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Ten herbicides (atrazine, azafenidin, chlorsulfuron, clopyralid, hexazinone,

imâzapic, imazapyr, metsulfuron, pendimethalin, and sulfometuron) were evaluated

for phytotoxicity in first-year seedlings of eight conifer species (Douglas-fir, grand fir,

noble fir, redwood, Sitka spruce, western hemlock, western red cedar, and western

white pine). Six of these herbicides (atrazine, clopyralid, hexazinone, imazapyr,

metsulfuron, and sulfometuron) were also evaluated for vegetation control efficacy.

Azafenedin, chiorsulfuron, imazapic, imazapyr, metsulfuron, pendimethalin, and

sulfometuron were applied as fail site preparation treatments prior to spring conifer

planting. Atrazine, clopyralid, hexazinone, and sulfometuron were applied as spring

release treatments after conifer planting. All herbicides were applied at an operational

rate (lx), as determined by label recommendations and industry standards, and a rate

equal to three times the operational rate (3x). Treatments were replicated at three sites

in western Oregon and Washington.



Most of the herbicides tested in this study exhibited high levels of conifer

safety. At the operational rate, hexazinone and sulfometuron were the only herbicides

to cause significant injury to any of the conifer species tested. The hexazinone lx

treatment caused mortality in western red cedar. The spring sulfometuron lx

treatment caused mortality in grand fir and both sulfometuron lx treatments caused

growth reductions in western red cedar. In addition, sulfometuron produced a subtle

but non-significant trend of growth inhibition in five of the remaining six species, and

appears to be a mild growth inhibitor in most conifers. Otherwise, none of the

herbicides caused significant injury at the operational rate.

Hexazinone and sulfometuron afforded the best overall weed control of the

herbicides tested, Sulfometuron provided equal or better weed control as a fall site

preparation treatment than as a spring release treatment. Atrazine provided the best

combination of weed control efficacy and overall conifer safety. Clopyralid provided

good control of weeds in the Asteraceae and Polygonaceae families, but was generally

ineffective against other species. Metsulfuron and imazapyr were generally

ineffective against the herbaceous species present in this study.

Herbicide recommendations for various combinations of conifer crop and

target weed species are provided in convenient reference tables. These tables facilitate

the design of herbicide prescriptions for a variety of reforestation scenarios in the

Pacific Northwest. Few of these herbicides are acutely toxic to any of the conifer

species tested. We specify the conifer/herbicide combinations that should be avoided.

Otherwise, foresters have a great deal of flexibility in developing vegetation

management prescriptions with these chemicals.
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Conifer Phytotoxicity and Vegetation Control Efficacy of Ten Selected
Herbicides

Chapter 1. Forest Vegetation Management with Herbicides

Introduction

Commercial foresters in the Pacific Northwest rely heavily upon herbicides for

regenerating conifer plantations. Without early vegetation management, competing

plant species frequently monopolize site resources and cause reduced growth and/or

mortality in conifer seedlings. Herbicides provide an efficient and effective means of

control][ing competing vegetation and optimizing conifer growth.

Understanding the types of responses that can be expected when applying

herbicides operationally is critical to successful reforestation efforts. Foresters need to

know what herbicides will effectively control what plant species, and what potential

exists for conifer injury with a given herbicide prescnption.

Considerable research has been conducted on the use of herbicides in conifer

regene:ration. Douglas-fir is the dominant tree species grown in the Pacific Northwest,

and much of this research has been focused on the use of herbicides in regenerating

Douglas-fir. For a variety of reasons, including Swiss Needle Cast damage to

Douglas-fir plantations, timber companies are becoming increasingly interested in

other conifer species. Less is known, however, about which herbicides, rates, and

application timings can safely be employed in establishing plantations of these other

conifers.
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In addition, several herbicides have recently been developed that may have

promise for use in forestry, but little is known about their compatibility with conifer

seedlings, or their efficacy in controlling the plant species that commonly invade

disturbed forest sites in the Pacific Northwest.

Thus, as timber companies increasingly emphasize the use of conifer species

other than Douglas-fir, and as new herbicides are added to the forester's tool kit, many

fundamental questions regarding the use of herbicides in vegetation management have

arisen. Table I shows what conifer/herbicide combinations tested in the present study

have not previously been assessed in the scientific literature (shaded cells).

Table :i. Information Gaps Regarding Conifer/Herbicide Combinations. Shaded cells
represent conifer/herbicide combinations that have not been assessed in published
studies.

Herbicide

Conifer Species

2

0
0
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U

1)

.-
N

N N

-

(4-
0
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0
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CI)

Douglas-fir
Grandfir
Noble fir
Redwood
Sitka spruce
Western hemlock
Western red cedar
Western white pine
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It is apparent from this table that many information gaps exist. Furthermore,

even those conifer/herbicide combinations that have been reported upon are far from

being thoroughly understood. For example, sulfometuron has been studied much more

extensively as a release treatment than as a site preparation treatment.

With new herbicide products being produced each year it is inevitable that the

available literature should be incomplete. Some conifer/herbicide combinations have

been evaluated in designed experiments but not reported in the scientific literature, and

practicing foresters have anecdotal information to fill in some of the remaining gaps.

However, this information is neither formally documented nor readily accessible to

those who might need it. In addition, while foresters in the field have good instincts

about what works operationally and what does not, their observations generally lack

the scientific methodology (e.g., use of controls, replication, and formal statistical

analysis) necessary to make consistently reliable conclusions.

The herbicides presented in this table include products used widely today in

forest vegetation management as well as newer products that foresters believe show

the most potential for future use. There is a tremendous need for a better

understanding of the types of responses that can be expected with these herbicides in

reforestation operations.

Objectives and Null Hypotheses

This study was designed to assess the phytotoxicity often herbicides to eight

conifer species of commercial interest in the Pacific Northwest (Table 1), and to assess



the vegetation control efficacy of the same ten herbicides. With regard to conifer

phytotoxicity, the hypotheses tested were as follows: I) none of the ten herbicides

cause mortality or visible damage in any of the eight conifer species at operational or

three-times operational rates, and 2) none of the herbicides reduce growth in any of

the conifer species tested. With regard to vegetation control efficacy, the hypotheses

were: 1) none of the herbicides reduce total vegetation ground cover relative to no-

treatment controls, and 2) none of the herbicides reduce ground cover of any

individual plant species relative to no-treatment controls.

Literature Review

The Effects of Associated Vegetation on Conifer Performance

The competitive exclusion principle states that two species competing for the

same resource(s) cannot coexist indefinitely (Kimmins, 1997). In the Pacific

Northwest, conifers dominate in part because of their massiveness, allowing them to

occupy a unique niche and avoid interspecific competition for most resources (Waring

arid Franklin, 1979). For example, mature Douglas-fir can "reach" farther than most

plant species for light, water and nutrients. As seedlings, however, conifers frequently

face severe competition for site resources.

Associated vegetation can out compete conifer seedlings for sunlight, nutrients,

and moisture. Some conifers, such as noble fir and ponderosa pine, are shade-

intolerant and often perish under taller vegetation (Newton and Cole, 1989,

4



5

Radosevich and Osteryoung, 1987). Others will tolerate low light, but with reduced

growth (Cole and Newton, 1987, Howard and Newton, 1984). Severe competition can

also induce nutrient deficiencies that limit conifer survival and growth (Cole and

Newton, 1986, Messier and Kimmins, 1990, Powers and Ferrell, 1996). Perhaps most

importantly, associated vegetation competes with conifers for soil moisture, and can

induce moisture stress in conifer seedlings (Cleary, 1971). The Pacific Northwest has

a Mediterranean climate with prolonged summer droughts, and moisture is the most

common limiting factor for plant growth (O'Dea et al., 1994, Powers and Ferrell,

1996). The rate of soil moisture depletion increases with increasing vegetation cover

(Newton, 1964), such that a robust plant community can hasten the onset of, and

prolong, water-limiting conditions. This effectively shortens the growing season, and

intensifies moisture stress in the conifer seedlings, resulting in mortality or reduced

growth (Newton and Preest, 1988).

A robust plant community adversely affects conifer performance through a

variety of indirect pathways as well. Competing vegetation can promote conifer

damage from animal pests by providing habitat andlor browse for rodents, gophers,

mountain beaver, deer, and elk (Waistad et al., 1987). In addition, conifers facing

intense competition are more susceptible to insect and disease infestation (O'Dea et

al., 1994). Some plants may impair conifer establishment via allelopathy (Tappeiner

et al., 1992, Kimmins, 1997).

Under certain conditions, the presence of other plant species on a site can be

beneficial to conifer establishment as well. On sites prone to extreme heat or frost, the

shade provided by shrubs can ameliorate environmental extremes and create a
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favorable microsite for conifer seedlings (Radosevich and Osteryoung, 1987).

Nitrogen-fixing species such as red alder tAlnus rubra) can enhance soil fertility and

possibly improve conifer growth (Binkley and Greene, 1983). Conifers growing in

dense shrub thickets may suffer less browse damage by elk and deer than those

growing in the open (Waistad et al., 1987). The impacts of some conifer diseases,

such as laminated root rot, might be reduced in the presence of other vegetation

(Nelson et al., 1978).

in establishing a given conifer crop these potential benefits only apply in

localized situations and tend to be of a temporary nature (Waistad et al., 1987). While

the shade provided by neighboring plants might favor early conifer survival on certain

sites, these benefits are almost certain to be outweighed in the long term by intense

competition for moisture and other resources. The benefits of increased nitrogen

availability conferred by red alder will also generally be outweighed by their

competition for light and moisture (Newton et al., 1968). Numerous studies have

demonstrated that the benefits of associated vegetation are consistently outweighed by

the costs when regenerating a forest stand (Stewart et al., 1984, Walstad and Kuch,

1987, Tappeiner et al., 1992).

The Benefits of Vegetation Management for Conifer Performance

It is not surprising that the benefits of early vegetation control for conifer

performance are well established. Douglas-fir and ponderosa pine survival are

positively correlated with levels of control of herb, shrub, and hardwood competition
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(Baron, 1962, Crouch, 1979, Hansen et al., 1994, Schneider et al., 1997). Early

Douglas-fir growth is generally greatest with complete or near-complete vegetation

control (McDonald and Fiddler, 1986, White and Newton, 1989, Rose et al. 1999).

Ponderosa pine growth rates are quadrupled in the first six years by combinations of

weed control and fertilizer (Powers and Ferrell, 1996). Loblolly pine growth increases

with increasing vegetation control (Cain, 1991). Hundreds of studies have been

published demonstrating that conifer survival and growth increase with increasing

levels of vegetation control (Stewart et al., 1984, Loucks and Harrington, 1991,

Loucks et al., 1996).

Vegetation Management with Herbicides

The use of herbicides in vegetation management has increased dramatically

since they were first employed nearly 50 years ago (Lautenschlager et al., 1998), and

they have become an integral component of most vegetation management programs.

Herbicides are used extensively in vegetation management for many reasons.

Herbicides afford the best control of a wide variety of weed species without disturbing

the soil (Boyd, 1986, Waistad et al. 1987). Mechanical methods, alternatively, can

cause soil compaction, remove considerable quantities of topsoil, and cause

undesirable mixing of soil A and B horizons.

Most herbicides are selective, unlike prescribed fire or most mechanical

methods, enabling foresters to target particular species or groups of species without

damaging crop trees (Allan et al., 1972, Cole and Newton, 1988b, Newton, 1967).
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Some herbicides exhibit residual soil activity, thereby affording long term vegetation

control (Ketchum et al., 1999). Herbicides also kill competing vegetation without

removing above-ground plant material, leaving beneficial shade for conifer seedlings

(Boyd, 1986).

Herbicides are versatile in that they can be applied aerially or from the ground,

under a variety of weather conditions, at a variety of times throughout the year, and on

slopes too steep for mechanized equipment (Walstad et al., 1987). Herbicide

applications are often more economical than other methods of vegetation management.

Herbicide treatments require about one percent of the workers and consistently cost

about one third less than mechanical cutting alternatives (Lautenschlager et al., 1998).

However, despite their obvious utility, herbicides are not simple tools to use.

Any given herbicide is ineffective against some weed species. Consequently,

herbicide applications can exacerbate problems with resistant species by releasing

them from the competition of susceptible species (Newton and Cole, 1989). Weed

species also exhibit variable levels of herbicide resistance depending on the timing of

application and their phenological status. In addition, all herbicides have some

potential to injure conifer seedlings. Conifers exhibit variable levels of tolerance to

different herbicides, and the risk of injury depends upon a host of factors relating to

application methods (Fredrickson and Newton, 1998), application timing (Radosevich

et al., 1980, King and Radosevich, 1985), and site physical and climatic conditions

(Grover and Cessna, 1991).

Thus, without a solid understanding of what sorts of behavior particular

herbicides will exhibit in particular operational settings, herbicide applications will
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frequently fail to meet management objectives, and occasionally worsen the fate of the

conifer crop. In order to optimize herbicide efficiency and minimize conifer injury the

kinds of responses that can be expected in the field to a given herbicide application

need to be thoroughly understood.

Douglas-fir is the major timber tree species grown throughout much of the

Pacific Northwest (Brodie and Walstad, 1987), and, as such, much research has been

conducted on the use of herbicides in establishing Douglas-fir plantations. Timber

companies, however, are becoming increasingly interested in alternative conifer

species, both in conjunction with and in place of Douglas-fir. One major reason

driving this change is the increasing severity of Swiss needle cast (SNC) infection, a

fungal disease that is reducing productivity in many coastal Douglas-fir stands. The

fungus, Phaeocryptopus gaeumannii, appears to only infect Douglas-fir (Morton and

Patton, 1970).

This outbreak is compelling timber companies to move away from planting

pure Douglas-fir plantations. Meanwhile, much less is known about what herbicide

prescriptions are safe to use with these alternative conifer species (see "Herbicide-

Specific Information" below).

In addition, several new herbicides have been developed recently that may

prove useful in forest vegetation management. Little is known about the compatibility

of these herbicides with northwest conifer species, or their effectiveness in controlling

weed species common to this region.

This study was designed to assess the conifer phytotoxicity and vegetation

control efficacy of several herbicides with established or potential forestry
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applications in the Pacific Northwest. Following is a review of the herbicides tested in

this study, and the reforestation-oriented research that has been conducted to date on

these products.

Herbicide-Specific Information

The herbicides tested in this study fall into six chemical families with five

different target sites of action (Table 2) (Boger and Sandmann, 1989, Ahrens, 1994).

Table 2. Summary Herbicide Information.

Chemical family Common Product Manufacturer Mode of action
Name Name

Dinitroaniline Pendimethalin Pendulum American interferes wI cell division by disrupting
Cyanamid mitosis (aberrant prophase)

Imidazolinone Imazapic Plateau American Inhibits branched side-chain amino acid
Cyanamid synthesis (binds and deactivates the enzyme

Acetolactate Synthase)
Imazapyr Arsenal American Inhibits branched side-chain amino acid

Cyanamid synthesis (binds and deactivates the enzyme
Acetolactate Synthase)

Picolinic Acid Clopyralid Transline DowElanco Causes malfunctioning of DNA, RNA and
enzyme synthesis

Sulfonylurea Chiorsulfuron Telar Du Pont Inhibits branched side-chain amino acid
synthesis (binds and deactivates the enzyme
Acetolactate Synthase)

Metsulfuron Escort Du Pont Inhibits branched side-chain amino acid
synthesis (binds and deactivates the enzyme
Acetolactate Synthase)

Sulfometuron Oust Du Pont Inhibits branched side-chain amino acid
synthesis (binds and deactivates the enzyme
Acetolactate Synthase)

Triazine Atrazine Atrazine Du Pont Photosynthesis inhibitor (binds the pigment
protein of PSII and interferes w/ electron
transport)

Hexazinone Velpar Du Pont Photosynthesis inhibitor (specifics not known)
Triazolone Azafenidin Milestone Du Pont inhibits the porphyrin biosynthetic pathway

(causing oxidative disruption of cell
membranes)
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Pendimethalin belongs to the dinitroaniline chemical family. This class of

chemicals inhibits cell division and elongation by binding to the protein tubulin

(Ahrens, 1994). The tubulin-herbicide complex inhibits microtubule polymerization.

