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soil surface acts as a barrier to overland flow. Rate 
and quantity of runoff may, therefore, be decreased, 
not because of increased absorptive capabilities of 
the surface soil profile but because the water has 
more time to infiltrate. 

This study was designed to detect obvious im- 
provement or deterioration of certain watershed 
values as the result of conversion of pinyon-juniper. 
Other studies currently underway will evaluate the 
influence of conversion treatments through use of 
O.l-acre runoff plots and eventually small water- 
sheds. 

LITERATURE CITED 

Proceedings, 9th Annual Arizona Watershed Symposium, 
Tempe, Arizona, Sept. 22, p. 16-21. 

COLLINGS, M. R., AND R. M. MYRICK. 1966. Effects of 
juniper and pinyon eradication on streamflow from Cor- 
duroy Creek Basin, Arizona. U.S. Geol. Surv. Prof. Paper 
491-B. 12 p. 

ISAACSON, H. E. 1966. Description of ecological provinces 
within the study area. In Management Alternatives for 
Pinyon-Juniper Woodlands, Part A, Utah Agric. Expt. 
Sta. Unnumbered Publ., p. 27-54. 

SKAU, C. M. 1961. Some hydrologic influences of cabling 
juniper. U.S. Forest Service, Rocky Mt. Forest & Range 
Expt. Sta. Res. Note 62. 2 p. 

SKAU, C. M. 1964. Soil moisture storage under natural 
and cleared stands of alligator and Utah juniper in north- 

BROWN, H. E. 1965. Preliminary results of cabling Utah ern Arizona. U.S. Forest Service, Rocky Mt. Forest & 
juniper, Beaver Creek Watershed Evaluation Project. In Range Expt. Sea. Res. Note RM-24. 3 p. 

Cattle Preferences for Forage 
Species in Northern Arizona’ 

WARREN P. CLARY AND HENRY A. PEARSON2 

Associate Range Scientist and Range Scientist, Rocky 
Mountain Forest and Range Exp. Sta., Flagstaff, Arizona. 

Highlight 

Preference ratings-determined by comparisons with bot- 
tlebrush squirreltail-showed Kentucky bluegrass, Arizona 
fescue, and mountain muhly were highly preferred in the 
pine type in summer, while prairie junegrass was most pre- 
ferred in spring-fall in the pinyon-juniper type. 

Differences in livestock preference for forage spe- 
cies have long been observed. Preferences vary with 
plant species, plant parts, plant succulence, time of 
day, and other plant as well as animal characteris- 
tics. A knowledge of preferences is useful when 
establishing many range management practices. 

Cattle forage preferences for the major species 
were determined in northern Arizona for summer 
grazing in the ponderosa pine type and for spring- 
fall grazing in the pinyon-juniper type. Conditions 
varied from 10 to 40% utilization of the weight of 
perennial grasses and grasslike plants. 

Methods 

Utilization data were collected from the Beaver 
Creek Pilot Watershed (Worley, 1965) and the 
Wild Bill Evaluation Area (Pearson, 1964) over 4- 

1 Received April 19, 1968; accepted for publication July 26, 
1968. 

2Located at Flagstaff in cooperation with Northern Arizona 
University; central headquarters are maintained at Fort 
Collins in cooperation with Colorado State University. 

and 3-year periods, respectively. Percent utilization 
by weight at the end of the grazing season was de- 
termined by weight estimate on Beaver Creek and 
by paired-plot techniques on Wild Bill. The data 
were collected by species from 9.6-ft2 plots. Both 
areas were grazed by yearling cattle. The utiliza- 
tion of forage grasses by wildlife, as indicated by 
the lack of use in range units without cattle, was 
negligible. 

Utilization in itself did not adequately represent 
cattle preference, since some forage species were 
less available than others due to their distribution 
and abundance on the range. The utilization of 
individual species was therefore compared to the 
utilization of a standard or base species on each 
plot to compensate for unequal accessibility. The 
comparison of utilization of a species in relation to 
associated species has often been used in determin- 
ing forage preference (Cook et al., 1962). The stan- 
dard species used for comparison was bottlebrush 
squirreltail, which was widely distributed over the 
two areas and was readily utilized in all situations. 
Plot data were used only if the standard plant and 
at least one other species were present, and if any 
of the species had been grazed. A total of 689 ob- 
servations met these criteria for developing the 
preference ratings. 

Preference, in this paper, is defined as the use 
made of an individual species when the use of the 
associated standard species is at, or adjusted to, a 
common level. Covariance analysis was used to 
evaluate cattle preference for the forage species. 

Results and Discussion 

Percent utilization of the forage species increased 
as utilization of bottlebrush squirreltail increased 
(Fig. 1, 2). Cattle preferences among the forage spe- 
cies within the same vegetation type and season of 
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FIG. 1. Percent utilization of several forage species as related to FIG. 2. Percent utilization of several forage species as related to 
utilization of bottlebrush squirreltail on ponderosa pine ranges. utilization of bottlebrush squirreltail on pinyon-juniper ranges. 

use remained similar for different levels of utiliza- 
tion and species compositions. For instance, most 
of the species in the ponderosa pine type were mi- 
nor components in one study area or the other (Ta- 
ble 1). 

Kentucky bluegrass, Arizona fescue, and moun- 
tain muhly were highly preferred in the pine type 

Table 1. Corrected utilization (preference) under summer 
use in the ponderosa pine type when associated bottle- 
brush squirreltail was grazed 2Os.l 

Species 

Percent 
utilization 

(preference) 

Kentucky bluegrass (Poa pratensis L.)2. 3 
Arizona fescue (Festuca arizonica Vasey)3 
Mountain muhly (Muhlenbergia montana (Nutt.) 

