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Important factors influencing water infiltration and sediment
production on arid lands in New Mexico
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Factors influencing infiltration rates and sediment production were evaluated on
representative study areas of four watersheds in New Mexico under various land
management practices. Multiple regression analysis was used to determine the
most important factors influencing infiltration and sediment production. Factors
found important were soil texture, soil organic matter, soil bulk density, plant
cover, biomass production, time to runoff and time to ponding. Of all variables
studied, total ground cover was considered to be the most important single
variable influencing infiltration and sediment production.

Introduction

Since the United Nations meeting on desertification in Nairobi, Kenya in 1977, much
*effort has been directed towards reduction of high levels of pollutants in the world’s
waters. Although point sources of pollution account for a large portion of this problem,
non-point sources equal and exceed these levels. Non-point sources of water pollution are
not clearly defined, but are intermittent and diffuse when entering stream channels or
" waterways. The major source of water pollution in New Mexico is non-point and
originates over extensive areas of arid rangelands under various uses. To reduce pollutants
from these rangelands, it is essential to determine major hydrologic factors influencing soul
surface erosion and pollutant transport. These factors can then be used in hydrologic
- models that are sensitive to changes in land mandgement.

Raindrop impact has from 8 to 25 times more erosive energy than overland flow (Troeh,
Hobbs et al., 1980). Most surface water that does not infiltrate the soil 1s available for
runoff. Gravitational forces acting on this water force it to move from higher elevations to
lower elevations. This water movement across the land surface provides the main
mechanism of sediment transport and, consequently, pollution. Although soil erosion is a
- naturally occurring process, some land uses have accelerated this process. The most
extensive land use in New Mexico is livestock grazing and includes numerous critical
watersheds necessary for surface as well as ground water replenishment. Proper range
management is essential to reduce non-point pollution. This study determined factors
influencing infiltration and sediment production on selected rangeland watersheds in New
Mexico.
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Methods

Representative study areas were selected on four watersheds under various land Mangge.-
ment practices (Table 1) in each of the four major drainage basins of New Mexigo_-
Climate, vegetation and soils varied somewhat according to the geographic location of each
wartershed. Study sites were chosen to best represent the current and alternative lang
management practices, plant communities and soils of each watershed.

In the Rio Bomito watershed, land management practices included year-long Cattle."
grazing atlight {35% removal of present year’s plant growth ), moderate {50% removali gng
heavy (65% removal) stocking levels, exclusion of livestock grazing, short-duragiy, -
grazing at a heavy stocking level, and grazing of fertilized rangeland at a heavy stocking
level. In the Arroyo de las Palmas watershed, land management practices included yeyr.
long cattle grazing at moderate and heavy stocking levels. In the Canada Largo watersheq,
land management practices included pinyon-juniper sites that had no control; that hag
been chained in 1962 with debris left in place; that had been chained, windrowed, burpeg
and reseeded in 1962; and that had been dozed, burned and reseeded in 1974, Some Sites
with sagebrush in the Canada Largo watershed were plowed in 1976 and resecded, whije -
other sites had no control. A third area with sagebrush was burned in 1979. In the Rock
Tank Canvon wartershed, land management practices included cattle grazing year long ar,
heavy stocking level and seasonal grazing at a moderate level. Four study plots {Im x ] m)
were randomly located in each site. Randomness was restricted by accessibility within the
area and the limited distance between spray nozzles. i

At each study site, a metal runoff frame was driven into the soil to isolate a plor, _
Simulated rainfall was applied at antecedent soil moisture and again 24 h later when the .:
soil was at or near fleld capacity. After the first rainfall application, the plots were covered
with clear polyethelene plastic and sealed to prevent uneven evaporation and to allow
drainage of excess water. Rainfall was simulated with a modificd version of the Puardue
sprinkling-type infiltrometer (Bertrand & Parr, 1961}. Water was uniformly ejected across
each plot from a 0-635-mm G10 Fulljet nozzle under a pressure of 621 x 10° Paand atg -
height of approximarely 2-7 m. An average rainfall intensity of 11-35 cm/h (standard
deviation 0-34 cm/hj was chosen to ensure that runoff would occur on all plots. Rainfall
was terminated when infiltration approached a constant rate. This was considered to be
the terminal infiltration rate used in all regression equations.

Sediment production was determined from a 1-litre suspended sample of collected
runoff which was thoroughly agitated to cnsure homogeneity. Sediment production was
considered to be the amount of sediment suspended in solution. This was found by
filtering the subsample through a suction apparatus, air-drving the filtrate at 30°C for 24 h
and weighing the dry filtrate. The concentration was then converted 1o kilograms of
sediment per hectare per centimerter ol runoff.

