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Herbicide Control of Sagebrush on 
Seeded Foothill Ranges in Utah 

C. WAYNE COOK 
Research Professor, Range Management Department, 
Utah State University, Logan, Utah 

It has been shown that big 
sagebrush (Artemisia triden- 
tutu), which is relatively unpal- 
atable, competes seriously with 
forage plants. It has invaded 
millions of acres of deteriorated 
foothill range in the intermoun- 
tain area to the extent that as- 
sociated forage plants produce 
only a modicum of their poten- 
tial. Sagebrush also has rein- 
vaded many seeded foothill 
ranges and reduced their forage 
producing capacity. 

The use of 24-D has become 
an accepted practice for control- 
ling big sagebrush and eliminat- 
ing competition with other 
plants. However, success on foot- 
hill ranges has been sporadic. 
Many range technicians and land 
operators have been disappointed 
by the results even though they 
followed recommendations as 
prescribed from present research 
knowledge. 

The present study was initi- 
ated in the spring of 1958 on 
seeded foothill range in central 
Utah after four years of disap- 
pointing attempts to control 
sagebrush infestation with selec- 
tive herbicides. The objectives 
of the study were to determine: 
(1) the rate and date of applica- 
tion of 2,4-D that would give 
most effective kill, and (2) the 
relationship of soil moisture and 
of temperature (soil and atmos- 
pheric) to the effectiveness of 
herbicides. 

Review of Literature 

The percentage kill of sage- 
brush with selective herbicides 
has shown considerable variation 
with respect to rate of applica- 
tion. Cornelius and Graham, 
1958; Hull and Vaughan, 1951; 
and Hyder et al., 1958b all re- 
ported satisfactory and econom- 
ical kill of big sagebrush with 
butyl ester of 2,4-D at a rate as 
low as 1.5 pounds of acid equiva- 
lent per acre. Plummer et al. 
(1955) suggested that two 
pounds of 2,4-D per acre, prop- 
erly applied, would kill 60 to 90 
percent of a big sagebrush stand. 
Kills of 75 percent have been 
reported by Hull et al. (1952) 
when 2,4-D was applied at the 
rate of two pounds of acid equiv- 
alent per acre. Cornelius and 
Graham (1958) reported the per- 
centage kill ranged from 81 to 
100 percent when using two 
pounds of acid equivalent per 
acre. Hyder (1953) achieved pn 
average mortality of 77, 89, and 
93 percent by applications of one, 
two and three pounds of 2,4-D 
per acre, respectively. 

Season of applying 2,4-D seems 
to be of primary importance in 
obtaining a successful kill. Pech- 
anec et al. (1954) made the gen- 
eral observation that spraying 
should be done in the spring 
when sagebrush is growing ac- 
tively. Robertson and Cords 
(1956) stated that sites in Ne- 

vada with soil and rainfall favor- 
able for crested wheatgrass 
would provide satisfactory con- 
ditions for control of big sage- 
brush if the herbicide was ap- 
plied when the sagebrush began 
its growth in the spring. Alley 
and Bohmont in Wyoming (1958) 
and Hyder in Oregon (1954) 
have emphasized that effective- 
ness of herbicide application 
drops rapidly in late spring as 
lack of soil moisture and high 
temperatures become critical to 
growth. Alley and Bohmont 
(1958) concluded that the effec- 
tiveness of a given treatment 
may vary markedly within a lo- 
day period. Cornelius and 
Graham (1958) reported that 
highest percentage kill of sage- 
brush in northeastern California 
was obtained from spraying in 
May and June. Hyder (1953) 
found that the most favorable 
period of application in eastern 
Oregon was during May, but 
early June precipitation could 
extend the period of effective- 
ness. A more recent study by 
Hyder et al. (1962) in Oregon 
suggested that greatest suscepti- 
bility of sagebrush to herbicide 
was during the last two weeks in 
May when soil temperature at a 
depth of 18 inches was at least 
50 degrees F. and available soil 
moisture was 40 percent or not 
less than 1.7 atmospheres tension 
as read directly by resistance 
from soil-moisture blocks. 

