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INTRODUCTION 

What happens to individual forage plants when 
subjected to different degrees of grazing by cattle? 
In what way does grazinig change growtlh habits 
and compositioni of the herbaceous vegetation? 
Answers to these basic questions will help the 
range operator to properly evaluate his range- 
management practices. 

Six experimen-tal pastures on native ponderosa 
pine-bunchgrass ralnge at the Manitou Experi- 
mental Forest near Woodland Park, Colorado, 
furnished an- excellen-t opportunity to study 
changes in native vegetation is relation to past 
grazing use. These ulnits had been grazed at 3 
intensities for 9 years. In each unit, exclostures, 
which had not beenl grazed for 10 years, were 
available. 

DESCRIPTION OF THE AREA 

The pastures are located oln alluvial granlitic 
soils in the Trout Creek Valley. These soils are 
relatively infertile, low in organic matter, and 
highly erosive. The gently rollinig topography has 
an average easterly aspect with slopes of 10 to 20 
per cent. The area is covered with a typical open 
stand of ponderosa pine (Pinns ponderosa)2 in- 
terspersed with grassland parks. 

Climatic records at the experimental forest 
headquarters from 1937 to 1950 show an average 
annilual rainfall of 15.98 inches, with fluctuations 
ranging from 7.99 inches in 1939, to 25.80 inches 
in 1947. More than three-fourths of the total pre- 
cipitation comes during the period of April 
through September. Normally winters are open 
with little snowfall. Summer daytime tempera- 
tures range from 750 to 85? F. and fall to 350 
to 45? F. at night. Winter temperatures average 
about 40? F. in the daytime anid 0? to 5? F. at 
night. 

METHODS 

Beginninig in 1941, the 6 pastures were grazed 
by yearling heifers from Juine 1 to October 31, at 
3 rates of stocking. The heavy rate was estab- 

1 Forest Service, U. S. Department of Agriculture, with 
general headquarters at Colorado A. & M. College, Fort 
Collins, Colorado. 

2 Nomenclature of plants in this article is based on 
Standardized Plant Names, seconid edtion, by H. P. Kel- 
sey and W. A. Dayton. 

lished at 50 per cent or more utilization of the 
palatable grass and sedge herbage; the moderate 
rate at 30 to 40 per cent utilization; and the light 
rate at 10 to 20 per cent utilization. These rates 
of grazing were not achieved in the beginning. 
The light intensity was first achieved in 1942, the 
moderate rate in 1942 on onle pasture and in 1943 
on the other, and the heavy- rate in 1943 on one 
pasture and in 1944 on the other. After these 
dates, the utilization goals were achieved each 
year. 

The current study was conducted during 1949 
and 1950, and was based on miieasurements and 
observations made at 12 locations in the grassland 
parks of the pastures. Three sites each year were 
studied on areas typical of the heavy, moderate, 
and light rates of grazing and 3 sites were in ex- 
closures that had not been grazed since 1939. New 
sites were selected each year, the sites being pro- 
tected from grazing by temporary wire exclosures 
during the year the observations were made. Al- 
though not grazed during the year measurements 
were made, plants in the heavily grazed pastures 
are referred to as "heavily grazed"; those in mod- 
erately grazed pastures, "moderately grazed"; 
alnd those in lightly grazed pastures, "lightly 
grazed." 

A series of 20 sampling plots, each 1 foot wide 
and 10 feet long, was established within each ex- 
closure in the pastures. Random selection of 10 
out of each 20 plots determined the actual plot 
location. Species segregation on each plot was as 
follows: 

Grasses: 
Little bluestem (Andropogon scopariuls) 
Blue grama (Boouteloua gracilis) 
Parry oatgrass (Danthonia parryi) 
Arizona fescue (Festuca ari2onica) 
Mounltain- muhly (Muthlenbergia miiontana) 
Other grasses 

Grasslike: 
Sedges anld rushes (Carex spp. and Juncus spp.) 

W\eeds: 
Rose ptissytoes (Antennaria rosea) 
Nickleaf milkvetch (Astragalins goniatuts) 
Trailing fleabane (Erigeron flagellaris) 
Fringed sagebrush (Arteiniisia friqida) 
Othier weeds 

This file was created by scanning the printed publication.
Errors identified by the software have been corrected;

however, some errors may remain.
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On each samiple plot, the average height growth; 
ntumiber of seedstalks of grasses; nutmiber of seed- 
lings; numb)er of planits an(d ntumber of ttufts per 
plant for grasses ;3 herbage yieldl; an(d litter ac- 
ctumutlatioin were determinied for each species. In 
additioni, the air-dry weight of roots in the top 
ctubic foot of soil was determinied for three major 
grasses anid soil moistture was determined( at 
mlonithly intervals on each sampling area. 