This in turn prevents formation of the spindle apparatus, which facilitates chromosome

alignment and separation during mitosis.

The imidazolinones (imazapic and imazapyr) and sulfonylureas (chlorsulfuron,

metsulfuron, and sulfometuron) bind and deactivate the plant enzyme, acetolactate

synthase, which is involved in the synthesis of branched side-chain amino acids

(Boger and Sandmann, 1989). This, in turn, suppresses or stops plant growth by

arresting cell division in the meristems (Ahrens, 1994).

Clopyralid is a picolinic acid (Hathaway, 1989). Its mechanism of action is not

well understood, but appears to involve the induction of abnormal rates of RNA, DNA

and protein synthesis (Ahrens, 1994). This in turn causes excessive cell division and

growth, resulting in tissue destruction.

The triazine herbicides (atrazine and hexazinone) inhibit photosynthesis by

binding the 32 kD pigment protein of photosystem II (Boger and Sandmann, 1989).

This disrupts electron transport between photosystem II and photosystem I, depriving

the plant of the energy necessary to fix carbon. Plant death is probably due to the

resultant production of reactive photoproducts that damage cell tissues (Ahrens, 1994).

Azafenedin is a triazolone herbicide (Boger and Sandmann, 1989), which

inhibits the porphyrin biosynthetic pathway. This pathway is involved in the synthesis

of chlorophyll molecules (Voet and Voet, 1995). Thus, azafenidin also indirectly

impairs photosynthesis.



12

Of these herbicides, foresters primarily use sulfometuron (Oust), metsulfuron

(Escort) and imazapyr (Arsenal) in fall site preparation treatments. All three of these

herbicides have soil activity, and sulfometuron has been shown to have residual

activity in the following spring (Ketchum et al., 1999). All three have the potential to

influence conifers the following year because of their low mobility and moderate

persistence in soils (Abrens, 1994).

Imazapic (Plateau), chiorsulfuron (Telar), azafenidin (Milestone), and

pendimethalin (Pendulum) are the newest of the herbicides considered here. Little

research has been conducted with these chemicals in northwest forestry settings, but

all demonstrate residual soil activity (Ahrens, 1994) and may be useful fall site

preparation treatments.

Sulfometuron, hexazinone (Velpar) and atrazine (Atrazine 4L) are commonly

employed in spring release treatments prior to conifer bud break. Clopyralid is also

gaining increasing attention due to its ability to control thistles and other members of

the Asteraceae and Polygonaceae families.

Below is a summary of the current literature regarding the conifer

phytotoxicity and vegetation control efficacy of these herbicides.

Pendimethalin (Pendulum)

Conifer safety: The manufacturer's label indicates that pendimethalin

(Pendulum) can safely be applied over the top of established Douglas-fir, western red

cedar, eastern hemlock, and several pine and spruce species, and can be used in
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Christmas tree plantations. The label recommends an application rate of 2.2 to 4.4

kg/ha of active ingredient (a.i.) (31.7 to 63.4 oz/acre). No other studies of

pendimethalin toxicity in conifers were found.

Vegetation control: Pendimethalin is labeled as a pre-emergence treatment for

control of annual grasses and some broadleaf weeds. It will not control established

weeds. The manufacturer's label recommends a pre-emergence application of 4.4 kg

a.i./ha (63.4 oz/acre) for long-term control (six to eight months) of several annual

grasses and a few broadleaf weeds (including hop clover).

Muir et al. (1997) found that pendimethalin affords very weak control of

grasses at 4.4 kg a.i./ha, but herbaceous weed control is otherwise comparable to

sulfometuron at six weeks after application. By 12 weeks after application control

was not as good as with sulfometuron in their study.

Imazapic (Plateau)

Confer safety: The manufacturer's label provides no information on the use of

imazapic (Plateau) with conifers. At rates as low as 0.1 kg a.i./ha (2.0 oz/acre),

imazapic causes increased foliage and terminal damage, and decreased height growth

in slash pine (but not loblolly pine) relative to no-treatment controls as a release

application (mid-March or mid-May) (Muir and Zutter, 1998). Damage is greater with

imazapic than with imazapyr. Imazapic does not, however, affect survival rates in

loblolly or slash pine (Muir and Zutter, 1998). Newton and Symons (1998) observed
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no injury in three year-old Douglas-fir treated with up to 0.2 kg a.i./ha (3.0 oz /acre).

No other studies assessing imazapic toxicity in northwest conifers were found.

Vegetation control: Imazapic is labeled for use as a pre- or post-emergence

treatment to control annual and perennial grasses, as well as some broadleaf weeds

and vines. Post-emergence applications are most effective, especially with perennials.

Imazapic is absorbed through the foliage, stems, and roots. According to the label, it

exerts some residual control of germinating weeds, and will prevent resprouting in

susceptible perennials. The manufacturer's label suggests 0.1 to 0.2 kg/ha acid

equivalent (a.e.) (2.0 to 3.0 oz/acre) for the best overall control. This rate will

suppress bull thistle, but not Canada thistle, as a pre-emergent application.

Muir and Zutter (1998) concluded that early spring applications of imazapic

(March/April) were more effective than late spring applications (April/May) for

overall control. Imazapic was effective in grass-control when applied in March/April

and reduced total herbaceous cover. The highest rate of imazapic (0.5 kg a.e./ha) was

as good as or better than a hexazinone/sulfometuron treatment (0.6 kg a.e./ha

hexazinone plus 0.1 kg a.e./ha sulfometuron) or an imazapyr/sulfometuron treatment

(0.2 kg a.e./ha imazapyr plus 0.1 kg a.e./ha sulfometuron) when applied in April.

Effects on weeds, however, were minimal 24 weeks after application in this study.

Imazapyr (Arsenal)

Confer safety: Imazapyr (Arsenal) is labeled for use as a release treatment for

various pine species, but not for other conifers. It is labeled for use as a site
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preparation treatment for pines, several spruce species, and Douglas-fir. The

manufacturer's label recommends 0.4 to 1.1 kg a.e./ha (5 to 16 oz!acre) for Douglas-

fir site preparation, with at least a two-month delay between application and planting

of Douglas-fir seedlings.

Imazapyr does not cause damage or decreased growth in loblolly or slash pine

as a release treatment at up to 0.3 kg a.e./ha (Muir and Zutter, 1998), but causes severe

injury to Douglas-fir as a release treatment at 1.1 kg a.e./ha (Cole et al., 1986). Belz

and Nishimura (1989) showed that western hemlock is also highly susceptible to

injury by imazapyr when the herbicide is applied as a release treatment (at rates

ranging from 0.3 to 1.1 kg a.e./ha). Douglas-fir, pacific silver fir, ponderosa pine, and

western hemlock were not damaged by pre-plant site preparation applications of 1.1

kg a.e./ha. Imazapyr produces no phytotoxic effects in red pine, jack pine, tamarack

or European larch (Aschbacher, et al., 1990).

Vegetation control: Irnazapyr is labeled for control of most annual and

perennial grasses, broadleaf weeds (including thistles, sow thistles, and ox-eye daisy),

vines, brambles, and hardwood brush. Irnazapyr is absorbed through the foliage and

the roots, and is applied as a pre-emergence or a post-emergence treatment, but post-

emergence applications are more effective (Ahrens, 1994).

Imazapyr exhibits residual soil activity for three months to two years (Ahrens,

1994) and is a useful site preparation herbicide (Cole et al., 1986). For site

preparation treatments applied in June, imazapyr is effective in controlling established

red alder, salmonberry, hazel, and vine maple, and ceanothus (Cole and Newton,

1988a, Cole and Newton, 1990, Fredrickson and Newton, 1998). Imazapyr is



ineffective in controlling blackberry (Cole and Newton, 1990) and manzanita

(Fredrickson and Newton, 1998).

Clopyralid (Transline)

Conifer safety: The manufacturer's label provides no information regarding

the use of clopyralid (Transline) with conifers. Clopyralid is not injurious to Douglas-

fir at up to 0.6 kg a.i.Iha (Cole and Newton, 1988b). No other assessments of toxicity

in conifers were found.

Vegetation control: Clopyralid is labeled for post-emergence control of

broadleaf weeds. Weeds that germinate after application are unaffected. clopyralid is

specifically labeled for control of thistles, sowthistles, common groundsel, and

dandelion, among others. The manufacturer's label recommends 0.10 to 0.56 kg

a.e./ha for general broadleaf control, or 0.3 to 0.6 kg a.e./ha if Canada thistle is the

primary target.

Clopyralid is not effective against grasses, but is comparable to sulfometuron

and slightly better than hexazinone and atrazine on forbs (Cole and Newton, 1 988b).

Clopyralid is highly effective in controlling species in the Asteraceae and

Polygonaceae families (Kloppenburg and Hall, 1988). Clopyralid is more effective in

controlling Canada thistle (Cirsium arvense) and perennial sow thistle (Sonchus

arvensis) than chiorsulfuron (Devine and Vanden Born, 1985). Foliar applications

control Canada thistle more effectively than those applied to the soil (Donald, 1984).
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Chiorsulfuron (Telar)

Confer safety: The manufacturer's label provides no information regarding

the use of chiorsulfuron (Telar) with conifers. No studies have been published to my

knowledge about the toxicity of chiorsulfuron in conifer species.

Vegetation control: Chiorsulfuron is labeled for use as a pre- or post-

emergence treatment to control annual and perennial broadleaf weeds, with

applications made before or during the early stages of weed growth providing the best

results. The manufacturer's label recommends an application of 0.1 to 0.2 kg a.i./ha

(0.8 to 2.3 oz/acre) for control of a variety of broadleaf weeds including bull thistle,

Canada thistle, bedstraw, and clover.

Chiorsulfuron controls a variety of broadleaf weeds and some annual grasses

(Ahrens, 1994). It also shows herbicidal activity in some perennials such as Canada

thistle (Cirsium arvense) and perennial sow thistle (Sonchus arvensis), but is not as

effective as clopyralid in controlling these species (Devine and Vanden Born, 1985).

Damage to Canada thistle is less when applied as a soil treatment than as a foliar

treatment (Donald, 1984). Pre-emergence and early post-emergence applications

afford the best results with annual grasses and broadleaf weeds (Ahrens, 1994).

Metsulfuron (Escort)

Conifer safety: Metsulfuron (Escort) is labeled for site preparation and release

treatments with loblolly pine, slash pine, and Douglas-fir. The manufacturer's label

17
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recommends 0.02 to 0.04 kg a.i.Iha (0.3 to 0.6 oz/acre) for Douglas-fir site

preparation.

Cole et al. (1986) compared metsulfuron effects on Douglas-fir and ponderosa

pine when applied to the foliage or taken up from the soil. They observed severe

injury when applied to the foliage in both species (at 0.08 kg a.i.Iha). Douglas-fir that

were covered at the time of metsulfuron application, or planted after application,

showed little or no injury. They concluded that metsulfuron is unsuitable for conifer

release, but may be useful for site preparation. Belz and Nishimura (1989) tested the

effects of metsulfuronlimazapyr combinations (but not metsulfuron alone) on

Douglas-fir, western hemlock, pacific silver fir, and ponderosa pine. Second year

diameter was reduced, relative to untreated controls, in Douglas-fir and western

henilock, but not more than when treated with imazapyr alone. It is not possible to

separate the effects of the two chemicals in this study.

Vegetation control: Metsulfuron is labeled for control of various woody plants

and broadleaf weeds (annual and perennial), as well as for growth suppression in

certain grasses, and is absorbed through both foliage and roots. According to the

manufacturer's label, it can be applied both pre- and post-emergence, but early post-

emergence applications to young, actively growing weeds give the best results.

Metsulfuron shows herbicidal activity in many broadleaf weeds and annual

grasses, as well as some perennials, such as Cirsium arvense (Ahrens, 1994). Early

post-emergence applications give the best control of most broadleaf weeds, while

brush species are sensitive to pre- or post-emergence applications (Ahrens, 1994).
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Metsulfuron is not effective in controlling established red alder, vine maple or

bigleaf maple, but is effective in controlling hazel and Rubus species (Cole et al.,

1986, Cole and Newton, 1988a). Newton et al. (1998) found metsulfuron to be

effective in controlling established salmonberry, but ineffective against swordfern or

elderberry at rates.up to 0.1 kg a.i.Iha (1.0 oz/acre). Ketchum and Rose (1998)

showed that metsulfuron does not impair germination of cottonwood (Populus

trichocarpa), Cytisus species (Scotch broom and Portuguese broom), or deerbrush

(Ceanothus integerrimus), but does reduce germination success in snowbrush

(Ceanothus velutinus) at labeled rates.

Sulfometuron (Oust)

Confer safety: Sulfometuron (Oust) is labeled for use in site preparation and

release for a variety of conifer species (including Douglas-fir, redwood, grand fir, and

western white pine). The manufacturer's label recommends 0.1 to 0.2 kg a.i./ha (1.5

to 3.0 oz/acre) for both site preparation and release. The label warns that applications

made after dormancy break in the spring and prior to hardening of buds in the fall can

cause serious conifer injury.

Sulfometuron is damaging as a release treatment to first-year Douglas-fir

seedlings, but older conifers are more resistant (Cole and Newton, 1989, Newton and

Cole, 1989). Cole and Newton (1988b) observed no injury in two year old Douglas-fir

seedlings following an early spring sulfometuron treatment of 0.14 kg a.i./ha (2.0

oz/acre). Damage to noble fir and Douglas-fir was greater with a release application
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of sulfometuron than with atrazine or hexazinone (Cole arid Newton, 1989). Douglas-

fir was more sensitive than noble fir to sulfometuron, but both species suffered height

growth reductions with treatments of 0.21 kg a.i./ha (3.0 oz/acre). Sulfometuron

caused no negative effects in three-year old grand fir in their study. Kelpsas and

Pfund (1990) observed some injury in western red cedar given a spring treatment of

sulfometuron (0.21 kg a.i./ha), but less than in cedar treated with hexazinone or 2,4-D

plus atrazine. No studies were found that assessed conifer responses to pre-plant site

preparation treatments of sulfometuron.

Vegetation control: Sulfometuron is labeled for control of many annual and

perennial grasses, and broadleaf weeds. Sulfometuron is absorbed through the foliage

and the roots, and can be applied pre- or post-emergence. The manufacturer's label

states that the best control is achieved when sulfometuron is applied before or during

the early stages of growth before weeds have developed established root systems.

Newton and Cole (1989) found sulfometuron to provide better overall weed

control than atrazine plus glyphosate, and comparable control to hexazinone. They

found sulfometuron to be the most effective of these herbicides against grasses, and

moderately effective against most forbs. Sulfometuron appeared to reduce vigor in

ferns but not kill them outright. Sulfometuron did not control red alder and was

marginally effective on most woody species other than Rubus species (Newton and

Cole, 1989). Cole and Newton (1989) found early spring treatments (April) to be

more effective on grass than later treatments (May). For thistles, late treatments

were more effective (but sulfometuron is largely ineffective against thistles regardless

of application timing). In general, sulfometuron worked better as a pre-emergent than
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a post-emergent application. Cole and Newton (1 988b) found spring-applied

sulfometuron to be as or more effective against grass and forbs than spring-applied

hexazinone. Ketchum et al. (1999) found that sulfometuron provides good overall

weed control in the spring and summer following a fall application. Ketchum and

Rose (1998) showed that sulfometuron is ineffective in reducing germination success

in deerbrush (Ceanothus integerrimus), Scotch broom (Cytisus scoparius), or

Portuguese broom (Cytisus striatus), but does reduce seedling dry weight in these

species. Sulfometuron did reduce germination success in cottonwood (Populus

tricocarpa) and thimbleberry (Rubus parvfloris) in their study.

Atrazine (Atrazine 4L)

Conifer safety: Atrazine (Atrazine 4L) is labeled for use in site preparation or

release with a variety of conifers including Douglas-fir, grand fir, noble fir, and Sitka

spruce. The manufacturer's label recommends 2.2 to 4.5 kg a.i./ha (32.0 to 64.0

lbs/acre) for all application timings.