Alley and Bohmont (1958), 
Cornelius and Graham (1958)) 
and Hull and Vaughan (1951) 
suggested that the period of most 
effective application of 2,4-D on 
big sagebrush occurs during 
rapid twig elongation or when 
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about one-half the current year’s 
growth is attained. The growth 
stage of other vegetation asso- 
ciated with big sagebrush has 
been used to determine the 
period when herbicide applica- 
tion is most effective. Alley and 
Bohmont (1958) recommended 
the period of greatest effective- 
ness as being when Sandberg 
bluegrass (Pea secunda) is in 
full to post bloom, Idaho fescue 
(Festuca idahoensis) heads are 
starting to emerge, and common 
phloxes (Phlox spp.) are in early 
seed formation. The period when 
the first heads of Sandberg blue- 
grass are showing development 
until about one-half the green 
color is gone also has been stipu- 
lated as the most effective time 
for application (Hyder, 1954; 
Hyder et al., 1958a; and Hyder 
et cit., 1958b). 

Description Of The Area 
The study area was on gentle, 

rolling ground at 5500-feet eleva- 
tion, below the steeper slopes of 
the foothills. The texture of soil 
was classified as a clay loam in 
the first foot and a sandy clay 
loam in the second foot. Experi- 
mental areas were plowed in the 
summer of 1951 to eradicate big 
sagebrush and were seeded with 
introduced wheatgrasses by dril- 
ling in the fall of 1951. A reason- 
ably good stand of grass was es- 
tablished, yet sagebrush re’inva- 
sion was rapid and extensive. By 
1958, the sagebrush was uniform 
and dense over the area (Figure 
1). A good stand of grass re-. 
mained, but the competition with 
sagebrush had greatly reduced 
its productiveness. Most of the 
sagebrush plants ranged from 
one to seven years of age when 
the study was initiated. About 
80 percent were five to seven 
years of age, about eight percent 
were under five years of age, and 
the remaining 12 percent were 
older plants that survived the 
initial plowing. 

Light use by sheep had been 
permitted on the study areas in 
the spring of each year from 

sprayed with herbicide. 

1953 to 1958. Monthly precipita- 
tion records were kept at four 
locations, beginning in January, 
1958. Table 1 presents the 
monthly distribution of precipi- 
tation from 1958-1962. 

Method And Procedure 
The selective herbicide, es- 

teron 76-E (2,4-D isopropyl and 
butyl ester) in water, was used 
to treat the sagebrush infested 
areas. This herbicide combina- 
tion was superior to eight other 
forms of 2,4-D formulation tested 
in previous trials and water as a 
carrier was as effective as Diesel 
oil. The mixture was applied at 
five gallons per acre at three 
rates (1.5, 2.0, and 3.0 pounds of 
acid equivalent per acre) on 
three dates (about May 15, May 
30, and June 15) for five years 
(1958-62) in two replications. 

In other studies (1954-58) us- 
ing herbicide to treat sagebrush, 
effectiveness of season was tested 
at about two-week intervals from 
April 1 to July 1. From these 
studies it was determined that 
dates before May 15 and after 
June 15 did not give as effective 
control of sagebrush as the mid- 
season dates. Therefore, only 
dates from May 15 to June 15 
were tested in the present study. 
Rates of herbicide application 
above three pounds, in these 

earlier studies, had given little 
or no additional kill of sagebrush 
from April 15 to July 1, regard- 
less of soil or weather conditions. 

A jeep-mounted power sprayer 
employing a 15-foot boom fitted 
with No. 1 nozzles under a pres- 
sure of about 70 pounds was 
used for applying the herbicide. 
The herbicide was applied early 
in the morning to avoid drift 
caused by wind. In no case was a 
rain received within 24 hours 
following the application of the 
spray. 

