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Highlight 
The effects of grazing on Stipa-Bouteloua prairie soils in Alberta were eval- 

uated after 19 years of continuous summer use by sheep at three stocking inten- 
sities. Analysis of the soils under the heavy grazing treatment showed lower 
values for pH and percent spring moisture but higher values for total carbon 
(C), alcohol/b enzene-extractable C, alkaline-soluble C, polysaccharides, and 
belowground plant material than the soil under light or no grazing. The results 
were attributed to changes in amounts and kinds of roots due to species changes 
caused by grazing and to increased amounts of manure deposited by sheep on 
fields grazed at a higher intensity. Shallow-rooted species replaced the deeper- 
rooted ones on the drier environment induced by heavy grazing. 

Grazing studies have emphasized 
plant-animal relationships and have 
usually considered range soils only 
in relation to damage by erosion. 
But the kind of vegetation affects 
and modifies the soil on which it 
grows (Humphrey, 1962). Hence, 
changes in vegetation caused by 
grazing animals should affect and 
modify soil of grazed fields. 

Results of a study of long-term 
grazing effects on fescue grassland 
soils (Johnston et al., 1971) showed 
that very heavy grazing by cattle of 
range that previously had been 
lightly grazed changed the color of 
the Ah horizon from black to dark 
brown and the pH from 5.7 to 6.2, 
reduced percent organic matter, 
decreased percent soil moisture, re- 
duced percent total P but increased 
available P, and increased soil tem- 
perature. We suggested that the re- 
sults reflected increased use of 
vegetation by cattle and, hence, 
increased erosion from the more 
heavily grazed fields. 

The purpose of this study was to 
assess long-term effects of grazing 
by sheep on Stipa-Bouteloua prairie 
soils. 

Materials and Methods 

The study site was at the Canada 
Department of Agriculture Re- 
search Substation, Manyberries, Al- 
berta, where the vegetation is that 

l Received May 3, 1971. 

of the mixed prairie (Coupland, 
1961), the climate is semiarid, and 
the annual precipitation averages 
about 31 cm. The soil is a member 
of the Brown Subgroup of the 
Solod Great Group of the Solonetzic 
Order. It has a leached Ae horizon 
and a strongly columnar B horizon. 
Numerous shallow, eroded pits are 
present throughout the area. Pro- 
file description is: 

Ah O-10 cm Brown (1OYR 4/3- 
5/3, dry), loam to 
sandy loam, weak 
platy to granular. 

Ae lo-14 cm Grayish to pale 
brown (IOYR 5/2- 
6/3, dry), loam, 
platy. 

Bnt 14-27 cm Pale brown (10YR 
6/3, dry), clay 
loam to sandy 
clay loam, round- 
topped columnar. 

Cca At 27 cm Light brownish 
gray (1OYR 6/2, 
dry), massive. 

In 1950 the study site was divided 
into three fields. Prios to 1950 the 
area was lightly grazed by sheep. 
From 195 1 these fields were grazed 
by ewes with lambs from about May 
1 to November 1 each year. The 
grazing treatments were: light, 2.5 
hectares per animal unit month 
(AUM); moderate, 2.0 ha/AUM; 
and heavy, 1.7 ha/AUM. A nearby 
exclosure, protected since 1928, 
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served as an ungrazed control. Per- 
centage basal area of vegetation 
was determined by the vertical 
point method in August 1950 and 
1969. 

In April 1970, 10 random core 
samples (10 cm diameter) were ob- 
tained from the Ah horizon of the 
soil profile from each grazed field 
and from the ungrazed exclosure. 
After the samples were air-dried 
and ground to pass a l-mm screen, 
their dry colors were rated accord- 
ing to the Munsell (1954) notation. 
Moisture content was determined 
at time of sampling. Moisture re- 
tention, expressed as percent of air- 
dry basis (U.S. Salinity Laboratory 
Staff, 1954), was determined at 1, 5, 
and 15 bar, and at 100, ZOO, 300, 
and 500 mbar. (Moisture retention 
at 15 bar and at 200 mbar was taken 
as an index of permanent wilting 
percentage and field capacity, re- 
spectively.) Neutral NH,OAc was 
used for the displacement of ex- 
changeable cations and NaOAc so- 
lution at pH 8.2 for the determi- 
nation of the cation exchange 
capacity (U.S. Salinity Laboratory 
Staff, 1954). Exchange acidity was 
determined with BaCla triethanol- 
amine at pH 8.1 (Black, 1965b). 
Soil pH was measured in 0.01 M 

