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Erosonisaprocessthat involvesdetachment of soil patides | The Hydrologic Cycle in Brief
and their removal from the site by either water or wind
energy. Thisprocessisafunction of several integrated
factors(Fig. 1). Lossof soil dueto erosion posesone of

the greatest threats to the continued productivity of

The sun providesthe energy necessary to evaporate water
contained in both fresh- and salt-water reservoirson the
earth’ ssurface. Solar energy isalsorespongblefor moisture

agricultural lands in the world today. This document
discusses severa factorsthat influence soil erosonwitha
special emphasis on the effects of grazing livestock.

lossfrom plantsthrough aprocessknown astranspiration.
As water vapor rises into the atmosphere, it is cooled,
condenses, and isre-deposited to the earth as precipitation

inaliquid phase(rain) or solid phase (snow, hail, or deet).

Techniques designed to reduce soil erosion are aso
Thisclosed system of recycling water isreferredto asthe

consdered.
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Figure 1. Factors affecting soil erosion by water (Baver 1965 as used by Branson et. al. 1981).



hydrologic cycle(Fig. 2). Thehydrologic cycleplaysa
key rolein soil lossdueto water erosion.

Soil erosion by water islargely dictated by mean annual
precipitation. Areasreceiving <350mmannudly areusudly
not subject to erosion by water, while areas receiving
>1000mm havehighleve sof ground cover that Sgnificantly
reduce soil erosion potential (Thurow, 1991). Regions
receiving precipitation levelsbetween these two extremes
havethehighest potential for soil erosion duetowater. In
the United Statesaone, 5 billion metric tons(Mg) of soil
arelogt to erosion annualy, most of which (67%) isdueto
water eroson (Brady 1990). Precipitation playsanintegra
roleinwater erosonandisresponsiblefor both detachment
of soil particlesdueto raindrop impact and the transport of
the particlesfrom off theste. Erosoninexcessof normal
rates(0.2- 0.5Mgha?) isreferred to asaccelerated eroson
(Brady, 1990).

Erosion

Water Erosion

Acceerated erosion beginswith raindrop impact (Fig. 3),
and the effectsare much ameliorated by ground cover. A
raindrop impacting bare ground dislodges soil particles,
destroys soil structure, and the splash can cause an
appreciable transportation of the soil (Brady, 1990;

Bransonetal., 1981). Soil particlesdidodged by raindrop
impact can then be held in suspension and transported of f
siteviaoverland flow (runoff). Dislodged particlesalso
sedl the soil surface by plugging micropores.

Thissealing action reducesinfiltration ratesand increases
runoff. Raindropsimpacting ground cover, however, are
intercepted by the plant canopy, which absorbs impact
energy and protectstheintegrity of thesoil surface. Energy
of runoff islikewise diminished by ground cover, thus
reducing erosion (Fig. 3). Precipitation intercepted by
ground cover canopy isa so subject to evaporation. This
can be positive or negative depending on the moisture
balanceof thesoil profile.

After araindrop makesimpact, it issubject to threefates:
it can infiltrate the soil, evaporate, or become a part of
runoff (Holechek et. d., 1998). Infiltration (movementinto
the soil) is primarily determined by soil texture. Fine-
textured soils, such asclaysgeneraly havelow infiltration
rates, and dow percolation (movement through the soil)
rates. Coarse-textured soils, such assands, usualy have
highinfiltration and percolationrates. Runoff occurswhen
precipitation ratesexceed infiltration ratesof thesoil. Soil
loss (erosion) then occurs dueto detachment and transport
of soil particlesfromthesite. Lossof soil particlescanbe
somewhat uniformin nature (sheet or interrill erosion).

ﬁj%
Figure 2. The hydrologic cycle. (From CAST 1982 as used by Holechek et. al., 1998).
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Figure 3. Vegetation effects on reducing soil erosion. (From Nebel 1981 as used by Holechek et. al., 1998).

