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Highlight 

Controlling Gambel oak and other brushy species with 
herbicides can produce benefits to the stockman. Increased 
forage and beef production are products of a good brush 
control practice. A high percentage of oak control is neces- 
sary to offset regrowth by sprouting. Soil moisture was 
significantly increased in the top five feet of soil during 
the summer months by controlling the oak. Forage pro- 
duction was doubled with a five-year period. Animal 
weight gains per acre nearly doubled as a result of brush 
control on Gambel oak rangeland. 

Gambel oak (Qucycus gambehi) is an important 
component of several million acres of foothill 
rangelands in Arizona, Colorado, Nevada, New 
Mexico, and Utah. Gambel oak grows throughout 
the Ponderosa pine zone and in association with 
pinyon pine and juniper at its lower elevation 
limits of 7,000 feet, and with aspen and spruce at 
its upper elevation limits of 10,000 feet (Christen- 
sen, 1949; Brown, 1958 and Tew, 1966). 

The value of Gambel oak on rangelands is rela- 
tively unknown. Forage production under the oak 
has been reported as being comparable to sur- 
rounding openings (Brown, 1958). Other studies 
in southwestern Colorado have indicated signifi- 
cant increases in herbage yields on oak rangelands 
after treatment with herbicides (Astatke, 1967; Jef- 
feries and Norris, 1965; Marquiss, 1969). Soil mois- 

l Published with the approval of the Director of the Colo- 
rado State University Experiment Station as Scientific 
Series Paper No. 1642. Received May 1, 1971. 

Conf. 21:349-350. 

ture studies have indicated that evapotranspiration 
losses from Gambel oak sites are significant. Tew 
(1966) in Utah, reported that, in years of normal 
rainfall, approximately a foot of water is extracted 
from the upper eight feet of soil during a growing 
season. 

Patchy grazing is a problem on rangelands that 
possess intermixed thin and thick stands of trees or 
brushy species. Johnson (1953) indicated grass- 
land parks received heavier grazing than open tim- 
bered areas, and heavily timbered areas were rarely 
grazed in the Ponderosa forests. Irregular patterns 
of grazing use were evident regardless of the graz- 
ing intensity. Livestock grazing oak rangelands 
tend to overgraze open areas and graze only lightly 
under the oak (Jefferies and Norris, 1965). 

Soil Moisture Studies 

Methods 

Soil moisture determinations were taken from a Gambel 
oak-grass type range during four summer seasons (1967 
through 1970). The study sites included open areas be- 
tween oak clumps, undisturbed oak clumps, and 100 per- 
cent controlled oak. Determinations after 1967 included 
an oak sprout site that had been treated three consecutive 
years with 2,4,5-TPa, where 80-90 percent of the crown was 
killed and root sprouts were abundant. 

Four replicated sampling sites were established for each 
treatment. Sampling dates were at two-week intervals dur- 
ing the summer months of each of the four consecutive 
years. Samples were collected with a Veihmeyer tube at 
one-foot intervals to a depth of five feet. Soil samples were 
dried at 105 C and reported as percentage moisture loss on 
a dry weight basis. Average precipitation for respective 
months of May through September 1967 through 1970 was 
0.83, 1.37, 2.00, 2.26, and 2.11. 

Results 

A significant increase in soil moisture was ob- 
served where oak was totally controlled. The larg- 
est differences of soil moisture between treatments 
occurred during the mid-summer months (Fig. 1). 

2 2-(2,4,5-Trichlorophenoxy) propionic acid. 
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The soil moisture differences were greatest 
from the 2. to 5.ft depths. Small differences and 
nearly equal percentages of soil moisture occurred 
from the 1. to 2.ft depth in both treated and un- 
treated plots. Below the 2.ft depth, increases in 
soil moisture were notably higher for effectively 
treated oak. 