Boyd (1986) observed no phytotoxic effects by atrazine in Douglas-fir,

ponderosa pine, lodgepole pine, or western larch when applied in conjunction with or

shortly after planting. Dimock (1981) observed no phytotoxic effect by atrazine in

western white pine. Cole and Newton (1989) observed no phytotoxic effects by

atrazine, applied as a release treatment, in noble fir, grand fir or 3-year old Douglas-

fir, but did see minor injury to 1St year Douglas-fir. Height growth, however, was

increased relative to controls in 1st year Douglas-fir. Boyd et al. (1985) also observed
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moderate injury by atrazine in first year Douglas-fir seedlings. Keipsas and Pfund

(1990) found atrazine to cause minimal injury in western red cedar, and less than that

caused by sulfometuron, hexazinone or glyphosate. In general, atrazine is considered

safe for use with conifers. Newton and Overton (1973) used atrazine-treated seedlings

as controls to evaluate seedling growth under weed-free conditions, assuming no

direct effect by the herbicide.

Vegetation control: Atrazine is labeled for control of annual broadleaf and

grass weeds, and is most effective when applied before weeds are 2.5 to 4.0 cm tall (1-

1.5 in.). The manufacturer's label states that atrazine is absorbed primarily through

plant roots and requires rainfall or irrigation to move the chemical into the root zone.

Atrazine is applied pre- or early post-emergence (Ahrens, 1994), but is more

effective as a pre-emergence application (Cole and Newton, 1989). Atrazine

negatively influences germination success and germinant dry weight in Deerbrush

(Ceanothus integerrimus), snowbrush (Ceanothus velutinus), cottonwood (Populus

trichocarpa), and Scotch broom (Cytisus scoparius) at labeled rates (Ketchum and

Rose, 1998). Sword fern and some perennial grasses are resistant, bracken fern and

broad-leaved herbs are intermediately resistant, and annual grasses are sensitive

(Bun-ill et al., 1988, Newton and Overton, 1973). Atrazine plus glyphosate is

inadequate for controlling shrub-dominated sites (Newton and Cole, 1989). The

triazine family of herbicides has more resistant weed biotypes reported and

characterized than any other group (Gimenez-Espinosa et al., 1996).



Hexazinone (Velpar DF)

Confer safety: Hexazinone (Velpar DF) is labeled for use in both site

preparation and release treatments for a variety of conifer species, including Douglas-

fir, grand fir, noble fir, and Sitka spruce. For herbaceous spring release treatment, the

manufacturer's label recommends 1.1 to 2.2 kg a.i.Iha (1.0 to 2.0 lbs./acre) (depending

on the soil texture), to be applied prior to conifer bud break.

Spring release applications of hexazinone (up to 2.2 kg a.i./ha) increase

Douglas-fir survival and growth relative to untreated controls (White and Newton,

1983). Boyd (1986) showed generally improved survival and growth in ponderosa

pine, lodgepole pine, Douglas-fir, and western larch when treated with hexazinone

using a variety of application methods. A granular form of hexazinone applied as a

site preparation treatment (2.24 kg a.i./ha) caused visible damage in Douglas-fir, but

not ponderosa pine (Boyd, 1986). However, survival was generally improved in both

species relative to untreated controls. In another study, hexazinone showed no toxic

effects in Douglas-fir or noble fir, and survival and stem diameter generally increased

with increasing hexazinone rate up to 2.2 kg a.e./ha (White, et al., 1990). Hexazinone

(2.2 kg a.i./ha) caused little to no injury in noble fir, grand fir, or 3-year old Douglas-

fir, and minor injury to 1St year Douglas-fir as a release treatment (Cole and Newton,

1989). Bun-ill et al. (1988) conclude that Douglas-fir and pines are resistant, and true

firs are intermediately resistant to hexazinone, but Boyd et al. (1985) state that western

white pine is susceptible to hexazinone injury regardless of application timing.
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Keipsas and Pfund (1990) observed severe injury in western red cedar when treated

with 2.2 kg a.i./ha (1.5 lbs./acre) hexazinone in early April.

Vegetation control: Hexazinone is labeled for control of a variety of broadleaf

and grass species. When applied as a spring release treatment, these species include

bracken fern, cat's ear, common groundsel, and ox-eye daisy. Hexazinone has both

foliar and soil activity (Boyd et al., 1985), but is more effective as a pre-emergence

than a post-emergence application (Cole and Newton, 1989). Cole and Newton

(1988b) found hexazinone to be effective against grasses and forbs but slightly less so

than sulfometuron. Sword fern is resistant to hexazinone, bracken fern is

intermediately resistant, broad-leaved herbs are moderately sensitive, and annual and

perennial grasses are very sensitive (Burrill et al., 1988). Ketchum and Rose (1998)

tested herbicide affects on seed germination for a variety of woody species and

observed good control with hexazinone in all species tested (deerbrush, snowbrush,

cottonwood, Scotch broom, and Portuguese broom).

Azafenidin (Milestone)

Confer safety: The manufacturer's label provides no information regarding

the use of azafenidin (Milestone) in conifer plantations. Muir et al. (1998) showed

that azafenidin does not cause mortality, increased damage or decreased growth in

loblolly pine at up to 1.1 kg a.i./ha. No studies of azafenidin toxicity to northwest

conifer species were found.



Vegetation control: Azafenedin is labeled for use as a pre-emergence

treatment (0.6 to 1.1 kg a.i./ha; 8.0 to 16.0 oz/acre) to control various grass and

broadleaf species. When applied in March, azafenidin affords overall weed control

comparable to hexazinone and sulfometuron on sites dominated by grasses and

composites (Muir et al., 1998). Azafenidin also provided good control of low

panicum and fireweed (Erechtites minima) in this study.
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Chapter 2. Conifer Phytotoxicity and Vegetation Control Efficacy
of Ten Selected Herbicides

Introduction

The benefits of early vegetation control in regenerating Pacific Northwest

forests are well documented (Stewart et al., 1984). In the Cascade and Coast Ranges,

vigorous shrubby and herbaceous plant communities rapidly occupy sites after

disturbance (Dyrness, 1973). These plant communities can out-compete conifer

seedlings for moisture, nutrients and light (Powers and Ferrell, 1996, Roth and

Newton, 1996). Such competition, in combination with the droughty summers

common to this region, can result in high mortality and/or reduced growth in the

conifer crop (Newton, 1964, Preest, 1977, Rose et al., 1999). Reducing or eliminating

competing vegetation generally increases resource availability for the crop trees

(Walstad et al., 1987), and improves their survival and growth (Stewart et al., 1984,

Roth and Newton, 1996).

Treatment with herbicides is a widely used and effective method of controlling

competing vegetation in commercial forestry (Walstad and Kuch, 1987). Herbicides

can provide control of a wide range of plant species, can be used to selectively target

particular species, and can provide prolonged control with a single application. Few,

if any, other methods of vegetation management offer this range of benefits. In

addition, herbicide applications are often less labor-intensive and less expensive than

other methods of vegetation management, and arguably less damaging to the

environment. Meanwhile, broadcast burning, which was a major tool in site
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preparation in the past, can no longer be used on a regular basis because of legal

restrictions. In short, while herbicides are certainly not the only tools for vegetation

management, they are important components of most vegetation management

prescriptions.

Douglas-fir is the dominant tree species grown in the Pacific Northwest, and

much research has been conducted on the use of herbicides in establishing Douglas-fir

stands (e.g., Newton and Overton, 1973, White and Newton, 1983, Cole et al., 1986,

Cole and Newton, 1988a and 1988b, White, et al., 1990). For a variety of reasons,

including the recent outbreak of Swiss Needle Cast in the Coast range, interest in other

conifer species is increasing. Less is known, however, about which herbicides, rates,

and application times can safely be employed in establishing stands of these other

conifer species.

In addition, several herbicides have recently been developed that may have

promise for use in forestry, but little is known about their compatibility with conifer

seedlings, or their efficacy in controlling the plant species that commonly invade

disturbed forest sites in the Pacific Northwest.

This study was designed to assess the phytotoxicity often different herbicides

to eight conifer species of commercial interest in the Pacific Northwest, and to assess

the vegetation control efficacy of the same ten herbicides. With regard to conifer

phytotoxicity, the hypotheses tested were as follows: 1) None of the ten herbicides

cause mortality in any of the eight conifer species at operational or three-times

operational rates, and 2) none of the herbicides reduce growth in any of the conifer

species tested. With regard to vegetation control efficacy, the hypotheses were 1)



none of the herbicides reduce total vegetation ground cover relative to no-treatment

controls, and 2) none of the herbicides reduce ground cover of any individual plant

species relative to no-treatment controls.

Materials and Methods

Field trials designed to mimic operational conditions were established at two

locations to assess the conifer phytotoxicity and vegetation control efficacy of several

herbicides. A smaller arboretum trial was also established to further test herbicide

phytotoxicity to conifers.

Field Trials

Field trials were located in a clear-cut on Port Blakely land near Centralia, WA

(47°N, 123°W), and a clear-cut on Timber Company land near Coos Bay, OR (43°N,

1 24°W).

Test Sites

Centralia: The midpoint elevation is 85 m (280 ft.), with an average slope of

approximately 10%, a South aspect, and a 50 year site index of 138. It was harvested

in early spring 1997 after three thinnings. 29,520 board feet/acre of Douglas-fir (70

years old), 3,000 board feet/acre of Bigleaf Maple, and 2,300 board feet/acre of Red
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Alder were removed. The site was subsequently scarified using a D-8 CAT with brush

blade in September 1997 to remove slash and an existing robust plant community.

Nine days prior to scarification the site was aerially spayed with 3 quarts accord + 3.2

ounces sylgard per acre. Soils are classified as belonging to the Rough Mountainous

Land Type, Olympic Soil Material (Pringle, 1990). The soil is a stony, colluvial, silty

clay loam of medium acidity and variable depth, derived from weathered basalt parent

material. The soil is well drained. Average annual precipitation is approximately

1182 mm (Western Regional Climate Center, 1999).

Coos Bay: The midpoint elevation is 182 m (600 ft.), with an average slope of

6%, a Southwest aspect, and a 50 year site index of 130. The site was harvested in

1995 and scarified using a D-8 CAT with a brush rake in September 1997 to remove

small stumps, slash and a vigorous population of blackberry, grass, ferns and low

growing shrubs. The soils are classified as Preacher-Bohannon loam (Hagen, 1990).

The surface soil is a loam and the subsoil is a clay loam that is deep and well-drained.

The soil is derived from sandstone parent material. Average annual precipitation is

approximately 1406 mm (Western Regional Climate Center, 1999).

Test Species and Stock Types

Five conifer species were evaluated at each location. Douglas-fir

(Pseudotsuga menziesii (Mirbel) Franco.) and western red cedar (Thuja plicata Donn.)

were common to both sites. In addition, Sitka spruce (Picea sitchensis (Bong.) Carr.),

Western hemlock (Tsuga heterophylla (Raf.) Sarg.), and redwood (Sequoia
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sempervirens (D. Don) Endi.) were planted at the Coos Bay site, and noble fir (Abies

procera Rehder), grand fir (Abies grandis (Doulg.) Forbes), and Western white pine

(Pin us monticola Dougl.) were planted at the Centralia site.

All seedlings were either P+1 or 1+1 stock types. Due to nursery delays not all

seedlings for a site were planted on the same date. At Coos Bay, the Douglas-fir,

redwood, and hemlock seedlings were planted on February 11, 1998, and the Sitka

spruce and western red cedar seedlings were planted on February 26, 1998. At

Centralia, the Douglas-fir, grand fir, noble fir, and western white pine seedlings were

planted on February 24, 1998 and the western red cedar were planted on March 6,

1998. Appendix 1 gives summary information for the seedlings used.

Treatments

Three herbicides were tested as fall site preparation treatments (pre-planting)

and four herbicides were tested as spring release treatments (post-planting). In

addition, each herbicide was tested at an operational rate and a rate equal to three

times the operational rate. Thus, six different site preparation treatments and eight

different spring release treatments were evaluated, for a total of 14 treatments. The

herbicides and rates tested are listed in Table 3.

Due to space constraints, one of the spring release herbicides (atrazine) was not

tested at Centralia, so only 12 treatments were evaluated at that site. All 14 treatments

were applied at Coos Bay.



Application Date Herbicide Rate Rate per hectare
(active ingredient)

a.i. = active ingredient, a.e. = acid equivalent
* Atrazine was not tested at Centralia due to space constraints

a.i. / product

0.75 kg/kg
0.75 kg/kg
.60 kg/kg
.60 kg/kg
0.48 kg a.e.IL
0.48 kg a.e./L
0.75 kg/kg
0.75 kg/kg
0.48 kg/L
0.48 kg/L
0.75 kg/kg
0.75 kg/kg
0.36 kg a.e./L
0.36 kg a.e./L

Rate per hectare
(product)
0.21 kg
0.63 kg
0.07 kg
0.21 kg
0.47 L
1.42 L
0.21 kg
0.63 kg
3.79 L
11.36L
2.24 kg
6.72 kg
0.30 L
0.89 L
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Herbicide applications were made with a CO2-powered backpack sprayer and

nine foot spray boom fitted with four Colorjet 80-4R nozzles. CO2 pressure was

maintained at 30 psi for all applications. Water was the carrier for all herbicide

applications. Several trial runs were conducted at each site to determine the necessary

volume of herbicide solution, and to calibrate the applicator's walking speed, to ensure

uniform coverage of a plot. All treatments were applied at 8.3 gallons per acre total

spray volume. Fall treatments were applied on October 1, 1997 at Centralia, and

October 5, 1997 at Coos Bay. Spring treatments were applied on April 7, 1998 at

Coos Bay, and April 10, 1998 at Centralia.

Table 3. Herbicide Treatments.

October '97 Sulfometuron lx 0.16kg
(Oust®) 3x 0.47 kg
Metsulfuron lx 0.04 kg
(Escort®) 3x 0.13 kg
Imazapyr lx 0.56 kg
(Arsenal®) 3x 1.68 kg

April '98 Sulfometuron lx 0.16 kg
(Oust®) 3x 0.47 kg
Atrazine* lx 4.48 kg
(Atrazine 4L®) 3x 13.44 kg
Hexazinone Ix 1.68 kg
(Velpar DF®) 3x 5.04 kg
Clopyralid Ix 0.26 kg
(Transline®) 3x 0.79 kg



Subsequent Vegetation Control

Directed glyphosate applications were made around the study seedlings at

both field sites in order to achieve a uniform (and minimal) level of competing

vegetation in all plots. Applications were made with backpack sprayers using a 2%

solution of Accord with 0.5% soy-based surfactant (PreferenceTM). Applications were

made on May 5, 1998 at Coos Bay and on May 8, 1998 at Centralia. The conifer

seedlings were not protected during this application, and some injury resulted (see

Glyphosate Damage" under "Measurements" below).

Experimental Design

A randomized complete block design with four blocks was employed at each

site (plot maps are provided in Appendix 2). Each treatment was applied to a 13.7 x

28.9 m (45 ft x 95 ft) treatment plot within each block for four replications per

treatment. Blocks contained 15 treatment plots at Coos Bay (14 treatments plus a no-

treatment control) and 13 treatment plots at Centralia (12 treatment plots plus a no-

treatment control).

Treatment plots contained 10 trees of each of five species for a total of 50

trees. Seedlings were randomly intermixed in five rows of 10 trees, with 2.7 m (9 ft.)

spacing between rows and 2.4 m (8 ft) spacing within rows. Buffer strips of 3.0 m (10

ft.) were located between plots to minimize spray drift between treatments.
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Each treatment plot also contained a 3.0 x 13.7 m (10 ft. x 45 ft.) strip on one

end in which no trees were planted. This strip was used to evaluate vegetation control

efficacy. No glyphosate treatments were applied in these strips, so that observed weed

control was caused only by the given treatment. Four fixed sampling points were

situated at nine foot spacing in each vegetation assessment strip.

A total of 3,000 trees were planted at Coos Bay (50 trees per plot x 15 plots per

block x four blocks) consisting of 600 trees of each species. At Centralia, 2,600 trees

were planted, consisting of 520 trees of each species. The total land base used at each

site was approximately six acres.

