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Abstract 

Terminal infiltration rates for one pasture in a 4-pasture 
deferred-rotation grazing system and a 27-year exclosure were 
found to be similar (10.40 and 10.24 cm/hr, respectively). A 
heavily, continuously grazed pasture exhibited less than one-half 
the infiltration rate (4.41 cm/hr) of the rotation pasture and 
exclosure. Grazed pastures were stocked at approximately the 
same rate (5.0 ha/AU/yr). The continuously grazed pasture also 
had greater sediment loss (211 kg/ha) than the rotation pasture 
and exclosure (134 and 160 kg/ha, respectively). Infiltration rate 
and sediment production were significantly influenced by plant 
biomass, bulk density, depression storage, and soil depth. 

Soil and vegetation influences on infiltration and sediment 
production of rangeland have been documented (Coleman 1953; 
Branson et al. 1972). Grazing influences infiltration and erosion 
primarily through its impact on soil and vegetation. Over- 
grazing generally decreases infiltration (Rhoades et al. 1964; 
Rauzi and Hanson 1966; Lusby 1970) and causes an increase in 
erosion (Dunford 1949; Johnston 1962). 

Although effects of different intensities and durations of 
continuous grazing on infiltration and sediment production have 
been studied, there is a lack of information on the effects of 
rotational grazing on the hydrologic condition of rangeland. 
There have been few infiltration studies of any type in Texas, 
.and no published data exists for the Edwards Plateau relative to 
the influence of soil or grazing management on infiltration and 
sediment production. The purpose of this study was to evaluate 
edaphic variables, vegetation and grazing management as they 
influence infiltration rate and sediment production of Edwards 
Plateau rangeland. 

Study Area 
The study was conducted on the 1,430-ha Texas A&M University 

Agricultural Research Station, which is located 56 km south of 
Sonora, Texas, within the Edwards Plateau Land Resource Area 
(Godfrey et al. 1970). Mean July temperature is 30°C; mean January 
temperature is 9°C (Hardy et al. 1962). Mean annual rainfall at the 
Station is 57.2 cm. May and September are the wettest months and 
average 7.8 and 7.6 cm, respectively (Long 1962). 
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Dominant soils are Tan-ant stony clays (Lithic Haplustolls) which 
are grayish brown and 15 to 30 cm deep. They contain large amounts 
of limestone fragments, stones and gravel, and are underlain by a hard 
limestone substratum that is usually fractured and porous. These soils 
occupy level divides and sloping areas adjacent to small streams 
(Carter et al. 1938). Slopes vary from 0 to 8%. Tarrant silty clays also 
occur; they are deeper soils and have fewer limestone fragments and 
stones. 

The area is characterized by mid and short grasses with varying 
densities of woody plants scattered singly or in clumps throughout the 
grassland. Dominant herbaceous plants include common curly- 
mesquite (Hilaria befangeri), threeawn (Aristidu spp.) and sideoats 
grama (Boutefouu curtipendulu). Important woody plants include 
vasey shin oak (Quercus pungens var. vuseyunu), live oak (Quercus 
virginiana), honey mesquite (Prosopis glandulosu var. glandulosa), 
ashe juniper (Juniperus ushei), and redberry juniper (Juniperus 
pinchoti) (Smeins et al. 1975). 

Methods 
Two grazed pastures (each 32 ha) and an ungrazed exclosure (16 ha) 

were selected for study. One pasture has been heavily stocked (4.6 to 
5.4 ha/AU) and continuously grazed (heavy continuous pasture) for 
the past 27 years with a 60-20-20 AU ratio of cattle, sheep, and goats, 
respectively. Herbaceous vegetation was dominated by common 
curlymesquite with lesser amounts of threeawns and red grama 
(Boutclouu trifidu). Total standing herbaceous biomass averaged 
1,270 kg/ha and litter 1,188 kg/ha in June, 1976. Soil depth varied 
from 3 to 60 cm and slope ranged from 0 to 4%. 