To determinie when anid to what extent cattle 
graze the major forage species, 30 grazed plots in 
each of the 3 pasttures were meastured in 1950. 
Percenitage comiipositioni of the herbage by voltume 
was estimiiated at the beginniinig of the grazing sea- 
sonl. Utilization by species was estimated on1 Jtuly 
18, Auigtust 15, anid niear the encd of the grazing 
season, September 25. 

RESULTS 

Other inivestigators have showni that heavy 
grazing of pinie buniichgrass raniges tenids to remove 
the more palatable, high-pro(dticinlg grasses from 

A tuft was considleredl as a l)art of the crowni pro- 
clucinig greeni herbage hut separate(d from other producing 
parts by one-half inch or more of nonp)rodlucing crown. 

the vegetational complex (Hansoni 1924, Costello 
an(l Schwain 1946). These are replaced by grasses 
of lower palatability, uisuially sod-forming species, 
anid by unpalatable weeds and half-shrubs. Under 
the heavy rate of stocking, which brought about 
the mnost ranige deterioration, such deterioration 
had progressed only to the transitioni from buunch- 
grasses to sod grass stages (Johnsoni 1953). The 
changes brought abotut b)y grazing evaltuated here 
are representative of onily first stages of retro- 
gressioni from the climax conditions. Such chaniges 
are the first indicationis that managemeint practices 
are at fault and that corrective measures are 
needed. 

Utilization of herlbagje 
The palatable species conisidered inl utilization 

estimates and their percentage utilizationi are 
shown in 1Figure 1. All species received sub- 
stantial utilizationi onl the heavy-use areas, btut on 
moderate- anid light-use areas, bllue grama and 
fringed sagebrush were only lightly grazed. Moun- 
taim mILuhly and Arizona fescue were grazed most 
heavily oIn all except the light-use areas where little 

70 r HEAVY , MODERATE LIGHT 
GRAZING,/ GRAZING GRAZING 

60 | / / | | LEGEND 
60 ~~~I 0 

60 /----Arizona fescue 
Z M/ ountain muhly 

--Sedges 

~50 / 
F 

- ringed sagebrush 
< 50 p / /0 / j - j = Blue groma 

;00 0 Little bluestem 

40 / 

Exprill /I / 

x 20 0 /-*// 
0 i- 0 o 

0~~~~~~~~~~~~ 

0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120 

DAYS AFTER BEGINNING GRAZING 
F-iGc. 1. Seasonial use of major forage species oil pinie buncligrass rang-es grazed at .3 initenisities, Manittou 

Experimental Forest. 1950. 



792 W. M. JOHNSON Ecology, Vol. 37, No. 4 

bluestem received heavier utilization than any 
other species. Arizona fescue and little bluestem 
were preferred grasses during the early part of 
the season. Mountain muhly and blue grama, 
where they were grazed, received heavier use dur- 
ing the latter part of the season. Sedges appeared 
to be palatable during all the grazing season. The 
comparatively light utilization of blue grama and 
fringed sagebrush, even on areas heavily grazed, 
explains the ability of these species to maintain 
themselves and, as the better forage plants are 
killed, to become the dominant vegetation on over- 
grazed ponderosa pine-bunchgrass ranges. 

Mounitaini muhly was the most abundant species 
on all grazing areas studied. Similarly, it fur- 
nished the bulk of the forage consumed by cattle. 
In proportion to the amount of herbage taken, 
more mountain muhly was grazed on light than 
on either moderate- or heavy-use areas. On mod- 
erate-use areas, where Arizona fescue and moun- 
tain muhly were about equal in abundance, they 
made up about the same percentage of the forage 
consumed. Heavy grazing was the only degree 
of use under which blue grama furnished any 
appreciable volume of forage. 

From these studies, it appears that both palata- 
b)ality and abundance are importance in the way 
cattle graze the vegetation. Palatability deter- 
mines the degree of utilizationi of the species. 
Little bluestem anid sedge were comparatively 
heavily utilized under all rates of grazing, but 
never furniished any appreciable volume of forage 

because they were not abundant. Some species 
such as blue grama and fringed sagebrush were 
fairly abundant on the heavily grazed areas, but 
were not heavily utilized. They were grazed only 
after the more palatable species were heavily 
utilized. 

Species comtposition 
On heavily grazed areas, the grasses and sedges, 

based on air-dry weight of total herbage, made 
up an average of 48 per cent of the composition 
(Table I). On moderately grazed areas, grasses 
and sedges comprised 70 per cent, and on light- 
and nioni-use areas 75 per cent of the herbage. 

Mountain muhly and Arizona fescue occurred 
with the least frequency on heavily grazed areas. 
Arizona fescue, a grass palatable in the spring and 
early summer, contributed little to the herbage 
produced on heavily grazed areas but was most 
abundant on those moderately grazed. It was not 
so abunidanit on ungrazed and lightly grazed areas 
as oni those moderately grazed. Mountain muhly 
produced more herbage than other species, except 
on mnoderately grazed areas, and it formed an in- 
creasingly larger percentage of composition as the 
intenisity of grazing use was reduced. It varied 
from an average of 20 per cent of the composition 
on heavily grazed areas to 45 per cent on those not 
grazed. 

