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ABSTRACT
The influence of grazing on the vegetative cover of f_escrre grassland in

,or,-fr*"ii.in Alb.tt"" was" assessed by studying two 
_ 
adioining .sites, one

lishtly erazed, the other ungrazed. Percentage basal area' ylelcl' weter-
i;i;i; t-;;;;l-i.*p..riut,"soil ,moisture, a'id a-o.,nt of root material
were compared on a paired plot basts.

t1," a"i" showed-tiat ligdr grazing resulted in the development of a

.i.i.t;; fl;;; -ao-i"tt.d 
by" Dairhonla parryi. Prcrection from grazing

appcared to simplify the flora with a rrend towald a covef conslstlng
iiti.i" .f Festu'ca scabrella. There was little evidence of difference in
prfiiJ.ti"ity between the two sites. Cooler and rnoister conditions pre-
i,*it"a i" ili" opp.r 12 inches of the soil qrofilg of_ the ungrazed site as a
t".Ji of h""rry iccomulation of mulch. Consideratrly more root. material
io " a"ptt-t of 54 inches was pre,sent on the lighdy graz,ed site' The
harmful'effects of hcrbage removal, shown by clipping srudies' were not
apparent in the field study under a light rate of grazing'

INTRODUCTION
Range managemenr literature stresses the harmful effects of grazing, as

the tendEncy ir ;o describe regressive, trends from protected to ovefgrazed

sites. Cons'equently, little is k-nown about grazing pressure as an ecological

influence (3).
Liqht grazing is frequently suggested as a means of range improvement

and stridies"have"shown^the practice to be feasible (4,5, l0). This is at

variance with much of the exPelimental evidence which suggests _that
herbage removal is damaging. Too [ttle is known of the effects of light
graziig to permit any v;yineaningful conclusions (3)'

The objectives of the study lepofted herein were to obtain quantitative
data on the'differences between lightly gr^zed and ung-razed range sites and

to assess the effects of grazing per se on the vegetative cover.

DESCRIPTION OF THE AREA

At the Range Experiment Substation, Stavely, Alberta'. a-n area that
had been lightiy 

"grazed ("ver"ge utilization 15 to 25.Per cent). for a .pe1iq{
of t2 yeari was 

-available for itudy. L_2-acre exclosure within this field
and an ad]oining 2-acre plot from the field itself were selected for com-
parison (Figure 1).

From 1884 to 1908 the site was grazed by cattle on a moderate use

basis (1). From 1908 to 1920, the area carried horses again on a moderate

summer use basis. It was ttsed as summer range for cattle from 1920 to
1943 and was heavily grazed during the drought years o! the thirties. In
1944 thei area became part of a large ranch and was lightly trsed as winter
Dasture until 1949. I; l9+9 the area was lie'htly stocked with cattle on a

irr*-., use basis; the exclosure was fenced ind'protected from all grazing
by livestock. This type of use was maintained until 1960.

--l6Jtt ibrtion from the Forage Crcps Section, Canada Agriculture Reseuch Station, Lethbridge,
Alta.
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The vegetation of the area has been described by Moss (7) and Moss
and Campbil (l). It is considered part of the Festaia scabrella association,
althouSh-it has a richer flora than much of the remainder of the association.
Dantb6nia purryi and Festucw idah'oensis are the chief associated grasses'

D. parryi is of particular interest since it behaves as an edaphic subclimax
species on expoied sites and as a disclimax under heavy utilization (8).

The study site was situated on orthic shallow black soil developed on

glacial till. Th. t."tot" of the soil ranged from loam to clay loam. The
Elimate has been classified as "moist subhumid" with little or no wat€r
deficiency at any season (12). Average annual precipitation near-the study
sites for the oeiiod 1950-1959 was 23.91 inches of which 9.21 inches, or
approximately +O per cent, .was received as snow.

METHODS

The study was divided into three parts as follows:

1. Vegetation
A vegetation analysis was conducted by the vertical point method (6).

Three thousand points per study site were examined and the Percentage
basal area was determined in August, 1960. Basal area data obtained bv
the same method in August, l949iwere available for comparison.

