer whent stabble
Wistler wheat
b Butmer fallow
Smnimur wheat stubble
_ilo
inter whont stubble
e.otlo
R(lllp.ii pium::p,
Winter w hmt

L =l et T DG BT TR S b ST OO R

JULY 5, 11, TO JUNE

sareniitter Sl
snminer whoent
o
Winter whest, ...
Winter whent stnbble,
D Winter whent, L
Rowgh plowingt  _ .
Winter wheat stubble |
sSurmer wheat stubble |
ltomi:h plowing?
L)

Winter whent.

vt .
Sumner whent stublile
Winter whenl stubble,

PRI 1 |+ RS

Cad =l e b G OO B P G0 b =T OO 1D ¥

T Motntion Na. 1, winter wi:oni LT fniimr: N 2, spring wheat-itatiner fllow; No. 3, winter “!:e‘lt-
peas; Na. 4, spring wheat-peas; No. &, winter-wheat-peans pod spring whoab ander; No. 6. spriog whenl-joens
aond sprite wheat valer; Noo ©owinler wheni-Hohat clover wnder; Mo, 8, spring whaent-i lubam elover
nmder.

TPRe (roows were jliecd s cight angies (o the contonr when 1he poa lnnd in rottion 4 s the geeen-
setirare bl 3 votetions 6 el 5 woend ploveed T 1038 gond 1938 1 is Delievet thnt the Ligh crosion lossea
on thesa plots in {he spring of UHO were eansed, to 8 irge degiee, by this preciice.  Contour tliage was
procileed 11 W44 aad 1941
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Tanre 30.—Surface runoff and soil Inss in runoff from graded lerraces 1 with different
verfical spacings, 1982-88

Average rnle nr ! 3
sninfall lor Crpg. Tatal cunoll . Soit loss peraerp
Teriend of - i tal ;
| !
Sob g 16 an TR o fler- Ter- Ter- Tor- e Ters Tor-
Cmin-§omin-' mine Y paee roee raee tace ruee ruve ruce rute
i ulw l ut IIIL“; ! ; AT AT 4 E ] 5

hgur ¢ howr | e fu, J'n
Jan. § . TS VA T 1.’1 040, 0 . .
Jun 10 0 A | an ol [I’l 02 0o e D 0,670, 0
Jun, 18 . CL I LS 1 S v . LLLOE o mE LR
Fel, =12 . b S, T TN
Feh, 23 - o s 0F LDk L
Feh, 2 e R . PR FLL I T 1 T AN
Foly, 45 e « - . 3. 2 P LI 2] . L | L
Feh,2i I OO X B R R '

1938 hr ,-:m Puper; hhﬂrr f
N - fn, Mona Tong Tooe Pons
1 a0 0 i

. S . - oot | Winter wheat [ol-
RN - R 20! . L0E Loz 0 L bewing peas. Wo
Maro 17 : Ap AR L . A 02T vepelative onver,
Mnr. 1% e . . E . oA DR o v LG
Alar. 19 P . N T S . L - L2
Mar. 0 Lo ' : Y P B TR R =T
Mlar. 2t - R L L. .. 12 ko MLEE
Mar. 4 . 2 : 7 - 17 LR . i
Mar, 0728 - L [ | .32 -1 in] A | .
Apr. 2 e . I H B L S 14

“Putal
Aprdle Nov,
15, .

Nov, Ih
Tiee, b
Doe. 30
Pee,n 1T : NS v 001 byringor seliont <
Dee 2L iE 5.2 51 A8 Le2 JHELOIS L0000, 00 lag7 p o er wheatstut
It e NI T I T TS :
et 2 S o 2 : L0201 00l

Total

‘I'otnl  for

pavils

1838

Fang 4
da 3
Jun. ¥
EET T S . . .
dan, 0. L .- R s L { .[]I"I
Feh 21 .o .o : .0 i _ | Gronml cover of
Febo2r o L 07 . RPN ry I .uus'.nuﬂ. 015 000 winter wheat
Fob, 2. o HAR It oLl H .0 Lot il stildle,
Mar. 1. A L L2700 LR 008! L 205 034
M 3 . y - . LG, L00AT, LIB' L Q10
Mo, 3 N i U 01l .0 ,ﬂdl" lw} UO
Tawn) ’
Atar.- g Qct,
\‘

Oe, 20 D N
Novo2oooo o0 s @ Al . .{II:S L3
Xoved o A u i Ly
Deeoth o0 0 4B L d2
e 8 _ L0 N
Thee 0. .21 .18
hee, 10 . PR - L08
Lo, 1,], T
R:: ::i B IR BT A onl “lam Tore T ome Winter wlweat on
Dee. 1 . T i : YR ’ o : : o] [oug { Swnmer Tallaw,
Dre 1§ '
e, 160 : [ 1L . . .
e, M. 0 0 L PR S L i} 'n-; L0640
JRTUDN) I - Ll Ib'[ IR Y llh LS00 . I"‘Zl IU"
g S L S T L e DI O BT 1
et 2 . ! FLULO | R | R X R 1# Y i;li < 158] L ¢

e, M - . O . o 022
e, ‘25‘31 4,0

raln for o ! -
senr ... R | 3461 5940 3.01] 1.88ls. -)]5 uouzo]izao

See fooluotes al snd of table.

ot ”'_ T L2 1LE) 1,2, AR i (153]1 mr



http:1)1'('.18
http:1)"('.10

EROSION CONTROL AT PALOUSE EXPERIMENT STATION 59
Tapre 30—Surface runofl and sotl tous in runoff from graded terraces ' with different
r;crhuu' SPECTH S, f")S.Q-Sb—CUntmll{.(l

Average r:m- u]’
rainfall for
puriod iH—

15 a0
min-  min-
I.I|LS IITc'b :

PN

Jer et

four  howr  Im. ! fn. E .
0.1 0,08 0.2t 0
L2 L1887 0. &il

N

Tnl_ Tatal runed? Znil loss per acre
in

rﬂl!l

RN = | er- Ter- Ter- iler-
'L rﬂ[.{‘ TOOR | Hee |race
31 ] dA 4 % 5 iz

LR J‘n ’}'un.s Tous Foma Tona
0. 0.1 0 D07 0L 0T
CHOo2 110-h0 PR T

U5 G L0200
L0300 03 002

H ':, :
Cine
utu&.