Another pasture, under the Merrill lour pasture, three herd, 
deferred-rotation system (4-pasture system) (Merrill 1954) since 
1969, was stocked at 5.2 ha/AU with a 60-20-20 AU ratio of cattle, 
sheep, and goats, respectively. It was grazed continuously from 1949 
to 1969 with cattle and goats at a moderate rate of 16.2 ha/AU. 
Herbaceous vegetation was dominated by common curlymesquite 
with lesser amounts of threeawns, sideoats grama, and cane bluestem 
(Bothriochloa burbinodes). Total standing herbaceous biomass 
averaged 2,200 kg/ha and litter 2,700 kg/ha in June, 1976. Soil depth 
and slope were similar to the heavy continuous pasture. 

The exclosure has been protected from livestock grazing for the past 
28 years, but wildlife, primarily white-tailed deer (Odocoileus vir- 
giniunus), had access to the area. Dominant grasses were common 
curlymesquite, cane bluestem, sideoats grama, and threeawns. Total 
standing herbaceous biomass averaged 2,000 kg/ha and litter 3,000 
kg/ha in July, 1976. Soil depth and slope were similar to those of the 
other two pastures. 

Soil depth was variable within each of the pastures. Thus, sites were 
selected within each pasture that represented shallow, intermediate, 
and deep soils. Means and standard deviations of soil depths in these 
sites were 2Ok8.9 cm, 31.5k9.3 cm, and 47.3k13.4 cm, respec- 
tively . During August, 1975, six soil samples were randomly collec- 
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ted from the upper 5 cm of each site using a 156-cc core. Bulk density, 
particle density, pore space (Vormocil 1965), soil texture (Day 1956), 
and aggregate stability (Ashcroft 1954) were analyzed for these 
samples. Soil organic matter was determined by the Wakley-Black and 
loss on ignition (24 hr at 430°C) methods (Broadbent 1965; Davies 
1974). 

Infiltration rate, sediment production, vegetation biomass, and soil 
moisture were examined on 14 randomly selected, variable-sized plots 
(Blackburn et al. 1974) within each site in each pasture during the 
summer of 1976. A meter-square grid, divided into 0.01 m2 segments, 
was placed over each plot to determine its area. Areas varied from 0.35 
to 0.45 m2. 

Infiltration rates were determined with a mobile drip infiltrometer 
(Blackburn et al. 1974). An application rate of 15.25 cm/hr was used 
to insure that infiltration rate was exceeded on all plots. Plots were 
initially sprinkled to constitute a dry run (soil moisture at antecedent 
levels). After each dry run the plots were covered with plastic and 24 
hr later were resprinkled with soil moisture at field capacity to 
constitute a wet run. Infiltration rates were measured as the difference 
between application rate and measured runoff rate. Runoff was 
pumped from the plots into 19 liter plastic bottles and measured 
gravimetrically at 5-min intervals. Infiltration runs lasted for 1 hr on 
all dry runs to insure comparable soil moisture among all plots for the 
wet runs. Wet runs lasted for 1 hr, or until terminal infiltration rate was 
reached. 

Before each infiltration run a soil sample of the upper 5 cm was 
taken outside each plot frame and the soil was oven-dried at 105°C for 
24 hr for soil moisture determinations. 

During each wet and dry infiltration trial, a 900-ml sample of the 
runoff was taken to determine sediment production. Samples were 
transported to the laboratory in nalgene containers, filtered through 
#41 Whatman filter paper, and oven dried at 105°C for 24 hr. 

After wet runs a 0.25 m2 quadrat was placed on each plot, and 
standing biomass was clipped at ground level and litter collected from 
the soil surface. Plant material was oven dried at 105°C for 24 hr. A 
steel probe was driven to bedrock at random locations within each plot 
to determine an average soil depth. Ocular estimates were made of 
percentage rock cover (Daubenmire 1959), slope, and micro- 
depression numbers, size, and depth. 

