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WIND AND WATER EROSION 

Cover crop effects on soil erosion 
. -  by wind and water 

j. \V, Langdale, R. L. Blevins. D. 1. Kxlen. D. K. blcCool. W. .A. Yc~n:, E. 1. Skidmore, A. W. Thomas. D. D. Tyler, and I. R. Williams 

h principal function of cover crops is to prevent land 
legradation by wind and water erosion. Available conserva- 
ion tillage technology to manage cover crops prior to the late 
!Oth century was elementary, but the practice of green manur- 
ng is very ancient. The Greeks turned under broadbeans 
Vicia faba L.) about 300 B.C. (40). Cropping strategies for 
;oil improvement were also a commor~ practice for early 
loman and Chinese empires. Many 20th century land stew- 
lrdship initiatives accompany successful cover crop strate- 

Long-term benefits of cover crops extend beyond the 
published definitions in a holistic sense (18,52). Crop residue 
rather than cover crop management becomes important on 
water deficient soils (xeric climate) where cover crops cannot 
be grown successfully between periods of regular crop pro- 
-on. Similar scenarios can be used for soils developed in 
borral climates. In this chapter, we will focus on the protective 
*Ilw of p l a t  vegetative and residue cover for controlling soil 
ctPsion. 

In addition to providing resistance to soil panicle detach- 
-( and transport as described by wind (68) and water (66) 
y e i s ,  decomposing plant materials give rise to other hall- 

mark functions. These functions, which contribute to the 
mmtenance of dynamic soil organic matter levels. art inher- 
ently related to soil erosion control because of increased 
rainfall capture and retention (6, 36). 

Accelerated soil erosion is often associated with deficient 
vegetative land cover, and may be partially responsible for 
societal failures (1 9, 26). In colonial North America, consid- 
erable land degradation occuned because of the abundance 
of land accompanied with soil stewardship illiteracy. Euro- 
pean people migrated to North America with little agricul- 
tural experience to deal with a high-rainfall, erosive climate. 
Ruffin (47), Hilgard (17). and Trimble (56) documented 
accelerated soil erosion following European settlements. 
Bennett (5). Lowdermilk (26). Jenny (19). and Bamett (3; 
described some human misery associated with about 200 y e a  
of continuous land degradation into the 20th century. The firs1 
U.S. legislative action mandating research for control of soi' 
erosion was authorized by the 1928 Buchanm Amendment tc 
the Agricultural Appropriation Bill (58). Bennett's passionart 
soil conservation leadership also continued to arouse the 
stewardship conscience of the nation during the dust bowl eri 

Williams et d. (63) summarized the results of the early soi 
erosion research activities. Positive soil erosion control result: 
were associated with cover crop treatments used in our firs 
national environmental research thrust. Conservation tech 
nology developed in the 1930s and 1940s to derive the univer 
sal soil loss equation (USLE) (67) C and P factors as well a 
the Conservation Reserve Prosram (Soil Bank), authorized i 
Title I of the Agricultural Act of 1956. a11 served to significant1 
decrease off-site sediment damage (56). Sedimentation rate 
dccrsxed 73% from I939 to 1967 ( 107 to 29 acre-fiet/year 
in some northern Georgia reservoirs (2. 60). 

Incre3sed export market opporrunities for U.S. soybea 



and wheat farmers durins the 1 Y X h  and car]!. I9SOs sisn~fi- 
cantly expanded rnonocropped. conventionally tilled acreage 
(59. 61). The diminished use of cover crops during this era 
degraded U.S. 3groc.cosystcms significantly ( I  2 .  65 j. The 
rccent low-input sustainable qriculture thrust and ground 
water quality initiatives are currently serving to provide more 
cover crop opportunities for American ayiculture. ln this 
chapter. we will describe the ~mportance of cover crops for 
prorec~ing U.S. agroecosystems through soil erosion control. 