Ter- Mier- Ter-
R race  raee
L3AT 4 3

far,
©oper
. hoarr
. n 1z
Jan. L L2
Inn, !
an s

in.

Jain.
dan.
Juan,
RTTEN
Jan.
Jnn.
g
Jan,
Tam,
Aar |
Mar. 2
\Iar
My,
\'|.li‘< i 1la dune '
an

B2 0

L
O
1
.1

July 1o iee. U
3t

Tiat Jor
year

Jan. 1o Dee,
a1, 1045

Jan.

Jan,

Tan. &
Jain

Jihn

Jna.

I-::I: "! a0

Their 41

Total for

Jan. ) to e,
n

Drea i)

Lyee, 17
Total for

A

1i3e

15

I!\ Brx]

Jun.
dan.

Mar, ""’—‘.{-I
Alar, 24~

wlul than,
tendune)

'I‘

*See tale 2 for

Al
0

L G-
08,

“1!'} R AN TS

L
TS B

il
7 LM
U}

iG]

Y ® .
P
CBIG

TR

12

Ll L3840
-2

CLHIG g

L@

. @

LT L B07
NLiLE

L0003

.03 L0N2 .
0

e
.05

L2
Y
. an
0

l"ﬁj .

YL (!18 L i3

.U% 048
LT25 LGB
AT 418

.mia .

L 081

CKH L
157 LI
L002 L tKM

N
A
L4
N

]
.20

Al 20
LR 0
JKizn ]

L 1

0 LQms 0

o] Lo

T LT

L0200 002, (ke

RDUER T

Rk
.36
0
i} |
LM
AL
0

o,

{
oz om0
.ﬂﬂ?

i o082

| N
iy,

015 .70 !
E

. Ul?_[l. (MK

035

L]
P

L2

oo

deseription of ferrmees,

N

Sy

Lnif
1]

3,000
S

Ri:ul

oL .28 . 258’ . 0:‘!_!_;.-_;

ARE0
L0003 .2,
SE WL

LT L0

AN LT 0
nlra Rl .
AL 00E . 002
700 ‘Uﬂl

LO0T:

L0202 U[Il .
NI TTNT TS
BRI i}

3

Pt

S

185,
it
S

3 Winter whoeat

. IN]E

. ‘U.J]
2 04
)
s L0
L0
L 00
CLE
CLBH
SN2
7L 005
T LINE

{1

Hy

1THi

an
snmmer Moy,

Winter wheabdisk-
ad after harvest.

Winter wheat
foflawingy
suenerner fallaw,
N vegetative
cover uedil
April. Wheat
sthhle dislked
alter harves.

1igked wheat
stuhble until
Moy, Summer
fnllowmt and
seeded to winter
wheat in
Qclaber.

Winter wheat
Tallywing
st fallaw,
No vegelative
COver,

In Oetgler 1032 terenee 34 was constouceto] b rulies ver lil.*ll.'sp:u_nn.. al feveace & o 33 1o 20 feet,

* Nornnnit for illowinyg periorls: Apr. 3=Nov. 15, 1932 Aar. 4-Ouet. 25

1)|-u a1,
1 3now.

ag26G2 e

EHS; Ton.

1-oe. 0, 1937,

RN

y 1S Jan. b-LDree, 31, 1035, Mur. 31—
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TapLe 31.—Surfece runoff and sotl loss in runoff from graded lerraces ' of different
lemgths 1088-38

i Avernae rale of |

: rainfall for peciod Traktal runett f Koil loss per acre
1 of— |

| 30 Tor- Ter- : Ter- | Ter- { Fer-
™min- I min- Thie i [RCS : FRCe | fafe ) FROS
vles | oules 2 3 | 2 [

1
! 1
1932 fianr  howur Inch I Tans | Tons . Tons
Jan. 8 - TR L N ) q b nar L., ]
Jam oo o : 51 3tk L 20 PRC IR S+ R R L Tt )
Jun. 1§ ... L. B L HE L0 09 S a0 025
Febh. 21-22 . Lo Lo BT . PLET IR N Ev B -4 !
Feb, 3 C Lo el o el o 6 |
Febo b . ... . PC P 4 3 L U1 1]}
Fab. 25 . .. . . LA L7 T D (R Y .UI)!
Feb.oo . | g RiETIN  M IH}I._ LT
,{ﬁi} :::GZS R 8 . .j . ?E {}3.‘,[ illﬂ :;];é Winter whent follow.
Mac1r | TR i o ) N T g2 ol o peas. No vege
Aar. )8 . o N . N ,' i ;4! tnilve cover.
Muae 1% :
Ainr. 20
Afsr 2. .
Afar. ™ L. L
Afnr. ‘h < T
Apr, 2

Tatnl ...

A pr 3o Nov.

Nov.
Nov.
Nov,

Winter wheat stublde.