Extremeinterrill erosionisapparent when soil pedestals
arecreated by erosion around an areacovered by material
resistant to raindrop impact, such asrock. Thefact the
surrounded soil iseroded without undercutting thesoil under
theresistant materid illustratesthehighly erosive nature of
raindrop impact (Thurow, 1991). Further erosion results
incregtionof smal, distinct flow pathsthat can be corrected
withtillage(rill erosion). Erosionthat continuesunabated
becomes severe enough tillage cannot repair damageto
the siteand vehiclescannot traversethe degpened channel
(gully erosion). Streambank erosion is defined as soil
displaced from banksof riversor streams. Besideslossof
essentia topsoil, erosion aso causesvaluable soil nutrients
suchasN, P, and K to belost fromthesite.

Universal Soil LossEquation
Overland water flow energy, or the ability to detach and
movesoil particles, isafunction of severd integrated factors.
These factors are included in what is referred to asthe
Universal Soil-Loss Equation (USLE), A = RKLSCP,
where

A=thepredicted soil loss

R=climaticerogvity (rainfal amount and runoff)

K =s0il erodibility

L =dopelength

S=dopegradient

C =groundcover and management
P = erosion control practices

Althoughthe USL E wasnot designed for rangel ands, but
for clean-tilled cropping systems, abrief discussion of the
componentsof theequation illustrate the several factors,
andtheir interaction, involved in accel erated soil erosion
by water. For more detailed information, readers are
encouraged to see Brady (1990), from which thefollowing
information regarding the USL E isadapted.

Rainfall and Runoff Factor

Therainfdl and runoff factor, R, isameasureof theerosive
forceof rainfadl and runoff. Thekineticenergy of asormis
determined using the intensity and total amount of
preci pitation plustheaverage precipitation received during
the 30-minute period of greatest intensity. A sum of all
stormsat alocation for the year providesan annual index
andanaverageof severd yearsindicesisusedinthe USLE.
In the United States, values range from <20 in the
intermountain west to >550 along the Gulf Coadt.



Soil Erodibility Factor

Thesoil erodibility factor, K, isameasure of theinherent
erodibility of soil and isbased on soil lossfroma22m-long
plot that ismaintained in acontinuousfalow state. Slope
of theplotis9% and infiltration rateand structura stability
arethetwo most significant soil characteristicsaffecting
erosion. Valuesrangefrom near Ofor sandy soilsto near
0.7 for tighter soilswith lower infiltration rates.

TopographicFactor

Thetopographicfactor, LS demondratestheeffect of length
of dopeand the steepnessof thedopeandisaratio of soil
loss from an unknown field to that of the lossfrom the
standard plot witha9% dope and continuoudy fallowed.
Valuesfor LSrangefrom 0.16 for a2% sopeonly 15m
longto 3.13for 12% dopes 90minlength.

Cover and Management Factor

The cover and management factor, C, illustrate how the
cropping practi cesand management variable can effect soil
lossandisthefactor over whichthe producer hasthe most
control. Valuesfor Crangefrom<0.10for fieldsthat are
in permanent grass or legume cover to approximately 1.0
for fieldsthat havelittle or no cover.

Support Practice Factor

The support practice factor, P, indicates the benefits of
farming on acontour, strip cropping, terraces, and other
practicesthat help minimize soil loss. Vauesarearatio of
soil lossfrom afield with agiven support practiceversusa
field that hasbeen farmed up and down thedopeof afield.
Support practicefactor valuesrangefrom 1.0for afield
where no support practices are used to <0.30 where
support practices have beenimplemented.

The benefits of management practicesin conserving soil
resourcesareevident whenthefactorsincludedinthe USLE
areexamined. Management decisionsthat include use of
permanent ground cover or support practices in those
instanceswhere annual cropsare part of the production
system heavily effect the quantity of soil lost from asite.
Likewise, if possible, fidldswith extreme dope should be
avoided when using annual crops.

