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Highlight

Infileration and sediment production rates, under simu-
lated rainfall, were determined for plots covered with mule-
ear wyethia and on plots from which wyethia had been re-
placed by grasses as a result of spraying. The sediment
produced during the 50-minute period averaged 0.447 ton/
acre. As the infiltration rates for the wyethia and grass
plots (2.74 and 2.38 inches/hour, respectively) were not sig-
nificantly different, single equations expressing average
infiltration rates and mass infiltration were derived for
extrapolating experimental results to other areas with simi-
lar vegetation.

Infiltration is an important process in replenish-
ing the soil moisture that eventually supports all
vegetative growth and herbage production. It also
determines the amount of water available for sur-
face runoff and peak flows from excess precipita-
tion that is not transmitted directly into the soil
mantle. A knowledge of infiltration capacities by
soil types or specific conditions is of paramount im-
portance, especially in cases where infiltration can
be modified through the ameliorating influence of
growing vegetation and the impact of various land
use practices.

The infiltration characteristics of the Ao horizon
determine immediately the amount of water that
will enter into a virgin soil. The physical proper-
ties of the mineral surface which influence the
amount, size, and distribution of soil pores, also
exercise important influence on infiltration capaci-
ties. Many of these properties are amenable to
modification through management practices and
by the amount of living and dead vegetative ma-
terial present in the area. A comparative study of
the infiltration rates, therefore, provides a con-
venient method for evaluating the influence of
existing vegetation and other land use practices on
flood protection and erosion hazards. The soil par-
ticles dislodged and carried away as sediment in
storms of known intensity and duration are an im-
portant measure of the soil stability of an area.

On large areas, infiltration rates can be obtained
by analyzing rainfall and runoff data collected for
storms of different intensities and durations, a pro-
cedure that provides integrated rates for entire wa-
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tersheds. Such large land units, however, are often
heterogeneous in vegetation, soils, geology, climate,
and topography. The relative importance of a
given vegetation and a contemplated land use can
be more easily determined through artificial appli-
cation of simulated rainfall on small experimental
plots.

Rain-simulators have certain advantages over in-
filtrometers of the flooding type. Infiltration rates
measured by the latter are different from those un-
der natural conditions in several ways. Raindrop
impact, important in soil detachment and, there-
fore, essential in any rainfall-erosion study for
evaluating the protective role of vegetation, is not
provided by infiltration rings that merely pond
water at the soil surface. The rain simulators, on
the other hand, create conditions whereby puddling
of soil surface and movement of detached soil par-
ticles reduce surface porosity, as in natural rain
storms.

The rain-simulator infiltrometers used exten-
sively for studying hydrologic response of range-
lands include the Northfork infiltrometer (Rowe,
1940), the Rocky Mountain infiltrometer (Dortig-
nac, 1951), the Intermountain infiltrometer (Packer,
1957), and the mobile raindrop applicators (Os-
born, 1952; Barnes and Costel, 1957). Because of
limited plot size the infiltration and sediment data
obtained from such devices are useful primarily in
relative comparisons of different treatments or soil
and site characteristics (Dyrness, 1967).

The previous studies on rainfall erosion are re-
viewed by Smith and Wischmeier (1962), who aptly
stated that the greatest deterrent to soil erosion was
plant and litter cover. A review of the relationship
between infiltration and soil erosion, and the ero-
sion potential of forest watersheds, has more re-
cently been made by Dyrness (1967). An excellent
review of infiltration and erosion studies on range-
lands has similarly been done by the American So-
ciety of Range Management (1962). Dortignac and
Love (1961) found that the weight of dead organic
material and non-capillary porosity of surface soil
had the most influence on infiltration. Of the nine
site characteristics studied by Packer (1951), the
ground cover density and the size of bare openings
were found to be most closely related to quantities
of runoff and erosion. Infiltrometer tests on the
sub-alpine range in central Utah have shown that
a ground cover of 70 to 75%, was required for ef-
fective control of storm runoff and sediment (U.S.
Forest Service, 1951).

Experimental Procedure

The Rocky Mountain infiltrometer used in the study has
a plot measuring 11.7 X 30.4 inches. The plot frame is 6
inches in depth, of which 3 inches are driven into the soil.
A rain trough, 1.1 X 30.4 inches, is mounted on each long
side of the frame to provide a measure of the rainfall ap-
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Table 1. Average vegetation (percent) cover on wyethia
and grass plots.