Grotind cover of winler
witent stubble,

Mar,
Mar.

3
Mar -1

Total ... - " oo 61 177 427 .07 .08

Maur. 13 tai
Nov.2 __.. ...

See fotnotes at end of table.
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EROSBION CONTROL AT PALOUSE EXPERIMENT STATION 71

TasLe 3l.—Surfuce runoff and soit loss in runoff from graded lerraces’ of different
lengths, 1932-38—Continued
Avernge rate of i
rainfll for period o | Total runult Seil loss per acre
Qf-s Tqa- :
otal ! i
! rain-- f : .
H is 30 fall  Ter- ’!‘cr—!'f‘cr- Ter- Ter- er-
Fmin-{ min- i FRg FOrQ ¢ FHCe  TAce CoOv fACD
utes . utes | I L1 5 6 2 H o
]

CInch  fach i :

per per - 1 , . 1
1883 ; Fach @ Inch - Inch | fuech ' Tona: Fonx ipay
Nov.d . .0 O.45 0.25 0,92 0.3, 0.04 0.05 00U 0000 0040 0 R
BDre.too. ... . . L& .15 .15‘ 25, ur 3 ang!
Doee. 9, . .2 . [ I 1N PR T IS 11 TR )
e 10 . I . L LR |17 L & B |19
Dee v 0 . . LS LG LD G0 Bl
PDeeo22, 0 . 5 L, . . L A Y ¢« - R _—
Dee 83,0 0 - % . . . FLEE S M ¢TI 1S I | A 11
oo, 4. . . . TR 1] .0‘." LU LNR L OR
Dee 13 0 . L350 00 (0B 038 9y .!T?II Wititer whent on s
Bec i9...., . . . v E ) LB 088 L ONS L 008 [ rier falaw.
Dee 20 00 L b L] . B3 T I T S S < S 1 1
Dpee. 24 R . .G L GF .06 10,078, w2, lﬂ[!t
Epe, 22 P . R S L B S I 1 N« A i B b 4
Doe. 22 RS SRR DEOUIDS R+ S <O - S /A T TR T

Potal .. . : L LT LB L6, 2002 1,

Totr) for
FEOT oo .

{934
Jan.2.. ...
Jun, 3.,

L]
¢ .406
R 1L
LOU 008 Lg%
[ Lot (R (23 S 4 4
LA 008 002 103
L
L3253
= I L]
i
- LTI P
PR INDR . CE T b R R
Mur. @ © .- R, . Y 1.1 SR
Mar. T to June i . : N

Winter wheat on sum-
trter faliow,

- |_\\'inwr wheat lished
[ { after barvest.

Jan. | to Dee. |
3, 1935

183
Jan, -2,

Jun, G : A2 43 L e .00!1'

dan, ig-12, . . L2 12 I | S /-1 Ao?s! CilWinter wheal follow-

Jun, 13-Feb. k... IR N I T o UBSY o0zl 088! Lade.d ing summer fallow.
24, : ! ' : ! Nog vepelative gover

Mar. 2., .0 L . R B . 024! .. .01t . untii April.  Wheat

Mor.2e . . ... . P T . . 00z ]l stubbie disked afier

Mapr. 31-fiee. . } ! . hurvest,

k1 '

Telal

1537

"“ﬂi ro Dee. i ; Uisked whest stubble

Pee. 1 ' y ! ' ) ! . aniil May. Som-

Pec. 17, | . LS - e mer-falinwed and

s . . seeded Lo winter
j ! o e wheat in Oetober.

5

see footnotes at vud of table.
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TanLe 31.—Surfuce runeff and soil loss in runoff from graded lerraces’ of different
lengths, 1932-38—Continued

Avorpee raic of i
rainfnil for periol Totul runadl E Soil loss per nere
ol— Ta- I
— wi o L e
rRiti-
15 an fall ‘Ter- Ver- Ter- - er- Por- Ter-,
pn- ine TRe®  FAQC  Ade  FRCG  TROY  TACe
nigs  ales 4 5 B 2 A [

. ! . '
foch  Tuch I H : [
per gt ! : : H
i858 keur howr  Anch | fnch inch * fnch | Tony; Tons Tony,
dun W-15 L 01 D12 067 0,027 (L4K8 L0022 Bl
i~ o . T RN £ B 11 LB g
P RN .

Feb. =25 . . . . . L 7 ,
Feb, 2-Mur. 2 - . PERRTI RS () .11
L i !

Winter whoat {odlow-
e - . iiig Sumiiner Indiow.
'IH;-'; R Tt b Noovepeintive eover.
N1t b

. Niin

RTINS

Tatal Ldun. - .
Lo Fune). RS PO S |1
. - N !

* e tubabe ¥ for deseription of (erenees,

2 Na ool for following pericckss A p. s=Nowv. 12, H82; Mar, 13=Nov, 20 16383; Jain 1-Dee. 31 1835; Mar.
it=1Jee, 41, Vs b, =100, 10, 13T,

F Sfou,

¢ Aegeriprel Bode eidor torvave 1,00 foes o outlet was filopped o 853000 m.

b Anirrel hole widder dermee 300 feet fropn ourlot was plugged ot TG . .
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Tanur 32.—Swrface runoff .and soil loss in runofl froni terracest with different grades,

Average rate of rainill !
for period of—

50w w0
min- Fomin- min-

.
|

utes

utes

utes

Totlnl ¢

rain-
fall

“T'otal ranoft

Ter-
race

Ter-
race
17

§ Iich

i Inch

Inch

l)rr Ilour per-hour per hour
16 0161 0

15
L33
.16

Mar, 'v.-os .
Apr. 2

Total

t Inch
0.4

Inch

T 0.02.