USDA-ARSstientigtsinitiated amorerecent devel opment,
the Water Erosion Prediction Project (WEPP), in 1984.
WEPPisasystem of computer programs designed to be
employed by thesame personne currently usngUSLE. It
will help userssdlect the best erosion control practices, aid
inchoosing optimum locationsfor future project sites, and

evaluate erosion and sedimentation over specified aress,
including rangdlands. For additiona informationon WEPP,
including thetutorial describing the project and to obtain
software necessary to use WEPP, readersare encouraged
to visit the USDA-ARS website at http://
soils.ecn.purdue.edu/~wepphtml/wepp/wepptut/j html/

wepp.html.

Wind Erosion

Many areasof theworld are affected by wind erosion; in
fact, inmany localeswind eros onisthe predominant cause
of soil loss. Most affected by wind erosion are areasthat
are characterized as arid or semi-arid; wet soilsare not
ubject towind erosion. Aswithwater eroson, winderoson
involves detachment of soil particlesand transport of the
soil particlesoff site. Thefirst and most important aspect
of wind erosionissaltation. Satation isthemovement of
soil particleswith adiameter of 0.05mmto 0.5mmina
seriesof short bouncesa ong the soil surface (Brady 1990)
and may account for 50-70% of total soil movement.
Saltation also leadsto soil creep or surface creep, where
smdler soil particlesinvolvedin satation causetherolling
or didingaongthesoil surfaceof larger soil particles. Soil
particles are al so subject to being transported of f site by
suspensioninwind currents. If sdtationiscontrolled, wind
erosioniscontrolled becauseit isthe saltating particlethat
caused surface creep and suspension. Most soil particles
may only moveafew metersviasuspenson. Under certain
circumstances, however, particles can be moved many
hundredsof kilometers. Thiswaswell documentedinthe
southern Great Plainsof the United Statesduring the 1930s.

Factors affecting wind erosion are soil moisture, wind
velocity and turbulence, soil surface conditions, soil
characterigtics, and the nature and orientation of vegetation
(Brady, 1990). Soil moisture hasaready been alludedto
inthe preceding paragraph. Wind velocity can haveamagor
impact on soil loss, and soil movement at wind speedsabove
20 km/hr isproportional to the cube of thewind velocity
(Brady, 1990). Irregular soil surfacesserveto reducewind
erosion. Cultural methodsto obtain irregular surfaces
include certain tillage practicesthat create rough surface
textures or leaving stubble mulch from previous annual
crops. Clay soilsarelesssusceptibletowind erosionthan
sand soilsdueto the smaller soil particle size and better
soil sructure. Soilsof higher organic matter concentrations
are also less likely to experience wind erosion due to
cementing agents associ ated with organi ¢ substancesthat
bind soil particles. Finally, ground cover can play amgor
rolein reducing wind erosion. Permanent ground cover



leadsto higher organic matter contents, better soil structure,
and abarrier that prevents detachment of the soil. Roots
also act ashinding agentsthat reduce the potential for soil
detachment. Besidesperennial forage crops, permanent
windbreaks comprised of woody vegetation or treesredirect
surfacewindsand s ow wind vel ocity to minimizewind
erosion. Annual crops, if oriented in rows perpendicul ar
to prevailing winds, can likewise reduce wind erosion
potentid.

Insummary, landowner management strategiescan havea
sgnificant effect on conserving soil resources. Mot erosion
occurswhen landscapes are used for production systems
they arenot well suitedfor. Culturd practicesthat maintain
permanent ground cover in a healthy state do much to
amdioratesoil losses. Other culturd practicesareavailable
that can hel p reduce soil lossesin systems utilizing annual
crops. These practices will be discussed later in this
document.

