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Expanding this Guide
This guide is designed to incorporate new data on application
technology and efficacy as they become available. Feedback to
the authors is invited (contact: Mike Newton, Department of Forest Science, Oregon State University, Corvallis, OR 97331-7501).
In the event of significant new developments, we will prepare a
supplement to this publication with appropriate revisions. Such
data should include measures of drop size and be rigidly controlled for dose, volume, and presence or absence of adjuvants.
Because these parameters have been lacking in most of the available literature on comparative efficacy, the recommendations given
here are derived from a relatively narrow data base. We anticipate
that other systemic, growth regulator, or residual products should
behave similarly to those studied here because of consistency among
the several products we evaluated. Therefore, the same framework
for efficiency will most likely remain applicable.

Abstract
Fredrickson, E. and M. Newton. MAXIMIZING EFFICIENCY OF FOREST
HERBICIDES IN THE SIERRA NEVADA AND OREGON: RESEARCH

BACKGROUND AND USER GUIDE. Forest Research Laboratory, Or-

egon State University. Research Contribution 19. 45p.
This paper comprises two major sections. In the first, tests of the
influence .of several application factors on efficiency of silvicultural
herbicides are described for evergreen shrub, deciduous shrub,
and herbaceous forest vegetation in Oregon and California. The
second presents decision trees illustrating how to use the experimental results and related research to attain a given cultural objective with maximum efficiency. The decision trees focus on the

technology of herbicide application. Volume per acre of diluent
and drop size rarely influenced herbicide efficacy on shrubs. Conifer damage was related to drop size and inclusion of surfactant.
Effects of one factor often changed with changes in another. Most
prescriptions will rely on specifics of each technological component.
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Unit Conversions and Abbreviations
1 foot (ft) = 0.305 meter (m)
1 inch (in.) = 2.54 centimeters
I mile = 1,609 m
I acre (ac) = 4,047 m2
1 quart = 0.95 liter
1 gallon (gal) = 3.79 liter
I dry ounce (oz) = 28.3 gram
1 pound (lb) = 0.454 kilogram
gpa
a.e.

a.i.
COV

gallons per acre
acid equivalent
active ingredient
Coefficient of variation

Introduction
Herbicides are an extremely important management tool for foresters in the Pacific Northwest. They are used for purposes ranging from
avoidance of heavy mechanical impacts in reforestation to improve-

ment of browse composition and availability. Without some type of
release or site preparation, establishment of a forest crop is often delayed for decades, sometimes for centuries (Newton and Knight 1981).

In most instances, herbicides provide the most effective control of
competing vegetation from both a biological and an economic standpoint.
Herbicide application parameters, such as volume of liquid deliv-

ered per acre, dosage of active ingredient, atomization (drop size),
and addition of adjuvant, can influence efficacy and efficiency (effect
per unit applied) of herbicide applications (Buhler and Burnside 1987;
Richardson 1988; Burrill et al. 1990; Brewster and Appleby 1990; Prasad

and Cadogan 1992). The relationships among these factors are relatively complex and unclear, however, and no model that systematizes
these parameters has been developed. Many laboratory experiments
examining one or more of these factors have been undertaken, but it is

not known whether the results apply to field situations. Results of
experiments undertaken in the field have been highly variable, depending on the type of vegetation treated, the chemicals used, and
the timing of application (Richardson 1983; Buhler and Burnside 1987;
Stevens and Bukovac 1987; Brewster and Appleby 1990). Efficient application, however, demands appropriate combinations of technology
for various field environments. In addition, the efficiency and safety of
herbicide applications may be enhanced by optimizing application parameters for specific situations (Balneaves 1985; Prasad 1985a,b; Richardson

1988). Gains in efficiency also would decrease costs by producing the
maximum effect with less chemical or by reducing unintended effects,
such as drift or crop injury.
This study had two closely related objectives:
1. to evaluate the contributions of drop size, surfactant, volume,
and, to some degree, dose and season of application, to efficiency of several herbicides used for site preparation and release in five vegetation types (presented in this section of the
report);
2. to develop a management guide incorporating the experimen-

tal findings into a practical document to aid foresters in improving herbicide efficiency (presented in the second section).
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The study included many of the principal weed and conifer species
in the Sierra Nevada, the Oregon Coast Range, and the east side of the
Oregon Cascades. The herbicides evaluated included systemic foliageactive products (glyphosate and imazapyr), growth regulators (dichlorprop',

fluroxypyr', triclopyr, and 2,4-D), and residual products (atrazine and
hexazinone). Because experiments were designed to give sublethal responses, most of the doses used were below the operational range and
should not be taken as recommendations. The second section compensates for this.

Materials and Methods
Site Selection
Six experimental sites were chosen for this study on the basis of
species composition and stage of development. Two are in the Sierra
Nevada, on the El Dorado National Forest in Northern California; two
are in the Oregon Coast Range; and two are on the east side of the
Cascade Mountains in Oregon.

One site on the El Dorado National Forest, representing problems
on high, very productive ponderosa pine (Pinus ponderosa Dougl. ex
Laws.) sites, is approximately 20 miles southeast of Placerville, California, at about 4200 feet elevation. The area had been clearcut in 1987.
After logging, the slash had been piled and burned and the site had
been ripped with a winged subsoiler and planted to 1 -0 stock of ponderosa pine. Seedlings were in their third growing season at the time of
treatment. Bear clover (Chamaebatia foliolosa Benth.) and whiteleaf manzanita

(Arctostaphylos viscida Parry) became the predominant vegetation and
were the species of interest for this set of evaluations. Herbicide selectivity on ponderosa pine was also evaluated.
A similar site, located approximately 25 miles southeast of Placerville
at 4500 feet elevation, was clearcut in 1988, but otherwise was treated
identically to the previous area. Ponderosa pine seedlings were also in
their third growing season at the time of treatment. We established this
site to provide additional information on the effects of application parameters on control of bear clover and selectivity on ponderosa pine.

The two sites in the Oregon Coast Range, at less than 500 feet
elevation, represented deciduous shrub and herbaceous vegetation types
in the coastal Douglas-fir [Pseudotsuga menziesii (Mirb.) Franco] subregion. The shrub site was used to assess the effects of application parameters on coastal salmonberry (Rubus spectabilis Pursh). This site is 15
miles northwest of Nashville on land managed by the State of Oregon.

The area had been clearcut in early 1990 and planted to 2-0 bare-root
Douglas-fir with no other site preparation. Salmonberry resprouted after logging to become the predominant vegetation.
'Fluroxypyr is not registered for forest use and dichlorprop is not registered for any use
in California, as of January 31, 1998.
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The herb site was an old pasture cleared several decades previously

and recently planted with Douglas-fir. It was used here to assess the
effects of application parameters on a mixture of low-elevation grasses
and forbs treated with soil residual products. The site is approximately
5 miles southwest of Blodgett on land managed by Starker Forests, Inc.
The area was converted from abandoned pasture land and planted with
2-0 bare-root Douglas-fir. The site had been colonized by mixed annual
and sod-forming perennial grasses, including substantial velvet grass
(Holcus lanatus L.).
The two sites on the east side of the Cascade Range in Oregon were

used to test control of shrubs and grasses, respectively. On the shrub
site, we assessed the effects of application parameters in controlling
snowbrush ceanothus (Ceanothus velutinus Dougl.) and greenleaf manzanita (Arctostaphylos patula Greene) and evaluated herbicide selectivity
on Oregon ponderosa pine on a moderately poor site. This site is located at about 4,700 feet elevation, approximately 12 miles west of
Bend, on land owned by Crown Pacific Corporation. The site had been

burned by a wildfire approximately 10 years before the experiment
began and planted to 2-0 ponderosa pine. Seedlings were in their seventh to ninth growing season and about 3 feet tall or less when treated.
The other site on the east side of the Cascades, at 3,800 feet elevation, is approximately 15 miles west of Sisters, on land owned by Willamette

Industries. The area had been clearcut approximately 10 years before
treatment. Immediately after logging, slash was piled and burned and
the site was planted with 2-0 bare-root ponderosa pine with no further
site preparation. Annual and perennial grasses had become the predominant vegetation, and we assessed application technology for residual herbicides on grass on this site.

Herbicide and Surfactant Treatments
The herbicides used on each site depended on the type of vegetation to be treated (Tables 1-5).

Generic Name
glyphosate
Emazapyr

Systemic Herbicides
Label Name
Manufacturer
AccordO
Monsanto
(St. Louis, Missouri)
ArsenalO
American Cyanamid
(Princeton, New Jersey)

Growth Regulator Herbicides
dichlorprop

WeedoneO

emulsifiable ester
fluroxypyr
StaraneO

Union Carbide

(Ambler, Pennsylvania)
DowElanco

(Midland, Michigan)
triclopyr ester

Garlon 40

2-4-D emulsifiable Clean-Crop
ester

Low-Vol-4®

DowElanco

(Midland , Michi gan)
Loveland Industries
(Greeley, Colorado)
7

Residual Products
atrazine
hexazinone
liquid
granular

Clean-Crop
Atrazine 4-L0

United Agricultural Products
(Aurora, Oregon)
E. I. Dupont de Nemours

Velpar® L
Velpar ULW"

(Wilmington, Delaware)

(See Appendix for chemical names.)

The Velpar ULW prills (75% hexazinone equivalent) were diluted
with superphosphate prills in order to increase bulk for ease of distribution.
Three surfactants were used:

Label Name

Surfactant type

Manufacturer

Activator 900

nonionic

Loveland Industries (Greeley,
Colorado)

Mor-Acts

oil-based adjuvant

Wilbur-Ellis Co. (Portland, Oregon)

Silwet L-771

silicone-based

Union Carbide (Ambler,
Pennsylvania)

Surfactants varied with site and product (Tables 1-5). All tests were
made with and without surfactants; in some instances, two surfactants
were used as different treatments on a site.