All data were analyzed using the Statistical Analysis System (Barr 
and Goodnight 1972). All variables were tested for skewness and 
kurtosis. Soil organic matter values were transformed to square roots 
and sediment values to logarithms. Stepwise multiple-regressions 
were used to determine variables associated with terminal infiltration 
rates and sediment production. 

Soil and Vegetation 
Results 

AlI soils were sandy clay loams. Particle density means were 
similar at approximately 2.50 g/cc. Bulk density of soils from 
the heavy continuous pasture and the 4-pasture system were 
similar, but the exclosure had lower bulk densities. There was a 
trend of decreased pore space with increased grazing pressure. 
Percent organic matter of the two grazed pastures was lower 
than that of the exclosure; but all soils had relatively high 
organic matter, and comparable values were obtained with 
chemical and ashing methods of analysis. Soil aggregates were 
very stable and all samples rated 1 (Ashcroft 1954). Soil 
moistures for the grazed pastures were similar, while high 
values for the exclosures were due to over 25 cm of precipitation 
just prior to infiltration trials. Three categories of phytomass 
were approximately twice as great in the 4-pasture system and 
the exclosure as compared to the heavy continuous pasture 
(Table 1). 

Infiltration 
Infiltration data are presented for only wet runs (field 
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Table 1. Soil and Vegetation variables for the three study pastures. 

Pasture 

Variable Heavy continous 4-pasture 
- 

Bulk density 
(g/cc) 

Pore space 
(S) 

Organic matter 
(G’c) 

Soil moisture 
(dry) (%I 

Soil moisture 
(wet) (%) 

Standing phytomass 
(kg/ha) 

Litter phytomass 
(kg/ha) 

Total phytomass 
(kg/ha) 

1.28k.12’ 1.232.09 1.16k.07 

48.624.7 50.9k3.5 53.7k2.9 

5.322.65 5.26+ 1.02 5.76k.41 

19.7k6.5 18.6k6.9 42.6k5.9 

31.9k3.8 33.3k3.4 47.426.0 

1270t508 2257+1235 1907+811 

11882594 2758+1601 3031?2338 

2458+869 5016+-2507 4939?2618 

Exclosure 

’ Mean and standard deviation. 

capacity). Dry run (antecedent moisture) infiltration curves 
were similar to wet runs; however, terminal infiltration rates 
were 1 to 4 cm/hr greater for dry runs. Most plots reached 
terminal infiltration midway through the I-hr test (Fig. 1). 
Infiltration was similar for sites in the 4-pasture system and the 
exclosure while sites in the heavy continuous pasture were 
always lower than on corresponding sites in other pastures. 
When infiltration rate was averaged by site, deep sites had the 
highest values, followed by intermediate and shallow sites (Fig. 
2). Infiltration rates averaged by pasture showed the exclosure 
and 4-pasture system to have almost identical curves and 
terminal infiltration values, while both had greater than twice 
the terminal infiltration rate of the heavy continuous pasture 
(Fig. 3). 

Stepwise multiple-regressions were used to determine vari- 
ables associated with terminal infiltration rates by sites and 
pastures and combined across all pastures and sites. Variables 
that were significant in at least one equation included: % soil 
moisture wet (SMw), kg/ha litter phytomass (LP), kg/ha total 
standing phytomass (TP), cm soil depth (SD), % rock cover 
(RC), number of depressions (ND), and g/cc bulk density (BD). 
Regression equations and results are presented for only wet 
runs, except in the combined analysis, since similar variables 
and R” values were obtained for equations of both dry and wet 
runs. 

By site, litter phytomass, bulk density, and number oi 
depressions were important variables in the infiltr$on re- 
gression equations (Table 2). On shallow sites with low 
vegetation production, variation in soil characteristics account- 
ed for a greater proportion of the variation in infiltration, whi!e 
on deeper soils phytomass exerted more influence over infil- 
tration rate. 

