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'PURPOSE OF RANBBOOK

Becision-maklng in soil and water conservition planning requires knowledge
of the relations between those complex factors that cause spll erdsion

and those that help to reduce soll loraes, Specfal studies on field plots
and small wnteraheds have supplied much wvaluable Information regarding these
complex factor fntérrelations. Berefits from such research used togéther
with specified moil loss tolerance ‘1imits can provide guidelineq or variocus
combinationa of crop ayateme, management and ecrosfon control practices that
meet the preacribed needs on the numercus farms and ether eroslon prone
araas. This handbook provides the apecific guldelines needed for selecting
the contrel practices best sulted to the particular needs of aach site.

EROSTON PROCESSES

Lﬂnd gurfaces erade by nnrmal genlngical prucessea. Hatura] sail erosicn
and, sedimentation proceed st s slow rate. The effects of this natural
process can be observed in the earth's landscape; soTe we cnnaiden o
pleturesque, while otherﬂ such as gullied fields, muddy streams, and
mud-filled lakes are unsightly. Rormal eroalon processes are greatly '
accelerated by man's activitles. Iaitially, aecil erosisn was consid?red

the farmer's problem. Urban growth and. the cnpubility for maspive, reshaping
land has created serlous croaion and aedﬁnent hazards not related to
agriculture. Sediment,-the preduct, of erosion, 15 the greatpst pollut1nt
by volume of surface water. In some watersheds, sediment from nnn—ngricultural
aources exceeds that from crnplnnd

Ta succeqsfully cnntrol a process, it mnat bn underqtnad and Lhe Eactors .
that influence the effect of the process identifed and values determined.
Since 1929 soll conservation scientiats working in the ficld and pn reaearch
statlons have been collecting data and evaluating methodn to pradiet
rainfall-erorion lossces. .

¢

The soil erasion prdceéa by water involves three BLeps:
1. ﬁrtachmcut from the soll . mass hy raindrop 1mpﬂct and runcff shear foreces.

2. Transpurtatinn dawnslape hy raindrup gplash nnd runoff

3. Deposition 18 a selectlve process with the largeat and densest particlea
sattling first, and the finer particles carried further dewnslope ot
dowvnstrean.

HISTCORY OF SOIL LOSS EQUATION

Development of moll-loss estimating procedures have been in progress since
the early 1940's. The Agricultural Research Service (ARE), mow Scilence
and Education Administration (SEA), assembled all available data on rainfall,



runoff, and scil loss -at the Runoff and Soll Lgsa Datz Laboratory, Lafayette,
Indiana in 1954. Analyses of sbout 10,000 plot years of data from 48
locatlons in, 26 states were made te evaluate moil crooion rates on sleping
land. From these anulyuau, six erouiun—influ&nting fnctoru wetre iuuorpatuted
into u new sotl-loas equation, Becausze of itg applicability to local elimatic
conditions, & qunutitntiva soll Erudibility factur, a mﬂthﬂd ef accounting for
eropland management, crop suquunct, pruduﬂttvity laual nnd r&sidue munugam&nt
1t 15 called the “Universal® Soil Loss Equatiun (UELE}

" S0IL LOSS TOLERANCES B

The term ™soil loss tolerance” (T) denctés the meximim aversge annual rate in
tons per acre of soll erosion that .will permit a high level of crop productiviey
to be sustained economlezlly and Indefinitaly.

The major purpose of the goll loss equation is to gulde methodical decision—
making In conservation planning ona particular gite. The equation predicta
the long teérm average soil loss from shest and rill ‘erosion on’ given f1eld
slopes undoer specific land nse ‘and manageménc. When these predicted loases
can be compared with a soll lass tolerance (T} for that site, they providu
specific guidclinus for ﬂffetting erosion’ control within the apecific 1imita.
Amvy crupping and mnnagamaﬁt combination for which the predieted érgsion rate
ig' less than the tolerimce' (T) ftay be ‘expected to provide satisfactory croelon
control, Trom the 3atisfactory alternativea Indiceted by this procedurs, 'the
onu buat suited to a particulat fnrm ur nther Hnterprise muy then he selected

8011 loes tolerances (T) ranglng frum one to five tohs per acre per-yenr-fnr
tho oolls of the Uniced Stotes were derived by eodl scientists, agronomlsts,
geologiets, soil conservationists, and federal and state research leaders.