SINGH

Table 2. Average percent ground cover and bare surface
on experimental plots prior to infiltration runs.

Mud Flat  Buyer’s Place Location Vegetation  Litter Rock Bare
Wyethia Grass Wyethia Grass  \Mud Flat
Species plots plots plots plots Wyethia plots 54 2 9 18
Grasses Grass plots 34 28 5 33
Slender wheatgrass (Agropyron Average 44 27 4 25
trachycaulum (Link) Malte) 9.3 152 20 65 Buyer's Place
Mountain brome (Bromus Wyethia plots 58 17 10 20
carinatus Hook. and Arn.) 25 58 Gr};ss Iolt)s 91 25 14 40
Bulbous bluegrass (Poa P
bulbosa 1.) 42 33 Average 87 21 12 30
Junegrass (Koleria cristata
(L.) Pers.) L5 55 1.5 slender wheatgrass and bulbous bluegrass at the Mud Flat
Bearded wheatgras§ (Agm'm’m" site, and sheep fescue and slender wheatgrass at Buyer's
subsecundum (Link) Hitchc.) 3.7 Place. The important species on the grass plots were slen-
Sheep fescue (Festuca ovina L) 32 50 der wheatgrass, mountain brome, and junegrass at the for-
Letterman needlegrass (Stipa mer, and slender wheatgrass, sheep fescue, and letterman
lettermani Vasey) 03 42 cedlegrass at the latter site.
glr?iig;aizsﬁp&‘j[g;’zgé”;%g;es) 0.2 03 03 Annual rainfall is about 30 inches at Mud Flat and
G grass P 4 Coul 0.3 slightly less at Buyer’s Place. Because of high elevation and
eyer. ex Port. and Coult,) : proximity to the Wasatch Front, both areas exp:zrience in-
Forbs . . tense, short-duration storms during summer (Shands and
Mule-ear yvyetl}wl (Wyethia Ammerman, 1947; U.S. Weather Bureau, 1960) which often
amplexicaulis (Nutt.) Nutt.) 36.0 43.7 generate peak flows large enough to damage diversion works,
Western yarrow (Achillea carry sediment loads to fill reservoirs, and cause consider-
lanulosa Nutt)) 0.5 1225 able damage to lands situated below (Bailey, 1941; Bailey
Geranium (Geranium et al., 1947; Marston, 1952; Meeuwig, 1965). It was, there-
Clj:sirenro?ﬁi/v;lf‘:.d 8C(Afl}c;)dia 0.5 fore, decided to study the extreme effects of such storms by
lomerata Hook.) 0.3 applying rainfall at an intensity of 4 inches/hr. Preliminary
Asf Ast : : 0.3 runs suggested that a period of 50 minutes was sufficient to
er (dster sp.) ’ obtain steady or nearly steady infiltration rates. A height
Shr"_‘b . of 7 ft, estimated for the falling raindrops to attain terminal
Big ‘sagebrush (Artemisia velocities equivalent to those under natural storms (Dortig-
tridentata Nutt.) 1.5 nac, 1951), was maintained during the field measurements.
Total 53.8 342 525 20.8

plied. The details on design and fabrication of various
parts, including the type F nozzles used in the rain simu-
lator, are provided by Dortignac (1951). A uniform distri-
bution pattern of rain of desired intensity is obtained
through a trial-and-error procedure by minor variations in
water pressure on the rain applicator and by interchanging
nozzles and nozzle parts.

The study was conducted at two locations, Mud Flat and
Buyer’s Place, situated on open hillsides in the mountain
summer ranges of Cache National Forest in northeastern
Utah. The area had been grazed heavily in the past, caus-
ing dense infestations of mule-ear wyethia. A study designed
to investigate the beneficial effects of herbicides for increas-
ing production of forage from rangelands was previously
carried out by Tingey and Cook (1955); as a result un-
sprayed plots with predominantly wyethia vegetation oc-
curred side by side with sprayed plots in which grasses were
more abundant. The areas offered an opportunity to deter-
mine the effect of change in vegetation on infiltration and
erosion at each location. The initial variability in the spe-
cies composition and percentage of plant cover, as deter-
mined by the point method (American Society of Range
Management, 1962) at the time of infiltration runs, is shown
in Table 1.

The main associated species on the wyethia plots were

Twenty plots were used in paired comparisons in which
wyethia plots were treated side by side with grass plots. The
exact placing of the Rocky Mountain infiltrometer plot
frame was determined by dividing each experimental unit
into two plots, of which one was taken as decided by a ran-
dom selection. The percentage vegetation, litter cover and
bare surface on the plot area were determined just prior to
each infiltration run (Table 2).