Soil surface management with cover crops on 
dominant soil orders of the United States 

Ulfisols. Because of Ultisol formation processes in udic 
t h e n ~ c  climates, cover crop management on these soils in the 
southeastern United States (7, 53) tends to be more inextrica- 
bly related to the USLE C factor (65. 67). This climate regime 
permits vigorous growth of many cool-season cover crops. For 
soil erosion control purposes. cropping stages SB, 1, and 2 of 
an annual C factor are highly dependent upon the cool-season 
crop. Sojka et d. (54) demonstrates this in a review. When 
clover and perennial gasse_s were inciuded in a conventional 
tillage system on Paleudult soils of the Atlantic and Gulf 
Coastal Plains, C factors didlined 38% (55). Thest values are 
relatively high because bare fallow and intensive crop rotating 
plots were used to calculate the soil loss ratios. However, 
generalized annual C factors associated with a conventional, 
monocropped tillage system are usually greater than 0.30 on 
both Hapludult and Paleudult soils. 

Considerably more cover crop soil erosion research has 
been accomplished on Hapludult soils of the Southern Pied- 
mont than on other Ultlsols. Conventionally tilled cotton 
(Gossypium hirsutunr L.) fanning in the Southern Piedmont 

has caused soil losses averagins at least 20 tons/;lcre/year (8, 
10). This continuous row-crop management system was used 
as a standard for comparison with other tillage and cropping 
systems. Beginning in the early 19 30s. \starm-season annual 
and perennial cover crops, such as lespedezas (Lespedcra 
clcrwora L. and srricra L.), dfdfa  (Medicago sariva L.). and 
kudzu (Pueraria rhrmrqber,qiatta L.), were used to effectively 
reduce soil losses well below an acccpted soil loss tolerance 
(T) value (10, 16, 39). Most cover crop research during the 
1930s used annual rather than seasonal rotations. Only con- 
ventional-tillage techn~logy was available to plow-down these 
annual cover crops. Acceptance of cool-season cover crops 
came only with successful mulched tillage procedures devel- 
oped during the 1940s and 1950s (4). Mulch tilling corn (&a 
mays L.) into vetch (Vicia villosa Roth), rye (Secale cereale L.), 
and crimson clover (Trifoliunt incarnorum L.) was compatible. 
Cover crops decreased soil losses on these runoff plots 62% 
(Table 1).  In addition to improving soil characteristics for 
erosion control, a biological nitrogen (N) supply was available 
for each corn crop. 

Concomitant tillage and herbicide development durine the 
1970s and early 1980s provided the first technology for using 
consenwion tillage to plant summer annual row crops into 
cool-season cover crops (14, 42, 57, 59). A long-term soil 
erosion data set (25,35) from a Southern Piedmont watershed 
was chosen to represent this era (Table 2). These multiple 
crop systems tend to mimic forest systems studied by Copley 
et al. (10) during the 1930s. These data express the long-tern 
value of a cool-season leguminous cover crop for soil erosion 
purposes in the Southern Piedmont. 

Alfisols. Alfisols are found most extensively in humid and 
subhumid temperate regions (7). The presence of winter 
cover crops, on these soils has proved to be effective in 

Table 1. Reduction of average annual runoff and soil loss with cool-season cover crops on USLE runoff plots.' ----- _I_---. _-.--_I --___I 

Average Annual Average Annual 
Locatton Slope 1%) Cropping System Runotf (inches) Soil Loss (tonskre) --- -_._ - - - -  - --.- -----. ---_--__.______ 

Clemson. South Carolina 8 Cont~nuous corn 6.07 3.4t  
Corn w ~ t h  vetch 8 rye 1.7t 1 .4 t  

Baton Rouge, Louisiana 4 Conl~nuous corn 
Corn w ~ t h  wlnler cover 
Cont~nuous cotton 
Cotton w ~ t h  w~nter cover 

Tyler. Texas 9 Cont~nuous cotton 
Cotton with velch 

Slale College. M~ss~ss~pp~ 3- 13 Cotton-cotton-corn 
Cotton-c_otton-corn . . . - .-  w ~ l h  . wlnter cover 

'Atler W~schme~er (64) 
tCorn growmg season oqly 

Table 2. Annual stochastic soil loss comparisons expressing the value of cool-season crop in conservation tillage systems 
on an Ultisol'. . . . - . . . . -- --- - - .  --. - - - --. -.- .- - - . -- -- - - --- . --------- . .----- 