Blue grama occurred on all except a few of the 
plots in lightly grazed areas. It was most abuni- 
dant on areas heavily grazed, and oni these areas, 

TABLE I. Species composition based on herbage yield, Manitou Experimental Forest-1949, 1950 

PAST GRAZING TREATMENT 

Species Heavy Moderate Light None 

1949 1950 Ave. 1949 1950 Ave. 1949 1950 Ave. 1949 1950 Ave. 

(Per cent) (Per cent) (Per cent) (Per cent) 
Grass 

Little bluestem ............. 4.1 0.4 2.3 - 3.3 6.7 5.0 0.5 0 0.3 
Blue grama ................ 15.0 17.3 16.2 6.2 7.9 7.1 1.1 3.1 2.1 1.1 1.5 1.3 
Parry oatgrass .. ........... .2 . 1 - - .7 7.1 3.9 . 1 1.6 .9 
Arizona fescue . ............ 2.3 1.2 1.8 29.2 29.8 29.5 19.9 11.3 15.6 12.8 17.0 14.9 
Mountain muhly ........... 21.7 18.5 20.1 25.5 28.2 26.9 30.4 30.4 30.4 49.4 40.5 45.0 
Other grasses .............. 2.2 2.2 2.2 2.3 1.5 1.9 15.4 12.8 14.1 7.5 6.3 6.9 

Sedge ............... 5.4 4.8 5.1 3.7 6.3 5.0 4.6 1.8 3.2 4.0 7.5 5.8 

Total grass and sedge .... 50.7 44.5 47.6 66.9 73.7 70.3 75.4 73.2 74.3 75.4 74.4 74.9 

Weeds 
Rose pussytoes ............. 18.1 26.6 22.4 7.6 5.4 6.5 6.8 10.4 8.6 4.4 3.3 3.9 
Nickleaf milkvetch ......... 2.2 .9 1.6 1.2 1.4 1.3 .7 .7 .7 1.9 2.7 2.3 
Trailing fleabane ....... . . 3.9 .6 2.3 .2 .6 .4 .3 1.6 1.0 . 1 .9 .5 
Fringed sagebrush .......... 11.0 17.3 14.2 5.5 8.7 7.0 1.2 3.9 2.6 10.0 14.6 12.3 
Other weeds ............... 14.1 10.2 12.2 18.6 10.3 14.5 15.6 10.2 12.9 8.2 4.0 6.1 

Total weeds . ........... 49.3 55.5 52.4 33.1 26.3 29.7 24.6 26.8 25.7 24.6 25.6 25.1 

Total .... ....... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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made up an average of 16 per cent of the total 
herbage. It was less abundant on moderately 
grazed areas and became a minor component on 
lightly grazed and ungrazed areas. Although it 
ocurred frequently, it did not become prominent 
except under heavy grazing use. Both Crafts 
(1937) and Nichol (1937) report similar trends 
for blue grama on overgrazed ranges in Arizona. 

Little bluestem and Parry oatgrass were rarely 
prominent in the composition except on localized 
areas. Both species had a tendency to grow in 
colonies and were not uniformly scattered over 
the range. Consequently, there was no consistent 
frequency of their occurrence on the sample plots. 

Other grasses, principally the wheatgrasses 
(Agropyron spp.), prairie junegrass (Koeleria 
cristata), and bottlebrush squirreltail (Sitanion 
hystrix) were not present in appreciable amounts 
except on light- and non-use areas. The wheat- 
grasses (principally Agropyron snithii and A. 
subsecundum) were more frequently associated 
with lighter rates of grazing, whereas tumblegrass 
(Schedonnardus paniculatus) and pullup muhly 
(Muhlenbergia filifornis) were more typical of 
the heavily grazed areas. 

The weed cover on heavily grazed ranges formed 
more than half of the total composition, but was 
only about one-fourth of the total cover elsewhere. 
Rose pussytoes and trailing fleabane were prom- 
inent on heavily grazed areas and, in general, be- 
came consistently less prominent as grazing de- 
creased. Fringed sagebrush was almost as abun- 
dant on none-use areas as on those heavily grazed, 
but was much reduced on both moderately and 
lightly grazed areas. Nickleaf milkvetch, a palata- 
ble legume, increased in frequency as the degree 

of grazing use was reduced, but was never an 
abundant part of the composition. 

On pine-bunchgrass ranges in central Colorado, 
Arizona fescue and mountain muhly are the most 
important forage species in the herbaceous cover. 
Management, therefore, should be based on keep- 
ing these grasses in a healthy, productive condi- 
tion. Little bluestem and Parry oatgrass may 
sometimes be abundant enough locally to provide 
substantial amounts of forage. An increasing 
abundance of blue grama (Fig. 2), rose pussytoes, 
trailing fleabane, and fringed sagebrush indicates 
that depletion is resulting from too heavy grazing 
use and that corrective measures are needed. On 
many ranges in the ponderosa pine zone, the native 
bunchgrasses have been completely eliminated and 
blue grama is the dominant grass species. 