Experimental Design
The experimental design was very similar for all sites. Each was a
completely randomized factorial design with two or three replications
per treatment. Although more replications would have been desirable,
we were able to locate a maximum of three homogeneous study plots
per site. Plot size was 12 x 36 feet (0.01 ac) on all sites.
Treatments are summarized in Tables 1-5. All liquid treatments were

applied with a backpack nitrogen-powered, hand-held, 12-foot boom
sprayer. The sprayer was calibrated for volume delivery rate before application, and each plot was sprayed with one timed pass.
On plots treated with granular hexazinone, a measured weight of
granules was distributed over each plot with a hand-held Whirlybird®
spreader, which was also calibrated before application with delivery rates
on 12 x 36-foot target areas.
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Table 1. Treatments of bear clover and manzanita on ponderosa
pine plots on the west side of the Sierra Nevada, 20 mi southeast
of Placerville, California. Treatments were applied in June
(midsummer).
Herbicide/
dose (lb a.i./ac)

Volume
(gpa)1

Surfactant2

Glyphosate
1.2

2.0

5

None
Activator 90
Silwet L-77

10

None
Activator 90
Silwet L-77

5

None
Activator 90
Silwet L-77

10

None
Activator 90
Silwet L-77

5

None
Silwet L-77

10

None
Silwet L-77

5

None
Silwet L-77

10

None
Silwet L-77

riclopyr
0.9

1.5

-

180015, 9503, and RD-6 nozzles were used for all 10-gpa treatments.
Only the 80015 and 9503 nozzles were used for the 5-gpa treatments.

2Activator 90 was applied at 0.5% (v/v). Silwet L-77 was applied at 0.15%
(v/v).
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Table 2. Treatments of bear clover on ponderosa pine plots on
the west side of the Sierra Nevada, 25 mi southeast of
Placerville, California. All treatments were sprayed at 10 gpa in
April.

Herbicide/

dose (lb a.i./ac)1

Surfactant2

Glyphosate
1.2

2.0

3.0

None
Silwet L-77
None
Silwet L-77
None
Silwet L-77

Dichlorprop3
1.2

2.0

4.0

None
Mor-Act
Silwet L-77
None
Mor-Act
Silwet L-77
None
Mor-act
Silwet L-77

Fluroxypyr3
0.5

0.75

1.0

None
Mor-Act
Silwet L-77
None
Mor-Act
Silwet L-77
None
Mor-Act
Silwet L-77

riclopyr
0.4
0.6

0.9

None
Mor-Act
None
Mor-Act
None
Mor-Act

2,4-D
2.0
4.0
Control

Mor-Act
Mor-Act
None
Mor-Act

1AI1 triclopyr treatments were applied with 80015, 11003, and RD-6 nozzles.

All glyphosate treatments were applied with 80015 and RD-6 nozzles. All
other treatments were applied with 80015 nozzles only.

2Mor-Act was applied at 5% (v/v); Silwet L-77 was applied at 0.15% (v/v).
3Fluroxypyr is not registered for forest use and dichlorprop is not registered for any use in California as of January 31, 1998.
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Table 3. Glyphosate treatments of salmonberry plots in the
Coast Range of Oregon, 15 mi northwest of Nashville.
Treatments were applied in September.
Dose

Volume

(lb a.i./ac)

(gpa)1

0.36

5

Surfactant2
None

Activator 90
Silwet L-77
0.6

None

Activator 90
Silwet L-77
0.36

None

10

Activator 90
Silwet L-77
None
Activator 90
Silwet L-77

0.6

'High-volume treatments (10 gpa) were sprayed with 80015, 11003, and
RD-6 nozzles. The low-volume treatments (5 gpa) excluded RD-6 applications.

2Activator 90 was applied at 0.5% (v/v). Silwet L-77 was applied at 0.15%
(v/v).

Table 4. Residual herbicide treatments for grass plots in the
Coast Range, 5 mi southwest of Blodgett, and on the east side
of the Cascade Mountains, 15 mi west of Sisters, Oregon. All
treatments were applied at 10 gpa in mid-March.
Herbicide/
dose (lb a.i./ac)1

Surfactant2

Atrazine
2.0

None
Mor-Act

3.0

None
Mor-Act

Hexazinone
liquid
0.6

None
Mor-Act

1.0

None
Mor-Act

granular
0.6
1.0

Control

None
None
None

'All treatments except granular hexazinone were applied with 80015 and
RD-6 nozzles.
2Mor-Act was applied at 5% (v/v).
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Table 5. Treatments of ceanothus and manzanita plots on the east side of the
Cascade Mountains, 12 mi west of Bend, Oregon. All treatments were sprayed
at 10 gpa in mid-April.
Herbicide/
dose (lb a.i./ac)'

Surfactant2

I mazapyr
0.4

None
Silwet L-77

0.6

None
Silwet L-77

Dichlorprop3
1.2

None
Mor-Act

2.0

None
Mor-Act

Fluroxypyr3
0.5

None
Silwet L-77

0.75

None
Silwet L-77

0.4

None
Mor-Act

0.6

None
Mor-Act

1.2

Mor-Act
Mor-Act

Triclopyr

2,4-D
2.0
Control

None
Mor-Act
Silwet L-77

'All imazapyr treatments were applied with 80015 and RD-6 nozzles. All triclopyr treatments were applied with 80015, 11003, and RD-6 nozzles. All other treatments were
applied with 80015 nozzles only.
2M or-Act was applied at 5% (v/v); Silwet L-77 was applied at 0.15% (v/v).
3Fluroxypyr is not registered for forest use and dichlorprop is not registered for any use in
California as of January 31, 1998.
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Nozzles and Drop-Size Characteristics
Four nozzle types (Spraying Systems flat fan 800152, 110032, and
95032, Spraying Systems, Bellwood, Illinois; and Delavan Raindrop® RD6, Delavan Manufacturing Company, West Des Moines, Iowa) were evaluated.

These nozzles were chosen so as to provide a wide range of drop sizes
within certain volume delivery rates at 30 psi boom pressure. They were

mounted with eight, four, or two nozzles, respectively, on a 12-foot
boom so as to uniformly cover a 12-foot swath.' The 80015 nozzles
produce the smallest measured drop-size spectrum, with a volume median diameter (VMD)4 of 300-400 gm at 30 psi; the 9503 nozzles are
intermediate (VMD = 525-815 lam); and the RD-6 nozzles produce the
largest (VMD = 1000-1100 lam). We also used 11003 nozzles in lieu of
9503s. We were not immediately aware that the 11003 has the same

drop-size range as the 80015, and we discontinued use of the 9503
nozzles because of inadequate overlap within a pattern. Thus 11003s
are nearly a repeat of 80015s. The specific nozzles used at each site are
given in Tables 1-5.
Drop-size spectra of several herbicides mixed with water were determined for the small- and medium-drop nozzles by the magnesium oxide
(MgO) method (May 1950). Because MgO slides gave poor resolution
with large drops, spectra for the RD-6 nozzles were determined by the
Texas Forest Service with an image analyzer and Kromkote® cards. Spread

factors for drops made from several herbicide mixtures were calculated

by using a uniform droplet generator with MgO slides and Kromkote
cards. The ratio of impact diameter on Kromkote cards to that on MgO
slides was used to measure actual diameters and volume of drops on
Kromkote cards when applying various herbicides through commercially
available nozzles. Drop-size spectra were calculated from these data.

Not all herbicide mixtures were tested on MgO because of time
constraints. We assumed that all ester products would behave similarly
to the two ester products tested, triclopyr and fluroxypyr, which were
similar, and that the amine forms of imazapyr would behave similarly to
glyphosate, because of similarities in physical properties (i.e., homogeneity, viscosity, spread, and evaporation rate).
Application rates were selected so as to provide moderate control
(40-70%), so that treatment effects would be in the range of potential
response and could be readily discerned.

Evaluation of Herbicide Efficacy
Herbicide efficacy was evaluated by ocular inspection of percent
reduction of crowns and stems of shrub species and percent reduction
2Numbers indicate nozzle tip parameters, including spread angle (first two or three digits) and flow rate.
3Boom configurations were calibrated by measuring time to deliver 0.05 gal in 6 to 8
seconds, then applying at a speed delivering 0.05 or 0.1 gal to a 36-foot plot in one or
two passes.

4The volume median diameter (VMD) is the actual measured droplet diameter at which
50% of the spray volume is contained in droplets greater than that diameter and 50% is
in droplets smaller than that diameter.
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of grass cover. A point frame with 100 points/mz was used to calibrate
actual cover and surface area of bear clover with ocular estimates. Because the point frame could not be adapted to taller vegetation, estimates for taller shrubs are relative values based on outlines of dead
versus living crowns, 10 shrubs/plot. Stem reduction was estimated on
the basis of stem dieback, based on all stems per shrub, 10 shrubs/plot.
Regrowth was noted as percent of original stem length. Times between
treatment and evaluation varied between sites, but were generally 4 to
5 months for herb-control tests, and a full growing season or more for
shrub-control tests.
Percent of crown remaining was distinguished from percent of original crown cover present as resprouts, because sprouts typically are more
vigorous than residual crown. Our interpretations of crown reduction
data also include this distinction.
To assess ponderosa pine damage from herbicides, we used a sixpoint scale:
0 no damage, vigorous
1
normal to slight discoloration
2 off-color, some needle damage
3 terminal dieback, <50% defoliation
4 severe bud/terminal damage, >50% defoliation
5 dead.
These data were analyzed without transformation.

Statistical Analysis
We evaluated the data by analysis of variance (ANOVA). For sites
where treatment layout resulted in a large incomplete factorial, the
data were broken down into smaller data sets to form complete factorials. The specifics of these sets are given in the appropriate section of
the Results. All data were analyzed with SAS (SAS Institute Inc. 1985)
statistical software. Main effects and interactions were determined with
type III sums of squares. Treatments were compared with control plots
by orthogonal contrasts, but the studies focused on comparisons among
treatments, rather than between treatments and controls.

Results and Discussion
Drop-Size Characteristics of Nozzles
Volume median diameters and drops per square centimeter of spray
mixtures are shown in Figure 1. Unfortunately, the drop spectrum tests
were not fully interpreted until after our plots had been installed. We
assumed the 9503 and 11003 nozzles to be interchangeable because
their orifice size is identical and they differ only in fan angle. We switched
from 9503 to 11003 nozzles early in the study to provide a mid-range
14
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Figure 1. Drop-size spectra and cumulative volume delivered for three nozzle types (A and
B) and with spray mixtures (C and D). (A) Glyphosate, no surfactant: volume median
diameters (VMD5)* for 11003, 80015, and 9503 nozzles were 34S Pm, 360 Jim, and
525 pm,respectively. (B) Triclopyr, no surfactant: VMDs for 11003, 80075,and 9503
nozzles were 40S ,um, S40 µm,and 81S µm, respectively. (C) 11003 nozzles with Activator 90(0.5%, v/v): VMDs for glyphosate, triclopyr, and fluroxypyr were 380 ,um, 39S µm,
and 450 ,um, respectively. (D) 11003 nozzles with Mor-Act (5%, v/v): VMDs for
glyphosate, fluroxypyr, and triclopyr were 740 ,um, 365 µm, and 440 µm, respectively.

