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Long-term Effects of Chemical Control 

of Big Sagebrush 

JOHN F. THILENIUS AND GARY R. BROWN 

Highlight: In 1960 and 1961, big sagebrush (Artemisia tridentata] on four cattle 
ranges in the Bighorn Mountains was sprayed with 2,4-D. By 1971, the canopy cover 
of big sagebrush was 8~42% of the pretreatment levels, seedling density ranged from 
5.7-11.3 plantsfl20 ft’, herbage production was below the pretreatment levels with 
the proportion of graminoids about equal to that prior to spraying. Effects of grazing 
deferment for as long as 3 years after spraying could not be detected. 

Deferment of cattle grazing for as long 
as 3 years after herbicidal control (2,4-D) 
of big sagebrush (Artemisia triden tata) 
had no effect on subsequent herbage 
production or subsequent big sagebrush 
reinvasion in the Bighorn Mountains of 
Wyoming (Smith, 1969). Smith’s study 
was conducted between 1959 and 1966. 
We resampled the same ranges in 197 1 to 
assess the long-term effects of sagebrush 
control. 

Smith used four sites in his study. Two 
of them (Antelope Butte and Soldier 
Creek) were sprayed in 1960; the other 
two (Buck Creek and Grouse Creek) in 
1961. We were able to adequately resam- 
ple the Antelope Butte, Soldier Creek, 
and Buck Creek sites. A division fence 
and water development had been con- 
structed on the Grouse Creek site; be- 
cause of heavy forage utilization and 
trampling, we could measure only cover- 
age of big sagebrush at this location. 

The authors are, respectively, range scientist 
and range research technician, Rocky Mountain 
Forest and Range Experiment Station, Forest 
Service, U.S. Department of Agriculture. Re- 
search reported here was conducted at the 
Station’s Research Work Unit at Laramie, in 
cooperation with the University of Wyoming. 
Station’s central headquarters is maintained at 
Fort Collins, in cooperation with Colorado State 
University. 

Manuscript received September 12, 197 3. 

There are no quantitative data avail- 
able on the grazing management on any 
of the sites between 1966 and 197 1, 
During this period, new management 
systems were initiated on the cattle allot- 
ments where the study sites are located. 
The Soldier Creek and Antelope Butte 
sites are both near water and are grazed 
rather heavily throughout the growing 
season, while the Buck Creek site is 
grazed more lightly and later in the 
season. 

Data were obtained from the original 
sample locations by the same techniques. 
Canopy coverage of big sagebrush was 
sampled by the line-intercept method 
(Canfield, 1942); vegetation production 
by the weight estimate method (Pechanec 
and Pickford, 1937) adjusted by double 
sampling (Wilm et al., 1944). The density 
of big sagebrush seedlings was determined 
on the same sample plots used to estimate 
herbage production. 

Table 1. Canopy cover (%) of big sagebrush 
prior (1959-1960) to spraying with 2,4-D and 
at 3 dates of measurement after spraying. 

1959- 1960- 1965 
Site 1960 1961 1966 1971 

Antelope Butte 17.9 0.1 0.0 2.4 
Soldier Creek 24.4 0.0 0.0 1.9 
Buck Creek 14.6 0.0 0.0 1.7 
Grouse Creek 15.5 0.1 1.2 6.6 
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Results and Discussion 

Canopy Cover and Density of Big 
Sagebrush 

The data on canopy cover in 197 1 
cannot be related to length of deferment 
because the line-intercept transects were 
not located within the deferred areas. 
Therefore, they refer only to the general 
increase of big sagebrush cover. Big sage- 
brush was absent, or nearly so, at all four 
sites the year after spraying (Table 1). 
Five years later, big sagebrush reinvasion 
could be detected only at the Grouse 
Creek site, where it had increased to 
about 8% of the pretreatment level. 

By 197 1, some reinvasion was appar- 
ent at all sites. Only at Grouse Creek, 
however, was canopy cover of big sage- 
brush relatively high-about 42% of what 
it was prior to spraying in 1959. The 
reason for the greater increase at Grouse 
Creek is not known. There is no evident 
relationship between pretreatment sage- 
brush cover or the degree of control 
(which was high at all sites) and the cover 
in 1971. 

We were able to remeasure the density 
of big sagebrush seedlings only at the 

Table 2. Density (plants/l20 ft’) in 1971 of 
big sagebrush seedlings as affected by length 
of deferment after sagebrush control. 

Years deferred 

Site 0 1 2 3 A% 

Antelope Butte 17 6 3 8 11.3 
Soldier Creek 8 13 19 15 18.3 
Buck Creek 5 3 2 7 5.7 

Average 10.0 7.3 8.0 10.0 
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Antelope Butte, Soldier 
Creek sites (Table 2) 
statistically significant 
0.05) either between treatments or be- 

Creek, and Buck 
There were no 

differences (a = 

tween sites in 197 1. We also compared 
the density of big sagebrush seedlings in 
1971 with the density for the years 
1960-1965. Smith reported significant 
differences at Antelope Butte for 2 and 3 
years of deferment. Our analysis showed 
no signficant differences either between 
years or between length of deferment 
period at any of the sites. 