Convenl~onal Fallowlsoybean 
Conserval~on Wheatlsoybean 
Conservat~on Cr~mson clover/grarn sorghum 
'Atler Mdls e l  al (35) 



Table 3. Soil erosion 

Summer crop 

s o w a n  

Soyoean 

Cotton: 

WIND ANO WATER EROSION 17 

losses on Alfisols in systems including cover crops compared to no cover crop systems. 
Sod LOSS 

W ~ n t e ~  ever Crop - --. T~llage System (tons/acre) - Locatron and Relennce 
NO cover No-1111 1 0 9  M~ssour~  (69) 
Chickweed No-1111 0.19 0 

Canada bluegrass NO-1111 0 08 
Oowny brome NO-1111 0 .10  

NO cover Conventional 3 3 4 '  Tennessee (48) 
Wheal Conventlonal 0 75' 
N o  cover NO-1111 0 0 5 '  
Wheat NO-ttll 0 0 4 '  

NO cover Conventional 4 04 
Wheat Convenl~onal 0 51 
N o  cover NO-llll 0 19 
Wheat No-1111 0 12 

N o  cover NO-1111 8:93 MISSISSIPPI (37) 
Weeas NO-1111 8 21 
Halry velch NO-1111 1 0 3 t  

N o  cover Conventional 0.4% MISSISSIPPI (37) 
Weeds No-1111 0 58$ 
Halry vetchlwheat No-llll 0 40  

No cover - . Conventional 33 35 MISSISSIPPI (371 
Weeds Conventronal 32.90 

Kentucky (45) 

Halry vetchlwheat Convent~onal 9.1 1 - -.--.---.-. ----.---.-------- ---- ------ ---- - --.- --- - - .- ----- ---* -. - -. - ---------- - 
'Mean sod loss assoctateo wtlh Soybean cropp~ngll~llage systems durmg April-July study perloas. Mean of 17 storms of high intenstty thal occurrea in 1980-1986 
tnal ~ncludea natural storr,is and s~mulateo ratnlall. 

tFollowmg reciucea Illled Soyoean 
$One year of data 
gFol10wmg no-1111 soyoean-wheat doublecr0Ppea. 
rFalowtng 1 1  years ol conventtonal tllled cornlsoybean 

reducing soil erosion. Recent studies on a Udollic Ochraqualf 
n Missouri (69) compared no-till soybean plots seeded to 
:over crops with a check-treatment without cover crops. Mean 
ulnual soil losses from chickweed (Stellaria media L.), Canada 
~luegrass (Poa compressa L.), and downy brome (Bromrts 
ecrorurn L.) treatments were decreased 87%. 95%. and 9670, 
tspectively, compared with the check plot with no cover crop 
Table 3). 

Studies conducted in western Kentucky on a Typic 
'ragiudalf soil showed an 58% (Table 3) reduction of soil 
.mion for conventionally tilled soybeans planted following 
10uble-cropped wheat compared with conventional tillage 
virhout a cover crop. In the no-till system, soil losses were 
:mall for treatments with and without cover crops. But, there 
"as less soil erosion on plots planted to a wheat cover crop. 

Studies on a Typic Paleudalf soil in western Tennessee (48) 
neaured soil losses from 0.25-acre runoff plots, where soy- 
a~ were grown with different cropping systems. These 
bystems included wheat planted as part of a double-crop 
'Ystern with convcn[iorlal tillage and no-till and the same 
:illage comparison without a cover crop. The data in table 3 
%Present mean soil loss measured during April-July study 
Rriods. During this period. 17 high-intensity storms occurred 
'" 1980-1986. >lost of this was natural rainfall. however. 
LUP~lernental events using a rainfall sin~ulator were included. 

findings were similar to those observed in western 
With conventional lillaee. soil losses \\.ere signifi- 

: m t t ~  Zreater for single-crop soybeans without a cover crop 
'ban for treatments seeded to ;i wheat cover crop (Table 3). 
Ihe no-1111 treatment showed no si ynificant advantage of 

wheat as a cover crop as pan of a wheat/soybean doubletrop 
system compared with no-rill without a cover crop. 