*The VMD (volume median diameter) is the droplet diameter at which S0% of the spray
volume is contained in droplets greater than that diameter and 50% is in droplets smaller
than that diameter.

of drop-sizes between the 80015 and the RD-6 nozzles. The drop-size

range of 11003 nozzles proved similar to that of the 80015 nozzles
because of interaction between orifice size and spread rate (see Figure
1); comparisons between these nozzle types therefore yielded little information.
With identical nozzles and surfactants, glyphosate solutions produced
drop-size spectra substantially different from those of growth regulator
emulsions (Figure 1A,B): the growth regulators produced a larger VMD
and had a lower droplet density per unit area. This may be attributable
to higher surface tension or, possibly, to higher viscosity with the ester
product emulsions, two factors that increase drop size (Haq et al. 1983;
Sundaram et al. 1987).

The spray properties of the growth regulators did not vary much
with the addition of surfactant (Figure 1 C,D), although fluroxypyr did
show a slight decrease in VMD and a corresponding increase in droplet
15

density. This may be due to the choices of formulated surfactants and
emulsifiers in ester products. When surfactants were added to glyphosate,
however, VMD increased and droplet density decreased. This was most

marked with the addition of Mor-Act, an oil-based product that behaves
similarly to emulsifiable esters. This result is contrary to what would be
expected from decreasing surface tension of the liquid (Baker and Hunt
1985).

Field results demonstrated interaction of drop size with other application factors; hence, drop-size data are most valid when considered
with other inputs. However, larger drops generally caused more damage
to both shrubs and conifers within the range of sizes used.

Interaction of Application Technology and Herbicide Type
Efficacy
Systemic Herbicides

Application variables influenced efficacy of the systemic herbicides
less than expected. Volume of diluent per acre in the range of 5 to 10
gpa was not a significant factor for systemic products in any part of this
study. Lund-Hoie (1977, presentation at Monsanto Seminar, Portland,
Oregon), in contrast, found lower volumes of total spray to be most
effective on deciduous species treated with glyphosate, whereas Richardson

(1988) and Brewster and Appleby (1990) reported that 10 gpa or more
increased coverage and gave optimal control.
Both surfactant and dosage contributed significantly to June efficacy
on bear clover in the Sierra Nevada. Surfactants differed in their roles in
controlling manzanita, with only Activator 90 improving results (Table
6). Swietlik (1989) obtained similar results. In April treatments of bear

Table 6. Reduction of bear clover and manzanita crowns by glyphosate and
surfactant treatments in the Sierra Nevada in June. All crown reductions are
relative to pretreatment crown size. Untreated controls showed no crown
reduction and substantial growth. Plots were evaluated 3 months after
treatment.
Reduction (%)1

Dose (lb a.i./ac)

Surfactant

Bear clover
---------- 1 0-gpa data

1.2

2.0

None
Activator 90
Silwet L-77

20.8 (7.3)
40.9 (5.0)
44.2 (7.8)

None
Activator 90
Silwet L-77

47.2 (6.7)
60.0 (4.2)
55.1 (7.9)

'Expressed as mean (standard error).
2lncluding data from 80015 and 9503 nozzles.
3Bear clover, COV = 10-49%; manzanita, COV = 22-92%.
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Manzanita
set2,3----------

15.2

33.7
19.3
23.1

(10.0)
(11.3)

(3.6)
(5.5)

69.0 (11.1)
35.0 (8.0)

Table 7. Crown reduction of bear
clover after glyphosate treatment in
April in the Sierra Nevada. Plots were
evaluated 5 months after treatment.

clover, however, dose was the only

factor contributing significantly to
efficacy (P = 0.006), and there was

no interaction between dose and
nozzle (Table 7). Surfactant may

Dose
(lb a.i./ac)

Reduction

aid in leaf penetration in June, when

(%)1.2.3

1.2

27.5 (5.1)
28.1 (4.9)
53.8 (6.8)

resin content is higher; resin may
be removed during winter. Losses
in efficacy caused by lower dosages of glyphosate possibly could
be made up through the addition
of surfactant in midsummer.
Manzanita control in the Sierra

2.0
3.0

'Expressed as mean (standard error).
2Data from all nozzles were combined because of lack of interaction between dose
and nozzle.
3COV

1

e-

2si°

Nevada in June also was influenced
by glyphosate dosage (P = 0.015).
Use and choice of surfactant also

influenced control, but at 10 gpa
the main effect of surfactant was significant (P = 0.005) (Table 6). There
was no nozzle effect in applications without surfactant, but 80015 nozzles

gave better results with Silwet L-77, whereas the 9503 nozzles performed better with Activator 90; the combination of medium drop size
and Activator 90 delivered optimum effects. Within the data set combining nozzle and surfactant, there were interactions that were too con-

sistent to ignore, but for which there is no explanation or guarantee
that they would be repeated.
Surfactant type did not affect control of bear clover, but addition of
Activator 90 more than doubled crown reduction of manzanita at the
lower dose and nearly tripled it at the higher dose (Table 6). Manzanita
control by glyphosate was poor in all situations except when applied in
large drops at a high dose with Activator 90.
Glyphosate was not evaluated for control of sclerophyllous brush on
the east side of the Cascades because of an earlier lack of efficacy (Cole
and Newton 1990a). Imazapyr, however, had proven effective on ceanothus
previously (Cole and Newton 1 990a) and so was included in these tests.

Ceanothus crown reduction was not influenced by any parameters of
application in April (Table 8). Applications without surfactant tended to
be improved by small drop size, but this trend is difficult to interpret
because of large variation in the analogous RD-6 (large drop size) results. Although there was a significant interaction between dose and
surfactant in stem reduction (P = 0.006, Table 8), application of these
results in operational control is difficult because of their variability. Much
of the variation may be due to frost damage (a common phenomenon
in central Oregon ceanothus) that may have reduced absorption through
foliage. Good control of ceanothus was achieved with doses of imazapyr
as low as 0.2 lb a.i./ac, however, provided 80015 nozzles were used
(data not shown); only details of interaction between surfactant and
dosage were unclear.
Manzanita control was extremely poor with imazapyr (Table 8). Dose

and surfactant were statistically significant but marginally relevant factors (P = 0.048 and 0.048, respectively), and control of manzanita was
so poor that gains achieved by these two factors were inconsequential.
Doses of imazapyr as high as 1.1 kg/ha are ineffective on manzanita
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Table 8. Crown and stem reduction of ceanothus and manzanita after imazapyr
treatments in April on the east side of the Oregon Cascades. Plots were
evaluated 13 months after treatment.
Reduction (%)2

Dose
(lb a.i./ac)

Surfactant)

Stem

Crown
C eanoth us 3

-

0.2

None
Silwet L-77

79.5 (13.3)
81.3 (10.7)

73.5 (9.3)
42.5 (7.5)

0.4

None
Silwet L-77

75.0 (11.9)
76.3 (7.2)

50.0 (7.1)
75.0 (6.5)
M anzan ita4

0.2

None
Silwet L-77

2.5
10.0

(1.4)
(4.1)

0.0 (0.0)
3.8 (2.4)

0.4

None
Silwet L-77

10.0
18.8

(3.5)
(4.3)

2.5 (2.5)
5.0 (2.9)

1 Silwet L-77 was applied at 0.15% (v/v).

2Expressed as mean (standard error), including data from all nozzles and high and low
volumes.
3Crown reduction, COV = 13-24%; stem reduction, COV = 12-25%.
4Crown reduction, COV = 32-81%; stem reduction, COV = 81-141%.

(Cole and Newton 1990a). Application of imazapyr to mixed ceanothusmanzanita communities will simply increase the percentage of manzanita.

In application of glyphosate to salmonberry in the coastal deciduous
community, most of the application parameters other than dose contributed little to efficacy (Table 9). The data for Coast Range salmonberry were divided into three smaller complete factorials: the 5-gpa
treatments, the 10-gpa treatments, and the 5- and 10-gpa treatments
excluding the RD-6 nozzles. The 5-gpa data showed some significance
in the interaction between dose, surfactant, and nozzle for crown and
stem reduction (P = 0.044 and 0.059, respectively). No main effects or
first-order interactions were significant, however, nor was there any difference in spray patterns between the two nozzles (80015 and 11003).
We therefore interpret the interaction as likely attributable to random
chance and hesitate to recommend use of this interaction in defining
herbicide prescriptions.
At 10 gpa, dose was the dominant factor, significant for both crown
and stem reduction (P = 0.0001 and 0.0001, respectively) (Table 9). The
combined 5- and 10-gpa data showed a significant interaction between
volume and dose (P = 0.0008). Low doses appeared to be more effective
at low volumes, which is consistent with work by Buhler and Burnside
(1987). No difference in control was seen between the high doses at 5
gpa and at 10 gpa (Table 9). Therefore, volume appears to affect control only at doses considerably below effective application rates.
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Table 9. Crown and stem reduction of salmonberry in the Coast Range of
Oregon after glyphosate treatment in September. Plots were evaluated 10
months after treatment.
Volume
(gpa)

Dose
(lb a.i./ac)

Reduction (%)1

Crown

All nozzles2
10

0.36
0.60

13.0 (7.0)
69.0 (3.3)

Stem
-

16.8 (2.1)
46.4 (3.2)

Without RD-6 nozzles3
5

0.36
0.60

47.7 (8.7)
60.5 (7.3)

34.3 (7.8)
41.0 (5.7)

10

0.36
0.60

4.1 (9.4)
69.8 (4.5)

15.0 (2.8)
44.3 (4.4)

Expressed as mean (standard error).

Crown reduction, COV = 7-76%; stem reduction, COV = 10-17%.
Crown reduction, COV = 9-200%; stem reduction, COV = 14-32%.