CaCl,. Total carbon (C), nitrogen 
(N), nitrates (NO,) phosphorus (P), 
and NaHCO,-soluble P were deter- 
mined as outlined by Black (1965b). 
Polysaccharide content was deter- 
mined using anthrone (Brink et al., 
1960). Two separate fractions of 
organic matter, one that is soluble 
in alcohol: benzene (1:l EtOH: 
CsH,) and one that is soluble in 
alkaline solution (0.1 N NaOH), 
were determined. The first frac- 
tion, which included the fats, resins, 
waxes, and humic substances, is, 
henceforth, referred to as alcohol/ 
benzene-extractable C and the sec- 
ond fraction as the alkaline-soluble 
C. An additional 10 samples per 
field were analyzed for bulk density 
(U.S. Salinity Laboratory Staff, 
1954) and particle size (Black, 
1965a). 
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Table 1. Basal area (%) of vegetation on study areas at 
and 1969.” 

Manyberries, 1950 

Percentage total C, alcohol / ben- 
zene-extractable C, alkaline-soluble 
C, exchangeable acidity, and the 
C/N ratio increased whereas per- 
cent soil moisture, soil pH, and ex- 
changeable calcium (Ca) and so- 
dium (Na) decreased with increased 
grazing intensity (P < .05, Table 
3). There were no significant dif- 
ferences in color, texture, moisture 
tension, bulk density, N, total and 
available P, exchangeable potas- 
sium (K), and cation exchange 
capacity (CEC). 
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Species 

Blue grama 
Needle-and-thread 
Western wheatgrass 
0 ther grasses 
Low sedge 
Forbs and shrubs 
Little club moss 

Study areas in 1969 by 

Study area 
grazing treatments 

in 1950 Ungrazed Light Moderate Heavy 

2.0 0.3 2.4 2.8 3.6 
0.6 2.2 1.3 1.2 0.5 
1.4 1.3 1.7 1.2 0.7 
1.3 1.4 1.6 1.5 1.1 
0.9 0.4 0.5 0.8 1.1 
0.5 0.4 0.7 0.9 0.4 
7.1 9.6 18.7 22.6 26.0 

* Each value is the mean of 4200 points. 

A respiratory study was con- 
ducted on soils from the heavily- 
grazed and ungrazed fields. Dupli- 
cate 100 g samples of soil were 
placed in a respiration apparatus 
and incubated at 28 C with mois- 
ture maintained at 200 mbar or 
about 18%. Evolved CO2 was ab- 
sorbed in approximately 1 N NaOH, 
and amounts were determined by 
differential titration using a Beck- 
man automatic titrator. Glucose, 
equivalent to 2000 ppm C, was 
added to half of the samples. The 
general procedure is described by 
Chandra and Bollen (1960) and by 
Bollen and Ku (1961). Results were 
plotted as accumulative difference 
in C released (mg/lOO g) as CO2 
from glucose-treated and untreated 
soil. 

Ten soil cores, 6.5 x 60 cm, were 
obtained from each field, and 
amounts of belowground plant ma- 
terial by 15 cm increments were 
measured. Hot-water-soluble car- 
bohydrate content of belowground 
plant parts from the upper 15 cm 
increment of the soil profile was 
determined (Deriaz, 1961) . 

Results 

Vegetation 

Species composition of the vege- 
tation changed as a result of graz- 
ing. Percentage basal area of blue 
grama (Bouteloua gracilis (HBK.) 

2 We are grateful to Dr. J. L. Neal, Soil 
Microbiologist, who conducted .the 
respiration study reported herein. 

Lag.), low sedge (Carex eleocharis 
Bailey), and little club-moss (Sela- 
ginella densa Rydb.) increased with 
increased grazing pressure whereas 
that of needle-and-thread (Stipa 
corn&a Trin. and Rupr.) and west- 
ern wheatgrass (Agropyron smithii 
Rydb.) decreased (Table 1). 

Weight of belowground plant 
parts in the upper 15 cm and in the 
O-60 cm increments of the soil pro- 
file increased significantly as graz- 
ing pressure increased, did not dif- 
fer significantly in the 15-30 and 
30-45 cm depths, but decreased 
significantly at the 45-60 cm depth 
(Table 2). Water-soluble carbohy- 
drate content of belowground plant 
parts from the upper 15 cm incre- 
ment was significantly greater 
under light or no grazing than 
under moderate or heavy grazing. 