Effects of Grazing on Soil Erosion

Livestock affect soil erosionviatwo methods: (1) indirectly
through consumption of plant parts, and (2) directly by hoof
action. Boththe quantity and type of vegetative cover are
critical componentsinamdiorating the effectsof raindrop
impact and runoff. In areas subject to overstocking, the
quantity of vegetativemateria isreduced, exposing soil to
direct raindrop impact. At thesametime, areductionin
vegetative material alows for increased runoff. As

previoudy mentioned, decreased infiltration and increased
runoff increase erosion. Therelationship between heavy
stocking ratesand erosion arewell documented (Dunford,
1949; Thurow et. d., 1986; Pluhar et. d., 1987). Likewise,
studiesindicatethat erosionisincreased under moderate
stocking rates compared to ungrazed conditions (Wood
and Blackburn, 1981; Thurow et. al., 1986). The
differences, however, were generally not significant.
Overstocking can also lead to an overgrazed condition
resulting inachangein plant speciescomposition that may
not be aseffectiveinintercepting raindropsand retarding
runoff asthe previous plant community. Thus, grazing
management, and moreimportantly stocking rate, canhave
adirectimpact on soil erosion, and any changein vegetaive
cover or speciescomposition that reducesinfiltration and
increases runoff will increase erosion. Management
strategies should maintai n adequate vegetative cover that
correspond with storm characteristics of the region
(Thurow, 1991). Areasthat are unlikely to experience
runoff may allow more protective cover to be removed,
whileareas subject toincreased runoff should be provided
more cover. This strategy can be both spatially and
temporaly specific. It should beunderstood that ahealthy
vegetative cover provides multiple benefitsthat include
reduced erosion potential and good animal performance;
therefore, it is necessary to manage for good stands of
herbaceousground cover.

Livestock can also increase runoff by increasing soil
compaction (Fig. 4). Although difficult to separatethe
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Figure 4. Conceptual architecture of a soil aggregate and the changes in soil aggregate
structure caused by trampling under wet and dry conditions. (From Taylor et. al., 1993

as used by Holechek et. al., 1998).



effectsof hoof impact and raindrop impact, most studies
haveindicated trampling increasessoil compaction, destroy's
soil aggregate stability, reducesinfiltration, and increases
runoff. Early work in New Mexico by Flory (1936)
indicated that lightly grazed, heavily grazed, and severely
grazed ranges had soil pore spaces of 68%, 51%, and
46%, respectively. Inareaswherewater, shade, salt, or
minera locationsareinadequatdly distributed, compacted
trailscan provideinitial channelsfor runoff and resultin
gully erosionif preventativemeasuresarenot taken (Thurow
1991).

Practices to Ameliorate Soil Erosion

Asindicated previoudy, factorsunder direct control of the
manager can have a major impact on the extent of soil
erosion. Thus, the management plan for aproduction unit
should contain erosion control practices that relate to
stocking rate, grazing management, and vegetation.

Stocking Rate

Probably themost critical aspect of grazing managementis
using the appropriate stocking rate. Redmon and Bidwell
(1997) have stated that no other Snglemanagement practice
has a greater effect on the profitability of a livestock
production enterprise. A moderate stocking rateprovides
agood balance between plant and animal performance
whilemaintai ning adequate vegetative cover to protect soil
resources. Although moderatestocking ratewill bedifferent
depending on site and forage species, general guidelines

can be obtained from County Soil Surveys produced by
theNatural Resource Conservation Service (formerly Sail
Conservation Service) inthe United States. Other sources
of information regarding appropriate stocking ratescan be
foundinloca Extensonofficesor by interviewing successul
producerswho have along history of productioninthe
area. Adequate vegetative cover must be provided to
intercept raindrops and reduce runoff. Holechek et. al.
(1998) cites numerous studiesindicating areductionin
infiltration rates associ ated with heavy grazing. Holechek
et. a. (1998) went on to summarize Gifford and Hawkins
(1978) work with thefollowing Statements:

1. Ungrazed plotshave higher infiltration ratesthan
those of grazed plots.

2. Moderateand light grazing intengtieshavesimilar
infiltrationrates.

3. Heavy grazing causes definite reductions in
infiltration rates over moderate and light grazing
intengties.

Therefore, useof thegppropriatestocking rateisparamount
to the conservation of soil resources and thelong-term
viability of thelivestock production system.