Mutchler er al. (38) and Mutchler and McDowelI (37) 
showed that conservation-tilled cover crops reduced soil 
erosion 47% and increased seed cotton yield 20% on a Prov- 
idence silt loam (Typic Fragidulf) soil in Mississippi. Their use 
of vetch and winter wheat cover crops with conventionally 
tilled cotton was beneficial in reducing soil loss, but not 
sufficient for acceptable soil erosion control. With no-till, the 
cover crop contribution toward reducing soil erosion depends 
on the quantity of residue and its distribution on the soil 
surface. For some conservation tillage systems, residue of the 
previous year's crop may be sufficient to provide effective 
erosion control. 

~Mollisols. USLE research in the 1930s and 1940s estab- 
lished the role of meadow rotations for controlling soil erosion 
on midwestem soils (Table 4). Interest in growing cover crops 
for soil erosion control. especially following soybeans, was 
renewed with findings by Laflen and Moldenhauer (23). They 
reported that between 1963 and 1969, soil loss from a Grundy 
silt loam (fine, montmorillonitic, mesic Aquic Argiudoll) was 
35% greater for corn following soybeans rhan for either 
soybeans after corn or a continuous corn rotation. They 
attributed the increased soil erosion following soybeans to 
lower dry matter production, less residue cover. and soil- 
loosening action of soybean roots. These data compare favor- 
ably with 3 ~eneralited meadow-rotation/cover crop soil 
erosion hazard (Table j) developed- by hlillzr et 31. (34) .  

When mean annual precipitat~on decreases from more 
than -10 inches on midwestern Mollisols to less than 12 inches 



on the wstem edge of the Great Plains, vegctatrve cover is a 
cardinal rule for controllln~ wind and wawr erosion (9. 29). 

For more northern [ocations. however. Karlen (20) rc- 
cently reponed that ~1 major need in consenmion tillage 
research ~ ~ 3 s  10 Jevclop cropping strategies and mana_ccment 
schemes that make cover crops more compatible with com- 
mon crop rotations. Power (42)  also identified improving 
shade and cold tolerance of legume cover crop germplasm as 
a major research need for the Midwest. 

An on-farm study recently demonstrated that the combina- 
tion of ridge-tillage, cover crops. and manure applications 
significantly decreased runoff from a Clarion (fine-loamy. 
mixed. mesic Typic Hapludoll) hillside soil (46). This was 
attributed in part to higher eanhworm populxions that were 
probably enhanced by overseeded cover crops because of 
increased protection durins the fall and winter months (51). 

Model development for cover crop management 

Historical perspective. National research needs for water 
and wind erosion control became highly visible with the dust 
bowl era (5). A national research thrust to control soil erosion 
began during the early 1930s 162). Wind (68) and water (66) 
models that assimilated the long-term national data sets for 
management planning were initially published during the 
early 1960s. These models, with revisions and their crop 
residue requirements, were published in a review format 
during the 1970s (15, 49, 50). The water erosion model was 
referred to as the universal soil loss equation (USLE), and the 
wind erosion model as the wind erosion equation (WEQ). 
These and other selected soil erosion models, which include 
a cover crop management component, are discussed herein. 

Universal soil loss equation. A data set that includes 8,000 
runoff-plot years from 2 1 states was used to develop the USLE 
(66). By analysis of this data set, Wischmeier (66) concluded 
that seeding vetch and ryegass in cotton or corn plots before 
harvest and plowed-down the following spring was effect~ve 
erosion control (Tables 1 and 4). These cover crops reduced 
soil erosion during winter months, as well as the following crop 
year (441. For USLE crop stage I ,  corn plots without winter 

Table 4. Re-duction . - -  of average annual runoff and soil loss - . - . -  . 

