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Infiltration and Sediment Production on a 
Deep Hardland Range Site in North Central 
Texas 
J.H. BROCK, W.H. BLACKBURN, AND R.H. HAAS 

Abstract 

Greatest infiltration rate and lowest sediment production most closely associated with variations in infiltration capacity and 
occurred in the honey mesquite canopy zone. Infiltration on sediment production. 
shortgrass interspace areas was about one-half of the canopy zone 
rate. Terminal infiltration rates within the canopy zone and Study Area 
shortgrass interspace areas were affected little by brush control 
treatments. Infiltration rate improvement due to treatment 
occurred primarily in the midgrass interspace areas. Water-stable 
aggregates and the interaction of soil aggregate stability with the 
amount of bare ground were the dominant factors controlling 
infiltration. Sediment production on the shortgrass interspace was 
double that of the canopy zone or midgrass interspace areas. Low 
rate of sediment production on the midgrass interspace areas 
occurred on areas aerially sprayed or root plowed 3 years earlier. 
Sediment production was controlled primarily by an interaction of 
soil organic matter and amount of above-ground biomass or grass 
cover. 

Past land management practices have resulted in large increases 
of honey mesquite (PTosopis glandulosa Torr. var. glandulosa) 
which now occurs on 56 million acres of Texas rangeland, 
including 34 million acres which are moderately to heavily infested 
(Fisher et al. 1973). Most of the heavily and moderately infested 
rangelands currently produce much less forage than their potential 
and require control of the honey mesquite to improve forage 
production. 

Herbicides and root plowing are widely accepted tools for 
improving honey mesquite dominated rangelands. However, little 
information exists for Texas rangelands relative to the impact of 
honey mesquite control on infiltration rates and sediment 
production. In other areas, brush control practices have 
apparently increased infiltration rates and decreased erosion (Rosa 
and Tigerman 1951, Rich 1961, Rowe and Reimann 1961, 
Dragoun 1969, Blackbum and Skau 1974). Yet, in some cases, 
these practices have failed to improve watershed condition (Rowe 
and Reimann 1961, Blackburn and Skau 1974, Gifford and Busby 
1974). 

Blackburn (1975) reported sagebrush (Artemesia spp.) canopy 
zones to have exceedinalv high infiltration rates. sometimes 3 to 4 

Field research was conducted on the W.T. Waggoner Estate 
southwest of Vernon, Texas. Theestate is part of the Rolling Plains 
land resource area which comprises approximately 6.32 million ha 
of rolling to rough topography in northwest Texas (Gould 1975). 
Normal annual precipitation for Vernon, Texas, is about 65 cm, 
with May, June, and October being the months of highest 
precipitation and January being the driest month (USDC 1976). 
The average frost-free period is 232 days (Koos et al. 1962). 

Climax vegetation of the Rolling Plains include tall and mid- 
grasses, but continuous heavy utilization by cattle has reduced the 
vegetation to primarily short and midgrasses with varying densities 
of woody plants. Honey mesquite, with a mean height of 1.6 m, a 
mean density of 437 plants/ ha and a 21% canopy cover, dominated 
the study area prior to treatment. Lotebush (Ziziphus obrusifolia 
(T.G.) Gray), tasajillo (Opuntia leprocaulis D.C. var leptocaulis), 
and grassland prickly pear (Opuntia rnacrorhiza Engelm.) were 
common on the study area. Herbaceous vegetation was typified by 
Texas wintergrass (Sripa feucotricha Trin. and Rupr.), Arizona 
cottontop (Digitaria calryornica (Benth.) Henr.), little barley(Hor- 
deum pusillum (Nutt.)), rescuegrass (Bromus unioloides (Willd.) 
H.B.K.), buffalograss (Buchloe dacfyloides (Nutt.) Engelm.), sand 
dropseed (Sporobolus cryptandrus (Torr.) Gray), and purple 
threeawn (Aristida purpurea (Nutt.)). 

Soil of the study area is Tillman clay loam, a member of the fine, 
mixed, thermic family of typic Paleustolls (Rogers et al. 1976) and 
one of the major soil series of the Deep Hardland range site. 