Grazing M anagement

Grazing systems can impact soil erosion. Moderate-
stocked, continuousgrazing, moderate-stocked three-herd,
four-pasture, and high-intensity, low-frequency grazing
systems appear to havetheleast effect oninfiltration rate
and sediment production (Table 1). Rest period appears

Table 1. Infiltration rates and sediment production for two types of plant communities and five grazing treatments'.
(From Pluhar et. al., 1987 as used by Holechek et. al., 1988).

Infiltration Rate

Sediment Production

(mm hr?) (kg ha)
Treatment Midgrass Shortgrass Midgrass Shortgrass

Short-duration (14 pastures)

Before grazing 95 75 37 63

After grazing 64 55 105 105
Short-duration (42 pastures)

Before grazing 81 86 41 61

After grazing 85 79 75 53
Merrill 3-herd/4 pasture

Before grazing 86 80 28 45

After grazing 81 68 71 54
Moderate continuous 89 85 35 30
Exclosure 88 23

1 Stocking rate was the same for all treatments.
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Figure 5. Influence of vegetation type on sediment loss, surface runoff, and rainfall infiltration from 10 cm

of rain in 30 minutes.
1998).

(Adapted from Blackburn et a

to be the critical factor regarding compaction, reduced
infiltration, and increased runoff. Most research hasbeen
consistent in demonstrating that short-duration grazing
increases sediment production compared to moderate-
stocked continuousgrazing (McCadlaet. d., 1984; Thurow
et. al., 1986; Weltz and Wood, 1986; Pluhar et. ., 1987,
Warren et. a., 1986 a,b,c) also demonstrated reduced
infiltration rates and increased sediment production
compared to no grazing under moderate, double moderate,
and triple moderate stocking rates. Inthisstudy, 30 days
was insufficient to allow for hydrologic recovery. The
severity of the effect was increased as stocking rate
increased.

Special attention should be paid to riparian areas.
| nappropriate use of riparian areas by livestock can result
indeterioration of thestreambank herbaceouscommunity
andincreasetherisk of streambank eroson. Riparianaress
arealsoimportant asbuffer strip filtering sediment from
upland runoff. Once streambank plant communitiesare
disturbed, they aredifficult, if notimpossible, tore-establish
through natural processes. Riparianaress, asaruleshould
be (a) fenced to prevent entry by livestock, (b) fenced to
alow limited accesstoriparian aress, or (¢) used only during
timeswhen disruption to theriparian areais minimized.
Concreteor gravel limited-accesswater pointshavebecome
increasingly popular asameansto minimize damageto

l., 1986, by Knight, 1993 as used by Holechek et al.,

theanimal fecesand urine, these practicesare no longer
encouraged. However, freeze-proof tanksand stock ponds
aredternativemethodsof providing water tolivestock away
fromriparianaress.

Vegetation

Although native vegetation Soeciescompositionisgenerdly
not subject to manipulation, the manager should beaware
of the effect that vegetation type has on runoff and soil
loss. Althoughitwould generaly becorrect that sodgrasses
provide more soil and water conservation than
bunchgrasses, Texasresearchers (Blackburnet, d., 1986)
documented lessrunoff and sediment production for sites
dominated by bunchgrasses compared with sodgrasses
(Fig. 5). Either type of vegetation, however, reduces soil
losscompared to bareground. Certain areasthat exhibit
bare ground should be given specid attention ranging from
simplegrazing deferment to allowing native vegetation to
re-establish to compl eterenovation of thesite.

In casesof extreme deterioration, pasture renovation may
be necessary. Besidesthetype of vegetation (sodgrassvs.
bunchgrass), it is important that producers use good
establishment techniquesthat includethefollowing:

1. Chooseforage speciesthat are well-adapted to
thedite. Thisincludesadaptationto the soil type

riparian areas. Dueto surfacewater contamination from

andtotheprevailing environmenta conditions. An



example would be the use of Cenchrusciliaris
(buffelgrass) in south Texasand northern Mexico.

2. Purchasegood seed. Seedisasmall part of the
overal cost involved in establishment; therefore,
purchasethebest seed available.

