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Abstract

Impacts of motorcycle and 4-wheel drive truck traffic on infil-
tration rate and sediment production were evaluated on two desert
soils. Infiltration was similar for both soils; however, more
sediment was produced from a surface with exposed mineral soil
than from a gravel-mulched surface. Infiltration was 3 to 13 times

greater on the coppice soil beneath shrubs than on interspace soil

between shrubs, but sedimentation was 10 to 20 times greater on
interspace soil. Infiltration was less and sediment yield was
greater after soil was disturbed by vehicular traffic, and after
reformation of the surface crust, particularly on interspace soil.
High sediment production from interspace soil was attributed to
reduced infiltration after 10 minutes. The soil then became
saturated and unstable, was dispersed by raindrop impact, and
particles were carried in runoff water for the remaining 20
minutes of the test period. Coppice soil had a high infiltration rate
for the entire test period and did not become saturated. In
addition, the high organic matter and aggregate stability of
coppice soil prevented soil movement, though some runoff oc-
curred.

Oft-road vehicle (ORV) traffic is a major factor in the
management of recreational lands (Bury et al. 1976). The
consensus among scientists is that ORV’s damage fragile
desert habitats and that much more information is needed before
official sanction is given for their continued use over extensive
arcas (Stebbins 1974). Although formalized research may not
be necessary to establish that damage does occur. it would help
to quantify the extent of damage in response to variables such as
soil. moisture content, slope, and kind of traffic. Some of this
information can be obtained from research on the effects of soil
disturbance and compaction on the hydrological properties and
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responses of agricultural lands (American Society of Agri-
cultural Engineers 1971) and of forest and rangelands (Lull
1959). Many of the site-specific effects, however, are un-
known. The objective of this study was to evaluate the initial
impacts of two types of ORV’s on the infiltration rate and
sediment production characteristics of two desert soils in
response to simulated rainfall.

Description of Study Areas and Methods

The study was conducted on two sites in southern Nevada. Blue
Diamond has a vegetative composition typical of the creosote bush
(Larrea tridentata) type with a shrub crown cover of 8.3%. Soil is a
loamy-skeletal, carbonatic, thermic, shallow, typic Paleorthid. Cry-
stal Springs has a vegetative composition typical of the blackbrush
(Coleogyne ramosissimum) type with a shrub crown cover of 25.5%.
Soil is a loamy skeletal, mixed, thermic, shallow, typic Durorthid.
Two major types of surface soils are found on each site: the *‘coppice
$0il”” on the low, small dunes under shrubs and the mostly barren
““interspace soil’’ between shrubs. The A horizons of the coppice soil
are weakly subangular blocky structured, gravelly, sandy loams that
are soft and relatively permeable. The interspace soils have gravel
pavements. These are either a single-layer embedded in the mineral
soil, or several pebbles thick, forming a gravel-mulch over the mineral
soil. The 2 to 6 cm thick loamy, crusted A horizon is massive, has
vesicular pores, and is broken into 8 — 15 cm diameter polygons. The
crusted interspace soil slakes and disperses readily when wetted. The
coppice-type soil covers 14.2 and 34.7% of the surface at the Blue
Diamond and Crystal Springs sites, respectively, while interspace soil
covers 85.8 and 65.3%, respectively.

Motorcycle (50 passes), truck (20 passes), and control treatments
were imposed in August, 1975, at both locations, and in January,
1976, at Blue Diamond and in April, 1976, at Crystal Springs.
Ditferent dates were used in 1976 in order to obtain similar surface-
soil moisture conditions on the two sites at time of treatment.
Motorcycles were trail-bikes (350 Ib) and the truck was a %-ton pickup
operated in 4-wheel drive. Vehicles were generally ‘‘hot rodded’’ up
and down slopes of 2 to 5% at about 30 km/hr. Tracks were made in a
straight line so that both coppice and interspace soils were disturbed.
Average track depth on the motorcycle treatment on interspace soil
was 1.0 cm and 1.5 cm on coppice soil. Average track depth on the
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truck treatment was 1.1 cm on interspace soil and 2.0 cm on coppice
soil. Soil moisture measured by the neutron surface probe was between
—8 and — 15 bars (air-dry soil) at time of treatment at both locations
and in both surface soils. Shrubs were cut at ground level and removed
from the coppice area. Runoft plots (0.14 m?) were placed in five
replications of each soil on each treatment. Simulated rainfall was
applied at the rate of 3.4 cm/hr for 30 minutes with a mobile infiltro-
meter (Blackburn et al. 1974). This rainfall rate represents a return
frequency of about 4 years at Blue Diamond and of about 15 years at
Crystal Springs (Miller et al. 1973).