Data on the effectiveness of 
herbicide application in killing 
the sagebrush were collected the 
year following treatment except 
for the 1962 application in which 
case data were collected in the 
late fall of 1962. Seven transects 
(1 foot wide x 100 feet long) 
were located at 200-foot intervals 
in each application rate for each 
date. Each sagebrush plant fall- 
ing within the transect was re- 
corded as dead or alive, and if 
alive, the percentage of foliage 
reduction was estimated. 

On each spraying date phenol- 
ogical stages of six grasses and 
three forbs were identified. 

Soil moisture at two depths 
(first foot and second foot), and 
soil and atmospheric tempera- 
tures were determined the day 
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the herbicide was applied. Soil 
moisture was determined from 
24 random locations at each date. 
Soil temperature was read at a 
two-inch depth between one and 
two p.m., which was considered 
maximum for the day. Both 
maximum and minimum atmos- 
pheric temperatures were deter- 
mined at the experimental area 
the day the treatment was made. 
Average daily maximum and 
minimum temperatures were ob- 
tained from nearby weather sta- 
tions for a period of six days 
following treatment. 

Age of the sagebrush on the 
experimental areas was deter- 
mined by counting growth rings 
from a random sample on the 
experimental area during 1958. 

Restilts And Discussion 
In some cases, percent foliage 

reduction indicated excellent re- 
sults, but the actual kill of plants 
below 75 percent was considered 
unsatisfactory. When less than 
80 percent of the foliage on a 
plant is killed, the plant can be 
expected to grow back to its 
original size within a few years. 
If less than 20 percent remains 
ahve, the plant stays in a lowered 
state of vigor for several years 
and may actually die after a 
time. 

Herbicides were about 1.5 
times more effective in control- 
ling old sagebrush plants that 
survived tillage than in control- 
ling young plants that invaded 
the area following seeding. The 
average percent kill of old survi- 
ving plants was about 65 percent 
for all treatments over all five 
years and only about 45 percent 
for the young invading plants. 
The data in Table 2 include an 
average of all plants regardless 
of age. 

Period and Rate of Treatment 

Phenological Stage: 

In all species on the experi- 
mental area, greater differences 
in phenological development 
were found among the individual 

COOK 

Table 1. Average precipitation for the experimental area, 1958-82. ___-__ -___ 
Month 1958 1959 1960 1961 1962 Average 
- .___ 

___----_-- (Inches) --__------ 
January 1.34 .94 .52 .02 1.29 .82 
February 1.30 1.58 3.74 .39 3.23 2.05 
March 2.87 .83 .97 1.86 1.36 1:58 
April 1.70 .81 .24 .92 .95 .92 
May .78 .88 .44 .22 2.28 .92 
June .34 1.23 .27 .47 .22 .51 
July .Ol .16 .54 .39 .70 .36 
August .37 1.64 1.05 3.18 .04 1.26 
September .77 1.68 .24 1.38 .13 .84 
October .04 .57 1.72 1.60 .14 .81 
November .69 .ll 1.88 1.48 .20 .81 
December .45 2.16 .11 .98 - 
Total 10.66 12.59 11.72 12.89 - 

plants at any one date than could 
be accurately distinguished be- 
tween treatment dates. There- 
fore, no importance was attached 
to phenological development be- 
cause of the variation among 
plants on various sites within the 
experimental area and the in- 
ability to precisely identify dis- 
tinguishable phenological stages 
within a 2-week period between 
treatments. 

Date of Application: 

The analysis showed that dif- 
ferences in plant kill and reduc- 
tion of foliage between dates of 
application were highly signifi- 
cant (P < .Ol) . The late date, 
about June 15, gave poorest re- 
sults during all five years (Table 
2). Averages for all five years 
showed little difference between 
May 15 and May 30. The inter- 
action between date and year 
was statistically significant (P 
< .Ol). The first date (about 
May 15) gave best results during 
1958 and 1959, but the second 
date (about May 30) gave best 
results during 1960 and 1962 
(Table 2). This was generally 
true for all three rates of her- 
bicide. During 1961 there was 
little difference between the first 
and second date when all rates 
of spraying were considered. The 
three-pound rate gave best re- 
sults on the first date, however, 
and the 1.5- and two-pound rates 
gave best results on the second 
date. 

