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Effects of Grazing Intensity and Cover on 
the Water-Intake Rate of Fescue Grassland 

ALEXANDER JOHNSTON 

Range Specialist, Canada Agriculture Research Station, 
Lethbridge, Alberta 

The Eastern Slope of the 
Rocky Mountains and the adja- 
cent foothills comprise the 
watershed of the Saskatchewan 
River System. Most of the rivers, 
except a few tributaries that 
arise in areas such as the Cypress 
Hills, originate along the moun- 
tain chain. These waters are of 
prime importance in the irriga- 
tion of 840,000 acres in southern 
Alberta and in the proposed irri- 
gation of large tracts of land in 
southern Saskatchewan. 

The effects of grazing intensity 
on the water-intake character- 
istics of soils of the area have 
not been s t u d i e d previously. 
Work elsewhere has indicated 
that these effects may be im- 
portant. D u 1 e y and Kelley 
(1939) found that the infiltration 
rate on native sod with a good 
cover was several times that of 
bare ground. In a further study, 
Duley and D o m in g o (1949) 
found that total cover including 
live grass and associated litter 
was more important than the 
kind of grass or the type of soil 
in inducing a high water-intake 
rate. Dyksterhuis and Schmutz 
(1947) noted that natural mulch 
was a primary factor in deter- 
mining total annual infiltration 
of water into rangeland. Rauzi. 
(1960) found that the water-in- 
take rate increased with an in- 
crease in the amount of natural 
mulch and standing vegetation. 
Alderfer and Robinson (1947) 
found runoff losses to vary from 
0 to 2 percent on ungrazed range 
and from 33 to 80 percent on 
heavily g r a z e d range. Both 
Tomanek (1948) and Hopkins 
(1954) showed that a relation- 
ship exists between the amount 
of natural mulch and the mois- 

ture content of rangeland soils. 
The purposes of the study 

were to assess the effect of graz- 
ing by cattle on the water-intake 
rate of soils in the fescue grass- 
1 a n d of southwestern Alberta 
and to determine the effect of 
various constituents of the vege- 
tation cover on the water-intake 
rate. 

Description of the Area 

At the Range Experiment Sub- 
station, Stavely, located in the 
Porcupine Hills of southwestern 
Alberta, u n gr a ze d areas and 
areas that had been grazed by 
cattle at four rates for 10 years 
were available for study (Figure 
1). These rates of grazing and 
the condition of the experimen- 
tal fields during the study period 
were: 

Intensity and rate of 
grazing for a 6-month Range 

summer season condition 
Light-12 acres per 

animal unit Excellent 
Moderate-9 acres per 

animal unit Good 
Heavy-6 acres per 

animal unit Good 
Very heavy-3 acres 

per animal unit Fair 
A downward trend was evident 
under the heavy rate of grazing 
although the field was con- 
sidered to be still in good condi- 
tion. 

The vegetation of the area has 
been described by Moss and 
Campbell (1947). The study sites 
were located on orthic, shallow, 
black soil developed on glacial 
till. The soil texture ranged from 
loam to clay loam. Average 
an n u a 1 precipitation for the 
period 1950-1959 was 23.91 inches 
of which 9.21 inches, or approx- 
imately 40 percent, was received 
as snow. 

Methods 

Water-intake rates were de- 
termined by means of a mobile 
infiltrometer shown in Figure 2. 

FIGURE 1. Experimental grazing fields at the Range Experiment Substation, Stavely, Al- 
berta. Grazing treatments shown are : (upper left 1 light, (upper right) moderate, 
(lower left) heavy, and (lower right) very heady. 
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FIGURE 2. Mobile infiltrometer used to determine water-intake rates of rangeland soils. 
The unit is operating on an 8 per cent slope. 

