Aerial Application of Herbicides for
Control of Sand Sagebrush'

R. W. BOVEY?2

Crops Research Division, ARS, USDA, Dept. of Range
and Forestry, Texas A & M University, College Station,

Texas.

Highlight

Single aerial applications of 2,4-D:
2,4,5-T; and a 1:1 mixture of the two
gave excellent control of sand sage-
brush at some locations in western
Nebraska. Repeat applications were
necessary for best results to kill re-
growith the following year. Silvex
consistently gave excellent control
from a single application.

Sand sagebrush (Artemisia fil-
ifolia Torr.) is a woody shrub, 30
to 150 cm. tall with freely
branching stems occurring on
dry plains of Nebraska, Wyo-
ming, and south to Mexico.
Klingman (1962) indicated the
total acreage infested by this
shrub in the continental United
States is estimated at 96 million
acres. Shafer (1955) reported at
least 100,000 acres in western Ne-
braska almost useless for grazing
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because of sand sagebrush (Fig-
ure 1). Mecllvain et al. (1955)
conducted extensive control ex-
periments of the species in Okla-
homa, showing that one proper
application of 2,4-D can kill
three-fourths of the sagebrush
on infested lands. Subsequent
forage and beef production can
be increased from 50 to 75 per-
cent. The most effective spray
solution was 1 1b/A of the ester
form of 2,4-D in three gallons per
acre (gpa) diesel oil or a 2:1
water: oil emulsion.

Shafer (1951) conducted pre-
liminary aerial application con-
trol studies on sand sagebrush in
1949, at Benkelman, Nebraska.
Treatment with 2,4-D for two
consecutive years gave best re-
sults. Average percentage kill
one year after a single applica-
tion was 60 percent as compared
to 96 percent one year after two
consecutive years of treatment.
Diesel oil was considered the
most effective carrier. Optimum
treatment time of sand sage-
brush wusually occurs during
June depending on the amount
and rate of new growth.

The studies reported here
were conducted to determine the

Ficure 1. Top—Dense stand of sand sage-

brush near Haigler, Nebraska. Forage
production is greatly reduced. Aircraft
applications of herbicides are ideal for
such large acreages. Bottom—Area at
Alliance, Nebraska, aerially treated June,
1961 and 1962, with one lb./A 2,4-D in
No. 2 diesel oil at 5 gpa. Ungrazed
luxuriant growth of needle and thread
released by removal of sand sagebrush.
Photograph June, 1963.

most economical and effective
herbicide and/or herbicides, car-
riers and spray volumes for sand
sagebrush control by aircraft.
Materials and Methods
Sand sagebrush control studies
were initiated in 1960 at Alliance
and Haigler, Nebraska, on a Val-
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entine fine sandy loam and a
Dundy loamy fine sand, respec-
tively. The mean annual tem-
perature is 48.2°F. with an an-
nual precipitation of 15.0 inches
at Alliance. At Haigler the mean
annual temperature is 53.8° F.
with a yearly precipitation of
16.2 inches. The majority of the
precipitation occurs in the spring
and summer months at both lo-
cations. The predominant native
grass at the Alliance location is
needle and thread (Stipa comata
Trin. & Rupr.). At the Haigler
site the main native grasses are
as follows in order of predomi-
nance: blue grama (Bouteloua
gracilis (H. B. K.) Lag.), prairie
sandreed grass (Calamovilfa
longifolia (Hook) Scribn.) and
little bluestem (Andropogon sco-
parius Michx.).

Aerial application equipment
consisted of a Piper Super Cub
with a modified spray dispersal
system. Spray booms were re-
located to give uniform spray
coverage and drift control. A
total of 37 Whirljet type nozzles
were placed at desired locations
on the streamlined boom. Con-
stant output by the spray solu-
tion pump was accomplished by
a hydraulic drive system (Shaf-
er, 1960).

Herbicide treatments were
made when sand sagebrush had
attained 6 to 10 inches of new
growth. The herbicides used
were the propylene glycol butyl
ether (PGBE) esters of 24-D,
2,4,5-T, 2-(2,4, 5-trichlorophen-
oxy) propionic acid (silvex) and
a l:1 mixture of 2,4-D and 2,4,5-T.