Locar~on - 
Bethany. M~ssour~ 

Lacrosse. W~sconsn 

Clar~nda. Iowa 

T~hon. Georg~a 

Guthr~e. Oklahoma 

Ilhaca. New York 

' Aner W~sckrne~er. 164 

cover had n soil loss ratio of 36%. while those with winter crop 
cover had ;I ratio of 22%. For USLE crop stage 2, soil-loss 
ratios were 6370 and 46%. respectively. 

The USLE data set included six research sites (Table 4) 
with meadow rotation treatments and four (Table 1) with 
winter cover crop treatwnts. The meadow rotation treat- 
ment reduced average annual runoff 3 1 % to 65% and accom- 
panying soil losses 42% to 9295 . Winter cover crop treatment 
produced similar results. Plot slope and row direction also 
significantly influenced runpff and soil losses (6, 10). Beale et 
al. ( 4 )  and Bruce et al. (6) described other factors and 
mechanisms that explain the effects of cool-season cover 
crops on soil erosion. 

Wind erosion equation. Skidmore and Siddoway (50) dem- 
onstrated the paramount importance of crop residues for 
controlling wind erosion. The data set assembled in this review 
publication accompanies the WEQ (68) to provide wind 
erosion control technology on about 74 million acres of the 
nation's land resource area (60). Additionid literature review 
only creates redundancy, so only research associated with the 
WEQs vegetative components since 1978 follows herein. 

Lyles and Allison (27. 28) reported the protective role of 
crop residue and range grasses as flat small-grain equivalent 
of the form: 

SGE = axD [ l l  

where SGE is flat-small-grain equivalent (pounds/acres), x is 
the quantity of residue or grass to be convened, and a and b 
are experimentally determined regression constants. The flat- 
small-grain equivalent is convened to the vegetative factor 
that is needed to estimate wind erosion by the Woodruff and 
Siddoway (68) procedure. 

Woodruff and Siddoway (68) graphically demonstrated thc 
relationship between flat-small-grain equivalent (SGE) and 
ve~etative factor (VE). Williams et al. (62)  fit an equation to 
the graphical relationship to give: 

Until recently, all small-grain equivalence data have been 
limited to dead crop residue or dormant grass. Armbnrst and 

with meadow rotations on USLE runotf p!ots.* .-- -.--.- - - -  -- ------. ---- 

Slope (O/o) Croppng System 
8 Contmuous corn 

Corn-wheal-clover & tlmothy 

16 Cont~nuous corn 
Corn-barley-clover 

9 Contmuous corn 
Corn-oars-meadow 

3 Conl~nuous corn 
Corn-oats-meadow-meadow 

8 Contmuous cotton 
Cotton-wheat-clover 

19 Contrnuous corn 
Corn-oats.meadow 

Average Annual 
Runoff (inch_es} -. . 

8 2 
4 . 9  

9.9 
5.8 

5.6 
2.7 

2.9 
2.0 

4 1 
2.7 

6 5 
2 3 

Average Annual 
Sat Loss (tons/acre) 

50.9 
9.1 

111.7 
27.8 

37.8 
11.7 

1.2 
0.7 

24.2 
5.9 

6.6 
0 6 
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Table 5. Relative erosion hazard of selected crop sequences 
(cont~nuous corn = 100) on Mollisols. 

Crop Sequence t - . - .- - .  . - -- - .-. - -- -- Relatrve Erosron . . Hazard 

Fallow 256 

C-SS 131 
C.C.Sb 120 

C ~ ~ ~ I ~ U O U S  corn 100 

C-C-C-ox 7 4 
C.C-OX 64 
c . 0 ~  4 6 

C.C-C-0-M 49 
c . c . 0 . ~  36 
C-C.0-M-M 2 8 
C.C-0.M-M-M 2 6 

C.0-M 18 
C-C-0-M 15 
C-C-0-M-M 13 
C-C.0-M-M-M 10 

' M e t  Iowa Stale Exlenslon Setv~ces. Ames, lowa:Mdler el al. (34) 
tC.corn Stbsoyoeans. 0-oats. Ox-oats w~rh green manure crop. M-meadow 

Lyles (I) reported flat-small-gmin equivalents for growing 
corn. cotton, grain sorghum [Sor,yhum bicolor (L.) Moench], 
peanuts (Arachis hypogaea L. j ,  and soybeans [Glycine .mer 

(L.) Merr.), 

SGE = alRwbl PI 
where Rw is the aboveground dry weight of the crop to be 
convened (poundslacre). and a, and b, are constant coeffi- 
cients for each crop. They found that if  only rou3h estimates 
of SGE are needed, an average coefficient could be used. An 

avc'ra~e equation dettnnined from pooling 311 crop Jata with 
r o w  runnlng perpendicular to wmd direct~on y~elded 8.9 and 
0.9 for a, and b,, respectively. 