The procedure followed was the 
same as that outlined by Rauzi 
(1960). Simulated rainfall was 
applied to a circular 13-square- 
foot area in which a a-foot- 
square test plot was centered. 
The metal plot frame was set 2 
inches into the ground and ex- 
tended 2 inches above ground. 
Thus the test plot was sur- 
rounded by a larger area receiv- 
ing rainfall and the possibility of 
error through lateral movement 
of water was reduced. The 
water-intake rate was measured 
as the difference between the 
rate of application an d the 
amount of measured runoff. No 
provisions were made to measure 
interception or surf ace retention 
of water and hence these were 
included in the measured intake. 
These amounts were negligible 
after the first 15 to 30 minutes 
of the l-hour test run. 

The rates of application varied 
from 3.2 to 3.5 inches per hour 
but they were probably well in 
excess of natural rainfall inten- 
sity for the area. Water was ap- 
plied to each plot for a l-hour 
period and rate of runoff was de- 
termined at 5-minute intervals. 

The infiltrometer was calibrated 
before and after each l-hour test 
run to accurately determine rate 
of application. The last half of 
the test run provided the best 
measure of t h e water-intake 
(Rauzi, 1960) and the rate for 
the second 30-minute and fourth 
15-minute periods are reported. 
The study was divided into two 
parts as follows: 

Effect of grazing intensify on fhe 
wafer-intake rafe 

Water was applied to a series 
of S-plot clusters located on com- 
parable so i 1 and topography 
within each grazing field. Fifteen 
to 18 samples (5 to 6 three-plot 
clusters) were obtained in each 
field. In sampling, data were ob- 

tained from 3-plot clusters suc- 
cessively from each field to 
obviate the effect of varying soil 
moisture or plant growth. Sam- 
ples were obtained during the 
periods August-September, 1959, 
and July-September, 1960. 

Soil samples for moisture de- 
terminations were obtained by 
6-inch increments to a depth of 
18 inches with a King tube. Five 
cores were taken from each of 
three locations within each graz- 
ing field. Soil temperatures at an 
8-inch depth were recorded daily 
at five locations within each 
grazing field. 

The percentage basal area of 
vegetation on the test plots was 
determined by the vertical point 
method at a sampling intensity 
of 100 points per plot. Only basal 
“hits” of vegetation were re- 
corded. Standing vegetation on 
the plots was clipped to ground 
level after the test run and was 
divided into grasses and forbs 
and shrubs. Natural mulch on 
the plots was collected at the 
same time and was screened to 
remove soil material. Samples 
were oven-dried at 160°F. and 
yields of dry matter were de- 
termined. 
Effects of various consfifuenfs of the 

cover on Ihe water-intake 
An ungrazed area of fescue 

grassland in excellent condition 
was selected for the study. Treat- 
ments were (1) Check, (2) Cur- 
rent growth of vegetation re- 
moved to ground level, (3) Fresh 
mulch removed, and (4) All 
vegetation and mulch removed 
to ground level. Plots measured 
10 x 12.5 feet and were replicated 

Table 1. Percentage basal area under four raies of grazing. 

Grazing treatment 

Light Moderate Heavy Very heavy 

Danthonia parryi 13.5 16.3 8.6 7.9 
Festuca scabrella 7.2 1.1 1.5 ____ 
Festuca idahoensis 0.8 0.7 1.3 1.8 
Other grasses 0.4 1.2 5.7 6.5 

Total grass 21.9 19.3 17.1 16.2 
Carex spp. 2.3 2.8 4.9 5.1 
Forbs and shrubs 4.3 3.9 8.1 6.2 
Mulch 71.1 73.7 65.8 59.4 
Bare ground 0.4 0.3 4.1 13.1 - 



six times. Artificial rainfall was 
applied to these plots during 
August, 1961. Percentage basal 
area and yield of dry matter 
w e r e determined as outlined 
above. 

