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Highlight 
The effects of one fall broadcast 

application of N and P fertilizers on 
mature intermediaie wheafgrass in 
the Southwestern pqnderosa pine 
zone was investigated. Nitrogen in- 
creased herbage production for four 
growing seasons. If also affected P 
content and increased crude protein 
and moisture content of ihe herbage: 
increased green growth, plant height, 
weed growth. and soil nitrates. P and 
N-P interaction had liffle or no sig- 
nificant effecis. 

Intermediate wheatgrass, Ag- 
ropyron intermedium (Host) 
Beauv. is widely used for range 
and pasture plantings in the 
cool, moist sections of the South- 
west. This study evaluated the 
use of fertilizer for improving 
forage quantity and quality, for 
lengthening the greengrowth pe- 
riod, and for increasing the vigor 
and longevity of dry-land inter- 
mediate wheatgrass. Some of 
the components affecting fertil- 
ization results were also investi- 
gated. 

Humphrey (1962) has sum- 
marized range fertilization re- 

1 Contribution from Crops Research 
Division, Agricultural Research 
Service, USDA, in cooperation with 
the Rocky Mountain Forest and 
Range Experiment Station and the 
University of Arizona Agricultural 
Experiment Station. 

search through 1960. He states 
that lack of nitrogen limits range 
forage production more than the 
deficiency of any other nutrient 
element. Phosphorus is deficient 
in most soils, but for many range 
soils this deficiency is so slight 
as to be of little importance. 

Intermediate wheatgrass in 
the Southwest attains its great- 
est forage production during the 
3rd and 4th years after estab- 
lishment and then gradually de- 
clines. Nitrogen fertilization, 
which has been effective for 
renovating and maintaining the 
productivity of crested wheat- 
grass (Houston, 1957; Lorenz 
and Rogler, 1962), holds promise 
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of being equally effective upon 
intermediate wheatgrass. 

Considerable advantage often 
accrues from applying fertilizer 
in the fall (Kresge, 1965; Nelson, 
1965). Off -season’ discounts, 
elimination of storage, and other 
economic benefits can be ob- 
tained. The time interval that 
fertilizer can be applied is 
longer and not so critical. Also 
the risk of a severe winter or 
wet spring impeding fertilizer 
application is avoided. Where 
winter-spring precipitation is 
adequate, nitrogen will move 
down into the root zone and be 
available for plant growth as 
early as needed (Christensen, 
1963). The main disadvantages 
of fall fertilization are the losses 
from erosion, leaching, volatili- 
zation, and the conversion of 
phosphates to insoluble com- 
pounds (Thompson, 1957). Fall 
fertilization also may stimulate 
early growth of cool-season 
weeds (Rogler and Lorenz, 
1957). Nutrient elements sup- 
plied by fertilizers are used 
mainly during the active grow- 
ing period of the plant. Fall 
fertilization, therefore, is usually 
most effective for cool-season 
species (Rogler and Lorenz, 
1957). 

Siie Description 

Location and history-The study 
was located at Fort Valley, 9 miles 
north of Flagstaff, Arizona, in a 
natural ponderosa pine opening, at 
an elevation of 7,300 ft. The original 
native cover was mainly grass, with 
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Arizona fescue (Festuca arizonica 
Vasey) and mountain muhly (Muh- 
Zenbergia montana (Nutt.) Hitchc.) 
predominating. This cover was de- 
stroyed by dry-farming with mar- 
ginal crops of rye and oats. Inter- 
mediate wheatgrass was planted in 
1951 and a good stand secured. The 
planting received complete protec- 
tion from livestock until 1954, 
though it was cut for hay in 1953. 
In 1954 and 1955 the pasture received 
moderate to heavy use by cattle 
during spring, summer, and fall. At 
the beginning of the study in 1956 
stand density was still good, but 
plant vigor and forage production 
were declining. 

