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RANGE MANAGEMENT 

Some Factors Affecting Establishment of 
Desirable Forage Plants in Weedy Bluegrass 
Pastures of Eastern’ Nebraska1 

MILO L. COX AND M. K. MCCARTY 

Assistant Agronomist, Agricultural Experiment Station, 
University of Nebraska, and Research Agronomist, Crops 
Research Division, Agricultural Research Service, U. S. 
Department of Agriculture, Lincoln, Nebraska 

In general the farm pastures of 
eastern Nebraska have had a his- 
tory of deterioration similar to 
the larger grazing areas of the 
region. This history has usually 
consisted of varying periods of 
heavy grazing pressure followed 
by a reduction of the native 
warm-season grasses and their 
eventual replacement by Ken- 
tucky bluegrass, Pea pratensis, 
and both annual and perennial 
weeds. This process has been 
slow, and the decline in total 
production was seldom noticed, 
probably because the farmer or 
rancher had no handy method of 
measuring the a c t u a 1 forage 
yield. 

Many attempts have been 
made to increase forage yields, 
especially in areas where pas- 
tures were of such size as to 
represent a significant part of 
the area producing the farm in- 
come. Various methods have 
been employed such as increased 
levels of fertility, control of 
weed populations, mechanical 
r e n o v a t i o n, establishment of 

1PubZished with the approval of the 
Director as Paper No. 824, Journal 
Series, Nebraska Agricultural Ex- 
periment Station. Nebraska Agr. 
Exp. Sta. and Crops Res. Div., 
A.R.S., U.S.D.A., cooperating. 

more productive grasses and leg- 
umes, or some combination of 
these practices. Most workers 
have eventually come to the con- 
clusion that if maximum produc- 
tion is to be obtained, the per- 
sistent though unproductive spe- 
cies should be replaced by more 
productive ones. 

The primary objective of this 
study was to determine the ef- 
fects of seed b e d preparation 
methods and weed control prac- 
tices on the establishment of de- 
sirable species in areas where 
Kentucky bluegrass and weeds 
predominated. The initial ques- 
tion to be answered was how 
much tillage was necessary to 
kill the bluegrass, or reduce it 
to such an extent that reseeded 
grasses and legume seedlings 
could become established. It was 
apparent, however, that in a 
weedy pasture sufficient tillage 
to drastically reduce the blue- 
grass resulted in large increases 
in annual weeds, which were 
of ten responsible for subsequent 
failure of the seedlings to sur- 
vive their first year. Therefore 
the second question to be an- 
swered was what weed control 
method could be applied in the 
seedling year that would control 
weed populations in order that 
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the reseeded grasses and legumes 
could survive their critical seed- 
ling period. This would be par- 
ticularly critical in years of 
moisture deficits: a condition 
which occurred during the 
course of this study. 

Cotton (1910)) Cook (1922) and 
Odland, et al. (1930) used various 
methods of fertilization, mechan- 
ical renovation and reseeding to 
improve old sods. Except where 
their tillage methods effectively 
killed the old sods the resulting 
increases in productivity were 
due to fertilization and were not 
due to the reseeded species. 
Graber (1927, 1928, 1936) im- 
proved old bluegrass sods by 
establishing sweetclover. This 
practice was successful only if 
the bluegrass was sufficiently re- 
duced in vigor to allow establish- 
ment of the legume. Ahlgren, et 
al. (1944) reported yields of reno- 
vated pastures in Wisconsin that 
were five times greater than the 
untreated areas the first year fol- 
lowing renovation. The yields 
dropped rapidly however in sub- 
sequent years as the bluegrass 
and redtop recovered. Hughes 
and Peterson (1946) found that 
fall plowing followed by spring 
disking and reseeding effectively 
killed bluegrass sods, and good 
stands of the reseeded species 
were obtained. Less drastic till- 
age methods resulted in rapid re- 
covery of the bluegrass and poor 
stands of seeded species. Reno- 
vation work in Pennsylvania was 
reported by V. G. Sprague, et al. 
(1947). Plowing was the most ef- 
fective method tried. M. A. 
Sprague (1952) used sodium tri- 
chloroacetate as a substitute for 
tillage in killing bluegrass. The 
seedbed preparation was greatly 
simplified by first killing the old 
sod chemically. The method 
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probably would be advantageous 
on stony land or on highly erod- 
able slopes. 

Experimental Area 
The area selected for this study 

was a portion of the Arthur 
Hornung farm pasture, 8 miles 
south of Lincoln, Nebraska2. 
The pasture had been used for 
the grazing of beef cattle for 
fifty years and had never been 
plowed. 

The botanical composition of 
this pasture was well known as 
detailed vegetative analyses had 
been made over a four-year 
period by Klingman (1952) and 
McCarty (1953). There was a 
well established bluegrass sod 
and large amounts of hairy chess 
(Bromus commutatus). These 
two species represented about 90 
percent of the grasses present. 
Annual and perennial broad- 
leaved weeds were abundant, 
and about 55 percent of the total 
dry matter produced each year 
was produced by unpalatable 
species. The soil was a deep, fer- 
tile, Judson-Wabash silt loam. 

Methods and Materials 
The experimental area was di- 

vided in half and two separate 
experiments were set up; one us- 
ing smooth bromegrass as the re- 
planted species and the other us- 
ing a warm-season grass mixture. 
This mixture consisted of switch- 
grass, sand lovegrass, side-oats 
grama, and blue grama at the 
respective rates of 5, 2, 2, and 5 
pounds per acre. The two experi- 
ments were conducted simul- 
taneously except for dates of 
planting, spraying and mowing. 
All of the treatments were ap- 
plied to the warm-season grass 
mixture one month later than to 
the bromegrass. A split-plot de- 
sign was chosen with seedbed 
preparations as the whole plots 
and weed control treatments as 
the subplots. Each experiment 
was replicated four times. 

2Appreciation is expressed to Mr. 
Arthur Hornung for providing the 

No detailed data were collected 
in the year that the reseeding 
was done. Survival through the 
year following seeding was con- 
sidered to be a better index to 
successful establishment than 
counts in the seedling year. 
Therefore the seedbed prepara- 
tions, plantings, and weed con- 
trol treatments were done in the 
spring of 1952, and the data col- 
lected in the summer of 1953. 

Three methods of seedbed 
preparation were utilized in this 
study: plowed, disked, and no 
tillage. These were selected pri- 
marily because they represented 
three distinct degrees of reduc- 
tion of the bluegrass sod, and 
secondarily because they could 
readily be accomplished by most 
land-owners with their available 
machinery. 

The plowed portion of the area 
was plowed five inches deep with 

a moldboard plow, disked and 
then harrowed with a spike- 
toothed harrow. The disked por- 
tion was disked twice and then 
spike-tooth h a r ro w e d. The 
bromegrass was broadcast at the 
rate of 15 pounds of seed per 
acre. The warm-season grass 
mixture was broadcast at the 
rate of 4 pounds per acre, and 
the entire area was gone over 
with a treader to cover the seeds 
and firm the soil. Alfalfa and 
sweetclover were included in 
some plots as indicated below. 

The weed control practices 
were as follows: 

No weed control (checks) 
Mowed (hay removed) 
Mowed (hay not remowed) 
Sweetclover (no weed con- 
trol) 

Sweetclover (mowed) 
Alfalfa (no weed control) 
Alfalfa (mowed) 

Table .I .Number of weed stems per 2’ x 4’ quadraf in bromegrass and warm- 
season grass mixture plots one year after reseeding. Lincoln, Ne- 
braska, 1953. 

_____- 
Warm Season Grass 

Mixture Brome - 
Ironweed, Ironweed, 

False Vervain, False 
Boneset, Annual Boneset, 

Dandelion Ragweed Dandelion -__ ..~_____~ 
Plowed 

No weed control 3.25 435.65 7.60 
Mowed (R) # 3.55 450.10 4.50 
Mowed (NR) # 1.05 304.75 4.80 
Sw.Cl.-no weed control 0.30 544.40 6.00 
Sw.Cl.-mowed 1.55 405.90 1.50 
Alfalfa-no weed control 1.15 485.85 4.95 
Alfalfa-mowed 2.75 243.45 3.65 

Average 1.94” 411.44” 4.71* 
Disked 

No weed control 10.75 145.60 47.70 
Mowed (R) # 27.05 247.15 43.35 
Mowed (NR) # 12.70 125.35 28.75 
Sw.Cl.-no weed control 9.10 181.45 45.05 
Sw.Cl.-mowed 19.85 193.20 36.35 
Alfalfa-no weed control 17.15 172.05 32.15 
Alfalfa-mowed 25.00 192.95 28.70 

Average 17.37 179.68 37.44 
No seedbed preparation 

No weed control 23.05 75.40 42.50 
Mowed (R) # 22.65 95.85 44.90 
Mowed (NR) # 14.35 66.70 21.90 
Sw.Cl.-no weed control 12.70 93.90 40.30 
Sw.Cl.-mowed 28.75 63.75 39.20 
Alfalfa-no weed control 15.15 48.50 44.00 
Alfalfa-mowed 27.95 92.00 37.05 

Average 20.66 80.44 38.55 _~__.____ ______ -- 
# R-herbage removed; NR-herbage not removed. 

Vervain, 
Annual 

Ragweed 

319.65 
306.80 
256.45 
272.45 
219.60 
193.55 
193.10 
251.66 

194.80 
238.20 
253.60 
182.60 
162.95 
152.70 
219.05 
200.56 

85.05 
150.70 
85.30 
57.10 

124.60 
56.30 

188.25 
106.76 _ 

area for this and other studies. * Significant at the 5 percent level. 
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I- 

Disced 

Reseeded to Warm-Season Grass Mixture 

No Seedbed 
Preparation 

Reseeded to Bromegrass 

FIC~JHE 1. Effect of seed bed preparation on the number of stems of the three most 
abundant perennial weeds (ironweed, false boneset, and dandelion) one year after 
reseeding. 

As a sunnlement to the seven 
treatment; L listed above there 
were five additional treatments 
applied to the plowed portions of 
the experiment. 

2,4-D ester (1 lb. per acre) 
Sweetclover-mowed 4” high, 
hay not removed 

Sweetclover-mowed 1” high, 
hay removed 

Alfalfa-mowed 4” high, hay 
not removed 

Alfalfa-mowed 1” high, hay 
removed 

The supplemental treatments 
were included in order to obtain 
additional information on the ef- 
fects of height of mowing and 
removal of the hay, where leg- 
umes were included in the mix- 
ture, and the effects of 2,4-D 
where no legumes were seeded. 

Collection of the Data 

The two classes of herbaceous 
vegetation measured in this 
study were grasses and grass- 
like forms, and broad-leaved 
plants that included both broad- 
leaved weeds and legumes. Since 
these two classes of vegetation 
were present in vastly different 

numbers, they required dis- 
tinctly different methods of 
measurement. A basal density 
method using a modified line- 
transect was used on the grasses 
and grass-like plants, while a 
quadrat method was used to 
measure the broad-leaved popu- 
lations. Such a system of meas- 

I 

uring two classes of vegetation 
by two different methods yielded 
data of two types which were 
not directly comparable. How- 
ever, the statistical analyses 
were handled separately; grasses 
were compared with grasses be- 
fore and after treatment, and 
broad-leaved plants were com- 
pared on a before and after treat- 
ment basis, so no conflict was in- 
curred by the use of different 
methods. 

Experimental Resulfs 
Effects of Seeclbed Preparafion 

The effects of plowing were 
very similar in both the brome- 
grass experiment and the warm- 
season grass mixture experi- 
ment. In both cases the stands 
of perennial weeds were materi- 
ally reduced. The three most im- 
portant perennial weeds, iron- 
weed, (Vernonia baldwini) , false 
boneset (Kuhnia glutinosa), and 
dandelion (Taruxucum offici- 
nule), were reduced 90 percent 
(Figure 1 and Table 1). Plow- 
ing also reduced the bluegrass, 
hairy chess, and sand dropseed 
(Sporobolus cryptundrus) by ap- 
proximately 80 percent (Figure 
2 and Table 2). 

Plowing was decidedly supe- 
rior to disking or no seedbed 

~lcwed Disced MO Seehed PlOWA DiSWd KG Seedtml 

Preparnticn Preporation 

I ” W.S.G. Mixture f-1 Brome 

FIGURE 2. Effect of seedbed preparation on basal density of grasses one year after seeding 
(1952). 
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Table 2. Percent basal density of grasses in bromegrass and warm-season 
grass mixture plots one year after reseeding, Lincoln, Nebraska, 
1953. 

Warm Season Grass 
Mixture Bromegrass 

Bluegrass, Blue- 
Hairy Chess, grass, 

Reseeded Sand Brome- Hairy 
Species Dropseed grass Chess 

Plowed 
no weed control 4.23 1.88 
Mowed (R) # 12.91 1.08 
Mowed (NR) # 11.41 0.98 
Sw.Cl.-no weed control 4.72 1.87 
Sw.Cl.-mowed 8.31 0.82 
Alfalfa-no weed control 5.10 1.68 
Alfalfa-mowed 7.56 0.73 

Average 7.75* 1.29** 
Disked 

No weed control 1.08 17.07 
Mowed (R)# 2.85 11.32 
Mowed (NR) # 3.12 15.10 
Sw.Cl.-no weed control 0.87 14.01 
Sw.Cl.-mowed 2.76 11.36 
Alfalfa-no weed control 0.75 14.68 
Alfalfa-mowed 4.36 9.63 

Average 2.26 13.31 
No seedbed preparation 

No weed control 0.00 17.75 
Mowed (R)# 0.55 15.35 
Mowed (NR) # 0.23 15.80 
Sw.Cl.-no weed control 0.05 15.87 
Sw.Cl.-mowed 0.25 17.15 
Alfalfa-no weed control 0.04 18.77 
Alfalfa-mowed 0.40 18.00 

Average 0.22 16.96 
# R-herbage removed; NR-herbage not removed. 
** Significant at the 1 percent level. 

* Significant at the 5 percent level. 

preparation in obtaining good 
stands of the reseeded grasses. 
There was 35 times more warm- 
season grass and 51 times more 
bromegrass established in the 
plowed plots than in the plots 
receiving no tillage (Figure 2 
and Table 2). It was evident, 
from observations during the 
growing season, that the success 
of the replanted grasses in the 
plowed plots was largely due to 
the drastic reduction in Ken- 
tucky bluegrass. l 

Plowing also resulted in great 
increases of an n u a 1 ragweed 
( A m b r o s i a artemisiifolia) and 
hoary vervain (Verbena stricta) 
(Figure 3). In the warm-season 
grass mixture plantings there 
were five times as many of these 
two weeds in the plowed plots as 

4.10 8.48 
3.65 3.38 
2.58 3.95 
3.50 5.95 
4.20 2.80 
3.18 5.70 
3.62 4.22 
3.55** 4.92** 

1.02 16.18 
0.80 9.80 
0.80 12.63 
0.35 14.72 
0.62 12.86 
1.70 14.40 
0.95 11.37 
0.89 13.14 

0.05 15.80 
0.08 14.90 
0.08 17.90 
0.08 16.48 
0.15 16.98 
0.02 16.90 
0.05 13.23 
0.07 16.03 

in the untilled ones. Plowing 
doubled the number of these two 
weeds in the bromegrass plant- 
ings. 

Disking gave slightly better re- 
sults than no tillage, but much 
poorer results than plowing. In 
the disked plots bluegrass rap- 
idly recovered, the stands of 
planted species were poor, and 
annual weeds increased almost 
as much as in the plowed plots 
(Figure 2 and Table 2) . 

Effects of Weed Control Treatments 

One year following the appli- 
cations of the weed control treat- 
ments there were still significant 
reductions in weeds as compared 
to the untreated checks. The re- 
maining weed populations did 
not, however, adequately indi- 
cate the benefits derived from 
the treatments. This was true 
because the treatments were ap- 
plied in 1952 and the weed popu- 
lations were studied a year later, 
by which time the annual weed 
populations had recovered some- 
what from the previous year’s 
treatment. Therefore the suc- 
cess of the weed control treat- 
ments was not indicated by the 
1953 weed populations, but by 

Plowed Disced 

Reseeded to Warm-Season Grass Mixture 

No Seedbed 
Preparation 

Reseeded to Bromegrnss 

* Not an annual but increased due to tillage 

FIGURE 3. Effect of seedbed preparation on the number of stems of the most abundant 
annual weeds (annual ragweed and hoarv vervain* ) one vear after reseeding. 
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Weed Control Treatments 
(1952) 

Ef~s6.l Deneity of Grasses 

I 

No Weed Control 1 

Mowed4"highJuly 5 
(Removed) 

Mowedk" highJuly 5 
(Not Removed) 

Sweet Clover 
No Weed Control 

Sweet Clover - Moved 
4” high July 5 

Alfalfa - 
No Weed Control 

Alfalfa - Mowed 4” 
high JOY 5 

L Warm-Season Grass Mixture 

_ Bromegrass 

FIC~JRE 4. Effect of weed control treatments on basal density of bromegrass and warm- 
season grass mixture. 

the success of the reseeded 
grasses that had survived their 
first year (Figure 4) . 

Mowing increased the estab- 
lishment of the warm-season 
grass mixture by 2% times. 
Since drought was a critical fac- 
tor in the survival of the warm- 
season grass seedlings, a pro- 
nounced effect was achieved by 
removing a large part of the 
weed population while the 
grasses were in their seedling 
stages and highly susceptible to 
drought. Mowing did not pro- 
duce such large differences in 
the bromegrass plots because the 
bromegrass population had al- 
ready been lowered drastically 
by a late freeze while the brome- 
grass was in the seedling stage. 
Also, the remaining bromegrass 
plants were much farther ad- 
vanced and had produced deeper 
roots by the time drought condi- 
tions became critical, and mow- 
ing was not as important in 
seedling survival (Figure 4). 

Spraying with 2,4-D resulted in 
as high an increase of warm sea- 
son grass seedlings as mowing 
(Figure 5), and it was evident 
that spraying would have a de- 
cided advantage over mowing 
where the weeds were too small 
to be effectively mowed. Also, 
spraying would be easier on 

large areas or areas where mow- 
ing was difficult. Mowing, how- 
ever, gave excellent control of 
hairy chess while spraying was 
ineffective. 

Alfalfa and s w e et c 1 o v e r 
planted with both cool and 
warm-season grasses had little or 
no effect on weed populations or 
the success of the planted 
grasses. Removal or non-re- 
moval of the hay after mowing 
had no effect, and height of 
mowing, four inches versus one 

inch, s h o w e d no significant 
results. 

Summary 

A study was made of the ef- 
fects of seedbed preparation and 
weed control practices on seed- 
ling establishment in a weedy 
pasture. The seedbed prepara- 
tions involved plowing or disk- 
ing as compared to no tillage. 
There were 12 weed control 
treatments that involved mow- 
ing, height of mowing, 2,4-D 
spraying, legume planting, and 
removal or non-removal of hay. 
The plantings included brome- 
grass, a warm-season grass mix- 
ture, alfalfa, and sweetclover. 
The plots were prepared, the 
plantings made, and the weed 
control treatments applied in 
1952. The detailed vegetative 
analysis was made in the sum- 
mer of 1953 without further 
treatments of any kind. Such a 
schedule provided a much bet- 
ter estimate of the ultimate sur- 
vival of the planted species than 
if the data had been collected in 
the seedling year. 

Plowing was decidly the best 
seedbed preparation method in 
this study. Plowing destroyed 90 
percent of the perennial weeds, 
80 percent of the old bluegrass 
sod, and was 30 to 50 times more 

Switchgras6 Side-oats gram Sand lovegram 

No weed control 

r-1 2,4-D ester - 1 lb. per acre 

Mowed 4” high July 5 

FIGURE 5.Effects of mowing and spraying compared to no weed control on basal density 
of three warm-season grasses. 
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effective in seedling establish- 
ment than where no tillage was 
done. Disking was not much bet- 
ter than no seedbed preparation, 
and both resulted in poor stands 
of the planted species. 

Spraying with one pound of 
2,4-D ester per acre and mow- 
ing were both effective in con- 
trolling weeds and allowing 
establishment of planted species. 
Under these treatments about 
2% times as many grass seedlings 
were established as where no 
weed control treatments were 
applied. Mowing at a one-inch 
height was no better than mow- 
ing at four inches. 

The planting of legumes with 
the grasses made no difference 
in the success of the reseeding. 
Leaving or removing the hay 
after mowing had no differential 
effect. 

The success or failure of re- 
seeding more productive species 
in weedy bluegrass sods seemed 

to be proportional to the degree 
to which the bluegrass sod was 
destroyed and to the effective- 
ness of the weed control meas- 
ures applied in the seedling stage 
of the planted species. The lat- 
ter would be especially impor- 
tant in years of moisture deficit. 
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Forty-one persons were voted into 
the National Cowboy Hall of Fame 
by trustees in annual meeting at 
Oklahoma City, January 7, as con- 
tracts were signed on architects’ 
plans and specifications leading to 
construction start by autumn, for the 
first $l% million unit of the western 
shrine. 

All persons to be honored this year 
are deceased; all were identified 
with the livestock industry, had a 
hand in development of the Ameri- 
can West or were prominent in per- 
petuation of traditions and ideals of 
the West, which were the basic cri- 
teria for selection and approval by a 
three-fourths majority of trustees. 

Previously voted into the Cowboy 
Hall of Fame were WILL ROGERS of 

Cowboy Hall of Fame Elects 

Oklahoma; THEODORE ROOSEVELT of 
New York and North Dakota; 
CHARLES GOODNIGHT of Texas, 
CHARLES RUSSELL of Montana and 
JAKE MCCLURE of New Mexico. 

The at large honorees are EDWARD 
BEALE of California; DEAN W. L. 
BLIZZARD of Oklahoma; FRANK BOICE 
of Arizona; WILLIAM F. “BUFFALO 
BILL” CODY of Nebraska; DR. CHARLES 
F. CURTISS of Iowa; JAMES J. HILL of 
Minnesota; PETE KNIGHT of Alberta; 
HENRY MILLER of California; TOM 
MIX of Texas and Hollywood; Eu- 
GENE MANLOVE RHODES of New Mexi- 
co and BRIGHAM YOUNG of Utah. 

Honorees by states were: Arizona, 
RAMON AHUMADO and GEORGE RUFF- 
NER; California, HENRY C. DAULTON 

and FRED H. BIXBY; Idaho, FRANK 
GOODING and JOHN HAILEY; Kansas, 
DAN C. CASEMENT and CALVIN F. 
FLOYD; Montana, ROBERT C. FORD and 
CARSTEN C. KOHRS; Nebraska, FRANK 
NORTH and EDWARD CREIGHTON; Ne- 
vada, JOHN SPARKS and DANIEL 
WHEELER; New Mexico, JOHN CHISUM 
and VIC CULBERSON. 

And North Dakota, WILSE RICH- 
ARDS and JOHN W. GOODALL; Okla- 
homa, CHARLES H. TOMPKINS and 
OTTO BARBY; South Dakota, JAMES 
PHILIP and ED LEMMON; Texas, 
STEPHEN F. AUSTIN and OLIVER Lov- 
ING; Utah, ANTHONY IVINS and JACOB 
HAMBLIN; Washington, ANDREW J. 
SPLAWN and BENJAMIN E. SNIPES; 
Wyoming, JOHN B. KENDRICK and 
FRANCIS E. WARREN. 



Effects of Sheep and Gophers on Meadows of 
the Bridger Mountains of Montana1 

* 

F. A. BRANSON AND G. F. PAYNE 

sheep. A management system in- 
eluding one night bed grounds 
and camp units was used to give 
uniform moderate use. There 
were some deer and a few elk 
that used the range but neither 
of these game species was pres- 

Plant Ecologist, U. S. Geological Survey, Denver, Colo- ent in excessive numbers. There 
rado, and Professor of Range Management, Montana were no apparent effects of game 
State College, Bozeman animals on the areas studied. 

Many range technicians, stock- 
men, and others have advocated 
the control of pocket gophers 
(Thomomys spp.) on mountain 
meadows because it is generally 
believed that gophers cause poor 
forage conditions. This belief is 
supported by the results of 
Moore and Reid (1951) who 
found that gophers on Oregon 
meadows did cause a decline in 
range condition. Ellison (1946) 
has stated that livestock are the 
primary cause of deterioration of 
meadows and that, “There is a 
slight tendency for total (vegeta- 
tion) production to increase 
where gophers are present as 
compared with where they are 
absent.” These apparent contra- 
dictions indicate that more infor- 
mation is needed before the ques- 
tion can be resolved. It is gen- 
erally recognized that domestic 
livestock are the usual cause of 
deterioration of mountain mea- 
dows (Ellison, 1946)) although 
elk are also known to cause con- 
ditions that favor the increase of 
pocket gophers (Laycock, 1953). 

This paper is a progress report 
of a gopher use study initiated in 
1943 in the Bridger Mountains by 
Harold F. Heady, then of the 
Montana Agricultural Experi- 
ment Station. 

Meihods 
Four plots, each 40 feet by 40 

feet, were established on a south 

‘This study was conducted under a 
cooperative agreement between the 
U. S. Forest Service and the Mon- 
tana AgricuZturaZ Experiment Sta- 
tion. 

ZFormerZy Assistant Professor of 
Range Management, Montana State 
College, Bozeman. 

Table 1. Precipitation for fhe month of June for the years preceding fhe 
sampling years of 1944, 1951, and 1956. 