Tnch

.02

Ter-

race
16

Inch
0.02

Ter-
race
152

i

Soil loss per acré

193238

Ter-
race
132

Ter- Ter- Toer-
rice race race
1§ 7 16

Inch

Tong

0635

Tons

.03
1, 086G
2,650

.10

Ter-
race
1517

Tong

L2160 -
1,708 !

092 ¢

Ton

Winter wheat following peas. No
vegetative cover,

Apr. 3 to Nov. 15......

&.310

JUBLH

hov 16. S dm e ]

Total. ...

Total for year....

Tap2

" o2’

(i(] i

.00
L0 :

A2

Winlcr wheat stitbble.

See foolnotes at.end of wable.

NOLLVIS INJAINIMEANH dSA0TVd LV TOHLNOD NOISOHHA
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TaBLE 32.~=Surface runoff and_soil loss in runofl from ferracest with different grades, 1932 38~—Continued

YL

Averige rate of rainfall

" Lo .
for period: of— lotal runptt Soil loss per acrg

\- Total

§ i rain- | i ;
5 1m0 a3 fll- i Ter- o Ter- Ter- © Ter-  Tor- § Tor- i Ter- Ter- ¢ Ter- Ter-
{ min- © min- : min- | ;o raee race race race THee poracd - roorace race ! orace . race
utes | nutes utes | b3 18 15 1 152 1377 18 17 16 . 18

§ Inéh Inch: i hich. : :
10385 iper hour:per-honr per hmlr’ Iﬂch Inch luch Inch Inc/l o Inch Ton + “Tong Tons Tons Tong
e 0. 02 0,01 0. 02: . 0. 64 0 0 0. 001 0.013. - 0.014
dnne s L oloanae. Ll . : ,’ P . NEN L0 L0 .-H‘ L2 0. QU2 0. 00t .00t 013 L)
Jan. 6o Lo . il [ | 0 [ i . Oh . : B
Jan.7 ol L. , 12 Q.12 0.12 . 96t 02 N2 .05 V22 L2 )] . : . 003 H 27
Jan 8o - B . l(i‘l .08 ; .01 , 01 : by . 25 . ] BUE 33

0 L 010

L 0 : R

( PR ; . . .02 . . ‘ .23 : . .l)" Gronnd  eover of winter wheat
fe}) ‘.:3 o e . e . « 66; ).03 E : R . stirbble,

e b, 27 .o L 12 125 .. - 013

Mar, 1 . R A . Cdeeoiod L06
Mar.2 T .2 L2000 TTII6) a0 46
Mar. 3 . . IR S i 7
Mar, 7=10

"Total.

‘\!m. ll to Oct. 28
Qet, 2 .

—Qet; "H L . L01] 7 L 005 .
Nov, 2o 0o . €N . i . 04 L218
Nov. 3 o . .22 . 08 25 J o 070 L3478
Nov, 45 e N 0 0 7 i S [
Dev.i Sl H Y > 2 .82 il 6 Nix 7 3521 LOS. | 2.935
Tive, % RIS NN AES E , .0 L0240 1240
Dee, 9, . 608! 10530
Dee, 10, 0. ‘OGQ 366
Dee, 11 L 016! . 062!
Dee. 12 2T
Dec. 13, . 035! . 142
Dee. 14 -00s| -~ .020
Dee. 15-16... FU

0()"' o . 004 42 (s . < -
‘093! A s Winter wheat on summer fallow,

L038, . 046 ‘
090 . 022
JI2000 L0120 L ISL

12250 2,090 2,900 3430

D

E8EE=

ST oo @ oS
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Dee, 23 N i
“Dee. :
Dec. 25 |
Dee. 26-27 b
Dee. 28 !
Dee. 29 i
Dec, 30 |
Dec. 31 !

500

DOoODoToS

A7
10

8,052

002

0

L9 %1

002
002

o
009
. 004

001

3,78

.210

3.648

11,224

LOTS
006
Lot
L 002
005

. i
Tatal BE
i

Total for year- ..:

1034
Jan.1... .
Jan. 2.

Jan. 3..

Jan, 4.

Jan, 5.

Jan. 13

Jan, 14

Jan. 15

Jan. 16 e
Jan, 17.... ...
Jan, 18-21 ..

Jan, 227, .

Jan,23 ...

Jan. 24~27.

Mar. 1

Mar, 2... )
Mar 4. .
Mar.

Mar. 6. il
Mar. 7 to-June 30
July 1 1o Dee, 31 .

T'oial

Jan, 140 Dee. 31, 1935

See fovtnotes a1 end of table.

303

. 285

3,652

L3S
.01

11.420

.00
, 388
<004

13, 664!

4
.01
.100
L8451
‘003f
L0024
31
000
009
L0142

}\\'inlur wheat disked after harvest,

Winter wheal on summer fallow.
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TaBr 32.—Surface runoff and soil loss in runoff from lerraces? with-different grades,

1932--38——Continued

Average rate of rainfall
for period of--

Total

Potal runoft

Soil loss per acre

|

P8 5ol 30 fall
S min- min- | min- b
utes utes utes

1936
Jan -2 -0
Jan. 3+
Jan. 9 .
Jan, 1012
Jan. 14 .
Jan, ‘2.5
Jan, 2
Foeh, "4 20
Mar., 2
Mar. §.
Mar. 30
Mar. 3110 Dee. 81

Tatal

1987
Jan, o Dec. 10
Dee, 11,
l)"(' ll -
Doe;26-30

Total

1938
Jan. 10-15
Jan, 15-17. ..
Jon. 1823
Feb, 3 -
Teb, 4
Feb. 6
Feb. 8-10 -+ . .
Feb, 10-11. .
Feb. 11=14 .
Feb. 14-15

rain-:

Tet-
race
18

Ter-
race
17

f Inch Inch ' Cineh
per hourper hour per honr:
2 0.16..  0.14

IS

Feb. 15-16.. .