In the first experiment, aerial
spray applications were made on
June 17, 1960, at Alliance, and June
24, 1960, at Haigler. At Alliance, the
2,4-D treatments were applied at %,
1, and 2 1b/A. The 2,4,5-T, 2,4-D and
2,4,5-T mixture and silvex were ap-
plied at 2 1b/A. At Haigler, 24-D
was applied at %, 1, and 2 Ib/A,
2,45-T at %, 1, and 2 1b/A, and the
2,4-D and 2,4,5-T mixture at 2 1b/A.
Repeat applications were made on
June 20, 1961, at Alliance, and June
21, 1961, at Haigler. Retreatment
consisted of original herbicides and
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rates as applied in 1960 superim-
posed on % of the original plots.
Therefore, the retreated plots were
99 by 220 feet in area.

Leaf kill was determined three
months after treatment on thirty
plants randomly selected in each
plot. Control ratings were made on
the basis of 0 to 10, with from no leaf
kill to complete kill. These values
were converted to percentages. Re-
growth was determined by evalu-
ating 30 plants at random in each
plot during June, one, two, and three
years affer initial herbicide applica-

tions., Percentage regrowth as used
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in this paper, is the reciprocal of
percentage kill. Each plant evalu-
ated was considered alive if any re-
growth was present and dead if re-
growth was absent. Visual estimates
of control, based on total top kill
(leaf and stem) were made in June,
1963, at the conclusion of the experi-
ment to supplement other counts.

Additional experiments were es-
tablished on June 20, 1961, at Alli-
ance and June 18, 1962, at Haigler to
study the effects of herbicide car-
riers and spray volumes on sand
sagebrush control.

Number 2 diesel fuel, water, and
water plus a surfactant (Multifilm
X-T77) were the three carriers used.
Spray volumes consisted of 2 and 5
gallons per acre. One Ib/A of the
PGBE esters of 2,4-D was used
with all carrier-spray volume com-
binations. Each plot was two flight
strips wide, each strip being 33 feet
wide and 330 feet long. Each treat-
ment was replicated. Percentage re-
growth of sand sagebrush was de-
termined by randomly selecting 20
plants in each plot and designating
as dead or alive one year after
the initial treatment and one year
after retreatment. Repeat applica-
tions were made at Alliance in mid-
June, 1962, superimposing identical
treatments on the original plots after
kill evaluations were made. Re-
treatments were not made on the
Haigler site. Evaluations were also
determined by visual estimation of
top kill in June, 1963.

Acrial control of sand sagebrush
was also studied on a dunesand soil
at Angora, Nebraska, near Alliance.
Two experiments at this location
were conducted primarily for the
control of Yucca (Yucca glauca
Nutt.) but sand sagebrush occurred
on all plots. Studies initiated on
June 17, 1960, consisted of one acre

plots with retreatment of one-half
the original plot on June 20, 1961.
One, two and four Ib/A of silvex
was applied. On June 19, 1961, a
carrier-spray volume study was ini-
tiated for Yucca control. The treat-
ments consisted of diesel fuel, water
alone, and water plus surfactant.
Silvex at 2 1b/A was applied in com-
bination with each carrier at spray
volumes of 2 and 5 gpa. Repeat ap-
plications were made on June 18,
1962. Percentage regrowth was de-
termined by counting all sand sage-
brush plants in each plot and desig-
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nating as dead or alive. Control

evaluations were made three months,
one, two, and three years after orig-
inal application in the case of the
study initiated in 1960, and one and
two years in the 1961 study.
Results and Discussion

Excellent top kill can be ob-
tained with a single application
of 24-D, 2,45-T or silvex. How-
ever, regrowth may occur the
year after a single application.
The amount of regrowth depends
on time of application, stage of
growth, environmental condi-
tions, herbicides and dosage. The
time of application was consid-
ered optimum in these studies
since they were made when
there was adequate soil moisture.
Plants were in full leaf and
growing rapidly.