Climate.-Climatic data were ob- 
tained from the Fort Valley Weather 
Station located 0.5 mile west of the 
study area. Annual precipitation 
over the past 48 years has averaged 
22.56 inches. In pattern this precipi- 
tation peaks in two periods, with 
40 ‘/o falling December through March 
and 29% falling July through Au- 
gust. Mean annual snowfall is 88.3 
inches, but as much as 60 inches has 
fallen in a single month. . 

The mean annual temperature is 
43 F with extremes ranging from 97 
to -33F. Normal date of first freeze 
(32F) in the fall is September 5, and 
of last freeze in the spring June 20. 
The mean temperature for Novem- 
ber is 35F, cold enough so that nitro- 
gen can be applied by broadcasting 
without excessive loss from volatil- 
ization (Thompson, 1957; ’ Kresge, 
1965). 

Soil.-The soil, a Mortiz gravelly 
loam, is derived from parent ma- 
terials of basalt, cinders, and an- 
desite alluvium. It has an average 
pH of 6.5 and does not contain ex- 
cessive salts or alkali. Soil depth 
ranges from 3 to 4 ft. The study area 
is located on a well-drained alluvial. 
fan with a 2% slope and a south 
aspect. The relief is slightly convex. 
Soil nitrates range from 23.5 ppm 
to a trace too small to measure, and 
are variable even among samples 
taken from the same soil depth. 
There is a tendency, however, for 
amount of nitrate to decrease with 
soil depth, especially at the 2- to 
3-ft level. Soil phosphates range from 
11.10 to 1.65 ppm and decrease with 
depth. 

Methods and Procedure 
Field work on the study was begun 

in 1956 and completed in 1961. Ex- 

were 0.01 acre (12 by 36.3 ft). 

perimental design was a randomized 
complete block with three replica- 
tions. Individual treatment plots 

Ammonium sulfate, 21-o-0, and 
treble superphosphate, o-45-0, were 
applied by broadcasting in Novem- 
ber 1956. Twelve fertilizer treat- 
ments were used consisting of four 
levels of nitrogen, 0, 33, 66, and 99 
lb/acre, and three levels of phos- 
phorus pentoxide, 0, 32, and 64 lb/ 
acre, applied in all possible combina- 
tions. 

An attempt was made to follow 
movement and loss of nitrogen and 
phosphorus in the soil. Soil samples 
for chemical analysis were taken be- 
fore fertilizer application in Novem- 
ber 1956, to a 3-ft depth, and again 
after application in June 1957 and 
July 1958 to a 2-ft depth. These sam- 
ples were kept separate for each 
treatment and each replication by 
1-ft soil-depth intervals. Analyses 
were made for soil nitrates and phos- 
phates. 

same plants were not harvested twice 

plot area was mowed to a a-inch 

in any 2 consecutive years. All weeds 
were removed from the grass cut- 
tings before they were weighed. 

stubble each year. Transect location 

Weed green weights were taken the 
1st year. 

was changed each year, so that the 

A sample was removed from each 
cutting to determine herbage ’ mois- 
ture. One additional set of samples 
also was collected late in May 1957 
at the 6-inch-high vegetative stage. 
Green samples were weighed in the 
field immediately after cutting and 
then oven dried at 55 C to compare 
succulence among fertilizer treat- 
ments. 

and analyzed for crude protein. Plant 
height was measured at weekly in- 

Observations and measurements 
were made during the first growing 
season after fertilization on plant 
height, basal leaf length, green foli- 
age growth, and plant regrowth after 
harvesting. Herbage samples were 
first collected when grass was in the 
vegetative stage at an average height 
of 6 inches and again when the seed 
was in the hard-dough stage. Sam- 
ples were analyzed for crude protein 
and phosphorus. An additional set 
of samples in the vegetative stage 
at 6-inch average leaf height was 
collected from the 0- and 99-lb/acre- 
nitrogen treatments on May 19, 1959, 

Results and Discussion 

Soil Nutrients.-For the June 
1957 sampling the 66- and 99- 
lb/acre nitrogen fertilizer treat- 
ments increased soil nitrates sig- 
nificantly above the control at 
the 0- to 12-inch depth: 
N, lb/acre: N-O N-33 N-66 N-99 
NOs, ppm: 9 13 26 23 

increase these components for 
nnlv short periods of time. 