Measurements

Seedling morphological measures: Height and basal stem diameter were

measured at the beginning (May) and again at the end (September) of the first

growing season after planting. Initial and final stem volume were approximated using

the formula for cone volume:

volume ('it x r2 x h)/3

where r = seedling radius at ground level, and h total seedling height. Volume

growth was then determined by subtracting initial stem volume from final stem

volume. Height and diameter growths were calculated similarly. Relative growth

(change in volume divided by initial volume) was also calculated. However, the

correlation between volume growth and initial volume was very weak (R20.08) and

only slightly positive (slope = 0.63), so relative growth as calculated here tended to



Damage Rating Description
1 No visible damage
2 Mild lateral or terminal damage
3 Mild to moderate lateral and terminal damage
4 Severe lateral and terminal damage
5 Dead
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overcompensate for differences in initial volume. In other words, there was a negative

correlation between relative growth and initial volume. This was true with all of the

species discussed here. Consequently, relative growth was not used in assessing

treatment effects on seedling growth.

In addition, all seedlings were visually assessed and assigned a damage rating

in May 1998, as well as in September 1998. The damage rating was based on the

following 5-point scale:

Herbicide efficacy measures: Total percent ground cover and percent cover by

plant species were estimated visually at each sampling point in each vegetation

assessment area. Estimates were made in May and again in July.

Indices of species richness and species diversity were also calculated for each

vegetation assessment area. Species richness in a plot was calculated simply as the

mean number of species present in the four sampling points (Barbour et al., 1987).

The Shannon-Weaver index was used as a measure of species diversity (Barbour et al.,

1987):

S

H' (p1)(ln p)
i='

where, H' = Shannon-Weaver index of species diversity
s = mean number of species in the sampling points
p = proportion of mean total ground cover contributed by species i
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Residual competition: Despite efforts to achieve uniform vegetation control

around the seedlings in all treatment plots (outside of the vegetation assessment areas),

some variability did develop. Consequently, percent ground cover was estimated

visually in a 0.5 rn-radius circle centered around each seedling so that the effects of

competition on seedling performance could be quantified. Estimates were made on

October 5, 1998 at Coos Bay and October 13, 1998 at Centralia.

Gljphosate damage: Some seedlings were inadvertently damaged by

glyphosate at both sites (more so at Coos Bay than Centralia). To avoid confounding

from glyphosate damage all seedlings were given a glyphosate-damage rating. The

level of glyphosate damage that significantly impaired seedling performance was then

determined, and the seedlings that suffered this level of damage were removed from

the data set prior to further analysis. Details are given in Appendix 3.

Statistical Analysis

The experimental units were the treatment plots, and plot means of the

response variables (e.g., mortality, volume growth) were used in statistical

comparisons.

Mortality: Comparisons of treatment means to control means were made for

each conifer species individually. For every conifer species a large proportion of the

treatment plots had 0% mortality. The mortality data were non-normally distributed,

and no transformation could correct the problem. In addition, because of the large
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number of plots with 0% mortality, non-parametric analyses could not be used.

Consequently, randomization tests were conducted to compare mortality rates in the

controls to mortality in each treatment (Montgomery, 1997, Ramsey and Schafer,

1997). This approach does not require the assumption that the observed data are

normally distributed (Montgomery, 1997). Within blocks the data were randomly

reassigned to treatments 5,000 times. With every reassignment, F-statistics were

calculated for the control-vs.-treatment linear combinations (Ramsey and Schafer,

1997). Normally distributed populations of F-statistics were generated empirically

using the 5,000 F-statistics for each linear combination. The F-statistic for each

combination obtained using the observed data was then compared to its corresponding

population of random F-statistics, and a two-sided p-value generated as the ratio of

random F-statistics that were equal to or greater than the observed F-statistic. The

Bonferroni adjustment was used to control the experiment-wise error rate at 0.05

(Ramsey and Schafer, 1997). With this method, the comparison-wise error rate was

equal to 0.O51p, were p equals the number of comparisons being made (12 at Centralia,

14 at Coos Bay, and 21 at Peavy).

Growth and damage rating: Comparisons of treatment means to control

means were conducted for each conifer species individually. Prior to analysis, growth

data (height growth, diameter growth, and volume growth) and damage data were

assessed for constant variance and normality of distribution. In several cases a natural

log transformation of the response variable was used to correct problems with

normality. In these cases, after the final statistical comparisons were made, the data

were back-transformed to the original scale to obtain estimates of treatment medians.
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Because the data were asymmetrically distributed on the original scale, the median is

the best estimate of the center of the distribution (Montgomery, 1997). Back-

transformed confidence intervals are also asymmetrical, appropriately reflecting the

skewness of the distribution. In all cases where values are reported as medians (and

the confidence intervals are not centered on the medians) the data were transformed

prior to analysis.

Initial diameter, initial height, and initial volume were considered for use as

covariates in each comparison. In some cases, none of these variables were found to

explain a significant amount of the observed variation, and no covariate was used.

Where covariates were used, they are specified in the data tables.

Growth and damage data for each treatment were compared to the control

using one-way analysis of variance (ANOVA) with Dunnett's adjustment for multiple

comparisons (Montgomery, 1997). Dunnett's procedure controls the experiment-wise

error rate at a = 0.05 for the special case when many means are being compared to a

control mean (Miller, 1981). All comparisons were made using Statistical Analysis

Software (SAS®). The PROC MIXED procedure was used, treating block effects as

random effects and treatment effects as fixed effects. All p-values were generated

from two-sided significance tests. An ANOVA table is given below for the two field

sites (Table 4). They differ because atrazine was not tested at Centralia, but was tested

at Coos Bay.



Table 4. ANOVA Table: Field Trials.

Source df(Cpos BayLdf(Centralia)
Block 3 3
Treatment 14 12
Covariate Oorl OorI
Error 41 or 42 35 or 36
Total 59 51
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For all conifer response variables (mortality, growth, and damage), statistical

comparisons were also made for all sites combined (including Peavy Arboretum). This

is described in detail under the statistical analysis section for the Peavy Arboretum

trial. In the interests of brevity, only the findings of these combined analyses are

presented in the results section unless the results at an individual site differ from the

combined analysis. In this case the individual site results are also reported. In

addition, results from the individual site analyses are provided in Appendix 4.

Residual Competition: Plot means (for a given species) were calculated for

competition (percent ground cover around the seedlings). Treatment means for each

conifer species, and all species combined, were compared to the controls using

ANOVA with Dunnett's adjustment. The assumptions of constant variance and

normality were met so no transformations were used. No covariates were used.

To assess whether seedling growth was negatively correlated to competition,

the three growth parameters were regressed against competition for the controls of

each species. Observed values of growth and competition for each seedling in the

control plots (rather than plot means) were used for the regression. Regressions were

conducted for each site individually and for all sites combined.
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Herbicide efficacy: As with residual competition, treatment means of total live

cover and cover by species were calculated and compared to the controls using

Dunnett's multiple comparison procedure. No covariates were used.

Because no estimates of cover at the sampling points were made prior to

treatment, species comparisons were only made for those species present in all control

plots, and in at least 14 of 16 control sampling points.

Peavy Arboretum Trial

Test Site

The arboretum trial was placed in a fenced area near the Oregon State

University College of Forestry research headquarters in the MacDonald-Dunn Forest.

The study site is located at approximately 100 feet elevation, and is essentially level.

All weeds were sprayed with a 3% glyphosate solution in fall 1997, and the soils were

rototilled to achieve uniform planting beds. The site had been used previously as a

conifer nursery and the soils have been extensively modified, so no precise soil

description is available. In general, the soil is ofthejory type (Knezevich, 1975), and

is high in clay, low in organic matter, and has a pH of 5.8. One of the study blocks

(block 1) was situated on a shelf of imported sandy loam soil. Average annual

precipitation is approximately 1083 mm (Western Regional Climate Center, 1999).



Species

All of the eight species used in the two field trials were also planted in the

arboretum trial (Appendix 2). Seedlings were planted on March 3, 1998.

Treatments

All of the herbicides and rates tested in the field trials (Table 3) were tested at

Peavy. In addition, four newer herbicides were tested as fall site preparation

treatments (Table 5).

Table 5. Additional Herbicide Treatments: Peavy Arboretum.

a.i. = active ingredient, a.e. = acid equivalent

One of these herbicides, pendimethalin, was only tested at the operational rate

due to space constraints. Fall treatments were applied on September 29, 1997. Spring

release treatments were applied on April 17, 1998.
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Application Date Herbicide Rate Rate per hectare (a.i.) a.i.! product Rperhect(prcluct)
September '97 Azafenedin lx 0.56 kg 0.8 kg/kg 0.70 kg

(Milestone®) 3x 1.68 kg 0.8 kg/kg 2.10 kg
Pendimethalin lx 4.43 kg 0.39 kg/L 11.27L
(Pendulum®)
Chlorsulfuron lx 0.05 kg .75 kg/kg 0.07 kg
(Telar®) 3x 0.16 kg .75 kg/kg 0.21 kg
Imazapic lx 0.21 kg 0.24 kg a.e./L 0.88 L
(Plateau®) 3x 0.63 kg 0.24 kg a.e./L 2.63 L



Subsequent Vegetation Control

Glyphosate was applied around the seedlings in May, 1998 using a Walking

WickTM applicator, and the plots were subsequently hand-weeded in June, 1998.

Experimental Design

The study used a randomized complete block design similar to that of the field

trials. There were 21 different herbicide treatments and a no-treatment control. As

with the field trials, each treatment was applied to a separate plot. Plots were 4.3 x 5.5

m (14 ft. x 18 ft.). The plots were randomized, and replicated in four blocks. Eight

seedlings of each species were planted in each plot, for a total of 64 seedlings per plot.

Seedlings were randomly intermixed within each plot at 0.5 m spacing (1.5 ft) within

rows arid 0.6 m spacing (2.0 fi) between rows. No vegetation assessment plots were

established, and oniy herbicide phytotoxicity was assessed at this site.

Measurements

Seedling morphological measures: Seedling height and caliper were measured

in April 1998 and late September 1998. Damage ratings were made in May 1998.

Height, diameter, and volume growth were calculated as described for the field trials.

Residual COmpetition: Percent ground cover was estimated at the plot level.

A tape measure was extended diagonally across each plot and the total length of tape

41
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that rested on vegetation (as opposed to bare ground) was determined. Percent cover

was calculated as this length divided by the total length of the transect.

Statistical Analysis

Statistical assessments of growth, damage and residual competition were made

using the same procedures described for the field trials. The ANOVA table for the

Peavy Arboretum trial is provided below (Table 6).

Table 6. ANOVA Table: Peavy Arboretum Trial.

Source df
Block 3
Treatment 21
Covariate 0 or 1
Error 62 or 63
Total 87

For all conifer response variables (mortality, growth, and damage),

comparisons between treatments and controls were also made for all sites combined

(Coos Bay, Centralia, and Peavy), excluding those treatments that were only tested at

Peavy. When sites were combined, no meaningful site-by-treatment interactions were

found, so this interaction term was pooled with the error term, allowing for statistical

assessment and interpretation of the main effects (treatments and covariates). The

PROC MIXED procedure in SAS® was employed, treating both sites and blocks



nested within sites as random effects, and treatment effects as fixed effects. The

ANOVA table is provided below (Table 7).

Table 7. ANOVA Table: All Sites Combined.

In general, only the results from the pooled analyses are presented below. If

the results from an individual site differ from the results of the pooled analysis, then

these results are presented as well. In addition, all means and confidence intervals

from the individual site analyses are provided in Appendix 4.

Results

Conifer Phvtotoxicity

At the operational rate, hexazinone and sulfometuron were the only herbicides

to cause significant injury to any of the conifer species tested The hexazinone lx

treatment caused mortality in western red cedar. The spring sulfometuron lx

treatment caused mortality in grand fir, and both sulfometuron lx treatments caused

growth reductions in western red cedar. In addition, sulfometuron produced a subtle
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Source df
Site 2
Block(Site) 9
Treatment 14
Covariate o or 1
Error 145 or
Total 171



but non-significant trend of growth inhibition in five of the remaining six species.

Otherwise, none of the herbicides tested caused significant conifer injury at the

operational rate. At the 3x rate, hexazinone caused significant injury in western red

cedar, redwood, western white pine and Sitka spruce, and sulfometuron caused

significant injury in Douglas-fir, western red cedar, grand fir, and noble fir. The

spring sulfometuron 3x treatment also appeared to cause injury in western hemlock,

but the results were inconclusive. None of the other herbicides caused significant

injury to any of the conifer species tested at either rate. Results are presented by

conifer species.

Douglas-fir

Summary: None of the herbicide treatments applied at any of the sites in this

study caused significantly increased damage or reduced first-year volume growth

relative to the controls. Median volume growth in the imazapyr 3x treatment was

numerically lower than the control at all three sites, but the differences were not

statistically significant. Some sulfometuron treatments reduced height growth relative

to the controls, but not diameter or volume growth. Growth was sometimes

significantly higher than the controls in the atrazine and hexazinone treatments.

Details: None of the treatments significantly increased mortality relative to the

controls (Table 8). With all three sites combined, the metsulfuron lx treatment had

the highest mean mortality rate (9.5%) and the fall sulfometuron lx treatment had the

lowest (1.7%). Overall mortality rate for the controls was 8.4%. At Peavy, both
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Treatment

imazapyr 3x
sulfomet. lx (spring)
sulfomet. lx (fall)
control
metsulfuron lx
sulfomet. 3x (spring)
imazapyr lx
sulfomet. 3x (fall)
clopyralid 3x
atrazine lx
metsulfuron 3x
clopyralid lx
hexazinone 3x
hexazinone lx
atrazine 3x
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chlorsulfuron treatments and the pendimethalin treatment had higher mortality than

the control, but the differences were not significant. The chlorsulfuron lx treatment

induced the highest mortality (27.8%), and 23.8% of the seedlings in the chiorsulfuron

3x and pendimethalin lx treatments died, compared to 14.3% in the control.

Table 8. Volume Growth (ascending order), Mortality, and Damage by Treatment:
Douglas-fir, All Sites Combined.

Median Volume 95% conf. Mortality 95% conf. Median Damage 95% conf.

adjusted for initial height, *significantly different from the control (p < 0.05; Dunnett's)

Damage ratings for the spring sulfometuron 3x-treated seedlings were

significantly higher than the controls at Peavy, but not at the other sites. None of the

other treatments produced significantly higher damage ratings than the controls. At

Coos Bay, and with all sites combined, damage ratings were significantly lower than

the control in the atrazine 3x treatment (Table 8). .

Growth (cm3)' interval (%) interval Rating (August) interval.
1.6 0.4-3.8 4.1 +1-6.8 2.2 1.9-2.5
2.8 1.0- 6.1 6.3 +1- 6.8 2.2 1.9- 2.5
3.0 1.1-6.4 1.7 +1-6.8 2.2 1.9-2.5
3.1 1.2 - 6.8 8.4 +1- 6.8 2.4 2.0- 2.6
3.2 1.3 - 6.8 9.5 +1- 6.8 2.1 1.8 -2.4
3.3 1.3 -7.1 7.0 +1- 6.8 2.4 2.0-2.7
3.5 1.4 - 7.3 6.0 +1- 6.8 2.0 1.7 -2.3
3.5 1.4 - 7.3 2.0 ±1- 6.8 2.0 1.7 - 2.3

4.0 1.7-8.4 4.1 +1- 6.8 2.4 2.1 -2.8
4.2 1.7-9.1 8.6 -I- 7.6 2.2 1.8 -2.7
4.4 1.7 -9.0 7.0 +1- 6.8 2.1 1.8 -2.5
4.4 1.9 -9.0 7.0 +1- 6.8 2.1 1.8 - 2.4

5.4 2.5 - 10.9 5.5 +1- 6.8 1.9 1.7 -2.3
6.1 2.8 - 12.2 4.0 +7- 6.8 1.8 1.6-2.1
7.1* 3.2 - 14.7 2.5 +7- 7.6 1.6* 1.3 - 1.9
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Figure 1. Mean Height Growth by Treatment: Douglas-fir, All Sites Combined.
(Treatment abbreviations: CTL = control, A = atrazine, C = clopyralid, H
hexazinone, I = imazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring
sulfometuron, 1 = operational rate, 3 = three-times operational rate)
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After adjustment for initial height, volume growth was not significantly

reduced, relative to the control, by any of the treatments. Volume growth was the

lowest in the imazapyr 3x treatment at all three sites, but did not differ significantly

from the control. With all sites combined, median volume growth was numerically

lower than the control in the imazapyr 3x, fall sulfometuron lx , and spring

sulfometuron lx treatments, but none of the differences were statistically significant

(Table 8). Height growth, however, was significantly lower in the Spring

sulfometuron 3x treatment (p 0.0 112), and inconclusively lower in the Spring

sulfometuron lx treatment (p = 0.0738) (Figure 1). In addition, the fall sulfometuron

treatments produced the next lowest height growths of all the treatments.