In the first experiment, con-
siderable regrowth took place
the year following initial appli-
cation at the Alliance and Haig-
ler locations (Table 1 top). In
general, top kill of sand sage-
brush was better at Haigler
three months after treatment
than at Alliance. However, the
amount of regrowth at Haigler
was much greater one year after
a single application. Two years
after single application, increase
in regrowth at Alliance was
considerable in all but the 2,4,5-T
and silvex plots while at Haigler,
2,4-D at 1 Ib/A, the 1:1 mixture
of 24-D and 24,5-T at 1 1b/A
each and 2,4,5-T at 1 1b/ showed
a decrease in regrowth. Percent-
age regrowth did not markedly
change from two to three years
after a single application of
chemical at either location.
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Table 1. Initial leaf kill and subsequent regrowth of sand sagebrush after
single and repeat applications of PGBE ester formulations of 2,4-D,
2,4,5-T, 2,4-D plus 2,4.5-T and silvex in diesel oil at 5 gpa.

Time after application

Location Single Repeat
and Leaf kill Regrowth1? Regrowth
herbicide Rate 3 mo. 1yr. 2 yr. 3yr. 1yr. 2yr.

(Lb/A)  —————— (Percent) — — — — — —
Alliance
2,4-D 1% 57 45 80 83 17 50
2,4-D 1 86 35 70 50 13 7
2,4-D 2 96 25 60 60 7 3
2,4-D +2,4,5-T 1+1 97 20 63 40 3 0
2,5,5-T 2 98 40 53 60 0 0
Silvex 2 99 22 20 23 7 3
Haigler
2,4-D 1 90 72 73 43 102 0
2,4-D 1 100 57 23 27 0 0
2,4-D 2 100 55 60 50 0 0
2,4-D +2,4,5-T 141 100 67 57 33 0 0
2,4,5-T 1 100 62 67 80 0 0
2,4,5-T 1 100 57 53 60 0 0
2,4,5-T 2 100 52 70 70 0 0
1Percentage kill is the inverse of percentage regrowth; it can be derived by

subtracting percentage regrowth from 100.
2The % 1b/A 2,4-D treatment at Haigler was retreated with 1 1b/A.

Evaluations one year after ini-
tial treatment indicated retreat-
ment was necessary for best con-
trol of sand sagebrush (Table 1).
At Alliance one-half lb/A of
2,4-D showed 17 and 50 percent
regrowth for one and two years,
respectively, after repeat appli-
cations. The remaining treat-
ments showed less regrowth. At

Table 2. Sand sagebrush control
based on top kill 3 years after
original aerial application on plots
with single and repeat treatments
of PGBE ester of 2,4-D, 24,5-T,
2,4-D plus 2,4,5-T, and silvex in
diesel oil at 5 gpa.

Location and Treatment
herbicide Lb/A Single Repeat
(Percent)

Alliance

2,4-D 7 50 70
2,4-D 1 60 95
2,4-D 2 70 99
24-D+245T 1+1 70 100
2,4,5-T 2 70 100
Silvex 2 90 100
Haigler

2,4-D 1 90 100
2,4-D 1 90 100
2,4-D 2 90 100
2,4-D+245-T 1+1 90 100
2,4,5-T 1 85 100
2,4,5-T 1 85 100
2,4,5-T 2 85 100

Haigler, there was no regrowth
of sand sagebrush two years after
repeat applications with any of
the chemicals. Table 2 gives
final evaluations of the control
for single and repeat treatments.
Single herbicide treatments at
Haigler gave better control than
at Alliance. Excellent control
was obtained with repeat appli-
cations of all herbicides at Alli-
ance and Haigler except % Ib/A
of 2,4-D at Alliance. One Ib/A of
2,4-D applied two consecutive
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years at Alliance and Haigler
gave 95 and 100 percent control,
respectively.

The proper spray volume per
acre for effective woody plant
control by aerial application has
not been fully explored. The
volume depends upon several
factors, including the method of
herbicide application, species,
and density of the vegetation.
Darrow (1956) stated that vol-
ume spray rates for brush con-
trol by aircraft are commonly
four to five gallons per acre.
Hansen (1952) reported that as a
general rule, low volume-high
concentration treatments of
phenoxy chemicals have been
considerably less effective than
the high volume-low concentra-
tion. However, aerial applica-
tions using five gallons or less
per acre of a concentrated solu-
tion have been effective in most
situations.