A few polls with deep favorable root zones may exceed a "I of five tons per
acre per year without loss of sustained productivity. T wvalues listed on
Table 2 range from one te five tons per acrc per year, The T/K valuse are
also listed (T divided hy K} to facilitata uge uf Bone anil losa preditticn
glide Tules. -
%011 loss limits are somotimes estgblished primarily for watoer gquality: .
contrel. The criterla for defining fleld ooll loss limits for this purboss
are pot the same 4% thosé for tolerances dealpgned co preaerve cropland . :
productivity. '

—



SOIL LOSS EBQUATION

The USLE ia an eroeicn model designed to predick the longtime average soil .
losses in runoff from epecific field aresam in specified cropping and
management systems, Wideapread field use has gubstantiated its usefulness
and walidity for thia purpose. It is alao applicable for such mondgricultural
conditions such am ceonatruction sites, Soil loweés must be distinguished
from field eediment yleld because oot al] of the scdisment produced on the
slopes leaves the fleld. A ficld's scdiment yield is the sum of the

2cil lesses minue deposition in depressions within the fisld, at the foa

of alopes, along field boundarien, snd in terrace or diversion channels,

The equation dees pot account for this depoaition, - '

The Universal Seil Loas Equation iy A < RELSCE, Hhei:'er_
A, 1a the computed noil lopa (sheet and rill erosion) per unit area,
expressed in the unite selected for X and for the-pericd selected
"for'R.  In practice, these are usually no selected that they
compute A in tona per acre per year, but other units can be’
selected. T ' o :
R, the rainfall and rumoff £actor, is the number. of rainfall ercsicn
index unita in o normal yesr's raim. % : _ )
K. the soll ercdibilicy factor, 1s the soil loos zate per erosion
index unit for a apecified noil an wmeasvred on & unit plet, which
"ip defined as a TZ.6-fr., length of uniform D-percent slope
continucualy in clean-~tilled fallow. *

L; the slope~length factor, is the ratio of soll loaa from the
field slope length ao that from a 72.6«ft. length under
identical conditiona.

S, the plope-gsteepness factor, is the rafio of moll loas from the
field slope gradient to that from a Y9-percent slope under
otherwige identical conditfons.

C; the cover and management factor, i the ratic of soil loss from
an ares with specified cover and manegement to that from an
identical area in tilled continueus fallow,

P, the support praceicr facter, is the vatio of moll losa with a
support practice like contouring, striperopping, or terracing
te that with straight-row farming wp and dowvn the slope.

*the eroalon iodex values 1n Figure 1 and the BEI wvaluea uaed in the text
have the dimepsfon 100 (fcot-tom Iinch)/(acre-hour),. K valuas io Table 2 apd
Figure Z are in tonme per acre per EI unit and have the dimenaions .01

{ton acre hour/(acte foot-ton inch}.



RAINFALL FACIOR (1)

soll materials, ARS ecientists found that rainfall snergy (axpresasd
{n foot-tans per acre inth) alpse 4id oot corralate wall snough with
soil 1oss to ba a patiafectory measurs of tha potential of rainfall

to causs sroaion, After analyses of meny voinfall charactatiotice
and interaction effacts, the scisncists found that cotal ensrgy timea
its mexiwum 30-einuts intsnsity (2-1 valuce) fe the truest indicator
yat developad to mensure ths potantial of rainfell to caude sgoaien
from cultivated fallow soll, The Teasarch dete show that when

factors other then teinfall are. hald constant, storm losses from
cultivacad fields are directly proportionmal to the product value of the
cwo vainaters charactevietics, Tha EX fsa basn computed ueing vecordsd
rain gauge recorde for » contimous pariod of 22 ysars. When all
the atorn indexes for a locality sre added togather acd divided by the
yaars of Tacord, an aversga anoual arosiom index emerges, Thia anmual
fndex mervas ae the reinfall factor (R} to was in the aquation,

Figura 1 1o tha {so-srodent map of Korth Carclina, Iso-sxodants are.
linss foining sreas with squal avosion index valuen, To facilicate
#iald use of the aquation, R values wars assigeed to countiss in '
Table 1 by interpolatina betwasn the fzo-srodeazs i Figure I,

Tha ansrgy of vaindrops snd flowing water detachas acd tcansports
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$01L ERODIBILITY .FACTOR (X)

The goll erodibility factor 1s a measureof the susceptability to -
evosion for a given soll by raindrop splash end runoff shear forces,
Some soils erode more readily than others when slope, rainfall,. cover
arid management are the same; this difference is referred to as the goil
erodibiiley. The K factor value 13 usually cxpressed in tons per acre
per EI untt. The initlal K values were defermined on-unit plots

72.6 feer long with a uniform slope of nine percent. in continuous
fallow tilled up and dewn the slope.

801l properties that Influence erodibility are (1) those that affect

the infiltration rate, permeabllity, and total water capacity and (2)
those that reslst the dispersion, splashing, abrasion and Lranﬂpcrtatinn
forces of the rainfall and rumoff.

When the phyaical and chemical characteristica change for different
depths- of -a s0l1l profile,- the K. facter usually changes also. Solls ino

North Carelina that have been assigned K walues are listad in Table 2.