At the 12- to 24-inch depth soil 
nitrates increased with the two 
highest rates of nitrogen applied, 
but the differences were not sig- 
nificant. For the July 1958 sam- 
pling there were no significant 
differences. Russell and Russell 
(1950) state that for grasslands 
both the soil ammonium and ni- 
trate levels remain constant 
throughout the year, and even 
large applications of nitrogen 

tervals from April 11 through Otto- -- ” 
ber 10. Leaf length, using the longest 

Soil phosphates after fertiliza- 

basal leaf and including only green tion ranged from six to eight 

growth, was measured at weekly in- ppm at the 0- to la-inch soil 
tervals from April 11 through August depth and from two to three 
21. Ocular estimates of percentage of ppm at the 12- to 24-inch depth, 
green foliage growth - were made with no significant difference 
February 12 through October 10. Re- among treatments. Phosphorus 
growth in terms of plant height was 
measured twice in September and 

applied as top dressing moves 
down into the root zone very 

twice in October. These measure- -- 
” 

ments were made on plants that had 
slowly and may become fixed in 

been mowed in late July. the soil surfake (Millar et al. 

Herbage yields were measured at 1958). 

the hard-dough seed stage in late Plant growth characteristics. 

July or early August each year from -During 1957 new green growth 
1957 through 1961. A belt transect on intermediate wheatgrass was 
3 ft wide running the length of the first observed on February 12. 
plot and constituting 20% of the total Maximum green growth oc- 
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curred during the period of 
April 11 through June 20. Green 
growth then gradually declined 
until October 10 when plant fo- 
liage was mainly cured but 
some new green basal leaf re- 
growth was present. 

Start of green growth and per- 
centage of green growth during 
spring and early summer were 
not significantly different 
among fertilizer treatments. 
Late summer and early fall 
green growth, however, differed 
significantly with amounts of 

Table 1. Percent green intermediate 
wheafgrass foliage as affected by 
four levels of nitrogen feriiliza- 
Con.1 

Date N fertilization (lb/acre) 

1957 N-O N-33 N-66 N-99 
June 20 100 100 100 100 

July 18 95 96 97 97 

Aug. 3 86 91 95 93 

Sept. 12 34 39 58 57 

Oct. 3 9 12 16 17 

Oct. 10 6 9 8 8 

1 Values underscored by the same 
line are not significantly different 
at the 5% level. 

nitrogen applied (Table 1). 
Levels of phosphorus fertilizer, 
either alone or in combination 
with nitrogen fertilizer had no 
observable effect on the green 
growth of intermediate wheat- 
grass. Fertilized plants may not 
be able to start green growth 
earlier than unfertilized ones 
because of temperature or mois- 
ture limitations. Once started, 
however, growth is usually more 
rapid with fertilization (Honnas 
et al., 1959). 

Intermediate wheatgrass re- 
growth averaged 0.14 ft on Sep- 
tember 19, increasing to 0.42 by 
October 10. The range on Octo- 
ber 10 was from 0.37 ft with no 
nitrogen to 0.44 ft with 99 lb/ 
acre of nitrogen, but differences 
were not significant. Neither 
phosphorus nor N-P interaction 
produced any significant differ- 
ences. 

Plant height maintained a rel- 
atively steep gradient of increase 
from May 7 to August 21 when 
it reached an average of 2.91 ft 
and then leveled off. Nitrogen 
fertilizer produced a significant 
but not striking increase in plant 
height by the second week in 
June. Differences then continued 
to be significant through the re- 
mainder of the measurement 
period. Phosphorus fertilizer ef- 
fected a significant increase in 
plant height only for measure- 
ments made on July 4 and 11. 
Differences were significant 
only between the non-fertilized 
and the heaviest phosphorus 
fertilizer treatments. Differ- 
ences for N-P interaction were 
not significant. 