Growth Regulator Herbicides
Of the four growth regulator herbicides used in this study (dichlorprop,

fluroxypyr, triclopyr, and 2,4-D), only triclopyr was tested with different
nozzle types. The physical properties of the ester products are very
similar, and they are unlikely to behave differently as a spray product
for either physical or chemical reasons. Triclopyr data have therefore
been interpreted as being applicable to the other growth regulators,
with the caveat that this assumption is untested.
Distinct differences in effects appeared, attributable to changes in
application parameters among geographic location, type of vegetation
treated, and timing of treatment. When triclopyr was used in the Sierra
Nevada, drop diameters in the range produced by the 80015 nozzles
(VMD = 500-600 µm) consistently produced better results than did larger
drops applied to manzanita in June and bear clover in April, as indicated
by significant interactions between dose and nozzle (P = 0.0001, 1 0-gpa
data set) and surfactant and nozzle (P = 0.016) (Table 10). The nozzle
effect of atomization became less pronounced, however, as surfactant

was added in treating bear clover in April. Richardson (1988), using
Silwet, attributed such an effect to an increase in surface wetted: the
surfactant increased drop spread and thus enabled the sparse large drops
to approximate coverage by smaller drops.
A significant interaction between dose and nozzle for triclopyr (Table

10) on bear clover in April (P = 0.028) indicated modest benefit from
small drops in that situation. Because all rates of application caused
almost total brownout (>80% control), however, the results are marginally interpretable. The growth regulators are not recommended for control of bear clover because of high occurrence of resprouting after complete brownout (Newton and Fredrickson, unpublished data).
The doses used on bear clover in June were too close to lethal to
show a dose response. In April, however, dose was a significant factor
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for triclopyr (P = 0.007) and the only significant factor for dichlorprop
and fluroxypyr (P = 0.0001 and 0.012, respectively) (Table 11).
Triclopyr overall proved to be ineffective for control of manzanita in
June. Whereas large drops of triclopyr gave relatively poor control on
whiteleaf manzanita in California in June, they were the most effective
treatment for greenleaf manzanita on the east side of the Cascades in
Oregon in April (Table 12). Interaction among dose, surfactant, and
nozzle was significant for crown and stem reduction (P = 0.008 and
0.0001, respectively). Surfactant increased control with 80015 nozzles
at low doses and 11003 nozzles at high doses, but the similarity in
drop-size distribution for the two nozzles brings into question the importance of this finding. Contrary to most published works (R.G. Richardson

1983; B. Richardson 1988; Prasad and Cadogan 1992), large drops did
not require the addition of surfactant for efficacy, which was dramatically increased overall by using large drops. The reason for this is unclear.

Crown reduction of greenleaf manzanita by dichlorprop and fluroxypyr

and stem reduction by fluroxypyr were influenced only by dose (P =
0.014, 0.008, and 0.048, respectively) (Table 13).
Ceanothus on the east side of the Cascades responded little to application variables (Table 13). Triclopyr dose on crown reduction was the
only significant variable for any of the growth regulators on ceanothus
(P = 0.026). Although fluroxypyr produced good crown reduction, stem

Table 10. Crown reduction of bear clover and manzanita in the Sierra Nevada
after triclopyr treatments. Bear clover was treated in April or June; manzanita
was treated in June. Plots were evaluated 5 and 3 months after treatment,
respectively. Data were combined if effects were not significant.
Surfactant

Dose
(lb a.i./ac)

Nozzle

Reduction (%)1
B ea r cl o ver2

None

Data
combined

80015
11003
RD-6

75.8
58.3
57.5

(5.7)
(8.9)
(8.5)

Mor-Act

Data
combined

80015
11003
RD-6

62.5
79.2
75.0

(9.4)
(5.1)
(5.2)

M anzan it a3

Data
combined

0.9

Data
combined

1.5

'Expressed as mean (standard error
2COV = 9-21%.
3COV = 6-60%.
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80015
9503
RD-6

13.1

80015
9503
RD-6

48.1
9.5

8.6
4.4

5.3

(1.2)
(2.4)
(1.7)
(1.9)
(2.0)
(1.6)

Table 11. Crown reduction of bear clover after dichlorprop,
fluroxypyr, triclopyr, or 2,4-D treatment in April in the Sierra
Nevada. Surfactant and nozzle data were pooled in the
absence of interactions. Plots were evaluated 5 months
after treatment.
Herbicide
Dichlorprop3

Fluroxypyr3

Triclopyr

2,4-D

Dose
(lb a.i./ac)

Reduction (%)1.2

1.2

15.8

(3.5)

2.0
4.0

57.5
76.3

(5.0)

0.5
0.75

38.3
63.3

(8.0)
(7.4)

1.0

80.8

(2.7)

0.4

55.8

(6.3)

0.6
0.9

73.3
75.0

(2.9)

2.0

75.0

(5.0)

4.0

82.5

(7.5)

(6.0)

(5.2)

'Expressed as mean (standard error).
2COV = 5-31%.

3Fluroxypyr is not registered for forest use and dichlorprop is not
registered for any use in California as of January 31, 1998.

Table 12. Crown and stem reduction of manzanita after triclopyr treatment on

the east side of the Cascades in April. Plots were evaluated 13 months after
treatment.
Dose
(lb a.i./ac)

0.4

Reduction (%)2

Surfactant'
None

Mor-Act

0.6

None

Mor-Act

Nozzle

Crown3

Stem4

80015
11003
RD-6
80015
11003
RD-6

15.0
12.5
70.0

(5.0)
(2.5)
(0.0)

2.5 (5.5)
2.5 (2.5)
70.0 (10.0)

37.5
37.5
65.0

(7.5)
(2.5)
(5.0)

12.5
15.0

80015
11003
RD-6
80015
11003
RD-6

56.0 (16.0)
40.0 (15.0)
90.0 (5.0)
10.0 (5.0)
65.0 (5.0)
90.0 (2.0)

65.0

(2.5)
(5.0)
(5.0)

50.0 (10.0)
15.0 (5.0)
87.5 (2.5)
2.0 (2.5)
65.0 (5.0)
85.0 (5.0)

'Mor-Act was applied at 5% (v/v).
2Expressed as mean (standard error)
3COV = 0-71%.
4COV = 0-176%.
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reduction was poor, making potential for resprouting high. Good control was achieved with triclopyr, 2,4-D, and dichlorprop.
April treatments of bear clover in the Sierra Nevada (Table 10) and
greenleaf manzanita on the east side of the Cascades (Table 12) were
the only situations in which surfactant contributed to efficacy of the
growth regulators. Formulated surfactants in the products may mask
effects of added surfactants, such that further additions do not contribute to efficacy (Babiker and Duncan 1974; Prasad 1992). Alternatively,
increased absorption by shrubs caused by addition of surfactant may
increase damage to the transport system, as has been shown with the
phenoxy compounds (McWhorter 1985).
Residual Herbicides

Efficacy of grass treatment in the Coast Range was not affected by
any application parameters other than herbicide type (P = 0.0001) (Table

14), and no factors were significant in the reduction of forb cover. In
the absence of a nozzle effect, it would be logical to use nozzles that
produce very large drops and low drift while delivering nearly all the
product to the target.
Hexazinone was the only herbicide tested that adequately reduced
grass cover. This may be attributable to foliar uptake in the absence of
sufficient rain. Granular hexazinone was less effective than liquid. Atrazine provided negligible control of the local perennial grasses, velvetgrass (Holcus lonatus) and fescues (Festuca spp.).

Results from the east side of the Cascades were more variable than
those from the Coast Range. Control of grass cover was influenced by
an interaction among herbicide type, dose, and nozzle (P = 0.0004)
(Table 15) for atrazine and liquid hexazinone treatments. RD-6 nozzles
produced slightly poorer results in most treatments. This may be due to
foliar uptake in the absence of spring rain, as has been shown by Prasad
(1985a). Atrazine produced better results at the low dose when large
drops were used, but at the high dose the pattern reversed. Because
this chemical is applied before emergence, when foliage cover has a
minor role, this probably is an artifact resulting from random chance.
Forb cover was influenced by an interaction among herbicide type,
surf actant, and nozzle (P = 0.014) (Table 15). Surfactant increased con-

trol of forbs only when atrazine was applied with Mor-Act and RD-6
nozzles. Again, moisture in the test year was inadequate; levels of control likely would increase in a normal year.

Small drops did tend to increase control of forbs, especially with
liquid hexazinone. In any case, however, cover reduction was slight,
and the differences attributable to drop size can probably be ignored.
Although treatment effects in both locations may have been masked

by an unusual lack of spring rain, relative contributions of application
parameters should be valid. The results of this series of experiments
were not strong enough to modify or extend label recommendations.
Therefore, optimum applications of atrazine and liquid hexazinone, largely

as pre- or early post-emergence treatments, would likely entail drops
large enough to deliver a maximum targeting of the spray without surfactants. Selectivity is not an issue with these products because no injury was observed.
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Table 13. Crown and stem reduction of manzanita after treatment
with dichlorprop, fluroxypyr or 2,4-D and of ceanothus after
triclopyr or 2,4-D treatment in April on the east side of the

Cascades. Data were pooled across surfactants and nozzle
types, as there were no interactions. Plots were evaluated 13
months after treatment.
Herbicide/
dose (lb a.i./ac)

Reduction (%)1
Stem
Crown

Manza nita2
Dichlorprop3
1.2

71.7 (4.8)

2.0

91.2 (1.8)

Fluroxypyr3
0.5
0.75

63.3 (8.0)
86.2 (3.8)

67.5 (10.2)

80.2 (4.2)
96.0 (0.7)

93.8 (1.3)

2,4-D
1.2

6.0

(6.5)

99.0 (1.0)

2.0

0.0

(0.0)

100.0 (1.0)

Ceanothus4

Triclopyr
0.4
0.6

92.3 (1.56)
96.8 (0.42)

82.9 (6.0)
95.8 (1.3)

2,4-D
1.2

91.5

(6.5)

90.0 (0.0)

2.0

99.0 (1.0)

100.0 (0.0)

'Expressed as mean (standard error).
2Crown reduction, COV = 1-9%; stem reduction, COV = 2-21%.
3Fluroxypyr is not registered for forest use and dichlorprop is not
registered for any use in California as of January 31, 1998.
4Crown reduction, COV = 1-2%; stem reduction, COV = 2-10%.