To minimize variations in surface soil moisture, the sam-
ple plots were brought to moisture content near field ca-
pacity (Dortignac, 1951; Adams et al., 1957; Meeuwig, 1965)
by placing burlap bags over the soil surface and applying a
total rainfall of 2 inches in 30 minutes. Particular care was
taken to avoid excessive runoff. The wetted plots were cov-
ered by tarpaulin sheets and allowed to drain overnight.

Runoff was collected at the end of each 10-minute period
and measured with graduate cylinders. Proportional sam-
ples, or aliquots, of runoff were also taken for determining
the sediment produced during each 10-minute interval.

Results and Discussion

The average total infiltration for the 50-minute
period was 2.28 inches for wyethia plots and 1.98
inches for grass plots. Although the infiltration
rates of the former remained higher than those of
the latter throughout the infiltration run (Fig. 1),
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Fic. 1. Infiltration in inches at 10-minute intervals for wyethia

and grass plots.

the difference was found to be nonsignificant at
each location.

The slightly higher infiltration response from
wyethia plots was partly due to the resistance of-
fered by its broad leaves to raindrop impact (Duley
and Domingo, 1949; Ellison, 1945; Lassen et al.,,
1952; Osborn, 1954; Rauzi and Fly, 1968). As evi-
dent from Table 1, wyethia plots had an admixture
and understory of grasses; the combination, and
greater vegetation cover of wyethia plots than of
grass plots, acted more effectively as a cushion at
different layers. The infiltration capacities of the
two vegetation types, however, did not show sig-
nificant difference and the data from both types
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Table 3. Average infiltration and sediment for each 10-
minute interval at Mud Flat and Buyer’s Place.

Ti Mud Flat Buyer’s Place
iime
interval Infiltration Sediment Infiltration Sediment
(minutes) (inches)  (ton/acre) (inches)  (ton/acre)
0-10 0.56 0.042 0.50 0.124
10-20 0.46 0.057 0.42 0.235
20-30 0.43 0.066 0.37 0.154
30-40 0.41 0.054 0.36 0.124
40-50 0.40 0.051 0.35 0.075
were combined for further analysis. The average
rates thus obtained at each location are shown in
Table 3.

The infiltration rates are characterized by an
initial high rate that decreased rapidly at first but
more slowly afterwards till nearly constant rates
were attained after about 40 minutes of simulated
rainfall. A number of factors contribute to this
change e.g. puddhng of soil surface and closmg of
soil POTES from ‘rainu‘rop lmpact, S'w"culug of col-
loids, and decrease in available storage space above
a restrictive horizon. The effect of such changes
becomes less pronounced as rain continues. Aver-
age infiltration rates (Y inches/10-minute interval)
were, therefore, expressed as a negative exponential
function of time (X minutes) at each location:

Mud Flat: Log 10Y = 0.9482 — 0.2093 Log X;
r = 0.989

Buyer’s Place: Log 10Y =0.9224 - 0.2290 Log X;
r = 0.994

Linear regression equations for average mass infil-
tration Y inches at time X minutes are presented
in Fig. 2.
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Fi. 2. Average mass infiltration at Mud Flat (left) and Buyer’s Place (right).
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The total infiltration rate for the entire run
averaged 2.74 inches/hour for wyethia plots and
2.38 inches/hour for grass plots. The rates are
higher than those determined by Dortignac and
Love (1960) with the Rocky Mountain infiltrom-
eter in an extensive study on the pondersosa pine—
bunch grass type of the Colorado Front Range.

hnn rates obtained by

averagce infi in
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for the last 20 minutes of a 50-minute sprinkling
application on pre-wetted soils at a rainfall inten-
sity of 4.5 inches/hour were 1.94 inches/hour for
pine grass and 1.50 inches/hour for grassland. The
corresponding rates for wyethia and grass plots in
the present study were 2.52 and 2.04 inches/hour,
respectively.

The higher rates at Mud Flat were due to greater
vegetation and litter cover than at Buyer’s Place.
The total vegetation canopy cover and litter aver-
aged 719, at the former compared with 589, for
the latter. These are considerably less than the 709,
minimum ground cover density (plant basal area
and surface litter) reqmremean recommended uy
Packer (1951) to control runoff and erosion on the
steep grass ranges of Boise River watershed in
Idaho when simulated rainfall at an intensity of
3.6 inches/hour was applied for 30 minutes.