16

14



With all sites combined, median volume growth was significantly greater in

the atrazine 3x treatment than in the control (p = 0.0397). Volume growth was also

numerically greater in the hexazinone lx treatment than in the controls, but the

difference was statistically inconclusive (p 0.0892). Otherwise, none of the

treatments differed significantly from the control (Table 8).

Western Red Cedar

Summary: Hexazinone caused high mortality at both treatment levels. Some

sulfometuron treatments reduced growth and caused high mortality rates at some sites.

The metsulfuron 3x treatment reduced height growth, but not volume growth in some

cases. None of the other treatments induced any discernible phytotoxic effects.

Details: Both hexazinone treatments caused mortality all sites. Across all

sites, the hexazinone 3x treatment caused 97.3% mortality and the hexazinone lx

treatment caused 79.4% mortality, compared to 11.3% in the control (Table 9). Some

sulfometuron treatments also caused mortality. At Peavy and with all sites combined,

mortality was significantly greater than the control in the Fall sulfometuron 3x

treatment (p = 0.0 105 and p 0.0042, respectively) (Figure 2). There was also

suggestive evidence that the spring sulfometuron 3x treatment caused mortality (p =

0.077 at Peavy, and p = 0.1386 for all sites combined). With all sites combined,

mortality was also numerically higher in the spring sulfometuron lx treatment than the

control, but not significantly so (Table 9). Aside from hexazinone and sulfometuron,

mortality did not differ significantly from the control in any of the other treatments.
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Table 9. Volume Growth (ascending order), Mortality, and Damage by treatment:
Western redcedar, All Sites Combined.

Treatment Median Volume 95% conf. Mortality 95% conf. Mean Damage 95% conf.

sulfomet. 3x (fall)
sulfomet. lx (fall)
hexazinone lx
sulfomet. 3x (spring)
sulfomet. lx (spring)
metsulfuron3x
metsulfuronix
hexazinone 3x
imazapyr lx
clopyralidlx
imazapyr3x
atrazine lx
control
clopyralid 3x
atrazine3x

'adjusted for initial height, *sjgnificantly different from the control (p <0.05; Dunnett's),
***slgnificantly different from the control (p < 0.0005; Dunnett's), significant1y different from the
control (p < 0.005; Bonfenoni)

(
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Figure 2. Mean Percent Mortality by Treatment: Western Red Cedar, Peavy
Arboretum. (Treatment abbreviations: CTL = control, A = atrazine, AZ = azafenidin,
C clopyralid, CH = chlorsulfuron, H = hexazinone, I = imazapyr, TM = imazapic, M
= metsulfuron, P = pendimethalin, FS fall sulfometuron, SS = spring sulfometuron,
1 = operational rate, 3 = three-times operational rate)

Growth (cm3)' interval (%) interval Rating (August) interval
2.3* 1.0-4.2 34.3 +1- 12.7 2.8 1.9 -4.1
2.4 1.1 -4.4 20.0 ±1- 12.7 2.2 1.5 -3.3
2.7 1.3 - 5.0 79.4 +1- 12.7 43*** 2.9 - 6.3
2.7 1.3 - 5.0 27.3 +1- 12.7 2.7 1.8 -4.0
2.9 1.5 - 5.3 14.2 +7- 12.7 2.4 1.7 -3.6
3.0 1.5-5.4 15.7 +7-12.7 2.3 1.5-3.3
3.4 1.7-6.0 7.8 +1- 12.7 2.0 1.4-2.9
3.4 1.1 - 8.2 97.3 +7- 12.7 5.0*** 3.4 - 7.3
3.7 1.9-6.5 3.8 +7- 12.7 1.9 1.3 -2.7
3.9 2.1-6.9 5.1 +1- 12.7 2.1 1.4-3.1
3.9 2.1-6.9 8.3 +1- 12.7 2.1 1.4-3.1
4.2 2.1 - 7.6 10.4 +1- 14.2 1.9 1.3 -2.9
4.4 2.4-7.6 11.3 +1-12.7 2.4 1.6-3.4
4.5 2.5 - 7.9 5.1 +7- 12.7 1.8 1.2 -2.6
4.6 2.4-8.2 7.1 +7-14.2 1.9 1.3-2.9



2-
0

SS3 SS1 FS3 M3 FS1 Ml Hi 3 H3 Al Ii Cl A3 CTL C3

Treatment

Figure 3. Mean Height Growth by Treatment: Western Red Cedar, All Sites
Combined. (Treatment abbreviations: CTL = control, A = atrazine, C = clopyralid, H
= hexazinone, I = imazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring
sulfometuron, 1 = operational rate, 3 = three-times operational rate)
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Damage ratings were significantly greater in both hexazinone treatments than

the controls (p <0.0005) (Table 9). At Centralia, the fall sulfometuron 3x treatment

also produced significantly higher damage ratings than the control (p 0.0047). None

of the other treatments differed from the controls (Table 9).

With all sites combined, height growth was significantly reduced, relative to

the controls, in all four sulfometuron treatments, as well as the metsulfuron 3x

treatment (p < 0.03) (Figure 3). Mean height growth, after adjustment for initial

diameter, was 8.3cm less in the spring sulfometuron 3x treatment than in the controls.
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After adjustment for initial height, the fall sulfometuron 3x treated seedlings

also showed significantly reduced median volume growth relative to the controls (p =

0.03 14) (Table 9), and there was highly suggestive evidence that the fall sulfometuron

lx treatment reduced volume growth as well (p = 0.0506). None of the other

treatments differed significantly from the controls. It should be noted, however, that

most hexazinone-treated seedlings died, so that growth estimates for these treatments

are based on a small number of surviving seedlings. The greatest volume growth

occurred in the atrãzine 3x and clopyralid 3x treated seedlings (Table 9).

Redwood

Summary: Hexazinone caused mortality at the high treatment level. Mortality

was also high in the hexazinone lx treatment, but not distinguishable from the control.

None of the other treatments produced any distinct phytotoxic effects. Volume growth

was dramatically greater than the control in the atrazine 3x treatment.

Details: Hexazinone significantly increased mortality at the high treatment

rate (p = 0.01 for all sites combined) (Table 10). Ninety four percent of all hexazinone

3x-treated seedlings died. With all sites combined, mortality was high in the

hexazinone lx treatment as well (51.0%), but was not significantly higher than the

control (46.2%). The atrazine 3x treatment produced the lowest mortality across all

sites (10.8%).



Table 10. Volume Growth (ascending order), Mortality, and Damage by Treatment:
Redwood, All Sites Combined.

'adjusted for initial volume, *significantly different from the control (p < 0.05; Dunnett's),
***significantly different from the control (p <0.0005; Dunnett's), significantly different from the
control (p < 0.05; Bonferroni), significantly different from the control (p <0.005; Bonferroni)

Damage ratings were significantly higher in the hexazinone 3x treatment than

the control at Coos Bay (p = 0.0005), and significantly higher in both hexazinone

treatments at Peavy (p <0.03). At Peavy, mean damage ratings were 3.4 and 4.2 in

the hexazinone lx and hexazinone 3x treatments, respectively, and 2.3 in the control.

Otherwise, damage ratings were lower or not significantly different from the control in

any of the treatments.

None of the treatments significantly reduced growth relative to the control

(Table 10). However, there was weak evidence that some sulfometuron treatments

were causing reduced growth. For all sites combined, volume growth was lowest in

the spring sulfometuron 3x treatment, but not significantly lower than the control.
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Treatment Mean Volume 95% conf. Mortality 95% conf. Median Damage 95% conf.
Growth (cm3) interval (%) interval Rating (August)1 interval

sulfomet.3x(spring) 1.1 +/-4.2 43.1 +/-38.1 2.8 2.4-3.2
control 1.3 +/-4.2 46,2 +1- 38.1 3.0 2.6 - 3.5
metsulfuron3x 1.4 +/-4.2 45,5 +/-38.1 2.6 2.2-3.0
hexazinone lx 1.7 +/-4.2 51.0 +1- 38.1 3.3 2.8 - 3.8
imazapyr3x 1.8 +/-4.2 36.3 +/-38.1 2.3 2.0-2.6
sulfomet. lx (spring) 2.1 +/-4.2 32.8 +1- 38.1 2.8 2.4 - 3.2
clopyralid3x 2.2 +1-4.2 31.6 +1-38.1 3.0 2.6-3.4
sulfomet. lx(fall) 2.3 +1-4.2 44.8 +1-38.1 2.7 2.3-3.1
metsulfuronlx 2.5 +1-4.2 21.6 +1-38.1 2.5 2.2-2.9
atrazine lx 2.8 +/-4.2 22.7 i-I- 38.1 2.2 1.9 - 2.6

suifomet. 3x (fall) 2.9 +7-4.2 30.4 +7- 38.1 2.2* 1.9 -2.6
clopyralidix 3.1 +7-4.2 28.9 +7-38.1 2.2 1.9-2.5
hexazinone 3x 3.4 +1-4.2 94.2 +1- 38.1 4.8*** 4.2 - 5.6
imazapyr lx 5.1* +7-4.2 29.4 +7- 38.1 2.3 2.0 - 2.6
atrazine3x 77*** +1-4.2 10.8k +7-38.1 1.8 1.5 -2.1



Height growth was also numerically but not significantly lower than the control in the

spring sulfometuron 3x treatment and both fall sulfometuron treatments (Figure 4).

The imazapyr 3x and metsulfuron lx treatments also produced numerically lower

height growth than the control (Figure 4). With both sites combined, volume growth

was significantly greater than the control in the atrazine 3x and imazapyr lx

treatments (p <0.0001 and p = 0.0177 respectively).
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Figure 4. Mean Height Growth by Treatment: Redwood, All Sites Combined.
(Treatment abbreviations: CTL = control, A = atrazine, C = clopyralid, H =
hexazinone, I = imazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring
sulfometuron, I operational rate, 3 = three-times operational rate)

Sit/ca Spruce

Summwy: Mortality was numerically higher than the control in the hexazinone

3x plots at Peavy, and significantly higher at Coos Bay, and June damage ratings were

significantly higher than the control in the hexazinone 3x plots at Peavy. None of the

II HI H3 A3
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control
clopyralidix
metsulfuronix
imazapyr 3x
sulfomet. 3x (spring)
clopyralid 3x
hexazinone lx
sulfomet. lx (spring)
sulfomet. 3x (fall)
sulfomet. lx (fall)
imazapyr lx
atrazine lx
metsulfuron3x
hexazinone 3x
atrazine3x

'adjusted for initial diameter, *signjficantly different from the control (p <0.05; Duimett's)
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other treatments applied in this study produced any discernible phytotoxic responses in

Sitka spruce.

Details: The hexazinone 3x treatment had the highest mortality across both

sites, and was significantly higher than the control at Coos Bay (p = 0.0028). With all

sites combined, 26.5% of all spruce seedlings died in the hexazinone 3x treatment,

versus 17.2% of the controls. With both sites combined, the hexazinone lx treatment

produced the lowest mortality rate (5.1%) (Table 11). The chlorsulfuron 3x treatment

caused the highest mortality at Peavy (50.0%), but was not significantly greater than

the control (34.4%) (p = 0.38).

Table 11. Volume Growth (ascending order), Mortality, and Damage by Treatment:
Sitka Spruce, All Sites Combined.

1.0

1.1

1.1

0.5 - 1.7
0.6-1.8
0.6-1.8

17.2

18.8

23.4

+7- 28.5

+1-28.5
+/-28.5

2.1

2.1

1.9

+! 0.4
+1-0.4
+104

1.3 0.7 -2.1 10.9 +1- 28.5 1.6 +7- 0.4

1.5 0.9 - 2.3 14.1 +1- 28.5 2.2 +7- 0.4

1.6 1.0 - 2.5 15.6 +1- 28.5 2.0 +7- 0.4

1.6 1.0-2.5 5.1 +7- 28.5 1.6 +7- 0.4

1.6 0.9-2.4 11.5 +1- 28.5 1.6 +7-0.4
1.6 0.9 -2.4 7.8 +7- 28.5 1.7 +7- 0.4

1.7 1.0-2.6 7.1 +7-28.5 1.7 +7-0.4
1.8 1.1 -2.8 7.8 +7- 28.5 1.7 +7- 0.4

2.0 1.2 -2.9 17.2 +7- 28.5 1.6 +1- 0.4

2.0 1.2-3.0 21.9 +1-28.5 1.9 +7-0.4
2.1* 1.4 -3.1 26.5 +7- 28.5 2.3 +7- 0.4
2.2* 1.4-3.3 17.0 +1-28.5 1.8 +7-0.4

Treatment Median Volume 95% conf. Mortality 95% conf. Mean Damage 95% conf.
Growth (cm3)' interval (%) interval Rating (August) interval
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The hexazinone 3x treatment produced significantly higher damage ratings

than the control at Peavy (p <0.0001), and numerically but not significantly higher

damage ratings at Coos Bay. None of the other treatments differed significantly from

the control (Table 11).

None of the growth parameters were significantly reduced relative to the

controls in any of the treatments (Table 11). With both sites combined, median

volume growth was significantly greater in the atrazine 3x treatment (p = 0.0245) and

the hexazinone 3x treatment (p = 0.0392) than in the control (after adjustment for

initial diameter). At Coos Bay, growth was also significantly greater in the atrazine lx

and hexazinone lx treatments (p = 0.033, 0.0.032, respectively).

Western Hemlock

Summaiy: The spring sulfometuron 3x treatment produced the greatest

mortality and visible damage, and the second lowest growth, but none of these

parameters were significantly different from the control. Otherwise, none of the

treatments applied in this study produced definitive phytotoxic responses in Western

hemlock. Mortality due to transplant shock, however, was too high across all plots at

Peavy to assess phytotoxic effects there.

Details: At Coos Bay, mortality was highest in the spring sulfometuron 3x

treatment, but was not significantly greater than the control (Table 12). 52.8% of the

spring sulfometuron 3x-treated seedlings died, compared to 22.4% of the controls. At



clopyralid 3x
sulfomet. 3x (spring)
metsulfuron 3x
sulfomet. lx (fall)
sulfomet. 3x (fall)
control
atrazine lx
clopyralid lx
sulfomet. Ix (spring)
metsulfuron lx
imazapyr 3x
hexazinone 3x
hexazinone lx
imazapyr lx
atrazine 3x

2.2 +/- 2.8 23.6 +1- 23.2 1.8 1.3 - 2.3
2.6 +1- 2.8 52.8 ±1- 23.2 2.6 2.0-3.5
2.9 +1-2.8 35.4 +/-23.2 1.8 1.4-2.4
3.4 +1- 2.8 32.6 +1- 23.2 2.0 1.5 - 2.7

3.7 +1- 2.8 19.4 +1- 23.2 2.0 1.5 -2.6
3.7 +1- 2.8 22.4 +1- 23.2 2.1 1.6-2.7
4.2 +1- 2.8 31.7 +1- 23.2 2.0 1.5 -2.7
4.5 +/-2.8 8.4 +/-23.2 1.6 1.2-2.1
4.7 +1- 2.8 23.7 +1- 23.2 1.7 1.3 -2.3
4.8 +1- 2.8 25.6 +1- 23.2 1.9 1.4 - 2.5
4.8 +1- 2.8 15.0 +1- 23.2 1.5 1.2 -2.0
6.1 +1- 2.8 27.5 +1- 23.2 2.0 1.5 - 2.7

6.6 +/-2.8 6.1 +/-23.2 1.5 1.2-2.0
8.6 +1- 2.8 2.5 +1- 23.2 1,5 1.1 - 1.9

9.1 +1-2.8 0.0 +1-23.2 1.5 1.1-1.9
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Peavy, the overall hemlock mortality rate was 77.5% (83.8% in the controls), making

assessments of herbicide effects unfeasible at this site.