Basal leaves reached their 
maximum length, an average of 
0.47 ft, by May 23. Length then 
decreased after culm elongation 
started because basal leaves fre- 
quently changed to stem leaves 
between measurements necessi- 
tating the use of other shorter 
leaves in subsequent measure- 
ments. A second lower peak in 
basal leaf length averaging 0.41 
ft occurred on June 20. Length 
then decreased, gradually at 
first and then sharply, until the 
end of the measurement period 
from die-back of leaf tips. 

Signif icant increases in basal 
leaf length with nitrogen appli- 
cation occurred only for the 
June 13, 20, and 27 measure- 
ments, and differences were 
mainly between fertilized and 
non-fertilized treatments. Phos- 
phorus fertilization effected a 
significant increase in maximum 
basal leaf length only for the 
measurements made on June 20. 
Differences occurred only be- 
tween fertilizer and non-fertil- 
ized treatments. Interaction be- 
tween nitrogen and phosphorus 
fertilizer was not significant. 

Smika et al. (1960) found that 
.nitrogen, but not phosphorus, 
increased the height of crested 
wheatgrass, bromegrass, and 
Russian wildrye. Honnas et al. 

ww 9 with ammonium phos- 
phate fertilization, obtained an 
increase in stem length for some 
of the range grasses tested. Ef- 
fect on leaf length was incon- 
sistent. The present study indi- 
cates that plant height is a bet- 
ter indicator than basal leaf 
length of intermediate wheat- 
grass response to nitrogen fertil- 
izer, but neither is very strik- 
ing. Results also indicate that 
intermediate wheatgrass reaches 
maximum leafiness in May and 
then increases in steminess with 
further advance of the growing 
season. 

No treatment differences were 
detected for time of culm elon- 
gation, flowering or seed matur- 
ity from observations made at 
weekly intervals throughout the 
1957 growing season. Sneva et 
al. (1958) found that crested 
wheatgrass fertilized with nitro- 
gen depleted soil moisture more 
rapidly than non-fertilized 
plants. This moisture depletion 
resulted in an advance of ma- 
turity and a shortening of the 
green growth period. 

Damage to the intermediate 
wheatgrass plants from the 
treatments tested was negligible. 
During the first growing season 
a few plants with burned leaf 
tips were observed for the heavi- 
est nitrogen application. 

Weed growth.-The first grow- 
ing season after application ni- 
trogen fertilizer increased the 
weed content of intermediate 
wheatgrass stands from 8 to 
20% on a green weight basis. 
Weed growth expressed as lb/ 
acre of green weeds and signifi- 
cant differences among nitrogen 
fertilizer treatments were as 
follows: 
N, lb/acre: N-O N-33 N-66 N-99 
Weeds, 
lb/acre: 213 1,000 1,173 1,427 

Differences among phosphorus 
treatments and N-P interaction 
were not significant. Other in- 
vestigators have noted the ef- 
fects of fertilizers on weed 



FALL FERTILIZATION 19 

growth. Kay and Evans (1965) 
found that nitrogen favored 
cheatgrass over intermediate 
wheatgrass. Increased cheat- 
grass growth hastened depletion 
of early spring moisture, and 
over 4 dry years caused a 
marked deteriorat’ion of the 
wheatgrass stand. Rogler and 
Lorenz (1957) found that nitro- 
gen stimulated the growth of 
cool-season weeds as well as 
cool-season grass, particularly 
during the first growing season 
after application. 

Table 2. Annual producfion of in- 
termediate wheafgrass for 5 years 
following one late fall applicafion 
of four nitrogen ferfilizer levels.1 2 

N fertilization (lb/acre) 
Year N-O N-33 N-66 N-99 Mean 

1957 887 1,394 2,025 2,080 1,596 

1958 1,456 1,820 2,295 2,632 2,051 

1959 489 646 691 700 632 

1960 632 624 743 763 690 

1961 228 288 254 256 256 

1 Pounds/acre of oven-dry weight 
from herbage mowed to a 2-inch 
stubble height. ’ 

2Values underscored by the same 
line are not significantly different 
at the 5% level. 