Cover crops. where they can be &own, give effective wind 
erosion protection. They are especially applicable in regions 
more humid than the semiarid lmds of the historical dust 
bowl. Their protective value at a specific growth stage for use 
In the Woodruff and Siddoway (681 w~nd erosion prediction 
method. and variations thereof. can be estimated by usins 
equation 3. 

In the developing the "Wind Erosion Prediction System" 
(13 ) .  crop ~rowth is simulated by a generalized growth model, 
CROP. which calculates potential growth of leaves, stems, 
yield. and root components. The potential growth is modified 
b:: stresses of temperature, fertility, and water. The CROP 
submodel. using biomass as an independent variable, also 
predicts distributions of leaf and stem silhouette area with 
he~ght. canopy height. canopy cover, and flat biomass cover. 
That information. along with other pertinent information. 
then is input into an EROSION submodel for computing soil 
loss from wind. 

Erosion-productivity impact calculator. The Erosion-Pro- 
ductivity Impact Calculator (EPIC) was originally designed to 
determine the relationship between soil erosion and soil 
productivity in the 1985 Soil and Water Resource Conserva- 
tion Act (RCA) Analysis (43). The model has been adapted 
for solving numerous agricultural management problems. A 
recent adaptation of that model was motivated by the need to 
determine the effects of winter cover crops on ruoff and soii 
erosion. Data sets From three small watersheds near Riesel, 
Texas, were used for testing purposes ('Table 6 and 7). These 
Venisol watersheds are dominated by Houston Black (fine, 

- Table 6. Observed and EPIC-simulated flume yields from three watersheds during a cover cropperiod, October-May. 
Oat Cover Crop Fallow 

Runoff Sediment Runoff Sediment 
Watershed Observed Simula t,ed Observed S~mula&ed Obselved Simulated Observed Simulated 

- inches -- - tons/acre - - inches - tondacre -- 
No. 1 3.35 3.11 0.29 0.27 4.29 3.82 0.85 0.87 
NO. 2 5.24 4.13 0.21 0.17 3.66 4.02 0.63 0.67 

2.95 4.13 0.09 -- 0.15 5.98 5.79 1.43 1.19 No. 3 -----.-- - -  ----- 

Table 7. EPIC-simulated t20 years) watershed flume yields associated with fallow, wheat. and clover cover conditions. --- ___ _ _ _  _ -- _ - -.-- C - - -  -- 
Cotton/Gram Sorghum -. --- -- -- CottonlWheaUGrarn Sorghum Cotton/Clover/Gra~n Sorghum -- 

Ramfall Runoff Sediment Runoff Sed~ment Runoff Sedrment 
(inches) (mches) (tons/acre)_-- (nches) &on? - . - .. . . - . .--- ---- - (tons/acre) (inches) (tonslacre) 

January 1 .so 0.16 0.01 0.12 0.00 0.16 0.00 
February 2.17 0.28 0.05 0.20 0.01 0.24 0.00 
March 2.20 0.20 0.03 0.08 0.01 0.12 0.01 
b r t l  3.50 0 71 0.12 0.47 0.02 0.5 1 0.03 
May 4.37 1 10 0.18 0.9 1 0.06 0.87 0.07 
June 2.83 0.35 0.02 0.31 0.02 0.31 0 02 
July 1.85 0.08 0 01 0.08 0.01 0 08 0.01 
AWSI 1.89 0.12 0.01 0.12 0.0 1 0.12 0.01 
Se01ember 2.32 0.32 0.03 0.31 0.01 0.32 0.01 
October 3.58 0.63 0.10 0 59 0 07 0.63 0.06 