Table 12. Volume Growth (ascending order), Mortality, and Damage by Treatment:
Western Hemlock, Coos Bay.

The spring sulfometuron 3x seedlings had the highest median damage rating,

but none of the treatments differed significantly from the control (Table 12).

Mean volume growth was not significantly reduced, relative to the controls, in

any of the treatments. The clopyralid 3x treatment produced the lowest volume

growth, followed by the spring sulfometuron 3x treatment (Table 12). There was

some evidence that volume growth was significantly greater in the atrazine 3x

treatment than the control (p = 0.060 1).

Treatment Mean Volume 95% conf. Mortality 95% conf. Median Damage 95% conf.
Growth (cm3) interval (%) interval Rating (August) interval



Grand Fir

Summary: The fall sulfometuron 3x treatment caused growth reduction and

increased mortality in grand fir. The spring sulfometuron treatments also caused

elevated mortality rates but no significant growth reduction in the survivors.

Otherwise, none of the treatments produced discernable phytotoxic effects in grand fir.

Details: With both sites combined, mortality was significantly higher than the

control in the spring sulfometuron 3x treatment (p < 0.005), the fall sulfometuron 3x

treatment (p < 0.005), and the spring sulfometuron lx treatment (p = 0.011) (Table

13). None of the other treatments induced significantly elevated mortality rates.

Table 13. Volume Growth (ascending order), Mortality, and Damage by Treatment:
Grand Fir, All Sites Combined.

Mean Volume 95% conf. Mortality 95% conf Median damage 95% conf.
intea1 (%) inteal (August) intea1rating

Treatment

sulfomet. 3x (fall)
metsulfuron 3x
sulfomet. lx (spring)
atrazine lx
metsulfuron lx
sulfomet. lx (fall)
imazapyr 3x
sulfomet. 3x (spring)
imazapyr lx
clopyralid lx
hexazinone lx
clopyralid 3x
control
atrazine 3x
hexazinone 3x
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*significantly different from the control (p < 0.05; Dunnett's), **sjgnificantly different from the control
(p <0.005; Dunnett's), significantly different from the control (p < 0.05; Bonferroni), significantly
different from the control (p < 0.005; Bonferroni)

2.2* +1-2.3 24.1 +1- 11.1 2.4 2.1 -2.9
3.4 +1-2.3 8.4 +1- 11.1 2.2 1.8-2.6
3.5 +/-2.3 18.3k +/-11.1 1.9 1.6-1.3
3.9 +/-2.8 4.0 +1- 11.1

N/A

3.9 +/-2.3 3.0 +1-11.1 2.1 1.8-2.5
3.9 +/-2.3 7.8 +1-11.1 1.8 1.5-2.1
4.0 +/-2.3 0.0 -f-I- 11.1 1.8 1.5-2.2
4.3 +1-2.3 3l.5 ±1- 11.1 2.9** 2.4-3.4
4.4 +1-2.3 0.0 +1-11.1 1.8 1.5-2.1
4.7 +1-2.3 9.0 +1-11.1 1.8 1.5-2.1
4.7 +1-2.3 4.4 +1- 11.1 1.6 1.3-1.9
5.1 +1-2.3 5.9 +/-11.1 1.9 1.6-2.2
5.2 +1-2.3 0.0 +/-11.1 1.8 1.6-2.2
5.7 +/-2.8 4.0 +7-11.1 N/A

7.6 +/-2.3 8.9 +7-11.1 1.3* 1.1-1.5
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Figure 5. Mean Height Growth by Treatment: Grand Fir, All Sites Combined.
(Treatment abbreviations: CTL = control, A = atrazine, C = clopyralid, H
hexazinone, I = imazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring
sulfometuron, 1 = operational rate, 3 = three-times operational rate)
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August damage ratings were significantly higher in the spring sulfometuron 3x

treatment than the control (p = 0.0034) (Table 13). Damage ratings were significantly

lower than the control in the hexazinone 3x treatment (p = 0.0332). Damage ratings

did not differ significantly from the control in any of the treatments at Peavy.

With all data combined, mean height growth (p 0.0337) and mean volume

growth (p = 0.03 80) were significantly reduced in the fall sulfometuron 3x treatment

relative to the control (Figure 5 and Table 13). None of the other treatments differed

significantly from the control. At Centralia, volume growth was the lowest in the fall

sulfometuron lx treatment, though not significantly lower than the control.

18

16



Noble Fir

Summary: The sulfometuron treatments caused the highest mortality rates at

Centralia. None of the treatments significantly reduced growth relative to the controls,

but there was inconclusive evidence of growth reduction in the fall sulfometuron

treatments.

Details: Mortality was significantly higher than the control in the spring

sulfometuron 3x treatment at Centralia (p 0.0036) and numerically but not

significantly higher at Peavy and with both sites combined (Table 14).

Table 14. Volume Growth (ascending order), Mortality, and Damage by Treatment:
Noble Fir, All Sites Combined.
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Treatment Mean Volume 95% conf. Mortality 95% conf.

sulfomet. lx (fall)
sulfomet. 3x (fall)
metsulfuronix
atrazineix
imazapyr 3x
sulfomet. lx (spring)
clopyralid lx
imazapyr Ix
sulfomet. 3x (spring)
control
metsulfuron 3x
atrazine 3x
clopyralid3x
hexazinone 3x
hexazinone lx

Mean Damage 95% conf.

1adjusted for initial height, **significantly different from the control (p < 0.005; Dunnett's), '''data not
available

Growth (cm3) interval (%) interval Rating (Auust)1 interval
0.0 +1- 0.6 22.2 +1- 33.0 2.6 +7-0.5

0.0 +1- 0.6 31.8 +7- 33.0 2.8

0.4 +1-0.6 35.3 +1-33.0 2.5 +1- 0.5

0.6 +/-0.8 51.8 +/-36.0 N/A

0.6 +1- 0.6 26.8 +7- 33.0 2.1 +1-0.5

0.6 +1- 0.6 38.7 +7- 33.0 2.7 +7-0.5
0.7 +1- 0.6 17.6 +7- 33.0 2.3 +1-0.5
0.7 +1- 0.6 20.8 +1- 33.0 2.2 +7-0.5
0.7 +7- 0.6 42.5 +1- 33.0 34** +1- 0.5

0.8 +7-0.6 21.8 +/-33.0 2.1 +1-0.5
1.0 +1- 0.6 27.9 +1- 33.0 2.3 +1- 0.5

1.1 +7- 0.8 9.4 +1- 36.0 N/A

1.1 +/-0.6 23,4 +/-33.0 2.6 +7-0.5
1.2 +1- 0.6 18.2 +7- 33.0 2.3 +7-0.5

1.4 +1- 0.6 21.5 +7- 33.0 2.0 +7-0.5
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Mortality was also higher than the control in the spring sulfometuron lx

treatment, both fall sulfometuron treatments, and both metsulfuron treatments, but the

differences were not statistically significant (Table 14). The atrazine lx treatment

produced the highest mortality at Peavy, but this appears to be an anomaly because the

atrazine 3x treatment produced the lowest mortality.

August damage ratings were significantly higher in the spring sulfometuron 3x

treatment than the control at Centralia and with both sites combined (p = 0.0020).

None of the other treatments differed in mean damage rating from the control.

Overall, volume growth was low (0.7 cm3 averaged across all treatments and

sites) and did not differ significantly from the control in any of the treatments (Table

14). At Peavy, and with both sites combined, volume growth was lowest in the fall

sulfometuron lx and fall sulfometuron 3x treatments (0.0 cm3), but neither differed

significantly from the control. Mean volume growth was significantly greater in both

hexazinone treatments than the control at Centralia (p = 0.0046 for hexazinone lx and

p = 0.0242 for hexazinone 3x). After accounting for initial volume, volume growth

was estimated to be 1.8 cm3 greater in the hexazinone lx plot than the controls (0.5 to

3.2 cm3) and 1.5 cm3 greater in the hexazinone 3x plots than the controls (0.1 to 2.8

cm3). Otherwise none of the treatments differed significantly from the control.

Western white pine

Summary: The hexazinone 3x treatment induced high mortality rates. Growth

was numerically but not significantly lower than the control in both imazapyr



Treatment

imazapyr 3x
sulfomet. lx (fall)
sulfomet. 3x (fall)
atrazine lx
imazapyr lx
clopyralid lx
metsulfuron Ix
sulfomet. 3x (spring)
hexazinone 3x
metsulfuron 3x
sulfomet. lx (spring)
control
clopyralid 3x
hexazinone lx
atrazine 3x

adjusted for initial diameter, ***significantly different from the control (p <0.0005; Dunnett's),
significantly different from the control (p <0.005; Bonferroni), data not available
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treatments at both sites. Growth was also numerically but not significantly lower in

the sulfometuron treatments. None of the other treatments caused discernible

phytotoxic responses.

Details: Mortality was significantly higher in the hexazinone 3x treatment

than the control at both sites (p - 0.00 12 at Centralia). At Centralia, 44.2% of the

hexazinone 3x-treated seedlings died, while none of the controls died. With all sites

combined, 50.4% of the seedlings in the hexazinone 3x treatment died, compared to

1.6% of the controls. The hexazinone lx treatment produced the next highest

mortality rate (9.6% for both sites combined) but did not differ significantly from the

control (Table 15).

Table 15. Volume Growth (ascending order), Mortality, and Damage by Treatment:
Western White Pine, All Sites Combined.

0.7 ±7- 0.4 4.7 +1-7.0 1.8 1.4-2.3
0.8 +7- 0.4 5.9 +7-7.0 1.9 1.5-2.4
0.8 ±1- 0.4 3.1 +1- 7.0 1.8 1.4-2.2
0.9 +1- 0.5 3.1 +1- 9.6 N/A

1.0 +1- 0.4 1.6 +1- 7.0 1.5 1.2-1.9
1.1 +1- 0.4 4.1 +7- 7.0 1.9 1.5-2.4
1.1 +1- 0.4 2.5 +7- 7.0 1.9 1.5 -2.4
1.1 +1- 0.4 7.0 +7- 7.0 2.0 1.6-2.5
1.2 +7- 0.4 50.4 +7- 7.0 33*** 2.6-4.2
1.2. +7- 0.4 3.6 +7- 7.0 1.6 1.3-2.0
1.2 +7- 0.4 1.8 +1- 7.0 1.5 1.2 - 1.9
1.3 +7- 0.4 1.6 +1- 7.0 1.9 1.5 -2.3
1.4 +1- 0.4 1.1 +1- 7.0 1.9 1.5-2.4
1.4 +1- 0.4 9.6 +1- 7.0 1.9 1.5-2.4
1.9 +7- 0.5 3.6 +1- 9.6

N/A

Mean Volume 95% conf. Mortality 95% conf. Median Damage 95% conf.
Growth (cm3) interval interval
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Damage ratings were significantly higher in the hexazinone 3x treatment than

the control (p = 0.001 at both sites) (Table 15). None of the other treatments differed

in mean damage rating from the control.

None of the treatments differed significantly from the control in height growth

or volume growth. At both sites, volume growth was lower in the imazapyr treatments

than the control, and with both sites combined, the imazapyr 3x treatment produced

the lowest volume growth, but none differed significantly from the control (Table 15).

Residual Competition

Despite efforts to achieve uniform levels of competition in all treatment plots

(via directed glyphosate applications), some differences in residual competition

developed across treatments (residual competition is used here to describe percent live

ground cover around the seedlings, not the ground cover in the vegetation assessment

strips). At Coos Bay, the site with the greatest variability in residual competition,

treatment means ranged from 9% (hexazinone 3x) to 38% (control) (Table 16).

Residual competition was consistently lower in the hexazinone 3x treatment than in

the control for all species and sites (Table 13). None of the other treatments produced

significantly lower residual competition than the controls across all species, but the

hexazinone lx, fall sulfometuron 3x and atrazine 3x treatments were all lower for

some species and sites.



Table 16. Residual Competition (% Cover) by Treatment. All Species Combined.

Treatment

control
metsulfuron lx
clopyralid lx
atrazine lx
clopyralid 3x
metsulfuron 3x
imazapyr 3x
imazapyr lx
sulfometuron lx (spring)
sulfometuron lx (fall)
sulfometuron 3x (spring)
atrazine 3x
hexazinone lx
sulfometuron 3x (fall)
hexazinone 3x

Occasionally, growth was significantly greater than the control under

treatments that had significantly reduced residual competition, suggesting that

variability in competition was confounding seedling responses to the herbicide

treatments. Therefore, using an approach similar to that of Newton and Overton

(1973), seedling growth in the control plots was regressed on residual competition in

order to assess the effects of competition on seedling performance (independent of

direct herbicide effects).

For Douglas-fir, the regression of volume growth on competition showed a

minimal correlation between the two parameters (R2 = 0.047) that was actually

slightly positive (slope = 0.08 cm3/%). Height growth was even more positively

correlated to competition (slope = 0.1148 cm/%), and diameter growth showed
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Centralia

% 95%
Cover C.I.

Coos Bay

% 95%
Cover C.I.

Peavy

% -°'/'°

Cover CI.

All Sites
Combined
% °'/'°

Cover CI.
22 +7- 6 38 +7- 8 32 +7- 13 31 +1- 5

23 +7- 6 32 +7- 8 34 +7- 13 30 +1- 5

22 +7- 6 37 +7- 8 28 +7- 13 29 +7- 5

28 +1- 8 32 +7- 13 29 +7- 6

25 +7- 6 33 +1- 8 27 +7- 13 28 +1- 5

24 +7- 6 33 +7- 8 27 +7- 13 28 +1- 5

22 +7- 6 30 +7- 8 31 +7- 13 27 +7- 5

23 +1- 6 28 +7- 8 31 +1- 13 27 +1- 5

26 +1- 6 26 +7- 8 25 +7- 13 26 +/ 5
23 +7- 6 25 +7- 8 22 +7- 13 24 +7- 5

22 +7- 6 25 +7- 8 19 +7- 13 22 +7- 5

22 +7- 8 24 +7- 13 21 +7- 6

18 +7- 6 26 +7- 8 18 ±7- 13 21 +7-5
20 +7- 6 17 ±7- 8 24 +7- 13 20 +/ 5
10 +7- 6 9 +7- 8 15 +7- 13 11 +7-5
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essentially no correlation (R2 < 0.000 1). Similar correlations were observed with

cedar, spruce, and grand fir. For redwood, hemlock, noble fir, and white pine, the

correlations were again weak (R2 < 0.1), but slightly negative (-0.01 to 0.05 cm3/%

for volume growth). The range of competition levels represented in the regressions

was generally 10% to 70%, which encompasses the range of competition levels

observed in the different treatment plots. Thus, there appears to be little relationship

between the observed residual competition and seedling growth.

Vegetation Control

General Description of Plant Communities

Both sites were nearly free of vegetation at the time of planting in early spring,

and primarily herbaceous plant communities developed at both sites. At Coos Bay, 42

different plant species were identified. Grass, sheep sorrel (Rurnex acetosella), cat's

ear (Hyphocaeris radicata), and Mexican hedge nettle (Stachys mexicana) were the

predominant species. In June, Senecio species (mainly Senecio vulgaris, with some S.

sylvaticus), trailing blackberry (Rubus ursinus), minor's lettuce (Mon tia siberica), bull

thistle (Cirsiuin vulgaris), and collomia (Collomia heterophylla) were also common.

By August, most of the Montia siberica had disappeared, and Rubus ursinus,

Hyphocaeris radicata and Cirsium vulgaris cover had increased. Mean percent

ground cover across all vegetation assessment plots was 37% in June and 40% in

August.
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The plant community at Centralia was more diverse. A total of 67 plant

species were identified. The major species present on the site in June were bull thistle

(Cirsium vulgaris), bedstraw (Galium trflorum), grass, ox-eye daisy (Chrysanthemum

leucanthum), trailing blackberry (Rubus ursinus), and groundsels (Senecio sylvaticus

and S. vulgaris). Cirsium vulgaris was the most evenly distributed. Son chus species,

Trifolium species, Canada thistle (Cirsium arvensis) and sword fern (Polystichum

munitum) were also significant components of the plant community.