Herbage yields--Nitrogen fer- 
tilization increased intermediate 
wheatgrass dry-matter produc- 
tion for 4 years following ap- 
plication (Table 2). Increases 
during the first growing season 
were substantial with a maxi- 
mum of 134% from 99 lb/acre. 
nitrogen. By the fourth grow- 
ing season, fertilizer effects were 
greatly reduced. Only 66 and 99 
lb nitrogen produced significant 
increases, and the largest in- 
crease was 21%. By the fifth 
growing season, differences 
among treatments were no 
longer significant. 

Intermediate wheatgrass did 
not take advantage of more than 
66 lb/acre of nitrogen for any 
growing season during the ex- 
perimental period. Thirty-three 

lb/acre nitrogen produced her- 
bage increases that were more 
variable and of shorter duration 
than the higher nitrogen rates. 
Over the 4-year period that 
showed increased production, 
levels of 33, 66, and 99 lb/acre 
of nitrogen produced 31, 35, and 
27 lb of dry matter per lb of 
nitrogen, respectively. Costwise, 
these results indicate that 66 lb/ 
acre of nitrogen is the most ef- 
ficient rate. 

The nitrogen fertilizer carry- 
over effect obtained was as long 
or longer than that reported for 
most other range fertilization 
studies. Unusually long residual 
effects commonly result from 
applying large amounts of nitro- 
gen, a dry site, below normal 
precipitation, or a combination 
of these factors (Sneva et al., 
1958). 

Some of the carry-over effects 
from nitrogen on dry-matter 
production may be caused by 
factors other than residual soil 
nitrogen. Sneva et al. (1958) 
hypothesized that at least part 
of the residual nitrogen was not 
stored in the soil but was car- 
ried over as root reserves. Re- 
sidual effects, however, have 
also been found for annuals 
(Kay et al. 1957) and these can- 
not store nitrogen as root re- 
serves. Eckert et al. (1961) 
found that nitrogen stimulated 
crested wheatgrass root growth. 
A larger root system makes 
moisture and nutritive elements 
available to the plant from a 
greater soil volume. Indirect 
benefits that may carry over for 
several years are the increase 
of soil micro-organisms and de- 
composition of organic matter, 
and the improvement of the 
soil’s physical properties (Millar 
et al., 1958). 

Differences in herbage yields 
among fertilizer treatments in- 
dicate that nitrogen was a limit- 
ing factor for intermediate 
wheatgrass growth at the test 
site. Production of dry matter 
per unit of nitrogen compares 

favorably with that obtained for 
the northern Great Plains (Ro- 
gler and Lorenz, 1957; Smika et 
al., 1960). 

Phosphorus applied alone and 
in combination with nitrogen 
did not increase production of 
intermediate wheatgrass signifi- 
cantly during any year of the 
study. Lack of grass response to 
phosphorus on western range- 
lands soils is fairly common 
(Cook, 1965; Leven and Dregne, 
1963). Various factors and their 
interaction may have been re- 
sponsible for lack of phosphorus 
response. Intermediate wheat- 
grass may have low sensitivity to 
phosphorus (Humphrey, 1962). 
Cumulative phosphorus absorp- 
tion without fertilization may 
have been adequate for maxi- 
mum herbage production in the 
mature plant (Black, 1957). The 
fertilizer rates applied, especial- 
ly when broadcast on the soil 
surface in fall, may not have con- 
tained sufficient amounts of wa- 
tcr-soluble phosphates to over- 
come the fixing power of the soil 
(Millar et al., 1958). 

Herbage composition.-Crude 
protein was greater for herbage 
from 6-inch-high plants collected 
in May than for herbage from 
plants in the hard-dough seed 
stage collected in late July-early 
August 1957 (Table 3). For both 
growth stages crude protein con- 
tent increased with increasing 
amounts of nitrogen fertilizer. 
Differences among phosphorus 
treatments and N-P interaction 

Table 3. Percent crude protein in 
oven-dry infermediafe wheafgrass 
herbage at fwo growth stages as 
affected by four levels of nitrogen 
ferfilizafion.1 

Growth N fertilization (lb/acre) 
stage N-O N-33 N-66 N-99 Mean 

Veget. 
(6” ht.) 13.70 14.58 15.90 17.68 15.46 

Hard 
dough 5.25 5.62 5.88 6.79 5.88 

1 Values underscored by the same 
line are not significantly different 
at the 5% level. 
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were not significant. For the ad- 
ditional samples collected in 
May 1959, there were no signifi- 
cant differences between the 
control and nitrogen fertilized 
treatments, and crude protein 
averaged 13.55%. 