Soil 

Amounts of polysaccharides in the 
Ah horizon of soil of the fields in- 
creased significantly with grazing in- 
tensity and paralleled the amounts 
of manure deposited by sheep dur- 
ing the study. The amounts of poly- 
saccharides were 20 1, 2 19, 229, and 
262 mg/ 100 g of soil from the un- 
grazed, lightly grazed, moderately 
grazed, and heavily grazed fields, 
respectively. Estimated amounts of 
manure deposited were 3,100, 3,800, 
and 4,400 kg/ha on the light, mod- 
erate, and heavily grazed fields, re- 
spectively. Analysis of soil outside 
and inside the holding pens showed 
that polysaccharides totalled 240 
and 532, 293 and 533, and 400 and 
706 mg/ 100 g of soil from the 
lightly grazed, moderately grazed, 
and heavily grazed fields, respec- 
tively. 

Table 2. Weight and water-soluble carbohydrate content of belowground plant 
parts of study areas grazed at various rates for the previous 19 years at Many- 
berries, 1970. * 

Measurement 
and depth Ungrazed 

Grazing treatments 

Light Moderate Heavy 

Belowground plant biomass (kg/ha) 
O-15 cm 14,955 a 16,163 ab 18,946 b 

15-30 cm 2,681 a 2,663 a 2,413 a 
30-45 cm 2,120 a 2,495 a 1,877 a 
45-60 cm 1,330 a 861 b 457 b 

Total 21,086 a 22,182 a 23,693 a 

Water-soluble carbohydrate content of roots (mg/g) 
O-15 cm 22.0 a 21.4 a 17.6 b 

24,038 b 
2,529 a 
2,299 a 

599 b 

29,465 b 

14.8 b 

+ Each value is the mean of two determinations on each of ten samples. Means in the 
same row followed by the same letter do not differ significantly at the 5yo level 
(Duncan’s multiple range test). 
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Table 3. Characteristics of Ah horizon of soil from the study areas 
various rates for the previous 19 years at Manyberries, 1970.” 

grazed at 

1.5 bar tension (%) 

Bulk density (g/cm3) 

Total C (%) 

Total N (%) 

NO,-N (pglg> 

C/N ratio 

Grazing treatments 

Characteristic Ungrazed Light Moderate Heavy / 
Color (dry) 1OYR 4/3 1OYR 5/3 IOYR 5/3 1OYR 513 

Texture 
sand (%) 53 a 51 a 51 a 52 a 
clay (%) 17 a 16 a 15 a 15 a 

Soil moisture 
April 1970 (%) 19.0 a 15.1 b 15.0 b 11.1 c 
200 mbar tension (%) 18.4 a 17.4 a 17.2 a 17.0 a 

6.7 a 6.1 a 6.5 a 

1.25 a 1.28 a 1.28 a 

1.15 ab 1.16 ab 1.38 b 

0.12 a 0.11 a 0.12 a 

0.68 a 0.78 a 1.00 a 

9.9 b 10.4 b 10.3 b 

0.065 a 0.078 b 0.079 b 

15.5 a 17.2 b 18.0 bc 19.5 c 

0.035 a 0.035 a 0.032 a 0.035 a 

2.5 a 2.6 a 2.5 a 2.3 a 

6.4 a 6.3 ab 6.0 b 5.8 b 

8.57 a 5.84 b 5.04 b 4.75 b 
0.70 a 0.74 a 0.65 a 0.68 a 
0.31 a 0.22 b 0.23 b 0.20 b 

2.60 a 2.72 a 2.92 a 3.40 b 

15.1 a 13.7 a 13.7 a 13.2 a 

7,3 a 

1.27 a 

1.10 a 

0.12 a 

0.53 a 

9.1 a 

Alcohol/benzene- 
extractable C (%) 0.054 a 

Alkaline-soluble C 
(% of total C) 

Total P (%) 

Available P (pg/g) 

Soil pH (CaC12) 

Exchangeable cations 
Ca (meq/lOO g) 

K @q/l00 g) 
Na (meq/lOO g) 

Exchangeable acidity 
(pH 8.1 (meq/lOO g) 

CEC (meq/lOO g) 

* Values are means of two determinations on each of ten samples. Means in the same 
row followed by the same letter do not differ significantly at the 5yo level (Duncan’s 
multiple range test). 

The accumulative difference be- 0.6 kg/ha N; 0.09, 0.12, and 0.15 
tween the CO2 released by the kg/ha P; and 0.16, 0.21, and 0.25 
glucose-treated and the untreated kg/ha Ca from the fields grazed at 
soil was greater for soil samples the light, moderate, and heavy in- 
from the heavily grazed than from 
the ungrazed fields after 10 days 

tensity, respectively. The estimated 
amounts of elements contained in 

(Fig. 1). 
With few exceptions, correlation 

the Ah horizon in the ungrazed 

coefficients among various soil fac- 
field were 2,700 kg/ha N, 780 kg/ha 

tors were highly significant (Table 
P, and 8,700 kg/ha Ca. 