Historically the study area was grazed yearlong, initially at a 
heavy rate, reducing to a moderate stocking rate of an animal 
unit/7.3 ha prior to study initiation. Grazing of cattle was 
permitted in the interval between treatment and measurement only 
during the winter months. 

Methods __ _ 
times greater than the interspace areas. Likewise, sediment 
produced from interspace areas may range from none to as much 

Infiltration rates, sediment production, and soil and vegetation 

as 46 times that of the corresponding canopy zones. 
characteristics were measured in August 1977 on areas treated with 

Our primary objective was to determine the influence of selected 
a selected brush control treatment: (1) no treatment; (2) an aerial 

brush control practices on infiltration rates and sediment 
spray in 1973 of 2,4,5-T ((2,4,5-trichlorophenoxy) acetic acid) + 

production from a mesquite-dominated hardland range site. A 
picloram (4-amino-3,5,6-trichloropicolinic acid) (1: I) at 0.6 kg/ ha 

second objective was to identify the vegetationand soil parameters 
in a diesel oil-water emulsion (13) at 36.4 liters/ ha total spray 
volume; and (3) an aerial spray of 2,4,5-T + picloram in 1974; or 

The authors are presently assistant professor, Division of Agriculture. Arizona rootplowing in 1974. Rootplowing of the sod-forming vegetation 
State University, Tempe, Arizona 85283; and associate professors, Range Science 
Department, Texas A&M University, College Station, Texas 77843. 

was conducted without fins to minimize herbage damage and 
This report is published with approval of the Director, Texas Agr. Exp. Sta. asTA- surface disturbance while providing control of the honey mesquite. 

16109. The authors wish to acknowledge the cooperation of the W.T. Waggoner 
Estate in providing land and financial support for this study. 

Within each brush control treatment, three vegetation strata about 

Manuscript received June 2, 1980. the honey mesquite plants were studied: (1) shrub canopy zone; (2) 
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shortgrass interspace; and (3) midgrass interspace. The area of 
mulch and soil accumulation within the plant drip line wasdefined 
as the “shrub canopy zone”and the “interspace zone”as the area 
between shrub canopies. The shrub canopy zone was often 
dominated by midgrass species following brush control. The 
canopy zone and midgrass interspace occurred as a matrix within a 
dominant shortgrass community. Six infiltration sampling plots 
were established within each vegetation strata on each brush 
control treatment. 

Infiltration 
A mobile drip-infiltrometer (Blackburn et al. 1974) was used to 

apply simulated rainfall to 0.5 m* plots at a rate of 12.7 cm-hr for 
0.5 hr on soil that was initially dry. The same water rate was applied 
on the plot 24 hr later when the soil was at or near field capacity. 
Immediately after the first simulated rainfall event, the plots were 
covered with clear polyethylene plastic to reduce evaporation and 
maintain a uniform surface soil water content. Only the results 
from soils at field capacity are reported in this paper. 

Infiltration rates were determined by subtracting the measured 
runoff from the measured precipitation at given time intervals. 
Runoff was collected at 5-minute intervals and measured by 
weight. The weight of runoff was converted to volume (cm)3. 

Sediment Production 
Upon termination of the simulated rainfall, the runoff from each 

plot was thoroughly agitated and one-liter subsample was taken. 
The sediment of each subsample was filtered, dried at 105O C for 24 
hrs, weighed, converted to sediment production (kg/ha) which 
served as an index of potential sheet erosion. Sediment production 
data were converted to common logarithm for statistical analysis. 

Vegetation Cover and Standing Crop 
Percentage foliage cover of grasses and forbs, and soil surface 

covered by mulch and bare ground, were determined by ocular 
estimate on each plot from gridded sample quadrat. Grasses, forbs, 
and standing dead material were harvested to a 1.5cm stubble 
height, and mulch was collected from each plot after infiltration 
determination was completed. The material was oven-dried at 
60” C and weighed to estimate above-ground biomass. 