Yields of the various components of the veqetative cover were deter-
mined in late July, 1960, by clipping 30 four-squaie-foot plots on each scudy
area. The clipped material was divided into green grass, gre,en forbs and
shr-ubs, fresh mulch, and humic mulch according to the method of Dykster-
huis and Schmutz (2). Green grass consisted of all live portions and the
dead tips of the growing grasses; Curer spp. were. included in this grouP.
Green Torbs and shrubs consisted of the living, above-ground portion of
these plants and included partially dead stems. Fresh mulch consisted of
the frdsh residuum of herbage and-was made up of the upper layer of bulky,
coarse, leafy, and largely undecayed natural mulch. Humic mulch con-
sisted of largely decayidi disintegrated, and fragmented organic residuum of
fresh mulch-. The dry matter contents of these materials were determined.

Plant vigour was rated by measuring the maximum leaf height and

average basal diameter of 40 paired plants of F' scabrella.

2. Soil
Soil moisture samples were taken at l2-inch increments to a depth of

48 inches with a King rube. Thirry cores were obrained in each study area.

Soil moisture was determined by oven drying the samples for 24 hours at
22O"F. Soil temperatures at an 8-inch depth were recorded daily at ten
paired locations from August I to October 31, 1960.

A measure of water-intake was obtained with a mobile infiltrometer
according to the procedure outlined by Rauzi (11). A simulated rainfall
intensity of 3.60 inches per hour was applied to three 4-square-foot plots
in each study area. Yields of herbage and mulch and soil loss were deter-
mined on the same plots.
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Ftct'np 2. Plants of Festuca scabrella unclipped and clipped to stubble
heights of 5 inches, 3 inches, and 1l inches at 4-$'eek inten'als.
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Frcune 1. General vier.v of thc
(broken line) and lightly grazed area
moderate west-facing slope.

study sites showing
(soLid line). The study

the ungrazed exclosure
sites rvere located on a
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July, 19611

Danthonia porry'i
Festuca scabrella
Festuca id,ahoensis
Agropyron subsecundum
Bromus pumpellianus
Other grasses
Carex spp.
Forbs and shrubs
Total

JOHNSTON_FESCUE GR.ASSLAND

Study sites
in 1949

Lightly grazed
1960

617

Thirqy 2%-inch cores were obtained by 6-inch inc-rements- to a dePth

of 54 inclies within each study area. Since the samPles were found to be

too small for efiective root washing, the separate increments for each treat-

ment were bulked, washed, and a iingle weight of roots recorded'

Student's Pairing Method was used in the analysis of PaIt of the data

obtained in (1) and (2) above'

3. Greenhouse Study
Sods containing single plants of F. scabrella were .removed from an

ungrazed stand, triirmed" to^6 x 6 x 4 inches, and-transplanted into metal

coitainers filled with a 60:40 mixture of loam and sand. The containers

measured 10 x 10 x 28 inches deep and had one removable side. -Top-

srowth was removed when the sods^r.vere placed in the greenhouse. Tiller
iumbers of all plants were made approxiriately equal at 

_the- 
beginning of

the clipping experiment and were derermined-at ihe end of the 16-r.veek

growdg pJriod. Four clipping intensities wgle ysgd.; cliPPed.at the end
'of fO #.its and at 4-week inlervals to stubble heights of lyz,3, and 5

inches. Yields of top-grorvth and foot-growth wele determined at the end

of the growing period.
RESULTS

The percentage basal area of vegetation_ on the lightlY grazed and un-

grazed sitis in 19i0 and the percentage basal area in 1949 are Presented in
table t. D. paryi decreased under frotection rvhile F. scabrel.la increased.

This would siem to support Moss (a),'ivho stated that the former grass

behaves as a disclima* ,rnd.r grazing pressure. The basal area of D. p'arryi

rvas maintained under light giazingf even with the increase in basal alea of
F. scabrella. F. idahoensis, which has reacted as an increaser under heavy
grazing, showed a slight reduction in percentage. basal area urder light
-grazin!. 