Occurrence 
The number of plaints per plot of most of the 

species was related to grazing intensity (Table 
II). Species reactions differ but the difference 
in response between the palatable and unpalatable 
species provides information for evaluating range- 
management practices. 

Plants of blue grama was most abundant on 
heavily grazed plots and least abundant on lightly 
grazed plots. In contrast, plants of Arizona fes- 
cue, a palatable species, were more numerous on 
areas where utilization was moderate or less. 
Mountain muhly plants were most numerous on 
heavily grazed areas, but they were smaller and 
weaker plants. Actually, many of the units that 
appeared to be separate plants may have been the 
result of disintegration of originally larger clumps. 

Plants of other species of grass were consider- 

TABLE II. Average number of plants per plot in relation to grazing intensity, Manitou Experimental Forest-1949, 
1950 

PAST GRAZING TREATMENT 

Species Heavy Moderate Light None 

1949 1950 Ave. 1949 1950 Ave. 1949 1950 Ave. 1949 1950 Ave. 

(Number) (Number) (Number) (Number) 
Grass 

Little bluestem .9.3 1.7 5.5 - - 3.6 13.6 8.3 0.5 T* 0.2 
Blue grama .27.7 32.5 30.1 26.3 21.7 24.0 4.6 7.2 5.9 7.8 7.9 7.8 
Parry oatgrass . .8 0 .4 - - .9 9.6 5.2 .2 .9 .5 
Arizona fescue .1.2 2.9 2.0 8.7 8.9 8.8 5.0 3.1 4.0 12.4 13.0 12.7 
Mountain muhly ........... 28.6 49.0 38.8 28.1 45.9 37.0 23.9 34.2 29.0 20.1 31.7 25.9 

Sedge . 110.9 102.6 106.7 47.4 70.4 58.9 59.0 29.1 44.0 38.6 69.0 53.8 

Weeds 
Rose pussytoes .55.9 64.7 60.3 44.6 19.6 32.1 25.2 17.6 21.4 12.8 7.1 10.0 
Nickleaf milkvetch .... . 1.7 4.7 3.2 4.4 4.8 4.6 1.6 2.8 2.2 4.9 7.3 6.1 
Trailing fleabane .30.5 10.9 20.7 4.6 17.4 11.0 7.1 22.1 14.6 4.4 9.7 7.0 
Fringed sagebrush .18.5 20.5 19.5 11.5 12.7 12.1 6.1 4.3 5.2 15.4 14.2 14.8 

*Less than 0.05 plant per plot 
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FIG. 2. Invasion of blue grama (upper) and deteriora- 
tion of mountain muhly (lower) on heavily grazed pine- 
bunchgrass ranges. 

ably more numerous on light- and non-use areas 
than on those grazed moderately or heavily. The 
number of sedge plants was not consistent be- 
tween grazing intensities, but was greater on the 
heavy-use area. 

The number of plants of rose pussytoes was 
greatest on heavy-use areas and least on ungrazed 
areas. Nickleaf milkvetch fluctuated too much to 
indicate any trend. Trailing fleabane was much 
more numerous on heavily grazed plots than on 
plots with other types of use. The number of 
plants of fringed sagebrush was less under lighter 
grazing, but was nearly as abundant on ungrazed 
areas as on those heavily grazed. 

Growth habit 
The growth form of the plants was also related 

to grazing intensity. The bunchgrasses had a 
greater number of grass tufts per plant on heavily 
grazed areas than on areas more conservatively 
grazed. The tufts, however, were small, weak 
growths, confined to the perimeter of the crown 
(Fig. 3). In maniy cases it was difficult to de- 
termine whether a group of plants had originally 
been a larger plant that had broken up into smaller 
units as a result of being weakened by too heavy 
use. On lightly grazed ranges, grass tufts were 
larger and scattered uniformly over the plant 
crown, and the crowns formed distinct units. Two 
types of dead centers of grass plants were con- 
spicuous. Plants with dead centers resulting from 
old age still retained a comparatively wide band 
of vigorous growth around the edge of the crown, 
and stubble from previous years was abundant. 
Dead centers resulting from too heavy grazing 
were different. There was a noticeable lack of old 
growth on the plant, and the live parts of the 
crown produced a weak spindly type of growth. 

Among the weeds, two species were conspicuous 

AIP~~~~~~~~~~~~~~~b 

FIG. 3. Typical weak growth of mountain muhly on 
lieavily grazed ranges. Small tufts of grass are confined 
to the perimeter of the crown. 

in the different growth forms associated with dif- 
ferent intensities of grazing. Normal growth of 
nickleaf milkvetch is a spreading, semierect type 
of foliage, but on heavily grazed areas the leaves 
of the plants were prostrate. Fringed sagebrush, 
in competition with the native bunchgrasses on un- 
grazed areas, was an erect shrubby type of growth 
and produced numerous seedstalks. On grazed 
areas, particularly those moderately or heavily 
grazed, seedstalks were few but a dense basal 
growth, almost of mat form, developed. 