June June June 
Precipitation Precipitation Precipitation 

1940 6.9” 
1941 8.8” 
1942 4.9” 
1943 4.6* 
1944 12.2* 

Totals 
Averages 

39.4 
7.9 

1945 7.3” 
1946 4.2* 
1947 10.1” 
1948 11.4” 
1949 6.4” 
1950 5.6* 
1951 3.1 

48.1 
6.9 

1952 4.0 
1953 6.5 
1954 7.8 
1955 8.3 
1956 1.8 

26.4 
5.3 

* Data estimated by graphing available records from climate station near 
the study area (6 years of record) with records from a station showing 
good correlation and having .records for earlier years. 

slope in a mixed grass and forb 
type that is common on similar 
sites throughout the Bridger 
Mountains (Figure 1). 

The area had been heavily 
grazed previous to 1929. From 
1929 through 1956 the meadows 
were moderately grazed by 

The elevation is about 7,000 
feet. Average annual precipita- 
tion at a climatic data station 5 
miles from the study area was 
30.7 inches. There was an annual 
average of 63 days with tempera- 
tures above freezing and an aver- 
age annual temperature of 39” 

FIGURE 1. Mixed grass and forb type that is common in meadows in the Bridger Moun- 
tains. Th: exdosure shown excludes both sheep and gophers. 
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Table 2. Total numbers of siems or planfs in 8 square-meter samples in each of the four treaimenfs for the years 
1944, 1951, and 1956. 

_____- 
Quad #l 
Open to 

Quad #2 Quad #3 Quad rff4 
Closed Open to Closed 

sheep to sheep; sheep; 
and closed to t”:nhzep Grand 

Year gophers 
open to 
gophers gophers gophers total 

Slender wheatgrass (Agropyron trachycaulum) * 1944 
1951 
1956 

Mountain brome (Bromus marginatus) 1944 
1951 
1956 

California danthonia and Timber danthonia (Dan- 1944 
thonia calijornica and Danthonia intermedia) # 1951 

Idaho fescue (Festuca idahoensis) # 

Prairie wedgescale (Sphenopholis obtusata) # 

Timothy (Phleum pratense) 

Kentucky bluegress (Poa pratensis) 

Subalpine needlegrass (Stipa columbiana) 

Western yarrow (Achilles Zanulosa) 

Pale agoseris (Agoseris glauca) 

Common pearleverlasting (Anaphalis 
margaritacea) 

Orange arnica (Arnica julgens) 

Bellflower (Campanula rotundijolia) 

Northern bedstraw (Galium boreale) 

Sticky geranium (Geranium viscosissimum) 

Mintleaf beebalm (Monarda menthae joZia) 

Cinquefoil (PotentiZZa gracilis) 

Common dandelion (Taraxicum o jjicinale) 

1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 
1944 
1951 
1956 

56 
1,017 

262 
8 

66 
11 

191 
604 
126 
250 
271 
120 
170 

8 
62 

_.____ 
303 
802 

77 
864 

2,107 
37 
21 

._.___ 
339 
584 
293 
-_-___ 
574 
80 
32 
21 

4 
3 

264 
45 

5 

20 
52 

,067 
48 
20 
34 
14 
52 

151 
92 
71 
36 
17 

231 
195 

11 

105 93 235 489 
143 116 211 1,487 
399 110 266 1,037 

28 176 23 235 
157 105 62 390 
138 56 36 241 
116 190 98 595 
346 570 331 1,851 

77 229 208 640 
214 267 223 954 
195 212 304 982 
102 158 189 568 
124 53 75 421 

O-t O? 0t 8 
55 65 31 213 
65 3 2 70 

291 542 79 1,215 
288 1,335 192 2,617 

22 31 10 140 
1,340 2,587 1,201 5,992 
2,292 4,954 1,437 10,781 

22 6 7 72 
24 12 19 69 

5 1 3 8 
309 457 435 1,540 
503 860 707 2,654 
109 1,158 530 2,090 
..____ 
481 
148 

2 
4 

11 
4 

66 
22 
35 
13 
21 
19 

470 
42 
9 

20 
15 
71 

466 
295 

2 
4 
3 

120 
33 

______ 
598 
415 
_._... 

8 
9 

..--._ 

. ..___ 
22 
15 
40 

9 
71 
49 

439 
41 

1 
31 
14 
99 

170 
149 

9 
16 
3 

103 
329 

28 

._._._ ___.__ 
57 1,710 
54 697 

2 36 
64 97 
53 77 
39 46 

313 665 
371 453 

35 115 
6 29 

11 123 
22 144 

451 2,427 
122 253 
38 68 
70 155 
60 103 
16 238 
58 845 
44 580 
11 93 
69 125 
65 88 
28 482 
47 604 
10 49 

* I$mendlature of plants follows that of Kelsey and Dayton (1942). 
# Bunches were counted for these species. Individual stems were counted for all other species. 

t Plants of this species were probably listed as Danthonia intermedia in 1951. 
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F. Precipitation for June, the Results 
highest precipitation month, is The most striking change over 
shown in Table 1. the 13-year period was the in- 

The plots were arranged as crease on all plots of the two 
shown in the accompanying dia- introduced species, timothy and 
gram. Kentucky bluegrass. These two 

N 

The open plot was marked with 
steel fence posts at the corners. 
Sheep were excluded from two 
plots by woven wire, and the ex- 
clusion of gophers was accomp- 
lished by burying 30-inch “hail 
screen” (hardware cloth) 24 
inches in the ground, letting it 
extend 6 inches above the 
ground. Gophers entering the 
two “hail screen” exclosures by 
snow tunnels or other means 
were trapped each year. 

The vegetational studies in- 
cluded list counts of 8 randomly 
selected square-meter quadrats 
in each treatment in 1944, 1951, 
and 1956. A total of 14 grass spe- 
cies, 45 forb species, and two 
shrubs plus several unidentified 
species were found on the plots. 
Only those that seemed most im- 
portant are presented in Table 2. 
It will be noted that the numbers 
of stems for many species were 
greater in 1951 than in 1944 or 
1956. The extremely dry year 
(Table 1) of 1956 may have 
caused some general reductions 
in stem numbers. 

The data can be most easily 
understood by referring to Table 
3 which shows the increase or 
decrease in each species for each 
treatment. 

Results of statistical analyses 
are presented in Table 4. It is 
known that some differences ex- 
isted in the plots when the study 
was initiated in 1943 (see Table 
2). To avoid the influences of 
differences that existed when 
the study was initiated, the 
changes in plant populations be- 
tween 1944 and 1956 were sub- 
jected to analyses of variance. 

grasses showed the greatest in- 
creases on plots open to grazing 
by sheep but closed to gophers. 
Results of statistical analyses 
(Table 4) showed that the ef- 
fects of sheep were highly sig- 
nificant in bringing about the in- 
crease in timothy. Although the 
effects of gophers and sheep on 
Kentucky bluegrass were not 
statistically significant, the large 
increase on the plot grazed by 
sheep but closed to gophers ap- 
pears to have been due to sheep 
activities. Counts made in 1951 
showed intermediate values for 
these species, which indicates 
that these two species were in- 
creasing on all plots in 1956. It is 

surprising that these introduced 
species should continue to in- 
crease under protection. Possibly 
the meadow was somewhat de- 
teriorated when the plots were 
established. Deterioration at that 
time is indicated by the abun- 
dance of common dandelion in 
1944 (Table 2). Common dande- 
lion decreased on all plots during 
the 13 years of treatment. 

It would appear that gopher 
activity produced conditions fav- 
orable to the establishment and 
survival of slender wheatgrass 
(Tables 3 and 4). Apparently, 
sheep activities had little effect 
on this species since it increased 
only slightly on the plot open to 
sheep and closed to gophers and 
on the plot closed to sheep and 
gophers. Gophers caused a de- 
crease in the two danthonias 
(Danthonia intermedia and D. 
californica). The contrasting re- 
sponses of these grasses to 
gopher activities are difficult to 
explain. Possibly gopher mounds 
tended to cover the low-growing 
danthonias while they had little 
effect on the taller slender 
wheatgrass. The same explana- 

Table 3. Changes in numbers of stems or plants during the time interval 
1944 fo 1956. The data are differences between folfals for 8 square 
meters per treatment for the sampling years 1944 and 1956. 

GRASSES 
Slender wheatgrass 
Mountain brome 
California danthonia l and 

timber danthonia l 
Idaho fescue l 
Timothy 
Kentucky bluegrass 
Prairie wedgescale l 
Subalpine needlegrass 

FORBS 
Western yarrow 
Pale agoseris 
Common pearleverlasting 
Orange arnica 
Bellflower 
Northern bedstraw 
Sticky geranium 
Mintleaf beebalm 
Cinquefoil 
Common dandelion 

Open 
Closed to Closed to 

sheep gophers Closed 

+206 
+3 

-65 -39 
-130 -113 
+802 +223 

+ 2,030 + 2,270 
-108 -69 

-37 -17 

-46 
+80 

-28 
+42 
+15 
-4 
-6 

+40 
-54 

-220 

+294 
+110 

-200 
+ 148 

+9 
+18 
-14 
+23 

+6 
+224 

+1 
-120 

+17 
-120 

+39 
-109 
1,332 

+4,923 
+12 
-5 

+701 +95 
+415 +54 

+9 +51 
+15 +332 
+31 -24 
-8 + 100 

+13 +32 
+50 +28 
-6 +54 

-70 -18 

+31 
+13 

+10 
-34 

+190 
+ 1,427 

+43 

1 Bunches of these species were counted. Individual stems were counted for 
all other species listed. 
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tion might be applicable to 
prairie wedgescale which was 
also low-growing and was de- 
creased by gopher activities. 

Idaho fescue and subalpine 
needlegrass decreased on all 
plots but decreased least under 
complete protection. Possibly 
neither of these species is 
adapted to the local environment 
and are therefore being replaced 
by more adapted species. 

Mountain brome decreased 
slightly due to sheep activities 
but increased under protection 
from sheep. This grass was one 
of the grasses most preferred by 
sheep (Teigen, 1949). 

Western yarrow decreased on 
plots open to gophers and in- 
creased on the plot closed to 
gophers but open to sheep. 
Teigen (1949) found that this 
plant, although abundant in the 
area, was seldom grazed by 
sheep. Tryon (1947) found that 
western yarrow roots were fre- 
quently found in food “stores” 

Table 4 

A. BRANSON AND G. F. PAYNE 

Results of analysis of variance of changes in numbers of stems per 
sqrare-meter. Treatment ef f ecfs were present from 1943 fo 1956. 

of gophers. Findings of these two 
authors help explain the re- 
sponse of western yarrow to 
sheep and gopher activities. The 
use of this species by gophers 
and the lack of use of yarrow by 
sheep caused marked differences 
in the numbers of yarrow pres- 
ent on the treated plots (Table 
3). 

Pale agoseris, although used 
frequently by both sheep and 
gophers, increased on all plots. 
It increased least on plots com- 
pletely open or closed to both 
sheep and gophers. In view of 
the zero quantities in 1944 data, 
no statement can be made on its 
increase or decrease from 1944. 
The decrease from 1951 follows 
the general pattern of vegeta- 
tional decrease. The data show 
major effects of gophers from 
1951 to 1956. They also indicate 
that agoseris is a minor part of 
the vegetation free of gopher and 
sheep influences. 

Of the remaining forbs, bell- 

_~__ - 
GRASSES 

Slender wheatgrass 
Mountain brome 
California oatgrass and 

timber oatgrass 
Idaho fescue 
Timothy 
Kentucky bluegrass 
Prairie wedgescale 
Subalpine needlegrass 

FORBS 
Western yarrow 
Pale agoseris 
Common pearleverlasting 
Orange arnica 
Bellflower 
Northern bedstraw 
Sticky geranium 
Mintleaf beebalm 
Cinquefoil 
Common dandelion 

Results of analysis of 
variance of difference, 

1956-1944 
Sheep Gopher and 
effects sheep effects 

**1 

** 
ns2 ns 
** ns 

** ns ns 
ns ns ns 
ns ** *3 

ns ns ns 
** ns ns 
** ns ns 

** 
4 

* 
** 

** 

** 

ns 

ns 
** 

ns ** ns 
ns ** * 

* ns ns 
ns ns ns 
** ** ns 
** * ns 

1 Indicates differences significant at the 1 percent level. 
2 Indicates differences not significant at the 5 percent level. 
3 Indicates differences significant at the 5 percent level. 
4 No analyses were possible for this species since no values were obtained in 

1944. 

flower increased on plots open to 
sheep and decreased on those 
closed to sheep. The opposite re- 
sponse was true of northern bed- 
straw. From these results, one 
can assume that bellflower is not 
palatable to sheep while north- 
ern bedstraw is palatable to 
sheep. 

Cinquefoil also decreased due 
to sheep activities and is known 
to be quite palatable to sheep 
(Teigen, 1949). Common dende- 
lion decreased on all plots but 
the decrease was greatest on 
plots open to gophers. Common 
dandelion is known to be a spe- 
cies highly preferred by gophers 
(Moore, et al., 1951). 

Summary 

The vegetational responses of 
13 years of use by sheep and 
gophers and of protection on a 
mountain meadow are presented. 
Treatments were: (1) Protection 
from sheep and gophers, (2) pro- 
tected from gophers, open to 
sheep, (3) protected from sheep, 
open to gophers, and (4) open to 
sheep and gophers. 

Gopher activities caused a de- 
crease in some of the grasses of 
low productivity and a decrease 
in two of the forbs not consid- 
ered desirable on mountain 
range. In these respects the ef- 
fects of gophers were beneficial. 
Species detrimentally affected 
by gopher activity were: Idaho 
fescue, California oatgrass, 
timber oatgrass, prairie wedge- 
scale, subalpine needlegrass, 
western yarrow, and common 
dandelion. Gophers had a bene- 
ficial effect on slender wheat- 
grass. 

The results presented indicate 
that sheep activities reduced the 
population of plants most pre- 
ferred by sheep. This has prob- 
ably made the meadow less de- 
sirable for sheep grazing but pos- 
sibly more desirable as cattle 
range. 

Sheep activities caused a de- 
crease in mountain brome. north- 
ern bedstraw, and cinquefoil but 
caused an increase in timothy, 
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Reinvasion of Big Sagebrush 
Following Chemical Control 

W. M. JOHNSON 

Range Conservationist, Rocky Mountain Forest and 
Range Experiment Station’, Fort Collins, Colorado. 

The chemical control of big 
sagebrush (Artemisia triden- 

tutu) in Wyoming has passed be- 
yond the experimental stage. 
More than 20,000 acres of sage- 
brush have already been chemi- 
cally treated (Alley et al., 1956). 
High rates of kill have been ob- 
tained with both 2,4-D and 
2,4,5-T compounds, and herbage 
yields following control have 
been materially increased (Boh- 
mont, 1954, and Hull et al., 1952). 

Cooperative studies in chemi- 
cal control of big sagebrush were 
started in 1949 by the Forest 
Service and the Bureau of Land 
Management. Results of the con- 
trol aspects of the studies have 
been published (Hull et al., 

1952, and Kissinger et al., 1952). 
However, information on sage- 
brush reinvasion following con- 
trol was needed to complete the 
evaluation. For this reason, some 
of the experimental plots were 

‘Forest Service, U. S. Department of 
Agriculture, with headquarters at 
Fort Collins, Colorado, in coopera- 
tion with the Colorado State Uni- 
versity. Author stationed at Lara- 
mie, Wyoming, in cooperation with 
the University of Wyoming. For ref- 
erence purposes this article is pub- 
lished with aDDrovaZ of the Director. 

selected for further observation. 
The experimental area is 36 

miles southeast of Lander, Wyo- 
ming. Elevation is 6,800 feet and 
annual precipitation is estimated 
to be 12 to 14 inches. 

combinations of herbicide, dif- 
ferent carriers, and at different 
rates of application. These treat- 
ments resulted in different levels 
of sagebrush kill. Two of these 
plots were selected within each 
of five and sometimes six levels 
of sagebrush kill for each of the 
4 years of treatment. Levels of 
sagebrush kill used in the plot 
selection were approximately 0, 
20, 40, 60, and 80 percent. Where 
one or two plots had substan- 
tially higher kills than 80 per- 
cent, they too were included. To 
sample each level of sagebrush 
kill, 20 permanent 50-square-foot 
circular s a m p 1 e s were estab- 
lished, 10 in each plot. Methods 

Studies of the chemical control 
of big sagebrush were made in 

In 1951 an exclosure to prevent 
grazing was constructed on an 

1949, 1950, 1951, and 1952 (Fig. area sprayed in 1949. A second 
1). Each year a large number of exclosure was erected in 1953 
plots, l/10 acre to 5 acres in size, and enlarged in 1954 on an area 
were sprayed with different sprayed in 1952. These exclos- 

Wyoming A&cuZtura”Z Experiment FIGUl(E 1. Study area on typical big sagebrush range in Wyoming. A treated area is 
Station, as Journal Paper No. 101. shown on the right and an untreated area on the left. 
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ures included portions of a num- 
ber of sprayed plots with un- 
sprayed strips between plots. 
All sprayed plots within the ex- 
closures were studied. The kill 
classes studied on grazed range 
were not always represented. 
Sampling procedures inside the 
exclosures were the same as 
those used on the grazed areas. 

Woody species were inven- 
toried in 1953, 1954, and 1956. 
All sagebrush plants were 
counted on each permanent sam- 
ple and segregated into height 
classes-under 4 inches, 4 inches 
plus, and seedlings of the cur- 
rent year. The square feet of live 
crown was estimated. 

Resulfs 

During 1953, large numbers of 
seedlings of big sagebrush were 
present on areas sprayed in 1949 
and 1950, but sites sprayed in 
1951 and 1952 had very few 
(Table 1) . This difference may 
be correlated with the time lapse 
since spraying. To produce 
abundant seedlings in 1953, sur- 
viving plants would have had to 
produce seed in 1952. Spraying 
in 1952 apparently prevented 
this. There were more seedlings 
present on the 1951 area than on 
the 1952 area, but not nearly so 
many as on the areas sprayed 
prior to 1951. 

Apparently 1953 was an excel- 
lent year for seedling establish- 
ment, but 1954 and 1956 were 
very poor. No data are available 
to explain these differences. 

The number of sagebrush seed- 
lings is related to the percentage 
of plants killed by spraying as 
follows: Few seedlings became 
established on unsprayed areas 
or those with a small percentage 
of kill. As kill increased, the 
number of seedlings increased up 
to a maximum in the 40 to 60 
percent kill classes. The num- 
ber then decreased with higher 
percentage kills of the original 
plants. 

A ‘large number of the 1953 
seedlings b e c a m e established 
plants. This is indicated by the 

W. M. JOHNSON 

big increase in numbers of plants 
in the O-4 inch class in 1954. The 
change in numbers of plants in 
the O-4 inch class appears to be 
related to the number of seed- 
lings present in 1953. On the 
area sprayed in 1952, the number 
of plants in the O-4 inch class did 
not increase during 1954 because 
there were so few seedlings in 
1953. 

Not all of the seedlings that 
survive the first year continue to 
live. This is indicated by the 
substantial reduction in numbers 
of plants in the O-4 inch class 
from 1954 to 1956. Apparently 
climatic or other factors were un- 
favorable during this period and 
many of the young plants died. 
This was true even on the study 

area sprayed in 1952 where prac- 
tically no seedlings were present 
in 1953, and the loss occurred 
among older plants. 

Among big sagebrush plants 4 
inches or larger there was no sig- 
nificant change in numbers. 
There was a slight tendency for 
numbers to increase because of 
growth of younger plants. How- 
ever, in some cases the number 
of plants actually decreased, par- 
ticularly in the areas where best 
kills were obtained in 1951 and 
1952. Because they did not also 
decrease in the areas sprayed in 
1949 and 1950, this may have re- 
sulted from delayed effects of 
the herbicide. These changes in- 
dicated that sagebrush reinva- 
sion following spraying will not 

Table 1. Average number of big sagebrush plants on grazed plots as related 
fo percent killed by spraying, 1953-1956. 

____- 
Plots Seedlings 1 Plants O-4 in. 1 Plants over 4 in. 1 
combined 1953 1954 1956 1953 1954 1956 1953 1954 1956 _~__ 
Pet. kill No. No. No. No. No. No. No. No. No. 

M-l (sprayed 1949) 
o-3 0.7 0.2 0 7.3 9.8 5.2 11.2 11.6 12.0 

19-22 0.2 0.7 0.2 4.0 4.7 2.8 7.3 8.5 8.6 
37-51 1.5 0.3 0 1.5 3.4 3.6 4.0 4.6 4.5 
55-64 52.6 3.5 0 0.8 22.6 19.3 4.5 4.6 5.0 
77-90 15.1 2.8 0.2 0.7 20.3 20.8 1.1 1.2 2.1 

98 12.9 1.3 0.1 0.3 2.2 1.6 0 0 0.1 -___- 
Average 13.8 1.5 0.1 2.4 10.5 8.9 4.7 5.1 5.4 

M-5 (sprayed 1950) 
o-2 3.3 1.5 0 5.3 4.9 1.4 10.1 8.6 9.5 

19-19 13.9 0.3 0 0.5 7.5 5.1 4.5 5.2 4.4 
42-44 17.0 0.8 0 0.9 19.5 11.8 3.9 4.3 4.2 
52-66 15.3 3.2 0 1.9 24.5 15.3 3.6 3.6 4.4 
80-80 5.0 0.2 0 0.3 3.0 2.8 1.6 1.7 1.7 
91-92 3.5 0.2 0 0.9 1.8 1.6 0.9 1.0 1.4 ~- 
Average 9.7 1.0 0 1.6 10.2 6.3 4.1 4.1 4.3 -- 

M-10 (sprayed 1951) 
3-4 0.7 0 0 3.6 3.8 1.9 7.2 7.3 6.8 

19-19 0.3 0.7 0 6.3 7.0 5.2 6.2 6.7 6.7 
38-44 1.9 1.3 0 5.1 8.1 10.4 4.9 4.9 6.2 
56-62 0.7 0.3 0 1.8 3.1 1.9 2.1 2.2 3.2 
84-86 0.9 0 0 1.0 1.0 1.7 4.3 4.4 1.7 - 
Average 0.9 0.5 0 3.6 4.6 4.2 4.9 5.1 4.9 

M-12 (sprayed 1952) 
o-o 0.2 0 0 9.2 7.2 0.9 9.7 11.5 11.7 

20-22 0 0 0 5.0 3.8 0.8 7.9 8.7 8.8 
41-46 0 0.2 0 5.5 5.2 0.7 6.4 7.0 8.1 
61-62 0 0 0 3.4 2.6 0.5 3.5 4.5 5.6 
78-85 0 0 0 0.4 1.1 0.2 5.9 6.8 2.9 

_____________._ -- 
Average 0 0 0 4.7 4.0 0.6 6.7 7.7 7.4 

1 Per 50-square-foot subplot. 
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FIGURE 2. In central Wyoming reinvasion of big sagebrush 
tion from herbaceous vegetation may be an important factor. 

is a slow process. Competi- 

be a rapid process with high duction in total number of sage- 
initial kills (Fig. 2). brush plants inside the exclo- 

Significant differences were 

2. Seedling establishment was 
very low and mortality of plants 
in the O-4 inch group was very 
high. Larger plants showed no 

observed between the grazed and 
ungrazed parts of the sprayed 
plots. During the 3 years no 
heavy crops of seedlings were ob- 
served inside the exclosures 
(Table 2), In 1953 there were no 
seedlings inside the exclosure on 
the area sprayed in 1949, but out- 
side on the grazed area seedlings 
averaged 13.8 per plot with as 
many as 52.6 on plots in the 60- 
percent-kill class. Another dif- 
ference is the apparent down- 
ward trend in numbers, with 
time, of both small and large 
plants inside the exclosure. The 
reduced number of established 
plants in the O-4 inch class on 
sprayed areas inside the exclo- 
sures, as compared with the 
grazed range, is probably due to 
reduced numbers of seedlings. 
Two factors may have been re- 
sponsible for this difference : 
Herbaceous cover inside the ex- 
closures may have increased to 
such an extent that competition 
was a limiting factor, and accu- 
mulation of litter in the absence 
of grazing may have retarded 
germination and establishment 
of seedlings (Beetle, 1955). 

Table 2. Average number of big sagebrush plants on protected plots as re- 
lafed PO percent killed by spraying, 1953-1956. 

sures, the area of live crown has 
doubled since 1953 (Table 3). 
This change is not related to the 
percentage of sagebrush plants 
killed. Impressions gained from 
observation of the study areas 
indicate that this increase is due 
mostly to spread of younger, 
healthier plants. Older plants 
with partially killed crowns ap- 
peared to be weak. 

Conclusions 
Tentative conclusions drawn 

from the results after spraying 
are as follows: 

1. Big sagebrush seedlings 
seem to be most numerous when 
approximately 40 to 60 percent of 
the original plants are killed, 
but seedlings do not become 
established every year. 

Plots Seedlings 1 
used 1953 1954 1956 --__.___ _ ~__ -___ 
Pet. kill No. No. No. 

Plants O-4 in. 1 Plants over 4 in. 1 
1953 1954 1956 1953 1954 1956 

No. No. No. No. No. No. 