3.82 0.59 0.06 0 4 7  0.0 1 0.51 0.01 
3.66 0 63 0.08 0.43 0.01 0 51 0 01 



montmorillonitic, thcrmic Udic Pellustens) soils. Watershed 
areas ranged from 16.3 to 2O.S acres. with average slopes 
ranging from 1.88% io 3.21%. The 3-year crop-rotation 
consisted of cotton, grain sorghum, and oats (Avcrlo sariw L.). 
A winter cover of oats occurred on each watershed ever), third 
vear. Oats were pl;lnlcd about Octobcr 15 and harvested 
about June 1 each year. Table 6 presents both observed 2nd 
simulated runoff and sediment yields for the cover crop period 
(October-Jme). EPICS prediction efficiency averages 93% 
for runoff md 83% for sediment. 

To accommodate leguminous. cereal grain, and fallow 
cover berween corn crops, a 16.3-acre watershed with 2.2470 
slope for a 20-year simulation without crop rotation was 
assumed. Three simulations were performed using identical 
weat her generated by EPIC. Table 7 provides simulated 
average monthly and annual rainfall, runoff, and sediment 
yield for the three simulated cover conditions. Based on these 
results, cool-season cover crops appear to provide a distinct 
soil erosion protection value, even on Venisols formed on 
slopes averaging less than 4.0%. 

Revised universal soil loss equation. The USLE has been 
revised to accurately estimate soil loss from both crop and 
rangeland. This revision incorporates technology developed 
since the 1978 version of the, USLE (67). The result ,is the 
revised universal soil loss equation (RUSLE) (32). The basic 
structure of the USLE has becn retained, but the algorithms 
used to calculate the individual factors have been chaqed 
significantly. One imponant change is in the computerization 
of the technology. This allows computaiion of the soil-loss 
ratio by 15-day intervals rather than by longer crop stage 
periods as in the USLE. This improves estimates of the factors 
affecting the soil loss ratio. such as surface roughness, crop 
growth, and residue decomposition. Another change is in use 
of a time-variant soi! erodibility factor, which reflects winter 
freeze-thaw effects and the corisolidating effect of moisture 
extraction by a growing crop during the summer months. New 
slope-length and steepness relationships were developed from 
plot data and detachment theory (30. 31, 33). The relation- 
ships consider the relative susceptibility of the soil to rill versus 
interrill 'erosion. Separate relationships were developed spe- 
cifically for the freeze-thaw-affected dry-farmed cropland 
region of the Pacific Northwest. 

The cover-management factor is perhaps [he most impor- 
tant factor of either the USLE or the RUSLE because i t  
represents condi~ions tha~ can be n~;rncl_red most casil! to 
reduce erosion. The soil-loss ratio (SLR). which is weighted 
by the annual erosivity distribution to produce the covcr- 

management factor. is  cdculclted as a product of four subfactors 
by Laflen ct a]. (22) .  3s follows: 

SLR = PLU x CC c SC x SR (4) 

where PLU is prior land use. CC is crop canopy, SC is surface 
or ground cover. and SK is the surface roughness. The soil-loss 
ratio is far more s m ~ i t i v c ~  lo surface cover than lo other 
ficiors. The effect of surface cover on soil erosion is given by 
a negative exponential relationship: 

SC = eeb" (51 
where rn is the fraction of ;he land area covered by plan, 
marerial and b is a regression coefficient. Laflen et al. (24) and 
Laflen and Colvin (21) found b values ranging from 3.0 to 7.0 
for row crops, while Dickey et al. (11) found b values of 2.4 to 
3.2 in a rainfall-simulation study on small grains. In the Pacific 
Northwest, where much of the annual erosion is in the form 
of rills caused by snowmelt or rainfall on thawing soil, data 
from runoff plots on a Palouse silt loam (fine-silty, mixed, 
mesic Pachic Ultic Haploxeroll) near Pullman, Washington 
(Table 8), indicates a b-value greater than 5. Slopes at this 
study site ranged from 1970 to 2690 and soil losses from bare 
fallow plots often exceed 65 tons/acre/year. Winter wheat 
and spring dry peas (Pisunr sarivunr L.) provide residue cover 
ranging from I 170 to 9670. However, recommendations for b- 
values for use in RUSLE are 2.5 with intemll erosion (such as 
rangeland) and 3.5 for cultivated cropland conditions (41). 
The data set presented herein suggests that specific technol- 
ogy associated with the RUSLE model is imponant for 
managing crop residues to control severe soil erosion of the 
Pacific Northwest. 