Percent phosphorus was 
greater in herbage collected at 
the 6-inch-high vegetative stage 
than at the hard-dough seed 
stage (Table 4). At the vegeta- 
tive stage phosphorus increased 
with increasing amounts of ni- 
trogen fertilizer. Nitrogen may 
have stimulated root growth so 
that the fertilized plants were 
able to absorb phosphorus from 
a greater volume of soil. At the 
hard-dough seed stage, phos- 
phorus decreased with increas- 
ing amounts of nitrogen fertil- 
izer. Results are similar to 
those obtained by Smika et al. 
(1960) and by Thomas (1964). 
This inverse relationship is 
sometimes called “the dilution 
effect.” Herbage phosphorus 
content was not significantly dif- 
ferent among phosphorus fertil- 
izer treatments or for N-P in- 
teraction. 

Herbage moisture. - Nitrogen 
fertilizer increased herbage 
moisture significantly only dur- 
ing the first growing season at 
the hard-dough seed stage: 
Nitrogen, 
lb/acre N-O N-33 N-66 N-99 
Herbage 
moisture, 
%: 57 59 61 60 

Phosphorus fertilization and 
N-P interaction did not affect 
herbage moisture significantly 
during any year of the study. 
Young intermediate wheatgrass 
growth harvested May 24-25 
averaged 71% moisture com- 
pared with 59% for mature 
herbage harvested July 30 
through August 1. 

Weather conditions at harvest 
time influenced herbage mois- 
ture strongly. For the 3 years of 
the study when harvest weather 
was damp with overcast sky, 
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Table 4. Percent phosphorus in 
oven-dry intermediate wheafgrass 
herbage af two growth stages as 
affecied by four levels of nifrogen 
ferfilizafion.* 

Growth __ N fertilization (lb/acre) -__ 
stage N-O N-33 N-66 N-99 Mean 

Veget. 
(6” ht.) 0.305 0.330 0.341 0.361 0.334 

Hard 
dough 0.253 0.217 0.198 0.191 0.214 

1 Values underscored by the same 
line are not significantly different 

.at the 5% level. 

high humidity, and intermittent 
rain, herbage moisture averaged 
55%. For the 2 years when 
harvest weather was clear and 
dry with some wind, herbage 
moisture averaged 36%. 

Hyder and Sneva (1961) found 
that crested wheatgrass fertil- 
ized with nitrogen contained 
more moisture during active 
growth but lost moisture and 
cured more quickly than the 
non-fertilized control. Herbage 
at the time of anthesis contained 
50% moisture for both the fertil- 
ized and non-fertilized crested 
wheatgrass. 

Summary 
The influence of one fall ap- 

plication of nitrogen and phos- 
phorus fertilizer on the soil and 
on growth, yields, and chemical 
composition of a mature dryland 
intermediate wheatgrass stand 
in the southwestern ponderosa 
pine zone was investigated. 

Nitrogen fertilization in- 
creased herbage production over 
four growing seasons following 
application. Increases were sub- 
stantial the 1st year, but de- 
clined each year, until by the 
5th year differences were no 
longer significant. Intermediate 
wheatgrass did not take advan- 
tage of more than 66 lb/acre of 
nitrogen. Phosphorus alone or in 
combination with nitrogen did 
not increase production during 
any year of the study. 