4). 
Amounts of elements removed 

Discussion 

by animals from soil of the grazing Increased grazing pressure had 
fields were low in relation to total little effect on physical character- 
amounts in the profile. The esti- istics of the soil such as texture, 
mated amounts of elements re- moisture tension, and bulk den- 
moved annually were 0.3, 0.5, and sity (Table 3); or on total and avail- 

able P and N content. But a num- 
ber of significant changes did occur. 
The pH changed from 6.4 under 
no grazing to 5.8 under heavy 
grazing. Total C, alcohol/benzene- 
extractable C, alkaline-soluble C, 
and polysaccharides all increased 
with increasing grazing pressure. 
Most of these soil characteristics 
were significantly correlated (P < 
0.05, Table 4). However, the corre- 
lation of total C content with 
alkaline-soluble C was low and not 
significant. It was likely that the 
increase did not occur simulta- 
neously, that is, the total C in- 
creased relatively less than did the 
alkaline-soluble C, when considered 
as percent in the soil. Usually a 
negative relationship exists between 
alkaline-soluble C and exchange- 
able Ca; however, in this study the 
relationship was not significant. 

Although data obtained in labo- 
ratory respirometers, in which soil 
was wetted and treated with glu- 
cose, cannot be extrapolated to 
field conditions, the effect of dif- 
ferent grazing intensities on poten- 
tial in vitro decomposition rates 
can be studied using this technique. 
The greater difference in CO, re- 
lease between untreated and glu- 
cose-treated soils in heavily grazed 
than in ungrazed areas was expected 
because of the greater amount of 
total belowground plant biomass 
(Table Z), total C, NO,-N (Table 3), 
and the polysaccharide content of 
belowground plant materials in the 
heavily grazed areas than in the 
ungrazed ones. 

Soil compaction on the fields 
grazed by sheep was not a problem 
on these generally dry soils. There 
were no differences in bulk density 
of soil from grazed or ungrazed 
fields. Soil compaction by trampling 
has been reported in other studies 
(Humphrey, 1962). 

The increased weight of below- 
ground plant material on the heav- 
ily grazed field at depths to 15 cm 
reflects changes in the vegetative 
cover (Table 2 and 1). Deeper- 
rooted needle-and-thread and west- 
ern wheatgrass were replaced by 
shallow-rooted little club-moss and 
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FIG. 1. Potential accumulative decomposition of soil organic matter from the ungrazed 
enclosure and from a field heavily grazed for the previous 19 years, Manyberries, 1970. 

blue grama. Coupland and John- upper portion of the soil profile. 
son (1965) have shown that depth of Under heavy grazing, soil moisture 
rooting of blue grama averaged 19 in spring was significantly lower 
cm less than needle-and-thread and than under no grazing. Beebe and 
29 cm less than western wheatgrass. Hoffman (1968) found that where 
Both blue grama and little club- heavy grazing had significantly re- 
moss have roots near the soil surface duced the vegetation cover both soil 
and, hence, are well adapted to con- surface temperatures and evapora- 
ditions where moisture during the tion rates increased. The greater 
growing season is confined to the concentration of roots at the 45-60 

cm level on the ungrazed site than 
on the grazed fields shows the effect, 
noted also by Lorenz and Rogler 
(1967), of herbage removal by graz- 
ing., As intensity of grazing in- 
creased, water-soluble carbohydrate 
content of the roots decreased. Kin- 
singer and Hopkins (1961), Jameson 
(1963), and Troughton (1957:56) ob- 
tained similar results. 

The addition of feces and urine 
may add growth-promoting sub- 
stances to the soil and thereby aid 
root growth (Jameson, 1963). Since 
these substances would . generally 
be present at shallow depths (Kon- 
onova, 1966:340), one would expect 
the proportion of roots at this depth 
to increase as intensity of grazing 
increased (Table 2). Kononova 
(1966:340) concluded that as ma- 
nure enriches the soil it increases 
the content of mobile forms of 
humic acids in the composition of 
humus. Also, root production by 
plants is vigorous in the presence 
of water-soluble humus substances. 

This study indicates that con- 
tinued heavy grazing of Stifxz-Bou- 
teloua prairie not only changes the 
vegetative cover but also some of 
the soil properties in the Ah hori- 
zon. Part of the changes in the soil 
were induced through a reduction 

Table 4. Correlation coefficients to show relationships among environmental factors, Manyberries, 1970 (n = 40). 