0 
55 
62 
68 
69 
72 
77 
86 
95 

M-l Exclosure (sprayed 1949 - fenced April 1951) 
0 0 0 2.4 2.0 1.2 11.0 11.5 9.0 
0 0.3 0.3 1.0 1.0 0.8 6.3 6.2 5.5 
0 0 0 1.1 1.0 0.8 4.1 4.4 3.5 
0 0 0 0.8 0.6 1.1 2.8 3.2 1.1 
0 0 0 0.7 0.6 0.8 2.2 2.1 1.4 
0 1.0 0 1.7 1.6 0.6 4.3 4.4 4.5 
0 0.3 0 0.6 0.5 0.1 1.1 1.2 1.1 
0 0 0 0.6 0.5 0.4 1.5 1.5 1.6 
0 0 0 0.6 0.5 0.3 0.2 0.3 0.3 

Average 0 0.2 0 1.1 0.9 0.7 3.7 3.9 3.1 

M-12 Exclosure (sprayed 1952 - fenced April 1953) 
4 0 0 0 10.3 9.0 2.9 8.4 10.0 7.9 

45 0 0 0 2.8 1.9 1.1 5.8 6.4 6.0 
48 0 0 0 1.5 1.0 0.6 5.5 5.9 5.4 
53 0 0 0 0.6 0.7 0.5 6.0 6.0 4.6 
55 0 0 0 4.9 3.0 1.8 5.1 6.4 4.9 
64 0 0 0 2.7 1.5 0.7 5.7 6.2 4.3 

-_--- _._~ __-______ 
Average 0 0 0 3.8 2.9 1.3 6.1 6.8 5.5 

M-12 Exclosure (sprayed 1952 - fenced April 1954) 
1 0 0 0 5.7 3.4 14.2 11.9 

45 0 0 0 1.6 1.2 4.3 4.0 
55 0 0 0 No 1.4 1.0 No 2.9 2.8 
71 0 0 0 data 1.4 1.1 data 4.1 1.1 
73 0 0 0 0.2 0.2 3.1 2.2 
87 0 0 0 0.6 0.4 0.9 0.8 

-______ 
Average 0 0 0 1.8 1.2 4.9 3.8 ~______________ 

Although there has been a re- 1 Per 50-square-foot subplot . 



172 W. M. JOHNSON 

Table 3. Average number of plants and crown area of big sagebrush inside 
exclosures. 

Plants 1 Live crown l 
Plots used 1953 1954 1956 1953 1956 -___- -___ 
Pet. kill No. No. No. Sq.ft. Sq.ft. 

M-l Exclosure (sprayed 1949-fenced April 1951) 
0 13.4 13.5 10.2 3.6 6.1 

55 7.3 7.2 6.3 1.5 3.5 
62 5.2 5.4 4.3 0.6 1.8 
68 3.6 3.8 2.2 0.7 1.6 
69 2.9 2.7 2.2 0.3 0.8 
72 6.0 6.0 5.1 1.0 2.4 
77 1.7 1.7 1.2 0.2 0.8 
86 2.1 2.0 2.0 0.2 0.8 
95 0.8 0.8 0.6 0.1 0.3 __I____ 
Average 4.8 4.8 3.8 0.9 2.0 

M-12 Exclosure (sprayed 1952 - fenced April 1953) 
4 18.7 19.0 10.8 2.9 5.5 

45 8.6 8.3 7.1 0.7 2.1 
48 7.0 6.9 6.0 0.5 1.7 
53 6.6 6.7 5.1 0.6 2.2 
55 10.0 9.4 6.7 0.6 2.0 
64 8.4 7.7 5.0 0.6 1.7 

- 
.-l_____l__ 

Average 9.9 9.7 6.8 1.0 2.5 --___ _-____ - 
M-12 Exclosure (sprayed 1952 - fenced April 1954) 

1 19.9 15.3 3.4 5.5 
45 5.9 5.2 0.7 1.9 
55 No 4.3 3.8 0.5 1.4 
71 data 5.5 2.2 0.5 1.1 
73 3.3 2.4 0.2 0.5 
87 1.5 1.2 0.1 0.3 __- - 

- 
-- __ .__. 

Average 6.7 5.0 0.9 1.8 _ 
1 Per 50-square-foot subplot 

general trend. practically nonexistent on areas 
3. Sagebrush seedlings were protected from grazing. 

4. On areas protected from 
grazing there were fewer young 
plants than on grazed areas. Also 
young plants were more abun- 
dant where the kill was light. 

5. In spite of a downward 
trend in numbers of sagebrush 
plants inside exclosures, there 
has been an increase in the area 
of live crowns. 
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Infersociety Forage Evaluation Symposium 
Purdue University, August 4, 1958. 

A FULL DAY SYMPOSIUM ON FORAGE EVALUATION 
IS BEING HELD AT PURDUE UNIVERSITY, LAFAYETTE, 
INDIANA, AUGUST 4, IN CONNECTION WITH THE MEET- 
ING OF THE AMERICAN SOCIETY OF AGRONOMY, 
WHICH WILL BE HELD ON THE PURDUE CAMPUS, 
AUGUST 4-8. THE INTERSOCIETY FORAGE EVALUATION 
SYMPOSIUM IS BEING SPONSORED BY THE AMERICAN 
SOCIETY OF ANIMAL PRODUCTION, THE AMERICAN 
DAIRY SCIENCE ASSOCIATION, THE AMERICAN SOCIETY 
OF RANGE MANAGEMENT, AND THE AMERICAN SOCIETY 
OF AGRONOMY. THE SYMPOSIUM PROGRAM STARTS AT 
9:30 A.M. 

INFORMATION 0N HOUSING AT THE MEETING CAN BE 
OBTAINED BY WRITING THE DIRECTOR, MEN’S RESI- 
DENCE HALLS, PURDUE UNIVERSITY, LAFAYETTE, IN- 
DIANA. 

THE PAPERS SCHEDULED FOR PRESENTATION AT THE 
SYMPOSIUM ARE: 
1. The significance of and techniques used to 

measure forage intake and digestibility. M. E. 
M~C.TJ&&OUS;H-GEORGIA. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

The use of the esophageal fisfula, lignin and 
chromogen fechniques for studying selective 
grazing and digesfibilify of range and pasture 
by sheep and cattle. W. C. WEIR, J. H. MEYER 
AND G. B. LOFGREEN-CALIFORNIA. 

Intake and digestibility techniques and supple- 
mental feeding in range forage evaluation. 
L. E. HARRIS AND C. W. COOK-UTAH. 

Animal variation and measurements of forage 
qualify. G. 0. MOTT-INDIANA (PURDUE). 

Progress in feed evaluafion. MAX KLEIBER- 
CALIFORNIA. 

Relafionship of digestion end-producfs fo fhe 
energy economy of animals. J. C. SHAW- 
MARYLAND. 

Yield and quality of forage under grazing and 
clipping. R. E. BLASER-VIRGINIA. 

Whaf is forage qualify from fhe animal stand- 
point? J. T. REID-NEW YORK (CORNELL). 
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Range management has been 
defined as the science and art of 
planning and directing range use 
so as to obtain the maximum 
livestock production consistent 
with conservation of the range 
resources (Stoddart and Smith, 
1943) , or as the science and the 
art of procuring maximum sus- 
tained use of the forage crop 
without jeopardy to other re- 
sources or uses of land (Samp- 
son, 1952). In a broader sense, 
range management is the man- 
agement of nontillable lands for 
multiple use purposes including 
soil and water conservation, rec- 
reation, and sustained forage 
production (Hochmuth, 1952). 

The purpose of this paper is to 
further refine these definitions 
and to clarify the areas of public 
and private interests in range- 
land. Emphasis is placed on man- 
agement aspects of range use and 
the application of economic prin- 
ciples in this complex field. First 
a distinction is made between 
range management and ranch 
management. Management and 
decision making are equated, and 
examples of decisions made by 
the range technician and ranch 
manager are given. The basis for 
management or decision making 
and the steps in management are 
presented, and the role of the 
range technician in the manage- 
ment process is defined. 

Range vus Ranch Management 
In order to obtain a clear 

understanding of range manage- 
ment, it is necessary to distin- 
guish between range manage- 
ment and ranch management. 
The definitions of range manage- 
ment given in the first part of 

this paper are very broad. They 
speak in terms of the total range 
resource and its multiple uses. 
The term ranch management, as 
the name implies, deals with in- 
dividual ranches and is con- 
cerned with the management of 
all the resources available to the 
ranchman. These resources in- 
clude the range, livestock, labor, 
and capital. It should be noticed 
that the range resource is only 
one of several resources that are 
used in the ranch management 
process. 

The decisions made by the 
ranchman largely reflect his own 
personal and family goals. These 
goals may include maximiza- 
tion of income, minimization of 
losses, maximization of commun- 
ity status, leisure, as well as 
other goals. The individual is 
usually concerned with imme- 
diate measurable economic re- 
turns from rangeland, from graz- 
ing animals, timber, wildlife, or 
other products. Thus, the in- 
dividual ranchman’s goals often 
do not reflect the goals of society 
in regard to the use of his re- 
sources. 

On the other hand, range man- 
agement is much broader than 
ranch management. In range 
management the problems of use 
of the range resource in the 
public interest are considered. 
Under this definition, the range 
resource extends beyond the in- 
terests of the individual ranch- 
man and is considered as one of 
the basic resources of the nation. 

The goals of range resource use 
under the concept of range man- 
agement given above are essenti- 
ally the goals of society, which 
do not necessarily coincide with 
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those of the individual ranch- 
man and in fact may be in con- 
flict with them. Society mea- 
sures the returns from the range 
resource in terms of the social 
benefits over a long period of 
time. These benefits include such 
items as watershed development, 
wildlife development, recreation 
development, flood prevention, 
mineral development, and re- 
gional economic development. 
Decisions must be made under 
this concept of range manage- 
ment that will develop and im- 
plement land use programs for 
periods of as much as 50 years. 
Managing resources for a 50 year 
period may not be in the inter- 
ests of ranchmen whose planning 
period is often much shorter, say 
less than 10 years. 

Why Management 

Management largely involves 
the making of decisions about 
the allocation of resources for 
production. Decisions may be 
made by the individual ranch- 
man or by a special act district, 
government agency, or political 
subdivision. The types of pro- 
duction involved here may in- 
clude livestock, Cmber, wildlife, 
recreation, water, and other as- 
pects of multiple use of land. 
From the standpoint of ranch 
management, decisions are lim- 
ited primarily to livestock pro- 
duction. In the case of range 
management, decisions involve 
all of the uses of the land re- 
source that are known or that 
may develop. 

Management is necessary be- 
cause of the unpredictability of 
production and market condi- 
tions. If soil, climatic, and vege- 
tative conditions were the ‘same 
every year and if prices did not 
fluctuate, and if no other factors 
changed from year to year, there 
would be little need for manage- 
ment. Perfect production plans 
could be developed and adopted 
in such a changeless world. One 
way of ranch organization or one 
method of the use of ,the range 
resource would always be the 
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correct one. For instance, a 
young ranchman would have the 
benefit of the previous experi- 
ence, and there would be only 
minute changes, if any at all, that 
would be profitable for him to 
make. He would make no 
changes in organization, opera- 
tion, buying, selling, or fi- 
nancing. His role would be con- 
fined to the task of carrying out 
decisions which. have already 
been made-often far in the past. 
However, such & state does not 
exist, and a constantly changing 
world gives rise to uncertainty 
of which there are several 
sources: (1) price fluctuations, 
(2) production variations closely 
related to the amounts and dis- 
tribution of precipitation and 
other climatic irregularities, (3) 
government policy and decisions 
of legislators, (4) actions of peo- 
ple with whom business is car- 
ried on, and (5) uncertainty of 
sickness, injury, or death. The 
ranch manager is concerned with 
this last problem to a much 
greater extent than the govern- 
ment agent managing public 
land. 

Types of Management Decisions 

In an uncertain world, deci- 
sions must be made by ranch 
managers and officials of govern- 
ment agencies who are charged 
with the responsibility of range 
resources. For simplification one 
can examine the types of deci- 
sions faced by the ranch manager 
and the types faced by a state 
or federal land management 
agency. The ranch manager faces 
a series of decisions. 

First, he must decide whether 
to produce cattle, sheep, goats, 
wildlife, or other products of 
rangeland. If he chooses cattle, 
does he want his resources de- 
voted to steers, cow and calf, or 
an all aged herd? If he chooses 
sheep, does he want the ranch 
devoted to the production of 
wool, lambs, or some combina- 
tion? He must also decide 
whether to produce cattle, sheep, 
and goats. He must determine 

if the wildlife resource will re- 
turn enough to him to justify ex- 
penditures for care and manage- 
ment. 

Second, he must decide how 
much land, labor, and capital are 
to be employed, and at what 
level of production. 

Third, he must choose the best 
practices for livestock and ex- 
plore fully the possibilities of 
substitution of one production 
material for the other. In the 
winter ration, can hay be substi- 
tuted for grain to obtain a cheap- 
er ration? Where grain is avail- 
able, can it be substituted profit- 
ably for grazing with creep feed- 
ing? 

Fourth, he must be concerned 
with the best organization to be 
worked out for a given set of re- 
sources. This question involves 
cost advantages of livestock en- 
terprises when they are oper- 
ated on different scales. 

Fifth, he must answer ques- 
tions relative to the amounts of 
fencing, water supply develop- 
ment, corrals, and buildings nec- 
essary to secure the desired pro- 
duction. 

Sixth, he must time his pro- 
duction activities in order to take 
advantage of existing resources 
and anticipated market condi- 
tions. 

Seventh, he must be especially 
concerned with the kind of con- 
servation program which will 
maintain and improve the range 
resource for present and future 
production. 

Most of these decisions are 
made by the ranchman with a 
view of his needs of the present 
and of the immediate future. Ac- 
cording to definitions previously 
presented-these are decisions of 
ranch management. 

The land management agencies 
of state and federal governments 
face decisions of a broader na- 
ture concerning the multiple 
uses of rangeland in the interests 
of society. Some agencies make 
decisions affecting the produc- 
tion process, while others influ- 
ence management decisions. For 

example, the Soil Conservation 
Service and soil conservation dis- 
tricts do not make decisions in so 
far as the individual ranchman is 
concerned. They present to him 
what is considered the best alter- 
natives for safe land use that 
they are able to develop. Unless 
land use regulations are in effect 
within the district, the group 
cannot actually make the deci- 
sion. This is left to the individu- 
al. On the other hand, certain 
agencies, such as the Forest Serv- 
ice or Bureau of Land Manage- 
ment, make decisions affecting 
range use. These agencies actu- 
ally control the kind and inten- 
sity of range use. They issue 
grazing permits, determine sea- 
sons of use and intensities of 
use, and the ranchman abides by 
the decisions they have made. 

The agency may be in a posi- 
tion to make or to influence de- 
cisions-in either case the types 
of decisions are essentially the 
same and are embodied in use of 
the land resource. They must de- 
cide what to produce from range- 
land and how this production 
should be performed. The degree 
of emphasis to be placed upon 
grazing by livestock, timber pro- 
duction, wildlife, recreation, and 
water resource development is of 
prime importance. This also in- 
cludes numerous decisions in- 
volving what combinations and 
intensities of these products to 
produce. Most of these decisionq 
are concerned with the level of 
conservation of range resources 
and are posed in the framework 
of the public interest. 

Steps in Management 

In order to make decisions in 
an uncertain environment con- 
cerning the use of range re- 
sources, both the state or federal 
land management agency and 
the ranch manager perform defi- 
nite steps leading toward the 
action of management. Here 
management is equated with the 
decision making process. One 
writer has identified these steps 
as: (1) formulation of expecta- 
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tions of prices, yields, and pro- 
duction for the future; (2) for- 
mulation of a plan to meet price, 
yield, and production expecta- 
tions; (3) putting the plan into 
effect; and (4) bearing the con- 
sequences of plans (Heady and 
Jensen, 1954). Another author 
lists these steps as: (1) observ- 
ing and conceiving ideas; (2) 
analyzing with further observa- 
tions; (3) making decisions on 
the basis of analysis; (4) taking 
action; and (5) accepting respon- 
sibilities (Bradford and Johnson, 
1953). Both of these more nearly 
describe the steps taken by the 
ranch manager than those taken 
by the land management agency. 
In order to more fully illustrate 
the differences in ranch manage- 
ment and range management; it 
would be advantageous to list 
the steps in this manner in order 
to more readily identify both 
public and private interests: (1) 
determination of goals, (2) for- 
mulation of expectations, (3) 
formulation of a plan to meet 
expectations and to achieve the 
goals, (4) initiation and comple- 
tion of the plan, and (5) evalua- 
tion of the results of plans for 
use in the formulation of new 
expectations and plans. The step 
of bearing the consequences of 
plans is viewed here as being a 
passive part of management and 
not necessarily a part of the 
management process. 

Let us examine these steps in 
management and the role the 
ranch manager and the range 
technician representing the 
agency or organization play as 
they perform these steps. 

The first step of management, 
which in our case here is the 
formulation of goals, serves to 
illustrate again the difference 
between ranch management and 
range management. The goals 
of the public are expressed in 
laws usually aimed at conserving 
range resources for the foresee- 
able future. Sustained forage 
production for all its multiple 
uses is a part of this goal. The 
ranch manager is primarily in- 

terested in achieving the goal of 
maximum satisfaction for the 
time period of his interests. This 
period of time is a relatively 
shorter period of time than that 
of the public. Maximum satis- 
faction for the individual may 
come in the form of maximiza- 
tion of income, reduction of risk, 
minimization of losses, or enjoy- 
ment of ranch life. For this rea- 
son, the goals of the ranch man- 
ager or those determined by the 
land agency greatly influence 
the decisions made. 

Formulation of expectations, 
the second step in management, 
comes into focus after goals have 
been determined. Here the ranch 
manager estimates what prices 
to expect through various peri- 
ods during the coming year and 
possibly into subsequent years. 
He estimates what effect cli- 
matic conditions are likely to 
have on various courses of ac- 
tion. Also, he determines what 
the production possibilities are 
from livestock, timber, wildlife, 
and other uses. 

The public land agency visu- 
alizes the production possibili- 
ties from all the aspects of range 
use and attempts to determine 
what effects these various uses 
have on the range resource itself 
now and in the future. 

One individual or one group 
cannot possibly formulate all 
these expectations from within 
its own limits of knowledge. 
Other than from past experience, 
which plays an important part 
in this step of management, 
agencies or individuals depend 
on information from various gov- 
ernment and private agencies, 
and other individuals. For in- 
stance, aid in formulating price 
expectations may come from the 
USDA or Agricultural Extension 
Service. Response from grazing 
by various combinations and in- 
tensities by several classes of 
livestock, competitive status of 
big game and livestock, results 
of timber stand improvement 
and types of cutting and their 
effects on other aspects of range, 

and numerous other relation- 
ships may be determined 
through research at the State 
Experiment Stations. Soils map- 
ping, range surveys and esti- 
mated carrying capacities, de- 
grees and seasons of use, may be 
presented by the Soil Conserva- 
tion Service, Forest Service, 
Bureau of Land Management, 
and other publics agencies. Sales 
representatives and industrial 
and business relations groups 
also may provide a wide range 
of technical information of use 
in this step of management. 

The third step in management 
is the formulation of a plan to 
meet expectations. In this proc- 
ess, alternative courses of action 
are compared one with another 
in the light of the goals devel- 
oped in the first step. This 
adopted plan may be specific 
and formally written up includ- 
ing range survey maps of site 
and condition classes, carrying 
capacities and seasons of use for 
various pastures, noting special 
treatment areas for increased 
forage production, proposed 
methods and dates of practices 
such as brush control, reseeding, 
and deferment. Or the plan may 
may be a series of budgets or 
estimates used in attempting to 
arrive at the costs and antici- 
pated returns of various live- 
stock and range production and 
improvement practices. 

The public agency, such as the 
Forest Service, Bureau of Land 
Management, or other agencies, 
plans the way the range resource 
will be used within the limits 
set by the legislature. Within 
this framework the individual 
ranchman can then develop a 
plan for that portion of the range 
resource he has under his con- 
trol. Where the agency has no 
control over range use, it can 
influence decisions made con- 
cerning range use through per- 
suasion and education. The Soil 
Conservation Service is an ex- 
ample of the use of these tech- 
niques. The range technician 
offers alternatives to the ranch 
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.manager who then develops the 
plan. Likewise, the county agent 
working in the Farm and Home 
Development Program presents 
alternatives, and the manager 
develops the plan on the basis of 
choices that he makes. 

No matter how detailed and 
exact plans are, they are of little 
value unless put into action. This 
is the fourth step in manage- 
ment. At this stage, the public 
agency sets forth their land use 
regulations in accordance with 
the public goals. The agency 
opens or closes land for grazing, 
and allows approved timber cut- 
ting, hunting, fishing, recreation, 
or mineral development. In’ the 
case of privately owned land, 
government agencies provide 
technical and financial assistance 
in an effort to induce ranchmen 
to carry out range improvement 
practices which are in line with 
their goals as well as those of 
public interest. 

The last step of management 
is the evaluation of the results of 
plans for use in the formulation 
of new expectations. Actually 
this is the link in the chain which 
completes the management cycle 
and provides the flexibility nec- 
essary for success. Evaluation 
may begin before a production 
period has been completed and 
most certainly afterwards. At- 
tempts are made to find out what 
factors may be attributable to 
the success or failure of plans. 
Perhaps minor adjustments will 
insure success in forthcoming 

plans by either the range tech- 
nician representing the land 
management agency or the 
ranch manager. 

The Role of 
the Range Technician 

The role of the range techni- 
cian is relatively clear in the 
cases where his agency makes 
decisions about the use of range 
land. However, it is not as clear 
where he is involved in suggest- 
ing a course of action to ranch- 
men. We have indicated that in 
this role a range technician fur- 
nishes technical information con- 
cerning soils, range conditions, 
and alternative livestock enter- 
prises, etc. 

Where the range technician 
does make suggestions to ranch- 
men, he should remember that he 
does not bear the consequences 
of a course of action. The tech- 
nician will not make any money 
if the suggested. plan is a good 
one, nor will he lose any money 
if the plan is a bad one. Thus, it 
is not his job to make decisions 
for the ranchman, but to present 
alternatives. 

Perhaps too often, technicians 
present ranchm.en with highly 
developed plans based on consid- 
erable research and experience 
for a specific purpose. This plan 
may have the goal of achieving 
maximum conservation, but ig- 
nores the ranchman’s goal of a 
high level of income in the next 
few years. Even if the ranch- 

man’s goal is achievement of 
maximum conservation, he will 
still need some help in carrying 
the plan out. The range techni- 
cian, thus, can get the job of con- 
servation done better if he knows 
the functions of management 
and knows his position in rela- 
tion to them. 

We feel that the range tech- 
nician who expects to work in 
the management or research 
phases of range or ranch man- 
agement, can obtain a better 
understanding of the steps in 
management with more training 
in economics and other social 
sciences while in college or on 
the job. All of his excellent 
training in range techniques may 
not be put to full use unless he 
has the skills and knowledge nec- 
essary to assist ranchmen to do 
a better job of managing their 
own ranch. 
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Fertilization is one means of 
increasing livestock production 
and decreasing the needs for sup- 
plemental feeds on many Cali- 
fornia foothill ranges. This is ac- 
complished, in part, by length- 
ening the period of the year 
when annual plants furnish suf- 
ficient nutritious forage to pro- 
mote weight gains (Bentley and 
Green, 1954). 

Previous studies of livestock 
feeding at the San Joaquin Ex- 
perimental Range showed that 
weaner and yearling steers on 
unimproved range, without sup- 
plements, made average daily 
gains varying from 1.55 to 2.55 
pounds through the green-forage 
season, barely maintained their 
weight through the dry-forage 
season, and lost weight during 
the winter season. Feeding sup- 
plemental concentrates during 
the dry-forage and winter sea- 
sons produced gains satisfactory 
for efficient cattle production. 
This unimproved range provides 
an adequate livestock diet only 
during the green-forage season 
from February into June in most 
years. The forage is deficient in 
crude protein during the dry- 
forage season, from July into 
October. The old roughage is 

IThe Experiment Station is main- 
tained at Berkeley by the Forest 
Service, U. S. Department of Agri- 
culture, in cooperation with the 
University of California. 

ZWith the Agricultural Research 
Service for one year when this 
agency cooperated in the grazing 
trials. 

leached out, and the new green 
vegetation inadequate in amount, 
during the rainy cold winter sea- 
son of average years from No- 
vember through January (Wag- 
non et al., 1942). 

A grazing study was started in 
1949 to determine whether better 
livestock production could be ob- 
tained with less supplemental 
feeding on range fertilized with 
sulfur. The study was conducted 
cooperatively by the California 
Forest and Range Experiment 
Station, U. S. Forest Service and 
the Department of Animal Hus- 
bandry, University of California. 

This article presents the re- 
sults on steer gains and supple- 
mental feeding rates during the 
first 7 years. The increased herb- 
age production and range stock- 
ing with fertilization have been 
reported in a previous article 
(Bentley et al. 1958) and infor- 
mation on steer diets and graz- 
ing habits will be reported in 
another article. 

Procedure 
The grazing test was con- 

ducted in two pairs of pastures. 
Size and treatments of the areas 
were as follows: 

Experimental areas and treatments: 
Surf ace Grazable 

acres acres 
Pair 1: 

Fl, fertilized 46.5 43.3 
Cl, unfertilized 49.6 44.7 

Pair 2: 
F2, fertilized 64.2 58.8 
C2, unfertilized 71.5 61.0 

Before treatment each area 
had been moderately stocked and 
was estimated to have grazing 
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capacity for 10 weaner steers 
through an average 6-month pe- 
riod. 