Table 14. Grass and forb cover after treatment with atrazine or
liquid or granular hexazinone in March in the Oregon Coast
Range. Plots were evaluated 4 months after treatment.
Herbicide/
dose (lb a.i./ac)

Cover (%)1
Grass2

Forb3

Atrazine

68.2 (2.5)

12.2 (1.9)

Hexazinone
liquid
granular

2.0 (0.7)
42.9 (4.7)

10.2 (1.1)
11.9 (3.3)

Control

73.3 (1.7)

8.7 (3.3)

'Expressed as mean (standard error).
2COV = 5-46%.
3COV = 15-53%.
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Table 15. Grass and forb cover after treatment with atrazine or
liquid hexazinone in March on the east side of the Oregon
Cascades. Plots were evaluated 4 months after treatment.
Herbicide!
dose (lb a.i./ac)

Cover (%)1

Nozzle

Grass2

Forb3

Atrazine
2.0

3.0

80015
RD-6

11.2 (2.1)

80015

3.8 (1.3)

0.7 (0.0)

RD-6

5.5

4.2

80015
RD-6

3.5 (0.8)

0.5 (0.3)

6.8

2.1

80015

2.4 (0.7)

RD-6

1.1

4.4

(1.4)

(0.9)

3.7 (1.5)
5.0

(2.6)

(1.6)

Hexazinone
0.6

1.0

(1.0)

(0.5)

(0.6)

0.4 (0.0)
1.2

(0.0)

'Expressed as mean (standard error).
2COV = 27-51 %.

3COV = 50-104%.

Selectivity
Systemic Herbicides

Although application parameters for systemic herbicides had little
effect on competing vegetation, selectivity on ponderosa pine was extremely sensitive to changes in application technology. Hence, selectivity provides a strong basis for determination of methods.
Application variables differed in effect with season. Pine damage
was extreme with June applications in the Sierra Nevada (Table 16), but
generally low in April (Table 1 7). Virtually all glyphosate treatments to
ponderosa pine in June caused unacceptable injury for conifer release.
In the Sierra Nevada, elevated dose or use of surfactant significantly
increased pine damage when applied in June at 10 gpa (P = 0.045 and
0.0002, respectively). Dose and surfactant (both types were similar in
effect) were also significant in the combined 5- and 10-gpa data set
excluding RD-6 nozzles (P = 0.002 and 0.0001, respectively) (Table 16).
The interaction between nozzle type and surfactant was significant (P <
0.05) when glyphosate was applied in April in the Sierra Nevada (Table
17). Addition of surfactant increased damage most with large drops.
Imazapyr proved to be very selective on the east side of the Cascades. Very little damage was observed on pine at rates used in April,
regardless of nozzles or surfactants. Imazapyr treatments should be used
with caution for release of ponderosa pine, however, because we have

no long-term data from which to evaluate the importance of growth
inhibition, which has been observed after higher rates of imazapyr in
April (Cole and Newton 1990a,b).
It is unclear why large drops contributed to pine damage. Most of
the literature has reported that small drops and increased coverage
increase efficacy (Richardson 1983). Uptake may have been higher with
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large drops, as shown by Baker and Hunt (1985). The silicone surfactant
(Silwet L-77) clearly enhanced injury to pine and apparently never should
be used for release. Because higher dosage also increased pine damage,
the minimum dose compatible with control needs is the maximum appropriate for release unless directed to avoid conifers.

Growth Regulator Herbicides
As with the systemic herbicides, selectivity with the growth regulators was very sensitive to changes in application parameters and was
substantially greater in April than in June (Tables 18-20). Even in April,
Table 16. Pine damage after glyphosate treatments in the Sierra Nevada in
June. Plots were evaluated 3 months after treatment. Untreated pines showed
no injury.

Dose

(lb a.i./ac)

Pine damage'

Surfactant

10- gpa data set2
1.2

2.0

None
Silwet L-77
Activator 90

3.7 (0.4)
4.0 (0.3)

None
Silwet L-77
Activator 90

2.5 (0.5)
4.2 (0.3)
4.9 (0.1)

1.2 (0.8)

5- an d 1 0- gpa d at a set3'41.2

None
Silwet L-77
Activator 90

1.4 (0.5)
3.8 (0.3)
4.1 (0.2)

2.0

None
Silwet L-77
Activator 90

2.7 (0.4)
4.3 (0.2)
4.9 (0.1)

'Pine damage codes: 0 = no damage, 5 = dead; expressed as mean (standard error).
2COV = 3-96%.
3Data from RD-6 nozzles excluded.
4COV = 3-52%.

Table 17. Pine damage after glyphosate treatments in the Sierra Nevada in
April. Plots were evaluated 5 months after treatment.
Nozzle

Pine damage',2

None

80015
RD-6

0.3 (0.2)
0.5 (0.3)

Silwet L-77

80015
RD-6

0.1

Surfactant

(0.1)

1.5 (0.3)

'Pine damage codes: 0 = no damage, 5 = dead; expressed as mean (standard error).
2COV = 25-96%.

25

the selectivity of triclopyr on pine was consistently the poorest of any
growth regulator other than 2,4-D (Table 19). Release with triclopyr
therefore should be avoided if equally effective chemicals that produce
less damage are available.

The influence of drop size varied with geographic region. In California, June treatments with triclopyr showed increased damage from medium drop sizes with VMD = 500-600 µm at 10 gpa, especially as dose
was increased (Table 18), as indicated by a significant interaction between dose and nozzle (P = 0.009). The data set that included both 5

and 10 gpa showed an interaction among volume, dose, and nozzle
(P = 0.008). Medium-sized drops (VMD = 500-600 lam) at 5 gpa and
large drops (VMD > 1000 gm) at 10 gpa produced more damage than
did smaller drops. The reason for this is unclear. One would expect
increased coverage from small drops to contribute more to damage, as
Richardson (1988) has shown. The exception might be anticipated during a season of low metabolic activity on species affected so slowly by
triclopyr that large concentrated drops diffuse readily into the foliage,
allowing mobility before phloem necrosis occurs. These data, however,
were recorded in midsummer (June). The occurrence of a similar pattern
on the east side of the Cascades after cold weather treatments in April
(Table 20) and modest effect of drop size on early-season, actively elongating pine in the Sierra Nevada (Table 17) suggest that low temperature and metabolic activity are inadequate explanations. In the absence

of a plausible explanation, we do not attach much importance to the
interactions.

Although drop size did not contribute to pine damage in the Sierra
Nevada in April, elevated dosage, use of surfactant, or both significantly
contributed to pine damage by all growth regulator products (fluroxypyr,
P = 0.047 and 0.023; triclopyr, P = 0.0009 and 0.0001; 2,4-D, P = 0.05,
respectively) (Table 19). The significant interaction between dichlorprop
dose and surfactant (P = 0.035) showed damage to increase more with
the addition of surfactant in higher doses. This interaction describes a
situation in which dichlorprop causes negligible damage unless a high

dose is applied, with added surfactant. The addition of surfactant decreases the dose at which injury begins to appear and amplifies the
damage as dose is increased further. Surfactant effects are again most
likely attributable to increased coverage, leading to greater uptake of
the chemical.

Pine damage from triclopyr on the east side of the Cascades was
similar to that observed in California treatments with respect to drop
size. Dose, surfactant, and nozzle all contributed significantly to increases in pine damage (P = 0.0003, 0.0004, and 0.0013, respectively)

(Table 20). Pine damage on the east side increased as drop size increased, as in California treatments in June. Selectivity was further decreased as surfactant was added and as dose was increased. Fluroxypyr
and dichlorprop treatments proved to be very selective at this time and
were not influenced by changes in application parameters. Pine damage
was similar for Oregon and California treatments with comparable prescriptions.
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Table 18. Pine damage after triclopyr treatment in
the Sierra Nevada in June. Plots were evaluated 3
months after treatment.
Dose
(lb a.i./ac)

Nozzle

Pine

damagel,2

5 gpa

0.9

80015
9503

2.8 (0.1)
3.2 (0.3)

1.5

80015
9503

3.1

(0.3)
4.3 (0.3)
10 gpa

0.9

80015
9503

3.0 (0.1)
3.1 (0.2)

1.5

80015
9503

4.4 (0.3)
3.0 (0.3)

'Pine damage codes: 0 = no damage, 5 = dead; expressed
as mean (standard error).
2COV = 2-15%.

Table 19. Pine damage after treatment with dichiorprop, fluroxypyr, triclopyr, or
2,4-D, with or without surfactant, in the Sierra Nevada in April. Plots were
evaluated 5 months after treatment.
Herbicide/
dose (lb a.i./ac)

None

Pine damage',2
Silwet L-77
Mor-Act

Dichlorprop3
1.2

2.0
4.0
Fluroxypyr3
0.5
0.75
1.0
1.5

Triclopyr
0.4
0.6
0.9

0.0 (0.0)
0.0 (0.0)
1.3 (0.3)

0.0 (0.0)
1.0 (0.0)
2.8 (0.3)

0.0 (0.0)
0.0 (0.0)
1.5 (0.5)

0.5 (0.0)
2.3 (1.3)
1.8 (0.8)

2.0
3.8
4.4
4.0

1.5 (0.5)
1.0 (1.0)

1.2 (0.2)
1.3 (0.5)
2.9 (0.3)

2.5 (0.5)
3.6 (0.2)
4.1 (0.3)

ND
ND
ND

ND
ND

4.0 (0.0)
4.7 (0.2)

ND
ND

(1.0)
(0.3)
(0.4)
(0.5)

3.0 (0.0)

2 , 4 -D

2.0
4.0

'Pine damage codes: 0 = no damage, 5 = dead; expressed as mean (standard error).
2COV = 0-61%.

3Fluroxypyr is not registered for forest use and dichlorprop is not registered for any use
in California as of January 31, 1998.
ND: not determined.
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Table 20. Pine damage after triclopyr treatments on the east side of the
Cascades in April. Plots were evaluated 13 months after treatment.
Dose
(lb a.i./ac)
0.4

0.6

Surfactant

Nozzle

Pine

damagel.2

None

80015
11003
RD-6

0.2 (0.2)
0.5 (0.5)

Mor-Act

80015
11003
RD-6

1.6 (0.1)
2.0 (0.3)

None

80015
11003
RD-6

1.3 (0.2)
2.0 (0.0)
3.2 (0.5)

Mor-Act

80015
11003
RD-6

2.5 (0.5)
3.6 (0.9)
4.2 (0.2)

1.8

2.8

(0.7)

(0.5)

'Pine damage codes: 0 = no damage, 5 = dead; expressed as mean (standard error).
2 COV = 0-113%.