By pasture, litter phytomass and bulk density showed the 
greatest degree of association with infiltration rate in the heavy 
continuous pasture (R2=0.37). Number of depressions was the 
most important variable for wet runs in the 4-pasture system, 
with total phytomass and rock cover also appearing in the 
equation (R2=0.48). Soil depth in the exclosure had the greatest 
influence on infiltration, followed by litter and number of 
depressions (R2=0.52)(Table 2). 

Stepwise multiple regressions were used in a combined 
analysis to determine correlated factors with infiltration across 
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Fig. 1. Infiltration rates atfield capacity soil moisture for three pastures (heavy continuous, I-pasture system, ana’ exclosure) on shallow, intermediate and deep 
sites. Vertical lines at the end of each curve represent 95% confidence intervals for mean terminal infiltration rates. 
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Table 2. Multiple-regression equations for infiltration rate and sediment production at field capacity soil moisture by site and pasture. 

Dependent Variable Site or pasture Regression equation’ R2 

infiltration 
Infiltration 

Infiltration 
Sediment 
Sediment 
Sediment 

Infiltration 
Infiltration 
Infiltration 
Sediment 
Sediment 
Sediment 

Shallow 
Intermediate 

Deep 
Shallow 
Intermediate 
Deep 

Heavy continuous 
4-pasture 
Exclosure 
Heavy continuous 
4-pasture 
Exclosure 

Site Equations 
IW=38.978-25.723 (BD)-0.403 (RC)+O.O006(LP) 
IW=59.108+0.001 (LP)+ 1.084 (ND)-40.188 (BD)- 

0.19 1 (SMw) 
IW=3.656+0.001 (LP) + 1.726(ND) 
SW=2.468-0.00007 (TP) 
SW=2.976-0.0001 (TP) - 0.013 (SD) 
SW=3.025-O.O19(SD) - 0.223 (ND) 

Pasture Equations 
IW= 16.545+0.0016 (LP) - 10.986(BD) 
IW=7.643+0.921 (ND) + O.O004(TP) - 0.626 (RC) 
IW=2.978+0.078(SD)+O.O006(LP)+ 1.415(ND) 
SW=2.448-0.0001 (LP) 
SW=2.997-O.O26(SD) - 0.0008 (LP) 
SW=4.204-0.025 (SD)-O.O29(SMw) 

0.54 

0.72 
0.60 
0.09 
0.36 
0.40 

0.37 
0.48 
0.52 
0.13 
0.49 
0.44 

’ Variables corresponding to abbreviations in regression equations for independent variables are defined in the text. All variables in regression equations are significant at the 90% 
confidence level. 

Table 3. Multiple-regression equations for infiltration rate and sediment production combined across pastures and sites at antecedent and field capacity 
soil moisture. 

Dependent variable Regression equation’ R2 

Infiltration 
(antecedent) ID=31.842+0.006(TP)-21.387(BD)+1.283(ND) ‘J.58 

Infiltration 
(field capacity) IW=23.053+0.OOOl(TP)+ 1.661(ND)- 16.517(BD) 0.62 

Sediment 
(antecedent) SD=2.833-O.OOOl(LP)-0.232(ND)-O.lOl(SD) 0.46 

Sediment 
(field capacity) SW=2.852-O.O12(SD)-O.O007(TP)-O.l07(ND) 0.42 

’ Variables corresponding to abbreviations in regression equations for indeDendent variables are defined in the text. All variables in regression equations are significant at the 90% 
confidence levei. - 

1 

all pastures and sites. The equation accounted for 58% of the 
variation for dry runs with total phytomass and bulk density as 
the most important variables. Total phytomass, number of 
depressions, and bulk density accounted for 62% of the varia- 
tion in infiltration rate during wet runs (Table 3). 

low vegetation cover compared to deep sites in the other 
pastures. 

Sediment Production 

The heavy continuous pasture had the greatest sediment 
production followed by the exclosure and the 4-pasture system. 
Shallow sites had the greatest sediment loss, while deep sites 
had less than half as much sediment production (Table 4). 