Pasture Fl was fertilized at a 
rate equivalent to 60 pounds of 
elemental sulfur per acre in Jan- 
uary 1949, January 1953, and De- 
cember 1955. Legumes were 
stimulated in 1950 and produc- 
tion of grasses and legumes was 
increased in subsequent years. 
Pasture F2 was fertilized at a 60 
pound rate February 1951, 40 
pounds in October 1953, and 60 
pounds in January 1956, to put 
its fertilization on the same time 
schedule as pasture Fl. Herbage 
production was increased each 
year from 1952 through 1956. See 
Bentley et al. (1958) for a more 
detailed description of fertiliza- 
tion and herbage response. 

In July of each year, two 
groups of weaner steers were 
placed in one pair of pastures, 
where they remained through 
the ensuing dry-f orage season. 
Sometimes during the winter 
season they were then moved to 
the other pair of pastures where 
they remained through the fol- 
lowing green-forage season. The 
steers were removed in July 
after the herbage had dried, ter- 
minating that year’s phase of the 
study. For 5 years, 1949-53, the 
steers were placed first in pas- 
tures Fl and Cl and moved later 
to pastures F2 and C2, respec- 
tively. In 1954, pastures Fl and 
Cl were grazed through the 
three forage seasons. In 1955, re- 
versal of pasture rotation was 
completed by putting the steers 
first in pastures F2 and C2 before 
moving them in January to pas- 
tures Fl and Cl (Fig. 1). 

Basically, each steer group 
consisted of 10 animals, but ex- 
tras were added in the fertilized 
areas in most years and occa- 
sionally extras were put in the 
controls. During the early part 
of the study, sufficient steers 
were not always available to 
stock the ranges at desired rates. 
Thus, from 1950 through 1952 fer- 
tilized Fl was stocked below its 
capacity and was more lightly 
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FIGUKE 1. Grazing schedule for experimental pastures 1949 to 1956. Stocking by periods indicated by number of steers (small numberh 
along bars) in each pasture each period. 

grazed than its unfertilized con- 
trol. Fertilized pasture F2 was 
stocked more nearly to its capac- 
ity. During the last 3 years of 
the study, 1953-54, 1954-55, and 
1955-56, when sufficient steers 
were available, the number of 
steers in each pasture was ad- 
justed periodically (Fig. 1)) and 
nearly full utilization of each 
pasture was obtained during 
either the dry-forage or the 
green-forage season. During the 
winter season, as each pasture 
was grazed to the desired degree, 
steer numbers were reduced to 
10. Some years it was necessary 
to maintain larger numbers in 
the fertilized pastures through- 
out the winter season, or larger 
numbers were used for a short 
period at the start of the winter 
season. 

The steers were choice grade 
weaners from the Hereford herd 
maintained at the San Joaquin 
Experimental Range and were 
reasonably uniform from year to 
year. They were weighed in- 
dividually at about monthly in- 
tervals after an overnight shrink. 
Weaning weights were used as 
the initial entry weights, even 
though about a week was spent 
in the weaning lot before the 
grazing study was started each 

year. 
Supplemental feeds were pro- 

fided daily during the dry-forage 
season, except in 1950 and 1951, 
when the grazing of fertilized 
range without supplements was 
being tested. In subsequent years 
range supplements were fed at 
varying rates to promote weight 
gains of about 1.0 pound daily 
in each group. During the winter 
season each year the steers were 
fed daily at equal rates in both 
the fertilized and control pas- 
tures. Cottonseed meal pellets 
(41 percent protein) and rolled 
barley were the feeds used 
(Wagnon et al., 1942). Alfalfa 
hay was fed the winter of 1953-54 
because of a shortage of grazable 
vegetation. Supplements were 
not fed any year during the 
green-forage season. Plain salt 
was available at all times. 

Results 
The 1948-49 season was rather 

droughty and no response from 
the fertilizer applied to pasture 
Fl in January was noted. Pas- 
ture F2 was not fertilized until 
February 1951. For these reasons, 
the weight gains of the steer 
groups used in the 1949-50 season 
served only as further calibra- 
tion of the two pairs of pastures. 

Weaner steers in pastures Fl 
and Cl received an average of 
119 and 121 pounds of cottonseed 
pellets, respectively, from July 
20 to November 2, 1949, and 
gained 0.92 and 0.99 pounds daily 
(Table 1). They were removed 
from the pastures November 2, 
and because of cold weather and 
retarded plant growth were not 
placed in pastures F2 and C2 
until March 2, 1950. These pas- 
tures were grazed, without sup- 
plements, until June 5, when 
failure of the water system ter- 
minated the grazing period. 
Average daily weight gains were 
2.42 and 2.38 pounds, respective- 
ly, for pastures F2 and C2 (Table 
3). These data indicate little dif- 
f erence between pastures. 

Dry-forage Season 
In 1950 and 1951, fertilization 

increased herbage production in 
Fl over that of control pasture 
Cl, and improved the quality by 
increasing the legumes and re- 
ducing broadleafed filaree 
(Bentley et al., 1958). To deter- 
mine steer performance on fertil- 
ized range during the dry-forage 
season, no range supplements 
were fed during these 2 years. 
In 1950, the average daily gains 
were 0.79 and 0.09 pounds, re- 
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spectively, for the pastures Fl 
and Cl steers, while in 1951 they 
were 0.60 and -0.02 pounds, re- 
spectively (Table 1). Final 
weights were low in 1951, prob- 
ably because of nutrient leaching 
in the herbage after a rain of 
0.74 inches, which occurred 10 
days before the weighing date. 
Earlier studies have also shown 
a decrease in range cattle 
weights after the first substan- 
tial fall rain (Wagnon). Average 
daily steer weight gains for the 
go-day period from weaning to 
October 3, were 0.91 pounds on 
fertilized range and 0.41 pounds 
on unfertilized range. 

Table 1. Herbage producfion. stocking. steer weights and gains and supple- 
mental feeds, fertilized and unfertilized range, dry-forage season. 

Average 
Pear, grazing Average Average Average supple- 

season Herbage Steer initial daily gain per ments 
and production days per steer gain per grazable per 
area per acre pasture weight steer acre steer 

Pounds Number1 Pounds Pounds Pounds Pounds 

1949. 7/17-11/2. 
118 days. ’ 

Fl 1,354 
Cl 1,391 

-- 
Diff. (PI-Cl) -37 

1950, 7/6-10/7, 
93 days: 

1,050 
1,050 
-- 

0 

3,322 
2,842 

1,032 
860 

172 

Chemical analyses of herbage 
samples simulating that eaten by 
the steers in 1950 showed a varia- 
tion in crude protein content 
from 10.46 percent at the start of 
the dry-forage season, to 8.25 
percent at the close of the period 
for fertilized pasture Fl, as com- 
pared to 6.99 and 4.42 percent, 
respectively, for unfertilized pas- 
ture Cl (Green et al., 1958). 
Samples taken in 1951 showed 
similar trends but at slightly 
higher levels for corresponding 
periods for both pastures Fl and 
Cl. 

Diff. (Fl-Cl) 480* 
1951, 7/5-11/5, 

123 days: 
Fl 4,273 
Cl 2,495 

1,170 
1,170 

Diff (Fl-Cl) 1,778** 
1952. 7/6-10/3. 

89’days: ’ 
Fl 4,095 
Cl 2,562 

Diff. (Fl-Cl) 1,533** 
1953, 6/26-11/3, 

130 days: 
Fl 2,837 
Cl 1,956 

Diff. (Fl-Cl) 881** 
1954, 7/7-11/5, 

121 days: 
Fl 3,780 
Cl 2,584 

Diff. (Fl-Cl) 1,196** 
1955, 7/7-11/5, 

121 days: 
F2 2,866 
c2 1,749 

Diff. (F2-C2) m** 

-0 

960 
800 

160 

1,845 
1,230 

615 

Sulfur fertilization evidently 
increased the crude protein con- 
tent of the dry herbage suf- 
ficiently to permit moderate 
weight gains - M to 2/3 pounds 
daily. Comparable gains have 
been obtained by feeding steers 
a pound of cottonseed cake per 
head daily on unfertilized annual 
type range (Wagnon et al., 1957). 
During these 2 years pasture Fl 
was stocked at the desired rate, 
and resulting herbage utilization 
was only moderate to light. Even 
so, the fertilized pasture pro- 
duced 18.5 more pounds of 
weight gain per acre than the 
control pasture in 1950, and 17.4 
pounds more in 1951. 

1,921 
1,223 

698 

2,052 
1,368 

684 
1 Represents actual stocking after spending about a week of the period 

being weaned in a corral lot. 
* Difference is significant at 5 percent level. 

** Difference is significant at 1 percent level. 

gains of 0.66 pounds per head in 
pasture Fl and 0.73 pounds in Cl 
were obtained that year. On un- 
fertilized range each steer re- 
quired 34 more pounds of cotton- 
seed meal pellets,than those on 
fertilized pasture’F1. 

Commencing in 1952, the steers During the next 3 years the 
in both pastures Fl and Cl were pastures were both stocked to 
fed a range supplement during fully utilize the dry herbage be- 
the dry season to promote equal fore the fall rains occurred. 
average weight gains of about Stocking of the fertilized range 
1.0 pound per head daily. Daily was 50 to 55 percent greater than 

454 
454 
- 
- 

517 
516 
- 

- 

545 
544 
- 
- 

510 
509 
- 

- 

514 
514 
- 
- 

525 
514 
- 
- 

547 
548 
- 

- 

0.92 
0.99 
- 

-0.07 

25.2 119 
26.2 121 

-1.0 -2 

0.78 20.3 0 
0.09 1.8 0 

0.69 18.j 0 

0.60 17.0 
0.02 -0.4 

O.sz 17.4 

8 

0 

0.66 
0.73 
- 

-0.07 

16.4 
14.4 

2.6 

61 
95 

-34 

1.00 44.8 128 
0.86 25.5 186 

0.14 19.6 -58 

1.18 56.0 111 
0.98 28.8 182 

0.20 27.2 --71 

0.94 34.6 112 
0.90 21.5 149 

0.04 13.1 -37 

the control in the different years, 
but levels of utilization were 
about the same. Fertilized range 

* produced 13 to 27 more pounds of 
steer gains per acre than unfer- 
tilized range, and in 1953 and 
1954 steers on fertilized range 
gained at a faster rate (Table 1). 
Even though steers on unfertil- 
ized range received more supple- 
ments, they made smaller gains - 
per steer day and per grazable 
acre. 
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Table 2. Siocking, steer weights and gains, and supplemenfal feeds. ferfil- tures were utilized on the light 
ized and unfertilized range, winter season. side of moderate. 

Year, grazing 
season and 

area 

Average Average Average 
Steer initial Average gain per supple- 

days per steer daily gain grazable ments 
pasture weight per steer acre per steer 
Number Pounds Pounds Pounds Pounds 

1950, 10/7-12/27, 
81 days: 

Fl 
Cl 

590 
524 

16.1 207 
13.1 207 

Diff. (Fl-Cl) 
1951-52, 11/5-2/6, 

93 days: 1 
Fl-F2 
Cl-C2 

972 
810 

162 - 

0.72 
0.73 

-0.01 3.0 

604 0.53 9.5 
542 0.75 12.7 

Dif. (F1,2-C1,2) 
1952-53, 10/3-2/10, 

130 days: 2 
Fl-F2 
Cl-C2 

994 
930 

64 - -0.22 -3.2 0 

2,200 523 0.77 34.8 389 
1,335 574 0.65 17.3 392 

Diff. (F1,2-C1,2) 
1953-54, 11/3-2/2, 

91 days: 
F2 
c2 

865 - 

629 
626 

0.12 

-0.02 
0.09 

17.5 

-0.4 
1.4 

Diff. (F2-C2) 
1954-55, 11/5-3/7, 

122 days: 
Fl 
Cl 

- -0.11 -1.8 0 

Diff. (Fl-Cl) 
1955-56, 11/5-l/7, 

63 days: 
F2 
c2 

1,463 
1,247 

216 

671 
641 

- 

0.26 
0.16 

0.10 

4-1.1 356 
3.6 388 

4.7 -32 

630 659 -0.59 -6.3 183 
630 657 -0.56 -5.8 186 

Diff. (F2-C2) 0 - -0.03 -0.5 

0 

314 
314 

-3 

3532 
532 

-3 

1 In pastures Fl and Cl first 32 days of period. 
2 In pastures Fl and Cl first 95 days of period. 
3 Includes 448 pounds alfalfa hay fed because of shortage of range herbage. 
4 Negative results due to large total weight loss of 19 steers in pasture first 

27 days of period. Average daily gain is simple average of average daily 
gains of individual weigh periods. 

Winier Season to the unusually wet weather. A 
Supplemental feeding was the total of 15.99 inches of rain was 

same each winter season in the received from November 14 to 
fertilized and control pastures December 3ly 1955. 
except during the adverse 1954- 
55 season (Table 2). Average Green-forage Season 

daily steer gains were about the Steer gains were almost identi- 
same, indicating negligible bene- cal in pastures F2 and C2 during 
fits during the winter season the green-forage season of 1950. 
from sulfur fertilization. The Average daily gain was about 2.4 
marked weight losses in both pounds, but the season was short 
pastures during 1955-56 were due (March 2 to June 5). Both pas- 

In 1951 herbage yields per acre 
were slightly greater in fertil- 
ized pasture F2 than in pasture 
C2 (Table 3) . While average 
daily steer gains were almost 
identical, there were fluctuations 
in the growth curves of both 
groups. The thinner steers (not 
fed supplements previous dry- 
forage season) in unfertilized 
pasture C2 outgained the heavier 
ones in pasture F2 by 0.57 pounds 
daily the first 42 days. For the 
next 29 days they outgained the 
pasture F2 steers at even a faster 
rate, 1.10 pounds daily. Near the 
close of the grazing season, how- 
ever, when the herbage was dry- 
ing, the steers on fertilized range 
surpassed the others. More green 
herbage in the wet swales may 
have made the difference. 

In 1952 the cthinner-fleshed C2 
steers outgained (by 0.37 pounds 
daily) the heavier-fleshed F2 
steers the first 35 days of the 
period. However, during the next 
57 day mid-season period, when 
the herbage was growing rapidly 
and approaching maturity, there 
was little difference in average 
daily gains (2.22 to 2.11 pounds 
respectively). Throughout this 
time both pastures F2 and C2 
carried 10 head of steers. On May 
6, stocking was increased to 12 
and 11 steers respectively. In 
order to graze both pastures 
moderately, the cattle were held 
a month longer than usual (Fig. 
1). From May 6, when range 
herbage was maturing rapidly, 
until July 3, when the range was 
completely dry, the pasture F2 
steers outgained the others by 
0.61 pounds per head daily. Dur- 
ing the extra 34-day period the 
fertilized range provided a gain 
of 0.32 pounds per head daily, 
while steers on natural range lost 
a half pound per head daily. 
These results are comparable 
with those for the dry-forage pe- 
riod. Total beef production on 
fertilized range was 12.0 pounds 
per acre above that on unfertil- 
ized range. 
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At the start of the green forage Table 3. Herbage producfion, stocking and steer weights and gains, fertilized 
season in 1953 and 1954, the and unfertilized range, green-forage season. -__-- _ 
steers in F2 and C2 were com- Average Average 
parable in fleshing. The pastures Year, grazing Herbage Steer initial Average gain per 
were stocked at capacity except season, and production days per steer daily gain grazable 

in mid-season 1954, when one -~%?%----!!%~-- pasture weight per steer acre ____-- 
steer in pasture F2 was lost be- 
cause of urinary calculi. Early 
plant growth was even on both 
ranges, and steer gains were 
similar until the vegetation com- 
menced to mature. Then the 
steers in the fertilized area 
gained more rapidly; also, their 
average daily gain per head for 
each entire season was greater 
(0.26 and 0.46 pounds, respective- 
ly, for 1953 and 1954). The fer- 
tilized range was stocked 27 per- 
cent heavier in 1953 and 22 per- 
cent heavier in 1954. Utilization 
on both areas was medium to 
close in 1953 and medium to light 
in 1954. 

Pounds Number Pounds Pounds Pounds 

1950, 3/2-6/5, 
95 days: 

F2 
c2 

2,006 
1,788 

590 2.42 39.2 
596 2.38 37.1 

Diff. (F2-C2) 218 
1950-51, 12/27-7/6, 

191 days: 
F2 3,424 
c2 2,777 

950 
950 

0 - 0.04 

1,910 
1,910 

0 

652 I.66 53.8 
587 1.69 53.0 

Diff. (F2-C2) 647* 
1952, 2/6-8/6,’ 

182 days: 
F2 3,025 
c2 1,844 

- -0.03 0.8 

2,004 670 1.47 50.1 
1,912 612 1.23 38.1 

The greatest increase in pro- 
duction during the green-forage 
season was obtained in 1955 and 
1956, when the steers were in 
pasture Fl and Cl. This pair of 
pastures seemed more productive 
than F2 and C2 (Tables 1 and 3)) 
and greater increases in herbage 
production through fertilization 
were obtained in pasture Fl than 
in pasture F2 (Bentley et al., 
1958) . Stocking of the fertilized 
pasture was increased an average 
of 53 percent above the control in 
both years. Beef production in 
the fertilized pasture was 36 
pounds per acre greater than in 
the control pasture in 1955 and 
64.2 pounds per acre greater in 
1956 (Table 3) . 

Diff. (F2-C2) 1,181** 
1953, 2/10-7/8, 

148 days: 
F2 2,226 
c2 1,492 

92 - 0.24 

2,072 659 1.59 
1,628 652 1.33 

Diff. (F2-C2) 734”” 
1954, z/2-7/9, 

157 days: 
F2 3,062 
c2 2,182 

444 - 0.26 20.4 

2,099 649 1.83 65.2 
1,727 641 1.37 38.8 

Diff. (F2-C2) 880”” 
1955, 3/7-7/5, 

120 days: 
Fl 3,830 
Cl 2,181 

372 - 0.46 26.4 

705 
652 

Diff. (Fl-Cl) 1,649** 
1956, l/7-7/10, 

185 days: 
Fl 3,380 
Cl 1,970 

1,925 
1,261 

-- 
664 - 

2.00 
1.75 

0.25 

2,890 622 1.84 123.2 
1,886 622 1.41 59.0 

The two grazing seasons dif- Diff. (Fl-Cl) 1,410”” 1,004 - 0.43 

2.1 

12.0 

55.9 
35.5 

fered in starting date: the 1955 
_____- 
* Difference significant at 5 percent level. 

season started March 7, about 5 ** Difference significant at 1 percent level. 
weeks later than average; the 

84.8 
48.8 

36.0 

64.2 _____ 

1956, January 7, about 3 weeks 
earlier than average. The steers 
in Fl made 0.60 pounds per head 
greater daily gain than the Cl 
steers the first 30 days of 1955 
and 0.93 pounds more for the 
first 89 days of the 1956 season. 
These early season gains were 
the result of earlier and more 
abundant plant growth that had 
been stimulated by soil nitrogen 

produced by a luxuriant growth 
of legumes the previous years 
(Bentley et al., 1958). 

Mid-season gains for the two 
areas were comparable. In 1955 
both groups of cattle gained 
about 2.2 pounds per head daily 
over a 59-day period. In 1956 
the thinner-cl steers, which had 
gained less earlier, outgained the 
Fl steers by about 0.25 pounds 

per head daily for 60-day period. 
Gains at the end of the green- 

forage season again favored the 
fertilized range. Steers on fertil- 
ized range outgained the control 
steers by 0.35 pounds per head 
daily during the final 31 days of 
1955, and by 0.11 pounds per head 
daily during the final 36 days of 
the 1956 season. 

The high production of Fl was 
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obtained by adding extra steers 
as the range vegetation devel- 
oped. Fl was utilized to a moder- 
ate degree by the close of the 
green-forage season. In 1955, re- 
spective stocking of areas Fl and 
Cl and 12 and 10 steers for the 
first 30 days, 14 and 10 steers for 
the next 29 days, and 19 and 11 
steers for the last 61 days. In 
1956, the areas were stocked with 
10 and 10 steers for the first 60 
days, 14 and 10 steers the next 29 
days, 20 and 10 steers for the 
next 60 days, and 19 and 11 steers 
the final 36 days. Such manipula- 
tion of livestock numbers on the 
range may not be entirely prac- 
tical under ranch conditions, but 
these data indicate that a high 
level of stocking can be main- 
tained through the season with 
some adjustment in seasons of 
use. 

Discussion 

Sulfur fertilization of foothill 
range lands, where effective, 
shows considerable promise as a 
means of increasing range live- 
stock production. Prospects are 
especially good on the more pro- 
ductive land. In this study range 
stocking was gaged for moderate 
herbage utilization. Sulfur fer- 
tilization increased animal gains 
20.4 to 64.2 pounds per acre dur- 
ing the green-forage period, and 
17.4 to 18.5 pounds per acre in the 
dry-forage season without the 
use of supplements. Livestock 
weight gains were not increased 
during the winter season. There- 
fore the over-all increase in live- 
stock production was confined to 
an 8- to lo-month period. 

The average cost of fertiliza- 
tion, using gypsum, was about 
$4.50 per acre every 3 years, or 
$1.50 per acre per year at 1955 

prices. Sulfur fertilization paid 
off during the green-forage sea- 
son after clover growth had been 
stimulated. With feeder steers 
valued at 15 cents per pound, net 
returns per acre from F2 during 
1953 and 1954 were $1.56 and 
$2.46; in the more productive Fl, 
profits per acre in 1955 and 1956 
were $3.90 and $8.13 respectively. 

Although this study did not 
compare supplemental feeding 
on unimproved range with graz- 
ing on sulfur-fertilized range, 
some approximate comparisons 
are possible. In the dry-forage 
seasons of 1950 and 1951, with- 
out any range supplements, the 
steers in unfertilized Cl barely 
maintained their weights, while 
those in fertilized Fl gained 0.69 
and 0.62 pounds daily. The gains 
in Fl are about what is expected 
‘from cattle fed 1 pound of cotton- 
seed cake daily on unfertilized 
range of this type. On the aver- 
age, steers on fertilized range 
made 64 pounds more gain in the 
93-day dry-forage period of 1950 
and 76 pounds in the 123-day pe- 
riod of 1951. 

At 15 cents per pound, these 
gains were worth $9.60 in 1950 
and $11.40 in 1951. Cottonseed 
cake, fed at 5 cents per pound, 
cost $4.65 and $6.15 per steer, 
leaving a margin of $4.95 and 
$5.25 respectively for the two 
years. The yearly cost of fertil- 
ization, based on total pasture 
acreage and the lo-steer grazing 
capacity of Fl before improve- 
ment, was $6.98 per steer. Thus 
the benefit of fertilization, that 
is, value of animal gain less the 
cost of fertilization, was $2.64 
and $4.42 per steer for 1950 and 
1951. But fertilization increased 
grazing capacity-by about 35 
percent in 1950 and 65 percent in 

1951. Therefore, the total return 
was $4.44 and $7.17 per steer for 
the two years. The average, $5.80, 
is $0.70 more than the average 
benefit from supplemental feed- 
ing on unfertilized range. These 
results could not be expected 
from ranges less responsive to 
sulfur fertilization than area Fl. 

Summary 

Sulfur fertilization of annual 
type ranges provided substantial 
increases in range stocking and 
in average steer gains during the 
green-forage and dry-forage sea- 
sons. During the winter season it 
was not possible to increase 
stocking rates, and no advantage 
was shown in steer gains. 
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Grass Seedings on Lodgepole Pine 
Burns in the Northwest1 

NORMAN R. MCCLURE 

Management Agronomist, Plant Materials Center, Soil 
Conservation Service, U. S. Department of Agriculture, 
Pullman, Washington 

The direct losses of timber, 
range, wildlife, and iwatershed 
values resulting from orest fires 
are generally well f ecognized. 
Less obvious, but frequently of 
equal magnitude, are those losses 
associated with the time required 
to re-establish a desirable vege- 
tative cover. Natural re-vegeta- 
tion may be too slow to prevent 
accelerated erosion and many of 
those plants which do become 
quickly established are shallow 
rooted and weedy in nature. 
Where multiple-use has been ac- 
cepted as a basic principle of 
good land management, the ob- 
ject should be to return the land 
to productivity as rapidly as pos- 
sible, with each use given con- 
sideration commensurable to its 
value. 

One approach to this problem, 
seeding to perennial grasses, was 
examined by the Soil Conserva- 
tion Service in lodgepole pine 
(Pinus contorta) stands in east- 
ern Washington. The study was 
made on the Okanogan National 
Forest where lodgepole pine is 
clear-cut in blocks and slash is 
removed by controlled burning. 
This practice may also be ap- 
plied to similar burned-over 
situations created by accidental 
fires. 

Seedings were made with the 
following objectives: 

lcontribution from the Soil Con- 
servation SeTvice, Plant Materials 
Center, Pullman, Washirigton. Part 
of the material in this paper was 
used in the author’s Muster of Sci- 
ence thesis, which w&s prepared 
under the direction of Dr. E. W. 
Tisdale, H e a d, Department of 
Range Management, University of 
Idaho. 