Rate of Application: 

The effect of different rates 
of herbicide application upon 
control of sagebrush was statis- 
tically significant (P < .05). As 
would be expected, increasing 
rate of herbicide from 1.5 to 3.0 
pounds of acid per acre gave in- 
creasing foliage reduction and 
kill (Table 2) . When conditions 
were favorable for growth, es- 
pecially during the first and sec- 
ond spraying dates, all three 
rates (1.5, 2 and 3 pounds) gave 
excellent kills, but when condi- 
tions were unfavorable, none of 
the rates of application gave 
satisfactory results. When growth 
conditions were favorable, there 
was little difference in kill of 
brush between the two- and 
three-pound rates. When grow- 
ing conditions were unfavorable, 
such as during 1959 or during the 
late season applications (June 
15)) higher rates of herbicide 
gave markedly better kill (Table 
2). This increased kill, however, 
did not completely compensate 
for unfavorable growing condi- 
tions since the highest rate 
(three-pounds per acre) did not 
give satisfactory control at the 
late date during any year or at 
any date during 1959 (Table 2). 

Soil and Atmospheric Conditions 

Simple correlations were de- 
termined for all combinations of 
the following factors: soil mois- 
ture, soil temperature, maximum 
and minimum atmospheric tem- 
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Table 2. Big sagebrush plants killed and foliage reduction from ihe applica- 
tion of herbicide af three rates and three dates for 5 years.1 

Plants killed Foliage reduction 

Year May May June May May June 
treated Rate 15 30 15 Avg. 15 30 15 Avg. 

--_---- (Percent) - - - - - - - 
1958 1.5 71.5 

2.0 91.7 
3.0 94.9 
Avg. 87.6 

1959 1.5 13.1 
2.0 43.1 
3.0 58.9 
Avg. 38.4 

1960 1.5 74.6 
2.0 94.5 
3.0 82.4 
Avg. 83.8 

1961 1.5 20.6 
2.0 41.9 
3.0 66.3 
Avg. 42.9 

1962 1.5 37.3 
2.0 34.6 
3.0 70.7 
Avg. 47.5 

Average 1.5 43.4 
2.0 61.2 
3.0 74.6 
Avg. 59.7 

50.5 18.4 46.8 84.0 73.0 39.2 65.4 
43.1 43.3 59.4 95.0 66.7 69.1 76.9 
69.5 36.9 67.1 98.2 86.3 61.7 82.1 
54.4 32.9 58.3 92.4 75.3 56.7 74.8 

6.6 1.2 6.9 34.8 28.4 21.9 28.4 
18.8 8.4 23.4 57.4 37.5 27.1 40.7 
25.4 17.3 33.9 76.3 52.5 39.6 56.2 
16.9 9.0 21.4 56.2 39.5 29.5 41.7 

74.8 19.2 56.2 88.0 90.3 46.6 74.9 
91.3 35.8 73.9 98.4 97.7 66.9 87.7 
96.8 61.6 76.9 90.1 99.5 82.1 87.1 
87.6 38.9 69.0 92.5 95.8 65.2 83.3 

31.1 18.1 23.3 32.2 42.2 31.9 35.4 
44.9 21.0 35.9 56.8 58.8 42.0 52.5 
52.6 24.2 47.7 78.6 64.4 44.9 62.2 
42.9 21.1 35.6 55.9 56.1 39.6 50.5 

64.3 18.7 40.1 43.2 78.6 44.2 55.4 
70.0 37.2 47.3 49.8 83.8 53.1 62.3 
91.3 44.6 68.9 75.5 91.9 80.0 82.5 
75.2 33.5 52.1 56.2 84.8 59.1 66.7 