Resulfs 
Effect of grazing intensity on fhe 

wafer-intake rate 
Data presented in Table 1 

show the percentage basal area 
of various constituents of the 
cover under four rates of graz- 
ing. As the intensity of grazing 
increased the total percentage 
basal area of grasses decreased. 
The percentage basal area of 
forbs and shrubs tended to in- 
crease with an increase in the 
rate of grazing except under the 
very heavily grazed treatment. 
The slight decrease of forbs and 
shrubs was attributed to use of 
unpalatable vegetation by 
hungry cattle. The portion of the 
ground surface covered by 
mulch was less under the very 
heavy grazing rate than under 
the o t h e r treatments. Large 
amounts of cow manure in vari- 
ous stages of decomposition were 
found on the very heavily grazed 
field. The material was classed 
as mulch since it appeared to 
have value in protecting the soil 
surface from erosion by water. 
The material classed as mulch 
on the remaining treatments was 
found to be mostly dead plant 
material in various stages of de- 
composition. Considerably more 
bare ground was present under 
the very heavy rate of grazing 
than under the light, moderate,, 
or heavy grazing rates. 

The data in Table 2 show the 
water-intake rates, y i e 1 d s of 
various constituents of the cover, 
and amounts of soil loss as 
affected by the four grazing 
treatments. The rate of water- 
intake was directly related to 
the condition of the ranges. The 
amount of water absorbed in 1 
hour showed a similar relation- 
ship. 

Soil loss was not serious under 
the light, moderate, or heavy 
rates of grazing. The amounts 

WATER-INTAKE RATE 81 

Table 2. Wafer intake rates, yields of vegetation and mulch, and soil loss 
per acre under four rates of grazing. 

Grazing treatment 

Light Moderate Heavy Very heavy 

Range condition _____________ _____.____.__ _.__ 
Number of plots _________________ _____ ____._ 
Rate of application (in/hr) _._______.__ 
Water intake rates (in/hr):- 

Second 30 minutes ___ _._____ _.__ 
Fourth 15 minutes _ _____ ______ 

Water absorbed in 1 hour (in) _.__ 
Yield of dry matter (lb/ac):- 

Grass ______________________________________ 
Forbs and shrubs _____ ________. __ 
Litter _____ ____ _ ____ _____________ ______ _____ 

Total organic matter ____ _______ ___._ 

Excellent Good Good Fair 
18 18 15 15 

3.47 3.34 3.33 3.29 

2.24 1.60 1.63 1.39 
2.21 1.46 1.53 1.32 
2.48 1.97 1.99 1.74 

1387 1068 664 335 
495 327 255 220 

8179 5406 4365 3469 
10,061 6801 5284 4024 

Soil loss (lb/at) ______________________________ 61 18 18 1369 

shown were attributed to soil 
disturbance as a result of place- 
ment of the plot sampling frame. 
Soil loss was a factor under the 
very heavy rate of grazing al- 
though the cover (Table 1) was 
apparently sufficient to prevent 
excessive soil movement. After 
rains, windrowing of plant 
material and other debris has 
been noted on slopes of the very 
heavily grazed field. This was 
indicative of an overland flow of 
water and hence of unsatisfac- 
tory water-intake characteristics 
of the soil. 

pounds per acre under four 
treatments. Amount of water ab- 
sorbed and rate of intake were 
significantly higher on the un- 
disturbed plots than on those 
from which fresh litter, current 
vegetation, or all surface organic 
matter was removed. The com- 
paratively high rate of intake 
where bare ground was exposed 
was attributed to the large 
amounts of root material present 
in the surface inch of soil (1845 
pounds per acre). Soil loss was 
negligible except w h e r e bare 
ground was exposed. 

Percentage soil moisture in 
June, 1960, Table 3, decreased 
at all depths as the intensity of 
grazing increased. During the 
1960 study period soil tempera- 
ture differences between t h e 
light and very heavily grazed 
fields were approximately 6 “F 
(Table 4.) during the warmest 
part of the season and tended to 
become equal as the season ad- 
vanced. 
Effect of various constituents of fhe 

cover on ihe water-infake rate 
The data represented in Table 

5 show the amount of water ab- 
sorbed in 1 hour, the rate of 
water-intake, and soil loss in 

Discussion and Conclusions 

The data in Table 5 appear to 
support Rauzi’s (1960) conten- 
tion that the rate of water-intake 
on rangeland increases with an 
increase in the amount of stand- 
ing vegetation or natural mulch. 
The amount of soil lost from arti- 
ficially bared plots was high. 
Some protection was afforded 
the soil on these plots by the root 
material present in the surface 
inch of soil. Observations during 
the plot study indicated that soil 
loss from naturally bared plots, 
in which roots would have dis- 
integrated, would have been well 

Table 3. Percentage soil moisture under four intensifies of grazing. 