In August, approximately 70% of the Galium trfolium and 25% of the grass

had died back while Rubus ursinus and Cirsium vulgaris cover had increased slightly,

resulting in an overall decrease in ground cover. Chrysanthemum leucanthum,

Sonchus arvensis, Cirsium arvense, and Polystichum munitum, meanwhile, continued

to be lesser but significant components. The remaining species were relatively minor

components of the overall community, usually with localized distributions.

Several shrub species in addition to trailing blackberry were present at both

sites, but formed a minor component of the plant communities. At both sites, these

included salmonberry (Rubus spectabalis), elderberry (Sam bucus racemosa), and vine

maple (Acer circinatum). In addition, Himalayan blackberry (Rubus procerus), and

evergreen blackberry (Rubus laciniatus) were present at Coos Bay, and salal

(Gaultheria shallon), hazel (Corylus corn uta), Oregon grape (Berberis nervosa),

cascara (Rhammuspurshianna), and baldhip rose (Rosa gymnocarpa) were present at

Centralia.



Total Cover

Total cover was the greatest in the control plots at both sites on both sampling

dates (Figure 6 and Figure 7). Mean percent ground cover in the controls at Coos Bay

was estimated to be 68% in June (95% confidence interval: 55% to 81%) and 64% in

August (51% to 76%). At Centralia, mean cover in the controls was estimated to be

83% in June and 61% in August. The large reduction in cover from June to August in

the Centralia control plots was due primarily to losses of Galium trifolium (7% mean

cover in June to 1% in August), Trfolium species (5% to 0%), Epilobium species (5%

to 2%), and Chrysanthemum leucanthemum (8% to 6%).
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Figure 6. Mean Percent Ground Cover by Treatment and Date: Coos Bay.
(Treatment abbreviations: CTL = control, A atrazine, C = clopyralid, H =
hexazinone, I = imazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring
sulfometuron, 1 = operational rate, 3 = three-times operational rate)
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Figure 7. Mean Percent Ground Cover by Treatment and Date: Centralia.
(Treatment abbreviations: CTL = control, C = clopyralid, H = hexazinone, I =
imazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring sulfometuron, 1 =
operational rate, 3 = three-times operational rate)

The hexazinone 3x and fall sulfometuron 3x treatments significantly reduced

cover relative to the controls on both sampling dates at both sites (p <0.003 in June

and p < 0.03 in August) (Figure 6 and Figure 7). The atrazine 3x treatment, which

was not tested at Centralia, reduced cover on both sampling dates at Coos Bay (p <

0.004 in June and p < 0.03) (Figure 6).

The hexazinone lx and fall sulfometuron lx treatments also reduced cover

relative to the control on both sampling dates at Coos Bay (p < 0.002 in June and p <

0.007 in August), and in June at Centralia (p <0.05). By August, these treatments

were not significantly lower than the control at Centralia, but this was due primarily to

the large cover reduction in the controls from June to August.
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The spring sulfometuron treatments generally reduced cover relative to the

controls in June but not August (Figure 6 and Figure 7). The spring sulfometuron 3x

treatment at Centralia was the only spring sulfometuron treatment to significantly

reduce cover relative to the control on both dates. At Coos Bay, ground cover in the

spring sulfometuron treatments increased dramatically between June and August

(Figure 6). Mean percent ground cover doubled in the spring sulfometuron 3x

treatment (from 22% in June to 44% in August), and increased by 61% for the spring

sulfometuron lx treatment (from 26% to 42%), such that neither was significantly

lower than the control by August. Ground cover in the fall sulfometuron 3x treatment

increased considerably as well, from 13% to 23%, but was still significantly lower

than the control in August. Increases in thistle cover arid Hypochaeris radicata cover

accounted for much of these changes, but the coverage of several other species

increased as well. At Centralia, cover increased from 27% to 38% in the fall

sulfometuron 3x treatment, and from 31% to 39% in the spring sulfometuron 3x

treatment. Increases in thistle cover were again largely responsible for the change.

At Coos Bay, the imazapyr lx treatment significantly reduced cover relative to

the control in June (p = 0.0 167) but not by August, and at Centralia, the clopyralid 3x

treatment did the same. At Coos Bay, cover was lower in the metsulfuron lx

treatment in August (p = 0.0 164), but not June. Cover was not lower in the

metsulfuron 3x treatments on either date.

In addition, neither of the clopyralid treatments reduced total cover at Coos

Bay, and neither of the imazapyr nor metsulfuron treatments reduced cover at
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Centralia on either sampling date. At Centralia, cover did not differ significantly from

the control in either clopyralid treatment by August.

Species Richness and Diversity

The hexazinone 3x treatment had the lowest species richness on both dates at

both sites. The sulfometuron treatments tended to have the next lowest species

richness at both sites.

In June, all four sulfometuron treatments, and both hexazinone treatments

produced significantly lower species richness than the controls at both sites. Species

richness was also significantly lower in the atrazine 3x treatment at Coos Bay (Figure

8), and in the metsulfuron 3x and clopyralid 3x treatments at Centralia. Species

richness was greatest in the control plots at both sites, but did not differ from the

control in the imazapyr, metsulfuron or clopyralid treatments at Coos Bay, or the

metsulfuron 3x, clopyralid lx, or either imazapyr treatment at Centralia.

By August, only the hexazinone 3x and fall sulfometuron 3x treatments had

significantly fewer species than the control at either site. Species richness was greater

than the controls in the clopyralid lx treatment at both sites, and in the imazapyr lx

and fall sulfometuron lx treatments at Coos Bay (Figure 8).
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Figure 8. Mean Species Richness (Number of Species Present) by Treatment and
Date: Coos Bay. (Treatment abbreviations: CTL = control, A = atrazine, C
clopyralid, H = hexazinone, I = imazapyr, M = metsulfuron, FS = fall sulfometuron,
SS = spring sulfometuron, 1 = operational rate, 3 = three-times operational rate)

In June, none of the treatments differed significantly from the control in

species diversity (Shannon-Weaver diversity index) at either site. By August there

was suggestive evidence that the Shannon-Weaver index was lower in the hexazinone

3x treatment than the control (p = 0.0686) at Coos Bay. At Centralia, diversity was

significantly lower than the control in the fall sulfometuron 3x treatment (p = 0.0223).

Otherwise none of the treatments differed from the control.

Individual Species Comparisons

Grass: At Coos Bay, median grass cover was greatest in the clopyralid 3x

o June

August
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plots (2 1%), followed by the control plots (18%) in June (Figure 9). Grass cover was
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Figure 9. Median Grass Cover by Treatment and Date: Coos Bay. (Treatment
abbreviations: CTL = control, A atrazine, C clopyralid, H = hexazinone, I =
imazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring sulforneturon, 1 =
operational rate, 3 three-times operational rate)

By August, grass cover was greatest in the control plots (24%), and was still

lowest in the fall sulfometuron 3x plots (0%) (Figure 9). Grass cover was still

significantly lower in the fall sulfometuron 3x, hexazinone 3x, and atrazine 3x, but

was no longer significantly lower in the imazapyr 3x plots. Grass cover was also

significantly lower in the fall sulfometuron lx and spring sulfometuron lx treatments
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least in the fall sulfometuron 3x plots (0%). Grass cover was significantly lower in the

fall sulfometuron 3x, hexazinone 3x, atrazine 3x, and imazapyr 3x plots than in the

control (p < 0.05). There was suggestive evidence that grass cover was reduced in the

hexazinone lx and fall sulfometuron lx treatments (p = 0.0971 and 0.0802,

respectively).
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Figure 10. Median Sheep Sorrell Cover by Treatment and Date: Coos Bay.
(Treatment abbreviations: CTL = control, A atrazine, C = clopyralid, H =
hexazinone, I = irnazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring
sulfometuron, 1 = operational rate, 3 three-times operational rate)

By August, median Rumex cover in the control plots was reduced to 7% (3% to

o June
August

71

than the control. Grass cover was not sufficient at Centralia to make treatment

comparisons.

Sheep sorrel (Rumex acetorella): At Coos Bay, sheep sorrel cover was

significantly lower than the control in the fall sulfometuron 3x, clopyralid 3x,

hexazinone 3x, spring sulfometuron lx, and atrazine 3x treatments in June (Figure 10).

There was suggestive evidence that Ruiuex acetosella cover was reduced relative to

the controls in the fall sulfometuron Ix and spring sulfometuron 3x treatments as well

(p = 0.0895 and 0.093 8, respectively).

17%). Nonetheless, cover was significantly lower in atrazine 3x, fall sulfometuron 3x,
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Figure 11. Median Groundsel Cover by Treatment: Coos Bay, June. (Treatment
abbreviations: CTL = control, A = atrazine, C = clopyralid, H = hexazinone, I
imazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring sulfometuron, 1
operational rate, 3 = three-times operational rate)
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spring sulfometuron 3x, hexazinone 3x, and clopyralid 3x treatments (Figure 10). In

addition, there was strong but inconclusive evidence that cover was reduced relative to

the controls in the hexazinone lx treatment (p= 0.0585). Again, sheep sorrel cover

was not sufficient at Centralia to make treatment comparisons.

Groundsel species (Sen ecio vulgaris and Senecio sylvaticus).' In June,

groundsel cover was reduced significantly relative to the control in every treatment

except imazapyr 3x and both atrazine treatments at Coos Bay (Figure 11), and in all

sulfometuron treatments and the clopyralid 3x treatment at Centralia (Figure 12). By

August, groundsel cover was too low to make further statistical comparisons at either

site.
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Figure 12. Median Groundsel Cover by Treatment: Centralia, June. (Treatment
abbreviations: CTL = control, C = clopyralid, H = hexazinone, I = imazapyr, M =
metsulfuron, FS = fall sulfometuron, SS = spring sulfometuron, 1 = operational rate, 3
= three-times operational rate)

Cat '.s' ear (Hypochaeris radicata): At Coos Bay, none of the treatments

differed significantly from the control in cat's ear cover. The hexazinone 3x and fall

sulfometuron 3x treatments had the lowest cat's ear cover (<1%) in June, but cover

was low in the control as well (4%) (Figure 13).

By August, mean cat's ear cover in the controls was 8% (95% confidence

interval: 3% to 21%) (Figure 13). Cover was the highest in both atrazine treatments

(10%), and lowest in the hexazinone 3x treatment (0%), followed by the fall

sulfometuron 3x treatment (2%). Only the hexazinone 3x treatment differed

significantly from the control. Cat's ear cover was insufficient at Centralia to make

treatment comparisons.

I I
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Figure 13. Median Cat's Ear Cover by Treatment and Date: Coos Bay. (Treatment
abbreviations: CTL = control, A = atrazine, C = clopyralid, H = hexazinone, I
imazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring sulfometuron, I =
operational rate, 3 = three-times operational rate)

Thistles (Cirsium vulgaris and Cirsium arvensis): Thistle cover at Centralia

was significantly lower in both clopyralid treatments than in the control on both

sampling dates (p <0.005) (Figure 14). Cover was also significantly lower than the

control in the hexazinone 3x treatment in August (p = 0.0074), and suggestively lower

in June (p = 0.0523). None of the other treatments reduced thistle cover relative to the

control on either sampling date. Thistle cover was numerically greater than the

control in the fall sulfometuron lx treatment in June, and in both fall sulfometuron

treatments in August. The metsulfuron 3x, imazapyr 3x, and spring sulfometuron lx

treatments also produced numerically greater thistle cover than the control by August

(Figure 14). Thistle cover was insufficient at Coos Bay to make treatment

comparisons.
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Centralia. (Treatment abbreviations: CTL = control, C clopyralid, H = hexazinone, I
= imazapyr, M = metsulfuron, FS = fall sulfometuron, SS = spring sulfometuron, 1 =
operational rate, 3 = three-times operational rate)

Discussion

Conifer Phytotoxicity

For the most part, the herbicides tested in this study exhibited high levels of

conifer safety. In the few cases where direct herbicide injury occurred, it was

generally only at the highest rate - a dose three times that typically applied. The one

strong exception was with hexazinone, which caused significant mortality in western

red cedar at the operational rate. Hexazinone has been shown to cause injury in cedar

before. Keipsas and Pfund (1990) observed 60% crown kill in cedar treated with 2.2

kg a.i./ha in April. We observed 79.4% mortality in cedar treated with only 1.7 kg
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Figure 14. Median (June) and Mean (August) Thistle Cover by Treatment and Date:
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a.i./ha. Sulfometuron also caused some damage (usually in the form of growth

inhibition) in several species. While the injury was rarely dramatic, the trend of

growth inhibition was consistent across several species. Thus, sulfometuron appears

to convey the greatest risk of injury of the herbicide applications tested. Other than

hexazinone and sulfometuron, none of these herbicides caused serious injury in any of

the conifer species tested.

It is possible that some injury symptoms will develop or worsen in the second

year. With cool winters and dry summers many of the herbicides tested can persist in

the soil for more than a year (Tomlin, 1994), and may continue to be absorbed by the

seedlings in the second growing season. In addition, seedlings typically experience

some level of transplant shock that negatively influences first year survival and growth

(Stjernberg, 1997, South and Zwolinski, 1997). Thus, herbicide-induced reductions in

first year growth may have been masked behind more significant reductions caused by

transplant shock. Meanwhile, because conifers exhibit determinate growth (a season's

growth is the extension of cells produced in the previous year), second year growth

could be negatively influenced by herbicides that were present in the plant when the

meristematic tissue was being produced in the first year. Assuming that the seedlings

have recovered from transplant shock by the second growing season, differences in

growth between control seedlings and those suffering growth inhibition caused by

herbicides would be more dramatic than were observed in the first year. Also, some

herbicides persist in seedlings longer than do others. Imazapyr is quite persistent,

while hexazinone is quickly metabolized. This would further contribute to differences

in seedling growth among treatments in the second year.
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Alternatively, transplant shock may have impaired seedling root growth and,

consequently, the amount of herbicide absorbed from the soil. Thus, the seedlings

may not have come into contact with the herbicides as much as a more established,

vigorous seedling would. The seedlings at the Peavy site in particular exhibited signs

of transplant shock (high initial mortality and low growth across the whole site). They

may have partially avoided exposure to the treatments, therefore, because of their low

vigor.

Nonetheless, these data show that few of these herbicides are acutely toxic to

any of the conifer species tested, even at very high application rates. As long as the

few herbicide/species combinations discussed below are avoided, therefore,

regeneration foresters have a great deal of flexibility in developing vegetation

management prescriptions with these chemicals. Following is a more detailed

discussion of the responses we observed under each herbicide treatment.

Sulfometuron: In general, sulfometuron was not seriously injurious to conifers,

hut did subtly impair several of the species tested. Significant growth reductions were

associated with one or both of the sulfometuron 3x treatments in Douglas-fir, cedar

and grand fir. These treatments appeared to impair growth in redwood, hemlock,

noble fir, and western white pine as well, although the effects were not significant.

Both operational sulfometuron treatments reduced height growth in cedar, and growth

was numerically lower under one or both of these treatments in Douglas-fir, noble fir,

and western white pine as well. With all species and sites combined, the four

sulfometuron treatments produced the lowest median volume growths of all the
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treatments (though not significantly lower than the control). Only Sitka spruce

showed no signs of growth impairment under any of the sulfometuron treatments.

This trend is made more noteworthy by the fact that the sulfometuron

treatments generally had lower residual competition than the controls. With all sites

and species combined, percent ground cover around the seedlings in the sulfometuron

treatments averaged 23%, versus 31% in the controls (Table 16). In the absence of

other causative factors, one would expect improved growth with reduced competition.

While the differences in competition did not appear to have dramatic influences on

seedling performance in general, this observation does suggest that sulfometuron-

treated seedlings may not be able to capitalize fully on site resources liberated by the

herbicide treatment.

This trend of growth inhibition has been noted before. Cole and Newton

(1989) observed reduced height growth due to spring foliar treatments of sulfometuron

in three-year old noble fir at 0.16 kg a.i./ha (2.25 oz/acre), and in three-year old

Douglas-fir treated with as little as 0.11 kg a.i./ha (1.57 oz/acre). They also observed

some growth reductions in first-year Douglas-fir when treated with 0.21 kg a.i.Iha

(3.00 oz/acre) of sulfometuron. Height growth in these seedlings was significantly

less than in seedlings treated with atrazine or hexazinone. Kelpsas and Pfund (1990)

found that sulfometuron impairs growth in Western red cedar as a release treatment at

0.21 kg a.i./ha. They observed growth reduction greater than that caused by atrazine,

but less than that caused by hexazinone.