Thesa K walues arce basced on the typlieal zoll characteristics that are in
the standard description. Those zoll phases with fragments have adjusted
values., The K factor for the ﬁurface layer 1s nermally used when estimating
goll losaes on agricultural land. K walses of the aurface - lnyer of Nﬂrth
Carolina sodls range from 0% to .49, _ ;

The applicable X factor on constructlon sites 1s the one for the asil
horizon exposed at the surface after completion of the gradinmg. If the
01l in gompacted f£ills is a mixture from several: layers, the ¥ value
for the seill layer that 1s mo¢t cradible in ita natural atate. Ehould

be uaed..

When soil oredibility wvalues are unavailable for a glven aite, soil or
subaoll, they may be estimated uslng the 201l erodibility nomograph,
This nomegraph shown in Figure 2 was developed ‘at the ARS Runcff and
%0il Loss Data Center., TFive soll paramecers are needed for this purpose:
percent 511t plus very fine sand, percent gand greater than 0,10 milli-
meters, organic matter conktent, structure and, permeatllity. Yalues
of the parameter may be obtained frem aoil profile descriptions,
laboratory determinations or =oil acientiats. The nomograph iz less
" accurate for high clay and sandy lnamq than' fbr thc 1nterm0diat& TINEE

of medium texturad aoila.
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Legend for Abbreviations

Term uaed {n Timu

Taxtyre modificr: Textyre foems: af tuxtore

BY Bauldary CO5 Coarsa zand LE Coprogenous sarth
1Y Yery bouldery H Sand CEM Comentad

8% Extramaly bouldery F5 Flpa sand ) LIKD Cinders

¢B Cobhly ¥FS Yary fine sand CE  Qlotomacecus sarth
CBA Angular cobbly LCGS Loamy coarym zand FE  Flbeie satartal

CBY Yary cobbly . L3 Loasmy stand FRAG Fragoental matarial
CBX Extremaly cobbly LFS  Loamy flne sand G Graval

1 Chenmery L¥FS Losmy wory Mas tand 4P Gypaifarous material
LHY Yery channary £OSL Coaraz sandy loam Ht  Hemdg matarial

LHY Extramely chennory ~ Sb Sandy loam ICE Tcw gr frozen soil
{2 Cherty FiL Fine sandy loas N0 [ndurated

Y Very charty L Lozm HPT Mugky-gpeat

RX Extromaly cherty SIL 511t Toam HUCKE, Muck

FL Flaggy’ W §1 S FEAT Peat

fLY Extremaly Flaggy ) SCL  Sandy clay leam G Sand snd graval

FLY Yary flaqay CL  clay lgam 8P Saprto suterial

&R Gravally SICL 511ty clay loam NG Unweathered bedrack
GRC Coarse gravally S Samdy clay ¥ad Yariabla

GRY Very gravally c Clay

& Extrawmiy gravally

MK Mucky

PT Peaty

KA Hobbly

SH  Shaly

SHK Extremely shaly

SR Stratifiad :

T Stony

STV Yary stony

STY £xtremaly atony

5 Slagy

SYY¥ Yary slaty -

Y% Extromaly slaty

Hydrologie a9t groups: A group of fnils having the emg runoff potential umder similar storm srd cover
conditicns. &soil propartiss that Influence runaff potantial are thosuo that influanca tha aiaimen rata
of 'nfiltration for 4 bara soil after prolonged wetting and when nat frozen. The colls in the U.5. and

Caribbaan arsa are piacad 'nta four groupd A, &, G, and O and threa dual classes, A/D, B/0, and C/0. 1n
the daFinitiona of the ¢lagses, infiltratien ratp 13 the rate at which water enterz the sall at tha
surface and which i2 contrailed by thz surf2ca conditicna. Transmisaton rate fa the satg at which water
maves ip tha soil and which 13 contralled by ths horizonz. Dofinitiona af the claases arsa a3 follaws:

A. {low runoff patentiall. Soils having high {nfiltration rates even whan thorsughly watied. These
1afiz hava a high rate of watar transrission.

8. Soiis having moderate (nffltraticn rates whan thaoroughly wetted. These soils have a moderate
ratn of water trznamittiom.

£. Sgil13 having =law infll1traticn rates whes thoroughly wetted. Thoas 10i1s have a slow rate af
water transmdssion.

0. {High runoff patantial). Seils having very slow infllteatien rates whan throughly watted. Thosa
sotls have 4 very slow rate of water tranamissien.

Qual hydrotagie grewps. M0, B/0, and C/0 are glven for cartalm wet oila that cap hae
ddeguately drained. The first letter applies tathe drained condition. Tha second to the
undrained. Only gails that ara rated D {n thede patoral cond!tion sre o be azalqued to
dual classes. Soil: may be assigned to dual groups whore drainage iz fessible and
practical.
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