Sediment production values are described for only the wet 
runs; similar results were obtained for dry runs. Sediment 
production for the three pastures was similar for shallow and 
intermediate sites (Table 4). On deep sites, the exclosure and 
4-pasture system were similar, although both produced approx- 
imately one-fourth as much sediment as the heavy continuous 
pasture. The exclosure and 4-pasture system tended to produce 
less sediment as soil depth increased. High sediment loss from 
deep sites in the heavy continuous pasture was probably due to 

Stepwise multiple-regression equations were generated to 
define variables which related to sediment production within 
sites (Table 2). Only wet runs are presented except for the 
combined analysis. The only variable related to sediment 
production on shallow sites for wet runs was total phytomass 
(R’=O.O9). On intermediate sites total phytomass and soil depth 
were important variables (R2=0.36), while on deep sites soil 
depth and number of depressions accounted for 40% of the 
variation. 

Table 4. Sediment production (kg/ha) at field capacity soil moisture for 
shallow, intermediate, and deep sites within three pastures (heavy 
continuous, 4-pasture system and exclosure). 

Heavy 
Site continuous 

Shallow 2362 125’ 
Intermediate 1802 135 
Deep 2192 141 

Mean 2112132 

’ Mean and standard deviation. 

4-pasture Exclosure 

184~ 191 2742211 
171+110 1472 149 
49265 59279 

1342 143 160+ 177 

Mean 

2312179 
166% 130 
109+ 126 

When stepwise multiple regressions were calculated for each 
pasture, litter phytomass was the most important variable for the 
heavy continuous pasture (R2=0. 13)(Table 2). In the 4-pasture 
system, soil depth was highly associated with sediment pro- 
duction with litter phytomass of less importance (R2=0.49). In 
the exclosure soil depth was the most important variable, 
followed by field capacity soil moisture (R2=0.44). 

In the combined analysis for dry runs, the regression equation 
accounted for 46% of the variation in sediment production with 
litter the most important variable, followed by number of 
depressions and soil depth. For wet runs, soil depth was the 
most important and total phytomass and depression numbers of 
lesser importance. These factors accounted for 42% of the 
variation in wet run sediment production (Table 3). 
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Discussion 
Grazing management affects water intake and sediment 

production by altering soil and vegetation variables. Rangeland 
under heavy, continuous grazing had lower infiltration rates and 
higher sediment loss than rangeland under the 4-pasture 
deferred-rotation grazing system or the livestock exclosure. 
Infiltration rate and sediment production differences between 
pastures were generally related to differences in plant biomass, 
bulk density, depression storage, and soil depth. Decreased 
infiltration and increased erosion have been shown to be related 
to increased grazing intensity, particularly under continuous 
grazing (Dunford 1949; Johnston 1962; Rauzi and Hanson 
1966). The impact of deferred-rotation grazing has not, how- 
ever, been adequately evaluated. 

Prior to establishment of the three study pastures in 1948, 
they had been subjected to longterm heavy, continuous grazing. 
At the time of this study, 27 years later, the exclosure and the 
deferred-rotation pasture had improved greatly in range con- 
dition (Smeins et al. 1975; Reardon and Merrill 1976). The two 
pastures also had similar and favorable hydrologic properties 
(Fig. 3 and Table 4). Improvement of range condition and 
hydrologic properties in the 4-pasture system cannot be at- 
tributed solely to the deferred-rotation grazing system. From 
1948 to 1969 the pasture had been under continuous, moderate 
grazing and some improvement took place under those con- 
ditions. This study has shown that the deferred-rotation system 
maintained and possibly continued to improve range and 
hydrologic conditions. This relationship is true even though the 
stocking rate of the 4-pasture deferred-rotation pasture (5.2 
ha/AU) and the heavy, continuous pasture (4.6-5.4 ha/AU) are 
nearly equal. Thus, it appears that deferred-rotational grazing 
can contribute to the maintenance, and possibily the improve- 
ment, of range condition and hydrologic conditions compared to 
heavy continuous grazing on Edwards Plateau rangeland. 
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