Healthy condition in bunchgrass ranges is re- 
flected in fewer plants of most species, but a more 
prolific and vigorous type of erect growth (Fig. 
4). Ungrazed plants have a tendency to develop 
into large robust units. Extensive root systems 
are developed and invasion by other plants into 
bare soil areas is reduced to a minimum. Conse- 
quently, the lighter the degree of grazing use the 
greater is the tendency toward fewer but larger 
plants. Most species that occurred with sufficient 
frequency to establish clear-cut trends had a max- 
imum number of individual plants on heavily 
grazed areas. Arizona fescue was an exception 
to this rule. 

Seedlings 
The number of grass seedlings on heavy-, mod- 

erate-, and light-use areas were about the same; 
9.3, 9.6, and 8.0, respectively. On ungrazed 
areas, 15.9 seedlings per plot occurred. This in- 
dicates that the microclimatic conditions necessary 
for germination and growth of grass seedlings are 
more favorable under non-use than on grazed 
ranges. 

Weed seedlings indicated a closer relationship 
to grazing treatment than the grasses. The num- 
ber of seedlings of trailing fleabane and fringed 
sagebrush was greater on heavy-use areas than for 
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the other areas. Seedlings of rose pussytoes were 
abunidanit oIn both moderate- anid heavy-use areas. 
All of these species are con-imonly terme(l ildica- 
tors of oxergrazing. Nickleaf iimilkvetch seedlings 
were least abuindant on the heavy-use areas and 
increase(l as grazinig use becamiie lighter. The 
nllml)er of weed seedlings per plot for the different 
past grazilng inltenisities was as follows: 

Species Heavy AModerate Light None 
Rose pussv;toes 3.8 6.1 1.1 0.2 
Nickleaf iiiilkvetch 1.1 2.1 3.7 11.1 
Trailing 

fleabane 36.3 1.9 2.0 2.1 
F'ringed sagebruish l6.0 4.2 1.7 3.6 

Seedst(alks 

-Mountain muhlv and little bluestemi were the 
onfly two species that in(licated a correlation be- 
tween number of seedstalks per plant and the in- 
tensity of grazing use. Ungraze(d plants of these 
species produced 10 to 12 times more seedstalks 
than plants heavily grazed. There was a notice- 
able lack of trend in all other species. Usually, 
Arizona fescue produces an abundance of seed- 
stalks, but in 1949 they were very rare, even in the 
nligraze(l exclosures. This indicates that other 

factors, such as weather, may be a controlling in- 
fltinence in seedstalk production. 

VI G. 4. Healthy plants of mountaini muhly have a pro- 
lific and vigorouis growth over most of the planit crown. 

Height groztth 
Onle of the mlost consistenit trendls shown was 

the relationship between the height growth of the 
leaves of palatable plaints and the intensity of past 
grazing tise. Ini most cases., both the grasses and 
the sedges grew almiiost twice as tall itinder com- 
l)lete protectioii as thex did on heavily grazed 
areas (Table III ). These results indicate the re- 
(ltce(l v-igor of the planits is a result of heavy 
grazing pressure. 

TABLE ILL. Avcrage leaf height growth of major species, 
Manitou Experimenital Forest-1949, 1950 

GRAZING TREATMENT 

Species 
Heavy Moderate Light None 

1941) 1950 1949 1950 1949 1950 1949 195(0 

(iniches) (iniehes) (itiches) (iniches) 
Grass 

Little bluesteni . ........ 3.0 8 1.& I 3.8 2.9 2.4 3.0 
Blue graInta . .......... 7 1. 1.1 1.8 1.3 2.3 1.5 3.0 2.0 

Parry oatgrass..... 3. - - 4.9 4.2 6.5 9.8 
Arizona fescue ......... 6.) 3.2 9. 8 2 10.)| 9.4 1().() 10.1 
Mountain muhly ...... 3.3 2.1 4.0) 3.2 '1.7 3.6 6.3 4.4 

Sedge .. . 2.9 2.4 4.1 3.2 4.2 2.8 5.8 4.2 

U'eeds 
Rose pussytoes .... .5 .5 .5 .5 .5 .5 .7 .5 
Nickleaf niilkvetch 4...... 1 4.4 1.5 1.2 2.1 5.7 1.7 5.7 3.1 
Trailinig fleabane . . .. 1 . 1.0 .8 1 .) .7 () .8 1.1 . 5 
Fringe(l sagebrush ...... 2.5 1.9 2.9 2.3 2.5 2.4 4.1 3.5 

The average leaf height of blue grama, Arizona 
fescue, and mountain muhly consistently increased 
from heavy use through moderate-, light-, and 
noni-uise. Elven the sedges showed an increased 
height growth under lighter rates of grazing. This 
is one of the few factors studied in which the 
sedges showed a definite trend with respect to the 
inteinsity of grazing. 