Table 1. Mean soil moisture (%) among four sites at five 
depths on Gambel oak rang-eland (1967-1970). 

o-1 it 7.37 10.52 10.69 9.52 9.451 
1-2 ft 7.94 9.61 9.63 10.4G 9.45a 
2-3 It 9.68 9.94 10.57 13.13 10.89b 
3-4 It 11.01 10.31 11.42 14.36 11.83bc 
4-5 ft 11.79 10.86 12.06 13.71 12.13c 

Mea” 9.56x 10.25X 10.88x 12.2oy 

1 Means followed by the same letter ale not significantly different 
at the 5 percent protection level. 

Significantly greater soil moisture was found on 
totally controlled plots compared to non-treated 
oak sites (Table 1). The studies conducted after 
1967, including an oak sprout site, still showed real 
differences of soil moisture at the 2. to 5.foot 
depth where all the oak stems had been successfully 
controlled. 

Forage Production and Grazing Studies 

Methods 

‘Two pastures, each approximately 25 acres in site, we*e 
used as a paired plot grazing study. The vegetation types 
in each pasture were open grassland, sagebrush-grass, and 
oak-grass. Data on plant composition, sail depth, and ter- 
rain indicate the pastures are very similar. One pasture 
was left as untreated, the other was treated with herbicides 
to kill the dominant brush species. Roth pastures were 
grazed moderately (near 50%) during the period of the 
studies. 

The history of herbicide treatments in ttre brush control 
pasture includes aerial spraying of sagebrush with 2,4-D:’ 
in 19G5 and spraying thr oak with 2,4,5-TP and picloram~ 
mixture in 1966 and again in 1969. Although brush spe- 
cies were not totally killed, an estimated 95% of the sage- 
brush and 80% of the oak were controlled by these ap 
plications. 

Forage prcduction was determined by clipping the for- 
age from caged plots, randomly placed within each vegeta- 
tion type. Cltilieation was determined by double sampling 
based upon clipping and estimates of grazed and ungrazcd 
plots. 

Animal response was determined by grazing yearling 
steers during the mid-summer montb~. Initial weight of 
the steers was approximately 550 to GO0 pounds. Pastures 
were utilized to approximarely 50% each year. Livestock 
gains were based on average gain per day and on the 

a 2,4-l)ichlorophenoxy acetic acid. 
44-amino-3,5,G-tricl~loro-picalonic acid. 
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Results 

Forage production determinations at the end of 
each grazing season (1966-1970) showed a sub- 
stantial increase in forage as a result of brush con- 
trol (Figs. 2, 3, and 4). This relationship of in- 
creased forage production held true for each site, 
but was most evident within the oak thickets 
(Table 2). Plant composition and forage produc- 
tion was improved on both pastures during the 
period of this study. 

Forage production in the open grassland type 
was increased G4% as a result of plant composition 
changes due to herbicide applications. Forage 

production in the sagebrush-gnss type was in- 
creased approximately Xlrr/, after herbicide treat- 
ment. Treatment of oak increased the understory 
forage production 747; the year following the 
second application of herbicides. 

Five years of razing results indicate an increase 
in beef produmon on the treated Gambel oak pas- 
ture. Stocking rate, total gains, and gains per acre 
increased as a result of increased forage production, 
reflecting the benefits of brush control practices. 
There were no significant differences in average 
daily livestock gains between the treated and un- 
treated pastures (Table 3). 

Livestock gains were increased by an average of 
18 lb./acre over a 5 year period as a result of brush 

Table 2. Utilization and dry forage produced from treated and non-treated oakbrush pastures from 1966 thru 1970. 

vrgetation S” brush control Brush c0ntrul’ 
type and 

mrasurement 1966 I!167 I968 ,969 Ill70 1966 lW ,!I68 19FL) 1970 

Open grassland 
Utilization (%) 
Forage production (lb.) 
Production increase attributed to brurh control (lb.) 
Production increase attributed to brush control (%) 

Sagebrush-grass 
Utilization (%) 
Forage produced per acre (lb.) 
Production increase attributed to brush control (lb.) 
Production increase attributed to brush control (“Yo) 

Oakbrush (beneath the canopy) 
Utilization (%) 
Forage produced per acre (lb.) 
Production increase attributed LO brush control (lb.) 
Production increase attributed to brush control (%) 