Soils 
Antecedent soil moisture was determined by the gravimetric 

method and bulk density by the core method (Black 1965) for each 
runoff plot. Soil samples for these measurements were taken before 
each simulated rainfall event on areas adjacent to each runoff plot 
at depths of 0 to 3 cm. Soil was collected’from each plot to a depth 
of 10 cm after the final simulated rainfall event. Soil organic matter 
content was determined by chromic acid oxidation (Jackson 1958). 
Aggregate stability of the soils was estimated by assigning soil 
slaking percentages to soil aggregates placed in a series of water- 
alcohol solutions (Taylor and Ashcroft 1972). 

Analysis of variance was used to evaluate all vegetation and soil 
paratneters. Duncan’s multiple range test (X0.5) as described by 
Steel and Torrie (1960) was used to separate means. Stepwise 
multiple regression analyses were used to determine the influence 
of soil and vegetation variables on infiltration rates and sediment 
production. 

Results and Discussion 
Infiltration 

Regardless of treatment, terminal infiltration rates were 
significantly higher on the canopy zone than on the midgrass or 
shortgrass interspace areas (Fig. I). Infiltration on the shortgrass 
vegetation zone was lowest, and only about 50% of the infiltration 
rate of the midgrass or canopy zones. Although botanical 
composition of the midgrass vegetation and the canopy zone 
vegetation were similar, small but significant difference in the 
infiltration rates was reflected by the greater standing crop, mulch 
cover, water stable aggregates, and lower soil bulk density of the 
canopy zone. 

Fig. 1. Mean infiltration rates (cm/hr) on three vegetation zones associated 
with a Deep Hardland range site. Terminal infiltration rates followed by 
the same letter are not significantly different at PC.05 level. 

Terminal infiltration rates averaged across vegetation zones 
were significantly greater on the areas rootplowed and areas 
aerially sprayed in 1974 than on untreated areas( Fig. 2). The slight 
differences due to brush control treatments applied in 1974 were 
attributed to differences in soil bulk density on the areas treated in 
1973 as compared to those treated in 1974 (Brock et al. 1978). 

Fig. 2. Mean infiltration rates (cmlhr) as influenced‘by brush control 
treatments. Terminal injiltration ratesfollowed by thesame letterare not 
significantly different at PC.05 level. 

Terminal infiltration rates within the canopy zone or the 
shortgrass interspace were only slightly affected by brush control 
practices (Table I). There was a slight tendency for improved 
terminal infiltration rate following rootplowing within the 
shortgrass interspace. On the midgrass interspace areas, however, 
improvement of vegetation by the aerial spray treatments in 1974 

Table I. Terminal infiltration rates (cm/h) for vegetation strata as 
influenced by brush control treatments, on a Deep Hardland range site at 
field capacity.1 

Vegetation strata 

Canopy 

Shortgrass 

Midgrass 

Treatment 

Control 
1973 Spray 
1974 Spray 
Root Plow 

Control 
1973 Spray 
1974 Spray 
Root Plow 

Control 
1973 Spray 
1974 spray 
Root Plow 

Infiltration rate 
(cm/ hr) 

10.3 a 
11.2 a 
9.6 ab 

10.2 a 

4.2 c 
4.1 c 
5.9 c 
6.3 bc 

6.6 b 
6.2 bc 
9.7 ab 

10.1 a 

lkgetation strata treatment means followed by the same letter are not significantly 
different at K.05 level. 
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Canopy Shortgross Midgrass 

Fig. 3. Mean sediment production (kg/ha) on three vegetation strata 
associated with a Deep Hardkand range site. Bars with the same letter are 
not significantly different at K.05 level. 

and the disturbance caused by rootplowing increased infiltration 
rates. Wood and Blackburn (1980) studied the influence of 
livestock grazing on infiltration rates, and likewise, found that the 
midgrass interspace area was the only vegetation zone sensitive to 
grazing treatment. Multiple regression analyses indicate that the 
primary factors affecting infiltration rates in each of the vegetation 
strata were the stability of water-soluble soil aggregates, and the 
interaction of aggregate stability with the amount of bare ground. 
Simple regression analyses indicated that all cover factors were 
significantly related to the terminal infiltration rate. Although 
infiltration rate was inversely related to the amount of bare 
ground, it was directly related to grass cover, herbaceous standing 
crop, and aboveground biomass on the areas. 