Volume of runoft was measured every 5 minutes for 30 minutes and
sediment was accumulated over 30 minutes. Five-minute and terminal
infiltration rates were calculated from runoff data and are expressed in
cm/hr. Sediment production is expressed in kg/ha. After the first
simulated rainfall event plots were covered with plastic and the soil
crust was allowed to dry and reform. This process required less than a
month in the hot part of the year and several months in the cool part of
the year. After the crust had reformed, a second simulated rainfall
event was applied to the same plots as previously described and runoff
and sediment data were collected. The effects of crust condition were
evaluated because, in spite of the return intervals calculated from a
short period of records from valley weather stations, high intensity
rainfall events can reoccur on upland locations over a much shorter
time.

Results and Discussion

Infiltration was similar on both soils; however, sediment
production was greater at Blue Diamond (Table 1). The charac-
teristic gravel-embedded pavement in a silt loam vesicular A
horizon at Blue Diamond suggests a greater potential for
suspended sediment in runoff water than does the gravel-mulch
surface over a vesicular, sandy loam A horizon at Crystal
Springs.

Type of surface soil had the greatest effect on infiltration and
sediment production. Infiltration was from 3 to 13 times greater

on coppice soil and sediment production was 10 to 20 times

greater on interspace soil. Again, soil characteristics appear to
be the determining factor. For example, coppice soils have a
nonvesicular surface with a well-aggregated, fine subangular
blocky structure that transmits water rapidly (Lull 1964). The
aggregated structure is also more resistant to dispersion and
movement in runoff (Storey et al. 1964). The A horizons of

Table 1. Mean terminal infiltration rate (cm/hr) and sediment production
(kg/ha) in response to variables in 1975 and 1976. Simulated precipita-
tion was applied at the rate of 3.4 cm/hr for 30 minutes.

Terminal infiltration! Sediment production’

Variable 1975 1976 1975 1976
Study site
Blue Diamond 19a l.4a 222a 457 a
Crystal Springs 1.8a 1.5a 116b 109b
Soil
Coppice 2.7a 2.6a 33b 30b
Interspace 09b 0.2b 306a 537a
Vehicle treatment
Motorcycle 1.5b 3b 192a 237 ab
Truck 1.6b 12b 273a 451a
Control 22a 1.7a 42b 126b
Crust condition
Disturbed 2.1a 15a 147 a 282a
Reformed 1.5b 1.3b 192a 284 a

interspace soils are vesicular and massive. Water moves slowly
through this surface, saturation occurs quickly, the silty, weakly

structured soils becomes unstable nd fin Ala
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are susceptible to dispersion and movement in runoff
(Blackburn 1975; Rose 1966).

Infiltration rates on the motorcycle and truck treatments were
stmilar to each other and less than controls (Table 1). Sediment
production was also similar for both vehicle treatments and
generally was greater than controls. Average infiltration rates
were lower after crust reformation and average sediment pro-
duction was unchanged (Table 1). The crust condition X soil
interaction showed that the infiltration rate of the coppice was
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reduced from 1.4 to 0.5 cm/hr after crust reformation. Although
the main effects showed no difference in sediment production
between crust conditions, the interaction showed that more
sediment (356 kg/ha) was produced after interspace soil crust
reformed than when first disturbed (265 kg/ha). Sediment

> production from coppice soil was the same between crust

conditions. The crust condition X vehicle interaction showed
the infiltration was reduced from 2.1 to 1.1 cm/hr and sediment
was increased from 187 to 359 kg/ha as the result of crust
reformation after the truck treatment. Most of the reduction in
infiltration rate and the increase in sediment production oc-
curred after the interspace soil crust had reformed. The lowest
infiltration rate (0.2 cm/hr) and the highest sediment production
(1.338 kg/ha) occurred at Blue Diamond on reformed crust after
the truck treatment.

The vehicle treatment X soil interaction (Table 2) shows that
the already low infiltration rate on interspace soil is changed
little by treatment compared with the control. The high infil-
tration rate on the coppice soil, however, generally is reduced
by vehicular treatment, particularly by the truck treatment. In
contrast, vehicular treatments did not increase the sediment
from coppice soil compared with the control, but greatly
increased the sediment load on the interspace soil, particularly
for the truck treatment. The stable structure of the coppice soil
evidently resists dispersement and movement even when
infiltration is reduced and runoff is increased. The rapidly
saturated and poorly aggregated interspace soil is more easily
dispersed and moved after disturbance, but is generally stable
when undisturbed (Stebbins 1975) in spite of low infiltration
and high runoff rates.