45.5 15.1 34.7 57.8 62.5 36.8 52.4 
53.6 29.2 48.0 71.5 68.9 51.6 64.0 
67.1 36.9 58.9 83.7 78.9 61.7 74.1 
55.4 27.1 47.3 71.0 70.3 50.1 63.5 

IDates of application of herbicide for each year varied a few days from those 
indicated in the heading. 

peratures, and extent of sage- 
brush kill. Soil moisture, soil 
temperature, a n d atmospheric 
temperatures a 11 w e r e signif i- 
cantly correlated with one an- 
other, but none was directly cor- 
related with percent kill or foli- 
age reduction of sagebrush. Soil 
moisture decreased w’ith ad- 
vancement of season while soil 
and atmospheric temperatures 
increased. Effectiveness of sage- 
brush kill did not show a linear 
relationship with advancement 
of season, instead it appeared to 
be related to limits of soil mois- 
ture and minimum temperatures. 

Soil Moisture: 
Moisture in the upper foot of 

soil was slightly higher or about 
the same as the moisture in the 
second foot at the first date of 
treatment, but the second foot of 

soil possessed more moisture 
than the first foot at the last date 
of treatment (Table 3). During 
each of the first four years, soil 
moisture decreased gradually 
from the first to the last date of 
treatment in both the first and 
second foot of soil. During the 
last year, 1962, late spring rains 
had increased the soil moisture 
content at the second treatment 
date so that it exceeded that of 
the first treatment date. During 
1959 the soil moisture content 
was never more than one percent 
above the wilting coefficient. 
Soil moisture was highest during 
1960 and 1962. Best sagebrush 
kills were obtained, however, 
during 1960 and 1958. 

Soil Temperature: 
Soil temperature at a depth of 

two inches during mid-day on 
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the day treatments were made 
did not differ materially from 
maximum atmospheric tempera- 
tures but were slightly higher in 
most cases (Table 3). During 
1961 the soil temperatures were 
taken in the shade under the 
sagebrush, but during the re- 
maining four years temperature 
readings were taken where the 
sun shone on the soil most of the 
day. During each year of the 
study, soil temperature increased 
as the season advanced. 

Atmospheric Temperature: -___ 
As would be expected, both 

maximum and minimum tem- 
peratures increased with ad- 
vancement of season (Table 3). 
Temperatures during the day 
that treatments were applied did 
not differ materially from the 
average temperatures during the 
six days following treatment. In 
some cases they were slightly 
higher, while in others they were 
slightly lower. Since most her- 
bicides are absorbed rather rap- 
idly by the plants, it was be- 
lieved that the temperature the 
day of treatment was more im- 
portant than the average tem- 
peratures following treatment. 

In most cases, the maximum 
temperatures were above 70” F. 
and minimum temperatures were 
above 40” F. for all dates of 
treatment (Table 3). On the 
second date in 1959, and the first 
date in 1961, however, maximum 
temperatures were below 70 de- 
grees, and on the first date in 
1962, the minimum temperature 
was 34 degrees. 

Conclusions 
Poor sagebrush kill during the 

five years of treatment appeared 
to be a result of limited soil 
moisture or low atmospheric 
temperatures. When average soil 
moisture in the upper two feet of 
soil was below 12 percent, or 
when maximum and minimum 
atmospheric temperatures were 
below 70 and 40 degrees, respec- 
tively, on the day of treatment, 
satisfactory kills of sagebrush 
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were not obtained. The only ex- 
ception to this was during the 
late date (June 16) in 1962 
(Table 3) when average soil 
moisture was 13.9 percent and 
maximum and minimum tem- 
peratures were 84 and 56 de- 
grees, respectively. This late date 
might feasibly be beyond the 
date of rapid growth of sage- 
brush regardless of soil and at- 
mospheric conditions, and there- 
fore, the plants were not suscep- 
tible to herbicide treatment. In 
general, soil moisture was most 
favorable the first date and at- 
mospheric temperatures were 
more favorable the second and 
third dates. Thus the most favor- 
able period for sagebrush control 
would appear to be about the 
third week in May. If soil mois- 
ture does not decrease too rap- 
idly, the last week in May might 
be better because atmospheric 
temperatures normally would be 
more favorable. 

butyl esters was applied in water 
at 5 gallons per acre at three 
rates (1.5, 2.0, and 3.0 pounds of 
acid equivalent per acre) on 
three dates (May 15, May 30, and 
June 15) for five years. 