1. To provide protective 
cover for denuded soil 

2. To provide grazing for 
livestock. 

3. To prevent overstocking 
by lodgepole reproduc- 
tion. 

4. To reduce invasion by 
brush. 

Considerable published mate- 
rial is available pertaining to 
seeding burned-over sites and a 
portion of this is directly ap- 
plicable to burns in lodgepole 
pine. Soil and watershed protec- 
tion and forage production are 
two important reasons for re- 
seeding certain burned-over for- 
es t are as (Friedrich, 1947). 
Christ (1934)) working in north- 
ern Idaho, found it essential to 

seed burns the fall of the fire or 
early the following spring for 
successful establishment. 

A study on reseeding lodgepole 
pine burns in eastern Oregon re- 
vealed that heavy stands of per- 
ennial grass decreased the num- 
bers of 1 o d g ep o 1 e seedlings 
(Pickford and Jackman, 1944). 
This was considered desirable 
because the heavy lodgepole 
thickets, which often follow a 
burn, are of little value for wild- 
life or grazing, and are undesir- 
able for best tree growth. 

A restrictive effect of seeded 
grasses on natural forest regen- 
eration has also been noted on 
ponderosa pine (Pinus ponder- 
osa) stands of the Southwest 
(Pearson, 1942)) but a careful 
check of 52 areas in the eastside 
forests of Washington and Ore- 
gon revealed no evidence that 
seedings de c r e a s e d subsequent 
regeneration to ponderosa pine 
(Gjertson, 1949). Perhaps the 
ability of this drought resistant 
conifer to strike a deep taproot 
enables it to compete more effec- 
tively with perennial grasses. A 
more complete review of litera- 
ture pertaining to seeding 

FIGURE 1. Site of exclosure on seeding made at Okanogan in October, 1953. This photo, 
taken in August, 1955, illustrates the excellent growth made by seeded grasses during 
the year following establishment. 
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burned-over forest lands has 
been presented by McClure 
(1956). 

Description of Area 
Site conditions were uniform 

throughout the study area. Soils 
are a deep sandy loam, and all 
seedings were made on slopes of 
10 to 20 percent with southeast 
exposure. The elevation of the 
lodgepole stands was about 4,500 
feet, and rainfall averaged about 
23 inches per year. The forest 
cover on these sites prior to log- 
ging was dominated by thick but 
vigorous stands of lodgepole pine 
with a few scattered western 
larch (Larix occident&s) and 
Douglas fir (Pseudotsugu Men- 
ziessii) . 

Methods and Procedure 
This study was conducted by 

the author as an employee of the 
Soil Conservation Service in 
1955 and 1956 on seedings made 
by the U. S. Forest Service dur- 
ing the previous 3 years. The 
Forest Service had sold lodgepole 
stumpage for clear-cutting in 
blocks. Following logging opera- 
tions the slash was broadcast 
burned (where it had fallen) un- 
der controlled conditions to re- 
duce the fire hazard. Burns were 
made in the fall following log- 
ging, during each of three con- 
secutive years-1952, 1953, and 
1954. 

A mixture of grasses was 
broadcast with cyclone seeders 
as soon as the ashes cooled after 
each burn. The seed mixtures 
were not entirely uniform, but 
the bulk of seed in all three in- 
stances was made up of orchard 
grass, timothy, Manchar smooth 
bromegrass (Broods inermis), 
and tall oatgrass. A total of 6 
pounds of seed per acre was ap- 
plied to the burns. Labor and 
seed costs averaged $4.50 per 
acre for the three plantings. 

The seeded areas remained un- 
grazed through 1953 and 1954 
and were available for study in 
the spring of 1955, when an ex- 
closure (2 rods by 4 rods) was 
established on a representative 
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FIGURE 2. Cattle grazing the 1952 seeding at Okanogan. This stand of grass produced 
2,300 pounds of forage (oven-dry) per acre and was 70 percent utilized when the photo 
was taken, August 1955. 

part of each seeding. Cattle were 
turned into the area in late June. 
Through salting and a minimum 
of herding they were discouraged 
from utilizing the 1954 seeding. 
The 1952 planting was grazed 
much heavier than the 1953 one 
because it was more accessible, 
and forage was abundant on both 
seedings throughout the grazing 
season. Studies of basal density, 
forage production, and utiliza- 
tion were made on the burn sites 
in early August of 1955. The 
basal density of each stand was 
measured by 800 point quadrat 
readings according to the method 
of Levy and Madden (1933)) and 
the volume of forage inside and 
outside each exclosure was de- 
termined by clipping plots and 
oven-drying the plant material. 
Ten 2% square foot plots were 
clipped for each yield determi- 
nation. 

In 1956, only the 1954 seeding 
was grazed extensively. Utiliza- 
tion of seeded grasses was pre- 
scribed by the grazing manage- 
ment plan of the national forest 
and regulated through the excel- 
lent cooperation of permittees. 

Resulfs 
The grasses used in these tests 

became established readily. All 
species included in the mixture 
made significant contributions to 
stand density and forage produc- 
tion. 

Barren strips on the 1952 seed- 
ing, where a small part of the 
slash was windrowed before 
burning, indicated that the fire 
had become too hot on these 
areas and grasses did not become 
well established. The fire on the 
1954 burn was not hot enough 
to burn all duff and many pine- 
grass (CaZamugrostis rubescens) 
and heartleaf arnica (Amicu 
cordifoliu) plants survived to 
compete with the grass seedlings. 
Burning was most uniform and 
of desirable intensity on the 1953 
seeding area. 

A summary of the quantitative 
data collected is presented in 
Table 1. These grass stands pro- 
vided sufficient basal density 
and litter during the second 
growing season to give good pro- 
tection against erosion. Except 
for the 1954 burn, in which many 
native plants survived, seeded 
grasses made up nearly all the 
herbaceous cover on the burned- 
over area. In addition to im- 
proving watershed values, this 
rapid development of cover was 
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Table 1. Basal density, oven-dry yield, and percent ufilizafion of seedings on 
lodgepole burns, Okanogan National Forest. (Dafa collecfed August 
1955 and August 1956). 

Time of % basal dens- Yield-lbs/acre Percent use _~ - 
Seeding ity 1955 1955 1956 1955 1956 -_ _-- 

October 1952 
__-___-. 

7.5 2310 1280 75 
____- 

10 

October 1953 6.5 2130 2150 5 15 
20” _... -t 0 80 October i954 

* Establishment year. 
i_ Weedy, not clipped. 

0.7 

effective in preventing the estab- 
lishment of weeds. 

The trend of forage produc- 
tion on these seedings to date 
has been in accordance with a 
pattern noted in other studies of 
this nature in the Northwest. In 
most cases, grass seedings on 
burned-over forest land require 
one year for establishment and 
then produce heavily during the 
two following growing seasons. 
This initial heavy production has 
been partially attributed to the 
available nitrogen released to 
the soil at the time of the burn 
(Vlamis, Biswell and Schultz, 
1955). Production may be ex- 
pected to drop 30 to 40 percent 
after two seasons and to remain 
relatively stable at this new level 
for several years. 

In 1955 and again in 1956 more 
than one ton of dry forage per 
acre was produced on the 1953 
seeding. In 1956 there was a sig- 
nificant drop in production on 
the 1952 seeding. However, 
heavy residue present in the 
spring of 1955, the first year of 
study, indicated that this seeding 
also produced heavily for two 
growing seasons. 

The 1954 seeding was grazed 
heavily in 1956. Production was 
not measured because this stand 
contained a large percentage of 
native plants which survived the 
fire. Pinegrass and heartleaf 
arnica predominated. Utilization 
of seeded species was estimated 
at 80 percent. This was heavier 
than normally recommended but 
cattle were concentrated in this 
area to protect a new seeding 
made in October 1955. 

An estimate of the monetary 
value of forage produced on the 
Okanogan burns may be ob- 

tained by applying empirically 
derived cost and return figures to 
the results of the study. Figures 
established in this manner are as 
follows : 

Oven-dry forage required to 
keep a yearling steer for one 
month - 700 pounds. 
Average daily gain of year- 
ling steers on good quality 
summer range - 1.5 pounds. 
Average value per 100 
weight of grass fat steers in 
the fall of 1955 - $17.00. 

Calculation with the estimated 
values shows that the volume of 
forage utilized on the 1952 seed- 
ing during the first year of the 
study would produce 112 pounds 
of beef per acre, valued at $19.04. 
Considering that the total cost of 
seeding was $4.50 per acre and 
that several seasons of grazing 
may be realized, the calculated 

monetary gains indicate that 
rapid and complete returns from 
investment may be obtained 
when multiple use is considered 
desirable and the forage can be 
readily harvested. Even when 
this is not so, the long-term val- 
ues of erosion control, watershed 
yield, and noxious weed control 
may justify the low initial cost 
of this practice. 

Other studies made over the 
past 15 years by the Soil Con- 
servation Service have shown 
that successful establishment of 
a legume-grass mixture on 
burned-over areas provides addi- 
tional advantages. Quality of 
forage is superior to grass alone, 
and production may be main- 
tained at a higher level for many 
years. However, erratic results 
in legume establishment do not 
warrant specific recommenda- 
tions for mixed seedings at this 
time. 

No tree reproduction could be 
found on the two younger seed- 
ings, but larch and lodgepole 
seedlings were noted throughout 
the 1952 grass planting. A good 
stand of lodgepole reproduction 
was noted in a nearby area which 
was burned and seeded in 1950. 
Observations to date indicate 

FIGURE 3. This picture is of a seeding made in 1950. Th is seeding was not evaluated for 
forage- production but was photographed to show the excellent stand of lodgepole re- 
prod-action which has become established in the timothy and redtop (Agrostis a/ha) sod; 
August 4, 1955. 
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that seed source and climatic 
conditions are the primary fac- 
tors influencing forest regenera- 
tion. The competitive effect of 
perennial grass cover is subordi- 
nate to and modified by the im- 
pact of these two major in- 
fluences. 

Summary 
Three field-scale plantings of 

perennial grasses were made in 
consecutive years following 
clear-cut logging and controlled 
burning of lodgepole pine. Or- 
chard grass, Manchar brome, 
timothy, and tall oatgrass be- 
came readily established and by 
the second year provided excel- 
lent ground cover and a con- 
siderable volume of feed for live- 
stock. 

Erosion and weed control, and 
forage and watershed values ob- 
tained have been convincing evi- 
dence of the economic feasibility 
and conservation value of seed- 
ing perennial grasses following 
fire in lodgepole pine. 
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Exclosures in Big Game Management in Utah1 

STANFORD YOUNG 

Recreational Planner, National Park Service, U. S. De- 
partment of Interior, Washington, D. C. 

An “exclosure” is defined by 
Daubenmire (1940) as an experi- 
mental area which is protected 
from the activities of a particu- 
lar class of animals by a barrier 
such as a fence or screen, thereby 
controlling a single factor of en- 
vironment, namely, the animal 
influence. Several different 
types of exclosures are employed 
by the land management agen- 
cies in Utah. One of these is the 
“big game” exclosure. 

._~ 
1Adapted from the author’s Master 
of Science thesis. Study sponsored 
by the Utah Fish and Game De- 
partment under Federal Aid to 
Wildlife Restoration. Acknowledge- 
ment for assistance is made to Dr. 
Jessop B. Low, Utah Cooperative 
Wildlife Research Unit; Dr. C. 
Wayne Cook, Utah State Univer- 
sity; Dr. OdeZZ Julander, Dr. D. I. 
Rasmussen, and A. Perry Plummer, 
U. S. Forest Service; and W. Leslie 
Robinette, U. S. Fish and Wildlife 
Service. 

Typically, big game exclosures 
in Utah are fixed installations 
consisting of three parts. The 
first part is fenced to exclude 
both big game and livestock and 
is referred to as the “total-pro- 
tected”area. The second part is 
fenced to exclude only livestock 
and is referred to as the “game- 
only“ area. The third part is 
unfenced (of ten designated by 
stakes) and subject to use by all 
classes of range animals. It is 
referred to as the “open-range” 
area. The game-only area is 
omitted where there are no live- 
stock, thus making an exclosure 
of only two parts. 

Big game exclosures came into 
use in Utah when deer popula- 
tions conflicted with livestock in- 
terests in central and southern 
Utah during the early 1930’s. As 
a result of the increases in deer 
numbers, two groups were op- 

posing certain policies of the land 
management agencies. On one 
hand, stockmen, threatened with 
grazing allotment cuts, believed 
that overabundant deer, and not 
livestock, were mainly respon- 
sible for deteriorating range con- 
ditions. On the other hand, 
sportsmen were not convinced of 
overpopulations and refused to 
harvest sufficient numbers of the 
deer. Big game exclosures were 
built to show the actual circum- 
stances. 

Three small exclosures were 
first built in Utah in 1932 by the 
Utah State Department of Fish 
and Game and the U. S. Forest 
Service on Beaver Mountain of 
the Fishlake National F o r e s t . 
The first of these was in Baker’s 
Canyon on deer winter range, 
the second near Merchant Valley 
on deer intermediate range, and 
a third south of Big Flat on 
summer range. Additional ex- 
closures were added in 1933 on 
the summer range of B e a v e r 
Mountain. 

These p i o n e e r exclosures 
demonstrated that the chief 
effect of overstocking by deer 
was the deterioration of browse 
and that livestock were responsi- 
ble for overgrazing the grasses. 
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that seed source and climatic 
conditions are the primary fac- 
tors influencing forest regenera- 
tion. The competitive effect of 
perennial grass cover is subordi- 
nate to and modified by the im- 
pact of these two major in- 
fluences. 

Summary 
Three field-scale plantings of 

perennial grasses were made in 
consecutive years following 
clear-cut logging and controlled 
burning of lodgepole pine. Or- 
chard grass, Manchar brome, 
timothy, and tall oatgrass be- 
came readily established and by 
the second year provided excel- 
lent ground cover and a con- 
siderable volume of feed for live- 
stock. 

Erosion and weed control, and 
forage and watershed values ob- 
tained have been convincing evi- 
dence of the economic feasibility 
and conservation value of seed- 
ing perennial grasses following 
fire in lodgepole pine. 
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Exclosures in Big Game Management in Utah1 

STANFORD YOUNG 

Recreational Planner, National Park Service, U. S. De- 
partment of Interior, Washington, D. C. 

An “exclosure” is defined by 
Daubenmire (1940) as an experi- 
mental area which is protected 
from the activities of a particu- 
lar class of animals by a barrier 
such as a fence or screen, thereby 
controlling a single factor of en- 
vironment, namely, the animal 
influence. Several different 
types of exclosures are employed 
by the land management agen- 
cies in Utah. One of these is the 
“big game” exclosure. 

._~ 
1Adapted from the author’s Master 
of Science thesis. Study sponsored 
by the Utah Fish and Game De- 
partment under Federal Aid to 
Wildlife Restoration. Acknowledge- 
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Wayne Cook, Utah State Univer- 
sity; Dr. OdeZZ Julander, Dr. D. I. 
Rasmussen, and A. Perry Plummer, 
U. S. Forest Service; and W. Leslie 
Robinette, U. S. Fish and Wildlife 
Service. 

Typically, big game exclosures 
in Utah are fixed installations 
consisting of three parts. The 
first part is fenced to exclude 
both big game and livestock and 
is referred to as the “total-pro- 
tected”area. The second part is 
fenced to exclude only livestock 
and is referred to as the “game- 
only“ area. The third part is 
unfenced (of ten designated by 
stakes) and subject to use by all 
classes of range animals. It is 
referred to as the “open-range” 
area. The game-only area is 
omitted where there are no live- 
stock, thus making an exclosure 
of only two parts. 

Big game exclosures came into 
use in Utah when deer popula- 
tions conflicted with livestock in- 
terests in central and southern 
Utah during the early 1930’s. As 
a result of the increases in deer 
numbers, two groups were op- 

posing certain policies of the land 
management agencies. On one 
hand, stockmen, threatened with 
grazing allotment cuts, believed 
that overabundant deer, and not 
livestock, were mainly respon- 
sible for deteriorating range con- 
ditions. On the other hand, 
sportsmen were not convinced of 
overpopulations and refused to 
harvest sufficient numbers of the 
deer. Big game exclosures were 
built to show the actual circum- 
stances. 

Three small exclosures were 
first built in Utah in 1932 by the 
Utah State Department of Fish 
and Game and the U. S. Forest 
Service on Beaver Mountain of 
the Fishlake National F o r e s t . 
The first of these was in Baker’s 
Canyon on deer winter range, 
the second near Merchant Valley 
on deer intermediate range, and 
a third south of Big Flat on 
summer range. Additional ex- 
closures were added in 1933 on 
the summer range of B e a v e r 
Mountain. 

These p i o n e e r exclosures 
demonstrated that the chief 
effect of overstocking by deer 
was the deterioration of browse 
and that livestock were responsi- 
ble for overgrazing the grasses. 
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The objectives of the present 
study were (1) to describe the 
existing big game exclosures in 
U t a h , (2) to investigate the 
possibility that deer use of game- 
only areas and the surrounding 
open-range may often be un- 
equal, and (3) to evaluate the 
role of big game exclosures in 
range management in Utah, and 
to indicate the direction of future 
endeavors. 

From historic records and the 
examination of isolated tracts 
that escaped overgrazing, Utah’s 
foothill ranges are thought to 
have once grown abundant na- 
tive forbs and grasses (Julander, 
1954). With the arrival of 
settlers, and as their cattle and 
sheep herds prospered, much of 
this cover was destroyed. In its 
place grew big sagebrush, juni- 
per, and other shrubby species 
that were better able to with- 
stand use by livestock. Simul- 
taneously, as large areas in the 
foothills and mountains of the 
state grew to browse, the deer 
herds began to respond to protec- 
tion from hunters and predators. 
The combination of abundant 
feed and protection produced the 
most favorable condition for deer 
increase since settlement (Ras- 
mussen and Gaufin, 1949) and 
lasted until about 1942, when 
deer numbers outgrew the forage 
producing capacity of important 
parts of the range (Julander, 
1954). 

In 1890, the range lands of 
Utah supported unregulated use 
by approximately 360,000 beef 
cattle and 2,000,OOO sheep (Ras- 
m u s s e n and Gaufin, 1949). 
Heaviest livestock pressure on 
the ranges occurred from 1915 to 
1920, as a consequence of the de- 
mands for meat created by 
World War I. Following that 
war, livestock reductions were 
effected, but concurrent w i t h 
these reductions deer numbers 
were growing, so that total ani- 
mal pressure was probably not 
much relieved (Julander, et al., 
1950). By 1954, Utah’s c at t 1 e 
numbers were increasing, while 

1954. 

sheep numbers were decreasing. 
Shorter seasons on the range, 
decrease in grazing permits, and 
increased use of feedlots, how- 
ever, have 1 es s en e d over-all 
cattle pressure on the range. 

Status of Exclosures 
Thirty-six big game exclosures 

were known to be located in 
Utah in 1954. The U. S. Forest 
Service sponsored and carried 
the big game exclosure building 
program in Utah until 1946. The 
Utah State Department of F’ish 
and Game later became inter- 
ested and built 7 exclosures on a 
cooperative basis with the U. S. 
Forest Service. Thirty-f our ex- 
closures w e r e located within 
national forest boundaries, one 
on Utah State Department of 
Fish and Game land, and one on 
U. S. Bureau of Land Manage- 
ment land. Sixteen exclosures 
were built prior to 1942, and 20 
more were completed after the 
end of World War II. Six ex- 
closures had only a total-pro- 
tected area; 30 were designed 
with total-protected and game- 
only areas, two of which had 
rabbit-proof areas also. Twenty- 

s e v e n exclosures were fenced 
with wiring, and nine were of 
log and block walls. Twenty-five 
exclosures could be reached by 
road, ten were less than one mile 
from a road and one was about 
five miles from a road. The trend 
was from small exclosures (10 
were less than l, acre), designed 
primarily for demonstration pur- 
poses, to larger exclosures (10 
were s-1 acre and 16 were l-4 
acres) better suited for inves- 
tigating the effects of grazing 
and browsing animals on the 
range. 

Topographically, the locations 
of the big game exclosures were 
classified into five natural di- 
visions. Five were in bottom- 
lands, 8 on ridgetops, 5 on mesa 
or plateau tops, 8 on hillsides, 
and 10 on relatively level foot- 
hill areas. Ex c 1 o sur e s were 
grouped into 10 vegetation types 
based on the most conspicuous 
or dominant vegetation present 
(Table 1). The exclosure loca- 
tions ranged in elevation from 
5,000 feet to 10,100 feet. Twenty- 
eight (78 percent) had a souther- 
ly exposure; the remaining 8 (22 
percent) faced a northerly direc- 
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Table 1. Big game exclosures by 
vegetation types, Utah. 
1954. 

Forest Service (Varner, 1954). 
The results apply only to ex- 
closures used by deer and cattle, 
since too few exclosures were 
used by sheep and elk for reli- 
able observations. 

Vegetation Exclosure 

type Number Percent 

Sagebrush and 
mountain brush 9 

Mountain brush 7 
Sagebrush 6 
Aspen 5 
Sagebrush and aspen 2 
Mountain brush 

and juniper 2 
Reseeding 2 
Sagebrush and juniper 1 
Sagebrush and 

reseeding 1 
Aspen and reseeding 1 

25.0 
19.0 
16.5 
14.0 
5.5 

5.5 
5.5 
3.0 

3.0 
3.0 

Total 36 100.0 Browse 

tion. The exclosures were located 
on ranges important to either big 
game or big game and livestock. 
The majority received moderate 
to heavy use by deer and cattle, 
and some by deer alone (Table 
2). Sixteen exclosures (44 per- 
cent) were located on deer 
winter ranges, 14 (39 percent) 
were on summer deer ranges, 
and 6 (17 percent) on intermedi- 
ate (spring and fall) deer ranges. 
Livestock use was restricted to 
spring, s u m m e r , and fall on 
ranges having exclosures. 

Effects of Animal Use 
of the Range 

Big game exclosures can be 
useful in studying the effects of 
big game and livestock on plant 
composition, density, and growth 
forms, as well as on litter and 
soil. 

Ground-cover 

Five-foot square plots we r e 
read on tracts having similar 
slope, exposure, and vegetative 
type and growth densities, for 
the total-protected, game-only 
and open-range areas. A visual 
estimate was made of the per- 
cent of the plots covered by soil- 
pavement-rock, litter, and her- 
b ac e o u s species. Forbs and 
grasses were rated as “desir,- 
ables”, “intermediates”, or “least 
desirables”, as classified by the 
Intermountain Region of the 

Differences in ground cover 
were negligible b e t w e e n the 
total-protected a n d game-only 
plots, while significantly more 
soil-pavement-rock, less litter, 
less grasses, and less desirable 
forb species were found on the 
open-range plots, showing that 
cattle and deer combined, more 
than deer alone, adversely influ- 
enced herbaceous ground-cover. 

The effects of animal use on 
browse plants were c 1 early 
shown at the big g am e ex- 
closures. When deer use was ex- 
cessive, the browse on the areas 
accessible to deer was hedged 
and highlined, and often spindly. 
The only surviving age classes of 
browse were large shrubs that 
had reached a mature size at the 
time deer numbers became ex- 
cessive, which permitted hedging 
or highlining instead of complete 
destruction. Frequently, palat- 
able shrubs on total-protected 
areas were plentiful, while the 
s a m e species had surrendered 
their places to less palatable 
shrubs on the game-only and 
open-range areas accessible to 
deer. 

Ten browse species, important 
to range animals because of their 
palatability or abundance, were 
prominent at the e x c 1 o s u r e s 

(Table 3) . Of these, bitterbrush 

Table 2. Big game exclosure having 
moderate fo heavy use by 
big game and livestock, 
Utah, 1954. 

Exclosure 
Class of use Number Percent 

Deer and cattle 22 61 
Deer only 9 24 
Deer, cattle, and elk 2 6 
Deer and sheep 1 3 
Deer, sheep and elk 1 3 
Deer and elk 1 3 

Total 36 100 

Table 3. Important browse species 
occurring at fhe 36 big 
game exclosures, Utah, 
1954. ________ 

Percent 
of 

Browse species Occur- Occur- 
rence rence 

Big sagebrush 29 80.6 . 
Bitterbrush 22 61.1 
Serviceberry 17 47.2 
Juniper 17 47.2 
Snowberry 16 44.4 
Birchleaf Mahogany 13 36.1 
Gambels oak 11 30.6 
Aspen 11 30.6 
Curlleaf mahogany 8 22.2 
Cliffrose 5 13.9 

(Purshia trident&a), s e r v i c e 
berry (Amelanchier spp.) , curl- 
leaf m a h o g a n y (CerocarYpus 
Zedifolius), birchleaf mahogany 
(C. montanus), cliffrose (Cow- 
ania stansburiana), and a s p e n 
(Populus tremuloides) appeared 
most sought after by range ani- 
mals, and most abused. Where 
the above 6 species were abun- 
dantly available, big sagebrush 
(Artemesia trident&a), juniper 
(Juniperus osteosperma), Gam- 
be1 oak (Quercus gumbelii), and 
snowberry (S ymphoricarpos 
spp.) appeared lightly utilized 
Only when the more palatable 
shrubs were unavailable were 
the latter 4 species closely used. 
The former 6 species (excepting 
aspen) w e r e characterized by 
thin stands, while the latter 4 
species usually grew abundantly. 