Sediment Production 
Sediment production, measured from the runoff of each of the 

plots, was strongly affected by vegetation type. The canopy zone 
produced less than half the sediment of either the midgrass or the 
shortgrass interspaces (Fig. 3). Also, greater sediment production 
was recorded on untreated areas than on areas treated with the 
brush control methods (Fig. 4). Although it was hypothesized that 
sediment production would be accelerated by rootplowing, 
rootplowing and spraying significantly reduced the amount of 
sediments produced at approximately 30 months following the 
latest treatment. 

There was a significant interaction of brush control treatment 

; 200 
Z f 

Contra/ ‘73 Spmy ‘74 Spray Rootplow 

Fig. 4. Mean sediment production (kg/ha) as influenced by brush control 
treatments. Bars with the same letter are not significantly different at 
PC.05 level. 

with vegetation zone on sediment production. Within the area 
aerially sprayed in 1973, there was less sediment produced in the 
canopy zone, as compared to either the shortgrass or midgrass 
interspaces (Table 2). The reduction in sediment production in the 
canopy zone as a result of this treatment was due to the large 
amount of accumulated biomass under the dead mesquite trees. 
Less sediment was produced in the canopy zone after aerial 
spraying in 1973 than on the other areas. Low rates of sediment 
production also occurred on the midgrass interspace areas aerially 
sprayed or root plowed in 1974. 

Table 2. Mean sediment production (kg/ha) as influenced by vegetation 
strata and brush control treatments on a Deep HardlPnd range site.’ 

Treatment Canopy 

Interspace 

Shortgrass Midgrass 

Control 59 de 252 a 169ab 
1973 Spray 19 e 189a 143 ab 
1974 Spray 79 cd 100 bc 32 de 
Rootplow 80 cd 138 abc 95 bed 

‘Means followed by the same letter are not significantly different at PC.05 level. 

The amount of bare ground, standing crop, grass cover, and 
above-ground biomass were the primary factors influencing 
sediment production in the canopy zones. In the shortgrass and 
midgrass areas, sediment production was significantly related to 
bare ground, bulk density, grass cover, soil organic matter, and 
standing crop. 

Multiple regression analyses for sediment production indicate 
various interacting factors reduced sediment production. In the 
canopy zone the interactions of soil organic matter content and 
above-ground biomass plus the interaction of soil organic matter 
and bare ground accounted for 57% of the variation in sediment 
production (Table 3). Variations in bulk density and the same 
interactions accounted .for 49% of the variation in sediment 
production on the shortgrass areas. In the midgrass areas, the only 
significant factor contributing to sediment production was above- 
ground biomass, which accounted for 37% of the variation in 
sediment production. 

The data from this study indicate that different factors are 
associated with variations in infiltration rate and sediment 
production. Soil aggregate stability and the interaction of this 
parameter with the amount of bare ground apparently regulate 
infiltration rates. Therefore, on the Deep Hardland range site, 
infiltration rates will reflect inherent variations in soil aggregate 
stability and the impact of range improvement practices on 
increasing plant cover. 

Sediment production is strongly influenced by the interaction of 
soil organic matter content and the amount of aboveground 
biomass or soil cover. On soils of high bulk density, as is the case in 
the shortgrass interspace areas, any improvement in the amount of 
cover appears to greatly reduce sediment production. Therefore, 
allowing the vegetation cover to increase through deferrment of 
grazing would seem to be a logical practice for reducing soil 
erosion and for increasing the amount of soil water. 

Table 3. Multiple regression equations for sediment production (kg/ha) 
from three vegetation strata within a Deep Hardland range site.1 

Vegetation 
strata Regression equation 

Canopy Y = 3.6978 - .0009 (Xo~Xaio) + .0202 (xa&&,) 

Shortgrass Y = 2.0814 - .0009 (X~MX~, + 2.2988 (XBK) 
+ .ol33 (hG%M) 

Midgrass Y = 5.8871 - .0017 (Xo~Xaro) 

R2 

.57 

.49 

.37 

‘Habitat variables were included in the model byadefault probabilityprogram with a 
minimum of P=. IO. Variabk names are: Y=sediment production; Oh&organic mat- 
ter (%): Bio=aboveground biomass(kg/ha); BG=bareground (%); BK=bulkdensity. 
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