For the two unpalatable weeds, there appeared 
to be little or no relation between height growth 
and grazing use. Rose pussytoes and trailing 
fleabane made about the same growth on all areas. 
Nickleaf milkvetch showed differences similar to 
the palatable grasses. Height growth was least 
under heavy grazing and greatest on protected 
areas. Fringed sagebrush varied considerably, but 
height growth tended to be greater on the lighter 
use areas. 

In using height growth as a measure of plant 
vigor, seasonal (lifferences in growth cannot be 
ignored. In most cases, the height growth in 1950 
was significantlv shorter than in 1949 because of 
drought. Only 11.61 iilches of precipitation fell 
during 1950, most of it in snmall amounts that had 
little effect oni soil moisture. 

Herbage yield 
The total herbage clipped during 1949 from 

areas heavily grazed was 939 pounds per acre. 
In contrast, moderate-, light-, and non-use areas 
pro(ltlced 1,175, 1,115, and 1,980 pounds per acre, 
respectively. An even greater contrast appeared 
in the yield of grass and sedge. Only 477 pounds 
per acre was produced oni heavily grazed areas 
while 785, 841, and 1,493 pounds per acre were 
produced under moderate-, light-, and non-use, re- 
spectively (Table IV). 

YTields in 1950 were much lower on all areas be- 
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TABLE IV. Yields of air-dry herbage by degrees of 
grazing use, Manitou Experimental Forest-1949, 1950 

GRAZING TREATMENT 

Species 
Heavy Moderate Light None 

1949 1950 1949 1950 1949 1950 1949 1950 

(Pounds (Pounds (Pounds (Pounds 
per acre) per acre) per acre) per acre) 

Grass 
Little bluestem ......... 38 3 - - 37 44 9 - 
Blue grama ............ 140 133 74 65 12 20 21 15 
Parrv oatgrass .......... 2 - - - 8 46 2 15 
Arizona fescue .......... 22 9 343 247 222 74 254 165 
Mountain muhly ....... 204 143 299 233 339 199 979 392 
Other grasses ........... 20 17 26 13 172 84 149 61 

Total ............. 426 305 742 558 790 467 1414 648 
Sedge ............ 51 37 43 53 51 12 79 73 

Total grass aIId sedge 477 342 785 611 841 479 1493 721 

Weeds 
Rose pussytoes ......... 170 204 88 44 76 68 89 32 
Nickleaf milkvetch..... . 21 7 14 11 8 5 37 26 
Trailing fleabane ........ 36 5 3 5 3 11 2 9 
Other weeds ............ 132 78 220 85 174 66 162 39 

Total ............... 359 294 325 145 261 150 290 106 
Fringed sagebrush . 103 133 65 72 13 26 197 142 

Total ............... 939 769 1175 828 1115 655 1980 969 

cause of drought, but the differences related to 
grazing intensity followed the same general pat- 
tern. Grass and sedge herbage on heavily grazed 
areas in 1950 were reduced 28 per cent. On mod- 
erate-use areas the reduction amounted to 22 per 
cent; onl light-use areas, 43 per cent; and on tin- 
g,razed areas, 51 per cent. 

It is significant that in this comparison the 
moderately grazed areas suffered the least from 
drought and the non-use areas the most. Plants 
weakened by too heavy grazing would explain the 
greater damage on areas heavily grazed, but more 
study is needed to evaluate the proportionally 
greater decreases under light grazing and no use. 
Drought effects were reflected in reduction of top 
growth rather than in death of plants. 

Herbage yield of individual species reflects the 
effect of different intelnsities of grazing. As an 
example, the yield of blue grama wias highest un- 
der heavy grazing, but was very low under light- 
anid non-use. This grass is relatively unpalatable 
onl pine-bunchgrass ranges wheii bunlchgrasses are 
available. 

Arizona fescue and monltain muhly, the main 
forage grasses, produced an average of only 15 
and 173 pounds per acre, respectively, under heavy 
grazing. Under moderate grazing, Arizona fescue 
produced an average of 295 pounds and mountain 
muhly, 266 pounds per acre. The yield of the 
latter was even greater under light grazing and 

under non-use, but Arizona fescue yields were 
less. Under light and moderate rates of grazing 
there is not enough use of fescue to weaken the 
plants and the variation shown is probably nat- 
ural fluctuation in composition. Under heavy 
grazing, the cattle miake heavier use of fescue, and 
since it is more susceptible to injury from heavy 
grazinig, the yields are greatly reduced. 