Teh, 21-23
Febh, 23-24..
Feby, 24-2

SO oT T Do oCOCT

fich
0.021
L 210

443
028
0

0
)

NSRRI

. ‘)W

65 |

0
M2

L

027
L0l
L072
0
0
0
008
NIE

097 |
Toar !

Ter- Ter- ;T
mee | orace | race | race
152 | 132 ! 18 . F 7

i St e o s e o g i e

Tons | Tons

SN IO

|

0 10 '
0.001 i 0.003 |

0 0 .

069 & .069 :

070

er- Tor-

Tons !

0
0.001 :
0 B

TPer-
race
16

Tons

1

Iun~

L0024
004
0

SN6

1002
L0038
002

Socooooos Do

0 103
L0 AK2

DLToToCoCoCooOooooOoC

001
.00 L002

Winter wheat  following -sunimer
fallow. No. vevetafive cover
until — April.. Wheat  stubble
digked after harvest,

[ Disked wheat stubble until May,

Summer fallowed and seeded tp
winter wheat in Octoher,

10 "Id9d ‘s ‘0 ‘og

/

9L

NILFATINg ‘ITVOINHOHL

3
&

FINIINDTEDHY
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el 25-26
Foeb. 26-28 .
Feh. 28-Mar, 2.
Mar, 2-3 .
Mar.3-5 ..
Mar. 14-15.
Mar, 15-16. .

S Mar. 16-22, .
Mar. 22-24 .
Mar. 2426

Total (.‘lan»l L | ; ; ;
June) oo LiodL e AR .32 it . , 13 2,129 .018‘ .0481 L7700

{ Winter ‘wheat following summer
fallow. No vegetative eover.

1 See table 2for description of terraces.
2 Ihis terrace hot, installed untii after Apr.2, 1932,

No runofl for follmnm, perindss Apr. 3-Nov. 5, 1932; Mar. 11-Oct. 28, 1933; Jan, 1-Dee. 31, 10'&1, Mar, 31-Dge. 31, 1036; Jan~Dee, 10, 1937,

i Snow,
s Squairre! hole 500 Teot nmn outlet of torrace 17 was plugeed at 9 ‘i() n. .y nd resitlts e adjusted aceordingly.
¢ Runofl and soit loss are foir comhined areas of tereaces 12and 1

T Adjusted result hased on incomplete record.

=)
=
=]
n
=
=]
2
o]
Qo
i
-~
)
0
Q
Loy
-
H
g
P
e
Q
c
/24
=
5
kg
]
=
=
=
=
5]
1
H
wn
=
<
=
=}
2
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TarLe 38.—Surface runafl and soil loss from graded lerraces ' on different lund
slopes, 1982-38

Avergee nre of 7 : !
rainfall for period . “Tedal runail 2ol loss por aere
ol—
N =
= E £ E£.g & 8 L g 3 B =4
£ = E = E I E v £ | E E o=
£ = s E. £ E 2 i1 Ei 2. £ =
- £*g|9|:—i:— €5  E € €
— . ¥ Y Lo PP S S,
i . : l 1
J: In, It Inm. i ! : | !
per per  per - ' ’
195¢ kour  hewr howr iR, Fu, fn. . J. Tons Tons Tona ‘fons
Jan, 11 G0 0033, 0O 06D 0.6 .03 nop2 . 358 {14 G, 030
dan. 1 LG P [ T R S | 1| Lo (E 0 000
Feh, g)-x2 . [ 1 0 1 LD A (i
Feh. 23 e R Moo Nl . H
Feh, 24 L B P T R | S 1 I
Fotbo, 25 PR . PR 11+ B | Y (£ T | IO
Foiw 2 X S (- T * Y {1 I+ B KL 1111 r
Fe 27 o X . . . 12 G ‘i Al - .o.Gag '
Marl 5. . .- ‘o.;i 2o .iﬁn Bl ] wWinper wheal fol-
Jar. 6. S e TUia o 8P SRR B ; }olnwine peas. No
Mar1r L S LS S Y T BT - I T A
Apr. 1§ : a0 s F . ofm sy '" -
adar. 19 . L] L1 I = (!‘}"i 1, .
Alnr, AL . . I LTI+ <1 LG0T L
aor. 28 S ML) PRI ;< LG LI
Magp, M, L P | I I I ¥ L2 ,6!1{ I.l"isfh_'
Mar. 27728 I A ] L I I ||| - S - PRES IR L ¢
Apr, 2 Lo .ﬂl L2 SR
Fotul . 2,00 ! i 1. uq CETH R RS
Apr.d o Nov, . . (‘I m W %
N, M PO - T R RS 1 .{}l (!‘1 fi L0 L0iG i
Lipe 19, L2 7 LG 3 UG L6207 LT 0N e 0, 005!
Diee, 30 e L0802 gm0 me2 am Lged o
Dee. .. . ; B [ £ il ] Nt B
Ploe, 23 . Lo L. L2 2 1] LTI ]
Do, W JBUIE 15T 27 LEl Bt s i T a2 L odoiWinter wheat
e, 27 . . . . RIEIN . S I T KN Lol % starhlile.
Bee, 28 . . e b 1] RtLa ] M3
fioe i - Lo P M || S I O T+ ,(]ﬂ‘_’ RiilN ‘002 L O
[B 1T O Lo . v ] l'l : .
Talal
Totnl Ffor : . . .
¥ear. o . S .3 LA L8 L RZ2.05 583 L L
1438 : : . ' : { : )
das. 4. U L - S I - . BT 1 - I 1 1) Y 1111
dan 6.0 0 0 L L. e .. T BG 02 82 K 060 AR L H
BT T T is 0 1] 4] N1 .. .
Jan .o L. B2 L2 SRR BIE 07 LG5 LT L0 000 L8 Laeh
Jnn. § .08 J4oms em- L gt
[EL T . 0 I 1
Feh, 23 e o
Tpb, ) 7
;gi ‘:’fl (;il “.(!0: .{)(.1“:] 008 B ronnd pover of