54 ti4 48 6” 64 63 69 61 56 67 
410 683 ,146 1088 8 1 5 655 851 1370 1331 1335 

245 168 224 243 520 
60 25 20 32 64 

48 50 44 33 .iO 50 
440 567 X84 752 626 5b2 

122 
28 

52 
904 
337 

59 

55 
I363 
479 

54 

49 
,031 

279 
37 

65 
1136 

510 
81 

50 50 51 26 61 51 44 65 47 62 
475 424 63” 633 7b2 592 994 1292 ,101 1324 

117 570 662 468 562 
25 134 105 74 74 
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Table 3. Steer days grazed, utilization (% ), and weight gain (lb.) on a non-treated pasture and a brush control treated 
pasture.1 

Animal gain 

Grazing dated Steer days Utilization Total Per day Per acre 

Non-treated pasture 
1966-July 23-Sept. 25 435 49 518 1.19 20.72 
1967-Aug. 22-Sept. 27 324 58 662 2.04 26.48 
1968-Aug. 5-Sept. 2 392 49 916 2.34 36.64 
1969-July 29-Sept. 9 420 37 986 2.35 39.48 
1970-July 15-Sept. 4 510 58 663 1.30 26.52 

Average 416 50 749 1.84 29.97 

Treated pasture 
1966-July 23-Sept. 9 521 51 838 1.63 31.04 
1967-Aug. 22-Sept. 27 468 53 930 1.99 34.44 
1968-Aug. 5-Sept. 2 728 60 1692 2.32 62.67 
1969-July 29-Sept. 9 840 50 1883 2.24 69.74 
1970-July 15-Sept. 4 1020 64 1125 1.10 41.63 

Average 715 56 1294 1.86 47.91 

IThe sagebrush was treated in May 1965, the oakbrush treated in June 1966 and July 1969 on the brush control pasture. 

control practices. Increased livestock gains in both 
pastures may be attributed to improved range con- 
dition as a result of moderate utilization during 
the past five years of the study. 

Discussion and Conclusions 

Controlling Gambel oak provides more soil 
moisture for understory forage. Four years of 
studies have indicated a significant increase in soil 
moisture during the summer growing season where 
oak has been controlled. The greatest response in 
increased soil moisture is at the three to five-foot 
depths, a zone including numerous oak roots. 

The degree of control of Gambel oak is believed 
a major factor in determining the benefits to be 
derived from brush control practices. Gambel oak 
resprouts readily after being disturbed by most 
methods commonly used to control brush (me- 
chanical, fire, herbicides, etc.). Climatic variations 
from year to year may play a large role in the dif- 
feren t degrees of control. 

Increased soil moisture as a result of herbicide 
application may not be realized where thick oak 
sprouting occurs, but significant increases in soil 
moisture are obtained where good control of both 
mature stems and sprouts is evident. These studies 
indicate an increase of 4 to 5% more soil moisture 
during mid-summer months where oak was totally 
killed compared to control areas. These conclu- 
sions agree with a recent study by Tew in Utah 
(1969). 

Livestock gain per acre was increased as a result 
of increased forage from herbicide applications. 
Brush control has nearly doubled the forage pro- 
duction and considerably increased beef produc- 
tion compared to the non-treated oakbrush pas- 
ture. Livestock daily gains and gain per acre 

increased each year until 1970, a year following 
low winter and spring precipitation. The forage 
was dry and, although abundant, did not produce 
the gain on animals as in previous years. However, 
animal gains per acre were 6 to 10 pounds better 
in both pastures than five years previous. 

Benefits from brush control may be expressed 
not only as additional forage and returns in beef 
production, but may be compared as additional 
acres of forage available. A summary of five years 
data indicates a mean requirement of 1.84 acres 
per steer month on untreated, and 1.22 acres on 
treated oak pasture (Table 4). Thus, for every 1.84 
acres of similar pasture, effective control of Gam- 
be1 oak adds a production equivalent of .62 acre 
to the grazing land. 