Generally, t h e low-growing, 
bushy species like bitterbrush 
and snowberry grew to with- 
stand continued over use by 
forming an impenetrable hedge- 
like growth, while the more 
chararcteristically treelike spe- 
cies succumbed more readily un- 
less they were tall enough to be 
partially out of the reach of deer. 
Bitterbrush in particular was 
able to survive by forming a 
hedge in this manner. Where 
protected, it had an open bushy 
growth that stood more than 3 
feet high. With abuse, however, 
it was often reduced to a matted 



EXCLOSURES IN BIG GAME MANAGEMENT ;89 

growth only a few inches high. 
Big sagebrush survived on most 
grazed plots because it was usu- 
ally only lightly browsed. How- 
ever, on many deer winter ranges 
big sagebrush suffered severely 
from overuse. 

The recuperative powers of the 
different browse species varied 
considerably. Bitterbush, birch- 
leaf mahogany, and snowberry 
were noticeably quick to recover; 
after only 2 or 3 years of pro- 
tection in newly built exclosures 
they were no longer hedged and 
once again open-growing. The 
treelike species, however, were 
slow to regain foliage below the 
highline; highlines were o f t e n 
visible after years of protection. 

The majority of the exclosures 
had s e r i o u s shortcomings for 
purposes of studying the effects 
of livestock or big game use. In 
the first place, most were too 
small to enclose representative 
portions of range, even though 
they were located on representa- 
tive parts of the range. Many 
were poorly built or maintenance 
had been neglected, with the re- 
sult that animals e n t e r e d the 
areas from which they were in- 
tended to be excluded. 

Deer Use of 
Game-Only Exclosures 

A comparison of deer use in- 
side game-only areas with that 
of the surrounding open-range 
was made by pellet-group counts 
at 26 big game exclosures having 
game-only areas. Areas within 
the g a m e - o n 1 y fencing were 
matched with open-range areas 
h a v in g equivalent slope, ex- 

FIGURE 2. Big Flat exclosure, Utah, 1954, showing the fence line that divides the total- 
protected and game-only areas that were clear-cut of aspen in 1932. Notice the total- 
protected area (left) filled with young aspen, while the game-only area (right) re- 
mains bare of aspen because of heavy deer use. 

posure, and vegetation. On each 
area studied 3 or 4 belt transects 
of from 100 to 200 feet were run. 
As shown by the pellet group 
counts, deer use on the game- 
only areas was approximately 
equal to the open-range use at 9 
exclosures, but at 9 others it was 
considerably greater and at 8 
others considerably 1 e s s . The 
abundance of brow se on the 
range that surrounded an ex- 
closure probably influenced this 
use. When browse was abundant 
outside, deer were less inclined 
to cross the fencing. When 
scarce, and the game-only 
browse was abundant, as at the 
Grass Valley exclosure, d e e r 
were attracted inside the ex- 
closure. Deer appeared less in- 

Table 4 Deer use ai 26 big game exclosures, related fo the size of fhe game- 
only areas, Ufah, 1954. 

Game-only No. of exclosures No. of exclosures No. of exclosures 
area having more “game- having equal “game- having less “game- 
size only” than open- v only” and “open- only” than “open- 

(acres) range” deer use range” deer use range” deer use 
00 to 0.24 0 0 5 
0.25 to 0.49 1 1 0 
0.50 to 0.74 1 1 1 
0.75 to 0.99 2 1 1 
1.00 and larger 5 6 1 

Total 9 9 8 

clined to enter game-only areas 
one-quarter acre or less in size 
than larger areas, while a size 
larger than one acre appeared to 
deter deer the least (Table 4). 
The age of an exclosure seemed 
not to affect deer use, as judged 
by pellet-group counts. A factor 
which can influence deer use is 
fence height. It should-be 3-3s 
feet high to effectively exclude 
livestock, but not higher, so as 
to be no barrier to the different 
size and age classes of deer. 

Discussion and 
Recommendations 

The many small “show me” ex- 
closures built on deer problem 
areas of the State demonstrated 
that livestock and not deer were 
mainly responsible for the de- 
pleted r a n g e grasses. The ex- 
closures helped to educate 
sportsmen to the effects of too 
many deer on browse, showing 
that deer numbers were limited 
in the long run to the available 
browse on a range. For the speci- 
fic purposes that they were in- 
tended these exclosures w e r e 
effective devices in b r i n g i n g 
about a better understanding of 
the effects of livestock and deer 
on the range. 
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To more fully realize the po- 

tential value of big game ex- 
closures for scientific study as 
well as for demonstrating the 
long-range effects of animal use 
on the range, it is recommended 
that the land management agen- 
cies cooperatively p 1 a n future 
construction guided by the fol- 
lowing points: 

(1) That big game exclosures 
be 1 o c a t e d on representative 
parts of range, physiographically 
as well as vegetatively, and that 
they enclose ecological units of 
range that can develop naturally 
and independently of the sur- 
rounding range. The more heter- 
ogenous the conditions, the 
larger the exclosures would nec- 
essarily be. That total-protected, 
game-only, and open-range areas 
be carefully selected to h a v e 
equivalent conditions, thereby 
allowing for accurate compari- 
sons. Experienced range ecolo- 
gists should be delegated the re- 
sponsibility of location and de- 
sign. 

(2) That big game exclosures 
be permanent installations, with 
no more being built than can be 
prop er ly maintained by the 
agency which built them. Once 
their upkeep is neglected and 
animals enter, much of the ac- 
crued development is destroyed. 

(3) That big game exclosures 
be distributed on the important 
vegetation types to sample use 
by the different kinds of range 
animals. Some important vegeta- 
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tion types that should be 
sampled are: (a) foothill sage- 
brush, (b) pinyon-juniper, (c) 
mountain brush (d) aspen. 

(4) That the fencing for ex- 
closures should be of the most 
open design practical to mini- 
mize its effects on the range en- 
vironment. However, log an d 
block fencing, because of its dur- 
ability, would possibly be nec- 
essary where deep snows prevail. 
Fencing w h i c h excludes deer 
should stand at least 8 feet high. 
F e n c i n g excluding livestock, 
while allowing deer to enter free- 
ly, should stand 3 or 3% feet 
high, and be railed. 

(5) That where rabbits are 
abundant, part of the total-pro- 
tected area should be made 
rabbit-proof. This can be done 
with l-inch by l-inch mesh 
welded wire, supported against 
sagging, the lower edge of which 
should be buried 6 inches and 
pegged securely into the ground. 
F i t c h and Bentley (1949) de- 
scribe construction that will ex- 
clude gophers and other rodents. 

(6) That a sign giving the 
name, date built, building agen- 
cy, and purpose would identify 
the structures, and discourage 
their use as corrals. Stiles or 
ladders should permit access to 
the total-protected areas, since 
gates or doors may be left open. 

(7) Included in the compiled 
records should be permanently 
located photo-hubs, and aspect 
and fence line photographs. Also 

recorded should be climate and 
a n i m a 1 use, including classes, 
seasons, and intensities. In addi- 
tion, carefully designed studies , 
s amp1 in g the different com- 
ponents of the r a n g e , ground- 
cover and browse, should be es- 
tablished on the exclosures and 
surrounding range. These 
studies, standardized and regu- 
larly repeated, would chronicle 
the long r a n g e effects of dif- 
ferential animal use on the 
range. 
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Filarial dermatosis of sheep, also 
known as elaeophoriasis, or “sore 
head”, can be cured. Two com- 
pounds, ET-57 and piperazine, gave 
complete cure of even the most ad- 
vanced cases of the disease in USDA 
tests. 

This rare skin malady affects 
sheep grazing above the 6,000-foot 
level on summer ranges in the west- 
ern United States and Canada. Al- 

Cure for Sore Head in Sheep 

though it now infects less than 1 
percent of domestic sheep, there are 
indications that the disease is 
spreading. 

Filarial dermatosis is caused by a 
worm parasite related to the nema- 
todes responsible for elephantiasis in 
humans. The microscopic larvae live 
in the skin, causing raw, bleeding 
lesions of the head, feet and abdo- 
men, which result in lameness and 

blindness. 
A single injection of ET-57 direct- 

ly into the rumen of an affected ani- 
mal can cure it. Adding piperazine 
to the sheep’s drinking water for 3 
days or administering it as a single 
drench proved equally effective. 
USDA scientists believe that both 
drugs can be adapted for treatment 
of sheep under field or range condi- 
tions. 
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It has often been observed that 
cattle seem to prefer some spe- 
cies of grass more than others. 
Although many attempts have 
been made to classify plants as 
to palatablity, very few quanti- 
tative investigations have been 
reported. Hurd and Pearse 
(1944) working with eight 
grasses commonly used in re- 
seeding found that some were 
definitely preferred over others. 
They concluded that grasses of 
high and low preference should 
not be planted together.. Weaver 
and Tomanek (1951) found cer- 
tain grasses on a native range in 
the true prairie were grazed 
more frequently than others. 

A number of studies have been 
conducted to determine what 
factors influence preference of 
animals for certain species. 
There seems to be no appreciable 
correlation between the chemical 
composition of forage and its se- 
lection by livestock (Johnstone- 
Wallace, et. al, 1944; Hardison, 
et. al, 1954). It is not the purpose 
of this study to investigate causes 
of preference but rather to deter- 
mine if preference exists for the 
major species of grass on native 
prairies of the oentral Great 
Plains. 

Methods of Study 

The study area was a large 
range which has been moder- 
ately grazed in recent years and 
previously had been only lightly 
used. It was a typical mixed 
prairie composed of three prin- 
cipal communities-buffalo 
grass-blue grama (BuchZoe dac- 
tyloides - Bouteloua gracilis) , lit- 

tle bluestem (Andropogon sco- 
parius), and big bluestem (A. 
gerardi) types (Albertson, 1937). 
The buffalo-blue grama type was 
located on the uplands and had a 
deep, mature, silty clay loam soil. 
This type comprised about 30 
percent of the pasture. The little 
bluestem type was found on the 
slopes where the soil layer was 
from 6 to 24 inches deep, over- 
lying fragmented limestone. 
Even the top soil often had frag- 
ments of limestone scattered 
through it. The big bluestem 
type was located in the lowlands 
where, due to constant accumu- 
lation, the soil was deep but im- 
mature. All three types were 
sampled and are referred to as 
sites in this paper. The buffalo- 

blue grama type is referred to as 
upland site, the little bluestem 
type as breaks site and the big 
bluestem type as lowland site. 
This is in agreement with a re- 
cent classification of sites by the 
Soil Conservation Service in 
Kansas. Principal grass species 
on all three sites were studied to 
find out which ones were most 
preferred by grazing cattle. The 
comparisons were limited to six 
grasses which were found to be 
the most abundant. The amount 
of forage was plentiful for the 
number of animals grazing in the 
pasture during the study. The 
number of animals varied some- 
what during the growing season, 
but the fluctuations in numbers 
were not great enough to affect 
the results. 

A steel cylinder 3 inches in 
diameter and 1/4 inch thick was 
used as a vegetation sampling 
device. This device was first 
used by Weaver and Tomanek 
(1951) in the true prairie of Ne- 
braska. The investigator paced 
off five steps in any direction 
across the site being considered 
and at the end of five steps the 
steel cylinder was placed in front 

FIGURE 1. Small area of big 
preferred, ungrazed species. 

bluestem in mixed prairie closely grazed among other less 
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Table 1. Percenf occurrence of six grasses on fhree sifes of moderafely 
grazed pasfure. 

Species Upland Hillside Lowland - ______. 
Buffalo grass 72.5 15.7 40.3 
Blue grama 52.1 23.0 10.7 
Side-oats grama 3.7 49.2 14.3 
Western wheatgrass 2.4 6.4 54.7 
Little bluestem 8.7 
Big bluestem 24.8 25.3 - -_____ _I_.-- 

of the toe of his shoe. The species 
present within the cylinder were 
recorded as well as whether or 
not they had been grazed. No at- 
tempt was made to determine the 
extent of grazing. Samples were 
taken during the growing season 
from May to August, inclusive, 
on all three sites. A total of 3,019 
samples were taken on the low- 
land, 3,537 on the hillside and 
1,799 on the upland. More sam- 
ples were taken on sites that sup- 
ported the most complex vegeta- 
tion. From these samples three 
kinds of data could be secured: 
(1) percent occurrence of prin- 
cipal species, (2) number of 
times a species was grazed in re- 
lation to the number of times 
present (expressed as percent) 
and (3) percent of samples 
grazed on each site. These data 
were used to determine the rela- 
tive preference of cattle for the 
principal species of grass. 

All six grasses considered in 
this study were found in suffi- 
cient amounts to be sampled on 
the hillsides. This type was dom- 
inated by side-oats grama (Bou- 
teloua curtipendula), big blue- 
stem, and blue grama. Lesser 
amounts of little bluestem, buf- 
falo grass, and western wheat- 
grass (Agropyron smithii) were 
also present. 

Heavier use of hillsides in com- 
parison to uplands may be a re- 
sult of differences in species 
composition. The greater vari- 
ety of grasses on the hillside 
might have encouraged heavier 
utilization on this site. 

Preference for Species 

A great variety of grasses was 
found on the lowlands, but five 
species were most important. 
Western wheatgrass was most 
abundant, as it was found in 54.7 
per cent of the samples, 

Perceni of Samples Grazed 

Chi-square was used to deter- 
mine whether the number of 
times a species was grazed was 
significantly different than the 
amount expected from a hypoth- 
esis of random grazing. 

The lowland appeared to be 
the most heavily utilized with 
63.9 percent of the samples 
grazed (Table 2) . The hillside 
had 54 percent of them grazed 
while the upland had only 26.5 
percent. Lowlands are frequent- 
ly more heavily grazed than the 
other two sites especially during 
the early part of the season. 
Range conservationists have 
found that lowlands are consist- 
ently in a lower range condition 

Buffalo grass is one of the 
principal grasses of the central 
Great Plains. It is best adapted 
to deep mature soils of the up- 
lands and gentle slopes. On the 
uplands, where it is codominant, 
it did not have significant prefer- 
ence rating (Table 2) . In other 
words, the cattle did not seem to 
prefer it but rather it was grazed 
about as often as one would ex- 
pect in relation to the degree of 
grazing on this site. However, on 
the hillside and lowland sites this 
grass had a negative preference 
rating which indicates that other 
grasses found on these sites were 
preferred over this species. It 
has been noted that some grasses 
decrease while others increase in 
abundance with grazing. Dyk- 
sterhuis (1949) has labeled these 
decreasers and increasers. This 
species is one of the most com- 
mon increasers in the mixed 
prairie. One of the basic reasons 
for this reaction is probably its 
low growing point (Branson, 
1953). However, the definite lack 
of preference for this species 

Resulfs # 

The vegetation on the uplands 
in this prairie was dominated by 
the two short grasses, buffalo 
grass and blue grama. Small 
amounts of other grasses oc- 
curred but were not sufficiently 
abundant to be included in a sig- 
nificant number of samples. 
Earlier studies have reported 
that these two species made up 
80 percent of the vegetation on 
this site, and in this study they 
both occurred in over 50 percent 
of the samples (Table 1). 

Table 2. Percenf of fofal samples grazed and of fhose samples confaining 
species sfudied. Significanf grazing preference indicafed as follows: 
N-significanf negafive preference; O-No significanf preference; 
P-significanf posifive preference. 

~__~_ .~-- 
Upland Hillside Lowland 

_-- 
Percent Sig. Percent Sig. Percent Sig: -- ____ -__ _- 

Total Samples 26.5 54.0 63.9 
Samples containing: 

Buffalo grass 26.1 0 34.3 N 51.8 N 
Blue grama 26.5 0 35.9 N 45.5 N 
Side-oats grama 55.1 0 65.9 0 
Western wheatgrass 54.1 0 68.9 P 
Little bluestem 69.8 P 
Big bluestem 77.3 P 81.3 P 

class than hillsides or uplands. 
This may be partially due to 
their more heavy utilization 
(Weaver and Tomanek, 1951). 



GRAZING PREFERENCE COMPARISONS OF NATIVE GRASSES 193 

would also augment its increase. 

Blue grama is the most com- 
mon grass of the entire Great 
Plains and forms an important 
part of the vegetation on many 
sites. It did not have any signi- 
ficant preference rating on the 
upland and like its codominant, 
buffalo grass, it was grazed at 
about the same frequency as the 
total degree of grazing on this 
site. It also had a significant 
negative preference rating on 
the other two sites. 

Side-oats grama was found in 
considerable quantities on both 
the hillsides and lowlands. How- 
ever, cattle did not show any sig- 
nificant grazing preference for 
this species on either site. Total 
percent of samples grazed on the 
hillside was 54, while 55.1 per- 
cent of those containing side-oats 
grama had been grazed. Close 
correlation between the grazed 
total samples and grazed side- 
oats samples was also found on 
the lowland. This grass is an in- 
creaser on breaks and lowlands. 
It generally increases at the ex- 
pense of big and little bluestem 
which are preferred on both 
sites. 

Western wheatgrass is the 
most abundant cool-season grass 
in the Great Plains. Normally 
this grass is grazed early in the 
spring and in the fall. After it 
matures in June, the old seed 
stalks are seldom grazed until 
new growth starts in the fall. It 
was grazed about the same de- 
gree as the total number of sam- 
ples on the hillside, but on the 
lowland the utilization was 
heavy in the spring, and it did 
have a significant positive pref- 
erence rating. 

Little bluestem grows primari- 
ly on open soils in the central 
Great Plains. It is most common 
on sandy or shallow, rocky sites. 

It was found on the hillside site 
in this study area and was defi- 
nitely preferred by cattle over 
buffalo grass, blue grama, side- 
oats grama and western wheat- 
grass. However, it was not 
grazed as frequently as big blue- 
stem. 

Big bluestem had the highest 
preference rating on the two sites 
where it occurred. More than 
three-fourths of the samples in 
which it was found were grazed. 
Big bluestem and little bluestem 
are decreasers on the sites where 
they occur. The definite prefer- 
ence of cattle for these two spe- 
cies is probably an important 
factor in their d.ecrease in abun- 
dance. 

Summary 

A study was conducted on a 
moderately grazed range near 
Hays, Kansas to determine the 
preference of cattle for the six 
major grass species of that area. 
Samples were on upland, breaks, 
and lowland sites. Three types 
of determinations were made 
from the samples: (1) percent 
occurrence of species on each 
site, (2) percent of grazed sam- 
ples on each site and (3) number 
of times a species was grazed in 
relation to the number of times 
present. From these data an at- 
tempt was made to determine 
whether a species had a signifi- 
cant positive preference, no pref- 
erence, or negative preference 
rating. 

The uplands were dominated 
by blue grama and buffalo grass. 
Small amounts of other species 
occurred but not abundant 
enough to be sampled. All six 
species studied were found on 
the breaks. Side-oats grama, big 
bluestem and blue grama were 
most common. Western wheat- 
grass, buffalo grass and big blue- 
stem were abundant on the low- 
lands. 

More samples were grazed on 
the lowland (63.9 percent) than 
on either the breaks (54.0 per- 
cent) or uplands (26.5 percent). 
This may account for the low 
range condition generally found 
on the lowlands. 

Big and little bluestem had a 
significant positive preference 
rating wherever they occurred. 
Side-oats grama was neither pre- 
ferred nor shunned but was 
grazed about the same as the av- 
erage for the habitat. Western 
wheatgrass was preferred in the 
lowland but not on the breaks. 
Buffalo grass and blue grama 
were grazed without preference 
on the uplands but had signifi- 
cant negative preference ratings 
on the breaks and lowlands. 
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BALANCING LIVESTOCK 
NUMBERS, FEED AND 

FORAGE ON RANCHING 
UNITS 

LEROY H. RASMUSSEN 

Soil Conservation Service, U. S. 
Department of Agriculture, Lander, 
Wyoming 

Many stockmen who are inter- 
ested in adjusting their livestock 
numbers, lack a precise means of 
determining the stocking capa- 
bilities of their ranching units. 
The many factors involved in 
such a balance are apt to be con- 
fusing until they are catalogued 
and set forth in a manner that is 
easily understood. Even then, 
mathematical computations are 
necessary to bring the various 
components into balance. These 
components are the animal units 
on the one hand, and feed and 
forage resources on the other. In 
this discussion, feed and forage 
are distinguished : feed, refer- 
ring only to harvested roughage 
that is fed as hay or ensilage; 
forage, including all types of 
grazing available for livestock. 

For many years a system of 
balancing livestock numbers, 
feed and forage, has been used by 
range conservationists of the Soil 
Conservation Service in the 
Northern Plains States. The sys- 
tem used has been satisfactory. 
The author, in the hope of devel- 
oping a simpler system that 
would still embody the advan- 
tages and accuracy of the origi- 
nal procedure, devised the meth- 
od outlined in this discussion. It 
has been used with ranchers in 
central Wyoming since 1955 and 
is easily understood by them. In 
addition, it summarizes certain 
types of information in a manner 

that permits simpler calculation 
of adjustment in size of breeding 
herd to meet changing condi- 
tions. 

The author is indebted to Dr. 
E. J. Dyksterhuis for the use of 
basic methods of calculating 
available feed and forage re- 
sources on ranching units. Com- 
putation of these items is identi- 
cal in the present and proposed 
systems. 

The method outlined herein 
consists of two charts of informa- 
tion that must be accurately and 
completely compiled. They are 
designated, “A Summary of 
Livestock Operations,” (Figure 
1) and a “Ranch Organization 
Summary,” (Figure 2) . For ease 
of explanation, the two forms 
will be explained separately. 

The Summary of Livestock 
Operations, inventory form, is 
completed first. Using informa- 
tion available to the rancher, 
certain management practices 
are assumed to be stable. These 
include such items as: 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

The type ranching enter- 
prise, such as cow and calf, 
yearling steers, etc. 
Numbers of breeding fe- 
males per bull, ram or stud, 
if applicable. 
Number of days that rough- 
age feeding is commonly 
practiced, based upon cli- 
matic conditions and calv- 
ing dates. 
Approximate date livestock 
is marketed. 
Percent of young expected. 
Numbers, classes and ages 
of livestock found on the 
ranch during the period of 
one calendar year. 
Other factors which affect 
numbers and classes of live- 
stock in a typical one-year 
period. 

Using the information listed 
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above, enter all classes of live- 
stock found on the ranch during 
the year, in the left-hand column 
of the form. Next list numbers 
of each class involved. A care- 
ful analysis of the operation is 
often necessary to determine 
this information accurately. As- 
sign to each age and class of live- 
stock shown on the inventory, 
the current acceptable, animal 
unit equivalent in use in the lo- 
cality. (e.g. one breeding cow 
equals 1 AUM). 

On the basis of the information 
thus obtained, the 12 monthly 
columns are completed. Include 
all livestock on the ranch, and 
make all calculations carefully. 
Finally, delineate either by col- 
ored pencil, underlining or other 
means, the periods on the sum- 
mary sheet during which rough- 
age is being fed. Total the col- 
umns by months and class of 
livestock, providing a cross check 
for accuracy of addition. The re- 
sultant figures indicate the total 
AUM’s feed being provided for 
animals on the ranch at the pres- 
ent time. Total AUM’s can be di- 
vided into AUM’s feed, and 
AUM’s forage, and these totals 
entered on the appropriate posi- 
tion on the form. 

The calculations now are made 
that provide the basic data for 
balancing the operation. The 
AUM’s forage, required for a 
one-year operation, is divided by 
the total number of breeding 
animals, (or major livestock 
class on the unit) . This figure is 
entered in the line marked “a”. 
Total AUM’s feed required dur- 
ing the one-year period is di- 
vided by the total number of 
breeding animals and the quo- 
tient placed on space marked 
“b”. The two figures thus ob- 
tained are totaled, and this result 
is entered on line “c”. 



TECHNICAL NOTES 195 

Operator.........._...................................... ____ ________ _..... ______._ ____.. _._______._ Address............. _________._______ __ ______ __ .______ _ ..__._ . . . . . . . . . . . . . . ..Acres.............. 

Table 1. Summary of present operafions 

Kinds and Num- AU AUM’s Feed or Forage Required Each Month AUM 
Classes of Livestock ber Factor Jan+ Febt Mar+ 1 Aprt May June July Aug Sept Ott ( Nov Dee Totals ._- 
cows 4W 
(2 yrs and older) 95 1.0 791 79t 79t 79+ 95 95 95 95 95 95 79 40 1045 ___- 
Heifers 7+ 
(17-24 mos.) 16 0.8 13t w- 1st 1st 13 7 79 .--~ 
Steers and Heifers 
(12-17 months) 76 0.75 57 57 57 57 57 57 342 -____- ___-_ 
Steers and Heifers 23t 
(7-12 months) 76 0.6 W 46t 46-t 

4 5.2t 

46-f 46 23 276 
2.6t 

Bulls 4 1.3 5.2t 5.2-t 5.2”r 5.2 5.2 5.2 5.2 5.2 5.2 5.2 2.6 62 

-- ______ 

______. 

TOTALS xx xx 143 143 143 143 157 157 157 .157_157/151143m1804 

REMARKS: (Include essential items required to com- 
plete calendar year operations) 

a-80% calf crop 
b-6 yr life for breeding cow 
c-l bull = 25 females 
d-marketing date approx. Nov. 1st. 
e-roughage fed 15 Dee-1 May each year 
(NOTE-79 breeding cows on feed during winter 
months instead of 95 since 16 are sold November 1st 
and replacement heifers are under 2 yrs. old) 
t Denote periods on feed 

COMPUTATIONS: 
Total AUM’s Forage Required, 1153 
Total AUM’s Feed Required, 651 
a-Divide total AUM’s forage required by the number 

of breeding animals (or major livestock enterprise) 
Answer: 1153 + 95 = 12.15 

b-Divide total AUM’s feed required by the same 
number of breeding animals 

Answer: 651 + 95 = 6.85 
c-Total “a” plus “b” - Ans: 19.0 

FIGURE 1. Summary of livestock operations. 