Little bluestem and Parry oatgrass were not 
plentiftul enough to furnish reliable data on yields. 
The yield of other grasses, principally prairie 
junegrass, bottlebrush squiirreltail, and several of 
the wheatgrasses, was highest under the lighter 
rates of grazinig use. The yield of sedges did not 
appear to be related to grazing intensity even 
thotugh the plants are palatable. 

Amonig the weeds, rose pussytoes, trailinig flea- 
banie, and fringed sagebrush all prodtuced higher 
herbage yields on areas heavily grazed thaan on 
those either lightly or miioderately grazed. The 
production of fringed sagebrush, however, was 
heaviest on the unigrazed areas. Here a more 
favorable 1microclimate resulted in greater height 
growth and more seedstalks. Nickleaf milkvetch 
is a palatable plant, but in this study it produced 
greater yields under heavy and mloderate grazing 
thani unlder light use. Yields were maximum on 
non-use areas. 

Root growth 
Plants of little bluestem, Arizona fescue, and 

mounitain miuhly were dug from areas representa- 
tive of each of the four grazing intensities studied. 
The air-dry weights of the roots in the surface 
cubic foot of soil were comiipared with air-dry 
weight of the tops to determine the ratio of the 
top growth to root growth (Table V). 

TABLE V. Ratio of air-dry weights of top growth of 
major forage grasses to their root growth in the surface 
cubic foot of soil, Manitou Experimental Forest-1949 

GRAZING INTENSITY 
Species 

Heavy Moderate Light None 

Little bluestem... 2.37 3.86 3.32 3.69 
Arizona fescue... 2.53 3.20 3.10 3.22 
Mountain muhly. 2.71 3.63 3.35 4.20 

Average .... 2.54 3.56 3.26 3.71 

All three species indicated a similar response to 
grazing. On heavily grazed areas the plants pro- 
duced about 212 units of foliage to 1 unit of roots. 
On the areas grazed less heavily, the ratio for all 
species was about 312 to 1 (Fig. 5). The varia- 
tion among moderate-, light-, and non-use areas 
appeared to be normal differences but the ratio on 
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the heavily grazed areas is a definite effect of 
grazing. This would indicate that moderate or 
lighter use of the plants by livestock does not 
weaken the root growth in the first foot of soil 
sufficiently to reduce their vigor. 

W j 

FIG. 5. Plants of little bluestem from (left to right) 
heavy-, moderate-, light-, and non-use areas. Root and 
top growth developments are typical. 

Litter 
The amount of herbaceous litter on the ground 

is important in determining the amount of pre- 
cipitation that enters the soil (Johnson 1940). 
On heavily grazed areas, there was only 807 
pounds of litter per acre compared with 1,174 
pounds on the moderately grazed range; 1,115 
pounds on the lightly grazed range; and 1,980 
pounds on non-use areas. On the non-use areas, 
there was a definite humus layer beneath the litter. 
This was entirely absent on the heavily grazed 
areas. A humus layer was present on moderately 
and lightly grazed areas, but was not as pro- 
nounced as in the ungrazed enclosures. 

Soil moisture 
Soil samples were obtained from each of the 

exclosures at monthly intervals from June 15 to 
September 15 to determine what effect the differ- 
ent degrees of grazing had on soil moisture. The 
amount of soil moisture for June, July, and Au- 
gust was about the same on the heavy-, moderate-, 
and light-use areas at both the 0- to 6- and 6- to 
12-inch depth (Table VI). On the ungrazed 
areas, however, moisture in the surface layer 
was about 43 per cent greater, and in the 6- to 
12-inch layer about 48 per cent greater than on 
the grazed areas. Moisture content during June 
and July remained at about the same level, but 
dropped about 50 per cent during August and Sep- 
tember. 

TABLE VI. Soil moisture in relation to grazing intensity 
Manitou Experimental Forest-1949 

GRAZING INTENSITY 

Date Soil Moder- 
depth Heavy ate Light None 

(Inches) (Per cent) 
6/20/49 .... 0-6 14.02 12.96 13.18 19.10 

6-12 10.25 10.21 9.60 14.83 
7/15/49 .... 0-6 14.56 14.65 13.00 20.20 

6-12 11.88 12.30 10.04 14.74 
8/15/49 .... 0-6 7.22 8.85 7.49 9.60 

6-12 5.20 3.79 4.62 6.82 
9/15/49 .... 0-6 6.41 7.59 9.38 12.61 

6-12 3.28 3.33 4.55 6.19 

Rainfall during the week prior to the September 
measurements produced some interesting changes 
in the soil moisture conditions. On heavily and 
moderately grazed areas, soil moisture at both 
depths was less than in August but on lightly 
grazed areas surface moisture increased 2 per 
cent and on ungrazed areas it increased 3 per cent. 
The moisture in the 6- to 12-inch layer decreased 
similarly to that on heavy- and moderate-use areas. 
The increase in the surface soil moisture on light- 
and non-use areas is probably related to factors 
affecting infiltration such as litter, compaction 
through trampling, or others that are not yet thor- 
oughly understood. 