Conclusion 

Wise use of cover crop technology is essential to accom- 
plish sustainable agriculture objectives. Sustainable agricul- 
ture must control soil erosion by both wind and water. Some 
20% of the 320 million acres of cultivated cropland in the 
Ijnited States also requires soil productivity restoration. Use 
of cover crops in conservation tillage systems may offer 
sustainable solutions to best accomplish both goals. An assess- 
men1 of more than 50 years of cover crop research in soil 
erosion control sugests their essential role on the nation's 
cultivated landscape. 

Domin;it,uig Ul tisol. Alfisol. and Mollisol soil orders re- 
ceived extensive cover crop attent ion in soil erosion control 
and res~ora~iun stud~cs. b'c ;tsmc~;rte most of thcsc rcsearch 

Table 8. Relationship of RUSLE's surface cover (SC) subfactor to percent crop residue cover on a Palouse silt loam soil.' 
Tdlage Cropp~ng  Syslem Surlace Resrdue (010) Sudacc Cover (SC) Sublacror 

Convenltonal t Fallov; 0 1 .o 
Convenl~onal$ Summer lallowlwinler wheat 11 0.57 
Conven ttonat~ Wheal§lwtnler wheat 42.5 0.22 
No-111 seeded Sprtng peaslw~nler wheat 58.0 0.073 
N?:!lll seed* - ---- Wheal§/w~nler wheal 96 5 0 0050 . - -  
' t h e  re1 includes 197811 979 through 19831984 wtnler eroson seasons 
1TtIIa~e lo matnlaln bare fallow condtl~ons 
ZTt~lage ceprewnlal~ve of the Palouse Sods Resource Area ( 1  1 .  53. 58, 
QRotattng spr~ng and wmcr wheal 
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3 c t i v i t i ~ ~  'with ;I long-term conscntation t11l;lge sv;llu;lt~on. 
C0vc.r crops arc best adaptcd to cor~scrv;~t~ot~ t~ll;lgc st'fons t'or 
ultisols and Xlfisols. However. different research 3pproachcs 
were more discretely associated with soil resource arcas 
within soil orders. We attribute this to cover crop species 
3d;lptation to climate and soil formation processes. Because 
oi thc xcric and boreal clirnate association of ,Llollisois. 
m r a & \ ~  rotations scrvc 3s tht: best vei~etatlvc cover. Con~cr- 
vr~tlon t~llage technology has only recently approached ;1 

~hrs~hold to c;lpitdize on the benetkid functions ot' cover 
crops for soil erosion control. Uec;luse of t'rasrnentarlon I,( 

siions, as well as the short-term econonilc policy 
structure of American agriculture. cover crop use is prohibi- 
tive on n~uch of the nation's landscape. Cover crop discour- 
~gcment on Ultisols was exhibited only recently in the Conser- 
vation Reserve Program of the 1985 Food Security Act. 

H!drologic models that include vegetative parameters for 
soil sonszrvation purposes may enhqnce the importance oi  
cover crops for soil erosion control. Current model develop- 
ment for agroecosysten~s has also experienced a long-term 
evaluation process. Those models that appear most applicable 
for managing cover or meadow crops for soil erosion control 
herein are the USLE. WEQ, EPIC, and RUSLE. This model 
diversity is similar to the different cover crop management 
requirements for the nation's diverse soil family and series 
association. These soil erosion control tools may senle to 
stimulate best management of our most imponant renewable 
natural resource-xop vegetation-in an economical and en- 
vironmental manner. 
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