Hitchc.)3 
Black dropseed (Sporobolus in terruptus Vasey)2 
Sedge (Carex spp.) 
Mutton bluegrass (Pea 

Vasey)2 
Bottlebrush squirreltail 

J. G. Smith) 
Blue grama (Bouteloua 

fendleriana (Steud.) 

(Sitanion hystrix (Nutt.) 

gracilis (H.B.K.) Lag.)2 
Prairie junegrass (Koeleria crista ta (L.) Pers.)2* 3 

39 
33 

31 
28 
24 

23 

20 

17 
13 

1 Approximate level of use in the ponderosa pine study areas. 
2 Contributed less than 3% of the total production of perennial 
grasses on Wild Bill. 
s Contributed less than 3% of the total production of perennial 
grasses on Beaver Creek. 
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during the summer season, while blue grama and 
prairie junegrass were least preferred (Table 1). 
These results are in general agreement with John- 
son (1953) in Colorado, but in disagreement with 
Humphrey (1958) in Arizona. Humphrey (1958) 
suggested that Arizona fescue and mountain muhly 
are less palatable than blue grama or prairie june- 
grass. 

Prairie junegrass was the most preferred species 
during spring-fall use in the pinyon-juniper type, 
while blue grama and spike muhly were the least 
preferred (Table 2). 

Table 2. Corrected utilization (preference) under spring 
fall use in the pinyon-juniper type when associated 
bottlebrush squirreltail was grazed 407L1 

Species 

Percent 
utilization 

(preference) 

Prairie junegrass 43 
Bottlebrush squirreltail 40 
Mutton bluegrass 33 
Sideoats grama (Bouteloua curtipendula (Michx.) 

Torr.) 30 

Black dropseed 15 

Blue grama 5 
Spike muhly (Muhlenbergia wrightii Vasey)2 4 

1 Approximate level of use in pinyon-juniper study area. 
2 Contributed less than 3% to the total production of perennial 
grasses (data for spring-fall use from Beaver Creek only). 
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Highlight 

Nitrogen and 24-D were applied to a Dense Clay Range 
Site depleted by drought and overgrazing in western South 
Dakota to determine if forb control and fertilization would 
accelerate range recovery and increase perennial grass pro- 
duction. Treatment effects were the most pronounced three 
years after application, when higher levels of nitrogen and 
24-D in combination significantly increased the percent fre- 
quency and production of perennial grass over the control. 
Combination treatments were more effective than either 
treatment alone. Total perennial grass production for three 
years was increased over the control by 391 lb/acre in re- 
sponse to 24-D (2 lb/acre), 594 by nitrogen (120 lb/acre), 
and 1,640 by 2,4-D and nitrogen in combination. Protec- 
tion from grazing and favorable climatic conditions im- 
proved range condition and increased production substan- 
tially, irrespective of treatments. 

Methods of increasing range productivity which 
are consistent with judicious use of our range 
resource and that are economically feasible are be- 
coming a necessity. This is especially true of dete- 
riorated range that is not producing near its poten- 
tial. Numerous practices can be classified in the 
category of range improvement, including chemical 
control of “undesirable” plants and possibly nitro- 
gen fertilization, depending on the purpose for 
which it is used. The use of either treatment has 
been reported more extensively when used singly, 
but only limited work has been published when 
used in combination. 

l Published with the approval of the Director as Journal 
Series 821, South Dakota State University Agricultural Ex- 
periment Station. Received June 2, 
publication October 5, 1968. 

1968; accepted for 

2 Presently, Assistant Professor of Agronomy, Oklahoma State 
University, Stillwater. 
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Several studies in the Great Plains have shown 
that native range will respond favorably to nitro- 
gen fertilization, both in increased forage produc- 
tion and improved forage quality (Cosper and 
Thomas, 1961; Burzlaff et al., 1968; Rogler and 
Lorenz, 1957; and others). In the Northern Great 
Plains desirable changes in species composition, re- 
sulting in improved range condition, have been ac- 
celerated by the application of nitrogen. Rogler 
and Lorenz (1957) stated that two years of fertiliz- 
ing heavily grazed pastures with 90 lb/acre of ni- 
trogen plus rest improved range condition and pro- 
duction more than six years of protection from 
grazing alone. Cosper et al. (1967) indicated nitro- 
gen fertilization significantly increased the inter- 
mediate grasses, primarily western wheatgrass 
(Agropyron smithii),3 and decreased short grasses 
and other species. 

Adverse effects have also been reported for range 
fertilization. Huffine and Elder (1960) stated that 
fertilizing native range in Oklahoma with nitrogen 
and phosphorus increased annual weed production 
two to five times and slightly lowered grass pro- 
duction. Cosper and Thomas (1961) indicated that 
fertilizing poor condition ranges in South Dakota 
may create a serious problem in control of nongrass 
species. Sunflowers responded markedly to both 
nitrogen and phosphorus. 

The effectiveness of herbicides as a weed control 
measure has been substantiated by research and 
widespread use in field crops. Chemical weed con- 
trol on native ranges has also been used as a means 
of range improvement. Reduction of weed popula- 
tions releases the grasses from competition for soil 
nutrients, water and other factors of the environ- 
ment. In Nebraska, Klingman and McCarty (1958) 
reported that 1 lb/acre of 2,4-D ester applied for 
three years decreased perennial broadleaf weeds 
70% and increased forage production 47%. Other 
studies including those by Cornelius and Graham 
(1953) and Mitich (1965) have reported an increase 
in grass with a reduction of broadleaf plants by 
spraying with herbicides. 

3 Nomenclature follows Hitchcock (1950) for grasses and 
Rydberg (1932) for forbs. 