The yearly variation in seedling den- 
sity was highly variable within a given 
site, even though density was recorded on 
the same plots each year. Apparently, as 
Smith also found during the 1960-1966 
period, seedling mortality is high and 
there is no uniform annual increase in 
density. This is somewhat contradictory 
to the results reported by Johnson (1969) 
who found sagebrush density on grazed 
ranges had returned to the prespraying 
level 14 years after treatment. However, 
the areas studied by Johnson were 
located in the sagebrush steppe zone, 
while our areas are in the montane 
sagebrush zone. The former environment 
might be more favorable to the survival 
and growth of big sagebrush. 

Herbage Production 

Total production of herbage in 1971 

Table 3. Herbage production (lb/acre, air-dry) 
in 1971, as affected by length of deferment 
after sagebrush control. 

Site and length 
of deferment Graminoids Forbs Total 

Antelope Butte 
0 years 225 663 888 
1 year 262 758 1020 
2 years 274 737 1011 
3 years 248 751 999 
Average 253 727 980 

Soldier Creek 
0 years 359 672 1031 
1 year 317 685 1002 
2 years 312 807 1119 
3 years 291 467 758 

Average 319 658 977 
Buck Creek 

0 years 260 711 971 
1 year 174 968 1142 
2 years 226 942 1168 
3 years 249 700 949 

Average 228 830 1058 
Average: all sites 

0 years 281 682 962 
1 year 251 804 1054 
2 years 270 829 1099 
3 years 263 639 902 
Average 267 738 1005 

Table 4. Average herbage production (lb/acre, air-dry) for all deferment treatments, and contribu- 
tion of graminoids (%) to herbage. 

Year 

1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1971 

Antelope Butte Soldier Creek Buck Creek 

Herbage 

1510 
6872 
627 

1513 
1220 

428 
639 

(‘1 
980 

Graminoids 

21 
61 
57 
63 
65 
47 
36 
(‘1 
26 

Herbage 

2259 
6032 
821 

1732 
1061 

410 
1368 

(‘) 
977 

Graminoids Herbage Graminoids 

35 
69 
95 
88 
70 
57 
36 

(‘1 (‘1 
1060 25 

4662 77 
805 76 

1750 75 
442 55 

1131 51 
916 51 

1058 21 

Average 951 47 1153 60 953 54 

’ Not sampled. 
‘Year of spraying. 

(Table 3) ranged from 758 to 1168 lb/ 
acre (air-dry). The length of the deferment 
period had no statistically significant 
effect on production of graminoids, 
forbs, or total herbage. Production differ- 
ences between the three sites in 1971 
were also nonsignificant. 

Statistical comparisons between pro- 
duction data for 1971 and previous years 
(Table 4) are difficult to interpret be- 
cause of unknown variations in environ- 
ment and grazing management. However, 
total herbage production was significantly 
less in 1971 than it was prior to treat- 
ment (1959) on the Antelope Butte and 
Soldier Creek sites and almost exactly 
equal on the Buck Creek site. 

Total herbage production after sage- 
brush control on the Antelope Butte site 
exceeded the 197 1 values only in 1962 
and 1963, and was significantly higher 
only in 1962. On the Soldier Creek site, 
total production exceeded that of 1971 
in 3 years, but never significantly. At 
Buck Creek, total herbage production was 
greater than that of 197 1 only in 1963 
and 1965, and the difference was signifi- 
cant only in 1963. At all sites, postspray- 
ing production was greatest 2 years (three 
growing seasons) after herbicidal treat- 
ment, regardless of the year of control. 
Production after the year of peak growth 
was variable. It was particularly low on all 
sites in 1964, apparently a year of very 
poor growing conditions. 

The trend in the proportion of grami- 
noids in the forage varied slightly be- 
tween sites. At Antelope Butte, grami- 
noids were most abundant in 1963, four 
growing seasons after control. At Soldier 
Creek graminoid production was maxi- 
mum the second growing season after 
spraying, when 95% of the herbage was 
either grasses or sedges. At Buck Creek, 
graminoids contributed from 75 to 77% 

of the herbage for 3 years after the herb- 
icide was applied. Depending on the 
site, the proportion of graminoids in the 
herbage declined 13 to 20% from 1964 
onward. In 1971, the graminoid contribu- 
tion on all sites was close to what it was 
the year before the sagebrush was con- 
trolled, even though total herbage pro- 
duction was either less or equal to that 
prior to treatment. 

Summary 

On three summer cattle ranges in the 
Bighorn increased herbage production 
after sagebrush control with 2,4-D was a 
relatively short-lived phenomenon. De- 
clines in production and in the propor- 
tion of graminoids in the herbage did not 
appear to be related to reinvasion of 
sagebrush as this was minimal on all three 
sites even after 10 to 11 years. The 
proportion of graminoids in the herbage 
was very close to that prior to the 
herbicide treatment and total herbage 
production was below pretreatment_jevels 
on all three sites. Deferment from cattle 
grazing for as long as 3 years after 
sagebrush control had no effect on herb- 
age production as measured in 197 1. 
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