Table 2. Mean terminal infiltration rate (cm/hr) and sediment production
(kg/ha) on coppice and interspace soils in response to traffice treatments
in 1975 and 1976. Simulated precipitation was applied at a rate of 3.4
cm/hr for 30 minutes.

Terminal infiltration' Sediment production’

Treatment and Soil 1975 1976 1975 1976
Motorcycle
Coppice 2.8a 2.5b 9b 36cd
Interspace 0.2d 0.2c 376a 509b
Truck
Coppice 2.0b 2.2b 85b 45cd
Interspace l.1c 0.1 461a 857a
Control
Coppice 2a 3.1a 4b 9cd
Interspace l4c 04c 81b 244 ¢

! Infiltration and sediment means within year and variable followed by different letters are
significantly different at the 0.05 level of probability as determined by Duncan’s multiple
range test.
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! Infiltration and sediment means within year followed by different letters are significantly
different at the 0.05 level of probability as determined by Duncan’s multiple range test.
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Fig. 1. Infiltration curves for the coppice and gravel-embedded interspace soils
on the truck and control treatments at Blue Diamond. Significance of dif-
ferences over time on each soil within a treatment (letters A-D); between
soils within a treatment (letters Y-Z); and on each soil between treatments
(usterisk) was determined by Duncan’s multiple range test at the 5% level
of probability.

The impacts of vehicular traffic are the result of soil damage
due to shear and compaction (Harrison 1976). Shear damage
would result in destruction of the protective desert pavement,
powdering of fine soil material, and filling the cracks between
surface polygons. All these physical disturbances would in-
creasc the potential for water and wind erosion. Compaction
increases bulk density and decreases pore space (Lull 1959).
Wilshire and Nakata (1976) used penetrometer data to show that
soil compaction was the dominant consequence of intense
motorcycle use. Davidson and Fox (1974) showed that bulk
density and macropore space decreased with compaction by
vehicular traffic. Changes in these characteristics probably
decrease both the amount of water a soil can hold and perme-
ability so that water runoff is increased. With increased runoff,
the soil powdered by shear effects would be susceptible to
movement along the track. Since water will continue to collect
and run in the track, the cumulative effects of ORV impacts may
not be known for years or decades after the original disturbance
(Vollmer et al. 1976).

The time X vehicle X soil interaction indicated different
infiltration responses at the two locations. At Blue Diamond
(Fig. 1), infiltration rate of the coppice soil for the truck
treatment was similar for the first 15 minutes, then decreased
during each of the three succeeding 5-minute periods. In
contrast, infiltration of the coppice soil for the control did not
decrease over the 30-minute period. Infiltration of the inter-
space soil on both the truck and control treatments was similar.
Both decreased rapidly after 10 minutes, then decreased more
slowly for the remaining 20 minutes. Infiltration rate of both
soils on the truck and control treatments was similar after the
initial 5 minutes, then infiltration on both treatments was
significantly greater on the coppice soil than on the interspace
soil after each 5-minute period. Infiltration on the coppice soil
was similar for the truck and control treatments for the first 15
minutes. For the remainder of the trial. infiltration was less for
the truck treatment. The coppice soil showed a similar response
to time on the truck and control treatments at Crystal Springs
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Fig. 2. Infiltration curves for the coppice and gravel-mulched interspace soils
on the truck and control treatments at Crystal Springs. Significance of dif-
ferences over time on each soil within a treatment (letters A-D); between soils
within a treatment (letters Y-Z); and on each soil between treatments (aster-

isk) was determined by Duncan’s multiple range test at the 5% level of pro-
bability.

(Fig. 2) although the magnitude of difference was less than that
at Blue Diamond. Infiltration rate of the gravel-mulched inter-
space soil decreased over time, however, the decrease was not
as rapid as for the corresponding treatment on the gravel-
embedded interspace surface at Blue Diamond.