Nitrogen fertilizer exerted the 
following effects during the first 

growing season after applica- 
tion: (1) increased soil nitrates 
at the 0- to 12-inch depth; (2) 
increased amount of green 
growth during late summer 
and early fall; (3) increased 
plant height beginning the 2nd 
week in June and continuing 
through the remainder of the 
growing season; (4) increased 
basal leaf length during the last 
3 weeks in June; (5) increased 
crude protein content of both 
young and mature herbage; (6) 
increased phosphorus percentage 
of young herbage, but decreased 
it for mature herbage; (7) in- 
creased moisture content of ma- 
ture herbage; and (8) increased 
weed growth. Phosphorus fer- 
tilization increased basal leaf 
length the 3rd week in June and 
plant height the 1st and 2nd 
weeks in July. No significant 
effects were detected for N-P 
interaction. 
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Highlight ’ 

A food habits study, in a big sage- 
brush-grass type in Wyoming’s Red 
Desert, revealed very little overlap 
in use of native range forage by 
pronghorn antelope and domestic 
sheep. Generally, sheep preferred 
grasses whereas antelope utilized 
shrubs. 

The Red Desert region is the 
most important winter sheep 
range in Wyoming. It is also a 
major pronghorn antelope range. 
Although these two animal spe- 
cies have apparently been com- 
patible in this area for several 
decades, new livestock manage- 
ment practices have tended. to 
focus additional attention on this 
multiple-use region. Future man- 
agement plans include using this 
area as a year-long, sheep and 
cattle range. This study, designed 
to yield data on competition for 
forage between pronghorn ante- 

1 Published with the approval of the 
Director, Wyoming AgricuZturaZ Ex- 
periment Station, as Journal Article 
No. 289. 

2PresentZy Instmxtor of Range Man- 
agement, South Dakota State Uni- 
versity, Brookings, South Dakota. 

lope and sheep, will assist land 
managers in making more pre- 
cise evaluations of management 
practices such as sagebrush 
spraying and game-or-stock-only 
programs. 

The information used in this 
discussion was obtained in a co- 
operative study initiated by the 
Bureau of Land Management, the 
Wyoming Game and Fish De- 
partment, and the Plant Science 
Division of the University of 
Wyoming. The primary objec- 
tives of the study were to deter- 
mine the degree of overlap in 
use of native vegetation and to 
determine grazing capacities of 
pronghorn antelope and do- 
mestic range sheep. 

The degree of forage competition 
between these two herbivores varies 
greatly and appears to depend on 
the geographic area, season, and the 
vegetative types being used. 

Einarsen (1948) did not put too 
much emphasis on forage competi- 
tion between antelope and sheep. He 
stated that antelope preference is 
for a wide variety of foods including 
most range weeds and browse plants, 
while sheep are more restricted in 
their diet. Hoover et al. (1959), how- 
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ever, stated that “. . . . because their 
annual diet consists of a high pro- 
portion of browse and forbs, ante- 
lope are in direct competition with 
sheep, whose diet comprises the 
same type of forage.” Buechner 
(1950) maintained that competition 
is severe on overgrazed sheep ranges 
because the forbs and weedy spe- 
cies preferred by antelope were elim- 
inated, but that it may be almost 
absent on properly grazed ranges. 
During World War II, Wyoming 
went as far as to hold special hunt- 
ing seasons to reduce the antelope 
herds in an attempt to “. . . . re- 
duce competition between domestic 
stock and antelope . . . to cope with 
the feed shortage for domestic stock” 
(Allred, 1943). 

Study Area and Procedures 
The study area was located in the 

Red Desert region in the south cen- 
tral part of Wyoming north of Wam- 
sutter. The greater portion of the 
observations were taken from a pas- 
ture system designed and con- 
structed by the Bureau of Land Man- 
agement which consisted of six pas- 
tures; 2 of 120 acres, stocked with 
antelope; 2 of 120 acres, stocked with 
sheep; and 2 of 240 acres, stocked 
with both antelope and sheep. The 
pastures were located in a uniform 
big sagebrush community. The major 
species in the study area were: big 
sagebrush, Artemisia tridentata; 
Douglas rabbitbrush, Chrysothamnus 
viscidijlorus var. pumilis; we s tern 
wheatgrass, Agrop yron smithii; 
needleandthread, Stipa comata; In- 
dian ricegrass, Oryzops-is hymenoides; 
bottlebrush squirreltail, Sitanion 