The reason for making the cal- 
culations outlined in the para- 
graph above is explained as fol- 
lows: For each animal to be kept 
on the ranch, the operator must 
provide a certain quantity of feed 
and forage. Since costs and ex- 
penses are commonly computed 
as “so much per cow unit,” feed 
and forage requirements are pro- 
rated against the breeding cow. 
In the example shown, it will be 
noted that 19 AUM’s of feed and 
forage are necessary to maintain 
each animal in the breeding herd, 
instead of 12 which would be the 
requirements for the cow alone. 

Since it is often difficult for 
the stockman to visualize an in- 
ventory of stock for which he 
must furnish feed during the 
year, use of this form will simpli- 
fy the operation. Cursory exami- 
nation will also indicate feed and 

forage requirements by month, 
year and class of livestock. 

Figure 2 illustrates use of the 
form for Ranch Organization 
Summary, balancing the opera- 
tion. It is divided into four sepa- 
rate tables. When the tables are 
completed in the sequence 
shown, the factors and merits of 
balancing a ranching operation 
will unfold in a natural way. 

Table 1 of Figure 2 lists all 
types of grazing available to the 
rancher. There is room to list 
grazing areas in acres, and a sec- 
ond column for conversion to 
AUM’s. Grazing privileges on 
federal lands are often adjudi- 
cated on the basis of AUM’s only, 
and in these cases there is no 
reason to specify acres of such 
permits. It will be necessary for 
the planning technician to make 

an inventory of range sites, and 
to determine range condition 
class by pastures. From this in- 
formation the available AUM’s 
of grazing from native rangeland 
will be computed. Prospective 
grazing from crop aftermath, and 
temporary tame pastures are best 
determined from guides prepared 
locally, and adjusted to the fields 
and tame pastures of a specific 
ranch. 

Totalling the AUM column of 
Table 1 indicates the total forage 
resources on the ranch. 

The right hand side of Table 1 
lists the same information for in- 
ventory of harvested roughages. 
By determining acres of various 
crop and approximate yields, the 
total yield of such crops is deter- 
mined. Apply the rule of thumb 
-tons hay times 3 and tons silage 
times 1.5, to convert yield figures 
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Table 1. Anticipated grazing and - - - - - planned harvested roughage 

Kind Pres. Plnd. Animal 
of Grazing Acres Acres Unit Mos. 

- Permits, Federal __/ xxxx xxxx 233 ___. 
State Leases 1280 1280 421 ____- 
Native Pasture 1400 1340 385 ____~- 
Perm. Tame Past (I) -~ 
Perm. Tame Past (D) 60 120 

Temp. Tame Pasture 
Crop Aftermath 45 45 45 
Meadow Grazing 185 140 

Odd Areas 

--t---i* 
I I 

Total 1344 

Native Hay 

Grain Straw 

* Tons hay x 3 and tons silage x 1.5 will permit ac- 
cumulation of some emergency feed. Subtract un- 
usually great amount put to reserves, or usual 
amount sold before entering as AUM’s in Table II. 

Table 2. Distribution of fofal AUM’s and indicated numbers of breeding animals 

AUM’s available for Grazing 1344 Divide the total AUM’s by the figure under “c”, 

AUM’s available as roughage 1134 Table I. This indicates the total safe size of the 
breeding herd. 

Total 2478 2478 AUM’s + 19 = 131 

Table 3. Balancing the operation based on planned land use and stocking numbers 

Divide the AUM’s available for grazing by the figure Divide the total AUM’s available as roughage by the 
from “a”- Table I. Your answer indicates the number figure from “b”, Table I. The answer indicates the 
of breeding animals that should be planned for avail- number of breeding animals the available roughage 
able pasture. would support. 

1344 + 12.15 = 110 1135 + 6.85 = 165 

Table 4. Summary of planned operation 

Kinds and 
Classes of 

______ 
46/46 1212 ______ 

Heifers 14 7J7 86 

Heifers & Steers 88 0.75 396 

Steers & Heifers 88 0.6 53 53 53 53 

Bulls 5 1.3 6.5 6.5 6.5 -___ 

AUM’s Grazing Required 1344 AUM’s Roughage Required 747 

AUM’s Grazing Available 1344 AUM’s Roughage Available 1134 

Difference 00 Difference 387 

(If differences are significant compute changes necessary on fresh forms using Tables on this page only) 
Surplus of 129 Tons of Hay 

FIGURE 2. Ranch organization summary. 



to AUM equivalents. The three 
factors; livestock numbers, feed, 
and forage are all expressed in a 
common unit of measure and 
balancing operations can now be 
conducted. 

Table 2 is divided into two 
parts. On the left hand side add 
the total grazing available, and 
the total harvested roughages to 
get the total of feed and forage 
on the unit for one calendar year. 
This figure represents the pro- 
ductive capacity of the ranching 
unit. On the right hand side the 
total AUM’s of feed and forage is 
divided by the figure appearing 
on line “c”, on the first page, the 
Livestock Operations Summary. 
The resultant quotient indicates 
the maximum size breeding herd 
that could be maintained. How- 
ever, the availability of this feed 
and forage by months or seasons 
requires further consideration. 
Assuming that every acre of for- 
age or feed can be utilized in the 
production of livestock, this fig- 
ure indicates a safe size for the 
breeding herd. 

Table 3 is the plan for livestock 
numbers and their sustenance. 
Here, available forage is divided 
by AUM’s forage prorated per 
breeding animal over a one-year 
period. The divisor is obtained 
from line “a” on the livestock 
summary sheet. Likewise the 
AUM’s feed is divided by the fig- 
ure on line “b” on the first page 
(Table 1, Figure 1). The two in- 
dividual answers show maxi- 
mum size of breeding herd based 
on the available forage, and 
maximum size breeding herd 
based upon roughage production, 
respectively. Chances are the 
computations will point out that 
the forage will support a larger 
operation than will the roughage 
resources, or vice versa. Only in 
rare cases will the grass and 
roughage production on a ranch 
be in balance at this point. 

The planning technician and 
the rancher now have at their 
disposal the necessary inf orma- 
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tion on which to plan a balanced 
unit. Depending upon the situa- 
tion certain decisions will be nec- 
essary to effect the balance. 
When the figures show that pas- 
ture available will support a 
larger operation than the avail- 
able feed, the operator may con- 
sider the following possibilities. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

He may consider a reduc- 
tion of total days on feed. 
He may convert some lands 
from forage to the produc- 
tion of harvested roughage, 
if suitable land is available. 
He may consider buying 
hay during feeding periods. 
He may consider leasing 
some rangeland to other op- 
erators. 
He may plan to “summer” 
additional steers or heifers, 
buying in the spring and 
selling in the fall. 
He may plan for more in- 
tensive cultivation of his 
present crop and hayland, if 
practical. 
He may consider a revision 
of his management system. 
He may plan to use a com- 
bination of these factors, or 
decide on still other means 
to provide a balanced year- 
round operation. 

When there is a shortage of 
range and other grazing and an 
excess of roughage, the operator 
may wish to consider the follow- 
ing in bringing ‘his unit into bal- 
ance. 

1. 

2. 

3. 

4. 
5. 

Converting hayland to tame 
pasture. 
“Wintering” additional ani- 
mals for the spring market. 
Leasing or otherwise ob- 
taining additional range- 
land. 
Selling surplus hay. 
Any other alternative 
which will bring feed, for- 
age and livestock numbers 
into harmony. 

The final table is a summary 
of these decisions, to guide the 

rancher in the years ahead. If 
adjustments are needed, they 
are quickly computed as follows: 
Determine the ratio between 
present numbers of breeding ani- 
mals (or major livestock enter- 
prise) and the planned numbers. 
Apply this factor to all figures 
representing numbers of various 
ages and classes of livestock on 
the first page, Livestock Opera- 
tions Summary. Enter the num- 
ber thus derived in the appropri- 
ate place on Table 4 (adjusted 
Table 1). Complete the columns 
representing months of a one- 
year operation, and total by 
months and class of stock. Check 
the final answer by comparing 
feed and forage available from 
Table 1 with requirements as de- 
termined from Table 4 (adjusted 
Table 1). If computations have 
been accurately performed, the 
resultant comparison will of 
mathematical necessity be nearly 
equal. 

Summary 

The balance between livestock 
numbers and available feed and 
forage is important if the bene- 
fits of range management studies 
are to be realized. 

The system outlined offers a 
simple and understandable meth- 
od for developing the informa- 
tion necessary to complete an ef- 
f ective balance. 

Recognizing that one class of 
livestock is normally the pre- 
dominant enterprise on a ranch- 
ing unit (usually breeding ani- 
mals), the consumption of all 
sustenance is accordingly 
charged against this class. 

When using the balancing pro- 
cedure outlined, a lack of balance 
between the components (1) 
number of animals, (2) feed, and 
(3) forage can quickly and easily 
be identified. The mechanics of 
the procedure used to develop 
the information, suggest many 
alternatives to the operator, up- 
on which he may base decisions 
for needed adjustments. 
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California Range Lands. An His- 
toric-Ecological Study of the 
Range Resources of California. 
By L. T. Burcham. DCsion of 
Forestry, California Dept. of 
Natural Resources. Sacrarnen- 
to. 261 pages; illus.; folding 
maps. 1957. $3.00. 

This is a remarkable book, the 
first of its kind to treat the range 
resources of a single state in such a 
comprehensive and objective fashion. 
Writing from a background of twen- 
ty years of personal experience and 
supplemented by a critical study of 
the literature covering a period of 
nearly two centuries, Mr. Burcham 
has given us the details and the per- 
spective necessary to understand this 
vast and varied area. 

The book opens with two very 
brief introductory chapters. The first 
is a capsule history of California 
range lands. In it are described the 
first tentative attempts at explora- 
tion in 1769, range use prior to the 
appearance of the Spaniards, the be- 
ginnings of an infant livestock in- 
dustry under the missions, and the 
changes that have since taken place. 
The second chapter discusses major 
factors favoring a range livestock 
industry and helps to explain why 
the original California ranges were 
so ideally suited for this purpose. 

The following two chapters de- 
scribe the introduction of livestock 
into the new world, the development 
of stock raising in central Mexico, 
the movement northward into what 
is now California, and how the early 
Spanish cattle and sheep differed in 
significant details from modern ani- 
mals. 

Chapter V is a detailed account of 
California range resources as seen 
through the eyes of a modern in- 
vestigator. Here is a description of 
the physiographic regions of the 
State, its climate, and the major 
plant associations. Here, too, is an 
account of the pristine ranges of 
California, a subject many writers 

have carefully avoided. Although 
Mr. Burcham points out that “the 
precise nature of the forage resource 
in its pristine condition will always 
remain a matter of conjecture,” the 
carefully documented evidence he 
proceeds to supply removes much of 
this conjecture. His conclusion is 
that the range resources of Califor- 
nia have not only been profoundly 
affected by nearly two centuries of 
livestock use, but that the change 
has been detrimental and the pro- 
ductive capacity lowered, perhaps 
permanently. His analysis of the 
available data indicates that the pro- 
ductivity of California ranges today 
is about half of what it was under 
pristine conditions. 

After an intervening chapter on 
the development of the range live- 
stock industry in California, the 
author comes back to a further dis- 
cussion of the range itself and of the 
impact of man and his grazing ani- 
mals upon it. Mr. Burcham tells 
how and why the herbaceous cover 
of the major range areas of the State 
has come to be dominated by annual 
plants and how limited and irregu- 
lar precipitation, erratic seasonal 
temperatures, and too-optimistic 
stocking rates have affected forage 
production. 

In Chapter VIII the author tells of 
the present-day methods being used 
to improve California range lands 
and something of the results that 
have been achieved. The sections on 
control of undesirable vegetation 
and range fertilization are of spe- 
cial interest in view of the tech- 
niques that have been developed to 
fit these practices to California con- 
ditions. 

The concluding chapter briefly 
summarizes the importance of the 
range livestock industry in the 
State’s economy and is followed by 
an extensive bibliography. 

An interesting feature of nearly 
every chapter is the liberal use of 
portions of the journals of California 
travelers throughout its history. Sig- 
nificant passages were taken from 
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the diary of one of the members of 
the Portola expedition in 1769 and 
other records of early English ex- 
plorers, rnountain men, gold seekers, 
and finally the botanists who accom- 
panied the first railroad survey par- 
ties. The latter, unfortunately, are 
the least useful since they are chiefly 
a record of individual plant collec- 
tions with little information on 
either their abundance or distribu- 
tion. Many of the others, however, 
give the reader a vivid impression 
of California range landsi as they 
must have appeared a century or 
two ago. 

This book is a useful reference to 
the practical stockman who seeks a 
better understanding of the range 
conditions peculiar to California, as 
well as an important contribution to 
the library of the technical range 
man.-F. G. Renner, Soil Conserva- 
tion Service, Washington, D. C. 

The Study of Plant Communi- 
ties. An Introduction to Plant 
Ecology. 2nd Edition. By Hen- 
ry J. Oosting. W. H. Freeman 
and Co., San Francisco. 440 
pages. 1956. $6.00. 

A careful comparison of the first 
and second editions was made by 
this reviewer. The change are not 
great but some are import& enough 
to warrant a full length review of 
the second edition. 

The most significant change is the 
author’s addition of an approximate 
4% -page discussion of the poly- 
climax viewpoint. While the author 
agrees with Cain (American Mid- 
land Naturalist 21: 146-181. 1939) 
that the conflict between monocli- 
max and polyclimax ecology “is 
largely one of terminology,” his 
presentation wil fail to narrow the 
chasm to this degree for the average 
reader-particularly for the begin- 
ning student. The author has in- 
jected an approximate one-page dis- 
cussion of the continuum concept as 
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though it were a part of, or closely 
related to, the polyclimax viewpoint. 
This presentation, in a textbook de- 
signed for the beginning student of 
plant communities, is hardly excusa- 
ble. It is fair neither to the propo- 
nents of the continuum nor to those 
of the polyclimax philosophy. The 
author fails to synthesize these view- 
points into a workable statement of 
their relationships and of their con- 
tributions to interpretive community 
ecology. The job of resolving the 
monoclimax, polyclimax, and con- 
tinuum concepts into a workable 
understanding for presentation to 
the beginning student of ecology re- 
mains yet to be done. The mono- 
climax viewpoint continues to domi- 
nate the second edition. 

The author also added a section on 
physiognomic characteristics, and he 
discusses life-form and leaf-size 
characteristics after the system of 
Raunkiaer in his chapter on vegeta- 
tional analysis. A table on life-form 
spectra was added. A brief section 
on “radiocarbon dating” is included. 

The philosophies and viewpoints 
presented in the first few pages of 
Chapter 3, and expanded at other 
points throughout Part Two, makes 
this book worth the purchase price 
to the range manager, particularly 
to those concerned with autecological 
research, with the interpretation of 
range condition and trend, and with 
range improvement. In the first five 
paragraphs of Chapter 3, the author 
develops the interrelationship be- 
tween autecology and synecology in 
a most effective manner. This sec- 
tion alone will warrant the careful 
study and reflective thought of all 
technical workers concerned with 
the management of non-arable 
lands or with research relating to 
their problems. Embodied here are 
ideas which, although not new, are 
little appreciated-ideas which, if 
taken to heart, could result in the 
true maturity of ecology as a foun- 
dation science in the service of land 
management. 

Part Three is on environmental 
factors and is the most reorganized 
section of the book. The detail pre- 
sented in this section is extremely 
variable. The chapter on “Edaphol- 
ogy” is weakest, not being entirely 
up to date as of 1955 and containing 
two instances of improper use of 
terms. The sections on soil water 
and soil atmosphere are, on the other 
hand, so detailed as to be somewhat 

out of tune with the rest of Part 
Three. This part of the book cannot 
possibly substitute for a full aute- 
cological treatise on environmental 
factors; and thus, it leaves some 
question in the reviewer’s mind con- 
cerning its place in a book on “The 
Study of Plant Communities.” 

The author justifies the section on 
the grounds of its being essential 
to etiologic ecology in making “. . . 
an analysis of the environment and 
its relationship to the community.” 
He believes a discussion of the eco- 
system concept too intricate, in the 
face of existing knowledge, for in- 
clusion. In spite of this admitted dif- 
ficulty, this reviewer believes Part 
Three would have been more effec- 
tive had it built upon the philosophy 
introduced in Chapter Three and had 
an attempt been made to expand the 
interdependence of synecology and 
autecology in developing the ecosys- 
tem concept. A better job needs to 
be done in training embryonic ecolo- 
gists to think of the whole field of 
ecology as a unit and to understand 
how synecology and autecology must 
function as an essential team of dis- 
ciplines if the science of ecology is 
to make maximum contributions to 
the understanding of biology. Dr. 
Oosting had made a good start in this 
direction, it is regrettable that he did 
not devote Section Three to going 
the whole way. 

Part Four has remained essentially 
as in the first edition-closely pat- 
terned after the original presentation 
by Weaver and Clements in their 
classical textbook of ecology. 

The book concludes with Part 
Five, “Practical Considerations.” The 
relation of ecology to forestry, range 
management, agriculture, conserva- 
tion, and landscaping is briefly con- 
sidered with some additional com- 
ments on plant indicators and human 
ecology. 

For the instructor of a beginning 
course in plant communities, the sec- 
ond edition is probably the best 
available text; but it leaves much to 
be added from the experience and 
knowledge of the instructor in 
rounding out the course. For the 
professional range manager, the ad- 
vantage of the second edition over 
the first for reference purposes will 
hardly justify the extra cost. While 
the book is titled, “The Study of 
Plant Communities,” one cannot, in 
the opinion of this reviewer, learn 
from this book alone how to make 

a community ecology study or an 
analysis of succession, or how to in- 
terpret the community ecology of a 
region without the guidance of an 
experienced ecologist. The author 
merely presents ecological methods 
without taking the reader through 
the investigative sequence to the 
final step in which the communities 
are characterized and related one to 
another and to certain dominant fac- 
tors of the environment as a basis 
for further inquiry into etiologic 
ecology and for sound applications 
in land management.-Charles E. 
Poulton, Oregon State College, Cor- 
vallis, Oregon. 

Forest Soils. By S. A. Wilde. The 
Ronald Press Co., New York. 
537 pages. 1958. $8.50. 

This book is a revision and en- 
largement of an earlier book by Dr. 
Wilde, Forest Soils and Forest 
Growth, Chronica Botanica Co., Wal- 
tham, Mass., 1946. 

This work is divided into two sec- 
tions. The first section, entitled Soil 
as a Medium for Tree Growth, covers 
the fundamental principles of soil 
science and the relationship of soils 
to forest vegetation. The second 
section, Soil Science and Silviculture, 
deals with the application of the 
principles of soil science to the grow- 
ing of the forest crop. As in his earli- 
er work, the author has drawn heavi- 
ly on his firsthand knowledge of 
forest conditions in Europe. 

The author begins with an inter- 
esting and informative introductory 
chapter that sets the stage for what 
is to follow. The addition of a chap- 
ter on rocks, minerals and weather- 
ing is a definite improvement over 
the older work. The reader might 
be led to believe that most soils 
developed from sandstones and 
shales are poor; however, some of 
the most productive soils in the 
Douglas fir, redwood, and pine for- 
ests of the Far West are found on 
soils developed from sandstones and 
shales. 

In the chapter on Organisms of 
Forest Soils, an interesting, although 
short, discussion of tree roots is in- 
cluded. As might be expected, my- 
corrhizal fungi receive considerable 
attention. 

The author has always placed con- 
siderable emphasis on humus and its 
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silvicultural importance. The reader 
not acquainted with forest humus 

_ terminology and its history will be- 
come lost in the maze of new termi- 
nology. In spite of this deterring fac- 
tor, the chapter on forest humus 
contains much interesting and valu- 
able information. 

In the chapters on Genesis of For- 
est Soils, Upland Forest Soil Group 
and Hydromorphic Forest Soils, the 
author has departed very markedly 
from the concepts of soil genesis 
and classification that are set forth 
by the Soil Survey Division of the 
U.S.D.A. and in most soil science 
textbooks. Although there are cer- 
tain merits in the author’s departure 
from standard classification con- 
cepts, the departure limits the use 
of this section for instruction pur- 
poses for students who will be ex- 
pected to have some knowledge of 
soil clasification as generally used 
by soil survey people. 

The treatment of water relations 
in soils not influenced by ground 
water has been separated from the 
water relations in soils influenced by 
ground water. The author has made 
numerous studies on the influence of 
ground water on forest vegetation. 
Unfortunately he has not set forth 
the recent concepts on moisture re- 
lations which should be of interest 
to all foresters and particularly 
those responsible for reforestation 
activities. 

The chapter on the Relation of 
Soils to Forest Vegetation will be 
appreciated by forest and range 
ecologists. They will undoubtedly 
disagree with some of the author’s 
interpretations and ecological con- 
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cepts; however, they will agree fiable only in special instances, such 
wholeheartedly with his emphasis on as for erosion control. As the de- 
the relationship of soils to vegeta- mand for wood products increases 
tion. The author has drawn heavily and the intensity of forest manage- 
on his European experience in this ment increases, many of the prac- 
chapter. The American forester will tices will become standard practice. 
look in vain for any treatment of One of these practices is the use of 
soil-vegetation relationships for the commercial fertilizers in forest 
Northeastern U. S., the Central stands and plantations. The author 
Hardwood region, the Appalachian has cited considerable American as 
Mountains, the Piedmont Plateau, well as foreign sources on this par- 
California, Pacific Northwest, and titular subject, however, he has 
the Intermountain region. completely overlooked the spectacu- 

The second section of this book be- lar results with zinc and phosphate 
gins with three chapters on nursery fertilization of pine in Australia. 
soils. These should be of interest to The concept of fertilizer responsive- 
many foresters, particularly those ness of soils is emphasized very 
responsible for forest nursery and strongly. 
reforestation programs. 

Even though they may take issue 
In the chapter on Soils and Silvi- 

with some of the author’s ideas, for- 
cultural Cuttings the author has 

est and range ecologists will again 
again drawn heavily on his Lake 

be pleased to see the emphasis placed 
States and European experience. 
There is a definite need for similar 

on evaluation of vegetation in forest 
soil surveys. Unfortunately the au- 

information for other regions. Many 
foresters will take issue with the au- 

thor continues to recommend land 
traverses at regular intervals, a pro- 

thor in connection with basic prin- 

cedure that has long since been out- 
ciples for determining the intensity 

moded with the advent of refined 
of silvicultural cuttings. 

aerial photo interpretation tech- In the final chapter the author 

niques. stresses an important principle that 

The treatment of the subject of has for the most part been over- 

Soils and Reforestation has been looked by foresters, namely, that the 

supplemented with a very timely influence of soil conditions on the 

discussion of soils and forest tree growth pattern Of forest stands 
breeding in which the author should be taken into consideration in 

stresses the need for a closer evalua- constructing site curves and yield 

tion of soil conditions in order to tables. 

insure success in the planting of im- In spite of some obvious draw- 
proved strains and hybrids. backs, this new book by Dr. Wilde is 

Practices recommended in the a welcome addition to the literature 
chapter on Unproductive Forest in the rapidly growing field of forest 
Soils and Methods of Their Im- soils. - C. T. Youngberg, Oregon 
provement are in many cases justi- State College, Corvallis, Oregon, 

New Publications of Interest 

The Infecfious Diseases of Domes- 
fit Animals. By William Arthur 
Hagen and Dorsey William 
Bruner. Comstock Publishing 
Associates, A Division of Cor- 
nell University Press. 988 pages. 
Third Edition. 1957. $10.50. 

A Textbook of Dairy Chemistry. 
I. Theoreiical. II. Pracfical. By 
Edward R. Ling. Philosophical 
Library, Inc., New York. I. 227 
pages. II. 140 pages. Third Edi- 

tion Revised. 1957. $12.00 per 
set. 

Machines for Power Farming. By 
Archie A. Stone and Harold E. 
Gulvin. John Wiley JZ Sons, 
New York. 616 pages. 1957. 
$5.95. 

The Revised Edition of Crop Pro- 
duction. By H. D. Hughes, Er- 
win R. Henson, Darrel S. Met- 
calfe, and I. J. Johnson. The 
Macmillan Company, New York, 
1957. 

Soil Chemical Analysis. By M. L. 
Jackson. Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey. 
512 pages. 1957. $9.00. 

Basic Animal Husbandry. By John 
M. Kays. Prentice-Hall, Inc., 
Englewood Cliffs, New Jersa. 
488 pages. 1958. $7.00. 

Manual of Nutrition. By, Dagobert 
D. Runes, General Editor. Phil- 
osopJ$caZ Library, 1nc.j New 
York. 67 pages. 1957. $3.50. 
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istics of fruits and florets of eco- 
nomic species of North American 
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3): 65-127. 1958. (Cath. Univ. of 
Am., Washington, D. C.) 

Hoff, C. C. A comparison of soil, 
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Huq, F. and W. A. DeLong. Changes 
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Jour. 50(l): l-5. 1958. 

Keith, Lloyd B. Some effects of in- 
creasing soil salinity on plant com- 
munities. Canad. Jour. Bot. 36(l) : 
79-91. 1958. 