Soil depth _ Grazing treatment 

in inches Light Moderate Heavy Very heavy 

0- 6 38.1 30.2 28.6 22.4 
6-12 27.7 22.3 22.4 18.0 

12-18 24.2 20.6 20.1 18.2 
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Table 4. Mean monthly soil temperature af an 8-inch depth under four 
intensifies of grazing. _____~~ _____ 

Grazing treatment 

Month Light Moderate Heavy Very heavy ~_____ 
“F “F “F “F 

July, 1960 57.6 61.7 61.2 64.0 
August, 1960 54.9 56.7 57.9 57.9 
September, 1960 49.5 50.5 52.2 50.4 _ 

in excess of that shown in Table by runoff under a very heavy 
5. rate of grazing. The data indi- 

The data in Tables 3 and 4 cated that, when about 13 per 
illustrate phenomena of over- cent bare ground was exposed 
use. Removal of cover by excess (Table 1) , the soil was suscepti- 
grazing resulted in the creation ble to erosion by water. In this 
of an artificially droughty con- study the amount of soil loss 
dition. Soil moisture was less and was not excessive. The results 
soil temperatures were greater suggested that, even after 10 
on the very heavily grazed treat- years of over-use of fescue grass- 
ment than on those where a land by cattle, water erosion was 
more moderate rate of grazing not a critical factor in manage- 
was practiced. ment. 

Additional reasons f o r this Summary 
droughty condition can be de- A study was conducted to de- 
duced from Table 2. Less water termine the effects of grazing in- 
entered the soil where cover had tensity and cover on the water- 
been removed and bare ground intake characteristics of soils of 
exposed by excessive grazing the fescue grassland. A mobile 
than where a good cover of vege- infiltrometer was used to apply 
tation and mulch were present. artificial rainfall at measured 
Conversely, more water was lost rates to selected study sites. The 

Table 5. Wafer-intake rate and soil loss in pounds per acre under various 
treatments. .___ 

Water Rate of intake Soil loss Percent 
absorbed 2nd 4th Pounds/ bare 

Treatments in 1 hour 30 min. 15 min. acre ground 

Check 2.61 2.44 2.39 22 1.35 
Removed fresh litter 2.36 2.16 2.10 55 5.83 
Removed current vegetation 2.19 1.91 1.83 91 0.16 
Bare ground exposed 2.07 1.75 1.70 5166 100.00 
L. S. D. at 5% level 0.37 0.47 0.53 

results showed that, even after 
10 years of very heavy grazing, 
soil erosion by water was not a 
critical factor in management. 
The water-intake rate increased 
with increasing am o u n t s of 
standing vegetation and natural 
mulch. Soil loss from artificially 
bared plots was approximately 
2% tons per acre at a rainfall in- 
tensity of 3.23 inches per hour. 
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Was This A Prize Bitterbrush? 
EAMOR C. NORD 

Range Conservationist, Pacific Southwest Forest and 
Range Experiment Station, Forest Service U.S. Depart- 
ment of Agriculture. 

California claims distinction which should be given recogni- 
for the largest, tallest, and oldest tion? 
trees of record with its General The probability that it does 
Sherman giant sequoia, towering was suggested during a life-his- 
redwoods, and ancient bristle- tory study of bitterbrush, when 
cone pines (Dixson 1961). Does an unusually massive antelope 
it also harbor classic shrubs bitterbrush (Purshia trident&a 

a stem circumference of 36 
inches (Figure 1). It was at least 
Pursh) was found in northeast- 
ern California. This plant was 12 
feet tall and had a foliar crown 
spread almost 20 feet across and 

Contribution from cooperative in- 
vestigation between the Experiment 
Station and the California Depart- 
ment of Fish and Game. Work was 
done under Federal Aid in Wildlife 
Restoration Act, Pittman-Robertson 
Research Project W51R, entitled 
“Game Range Restoration.” 