The early date (May 15) and 
the middle date (May 30) each 
gave best results two years out 
of the five. During some years 
none of the treatment dates gave 
satisfactory results. However, 
May 15 and May 30 were con- 
sidered more reliable dates than 
June 15. Increased rate of her- 
bicide gave increased effective- 
ness in control of sagebrush. 
When growing conditions were 
favorable, all three rates gave 
satisfactory results; when grow- 
ing conditions were unfavorable, 
none of the rates gave satisfac- 
tory control. 

The study suggested that soil 
moisture and atmospheric tem- 
peratures were limiting factors 
in the control of sagebrush on 
foothill ranges. When average 
percent soil moisture in the 
upper two feet was below 12 per- 
cent or when maximum and 
minimum atmospheric tempera- 
tures were below 70 degrees and 
40 degrees, respectively, on the 
day of treatment, satisfactory 
kills were not obtained. 

Optimum soil moisture per- 
centages for herbicide control of 
sagebrush on clay loam, silt loam, 
and sandy loam would be about 
12.5, 10.5, and 5.5, respectively. 

ALLEY, H. P. AND D. W. BOHMONT. 
1958. Big sagebrush control. Wyo. 
Agr. Expt. Sta. Bul. 354. 

Table 3. Soil moisfure, soil femperafure, and afmospheric femperafure for 
fhree dafes during 5 years when herbicide freafmenfs were applied. 

The total soil moisture per- 
centage as an index could be 
used only on soils of similar tex- 
ture because available soil mois- 
ture varies markedly between 
light and heavy soils. In the pres- 
ent study it appears that about 
2.5 percent moisture above the 
wilting coefficient would be nec- 
essary for satisfactory control of 
sagebrush on foothill areas. Thus, 
if we assume that the wilting co- 
efficients for clay, loam, clay 
loam, silt loam, and sandy loam 
are approximately thirteen, 
eleven, ten, eight and three per- 
cent, respectively, the soil mois- 
ture content for satisfactory re- 
sults should be about 15.5, 13.5, 
12.5, 10.5, and 5.5 percent for 
each texture, respectively. 

Year 
and 

date 

Tempera- Temperature 
Soil moisture Avail- Soil ture for g-day 

able tempera- day of period after 
o-12 13-24 Aver- soil ture treatment treatment 

mois- 
inches inches age turel mid-day Max. Min. Max. Min. 

1958 
May 10 
May 24 
June 7 

12.4 12.7 12.6 
10.1 10.4 10.2 
8.6 8.9 8.8 

1959 
May 16 
May 30 
June 15 

10.4 8.9 9.7 
10.2 9.1 9.7 
9.5 9.4 9.5 

1960 
May 14 
May 28 
June 14 

17.4 17.3 17.4 
15.2 14.0 14.6 
10.9 12.3 10.2 

1961 
May 13 
May 24 
June 9 

12.7 11.8 12.2 
10.0 10.9 10.4 

9.0 9.6 9.3 
Summary 

During a 5-year period from 
1958 to 1962 a stdy was con- 
ducted in central Utah to deter- 
mine the desirable rate and date 
of application of herbicide to 
control sagebrush invasion on 
seeded foothill range. 