Conclusions
Several main points can be drawn from the data in this study:

Dose is the most important factor in increasing effects. This
finding agrees with those of Brewster and Appleby (1990) and
Richardson (1983). Higher doses also increase efficiency if they
are needed to achieve treatment objectives in one application.
In many instances, however, increasing dose also decreases selectivity of both growth regulator and systemic herbicides.
The most important factor for release applications is avoidance

of surfactants, not because they give no added control, but
because they disproportionately increase damage to conifer seed-

lings. This trend is consistent for all herbicides and all surfactants tested. Surfactants are sometimes helpful in site preparation. Surfactants may be available that are less damaging to
conifers than those evaluated in our experiments (Kelpsas 1994).

Selection of product and season of application are crucial to
long-term control strategy. April applications appear to be most
selective for release of ponderosa pine with glyphosate or imazapyr.

June treatments are more suitable for site preparation. Note,
however, that April timing may or may not provide selectivity
with other products; there are major differences in optimum
timing, even within classes of product.
The relationship of drop size to efficacy is still unclear and
highly variable, varying with timing of application, chemicals
used, surfactant type, and type of vegetation treated.
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Volume of diluent seldom had a measurable influence on efficacy. Because of aircraft limitations, an opportunity may exist
to use less than the standard 10 gpa without a decrease, and
perhaps with an increase, in efficiency.
All chemicals do not exhibit the same physical behavior as sprays
after dilution. For example, ester emulsions of the growth regu-

lator herbicides produced a larger drop-size spectrum than did
the non-oily solutions through the same nozzles.
June treatments may be recommended for site preparation, but
not for release with either systemic or growth regulator herbi-

cides in any region. Although glyphosate is effective in site
preparation in June (Cole and Newton 1988), damage to conifers is severe.

Two or three replications provided data with coefficients of variation
generally less than 30% when responses were between midrange

and the upper asymptote of effectiveness. When crown or stem
reduction is less than 30%, variability renders data means unreliable without more replications, but also provides evidence that
treatments are not reliable.
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Introduction
The recommendations in this prescription guide are presented as
generalized "decision trees" for herbicide prescriptions for site preparation and release. The guide is designed to integrate some complex interactions and thereby facilitate decisions that provide maximum efficacy with minimum dosage-i.e., that maximize efficiency. This guide
does not advocate any specific approach to treatment and is for use
after the decision to use chemicals has been made. Its purpose is to
ensure that those chemicals are used at the lowest feasible rates and
produce the fewest undesirable side effects.

The recommendations in this guide are derived largely from the
experiments described in the first section of this publication, supplemented by information drawn from published and unpublished data.
We do not present a complete summary of data for the region, because
most of the existing efficacy data were not controlled for the technology we report on here.
Each of the experiments described in the first part of this report was
designed (1) to show the influence of application parameters on certain

target species at one or more selected times and (2) to illustrate a
typical pattern, rather than to be all-inclusive. A complete guide would
be encyclopedic, but the patterns of effects are consistent enough to
allow substantial generalization. The user is encouraged to adapt recommendations of this guide to local peculiarities of species and mixtures.

The detailed treatment descriptions for individual products outlined
in the first section of this report provide a guide for users having various

degrees of control and selectivity as goals. The range of application
rates (doses) in our experiments was not always adequate, usually by
design, because of the need to have less than total control when evaluating effects of nozzles, surfactants, volume, rates, and formulations.
The user may adjust rates of application to meet specific control objec-

tives, but the choices of technology given in this guide will optimize
those rates.

Application rates for individual herbicides in this section are identified for only one level of control. The rates suggested in Table 21 should
provide greater than 80% crown reduction of target species if rain does
not wash off residue in the first 12 hours. These rates are appropriate
for use in both broadcast release and site preparation. Information on
selectivity is presented in Table 22. Table 21 does not provide specific
rates of application for all treatments, and other effective treatments
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likely exist. A few of the herbicides do not provide adequate control of
certain species, and much of the literature did not reflect high enough
use rates to obtain greater than 80% control for certain species examined here.

Table 21. Rates that provide cover reduction >_80%. Higher rates than were
studied or could be found in the literature are required if doses are preceded by
(>) or (?). See product label for timing and dose for site preparation or release.
Region

West side,
Sierra Nevada

Herbicide

Glyphosate

Species
controlled

Bear clover
Manzanita

Dichlorprop2

Bear clover

April
June
April
June

3-4
>2.0

April
June

>4.0
1.0
Unknown

Bear clover

April
June

Triclopyr

Bear clover

April
June
April
June

4.0a

>2.0
4.0a

0.9-1.5
0.9
>4.0a

Poor control

4.0
2.0a

Bear clover

April
June

Manzanita

April
June

Imazypyr

Ceanothus
Manzanita

April
April

Dichlorprop2

Ceanothus
Manzanita

April
April

Ceanothus
Manzanita

April
April

>_0.75

Ceanothus
Manzanita

April
April

0.4

2,4-D

Ceanothus
Manzanita

April
April

1.2
1.2

Atrazine
Hexazinone
(liquid)

Grass
Grass

March-April
March-April

Sulfometuron

Grass

March-April

Glyphosate

Salmonberry
Red alder4
Deciduous/
ferns

Sept.
July-Sept.
Sept.

2,4-D
(low-volatility
ester)

Fluroxypyr2

Triclopyr

Coast Range

Rate
(lb a.i/ac)1

Fluroxypyr2

Manzanita

East side,
Cascades

Time of
application

>4.0a
Unknown

0.2
Poor control

2.0

2.0
0.5
0.63

>_3.0

1.0
0.1b

>0.6
1.1c
0.75-1.1d
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Table 21 continued.

Time of

Species

Region

Herbicide

Imazapyr

Triclopyr ester

controlled

application

Red alder

August

<0.2°

Vine maple
Bigleaf maple

August
June

<0.2°
0.2-0.375e

Bigleaf maple

April-Sept. >4.0 basal spr.d
April
1.5-2.0d
June
1.5b

Vine maple
Red alder

Atrazine

Rate
(lb a.i/ac)1

Grass

Hexazinone
(liquid)

perennial

March-April

Maximum
label dose

annual

March-April

4.01

March-April

1.0

Grass/forbs

1a.i./ac = active ingredient per acre.
2Fluroxypyr is not registered for forest use and dichlorprop is not registered for any use in

California as of January 31, 1998.

3Provided large drops (VMD ? 900 mm) are used.

4lnclude 0.6 lb a.i./ac of imazapyr.
aData from Lanini (1981).
bData from Cole and Newton (1988).
°Data from Cole and Newton (1990c,d).
dlnformation from Newton (1996).

eData from Cole and Newton (1990c).
Data from Cole and Newton (1989b).

Table 22. Conifer selectivity data and damage ratings for recommended
herbicides. All suggested rates are for applications without surfactant except
those for 2,4-D, which include Mor-Act at 5%. Damage ratings are averages over
all nozzle types used.
Region (conifer

species)/season2,3

West side Sierra Nevada East side Cascades Coast Range
Herbicide

Dose
(lb a.i./ac)1

Glyphosate

0.36
0.6

Dichlorprop4

2.0
3.0

NA
NA
1.6
2.8
NA

NA
NA
NA
NA
NA

<0.6a (S)
<0.6a (S)
NA
NA
NA

0.2
0.4

NA
NA

NA
NA

1.2
1.0

NA
NA

1.2

0.0
0.0
1.3

NA
NA
NA

0.5
1.3
NA

NA
NA
NA

2.0
4.0
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(ponderosa pine) (Douglas-fir)
April
Sept(S)/Mar (M)

NA
NA
0.0
0.5
0.6

1.2

lmazypyr

(ponderosa pine)
April
June

Table 22 continued.

Region (conifer

species)/season2,3

West side Sierra Nevada East side Cascades Coast Range
(ponderosa pine)
(ponderosa pine) (Douglas-fir)
(lb a.i./ac)1 April
June
April
Sept(S)/Mar (M)
Dose

Herbicide
Fluroxypyr4

0.5

0.5

0.75
1.0

2.3

NA
NA

1.0

1.8

NA

NA

NA
NA
NA

0.4
0.6
0.9

1.2
1.3

2.9
NA

NA
NA
2.7
3.5

0.8
2.2
NA
NA

NA
NA
NA
NA

2.0
4.0

NA
4.0
4.7

NA
NA
NA

4.5
4.9
NA

NA
NA
NA

Atrazine2

2.0
3.0

NA
NA

NA
NA

0-1 b
0-1 b

0.0c (M)
0.0c (M)

Hexazinone

0.6

(liquid)2

1.0

NA
NA

NA
NA

0-1 b
0-1 b

O.Oc (M)
O.Oc (M)

NA
NA

NA
NA

0-1b
0-1b

NA
NA

Triclopyr

1.5

2,4-D

1.2

Sulfometuron 0.04
0.08

1.4

1a.i./ac. = active ingredient per acre.
2Liquid hexazinone and atrazine treatments were applied in mid-March.
3Damage codes: 0 = no damage, 5 = dead, expressed as mean (standard error).
4Fluroxypyr is not registered for forest use and dichlorprop is not registered for any use in

California as of January 31, 1998.
NA = data not available.
aData from Cole and Newton (1989b).
bData from Fredrickson (1994).
°Data from Cole and Newton (1989a).

In our experimental work, surfactants, drop size, and volume per
acre affected efficiency only slightly. With certain exceptions, surfactants and large drops generally increased conifer injury, thereby decreasing selectivity. Therefore, we recommend surfactants primarily for
certain site-preparation uses and have not included recommendations
on volume in this guide. Low volumes are innately less costly, but they
are evaluated here only for short vegetation and moderate leaf areas,
where the advantages of higher volumes might not be apparent.
Precise adaptation of drop-size distributions to aerial applications to

tall brush may require further experimentation. All patterns observed
here were from ground-based experiments, but the range of drop sizes
tested included the entire range of aerial spray drop sizes with conventional nozzles. Thus, the choice between ground and aerial equipment
probably will not influence results appreciably, except in regard to feasibility of spraying tall brush with ground equipment and also the effect
of the height of aircraft above the target as it influences rate of deposition.
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In addition to selectivity on the treatment site, safety from herbicide drift off-site has been a major concern. This problem is not common in forestry applications in the Pacific Coast region, because forests
are seldom close to susceptible crops. Nevertheless, minimizing losses
from drift is a sound principle for many reasons. Moreover, drop size
and density appear less critical to efficacy than expected. Thus, users
are encouraged to use nozzle systems providing VMDs >400gm in all
routine applications unless fine drops are clearly indicated, as in certain
release treatments. D-8-46 or D-1 0-46 nozzles angled from straight back

to 300 downward from straight back are suggested for most low aerial
herbicide spraying under average or humid conditions (Yates et al. 1984).