3. Obtainasoil sampleand apply fertilizer nutrients
such asP, K, and/or lime ahead of planting and
incorporateinto the seedbed if possibleif using

introduced species.

4. Prepare a good seedbed. Most forage species
will requirefirm, fine seedbeds.

5. Plant the seed at the appropriate rate. If the
seedbedislessthan desirable, increase seeding rate
by 25%.

6. Plant the seed at the appropriate depth. Most
forage specieswill be planted no deeper than 1cm.

7. Plant at the appropriate time. Realize that the
window of opportunity for planting may be short.
Producers should be prepared well in advance of
theanticipated planting date.

8. Apply N after plant establishment, especidly when
using native species, to reduce the weed
compstition.

9. Apply PandK fertilizer annually based on soil test
recommendations. Nitrogen should be applied
based onyield goal.

10. Be aware of potential weed problems and be
prepared to apply herbicideif necessary.

11. Usetheappropriate stocking rate.

Alwaysattempt to use perennid speciesif possble. Annua
cropping of foragesfor livestock alow more opportunity
for soil erosion dueto bothwind and water. Generdly, the
useof perennid forageswill belessexpensve. For example,
theuseof adapted cool-season perennid grassin Oklahoma
can save producers approximately $100 ha compared
tothe cost of grazeout wheat once establishment costshave
been paid (Redmon 1998, unpublished data).

Vegetation, generaly woody species, can aso play an
important rolein reducing soil lossdueto wind erosion.
Windbreaksare quiteeffectivein reducing topsoil lossand
cansgnificantly reducewind velocity asfar as20timesthe
height of thewindbreak (Brady, 1990).

Tillage Practices

Tillage practices can take the form of either support
practices (P in USLE) such as contour plowing, strip
cropping, and other practicesthat minimizesoil loss. More
recently, conservation tillage practices have provided
additiona dternativesthat minimizesoil losswhen annudl
cropsare used for pasture. Conservationtillage practices
includethefollowing (Brady, 1990):

No till
Soail isleft undisturbed prior to planting and weed
control isby herbicides.

Ridge till

Soil isundisturbed prior to planting, whichisdoneon
ridges incorporated on about one-third of the soil
surface. Herbicidesand cultivation control weeds.

Strip till

Soil isundisturbed prior to planting. Narrow, shallow
tillageinrow usingrotary tiller, in-row chisd, etc. Up
to one-third of soil surface is tilled at planting.
Herbicidesand cultivation for weed control .

Mulch till

Soil surfacedisturbed by tillage prior to planting, but at
least 30% of residue remainson or near soil surface.
Herbicidesand cultivation for weed control.

Reduced till
Any other tillage/planting system that keepsat least 30%
of residueson surface.

Summary

From thisbrief discussion regarding conservation of soil
resources, it should be apparent that avigorous stand of
perennial herbaceous cover is requisite for providing
adequate protection from thetwo main mechanismsof soil
erosion, detachment dueto raindrop impact (or wind) and
transportation via runoff (or wind). Healthy stands of
herbaceous material do not ssmply develop, nor arethey
maintained by accident. A well-devised plan emphasizing
appropriate stocking ratesisnot only necessary, but also
critical. Theplan should carefully consider thosegrazing
systemsthat do not concentrate animalsin amanagement
unit for too long a period without adequate timefor soil
and plant recovery. The plan should aso examinewhether
theuse of annual forage cropsisinthe best interest of the
landscape for thelong term. The use of annual cropsis



generaly not as profitable asthe use of perennialsdueto
theannual cost of establishment and the equipment that
must be owned and maintained. Usually thereisadirect
relationship betweenwhat isprofitablefor the manager and
what isgood for theland. Thereismuch research evidence
that lends support to the old rule of thumb for range
management to “take half and leavehdf” regardingforage
utilization. Whilewehave alwaysbdievedthisruleto be
important for balancing therequirementsof boththeforage
system and theanimal, wealsorealizethat it isequally
important in maintai ning thelong-term productivity of the
Steby reducing soil erosiontoaminimum.
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