Grass, forb, litter and rock cover (> 0:635 mm diameter) were estimated using a line
intercept technique {Canfield, 1942) comprised of five transects located at given intervals
across the plot. After all measurements had been taken, vegetation was clipped and
separated into grasses and forbs. Litter was also collected within each plot and was
considered to be any dead material such as twigs and fallen leaves on the soil surface. All
samples were air-dried at 60°C for 1 week, weighed, and converted to kgiha.

So1l moisture content was measured gravimetrically directly adjacent to the plot before
cach rainfall application. Two core samples were taken, one from 0-5 c¢m and one from -
5-10 cm. The core samples were also used to determine soil bulk density. Conglomerate |
soil samples were taken from a depth of 0-5 ¢m within cach study plot 1o determine soil -
texture by the Bouyoucos hydrometer method {RBouvoucos, 1962} and organic matter .
content by acid dichromate digestion {Broadbent, 1965},
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A completely random cxperimental design was used at each study site. Al variableg
were entered in a forward stepwise regression analysis technique (Draper & Smith, 1966,
and were significant at the « = 0-10 level of confidence. The Y-intercept (B, slope {B-(f-.
and coefficient of determination (R<) are given {or all FEETEssIOon equations presented 1“
variables used in the regression analysis procedures are presented in Table 2. 5

Results and discussion

The following discussion is based on regression analysis of the factors most important for
explaining variations in infiltration and runoff water quality. Figure 1 shows the relation-
ships between environmental components as they influence infiltration rates. This study
determined the magnitude of influence for these variables. Regression equations are
presented in Tables 3 and 4. Factors in all regression equations are presented so that the
first variable accounts for the greatest portion of the crror of regression. The secong

variable operates on the remaining error, and so on. 5

Rio Bontio watershed

Variations in terminal infiltration rates were best explained by total ground cover (TC:,
forb cover (FC) and soil surface silt fractions {ST) Table 3). Infiltration rates were
positively correlated with forb cover and total ground cover, and negatively correlated
with soil surface silt fractions. All plant cover estimates were of the plants’ crown or Total
arca covered by leaves, twigs and branches. This variable was found o be more
meaningful for rangelands than basal cover, which is used in many models developed for
croplands such as the Universal Soil Loss Equation. Sediment production rates were

Table 2. Dependent and independent variables used in regression and correlation analysis

Variable Description Units
IRD Terminal infiltration rate, soil surface initially dry cméh
IRW Terminal infiltration rate, soil surface initially at field capacity ciiv'h
SPD Sediment production, soil surface initially dry kg/halom
SPW Sediment production, soil surfuce initially at field capacity kg/hafem
TPOND Ponding time 5
TRUN Runoff tume s
SM, Initial so1l moisture, 0-5 cm depth Y
SM, Initial soil moisture, 3-10 ¢m depth Y
BD; Bulk density, 0-5 cmn depth gfem?
BD, Bulk density, 5-10 cm depth giem?
SD Sand fraction, 0-5 cm depth %

5T Silt fraction, 0-5 ¢cm depth %
CL Clay fraction, 0-5 cm depth %

PC Plant cover %
GC Grass cover %
FC Forb cover Y
LC Litter cover U

RC Rock cover %
TC Tortal ground cover %
GPFRD Grass production kgiha
FPRD Forb production kgiha
LPRD Litter production ke'ha
ROUGH Surface roughness (microrelief) cm

SLOPE Slope %
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Figure 1. Relationship of factors influencing infiltration rates on arid rangelands (Wood, 1987).

correlated best with total ground cover (TC), bulk density 5-10 cm (BD,) and terminal
infiltration (IRW). Bulk density in the zone of 0-5 cm depth varies seasonally. These soils
experience high diurnal temperature changes and contain enough clay to experience
shrink-swell activities in fall and spring. Livestock trampling and summer rains increase
the bulk density after it has been lowered by temperature changes. As total ground cover
and terminal infiltration decreased, sediment production increased. Bulk density was
positively correlated with sediment production. Soils with low bulk densities are usually

well aggregated and quite resistant to erosion (Packer, 1963; Meeuwig, 1970; Blackburn,
1975).

Arroyo de las Palmas watershed

Total ground cover (TC) accounted for the greatest portion of error in the regression
equations for infiltration rates under antecedent and field capacity soil moisture (Table 3).
Under antecedent conditions, soil surface sand fraction (SD) and bulk density at 0-5 cm
(BD;) were also found to be important factors influencing infiltration rates. Infiltration
rate equations with soils at field capacity were improved by the addition of grass
production (GPRD) and time to runoff (TRUN) variables. Sites with the same cover had
different infiltration rates resulting from variation in standing biomass or production.
This variable influenced the above- and below-ground organic matter contents. All
variables had a positive relationship with infiltration except bulk density at 0-5 ¢m, which
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howed 4 negative correlation. Sediment production rates were extremely variable between
the TWO soil types studied; consequently, the regression equations did not show a
gnificant correlation.