The high infiltration rate of undisturbed interspace and
coppice soils after 5 minutes is probably due to the volume, size,
and continuity of large pores (Musgrave and Holton 1964) and
perhaps to cracks between poygons. After these pores and
cracks are filled with water, infiltration rate of interspace spoils
declines rapidly to a low rate. This rate depends on the
movement of water through strata with a small amount of pore
space (Musgrave and Holton 1964) that is characteristic of the A
horizon of interspace soil with discontinuous, air-filled vesi-
cles. Undisturbed coppice soil would probably have a high
infiltration rate for much longer than 30 minutes. Roundy et al. .
(1978), for example, found an infiltration rate of 7.2 cm/hron a
shrub coppice after | hour with an application rate of 8.4 cm/hr
on soil initially at field capacity. Disturbed, dry interspace soil
has a high infiltration rate for 5 minutes because of macropore
space. Although vesicles in interspace soils are, at least tem-
porarily, destroyed by disturbance, the structureless A horizon
slakes and disperses when saturated and many of the mac-
ropores may be sealed by fine soil particles (Musgrave and
Holton 1964) and infiltration decreases rapidly. In addition,
compaction reduces the number and size of macropores. Com-
paction, loss of structure and macropore space, and mixing of
surface and subsurface horizons all contributed to a reduction in
infiltration after 10 to 15 minutes on disturbed coppice soil.

The infiltration response over six, S-minute periods allows a
better understanding of sediment production characteristics of
soils than does terminal infiltration. Gifford (1968), Jager
(1972), and Blackburn (1975) found lower infiltration rates and
higher sediment production on soils initially wet than on those
initially dry because those initially wet, particularly the inter-
space soil, reach saturation more rapidly. Since interspace soil
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reaches saturation quickly due to low infiltration rate, more
time is available during a rainfall event for dispersion and
movement of soil particles in runoff water. If saturation and
dispersion on interspace soil occur early in a precipitation event,
as at Blue Diamond, about 20 to 25 minutes are available for
sediment production. If these processes occur late in an event
or are of less magnitude, as was the case at Crystal Springs, less
time is available for sediment production. These processes did
not occur in coppice soil. Coppice soil disturbed by the truck
treatment still had characteristics that permitted fairly high
infiltration rates through most or all of the test period and the
surtace soil did not become saturated. If saturation did occur late
in the test period, the time for dispersement and movement of
soil particles was short. In addition, the structure of this soil
contributes to stability against soil movement, even though
some runoff may occur (Table 2). \

Soil dispersed and suspended in runoff water from simulated
rainfall may or may not respresent an erosion loss from similar
natural events. The runoff and suspended sediment on the study
plots were collected before the sediment could settle. Under
natural conditions, such sediment could settle without moving
tar from its source, since the interspaces are only gently sloping,
flat or depressional. Unless the slope is steep and the interspace
areas are connected, runoff and suspended sediment usually will
not move off-site. Sediment data do represent a potential soil
loss if conditions for off-site movement are favorable and the
loss would continue over time because vehicle tracks form
channels to concentrate water and move sediment. For example,
Wilshire and Nakata (1977) measured trail depths of up to 24 cm
about | year after an ORV event and after one intense rainstorm.
Soil loss from a single trail was estimated at 150 metric tons
from a slope between 20 and 26° and 68 m long.

Results of this study suggest several ways to reduce damage
from oft-road-vehicle traffic. Organized and repetitive ORV
events should be restricted to areas of minimal environmental
importance to prevent extensive watershed damage. Casual
ORYV use would be least damaging on gentle slopes, on sites
with a high proportion of coppice surface soil, and on sites with
a gravel-mulch cover of the mineral soil.
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Position Announcements

Program Administrator at Utah State University. Responsibilities
include the in-country administration of a range management sheep
and goat research project in Morocco. Coordinate research activities
with U.S. and foreign students, scientists, etc. Purchase equipment,
establish office, provide reports, etc. BS in range science or related
field required. Graduate degree preferred; opportunity exists for
pursuit of graduate degree while employed. Permanent residence in
Morocco required. Overseas experience in animal production,
agriculture, or natural resource management desirable. Fluency in
French or Arabic is mandatory. Submit application and credentials by
November 15, 1979 to: Dr. John C. Malachek, Small Ruminants—
CRSP, UMC 52, Utah State University, Logan 84322. An affirmative
action/equal opportunity employer.
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Extension Range Management Specialist at the University of
Wyoming. The position (75% extension and 25% research and/or
teaching) is intended to provide statewide leadership in rangeland
education and information programs for all range users and managers.
A MS. in range management is required. A Ph.D. in range
management or associated discipline with a B.S. or M.S. in range
management is preferred. A demonstrated knowledge of western
rangelands is essential, and communications and public relations skills
necessary . Appropriate experience in teaching, research or extension
activity is desirable. Contact Dr. Fee Busby, Chairman of Search
Committee, Division of Range Management, College of Agriculture,
Laramie, Wyo. 82071. Closing date for applications: November 1.
1979, or thereafter until an applicant has been selected.

397