e o .00 LubT s Winter whent
W6 b2 Loos Looy Lug | Sbble

PLICIN L P 1t
1] [, |
B T
) ;!

YT R S
171 060 027 018 .51

Muar, 2.
Mar, 2
Mar, 2.
Mar, 7.0
Mer. 8oL,
Mar, @

Mar. 10-1)

‘tornl.

Hee foatnobes ot e of abie,
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TanLe 33~—S8urface runofl and soil loss from gruded lerraces' on different land
slapes, 1928-35—Continned

Avenus rute pf E ! :
ralnfal} lor purm:l Total ruapll - EBoil losF pwr aure
! of :

Terrner |
3

At

Ih minutes -

5 minutes
0 minntes

‘ Talw! rainfll
Trrmee §

[ "Terrace 7

. I, ! In,
per . per cper - .
15 hour fowr  hour . In. Iy,
Mar. 12 o - ! i
Oet. 2, ...

ey, 20 .
26 0,74 0
B 900
L0 15 . L "’15
I | L T U
18T 53 & 34 L33 N5 8T O0.100. 191 4. 550
L T -} . [ Y 174
.10 -l As LT PLEI

Winter wheat on
sinreer fillow,

L, 18
{Jee, 20
D 21
g, G2
{lee, 23
Thee. 24
Lve. 251

Toal

Tota?
for year. ...

PliiE
Ian. 1
Jon, &
Jnn. .. : .
Jom, . . Al - e s
Jan. . L . RPN |74
Jan e e : il . I
Ina, 13 o . R JL IS RN i
':':2 b : 0 g0t T 0D inrer wheat on
Jan. : . 5. . .20 . sumnt flkow,

Jan, 1521 . . . PRLLIL .
Juga, 24 L . 7 4 A W35 008 LRes
Jan, & L 04! L0y oLl L7
dnn -3 L s : 0 1L -
AL A . . L . T L8
M- 3 PO ! .0l JRT
Mok d . . - 1. DUS N
AMur. b I A . [ L T ¢ 1]
L\I‘ll]r Tpdune L. S i} o o Jwainter whent
A : diskel ofrer har-

JI;]}-: Yt Dee oL Lo f Ceen e . Vst
‘1:. . . H H . s

Trn?

Van. 1 i Do, oo,
b R

o I'(mmura-:-‘ A1) of l.lhl(,.
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Tauvne 33.—Surface runafl and soil loss from graded ferraces’ on differeni lend
slapes, 1932 -38—Conlinued

Averaee rate of

raittfall for peried | Tuatel runnif Foif foss per gere
ol-- H
= -
nte e E“: g E - - . © .- - [ Crop
E E £ E iz oz g L % g £ T4
£ =£:% E E E E z¥ E E E ¥
= . - = & = = - - = -
i - Ee) = ‘:' - - - - - - =
. n, I
er Fils Frer
h3n oy dowr Rhowr  fn. dne In. fu. . Tens Pous Pens Tons
Jun, 3-2 G2 e 0l QN0 INT o nGd [t A1) G [ERT 1
Jon, 34 . ] AWV IT OUINE T RIE L ISEB U LR 13 I IR
doty, = i MU 4] RiIES] 0 i K11 il Winger whaeer ol
j“"' m‘lmfx 1 RIS N F N I T T PR s s Y eer

an, 1d-Fel. ) . R

e DTS MSEL N MDA LUIG e up3 np ) fIN. N cewes
M, 2 R TS L TR TR UKDt g RS LV UL
Miw. 30 : i e RiT2ETIT Gubble i
Mar. 31 to After hf ey --:‘ "

Dee 33 LTI TR LT <1 . v aREb s,

Tl SN DR SEA L ZEE T IsE N
1817 )
Jan. 1to Do, | ! .

T . (£ ? TR 13 Cairis ke wuead
e {i -3 B~ LA KT iR 4] g ] stublie HETH
Lo, 17 . 24 i b e NG AT ] L s 1 My, Sanmer-
Free 00 12y il Latsn R i B [EHIITE il