-----------------------------~~~~~~~~~~~~~~~~~~~~~~~-~__________________________ ______________________~_~~~~~~~~~~~~~~~------------------- 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

Sand in Ah (X) 

Clay in Ah (X) 

Soil moisture - 200 mbar tension (2) 

Soil moisture - 15 bar tension (2) 

C (%) 

N (2) 

Alcohol/benzene-extractable C (X) 

Polysaccharides (mg/lOO g) 

Alkaline-soluble C (X of total C) 

Total P (X) 

CEC (meq/lOO g) 

Exchangeable cations 

Exchangeable cations 

Ca (meq/lOO g) 

K (maq/lOO g) 

1.000 

-0.628** 1.000 

-0.795** 0.792** 1.000 

-0.596** 0.724** 0.865** 

-0.741** 0.551** 0.751** 

-0.633** 0.542** 0.737** 

-0.671** 0.292 0.560** 

-0.691** 0.410** 0.689** 

-0.113 -0.029 -0.020 

-0.636** 0.713** 0.810** 

-0.521** 0.576** 0.737** 

-0.279 0.603** 0.687** 

-0.702** 0.707** 0.812** 

1.000 

0.672** 

0.692** 

0.374* 

0.702** 

-0.024 

0*779*x 

0.789** 

0.7a7** 

0.885** 

1.000 

0.933** 

0.752** 

0.886** 

0.122 

0.726** 

0.713** 

0.341* 

0.698** 

1.000 

0.604** 1.000 

o.a41** 0.711** 1.000 

-0.018 0.243 0.220 1.000 

0.776** 0.366* 0.615** -0.090 1.000 

o.i321** 0.317* 0.689** -0.066 0.7a3** 1.000 

0.431** 0.061 0.407** -0.213 0.581** 0.601** 

0.628** 0.503** 0.694** 0.054 0.?21** 0.670** 

1.000 

0.615** 
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Effects of Wildfire on Timber and 
Forage Production in Arizona 

H. A. PEARSON, J. R. DAVIS, AND G. H. SCHUBERT 

Principal Range Scientist, Associate Forest Fuels Specialist, 
and Principal Silviculturist, respectively, Rocky Mountain 
Forest and Range Experiment Station,1 Flagstaff, Arizona. 

Highlight 
A severe May wildfire decimated an unthinned ponderosa 

pine stand in northern Arizona, while an adjacent thinned 
stand was relatively undamaged. Radial growth increased 
on burned trees where crown kill was less than 60% and 
decreased where crown kill was more than 60%. Burning 
initially stimulated growth of herbaceous vegetation in both 
stands. Herbage nutrient value was temporarily enhanced 
due to burning. Artificially seeded areas produced most 
herbage 2 years after burning. 

Wildfire is a constant threat to ponderosa pine 
forests in the Southwest, but little has been pub- 
lished about effects of severe wildfire on lesser 
vegetation. In this case history, both ponderosa 

l Forest Service, U.S. Department of Agriculture, with cen- 
tral headquarters maintained at Fort Collins in cooperation 
with Colorado State University; authors stationed at Flag- 
staff in cooperation with Northern Arizona University. 
Pearson is now with the Southern Forest Experiment Sta- 
tion, Pineville, Louisiana. 

pine and herbaceous vegetation were measured 
prior to and following a severe May wildfire in 
northern Arizona. 

Study Area and Methods 
In 1967, lightning started a wildfire in a ponderosa pine 

(Pinus ponderosa Laws.) stand north of Flagstaff. About 
800 acres of pine timber were burned, including two exper- 
imental pastures on the Wild Bill Range (Pearson and 
Jameson, 1967). Since tree and herbage growth had been 
measured for 5 years prior, the fire provided an opportunity 
to evaluate the damage and recovery of the vegetation. 

The study area burned May 9, 1967, during clear weather, 
3 days after a light snow and rain storm (0.14 inch precipi- 
tation). The upper layer of litter was relatively dry, the 
lower litter was moist, and wind averaged 20 to 40 mph. 
The fire danger rating was high. 

Before it burned, one pasture (unthinned) had an 
average of 126 f@/acre basal area of pine trees which had 
not been logged or thinned for many years. This uneven- 
aged stand included many young trees established in 1919 
through natural regeneration, and some older trees dating 
back to the 1800’s. The other pasture had been thinned in 
1963 to approximately 20 fta/acre. 

The dense, unthinned stand in one pasture burned by 
crown fire with flames 30 to 40 ft above the tree tops. The 
thinned stand in the other pasture burned by ground fire 
with tree scorch several feet high on the boles. 

Native understory vegetation before the fire consisted 
mainly of Arizona fescue (Festuca arizonica Vasey), mountain 
muhly (Muhlenbergia montana (Nutt.) Hit&.), bottlebrush 