SUMMARY 

A study was made to determine the effect of 
grazing intensity on plant composition, vigor, and 
growth of. pine-bunchgrass ranges. Grassland 
parks in 6 pastures that had been grazed at 3 in- 
tensities by cattle, and ungrazed exclosures in each 
range unit furnished the background for the study. 
The dates when the desired intensities of grazing 
in the units were first achieved varied by units 
from 1942 to 1944. In 1949 and 1950, temporary 
exclosures in the grassland areas of the range 
units provided the seasonal response of the plants 
following the prescribed intensity of grazing. 
From these temporary exclosures and exclosures 
ungrazed since 1939, data were obtained on spe- 
cies composition and frequency, utilization, num- 
ber of plants and growth habits, number of seed- 
lings, seedstalk production, height growth, herb- 
age yield, root development, and litter accumula- 
tion. The results of this study indicate the follow- 
ing conditions and responses may be expected on 
pine-bunchgrass ranges. 

Grasses formed the bulk of the palatable forage 
used by cattle. Arizona fescue and mountain 
muhly were the most important and most abun- 
dant forage species. 

Progressively increasing amounts of blue grama, 
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rose pussytoes, trailing fleabane, and fringed sage- 
brush occurred on lightly, moderately, and heavily 
grazed range. 

The ungrazed ranges were characterized by com- 
paratively small numbers of large plants per given 
unit of area, although Arizona fescue occurred 
in markedly greater numbers on the ungrazed 
areas than under any other treatment. The grass 
tufts were large and uniformly distributed over 
the plant crowns. Heavily grazed areas were 
characterized by a larger number of smaller plants 
of some species with smaller grass tufts usually 
confined to the outside edge of the crown. Arizona 
fesctue plants were both fewer in number and 
smaller in size on the heavily grazed area than 
under the other grazing intensities. 

Grass seedlings were most abundant on un- 
grazed areas. There was no apparent difference 
in the density of grass seedlings on ranges grazed 
at heavy, moderate, or light intensities. 

'Weed seedlings were closely correlated with in- 
tensity of grazing. Rose pussytoes, trailing flea- 
bane, and fringed sagebrush seedlings were most 
abundant on heavily grazed areas. Nickleaf milk- 
vetch seedlings were most abundant on ungrazed 
areas. 

The effect of grazing on production of seed- 
stalks was obscured by adverse weather effects. 
Little bluesteml and mountain muhly were the only 
species to show a correlation between seedstalk 
production and grazing intensity. 

Height of leaf growth was the most consistent 
plant response to the different grazing intensities. 
Leaf growth was shortest on areas that had re- 

ceived heavy grazing and longer under the lighter 
grazing intensities. Variations in weather also 
have an effect on height of leaf growth, but differ- 
ences between the different grazing intensities 
were consistent. 

Root development in relation to top growth was 
impaired by heavy grazing use. No impairment 
of root growth was observed under moderate and 
light grazing. 

Herbage yield of perennial grasses and sedges 
was greatest on ungrazed range and progressively 
less on the lightly, moderately, and heavily grazed 
ranges. Blue grama produced more on the heavily 
grazed range and least on the lightly and un- 
grazed ranges, whereas moultain muhlv and 
Arizona fescue were least productive on the 
heavily grazed areas. Low valued weeds and 
fringed sagebrush tended to be most productive 
on heavily grazed ranges. 
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CHANGES IN A CALIFORNIA ANNUAL PLANT COMMUNITY 
INDUCED BY MANIPULATION OF NATURAL MULCH' 

HAROLD F. HEADY 
School of Forcslry, University of Californzia, Berkeley, Californlia 

The dead plant materials above the soil surface 
in natural grasslands are usually referred to as lit- 
ter, mulch, or plant residue. This material varies 
in position from lying directly on the soil to stand- 
ing upright in a tangled mass. It may also be in 
all stages of decomposition and in many degrees of 
compactness. The kinds of plants which con- 
tribute to the mulch layer are many and therefore 
the nature of the material itself is varied. 

For purposes of study and accurate description, 
the total mulch has been divided into layers. The 
upper portion of unconsolidated and undecom- 
posed material is litter to the forester and the Aoo 

This r iper is based on Project No. 1501 in the Cali- 
fo-nia Agr-icultural Experiment Station. 

layer in soil science. It has also been called fresh 
mulch and forage residue. The latter term seems 
the nmost descriptive for grasslands since much of 
that material may be eaten by livestock, however 
poor it is for feed. For example, the diet of ani- 
mals grazing on the California annual type during 
the winter contains a considerable proportion of 
this material along with young and very succulent 
green herbage. 

The partially decomposed material on the soil 
surface is known as raw humus, the Ao layer or, 
preferably for grasslands, humic mulch. Little is 
ever easten by livestock. It becomes humus when 
decomposition proceeds to a point so that the 
origin of the material is no longer recognizable and 
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