S e— e e — — ettt B UTT PO S TIT IO
ol ILO% LI [y PLLI TR o) witeat iy wioler,
193
Fae b St R L S S P 1] ARG I 4] I S
Jau, U 17 ) LB [t} At it [H ST
Jdage, w2 : (] RO N i B A T (T T R
Felr v 1 Lin i NI 1] ] LGB
Faobr, Bt Lx ] 1] IR ST & 1] NiHai]
Fob, i1-14 LENITR: [H RNt it n Rt AT
Feb. =13 {1 [} RiLat] {3 ] ARZ 0
Feb, Bl i L H u il
Feb, 2121 n Rl [T L TR
Fely, 23-2 ] 27 n it ARES g
Feb. LN ST L) 0 AKIE Winter wheni ful-
Fel. AT [} L] MR b Inwine spnmer
Fely Zis- 2% [ LD 1t n LERNE 1) Lillow, Ny vego-
Foly. 25 2 M En L LI takive pover,
Mar, 24 B N ] RTINS [t LN o
At 4-5 L3 B E P e | RN LMD (R
Mo, L 1a R 4 I by ST SWHER N T G T
Mar. 15 06 R . LA LS LARE LI L IKEY
Alar b =2 NI U R LiHEE Nt 005 i3 :
Alnr 233 CWOHE LT L0IER LG iy L0
Snr 21 1 e b T
“Cotal 1 fan.- ' : |
Juner ' I | T S 1 Sl TRt I

e Wbl 3 for deseriplion of termwes,

S Purries 3A wos ot ¢onstritered pati! Octolor 1992,

FXNu eunoff for following pericds: Ape 3=Novo 05 08520 Mg, B2 Ot 25 1084 D 1 Free, 30, 19357 Mar,
A=l ke 30, MGy Jun - Do N, 1067,

U snow,

* Frowe Jou, U8 Hipough Meveh cunafl (o terrgee G ning oo levrave 7 hirgtieh s osauiveet bole whick wig
oot plapged completely until Mar, 1. Hecords mdinstod neeon ity

B Vudue b Brigh -ipedtnfos same witer from tersce 6 ibove,

P Estimnter! framn paciind recond,
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Opsenvamioxan Dara Descrisisg Inrorrast SEsAsoNAL axp DaiLy
Coxmirioss

1981, ‘The precipiiation was 2,10 tnelies below nogrmai. The normal rainfal!
uzed for comparizon ix 20034 iuches, whieh i the averape for Pullinan., Wash,,
for the period 1893 to 1041).

Jumary Lo Mareh,  Serious erosion during January from rain and melting
=NOW.

(etober to Decomber.  The precipitaiion wos about nerminl.  Conditions were
faverable for abzorpiion and only a <mall amonni of runeil ocenrred.

1932, 'The otal annual rainfall was 308 inehes above neroal.

Jnniary 1o Mareh,  The precipitation was 3.64 inehes above normal. Rapid
melling of =now, rain, frozen gronnd, and satorated =oil resulled in heavy runoff
and serigns erosion,

Janvary 11 Considerablic snow on geound whiehh melted as eain fell,  Ground
saturateds Frost out on most of =outh slopes,  Very serions erosion and runoff.

damary 18, eavy runofl . sronnd froxen execpd 1o o 1 ineh on top, Severe
erogion bul less than January 11,

Fohirary 2627, Considerable snow in drifts with over half of grovned e,
saruridoed =oit; frozen grownd ander snow; 1o inebes of thawed sorface where
wrovned was hare but Trost helow.

Felyrmary 28, Snow mostly gone exeept driftz on north slopes,  Saturated
sof: frost out on upper south =lopes; some frost on lower slopes: ground {rozen
=alitl an horth slopes,

Aareh 30 Abont 6 inchies =now on gronnd evening of the [dth. Chinook
slarted in evening and rain altor midnight: rain again the afternoon of aih, snow
mostly melfed o npper =outh slopes, Hut =ome lefl on flats and north slopes.
No frost in gronnd; saiurated =oil.

Marell 180 Rain: no snow or Trozen ground.

Mareh 240 Rain and extremnely heavy wind: no snow or frozen gronnd,

Mareh 27 28, Rain starting evening of 270h and continbug with varying in-
tensities nnidl 10:30 0, . of 281h,  No snow or (rozen ground,

Oetober to December, The precipitation was 1.95 inches above normal, most
of the exeess veenering in November,  The ronoll during November was due ti
rain un saturated ground, while (he December runoff was mosty fram melfing
suuw with the mround frozen.  The Josses from runoff and erogion were compars-
tively slight, however.

1933, The precipitation was 745 inchies above normal with most of the excess
oeeurring in Japuary, October, and December,

January Lo Mareh,  The precipiiation wag 2 incbes above normal and was
chargeterized by heavy snow and Trecaing (empertieres during the latter part of
January and most of Febroary,  Hanoll and erogion woere hewvy in early Jannary
and apain in late Febrnaey and oarly Marceh.

Jannars 50 Boow abouf 18 tuches deep oncdanuary 3 and fuicly uniform. 3
chinook stacted January 4 and continued on the ath,  Cround frozen salid.
Rl wax from melling =now,

January -8 Intermiiient rgin: melting snow,  Snow and frost were gone on
tpper south slopes but siidl frozen on lower awd north slopes; patches of snow.

Febrnary 220 Ground frozen =olidd: deep snaw, deifled. Snow started ta melh
on 21t and continned as rain foll on 22d.

Mareh 1-20 Doep show on nerth slopes:; bare in patehes on sonth slopes,
Frozen ground but with 1 to 3 inehies of surface thawed out where snow was gone.
RunoldT feonn molting snow and rain on 2.

Marvelh 1012, Snow (0.34-inch precipitalion) fell on the 9th with uniferm
distribrntion.  Still large drift= on north stopes from earlier snow.  Frost out on
~onth <lopes but still frozen on porth slopes.  Heavy runoff and erosion from
melting snow.

sSeptember 9. Intense summer rain over park of watershed W VI

Oclober (o Deeomber. The precipitation was 7.23 inches above nonnal, 53,51
inehes of the pxeess coming in Decewtber,  The gronnd was not frozen exeept for
s thin erust & fow (imes, Not neh ranoll oceonreed daring Qetober aml Novem-
Ler bt the ronoeff and <uil Tosses were heavy in December. The ropoll wis due 1o
rain and, to some extent, nelling snow on unirezen saturated ground in excess of
the abserptive capreiiy of the ~nil

Decomber 53-8, Hoeavy min. No frost.