Percentage 6asal area of Bromis pu,mpellianu.r increased consider-
ibtv fiom 1949 to- 1960 on the unqfazed site and to a lesser extent under
figllt grazing. The increased groivth occulled between the tussocks of
Fl scabrelta and in the presence of natural mulch. The increased Pelcentage
basal area of "Forbs and shrubs" shown for both the ungrazed and lightly
grazed sites was due to an inctease in size of plants of Potentilla fru:ticosa.

TAnTB 1. AvERAGE PERCENTAGE BASAL AREA OF VEGETATION OF TWO STUDY SITES AT

Unqrazed
1960

8.25
.1_/J
I.JJ
0.35
0.01
0.69
1.80
3.30

19.50

5.57
6.03
I. JJ
0.13
1. {0
0.07
1.50
4.29

20.52

8.80
4.97
1.10
0.40
0.60
0.40
2.7 7
+.74

23.78

srAvELY rN 1949 eNn 1960

lNomenclature follo*s that of l{oss, Ii. II. Flora of Alberta. Univ. Toronto Press. 1959.
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2.-Hprcur AND DTAMETER oF FEsrucA scABRELLA PLANTS AND YIELDS oF soME

coMpoNENTS oF THE VEGETATTVE covER' sravor-v, 1960

Ungrazed Lightly
grazed

Fesluca scabrella:
Average plant height (inches)
Average plant diameter (inches)

Yield (pounds dry matter per acre):
Green grass
Green forbs and shrubs

Total green herbage
Fresh mulch
Humic mulch

Total mulch
Total organic matter

19.8
4.39

1,464
762

2,226
3,889
7.154

11,043
t3,299

19.0
3.38

1,252
936

2,t88
2,881
4,850
,,/Jl
9,9r9

2.09*
1.24
0.28
4.00 t *
4.94**
5.70 * *

39
39

29
29
29
29
29
29

tSignificant at P 0.05
++Significant at P 0.01

Total number of species detected by the point method' including Crrer
sDD.. was considerablV er.rt.t under light gr;zing (31 species) than on the

p"'oi.ct.d area (19 sptcles) or on the stidy-sites in tS+S (23 species). Nine

Lrass species were d'etecred in 1949, whil6 in 1960 eight sPecies \t'ere noted

6n thJ lighrly grazed area and six species on the ungrazed sit€. Thirteen
sDecies or fo;bs- and shrubs were defected in 1949, while twenty-two were

ioted under light grazing and twelve under Pfotection in 1960. The addi-

tional forbs dEtect"ed un-der light grazing included Thalictrum venxLlosunn,

Heachera richardsonii, Ziziw Tptera, Aiernone pntens var. wolfgangirnia,
Tardxacurn ofiicinale, Agoseris glffirca, Lupinus firgenteus, Geum triflorum,
Fragmia ,uirginiana, and Thermopsis rhombifolia. Stipa spffted var. cur-
tiseia and Agropyron dasystachyum were detected in 1949 but were not
recorded on the protected site in 1960.

Comparisons of several constituents of the vegetative cover are shown in
Table 2. ^ Plant vigour, as reflected by the height of F. scabrella, did not
differ berween treitments. Diameter of plants was significantly different
(p 0.05), smaller plants being characteristic of the- lightly gnzed area.

ihir ir in agreemenr with Moss and Campbell-(O), who.pointed.out that a

decrease in "diameter of tussocks occuls when fescue prairie is utilized.