Large drops are indicated during periods of low humidity or for high
aerial spraying; RD-4 or D-8, jet, or possibly even RD-6, nozzles are
appropriate for such conditions.
No nozzles eliminate all fine drops. Users should assume that drift
will occur with all sprays when air movement is toward adjacent property. Drift-free application can be assured only when air movement is
away from or tangential to sensitive crops or residences. Use of smoke
at the property line is recommended near sensitive boundaries, as a
smoke column is the only observable demonstration of where the air is
taking the fine particles. Drift will not move against the wind.

Guides for Use of Foliage-Active Products (Including
Growth Regulators)
Western Sierra Nevada
The decision tree for broadcast release and site preparation on the
west side of the Sierra Nevada (Figure 2) illustrates treatment selection
from systemic foliage-active products and growth regulator herbicides
for control of bear clover and manzanita in spring (April) and midsummer (June).

The herbicides listed for control of both manzanita species are extrapolated from Oregon data obtained with greenleaf manzanita; the
rates may have to be 25 to 50% greater in California. The glyphosate
data were adapted from Lanini (1981) and are applicable only to California.

Broadcast Release

The most important factor, apart from dosage and season, for release applications is avoidance of surfactants-not because they fail to
provide added control, but because they damage conifer seedlings disproportionately. This trend is consistent for all surfactants and all herbicides tested. Surfactants that are less damaging to conifers than those
evaluated in our experiments may be available (Kelpsas 1994).
The chemicals specified for spring manzanita control in California
are suggested on the basis of an analogous experiment on the east side
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West Side Sierras

Broadcast

Site preparation or
directed spray

Spray type

release
I

I

April
(spring)

June

(midsummer)

June

Timing

April
(spring)

(midsummer)

Not
recommended

I

Manzanita

Glyphosate

Glyphosate

Dichlorprop*
Fluroxypyr*
Triclopyr

Fluroxypyr*
Triclopyr

1

I

Vegetation targets

Effective chemicals
(control >80% possible)

I

Bear clover

Manzanita

Glyphosate

Glyphosate

Glyphosate

Glyphosate

Dichlorprop*
Triclopyr

Triclopyr

Dichlorprop*
Fluroxypyr"
Triclopyr

Triclopyr
2, 4-D

Manzanita

2, 4-D
I

See Table 21

See Table 21

Dose

See Table 21

See Table 21

See Table 21

See Table 21

I

None

None

Surfactant

Glyphosate
YES

Tri loOpyr

Dichlorprop

Glyphosate

Triclopyr

Glyphosate

NO

YES

NO

NO

N

Growth
regulators
YES

Glyphosate
VMD=300-400 µm

Glyphosate
VMD=300-400 µm

Growth regulators
VMD=500-600 µm

Growth regulators
VMD _> 1100 µm

Drop size

Glyphosate
VMD >_ 1100µm

Growth regulators
VMD = 500-600 µm

Glyphosate

VMD a 500 µm
Triclopyr
VMD=500-600 µm

VMD ? 1100µm

Glyphosate
NA

S
Growth
regulators
NO

Glyphosate-NA

Growth regulators

VMD 21100 µm

Figure 2. Decision tree for foliage-active herbicides on the west side of the Sierras. See Figure 1 legend for definition of VMD. *Not
registered for use in California as of January 31, 1998. NA, not applicable.

of the Cascade Range in Oregon (see pp. 17-18, 20-22 of this publication). The glyphosate data were taken from Lanini (1981). Doses (Table
21) were selected to provide maximum control with the least injury to
planted seedlings. One important factor to consider is that the growth
regulator herbicides tend to produce larger drops from a given nozzle
than does glyphosate, and this increases the tendency to injure conifers.
The high dosage of glyphosate should still be in the low-moderate damage range for conifers, so long as no surfactant is added. Because triclopyr
is not effective on either greenleaf or whiteleaf manzanitas, dichlorprop
is the likely choice for release with the technology developed with triclopyr.
Although fluroxypyr provides moderate control of bear clover and
manzanita, it is currently not registered for other than experimental use
in forests.
Release treatments in April are much more selective on ponderosa
pine than are later applications (Table 22). Midsummer treatments, especially with glyphosate and triclopyr, are extremely risky to this species. Release treatments applied broadcast to shrub-dominated ponderosa pine plantations therefore generally should be applied in early spring.
Selectivity data indicate that in most instances Sierra shrub vegetation tolerates from 25 to 50% more herbicide than does that in eastern
Oregon. Increasing rates of triclopyr ester over 0.6 lb a.i./ac for release
would severely damage pines and therefore not be feasible. Reliance
chiefly on site preparation is recommended where selectivity is a problem.

Site Preparation
Both June and April treatments of sclerophyllous brush and bear
clover are effective in site preparation. Glyphosate, triclopyr, and, probably, 2,4-D, dichlorprop, and fluroxypyr are suitable for control of bear
clover and manzanita in both summer and spring. Lanini (1981) has
reported dichlorprop to be effective against bear clover. On the basis of
our experience with triclopyr, substantial resprouting can be expected
after use of the growth regulators, but an undetermined percentage of
those sprouts may eventually fail.
Glyphosate and imazapyr are generally most effective from midsummer to fall on deciduous species, based on Oregon data obtained on
many species (Cole and Newton 1988, 1 989b). Mixtures of sclerophyllous

and deciduous species may require two applications or very high rates
in a single treatment.
Doses used for site preparation will usually be higher than those for
release in order to reduce competition for as long as possible without
risk of crop injury. Greater rates than we tested are necessary for chemicals such as glyphosate and triclopyr on manzanita and for glyphosate
on bear clover in June, but other products are more efficient for manzanita in any case. Efficacy patterns of 2,4-D, dichlorprop, and fluroxypyr
suggest the use of mixtures if several species are to be removed. Hexazinone

or its equivalent (e.g., sulfometuron) would prevent replacement of shrubs
by grasses.

In most cases, but not all, surfactant effects are consistent from
season to season. Adding Silwet L-77 or Activator 90 to glyphosate
improved control of bear clover in June, and Activator 90 significantly
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improved control of manzanita. (Although glyphosate is not usually used
against manzanita, the result demonstrates the principle that surfactant
aids penetration). Adding a growth regulator to the glyphosate mixture
used to control glyphosate-sensitive weeds would control manzanita more
efficiently in a site-preparation situation, but may induce resprouting of
deciduous species following treatment.
Surfactant did not increase efficacy of glyphosate on bear clover in

April, but the oil-based adjuvant tested (Mor-Act) did increase control
by the growth regulator herbicides. Addition of Mor-Act to the growth
regulators, however, did not enhance control of greenleaf manzanita in
Oregon.

Drop size was not a factor in control of bear clover by glyphosate in
June. Therefore, we suggest using large drops for maximum targeting
efficiency, unless a significant stocking of pine is to be saved. Triclopyr

and dichlorprop efficacy may be optimized on bear clover by using
medium drops at minimum doses (0.9 lb/ac for triclopyr). As dose increases to 1.5 lb/ac, the drop-size effect is less pronounced. Therefore,

using larger drop sizes may be better if higher rates are needed to
control other species.

In early spring treatments, drop size does not obviously influence
efficacy of glyphosate or growth regulators against bear clover. Therefore, nozzles that deliver large drops to the target (VMD >_ 1100 lam) are
recommended for bear clover treated alone.
Larger drops of growth regulator herbicides appeared to provide
optimum control of greenleaf manzanita in Oregon. These drop patterns should be applicable to early spring treatments in California.
Ways of Improving Long-Term Outcomes

One of the most important factors to consider when treating bear
clover is the response of vegetation after treatment. Bear clover resprouted
within months after application of all herbicides except glyphosate. Glyphosate

applied in April effectively controls sprouting above ground by suppressing the rhizome system below (Fredrickson 1994). It therefore has

the best potential for long-term control of bear clover, despite weak
response in early ratings.

The full effects of glyphosate applications on bear clover may take
more than a year to materialize. Rates between 2 and 3 lb a.i./ac should
control bear clover in April, but site preparation is most efficient when
done in a later season.
On fertile sites, grass colonizes the treated areas soon after removal
of bear clover and manzanita and may preempt resources released for

conifers. Tank mixes or follow-up treatments with residual herbicides
such as hexazinone, sulfometuron, or atrazine may be required to postpone the grass invasion, especially if the conifers are too small to compete effectively.

The rates of triclopyr or glyphosate used in this study generally
provided poor control of whiteleaf manzanita in June. Further trials may
be required to determine adequate rates for control with triclopyr and
glyphosate. Meanwhile, data for dichlorprop, 2,4-D, and fluroxypyr on
greenleaf manzanita in Oregon suggest that these products are suitable
for confirmation trials in whiteleaf manzanita/bear clover vegetation types.
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East Side of the Oregon Cascades
The decision tree for the east side of the Cascade Range in Oregon
(Figure 3) is intended for use in planning control of greenleaf manzanita
and ceanothus, two predominant brush species in this region. The recommended herbicides include growth regulators and imazapyr; glyphosate
is inadequate on these species. On the basis of work by Cole and Newton (1990 a,b), we evaluated release and site preparation treatments

only in April. Because volume of spray per acre did not contribute to
efficacy or efficiency of applications in the California trials, recommendations on volumes are the same as those for California.
Surfactant did not increase control by any herbicide listed and significantly increased pine damage even at low doses of triclopyr. There-

fore, surfactant application is not recommended for treating brush in
this region.