December 8. Leavy raing saturated soil.
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Deeember 18. Snow (0.65-inch precipitation) on gronnd which was welting
as rain of 0.68 inch fell.  Baturaied soil: no frozen ground,

Devember 22, Saturated soil; heavy sajn: ne frost.

{984, The precipitation was 0.84 inch below normml

Jannary {o Mareh,  The preeipitalion was abow! 1.22 fuches below normai it
the saturaled condifion of the soil following the benvy raing of Decomber eanused
moderte runoff in January,

OQetober fo December.  The precipitetion was 1.43 inches above normal but
ttensitios were Iow.  About two-thirds of the Doesmber precipitalion was snow,
and about T jneh of pecipiteiion wax on the ground as spow al the cad of the
month.  Fhere was only slight runoll and erosion during this periad,

985, "The precipitation wae 5,89 jnehes Below normal with most of the deficit
oeeurring in Febiraary, Oetobor, and Noveisher,  The snow melied gradually in
e spring with only maoderste surface runoff and <light orosion. Amounts and
intensities of rainfall were low, and conditions were favorable for absorption.

(36, The preeipiiation was §.08 inclies below normal with most of fhe defieit
aecurring in Fobruars, Mareh, October, and November,

dunpary,  The precipitalion was 242 inchos sbove normal,  Henvy ronoff
resttited from three stones duriteg the firsl hall of the monih.

January 3-4. Runoff from wadn of 120 inches on saturaled =oil, 0o snow or
frozen ground.

Jamuary 18 110 Rain on saluesied soil,

January 12, Rain on salurated soil,

Febenurs- Mareh,  The precipilation was 115 inehes below sormal bt liarge
water losses oceurred during the Inst of February as the resull of rin and melling
snow o Frosen ground,

Cetober to December. The precipitation was 4,60 inches below normai.
Amounnis and jufensities of rainfall were Jow, and eonditions faverable for
absorplon,

1937, The preeipilalion wue 6,680 inches above normal with niost of the exovas
gecurring in Jannary, Foliranry, Apoil, June, and Doeenmboer,

Jannary Lo Mareh,  The preeipilation wns 2,12 inches above nornal with
nearly all of that in January and Febeary falling as snow and aceompanied with
ashnormaliy low tempersturves,  The groind was lrozen solid until abont Fubvnary
25, Targe snowdvifls had acenmuinied on north slopes, No ruuoll occurrerd
unti! Fehruary 200

Febroary 20- 25, The large water losses wore the resplt of win zad mielting
snow on frozen ground.  Soil Josses were comparalively sl

Mureh 2-8.  Heavy rnmolf and erosion enused by tuin and melting snow on
salurated soil,

April 3 20, Abnermalle high precipilation on wet .0 b resutted in considerable
soil nnd water losses,

Oclober to Decomber.  The precipitalion was 1.81 inchos above nortsal, bl
accurred in small ameunts of low intensitics.  Runoll and crosion were light tnder
mosi conditions,

1938, The preeipitalion wis 445 inehes below normal.  No storms of un-
usially wreal amoennts or intensitios were recorded.

dunnary to March.  The previpitation was 0.88 inch below normad, and con-
sisted of about anc-half stew.  Nearly all of vrosion losses during Januvary and
February were eaused by inelting show with or without rain.  The runoff in
March was cauged by several eains un wol soil.

October to December. The precipitation was 138 inches holow normal,
Conditions were favorable for the rapid alworplion of waler and low runoif.

1888, The precipitation was 4.92 inches below norwal with most of the deficit
acenrring in Jannary, Apeil, and November.

Jrnnary to Mareb,  The precipitation wes 119 inches above normal and eon-
sisted of nbout three-fourths suow. The ground was frozen during most of
January aud Febrnarg,  Very little runoff ceenrred until February 11,

February 11-12 and 14-15.  Henvy runofl caused by rain and melting snow on
frozen ground,  Small soil losses,

Mareh 11-12 and 16-20. Heavy runoff caused by melting show oun frozen
ground on north slopes,

October to Dlecember, The precipitation was 1.7} inches below notnal.
Runoff reanlled from rain on moist =oil.

1250, The precipitation was 3.81 inches above norunl with most of the oveess
oecurritys i Pebruary, Seplembor, sud Octoboer,

January o Mareh,  The precipitation was 1.20 inches sbove normal,  There
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was very Hitle snow and moest of the runoff was caused by ruin on satucated sail,

February 25-28, Heavy runoff and erosion eaused by a serics of relatively
intense raing on salurated soil

March 7. Heavy rain on wel soil.

October to December. The precipitation was 8.12 inche- sbhuve normal and
consisted of about 10 percent snow.

November 28.  Hewvy runoff from rain on seturated soil,

Deceinber 18 20, Rain with ground frozen during first part of sterm.

1841. The precipitation was .67 inehes above norisul with nost of Lhe excess
occurring in May and June when higher temperatures giud growing crops rini-
mized crosion losses.

January to Mareh, The precipitation was 2,44 inches below pormal, Tem-
peratures were unusvnally mild and resuited v little freezing.

Jannary 17-19.  Hain and melting snow on frozen ground.

October to Decanber. The precipitation was 0.13 fueh above normal with
very litlle snow.

November 12-13 and Decetnber 2-3. Heavy runoff {rom rain on unfrozes
ground,

C
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