At Mud Flat, eroded material was initially greater
from wyethia plots than from the grass plots; the
largest quantity of sediment was produced during
the 20 to 30 minute interval from the former plots
and during the 30 to 40 minute interval for the lat-
ter plots. The sediment rates decreased more rap-
idly from wyethia sites so that the total sediment
collected from the grass sites averaged slightly
greater than the wyethia plots for the entire 50-
minute period. The trend appeared to be the re-
sult of greater accumulation of duff under wyethia
plots than under grass plots. Considerable move-
ment of this light material was noticed from wye-
thia plots early in the infiltration run and the
quantity dropped rapidly thereafter. Sediment
movement for the grass plots, on the other hand,
involved mineral material that moved more slowly
and more consistently throughout the test run. At
Buyer’s Place the peak sediment occurred in the
first 10-minute interval for the wyethia plots and
in the 10 to 20 minute interval on the grass plots.

The total sediment rates for the 50-minute pe-
riod did not differ significantly by vegetation types.
The combined data from wyethia and grass plots
showed earlier sediment peaks at Buyer’s Place than
at Mud Flat. The factors responsible for high in-
filtration capacities generally account for low sedi-
ment production. Increased erosion rates, however,
have been observed to accompany increased infil-
tration rates following intense fires (Pillsbury,
1953).

The total sediment produced at the two locations

tham
LI i

SINGH

= MUD FLAT: LOG Y=07263 —0.2093 LOG X
r=0.989
o BUYER'S PLACE: LOG Y=0.7005-02290 LOG X
OV N r=0.594
N \\COMBINED: LOG Y= 07159~ 0.2166 LOG X
N r=0.988
45} N

LOG (INFILTRATION, INCHES PER HOUR)
.y
=

MUD FLAT
AN
-35r ~ COMBINED
\ BUYER'S
0k PLACE
] 1 1 1 1 J
100 120 140 160 80 200

LOG (TIME, MINUTES)

Fic. 3. Regressions of average infiltration in inches per hour
from start of run.

averaged 0.447 ton/acre for the entire 50-minute
period. The erosion resulting from storms of 4-
inches/hour intensity, maintained continuously for
50-minute period (a rare occurrence), is consider-
ably lower than from many other land uses (Ursic
and Dendy, 1963), and well below the acceptable
maximum soil loss rates postulated by Shrader et
al. (1963). As these rates differ widely according
to soil types, further work needs to be done to de-
fine quantitatively the acceptable levels of erosion
and run-off for determining adequacy of soil-pro-
tecting cover.

Further tests on the regression equations showed
that the regressions were not significantly different
by locations. The data were, therefore, combined
in an attempt to obtain single regression relation-
ships for each category:

Average infiltration rate (inches/hour):
Log Y = 0.7159 - 0.2166 Log X; r = 0.988

Average mass infiltration (inches):
Y = 0.156 + 0.0404X; r = 0.999

where X is time from start of run up to a total of
50 minutes. These provide relative estimates of
average infiltration within precision of 1%, (Fig.
3, 4).

A discussion of vegetation factors cannot possibly
be separated from edaphic factors; both are inter-
dependent and influence each other mutually.
Considerable variations can sometimes exist in soil
conditions even on a small area. The effects of
such conditions on infiltration and sediment rates
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of wyethia and grass plots were kept to the mini-
mum by the paired test procedure adopted in the
study.

The above-mentioned regression relationships,
based on research data from two widely separated
locations, strongly suggest the possibility of extend-
ing the experimental results over other areas of
similar plant-soil conditions.

In view of the direct relationship between infil-
tration and overland flow, the study supports the
hypotheses put forth elsewhere (Satterlund, 1967)
that vegetation can provide a precise indication of
potential runoff, especially when the broad forma-
tions are considered in more detail, particularly in
the arid and semi-arid regions where total water
supplies are scanty and limiting.

The integrating and ubiquitous role of vegeta-
tion as site indicator has wide acceptance in ecol-
ogy. The concept of plant community as an expres-
sion of total environment, and therefore its single
most important indicator, should be explored fur-
ther and usefully applied in the context of infiltra-
tion-runoff-sediment interrelationships, thereby
providing broad and acceptable estimates of the
impact of specific site and vegetation conditions for
which no information of wide extent is available
otherwise.
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