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PRINCIPLES OF SOIL EROSION CONTROL: RANGELANDS

by

Kenneth G. Renard

The control of erosion on rangeland is certainly not an easy problem for
the land manager/environmentalist. The reason the land is probably being used
f u i*in8e *>•««*• of some limitation in the resource base such as poo? soilch as poo? soil

^^' •«•••■**• «1°P« <•«* corresponding high
Zlli?< *h P«cipit*tion and in turn, limited soil protection by
«?'i.h* «A furcheru«^««nt factor in the erosion control problem on
f8 lnyolves the low economic value on a unit basis of such land which

I

I

I

I

ran^.lVnd ?TC T* ^"y,6*"" tricing with water erosion problems on
SS th. mlm f •BP1\Mlz« w«"f -".ion on rangelands while recognizing
that the same forces and processes are involved with wind erosion the
transport medium being the major difference. erosion, the

by water involve processes of detachment,
,h™« <— . * ^, *oil P*r«icles. The major forces are from
-r!J«™ F1 W*ter flowln8 over the land surface. The factors affect-
erosion can be expressed in equation form as:

Er - f <C1, Sp, To, SS. H) (1)

I where Er - erosion; f - function of ( ): Cl - climate; Sp - soil properties-
huma tOpographv: SS " »o11 ««rf*ce condition Including vegetation; andI M -

. c*-lv*tiea. a ralrly detailed treatment of the theoretical aspects of

/1987°/ m*? u*CC°f* V** Pre*ente<i by Renard and Foster (1983) and Foster
want. L' d4.lL, °l fP*Ce Parnit reP«*clnB »uch material here. Rather 1
«o«ion ttl^r ^ bein* d°ne r«8«rdln« «» «ppro«che. to estimate upland
•rosion by water, namely a revision of the Universal Soil Loss Equation USLE
<Vlsch».ier and Smith. 1965 & 1978) and th. W.ter Erosion Prediction Project!

technology Intended to replace the USLE.

m,hi i^A^u^ i- 5Mm,owr 20 y«*r« «ince the original USLE handbook was
published, the technology has been availabl. and widely u.ed in USDA for

invoTvir J^l ' KDevel°Ped fro» extensive field experimentation, the USLE
SSir ? ?""' the product of which furnishes an estimate of the average
annual erosion from a field area.

A-RKLSCP (2)

I

2000 2y<1I?^11CD5ngr4.' Aridland Watershed Management Research Unit. USDA-ARS
2000 E. Allen Rd., Tucson, AZ 85719

30



where A - computed soil loss per unit area; R - a rainfall and runoff factor-
K - soil erodibility factor; L & S - topographic terms representing slope
length and steepness; C - cover-management factor; and P - support practice
£ACCO17«

Unfortunately, this technology was developed from experiments performed
on cultivated areas although the technology has been extended to most other
ti^t """ condltlon« (R«nard and Foster. 1985). In the current revision of the
USLE, perhaps the most significant change occurs in the method used to deter-
■ine a value of the cover-management factor, C. A subfactor approach is used

?J«?r0£"J y W1«chBel«r. 1975, Mutchler et al.. 1982 and Laflen et al.,
1985. The factor C Is expressed as

C - LU * CC * SC * SR (3)

Sllr i"hi* ? Und^o ly*>f*ctOT* CC *« • c*n°Py «ubfactor, RC is a surface
cover subfactor and SR is a surface roughness subfactor. Each of these subfac
tors in turn is alao expressed by an equation so that a value can be computed
for any «pecific situation. The equations contain the variables recognized to

tices nce •ro«lon «nd v«7 according to land uae and management prac-

folloS" imUvldu*1 «ubf*ct°r *•!«•• presently proposed for rangeland are as

VJ - 0.40 * exp (-0.012 * RS) (4)

where RS Is the live roots and buried residue in the upper 100mm of soil (ke

!£.»?r T °f trPthJ- ttU nU"bftr 1S nOt ^actly^asily obtained si a
MoTs. ."we". P*d tO ""■•" th« v*lu« f«» ««««! *bov. ground

RS - BIO * n * e/100 (5)

S^of ki i f" gr°Und bio»*»» •«!■*" (kg per ha), e is the
b?o,L«. i li°V ^"""Jbioma.. to above ground biomass and n is the ratio of
blomass in the upper 100mm of soil to the total below ground biomass Tables
•re being prepared of reported typical values of n and e by vegetation type
(e.g grass, brush, tree, etc.) and climatic region in addition to the
•trecta of grazing and other man Induced activity.

CC - 1 - FC * exp (-0.34*H) (6)

iJfJh'w0\Lluth* ?!CCiOllO^ tha Und «wrf*c« beneath canopy and H is the
height (m) that raindrops fall after impacting the canopy.

SC - exp (-4.0*M) (7)

where M is the fraction of the surface covered by nonerodible material (e.g.
living and dead plant material, rock and large gravel). This factor has been
observed to be extremely important, especially where erosion pavement, cryp
togams, or other nonerodible items can be expected to protect bare soil from
the erosive forces of raindrops or flowing water or both.

SR - exp(-0.026 (RB - 6)(1 - exp(-.035*RS])) (8)
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where RB Is a random roughness (mm) expressed as the standard deviation of
surface elevations from a plane and Is Intended to reflect any tillage conse
quence or other roughness forms. Illustrations are being provided of tvoical

SiST/?1? "ight ■"«••» in -luting value, repressing their condition
These solutions as veil as those for the other factors have been programmed
for speedy solution in a user friendly way on a personal computer. B

«.», o0l?*r f*c*or* ln **• USLE «• «l«o to undergo some changes. For example
for ihSZlll r"S J"6,r^h ln A«rlcultu» Handbook 537. was .o ix»deo£te
for the western U.S. will be expanded to Include almost 1000 stations

«v\7lo»n*,.'.r <tlT 'niJyili 1" not be ••«!«-* m time for the current
HA7 I (f ? i* •«PPl««nt will be produced) and the snowmelt problem will
still remain Inadequately addressed.

ilBp
mmsmmm
UUAH5 (Knisei, 1980) and simulations performed for different slope steepness.

WATER EROSION PREDICTION PROJECT

activity is now well
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ing on the rangelands of the western U.S. Include about 20 locations/soil* "
5f *7 ,J rent ■*•«•■• A rotating boom rainfall simulator will be used for
the field experiments. Similar plans for the cultivated croplands of the US ft

J?M .e/iBUUtitn ?2 OV'r 30 ■°11"- A workln* version of the model Is an- I
™5 I ??* f?r "*?,** 1992 mlthou& *« *• recognized that ongoing experiment
and validation will be required for sometime into the future.
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