The amount of surficial organic mafter found on the study sites

(Table 2) was comparable to that ieported for tall-grass prairie by Dykster-
huis and Schmutz (Z). The differences berween the two sites were prin-
cipally in the amounts of fresh and humic mulch which were higher

ff o.'Or) on the ungrazed site. Differences in yield of green herbage on
th. t*o'sites wele not significant and the apparent difference in grass yields
was probably caused by grazing. The lightly grazed study site was ac-

cessible to cittle from May l5 to July 20,1960.
,Cooler and moister conditions prevailed in the uPPer 12 inches of the

soil profile under protection than on the lightly grazed site (Table 3). Soil

t"-per"tnt" differences were small and tended to become equal as the

,"rr6n advanced. Percentage soil moisture was higher (P 0.05) in the
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TeeI-B 3.-MreN

JOHNSTON-FESCIJX' GR.{SSI,AND

MoNTHLY sorl- TEMPERATURES AT en 8-rxcu oppru
ON TWO STUDY SITES

Month

0-12 inches
12-24 inches
24-36 inches
36-48 inches

52"F.
48"F.
4J T.

1 1,193
1,109
1,797

884
JJJ
370
351
170
218

16,425

Ungrazed Lightly grazed

Auqust, 1960
September, 1960
October, 1960

54'F.
49"F.
43'F.

Teslp  .-PTRCENTAGE sorl, MorsruRE AT vARIous DEPTrrs oN
TWO STUDY SITES

Soil depth Ungrazed Lightly grazed

19.38 *
14.35
13.52
14.00

*Significant at P 0.05

Teslo S.-Wnrcrrr oF uNDERGRouND PLANT MATERIAL IN PouNDs PER

Soil depth Ungrazed Lightly grazed

0- 6 inches
6-12 inches

12-18 inches
18-24 inches
24-30 inches
30-36 inches
36-42 inches
42-48 inches
48-54 inches
Total

20,067
3,297
2,293
1,520

688
470
407
281
a A1

29,265

upper 12 inches on rhe ungrazed site but did not differ between sites at

dfpths of from 12 to 48 inJhes (Table 4).
Dry weights ofl root rnaterial at various depths from the fwo sites are

shown 'in tinle S. It is apparent that more root -gt-"*lh occurred on

the lightly grazed area than bn the Protected site at all depths'

Water-intake rate and soil loss are shown in Table 6' Average values

for the second 30-minute pedod and the fourth l5-minute Period of a

l-hour run indicate that inireasing amounts of natural 'mulch on. the Pro.-
tected site (Table 2) resulted in gieater water-intake lates and in lower soil

loss per "crL. 
The warer appHc;ion intensity of 3.60 in-ch-eg.p9r hour used

in tiis tesr was probably ilell in excess of natural rainfall intensiqy for
the area.

Results of the greenhouse clipping exPeliment indicated that herbag-e

removal was damagfing to the lnaiviairal iange plant.. fo."t plants of F.

scdbrelld, one uncli"ppJd, the others clipped ttsnibble heights of 5, 3, and

22.19
14.49
13.34
12.7 5

ACRE AT VARIOUS DEPTHS ON TWO STUDY SITES
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Teer,B 6.-WIrER-TNTAKE RATE AND sorr- Loss FRoM Two sruDY srrEs

Ungrazed Lightly
grazed

Water-intal<e rate during 1-hour run of :

Second 30-minutes ( inches/hour )

Fourth 15 minutes (rnches/hour)
Soil loss (pounds per acre)

I 1A

2.20
65

l rl inches at 4-sreek intervals, are show-n in Figure 2. The S-inch clippilg
treatment, comparable to 20 per cent utilizatioh, resulted in a considerable
reduction in weight of roots ai conrpared to the unclipped control (Table 7).
Tiller productioi was vigorous when piants were clipped to a S-inch stubble
height^but v'as reduced ivhen plants rvere clipped to I inches. Comparable
results have been obtained in greenhouse clipping studies rvith F. idahoensis
and D. parryi*.

DISCUSSION

The character of the vegetation on the study sites was changed as a
result of the treatments impoiid during the 12-yeir period. Light-grazing
tended to favour dominanc-e by D. pariyl r,r'hile protection from all grazing
favoured dominance by F. scabrella. Light grazing resulted in the develop-
tnent of a more varied flora vuith a greater total percentage basal area while
protection frorn grazing appeared to simplify the flora with a trend toward
a cover consisting largely of F. scabrella. A varied cover could conceivably
be of value to the ecosystem especially during tjmes of climatic stress. The
change in character of the vegetation was not accompanied by a change in
production. In terms of percentage basal area, there was little doubt that
an improvement in range condition had occurred during the 12 years of
light grazing.