In this study, there were no
significant differences between
2 and 5 gpa spray volumes at Al-
liance and Haigler when used in
combination with 1 1b/A 24-D
for control of sand sagebrush
(Table 3). Also, there were no
differences in number 2 diesel
fuel, water, or water plus sur-
factant carrires in combination
with 11b/A 2,4-D. The regrowth
after repeat application was sub-
stantially higher at Alliance

Table 3. Regrowth and top kill of sand sagebrush one year after single and
repeat applications of 1 1b/A 2,4-D in diesel oil, water, and water plus
surfactant at spray volumes of 2 and 5 gpa.

Location,
herbicide, and carrier

Alliance

2,4-D + water + surfactant at 2 gpa
2,4-D + water + surfactant at 2 gpa
2,4-D + No. 2 diesel oil at 2 gpa
2,4-D + water at 5 gpa

2,4-D + water + surfactant at 5 gpa
2,4-D + No. 2 diesel oil at 5 gpa
Haigler

2,4-D + water at 2 gpa

2,4-D + water + surfactant at 2 gpa
2,4-D + No. 2 diesel oil at 2 gpa
2,4-D + water at 5 gpa

2,4-D + water + surfactant at 5 gpa
2,4-D + No. 2 diesel oil at 5 gpa

" Regrowth Top kill
Single Repeat Single Repeat
— — — — (Percent) — — — —
52 42 85
52 35 88
57 35 88
62 35 85
60 40 90
45 35 93
67 93
57 95
52 93
42 95
60 90
47 93
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than in other years. Close ex-
amination revealed that re-
growth in the treated plots was
very small in proportion to total
plant material, although the
total number of plants showing
regrowth might be high. It is
questionable whether many of
these plants will survive. The
plants that do survive will re-
quire several years to regain
competitive vigor against desir-
able forage species (Figure 1,
bottom). Estimated control based
on top kill of sand sagebrush at
Alliance and Haigler is given in
Table 3. A single application at
Haigler gave as good or better
control than the repeat treat-
ment at Alliance.

Excellent control of sand sage-
brush was obtained in a study
in which silvex was applied by
airplane (Table 4). A single ap-
plication of 1 1b/A silvex was
the only treatment showing any
regrowth two years later. A
single application of 2 1b/A sil-
vex appeared to be very effec-
tive. No differences were noted
in control due to herbicide car-
rier or spray volume.

Summary and Conclusions

Single and repeat aerial appli-
cations of 2,4-D; 245-T; a 1:1
mixture of 2,4-D and 2,4,5-T'; and
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Table 4. Initial leaf kill and subsequent regrowth of sand sagebrush after
single and repeat applications of silvex at Angora, Nebraska.

Time after application

Single Repeat
Year applied, Leaf kill Regrowth  Regrowth
herbicide, and carrier Lb/A 3mo. 1lyr. 2yr. 3yr. lyr. 2yr.
1960 . — — — (Percent) — — —
Silvex + No. 2 diesel oil at 5 gpa 1 100 0 1 22 0 10

Silvex + No. 2 diesel oil at 5 gpa
Silvex + No. 2 diesel oil at 5 gpa
1961

Silvex + water at 2 gpa

Silvex + water + surfactant at 2 gpa
Silvex + No. 2 diesel oil at 2 gpa
Silvex + water at 5 gpa

Silvex + water + surfactant at 5 gpa
Silvex + No. 2 diesel oil at 5 gpa

& DN

NN DN DN DN DN

100 0 0 0 0 0
100 0 0 0 0 0

(3 IS, B, IS IS, B )
coocOoo!

silvex were applied for sand
sagebrush control in western Ne-
braska. Single applications of
the phenoxy herbicides gave ex-
cellent control at some locations.
Repeat applications were neces-
sary for best results to kill re-
growth the year following initial
treatment with 2,4-D and/or
2,4,5-T. Silvex consistently gave
excellent control from a single
application at the rates used.
One 1b/A 24-D and 2 1b/A sil-
vex were applied in combination
with number 2 diesel fuel, water,
and water plus surfactant car-
riers. Two and 5 gpa spray vol-
umes were used with all carrier
combinations. Results indicate
there were no differences in
sand sagebrush control due to
carriers or spray volume.
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