Laude, H. M. Comparative pre- 
emergence heat tolerance of some 
seeded grasses and weeds. Bot. 
Gaz. 119(l): 44-46. 1957. (Univ. 
of Calif., Davis) 

Peterson. R. G., F. H. Weswig and 
J. R. Cowan. Measuring palata- 

bility differences in tall fescue by 
grazing sheep. Agron. Jour. 50(3) : 
117-120. 1958. 

Quinnild, Clayton L. and Hugh E. 
Cosby. Relicts of climax vegeta- 
tion on two mesas in western 
North Dakota. Ecology 39(l): 29- 
33. 1958. (Soil Cons. Serv., Dick- 
inson, N. Dak.) 

Sfiii, R. E. Factors affecting yield 
and quality of dryland grasses. 
Agron. Jour. 50(3): 136-139. 1958. 
(Montana State College, Bozeman) 

Williams, R. D. Growth and nutri- 
tion of timothy (Phleum pratense 
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664-673. 1957. 
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Bharucha, F. R. and K. A. Shankarn- 
arayan. Effects of overgrazing on 
the grasslands of the Western 
Ghats, India, Ecology 39(l): 152- 
154. 1985. 

Iizumi, S., Z. Kurosaki and K. Suga- 
wara. On the relationship between 
grazing habits and vegetation of 
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Kurosaki, Z., S. Iizumi and K. Suga- 
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Tohokn Univ. D-8(1): l-14. 1957. 

RANGE IMPROVEMENT 

Kurosaki, Z., S. Iizumi and K. Suga- 
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and environments. Sci. Rep. Res. 
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Exp. Sta. Tech. Notes 516. 2 pp. 
Jan. 1958. 

control. Lake States For. Exp. Sta. Hull, A. C. Jr., D. F. Hervey, C. W. 
Doran and W. J. McGinnies. Seed- 
ing Colorado range lands. CoZo. 
Agr. Exp. Sta. BuZ. 498-S. 46 pp. 
March 1958. (Colo. State Univ., Ft. 
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Blaxfer, K. L.. G. A. M. Sharman and 
A. M. MacDonald. Iron-deficiency 
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Nutr. ll(3): 234-246. 1957. 
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Hauling water for range cattle. 
U. S. Dept. Agr. Leaflet 419. 6 pp. 
1957. (Pac. N. W. For. & Range 
Exp. Sta., Portland, Ore.) 

Gee, I. and T. R. Preston. The effect 
of hexoesterol implantation on 
carcass composition and efficiency 
of food utilization in fattening 

lambs. Brit. Jour. Nutr. ll(3): 
329-338. 1957. 

Gerring, J. C. Maintenance of health 
in ewe flock. New Zealand Jour. 
Agr. 92(Z): 177-181. 1958. 

Miner, M. L. Vibriosis in sheep. Farm 
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Univ., Logan) 

Pierce, A. W. Studies on salt toler- 
ance of sheep. I. The tolerance of 
sheep for sodium chloride in the 
drinking water. Austral. Jour. 

RANGE EDUCATION AND RESEARCH 
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technique for determining the ex- 1958. (Utah State Univ., Logan) 
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rumen of the cow, Brit. Jour Nutr. 
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II(Z): 213-227. 1957. 
Cooper. The influence of ammoni- 
urn nitrate on the growth and yield 
of crested wheatgrass on the Ore- 

Clyde, C. D. Water supply, water gon high desert. Agron. Jour. 
use, and its conservation. Utah 50(l): 40-45. 1958. (Squaw Butte- 

Agr. Res. 8(8): 711-723. Nov. 1957. 
Thacker, E. T. and K. C. Beeson. Oc- 

currence of mineral deficiencies 
and toxicities in animals in the 
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Walker, C. A. Studies of the cattle of 
Nothern Rhodesia. I. The growth 
of steers under normal veld graz- 
ing and supplemented with salt 
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401. Nov. 1957. (Cambridge Univ. 
Press) 

Harney Exp. Sta., Burns, Ore.) 
Wakeland, Claude. High Plains 

grasshopper; compilation of facts 
about its occurrence and control 

(with biblio.) . U. S. Dept. Agr., 
Agr. Res. Serv., Plant Pest Con- 
trol Div. Tech. Bul. 1167. 168 pp. 
Jan. 1958. 

During the early morning hours of 
February 13, GLEN A. SMITH, Range 
Society member and retired Forest 
Serivce officer of Missoula, Montana, 
died quietly in his sleep. GLEN was 
born at Rich Hill, Missouri, near the 
Ozarks, September 15, 1880. He is 
survived by his widow, two daugh- 
ters, and four grandchildren. 

GLEN came to Montana in 1898 and 
worked at ranching and lumbering. 
He was one of the first rangers on 
the Kootenai National Forest in 1907 
and later was promoted to supervisor 
on the Custer, and later was super- 
visor on the Beartooth and Kootenai 
Forests of Region 1. In 1919 GLEN 
became assistant regional forester of 
the Division of Operations then 
served successively as chief of the 
Range and Wildlife Management Di- 
vision at Missoula, Ogden and Den- 
ver. Under his leadership steady 

In Memoriam 

Glen A. Smith, Pioneer Forester 

progress was made in management 
and welfare of these public re- 
sources. He retired in 1942 after 
354/2 years with the Forest Service. 

Among his lasting contributions 
over the years to his profession was 
his wise teaching and counsel in the 
training of young forest and range 
managers. No one can say how many 
of these men that GLEN helped to get 
better oriented for public service in 
discharging their professional duties. 
But scores will testify that they were 
guided and helped by his precepts 
and examples in the elusive art of 
good public relations and administa- 
tion. GLEN was self-trained in pro- 
fessional phases of his long years as 
a forester. He had a basic under- 
standing of the need for sound 
stewardship of our lands, forests, 
water and other resources. Also he 
was a perceptive observer of natural 

phenomena and had vision and en- 
ergy for individual study needed for 
managing these resources wisely. 

Many of his associates will re- 
member GLEN for his endless store of 
pungent stories told with gusto and 
delight. He was an entertaining rac- 
onteur of rich experiences, also a 
splendid cook, as those privileged to 
ride forest trails and camp with him 
will agree. He abundantly earned 
the high accolade of the Old West, 
“He will do to take along.” A host 
of friends over the state and nation 
will remember his happy life of 
conservation work and good citizen- 
ship. But we shall miss him. 

Some unsolicited contributions 
have already been received for a 
lasting memorial to GLEN A. SMITH. 
A committee is now giving consider- 
ation to this matter.-Leon C. Hurtt. 
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ARIZONA 
The Summer Section Meeting will 

be held at Globe-Miami, August 21- 
23. Headquarters for the meeting 
will be the Copper Hills Motel, on 
U. S. 60 and 70, half-way between 
Globe and Miami. Tentative plans 
for the meeting feature tours on the 
San Carlos Indian Reservation and 
the Tonto National Forest. HUDSON 
REYNOLDS and JOE CHIARELLA are 
working on meeting program details. 

The winter Section Meeting is 
tentatively set for Nogales, Decem- 
ber 5-6. CLARK MARTIN will serve as 
Program Chairman for this meeting. 

The Arizona Section now has over 
300 active members plus 39 members 
in the Student Chapter at the Uni- 
versity of Arizona. DANNY FREEMAN 
is general chairman of the Member- 
ship Committee. 

The Student Chapter is planning 
on taking as its project the adapta- 
tion of the manual, “Range, Its Na- 
ture and Use,” to Arizona conditions 
and sponsoring its adoption by youth 
groups in Arizona. 

The Public Lands Committee of 
the Arizona Association of Soil Con- 
servation Districts is drafting a pub- 
lic lands policy: “To develop a co- 
ordinated program for the conserva- 
tion, utilization, and development of 
both public and private lands in each 
of the 48 Soil Conservation Districts 
in Arizona, . . .” The membership 
of the committee is made up entirely 
of Arizona Section members and in- 
cludes DAVE LEE, FRANK GYBERG, BILL 
BOURDON, WAYNE KESSLER, KEL Fox, 
FRED FRITZ, and HARBON HEAP. - 
Wayne Kessler. 

COLORADO 
The first Summer Section Meeting 

of the year was held May 23-24, in 
the Trinidad area. The first after- 
noon of the meeting was spent at the 
MERRITT MCDONALD ranch observing 
and discussing range sites, seeded 
areas, areas to be seeded, and farm 
fish ponds. A tour of the CLEO JACK 
ranch to observe range sites and im- 
provements was held the following 
morning. BOB SEARWAY and DON 

ROBERTSON were moderators for the 
tours. 

The second summer meeting is 
scheduled for July 18-19 at the 
Manitou Experimental Forest. A 
third meeting is planned for Septem- 
ber at a ranch on the western slope, 
and the Annual Section Meeting will 
be held at Denver in November. 

MRS. LOREAN (TINY) GAWEL, own- 
er and manager of the Mesa Del 
Mayo Ranch at Branson, has ac- 
zepted appointment as Council Mem- 
ber to complete the 1958 term of BOB 
ELLIOT, who resigned because of the 
press of other responsibilities. 

The membership situation is im- 
proving. From a low of 148 mem- 
bers on January 10 the Section 
reached 181 by March 31.-Dwight 
Smith. 

MEXICO 
Chihuahua, Chih. 
June 1,1958 

Dear Mr. Clouston: 
I am sending to you the applica- 

tions of 6 new regular members for 
the Mexico Section, and check No. 
005596 for $36.00 covering their dues. 
Also, you will find some pictures re- 
lated to our recent activities. 

I will begin by telling you that our 
first field day was a complete suc- 

cess. We had a crew of 43 people, 
even though it is not a big one, all 
of them were very interested and 
enoyed the discussion very much. 
The trip was scheduled to La Cam- 
pana Experimental Range on May 
21st. We had the nice cooperation of 
DR. J. J. NORRIS and H. K. VALENTINE, 
from New Mexico A. & M., HUM- 
BERTO REYES from the Texas Here- 
ford Assn., and the help of PAT Mc- 
ILVAIN in the organization of the 
range judging contest. PAT is here 
as a temporary scientific aid of the 
Rockefeller Foundation, to help us 
organize our program in the Experi- 
mental Range. The program included 
different aspects, as range condition, 
range conservation, cattle manage- 
ment, climate in relation to range 
condition, and the description of the 
research works we have at La 
Campana. Lunch prepared by mem- 
bers’ wives was served. I am enclos- 
ing the program, even when it is in 
Spanish, I hope you will understand 
it. 

Now, with the results of this first 
field day, our first formal activity, I 
am sure every member will push 
hard to make of our Section one of 
the better in the Society. Another 
point, is that we presented an ex- 
hibit in the Chihuahua Livestock 

Part of the group that attended the Mexico Section field trip to the La Campana Experi- 
mental Range on May 21, 1958. Total attendance at the first field day held by the 
Mexico Section was 43. 
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OSCAR OCHOA, left, Chairman of the Mexico Section, and MARTIN H. GONZALEZ, Secre- 
tary-Treasurer, completing arrangements for the first field day sponsored by the Mexico 
Section. 

Show. We had a small space, but 
people were interested. We were 
invited to present one in Tulsa, and 
. . . we are going for the first prize. 

Now talking something else, I will 
like to tell you that with the new six 
members, the total of the Mexico 
Section members is 35. 
. . . . . . . . . . 

I think this is all now. This month 
we will send you more applications, 
and please send me some cards. 

Sincerely yours, 
Martin H. Gonzalez 

NEVADA 
Officers of the Nevada Section for 

1958 are: 
Chairman: RICHARD HOLLAND, Reno. 

Vice Chairman: FLOYD KINSINGER, 
Reno. 
Secretary-Treasure: RUSSELL D. 
LLOYD, Reno. 

Councilmen: TOM BREIERLY, past- 
chairman, Lamoille; MIKE KILPAT- 
RICK, Reno; CHARLES SAULISBERRY, 
Cedarville, Calif.; ARCHIE MURCHIE, 
Ely; NORMAN RITTER, Elko. 
The annual Spring Meeting of the 

Section was held at Carson City, 
June 12-13. The morning program on 
June 12 featured papers by RICHARD 
E. ECKERT, GEORGE ZAPPETTINI, GLEN 
FULCHER, and J. H. ROBERTSON. At 
the afternoon program papers were 
given by W. H. OWEN, TOM BURLE- 
SON, and DON BAGLEY, RUSSELL D. 
LLOYD, and PAT 0. CURRIE. A panel 
discussion on “Livestock-Big Game 
Competition,” was a feature of the 
afternoon program. Taking part in 
the panel discussion were H. M. KIL- 

PATRICK, NILS NILSSON, L. A. DICK- 
INSON, EUGENE ROWLAND, DAN SOL- 
ARI, FRED STROSNIDER, and GLEN 
FULCHER. 

The annual banquet and business 
meeting were held at Carson Hot 
Springs on the evening of June 12. 

The field trip on June 13, under 
the leadership of H. M. KILPATRICK, 
included a demonstration of forest 
and range fire-fighting equipment, a 
tour of the CHARLES GRANT ranch at 
Jacks Valley, and the inspection of 
sheep range on the east slope. 

Reports in the April Newsletter 
include accounts of aerial spraying of 
sagebrush on the Humboldt National 
Forest, progress at the Sunflower 
Flat Demonstration Pasture Project, 
and reseeding burns by helicopter.- 
Floyd E. Kinsinger. 

SOUTHERN 
The Annual Section Meeting is 

tentatively scheduled for Tifton, 
Georgia, around October 23-24. Sec- 
tion members should be making 
their plans to attend. 

The Research Committee, Chair- 
man, BOB RUMMELL, reports good 
initial response to the questionnaire, 
“Survey of range and related pas- 
ture research in the South.” Thirty- 
four of the 117 distributed have been 
completed and returned. 

Section member GLENN BURTON 
has been honored for his work in de- 
veloping coastal bermuda. DR. BUR- 
TON was given the JOHN SCOTT 
Award by the City Trusts of Phila- 
delphia. The award consisted of a 
bronze plaque and a check for $1,000. 

M. E. MCCULLOUGH will present 
papers at two forage evaluation sym- 
posia this summer-one at Raleigh, 
N. C., in June, and the other at the 
Intersociety Symposium on Forage 
Evaluation at Purdue University in 
August. BOB WILLIAMS will repre- 
sent the Range Society, and 0. E. 
SELL the Agronomy Society, at the 
Intersociety Symposium. 

Section membership at the end of 
April totaled 61.--Harold Grelen. 

TEXAS 
The first Texas Section field trip 

of 1958 was held on June 6 on the 
Devil’s River Soil Conservation Dis- 
trict near Del Rio, MAYO BISHOP of 
Del Rio was in charge of overall 
program arrangements. P. W. 
KELLEY and ranchers in the Com- 
stock area were hosts for the tour 
which visited ranches where range 
restoration had been accomplished 
by rootplowing, seeding, and man- 
agement. Ranches visited included 
the WARDLAW-STANDART ranch, the 
HARLEY MADISON ranch, CARROLL 
BRIGGS ranch, A. D. THOMAS ranch, 
and GULICK’S DAIRY FARM. 

Other meetings planned for the 
Section this year are: Welder Wild- 
life Refuge and Grant Ranch, Rock- 
port, July 11; Archer Range Con- 
servation Day, Archer City, August 
22; East Texas Group Meeting, Jas- 
per, October 10; and the Annual 
Section Meeting, Hilton Hotel, San 
Antonio, Dec. 5-6. 

DON Huss, chairman of the Mem- 
bership Committee, reports that by 
the end of April Section membership 
had been increased by 25 percent. 
MRS. JOANN FLETCHER brought in 39 
new members or renewals. Huss 
states that it may be possible to 
reach the goal doubling the member- 
ship by July 1. 

Texas Section members have been 
extremely busy this year receiving 
awards for range conservation work, 
writing articles on range manage- 
ment, establishing range seedings, 
and in general promoting the cause 
of range management and the Range 
Society.-J. M. Fletcher. 

UTAH 
The first Utah Section field day 

in 1958 was held at Eureka on May 
27. The meeting consisted of a range 
tour conducted by Utah Extension 
Service, Utah Agricultural Experi- 
ment Station, and the Bureau of 



Land Management. The tour em- 
phasized range improvement, with 
sagebrush control, value of intro- 
duced wheatgrasses, methods of 
seedbed preparation and seeding, 
and juniper problems given major 
attention. 

The Utah Student Chapter now 
has 32 members. The Chapter held a 
range ride and picnic in May. The 
Utah Youth Conservation Camp is 
to be held the first week in August 
at the Tony Grove Camp in Logan 
Canyon. One day of the camp will 
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be devoted to training in range 
management. 

WYOMING 
The Wyoming Student Chapter 

held a picture-showing meeting on 
May 22. The students showed pic- 
tures that they took on their an- 
nual spring range trip to Colorado, 
New Mexico, and Arizona. The stu- 
dent Range Management booth at 
the University of Wyoming’s Little 
International show won the cham- 
pionship trophy. 
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Six M.S. degrees and 10 B.S. de- 
grees in range management were 
conferred this spring at Wyoming. 

The spring field trip of the Wyo- 
ming Section covered the Pole 
Mountain Division of the Medicine 
Bow National Forest east of Lar- 
amie. Problems of grazing man- 
agement and the contributions of 
research to the solution of these 
problems were stressed. The field 
trip route and stops were planned by 
W. M. JOHNSON and BEN F. RICE.- 
A. A. Beetle. 

NEWS AND NOTES 

-- -_ 

Dils to Lead Colorado 
Watershed Unit 

The watershed management unit 
to be established at Colorado State 
University will be led by DR. ROBERT 
E.DILs, now associate professor of 
water resources at the University of 
Michigan. 

Appointment of DR. DILS to lead 
the cooperative watershed manage- 
ment unit-first of its kind in the 
United States-which will be estab- 
lished in the college of forestry and 
range management at Colorado 

ROBERT E. DILS 

State University, was announced by 
CSU President WILLIAM E. MORGAN. 

DILS will join the University staff 
August 1. He will be designated 
Pack professor of watershed man- 
agement and leader of the coopera- 
tive unit. The Charles Lathrop Pack 
Forestry Foundation helped in estab- 
lishment of the unit through a $50,- 
000 grant last month. 

DR. DILS, the newly-appointed 
watershed studies leader, received 
forestry and watershed management 
training through bachelor’s and mas- 
ter’s degrees at Colorado State Uni- 
versity and a doctorate in soil sci- 
ence from Michigan State University. 
His doctoral dissertation concerned 
the effects of land management upon 
soil and watershed characteristics of 
forested lands at the Coweeta hydro- 
logic laboratory in North Carolina, 
where he served as a research 
forester. 

He has served as collaborator for 
the U. S. Forest Service, Soil Con- 
servation Service, Michigan depart- 
ment of conservation and Lake 
States Forest Experiment Station, on 
watershed and hydrologic research 
projects. Other professional back- 
ground includes eight years on the 
forestry staff at Michigan State Col- 
lege, two years at the University of 
Michigan, and several months re- 
search assistant in forestry for the 
Colorado Agricultural Experiment 
Station. He was timber management 
assistant for the Helena National 
Forest, Montana for a time. 

In 1956 he was chairman of the 
watershed management division, So- 
ciety of American Foresters, and is 
currently associate editor for forest 
soils and watershed management for 
the Journal of Forestry. 

Society of American Foresters 
Launches Study of Education 

A nation-wide study of education 
in forestry and related fields of 
natural resources management will 
be started in June by the Society of 
American Foresters, according to an 
announcement by GEORGE A. GAR- 
RETT, Society president. The project 
has been made possible by a grant 
from the Old Dominion Foundation, 
Inc. of New York City. 

The principal object of the study 
is to set goals for professional and 
technical education in forestry and 
such related fields as forest-range 
management, forest recreation, for- 
est-wildlife management, watershed 
management, and wood technology. 
All are offered as curriculums in the 
nation’s 37 professional forestry 
schools. 

HAROLD G. WILM of Syracuse N.Y. 
has been appointed director of the 
study, which is expected to continue 
over a period of two years. DR. 
WILM is associate dean of the Col- 
lege of Forestry, State University of 
New York. A report of the findings 
will be published by the Society as a 
book. It should be available early in 
1960. 
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Tisdale Awarded NSF Fellowship 

E. W. TISDALE of the University of 
Idaho has been awarded a National 
Science Foundation senior post-doc- 
toral fellowship for the nine-month 
period beginning this fall. ED plans 
to divide his time between the Uni- 
versity of California at Berkeley and 
the Carnegie Institute of Biology on 
the Stanford campus. His major ob- 
jectives in the fellowship are to re- 
view some work in basic sciences, to 
do some writing and to become fa- 
miliar with the research on plant 
ecotypes being conducted by the 
staff of the Carnegie Institute. He 
also hopes to find time to see some 
of the range research being done in 
California. 

TISDALE expects to be on leave 
from his job as Professor of Range 
Management and Associate Director 
of the Forest, Wildlife and Range 
Experiment Station from mid-Sep- 
tember of this year to June 15, 1959. 
During this period Professor LEE 
SHARP will be in charge of the work 
in range management and will be 
assisted by a temporary staff mem- 
ber still to be appointed. 

Stilbestrol Improves Summer 
Gains in Range Cattle 

Stilbestrol may help to improve 
summer gains by yearling steers on 
native range, according to the U.S. 
Department of Agriculture and the 
North Dakota Agricultural Experi- 
ment Station. 

As part of grazing experiments at 
the Northern Great Plains Field Sta- 
tion, Mandan, N. Dak., yearling 
Hereford steers were treated with 30 
milligrams of stilbestrol implanted 
under the skin of the ear. The test 
steers were placed on pastures com- 
posed primarily of western wheat- 
grass with some needle-and-thread, 
junegrass, blue grama and thread- 
leaf sedge. Each steer was allowed 
7 acres, giving a moderate intensity 
of grazing. 

For the 140-day grazing period, the 
implanted steers averaged 48 pounds 

NEWS AND NOTES 

more gain per head than non-im- 
planted steers on the same pastures. 
Average daily gain per head for the 
treated steers was 2.0 pounds, while 
the non-treated steers averaged 
about 1.7 pounds. 

The complete effect from this stil- 
bestrol treatment after the steers go 
into the feedlot for finishing needs 
to be determined. Some research re- 
sults suggest that increased gains 
can be obtained from the use of 
stilbestrol only once during an ani- 
mal’s lifetime, at least under some 
conditions. Consequently feeder 
buyers may be reluctant to purchase 
steers that have been implanted on 
pasture. 

Texas Experimental Ranch 
Established 

An agreement has been completed 
between the Texas Agricultural Ex- 
periment Station and the Swenson 
Land and Cattle Company for the 
use of an 11 section experimental 
area on the SMS Ranch in Throck- 
morton County. In addition to the 
land, the SMS Ranch will make 
available cattle for research on the 
nutrition and grazing management 
of cows and calves. 

The Texas Agriculaural Experi- 
ment Station, through its Main Sta- 
tion at College Station and its sub- 
station at Spur, will provide the 
technical personnel to design and 
conduct the research project. WIL- 
LIAM J. WALDFUP, formerly with the 
Department of Range and Forestry 
at Texas A. &. M., has been desig- 
nated project leader. DR. G. W. 
THOMAS, research coordinator for 
West Texas; C. E. FISHER, superin- 
tendent of the Lubbock Station; 
P. T. MAFUON, superintendent of the 
Spur Station; and vice-director, R. E. 
PATTERSON, are planning and super- 
vising the project. 

A group of ranchmen and busi- 
nessmen have formed the Texas Ex- 
perimental Ranch Committee for the 
purpose of raising funds through pri- 
vate donations to finance the initial 

construction of research facilities on 
the ranch. JOHN MATTHEWS of Abi- 
lene is chairman of this committee. 

Major objective of the research 
work at the Station will be finding 
methods of improving the efficiency 
of production of feeder calves and 
yearlings 0 n native grassland 
through a study of grazing rates, sys- 
tems of management, brush control, 
water and soil conservation, reseed- 
ing grasses and parasite control. 
Studies will be made of the influ- 
ence of winter maintenance at dif- 
ferent levels of feeding and with 
different feeds, protein supplements, 
vitamins, minerals, and other feed 
additives which may improve the 
health and vigor of brood cows, in- 
crease calf crops and the weight of 
calves at weaning time. Three flex- 
ible rates of stocking will be studied, 
based on levels of forage utiliza- 
tion. Continuous grazing will be 
compared with two different systems 
of deferred-rotation grazing. 

RANGE MEN ABROAD 
JAMES K. MOOMAW, Assistant 

Agronomist, University of Hawaii, 
has received a Fulbright Advanced 
Research Grant to go to British East 
Africa. JIM will leave in August 
1958 and will be gone about a year. 
While in Africa, he will be a mem- 
ber of a British ecological and soil 
survey team conducting a study of 
the area just north of Mt. Kenya. 
Headquarters for the group will be 
the East African Agriculture and 
Forestry Research Organization in 
Kikuyu, Kenya 

Longrnont Seed Co. 
Field Seeds and Complete Seed Service 

Buy-Clean-Treat-Sell 

Legumes-Grasses-Grain 

LONGMONT, COLORADO 

RANCH * Management Service * Consulting and Appraisals 
* Reseeding Contractors * Ranch Loans 

Throughout the Western States and Canada, Call or Write: 

R. B. (Dick) Peck, WESTERN RANCHING SERVICES 
Home Office: 313 Denrock Ave. Dalhart, Texas, Ph. 65 
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