1962 
May 19 
June 2 
June 16 

11.6 16.2 13.9 
17.5 17.8 17.7 
12.3 15.5 13.9 

Average 
May 15 
May 30 
June 15 

12.9 13.4 13.2 
12.6 12.5 12.6 
10.1 11.1 10.6 

2.6 87 
1.3 89 
1.9 92 

0.0 77 
0.8 70 
0.4 83 

7.4 76 
5.7 84 
6.5 97 

2.2 48 
1.5 74 
1.8 82 

3.9 86 
10.8 89 
7.3 93 

3.2 75 
3.7 81 
3.4 89 

A selective herbicide composed 
of equal parts of isonronvl and 

1The wilting coefficient (15 atmospheres pressure) is 10.0 and 8.9 percent for 
& L” the 1st and 2nd foot of soil respectively. 
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Control of Arizona Chaparral 
With 2,4,5-T and Silvex 

D. T. LILLIE 
Research Agronomist, Crops Research Division, Agricul- 
tural Research Service, U. S. Department of Agriculture, 
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Arizona chaparral has been 
described by Nichol (1937) who 
estimates that chaparral occurs 
on eight percent (about six mil- 
lion acres) of the land area of 
the state, mainly at 3000-5000- 
foot elevations. Extensive areas 
of chaparral vegetation are com- 
posed of shrubby species with 
only scattered associated grasses. 
The lack of herbaceous forage 
results in poor grazing condi- 
tions and low capacities, al- 
though the shrubs furnish some 
valuable browse, particulary in 
the winter months. 

There is evidence that re- 
moval of the shrub species and 
reseeding to grasses might re- 
duce erosion (Rich, 1961)) aug- 
ment water yield (Glendening, 
Pase, and Ingebo, 1961)) and in- 
crease forage (Schmutz and 
Whitham, 1962). The danger of 
costly and destructive wildfires 
would be greatly reduced due 
to elimination of the brush fuel. 

The chaparral is a complex of 
shrubs, often with one species 
forming the matrix which is in- 
terspersed with one to many 
associated species. The domi- 

nant species may vary with such 
factors as slope, rainfall, eleva- 
tion, soils, and exposure. Shrub 
live oak (Quercus turbinella 
Greene), one of the less desir- 
able species, is most often domi- 
nant and frequently comprises 
from 60 to 80 percent of the plant 
cover. 

The Arizona chaparral zone 
has two periods of expected pre- 
cipitation. These occur in the 
winter months November 
through February, and during 
the summer months of July, 
August and September. Thus, 
there are favorable moisture 
conditions for a flush of shrub 
growth in the spring of the year 
and another in the fall. The rate 
and extent of these growth 
flushes are normally limited by 
lack of soil moisture, although 
with exceptional late summer 
rains, temperature could become 
the factor limiting growth in the 
fall. 

Destruction, or killing of the 
aerial portions of shrub live oak 
by fire, mechanical methods, or 
chemical treatments results in 
rapid and prolific sprouting from 

the crown area of the plant 
(Cable, 1961; Lillie and Davis, 
1961; Lillie, 1962; Pond and 
Cable, 1960; Schmutz and 
Turner, 1957). Shrub live oak, 
and most other major chaparral 
species in Arizona, have proved 
to be persistent and difficult to 
eradicate due to their sprouting 
ability. Single foliage applica- 
tions of all herbicides tested to 
date have failed to kill an ap- 
preciable percentage of treated 
bushes. Among the numerous 
herbicides tested for control of 
shrub live oak, 2,4,5-trichloro- 
phenoxyacetic acid (2,4,5-T) and 
2 - (2,4, 5 - trichlorophenoxy) pro- 
pionic acid (silvex) were among 
the most active (Lillie, 1962; 
Schmutz and Turner, 1957). 

The studies discussed herein 
were initiated to compare 2,4,5-T 
with silvex when applied as 
three different formulations, and 
to determine the minimum ef- 
fective rate of application. 
Further objectives were to eval- 
uate the effect of timing and fre- 
quency of retreatment. Included 
are the results of an exploratory 
experiment which was initiated 
to determine if diesel oil and ad- 
ditional surfactants contributed 
to the activity of 2,4,5-T on shrub 
live oak. 

Materials And Methods 

Propylene glycol butyl ether 
(PGBE) esters of silvex and 
2,4,5-T1 were applied at zero, 
one, two, and four pounds per 