Canada Largo watershed .
Coefficients of determinauon (R} were somewhat low because of the large amount of
qriation between and within sites (Table 3}. Terminal infiltration rates at antecedent and
“field capacity were influenced most by grass production (GPRD], time to ponding
< (TPOND}, time o runeff {TRUN) and soil moisture at 0 -3 ¢cm {SM;). The first three
variables mentioned were positively correlated with infiltration. An increase in any or all of
them usually resulted in_ 4 u_un:espu_nding increase in inﬁ]tr{aLion. Soil surface moisture was
pegatively correlated with infiltration such that increases in soil moisture at these depths
reduced infiltration. Total ground cover {TC) was found to explain approximately 40% of
the variation in antecedent and field capacity sediment production. Coefficients were
improved somewhat by the inclusion of soil surface sand fractions {SIX) and organic matter
' content {OM] for antecedent conditions, and of slope {SLOPE; for ficld capacity conditions.
‘All variables except total ground cover were positively correlated with sediment production.
Organic matter content and soil surface sand fraction were found to be posiuvely
~ correlated, mainly because the highest amounts were present in some of the most erosive
- soils and hydrophobic conditions were encountered. Although soil surface sand fraction
and organic matter content are usually associated with good infiltration and runoft water
quality, coarse, sandy soils high in organic substances can actually repel water and induce
runoff when hvdrophobic conditions are encountered. Meeuwig (1970) found this type of
soil condition in the Carson Range of the Sierra Nevada.

Rock Tank Canyon

Terminal infiltration rates were well correlated with time to runoff {TRUN} and bulk
density at 5-10 cm {BDy} under antecedent moisture conditions, and with litter production
(LPRD; and soil meisture at 5-10 cm {SMy) under fleld capacity conditions (Table 37,
Bulk density and soil moisture were negatively correlated with infiltration, while time to
runoff and litter production were positively correlated. Sediment production rates were
greatly affected by bulk density at depths of 0-3 ¢m and 5-10 cm (BDj). As bulk density
increased at either depth, a corresponding increase occurred in sediment loss. Under
antecedent conditions, time to runoff characteristics were negatively correlated with
sediment production and resulted in higher R*values. Field capacity sediment production
rates were variable and contributed to low R values.

New Mexico warersheds

The equations for all watersheds combined were useful for determining which site
characteristics had the most important overall impact on infiliration and sediment
production (Table 4}, Total ground cover {TC) was the most important variable studied,
influencing infiltration and sediment production under both soil meisture conditions.
About half of the variation in terminal infiltration rates was explained by total ground
cover, soil surface clay fraction {CL} and tme to runoff (TRUN; under antecedent
conditions, and by total ground cover, organic matter content {OM) and time to runoff
(TRUN under field capacity conditions. An increase in any of these variables represented
acorresponding increase in infiltration. Sediment production was most influenced by total
ground cover {TC), soil surface silt fractions (ST, plant cover (PC} and grass cover (GC)
variables, all of which were negatively correlated with sediment production. Total ground
cover { TC) and soil surface silt fraction variables (ST} were found in regression equations
for both soil moisture conditions; however, grass cover {GC) variables were found to be
most important under antecedent conditions. Plant cover (PC) variables {grass and forb
cover) were found 1o be most important under field capacity moisture conditions.
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Although all the variubles presented in Table 2 had some influence on infiltration apg
sediment production, certain independent variables were found to have a greater influeng,
than others on these dependent variables. Of all the varables studied, total ground cove.

(TC: was considered to be the most important, and was present in more Iegression
cquations than any other variable. This is especially important to land managers becangej;,

is a site characteristic that can be directly manipulated with land management practces’
Total ground cover {TC} can be optumized by assuring sufficient ground cover remaing |
protect the soll surface from raindrop impact. Indirect effects ot optinum ground cove
are increased biomass production, soil organic matter, soil structure, soil bulk densiry,
soil moisture, and infiltration and runoff water quality. However, cover should not he

used as the only plant variable for predicting nfiltration and sediment production. Thisj;
a common practice in many hydrologic models for forest, crop and range lands {Sg)
Conscrvation Service, 1972; Branson, Gifford er al., 1981}, Under various grazing levelg
in New Mexico, two sites may have the same plant cover but significantly differen
amounts of blomass which result in different infiltration rates and sediment production,
Muny infiltration models include hvdraulic conducrivity (Philip, 1983; Knight, 1983
Youngs, 19837, but this soil varizble is most commaonly measured in a laboratory with sos
that have had their structure impaired or destroyed. Therefore, the inclusion of sof
porosity and structure is imperative for accurate and precise modeling of infiltration rates
and sediment production on thesc arid and semi-arid rangelands. The flow sheet in Fig. |
is supported by this study with new emphasis on the magnitude of differences.
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