Large amounts of natural mulch had accumulated on the ungrazed site
and seemed to be partially responsibie for the simplification in plant com-
p"r"t"" that had taken place under this treatment. The importance of
runpubli$hed, data

Teslo 7.-ErFEcr oF v-{Rrous cr.rpprNc TREATMENTS oN FESTUcA sCABRELLA pLANTS

Yield of dry
matters in grams

Treatment
Estimated
percentage
utilization

Top-
growtb

Root-
growth

Unclipped
Clipped every 4 weeks to 711 inches
Clipped ever,v 4 weeks to 3 inches
Clipped every 4 weeks to 5 inches

20.16
1.84
5.9 1

15.96

15.03
0.68
2.98
7.83

0
90
ttt
20

IN TIIE GREENHOUSE

Number of
tillersC
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July, 19611 621JOHNSTON-FESCUE GRASSLAND

natural mulch in conditioning the soil surface for infiltration and resistance

to erosion was shown.

The weight of the root mass was greater-under light g:?':"gthan under
proteition. -Si-il"t results have been noted elsewhere (14). Troughton

i t4; rt"t.r that resuhs from a clipping experiment with. I o.liu.qn perenne

sho*ed that the weight of roots ir?,r ptani decreased with increasing in-
tensity of defoliation" brrt that thb robt rveight per unit area of sward

increased. This was attributed to an increasJ in iir.tt density as a result

of defoliation. Stevenson and White (13) have also reported a greater
weight of roots under grazed than under -ungrazed. 

prairie. Thus the

incieased percenfage basaT area found under light grazing accounts. in part
for the difier.nc..- Another reason for this difference may be related to
a factor that was not assessed in this study. Troughton (14) reports-that
a number of investigators have noted reduced rooi growth as a result of
partial shading. Shi'ding was a greater factor on. the ungrazed site as a

iesult of dominance by -a tall-groiving species and large amounts of mulch
than on the lightly grazed area.

Results obtained from clipping studies in the greenhouse appeared.to

contradict those obtainea in ttre neta. In the greenhouse, a considerable

reduction was noted in amount of top- and root-grorvth when- 20 per cent

of the herbage was removed. The fiela study, after 12 years of comparable

utilization, slowed an increase in amount of root-growth and a slight re-

duction in arnount of top-growth, the latter being attributed to Priof
utilization by cattle. Wilio-n (15) reported similar contradictory_results
between greenhouse and field clipping tests rvith F. rnbru and Dactylis
glorneratal In the greenhouse, yieldi ofboth top- and root-grorvth declined
as the severity of c-lipping incr-eased r,vhile, in the field, higher yields were

obtained by ilippingib "lo*e. stubble height. In_a,su'bsequent greenhouse
experimeni, Wition 115) used larger sods, harvested the centre portion only,
and duplicated field results. Helonsidered that a high light intensiry n:1t
the basi of the plant was important to regrowth and concluded that this
was availeble to porred planti in the greeihouse under all stubble-.heights
but only to closely clipied plants in itte fi"td because of self-shading.- A
similar 

-explanation 
may apply to the study reported herein. The data

suggest that greenhouse clipping tests should be used with caution when
applied to actual grazing studies.

CONCLUSIONS

A light rate of grazing on the study site resulted in some diversification
in plantiomposition, a greater total percentage basal 

^!e , ? lesser accumu-
lation of ,rafor"l mulc( and in " gt."t"t ainount of underground plant
material per unit area. The harmful effects of herbage_ remor,al shown. by
a clipping experiment were not aPParent under a light rate of grazing.
This suggests ihat any beneficial effects of grazing accrue to the ecosystem.
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