Table 4. Mean grazing capacity on untreated and treated 
brushy rangelands at the San Juan Basin Branch Station. 

Year 
Acres/steer 

month 

Untreated 
1966 
1967 
1968 
1969 
1970 
Mean 

Treated 
1966 
1967 
1968 
1969 
1970 
Mean 

1.72 
2.31 
1.91 
1.79 
1.47 
1.84 

1.55 
1.73 
1.11 
.96 
.79 

1.22 
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Highlight 

Fourwing saltbush was seeded and transplanted into native stands of (a) al- 
most pure creosotebush and (b) velvet mesquite with burroweed understory, 
in southern Arizona. Burroweed and creosotebush were controlled by picloram 
spray and by grubbing. The mesquite was killed on half of the burroweed plots. 
Establishment and survival of saltbush was much higher on the creosotebush 
site than on the mesquite site, presumably because the calcareous (pH 8.0+) 
soil at the creosotebush site was more suitable than the non-calcareous neutral 
soil at the mesquite site. Transplants survived much better on grubbed plots 
than on sprayed or check plots, and seedlings on sprayed or grubbed plots than 
on check plots. However, after 3 years the stands were reduced to 650 and 46 
plants per acre on the creosotebush and mesquite-burroweed area respectively. 

Fourwing saltbush (A triplex can- 
escens (Pursh) Nutt.)s is one of the 
most widely distributed and im- 
portant shrubs on western ranges. 
It has been used for revegetation 
many times with varying degrees of 
success. Springfield (1970) presents 
a thorough summary of the present 
state of knowledge relating to the 
germination and establishment of 
fourwing saltbush, but most of his 
work was done in New Mexico at 

l Received May 12, 1971. 
2 Forest Service, U.S. Department of 

Agriculture, with central headquarters 
at Fort Collins, in cooperation with 
Colorado State University. Author 
stationed at Tucson in cooperation 
with the University of Arizona. 

3 Nomenclature follows Kearney and 
Peebles, 1951. 

elevations above 6000 feet and an- 
;;~uLK~~ precipitation from 11-15 

. Although precise recom- 
mendations for hotter and drier 
semidesert conditions are not avail- 
able, fourwing saltbush grows nat- 
urally in the vicinity of Tucson, 
Arizona at an elevation of about 
2400 feet and annual precipitation 
of about 11 inches. It thus would 
appear to be adapted for use on 
similar areas in the semidesert 
Southwest, if suitable methods for 
establishing it can be developed. 

Exploratory studies designed to 
determine some of the environ- 
mental limitations for establish- 
ment of fourwing saltbush in the 
semidesert Southwest were con- 
ducted from 1966 to 1969 on the 

Santa Rita Experimental Range in 
southern Arizona. The long-range 
objective was to investigate the fea- 
sibility of replacing creosotebush 
(Larrea trident&u (DC.) Coville), 
velvet mesquite (Proso+ julifloru 
var. velutinu (Woot.) Sarg.), and 
burroweed (Af~lofmf@.~s tenuisectus 
(Greene) Blake), species of little or 
no grazing value, with a highly de- 
sirable forage species. 

Two methods of establishment 
were tried: (1) direct seeding and 
(2) planting transplants. These 
methods were tried on two sites: (a) 
a creosotebush site with little or no 
understory vegetation and (b) a 
velvet mesquite site with an under- 
story of burroweed and a sparse 
mixture of native perennial grasses 
(Fig. 1). 

Although these trials must be 
considered failures from the stand- 
point of permanent establishment 
of four-wing saltbush, the initial 
establishment under the varying 
site conditions and the imposed 
treatment conditions helps to de- 
lineate some of the tolerances and 
limitations of fourwing saltbush for 
revegetation in this part of the 
Southwest. It thus should be of in- 
terest to those concerned with range 
improvement in the semidesert. 

Study Areas and Methods 

Creosotebush Site 

This area, located at an elevation 
of 3240 ft, receives an average an- 
nual rainfall of 13.25 inches, of 
which about 57% falls during the 