East Side Cascades

Spray type

Broadcast
release

April
(spring)

Site preparation or
directed spray

April
(spring)

Timing

Ceanothus

Manzanita

Imazapyr

Dichlorprop*

Dichlorprop*
Fluroxypyr*
Triclopyr

Fluroxypyr*

Vegetation targets

Ceanothus

Manzanita

Imazapyr

Dichlorprop*
Fluroxypyr*
Triclopyr
2, 4-D

1

See Table 21

Triclopyr

See Table 21

I

I

None

None

I

VMD=500-600 pm

Effective chemicals
(control >80% possible)

Dichlorprop*
Fluroxypyr*
Triclopyr
2, 4-D

Dose

See Table 21

See Table 21

Surfactant

None

None

VMD 11100 gm

VMD ? 1100 µm

I

I

VMD=500-600µm

Drop size

Figure 3. Decision tree for foliage-active herbicides on the east side of the
Oregon Cascade Range. See Figure 1 legend for definition of VMD. *Not
registered for use in California as of January 31, 1998.
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Broadcast Release

Triclopyr, dichlorprop, imazapyr, and fluroxypyr all are capable of
broadcast release of` ponderosa pine from ceanothus. Control ranged
from >90% to fair (about 50%), with fluroxypyr giving the least control.
Stem reduction is poor and the possibility of resprouting is high after
fluroxypyr treatment. The recommended rates (Table 21) provide maximum control with the least amount of pine damage.
Drop size did not influence efficacy on ceanothus, but large drops
damaged pine more than did medium drops. Therefore, small to medium droplets are recommended for early spring release of ponderosa
pine.

Only dichlorprop and fluroxypyr were suitable for control of manzanita; however, fluroxypyr is not registered at all, and dichlorprop is not
registered in California. Suitable control with triclopyr was achieved
only with large droplets, which unfortunately also produced severe pine
damage, even at low doses. Imazapyr did not control manzanita at all.
Thus, directed spray with 2,4-D may be the only available choice at this
time for releasing pine from manzanita in California.

Site Preparation
Control of ceanothus for site preparation can be achieved with the
same four chemicals used for release and with 2,4-D at the rates given
in Table 21. (This product is less effective on Ceanothus velutinus var.
laevigatus on the west side of the Cascades.) Somewhat higher rates are

normally used for site preparation and will vary according to the most
tolerant species being controlled. All herbicides except imazapyr and
triclopyr provide excellent control of manzanita. Previous work (Cole
and Newton 1 989b) suggests near maximum effect in April.
Drop size did not affect control of ceanothus, and the largest drop
sizes gave superior control of manzanita. Large drops therefore are appropriate for control of ceanothus and manzanita in site preparation, as
they deliver the highest proportion of spray to the target. These drops
are comparable to those released by aircraft with D-6 or D-8 nozzles
with no spinners.

Ways of Improving Long-Term Outcomes
If one uses triclopyr to release from ceanothus (an inherently risky
choice, because of pine damage), adherence to the recommendations in

this guide should not be compromised. If drop sizes within the range
suggested cannot be used, an alternative herbicide should be chosen. If

manzanita is part of the shrub mixture, dichlorprop is preferable to
triclopyr for release, but 2,4-D is preferable for site preparation. The
more resistant weed species will determine which product to select.
Mixtures of 2,4-D and triclopyr are effective for site preparation, but
require more total herbicide.
On the basis of triclopyr data, using large drops may improve results
on manzanita with growth regulator herbicides in general. If large drops
improve control by dichlorprop, fluroxypyr and 2,4-D as they did with
triclopyr, it may be possible to use lower rates. However, further testing
should be conducted to verify this and to determine whether selectivity
remains.
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Oregon Coast Range
The decision tree for the Oregon Coast Range (Figure 4) is based on
data from the glyphosate experiments on young salmonberry described
in the first part of this report and on other published and unpublished
research at Oregon State University. No damage to Douglas-fir was evident at the low doses used. Volume did not influence efficacy or efficiency, so it is not mentioned in the recommendations. Cost of application should be decreased by using the lowest volumes giving adequate
control.
Overall, application parameters differ little between broadcast release and site preparation. Rates higher than those used in our study are
required for adequate control. Recommended rates are listed in Table
21. From 0.75 to 1.0 lb a.e./ac (i.e., 1 to 1.33 quarts of product) should

provide excellent control of salmonberry with little risk to Douglas-fir
seedlings. Rates may be slightly higher for site preparation than for
broadcast release, and small amounts (<_2 oz a.i./ac) of imazapyr may be

added to increase the spectrum of control, if needed, on multiple species.

Coast Range

Spray type

Site preparation or
directed spray

September

Timing

September

Salmonberry

Vegetation targets

Salmonberry

Glyphosate
Imazapyr

Effective chemicals
(>80% control possible)

Glyphosate
Imazapyr

See Table 21

Dose

Broadcast

release

None

VMD ?1100 pm

Surfactant

Drop size

See Table 21

None

VMD?1100 pin

Figure 4. Decision tree for foliage-active herbicides in the Oregon Coast
Range. See Figure 1 legend for definition of VMD.
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Surfactant (Silwet L-77 or Activator 90) provided little, if any, added
benefit for control of salmonberry. Surfactant may be needed for other
species if conifers are not present, but application without surfactant is
generally recommended. The decision tree suggests use of large drops
in all situations. Drop size had no effect on the efficacy or efficiency of
glyphosate on salmonberry. Because large drops deliver a high proportion of the spray to the target, they are recommended for all applications of this class of products to deciduous brush types in the Coast
Range.

Guide for Use of Residual Products
The decision tree for residual herbicide use is outlined in Figure 5.
Application parameters, including dose (Table 21), do not differ between release and site preparation treatments. Grass control on the east

side of the Cascades and the Coast Range should take place in mid-

East Side Cascades

Coast Range

Site preparation or
directed spray

Spray type

release

Broadcast
release

Site preparation or
directed spray

Mid-March

Mid-March

Timing

Mid-March

Mid-March

Annual grass/
forbs

Annual grass/
forbs

Vegetation targets

Annual grass/
forbs

Annual grass/
forbs

Atrazine
Hexazinone

Atrazine

Hexazinone

Hexazinone

(liquid)

(liquid)

(liquid)

(liquid)

See Table 21

See Table 21

Dose

See Table 21

See Table 21

None

None

Surfactant

None

None

VMD >_1100 gm

VMD ? 1100 gm

Drop size

VMD ? 1100 gm

VMD?1100gm

Broadcast

Hexazinone

Effective chemicals
(>80% control possible)

Figure S. Decision tree for residual herbicides. See Figure 1 legend for definition of VMD.
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March; applications on the east side are also effective in the fall, according to the product labels. Adequate rain is essential to enhance control
of grass through soil uptake. More precipitation is required for chemicals with low solubility; where spring rains are less than 2 to 4 in. after
treatment, materials such as atrazine are therefore often applied in fall.
Although residual herbicides were not tested in California, their use
should be considered for follow-up treatments or in combination with
treatments designed to control manzanita or bear clover. Atrazine would
be a good candidate for evaluation in this use; its moderate persistence
may prevent substitution of grass and thistles for the bear clover and
manzanita removed.

East Side of the Oregon Cascades
Doses that provide good control of grass are given in Table 21. Both
atrazine and liquid hexazinone are selective on Douglas-fir and ponderosa pine (Table 22). Therefore, obtaining adequate control from release

treatments would not be constrained by the risk of fir injury within
registered use rates.

Oregon Coast Range
Liquid hexazinone was the only herbicide tested that controlled grass
adequately in the Coast Range in April. Atrazine and the granular form
of hexazinone were ineffective in our study, done in 1992, but these
products have proven highly effective elsewhere and in years with adequate spring rain (Newton 1966; White and Newton 1984).
Herbicide efficacy is very different on certain annual and perennial
species. Atrazine is highly effective on annual grasses, but on few perennial grasses. This product is registered for selective removal of annuals
from perennial grass seed crops; hence, it is likely to release resistant
grass species. Hexazinone and sulfometuron are highly effective on perennials. Although 2,4-D may be added to atrazine or sulfometuron to
broaden the spectrum on forbs, ponderosa pine is very sensitive to 2,4D. Hence, such mixtures must be applied before planting if pine is the
crop species. Dichlorprop can be substituted for 2,4-D in tank mixes,
provided that pine is not growing actively.
Rates for adequate control of grass are presented in Table 21. Hexazinone

is extremely selective on Douglas-fir, and risk of injury to planted seedlings is minimal if application is uniform. Hexazinone will cause conifer
injury in poorly drained sites.
Neither the choice of surfactant nor drop size influences efficacy of
hexazinone treatments. Therefore, hexazinone without surfactant may

be applied for maximum net benefit. In order to deliver the highest
proportion of product to the target, nozzles that produce large drops
should be used.
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D

Systemic Herbicides
Generic Name

Label Name

Manufacturer

Chemical Name

glyphosate

Accord

Monsanto

N-(phosphonomethyl)glycine

(St. Louis, Missouri)

imazapyr

Arsenal

American Cyanamid

(±)-2-[4,5-dihydro-4-methyl-4-(1-

(Princeton, New Jersey)

methylethyl)-5-oxo-1 H-imidazol-2-yl]-

3-pyridinecarboxylic acid

Growth Regulator Herbicides
dichlorprop1

Weedone

emulsifiable ester
fluroxypyr2

triclopyr ester
2,4-D emulsifiable
ester

Starane

Garlon 4
Clean-Crop
Low-Vol-4

Union Carbide
(Ambler, Pennsylvania)
DowElanco
(Midland, Michigan)
DowElanco
(Midland, Michigan)
Loveland Industries
(Greeley, Colorado)

(±)-2-(2, 4-d is h lorop henoxy)-propanoic

acid
[ (4-amino-3,5-dich loro-6-fl uoro-2-pyri-

dinyl)oxy]acetic acid
[(3,5,6-trichloro-2-pyridinyl)oxy]acetic

acid
(2,4-dichlorophenoxy)acetic acid

Residual Products
atrazine
hexazinone
liquid
granular

Clean-Crop
Atrazine 4-L

Velpar L
Velpar ULW

United Agricultural Products
(Aurora, Oregon)
E. I. Dupont de Nemours
(Wilmington, Delaware)

6-chloro-N-ethyl-N'-(1-methylethyl)

-1,3,5-triazine-2,4-diamine
3-cyclohexyl-6-(dimethylamino)-1methyl-1,3,5-triazine-2,4(1 H,3H)dione

'Dichlorprop is not registered for any use in California as of January 31, 1998.
2Fluroxypyr is not registered for forest use in California as of January 31, 1998.
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