No other reports were found regarding the effects of sulfometuron on redwood,

and our results were inconclusive. Height growth was numerically but not
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significantly lower than the control in both spring sulfometuron treatments and the fall

sulfometuron lx treatment. At Coos Bay, where redwood exhibited the best overall

performance, differences in height growth between the spring sulfometuron treatments

and the control were the most pronounced, though not significant. Given that

sulfometuron reduces growth in other species, it seems likely that some degree of

sulfometuron-induced growth inhibition is occurring here as well.

No studies were found that assessed the effects of sulfometuron in western

white pine. Muir and Zutter (1998) found no evidence of damage in loblolly or slash

pine treated with sulfometuron!hexazinone or sulfometuronlimazapyr mixes, and Muir

et al. (1998) found no evidence of damage in loblolly pine when treated with

sulfometuron alone at 0.16 kg a.iiha. We observed no significant sulfometuron injury

in western white pine even at 0.47 kg a.i./ha (fall or spring). However, growth was

usually numerically lower under the sulfometuron treatments than the control. It

seems reasonable to conclude that some degree of growth inhibition is occurring here

as well.

We observed no evidence of sulfometuron injury in Sitka spruce. No

published studies have tested sulfometuron with Sitka spruce, but there are reports of

sulfometuron-induced growth inhibition in this species. In the present study, growth

was generally low in the Sitka spruce in all treatments, which may have made

detection of growth inhibition impossible. But growth in the sulfometuron-treated

seedlings was numerically greater than in the control so our data offer no indications

that spruce are susceptible to sulfometuron injury.
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In addition to growth irthibition, we also observed increased mortality in some

species under sulfometuron treatments. At least one sulfometuron treatment caused

mortality in grand fir, noble fir and western red cedar. No other studies have observed

significant mortality in conifers as a result of sulfometuron treatment. However, with

the exception of grand fir, we observed mortality only under the high treatment level,

which is considerably higher than most other studies have used. The fact that five of

the eight species we tested did not suffer mortality even at this high rate reinforces

previous findings that sulfometuron is generally not lethal to conifers.

On the other hand, because grand fir, noble fir and western red cedar all

exhibited some degree of growth inhibition under the sulfometuron treatments, the

mortality response in these species gives further credence to the idea that these species

are especially susceptible to sulfometuron.

Grand fir suffered significant mortality under the spring sulfometuron lx, and

mortality was also high (but not quite significantly so) in noble fir under this

treatment. Cole and Newton (1989) did not detect any injury in grand fir under an

equivalent level of sulfometuron, but the seedlings in their study had been planted

three years prior to treatment, compared to two months prior in the present study.

Newton and Cole (1989) measured sulfometuron injury in Douglas-fir plantations

ranging in age from just-planted to four years. They found that the younger

plantations sustained significant injury, but that Douglas-fir tolerance to sulfometuron

increases with age. Our findings combined with those of Cole and Newton (1989)

suggest that grand fir follow a similar pattern of increasing tolerance with age. But
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first year seedlings of grand fir and noble fir appear to be quite sensitive to

sulfometuron.

No other reports were found that evaluated the effects of sulfometuron in

western hemlock. Mortality was high and growth was low in the spring sulfometuron

3x treatment (0.47 kg a.i./ha), but neither parameter differed significantly from the

control. No injury was observed at the operational rate of sulfometuron (0.16 kg

a.i./ha). These findings indicate that 0.47 kg a.i./ha of sulfometuron is the upper limit

that hemlock can tolerate, but that the operational rate is not damaging to this species.

Overall, sulfometuron has the potential to cause injury in several conifer

species, but this injury is generally mild at operational rates. No studies have

evaluated the long-term effects of sulfometuron injury in conifers (Newton and Cole,

1989). Therefore, it is unclear whether the benefits of reduced competition conferred

by sulfometuron will compensate for the costs of direct sulfometuron injury. As will

be discussed below, sulfometuron provides effective and persistent control of a broad

spectrum of plant species. If the injury caused by sulfometuron to the crop trees

constitutes only a temporary setback, then the benefits of sulfometuron likely

outweigh the costs. If, on the other hand, observed trends in conifer injury persist into

the second year and beyond, then gains in vegetation control may be more than offset

by direct herbicide injury to the conifer crop. Growth and damage measurements will

be made on the seedlings in this study for several more years, hopefully shedding light

on this subject.

We also found differences in conifer injury depending on the timing of the

sulfometuron application. In Douglas-fir, the spring applications caused visible
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damage and reduced height growth and the fall applications did not. In hemlock, the

spring sulfometuron 3x treatment appeared to cause mortality but the fall sulfometuron

treatments did not. The true firs (grand fir and noble fir) both suffer greater mortality

in the spring sulfometuron treatments than in the fall treatments, but slightly less

growth inhibition. Cedar and redwood showed equal sensitivities to both application

timings.

Other studies have compared the effects of various spring application timings

(Cole and Newton, 1989), but no studies have assessed conifer tolerance to

sulfometuron applied as a site preparation application prior to planting. Ketchum et al.

(1999) concluded that fall applications of sulfometuron are still effective in weed

control the following spring. Our data suggest that fall applications of sulfometuron

can still be injurious to some conifer species as well. Generally, however, conifer

injury is less severe with fall than with spring applications.

Metsulfuron and c/ilorsulfuron: Metsulfuron and chlorsulfuron are of the same

chemical family (sulfonylureas), and have the same mode of action (deactivating the

enzyme Acetolactate synthase), as sulfometuron (Boger and Sandmann, 1989). Both

of these herbicides produced some injury in at least one conifer species tested here, but

for the most part, conifer injury was much less with these herbicide than with

sulfometuron. Metsulfuron impaired height growth in Western red cedar at the 3x rate

(0.13 kg a.i./ha), and chlorsulfuron probably caused some mortality in Douglas-fir (at

both rates) and Sitka spruce (at the 3x rate), but the results were inconclusive.

Otherwise, neither of these herbicides induced discernible phytotoxic responses in any

of the conifer species tested.
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Cole et al. (1986) also observed little or no injury in Douglas-fir or ponderosa

pine when planted into soil treated with as much as 0.14 kg a.i.Iha of metsulfuron the

previous year. Our results expand upon their conclusion that metsulfuron can be used

safely as a site preparation treatment. With the possible exception of cedar, none of

the conifer species tested are injured by a pre-plant metsulfuron treatment. Cole et al.

(1986) observed serious injury in Douglas-fir when given a spring release treatment of

metsulfuron (0.04 kg a.i./ha or more), indicating that the herbicide is toxic in conifers

when absorbed through the foliage. This suggests that fall-applied metsulfuron either

does not persist in the soil in damaging quantities through the winter, or that it is not

effectively absorbed and translocated through conifer roots. Metsulfuron is purported

to be readily absorbed through plant roots, and readily translocated within the plant

(Ahrens, 1994). Furthermore, in the present study, metsulfuron exhibited very weak

vegetation control in the spring and summer following fall application (see below).

This would suggest that the herbicide simply did not persist in the soil into the spring

in the present study. However, metsulfuron is generally not effective against the

major plant species that occupied these study sites.

To my knowledge, no studies have been published that report on chlorsulfuron

phytotoxicity in conifers. Our findings suggest mild toxicity in Sitka spruce and

Douglas-fir, but only at high doses. Otherwise, chlorsulfuron appears to be safe for

use as a pre-plant site preparation treatment with Pacific Northwest conifer species.

Imazapyr: Imazapyr is an imidazolinone herbicide that has the same mode of

action as the sulfonylureas. At the 3x rate (1.68 kg a.i./ha) we observed a weak but

consistent trend of growth reduction in Douglas-fir and western white pine. Cole et al.
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(1986) reported some visible injury in Douglas-fir planted in March after a late-

August imazapyr application (2.24 kg a.i./ha), but did not assess growth responses.

Imazapyr is known to have residual soil activity (Ahrens, 1994), and these findings

suggest that Douglas-fir and western white pine are mildly susceptible to injury when

planted into imazapyr-treated soil. However, we observed no phytotoxic effects with

the operational rate of imazapyr (0.56 kg a.i./ha) in Douglas-fir, and Cole et al. (1986)

observed damage primarily in their highest treatment rate (2.24 kg a.i./ha), suggesting

that a standard operational site preparation application of imazapyr is safe for this

species. In western white pine growth was comparable between the two rates of

imazapyr, suggesting that this species may be slightly more susceptible than Douglas-

fir. Again, however, the evidence for growth reduction with this herbicide is

inconclusive at either rate. None of the other species tested showed any signs of

damage caused by imazapyr, even at the 3x rate.

Hexazinone: Previous studies have found hexazinone to be reasonably non-

injurious to Douglas-fir, noble fir, grand fir, and pines (Burrill et al., 1988, Cole and

Newton, 1989, White and Newton, 1983, White et al., 1990). We observed no

significant injury in Douglas-fir, western hemlock, or the true firs, but did see some

damage in western white pine, as well as cedar, redwood, and Sitka spruce. Kelpsas

and Pfund (1990) observed serious injury in cedar treated with 2.24 kg a.i./ha

hexazinone. In our study, hexazinone induced high mortality in cedar at 1.68 kg

a.i./ha, and is clearly inappropriate for use with this species. Redwood and western

white pine suffered increased mortality in the hexazinone 3x treatment (5.04 kg

a.i./ha). Mortality was also numerically but not significantly higher than the control in
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the hexazinone lx treatment for both of these species. Thus, while these species

exhibit slightly less sensitivity to hexazinone than does cedar, the risk of serious injury

to these species is high. No published studies were found that assessed redwood

sensitivity to hexazinone, but foresters who grow redwood generally avoid this

herbicide. Pines are generally considered to be tolerant of hexazinone (Burrill et al.,

1988), but Boyd et al. (1985) state that western white pine is susceptible to hexazinone

injury, and our data lend support to this conclusion. Hemlock and Sitka spruce were

generally tolerant of hexazinone, although spruce mortality was numerically higher in

the 3x treatment than in the control. We know of no published reports on hemlock or

Sitka spruce tolerance to hexazinone.

Atrazine: Of all the herbicides tested. atrazine proved to he the least injurious

to the most conifer species. No significant increases in mortality or visible damage, or

decreases in growth were observed with any conifer species in the atrazine plots. Cole

and Newton (1989) observed minor injury in first-year Douglas-fir, and Keipsas and

Pfund (1990) observed minor injury in western red cedar when treated with atrazine

(both at 4.48 kg/ha), but in both cases the damage was not significant enough to effect

survival or growth. Many other reports have found atrazine to be non-injurious to

conifers (Burrill et al., 1988, Boyd, 1986, Dimock, 1981, Cole and Newton, 1989,

Newton and Overton, 1973).

In several instances, the atrazine treatments, and to a lesser extent the

hexazinone treatments, yielded significantly greater growth than the controls. Growth

in the atrazine 3x treatment was consistently greater than in any other treatment,

including the control, for all eight conifer species. The atrazine lx treatment produced
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growth greater than the control in Douglas-fir, redwood, spruce and hemlock. With

hexazinone the trends were not as consistent, but growth was greater than the control

in at least one hexazinone treatment for every species except cedar.

Residual competition was generally somewhat less in the hexazinone and

atrazine plots than in the control plots, which probably accounts for some of this

response. Averaged across all sites and species, mean residual ground cover was 31%

in the control plots, 29% in the atrazine lx plots, 21% in the atrazine 3x plots, 21% in

the hexazinone lx plots, and 11% in the hexazinone 3x plots (Table 16).

If the growth increase in these treatments were due solely to reduced

competition, however, we would expect to see the greatest growth in the treatment

with the lowest residual competition (hexazinone 3x). Seedling growth was generally

greater, however, in the atrazine 3x plots than the hexazinone plots, suggesting that

differences in competition alone do not explain this growth response.

As discussed in the results, residual competition at the levels present in this

study did not demonstrate any consistent influence on conifer growth. Regressions of

various growth parameters by residual cover using the control seedlings showed little

or no correlation. In some instances a weakly positive correlation was observed.

These data suggest that the differences in level of residual competition among the

treatment plots caused little confounding in the assessment of direct herbicide effects.

The range of mean competition levels (10% to 40%) was probably too narrow to

significantly mask or exaggerate direct conifer responses to the herbicide treatments.

In addition, residual competition was quantified in October. Some of the

vegetation observed at this time probably germinated after the glyphosate was applied
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in May. This component of the residual vegetation would have a lesser impact than

established vegetation on the moisture status of the conifers. Therefore, the estimates

of residual competition might have overestimated the effective level of competition

faced by the seedlings.

It seems likely, therefore, that the increased growth responses of seedlings in

the hexazinone and atrazine treatments are not due solely to lower levels of

competition. Sym-triazine herbicides are generally non-injurious to conifers (Newton

and Overton, 1973), and Boyd et al. (1985) state that triazine herbicides appear to have

direct growth-stimulating effects on conifers. Peterson (1976) observed increased

photosynthesis and transpiration in Douglas-fir in the presence of low concentrations

of atrazine, and also concluded that atrazine acts as a growth promoter. In our study,

in addition to greater growth, many seedlings were visibly more vigorous in the

atrazine treatments (and to a lesser extent the hexazinone treatments) than in any of

the other plots. These observations all lend support to the idea that sym-triazines

actually promote growth in some conifers.

Clopyralid: We observed no phytotoxic responses in any of the conifer species

tested in the clopyralid treatments. Hemlock volume growth was the lowest in the

clopyralid 3x treatment (0.79 kg a.i./ha), but did not differ significantly from the

control. Cole and Newton (1988b) had previously reported no signs of injury in

Douglas-fir treated with as much as 0.60 kg/ha of clopyralid. This is the first known

reporting of clopyralid effects on the other seven species tested, and it appears to be

generally quite benign in conifers.
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Azafenedin, imazapic, and pendimethalin: None of these herbicides produced

definitive phytotoxic responses in any of the conifer species tested. The

pendimethalin treatment (4.4 kg a.i./ha) did produce the second highest mortality rate

in Douglas-fir at Peavy (23.8%), but this was not significantly higher than the control

(14.3%), and growth was not affected in the survivors. pendimethalin was not tested

at a 3x rate. No other evidence of injury was observed in any of the conifer species by

any of these treatments. Douglas-fir has previously been treated with up to 0.21 kg

a.i./ha imazapic per acre without signs of injury. Otherwise, no known studies have

evaluated these herbicides in Pacific Northwest conifer species. Our study provides

no reason to believe these herbicides are damaging to conifers as site preparation

treatments.

It should be noted that these herbicides were only tested in the Arboretum trial.

Limited replication, combined with generally poor seedling performance at this site,

make these findings equivocal. In addition, these herbicides were only tested as pre-

plant fall applications. No information is available, therefore, on whether they are

suitable for release applications. Muir and Zutter (1998) observed reduced growth in

slash pine after foliar application of 0.56 kg a.i./ha imazapic per acre. Neither

imazapic (up to 0.56 kg a.i./ha) nor azafenidin (up to 1.12 kg a.i.Iha) caused injury to

loblolly pine as a foliar application (Muir and Zutter, 1998, Muir et al., 1998). No

other studies were found that tested any of these herbicides with conifers. Each of

these herbicides requires further investigation before being employed on any large

scale in forest regeneration.



Vegetation Control

Hexazinone and sulfometuron afford the best overall weed control of the

herbicides tested here. At the operational rate, these were the only herbicides to

significantly reduce total cover and species richness relative to the controls.

Hexazinone and sulfometuron also exhibited the best control of grass, and among the

best control of the groundsel species and cat's ear. In addition, hexazinone afforded

excellent control of thistles, and sulfometuron effectively reduced sheep sorrel cover.

Hexazinone showed some degree of control for every individual species tested.

Sulfometuron showed some control of most species, but was ineffective against

thistles. Other studies have observed excellent vegetation control with these

herbicides as well (Cole and Newton, 1988b, Newton and Cole, 1989, White et al.,

1990).

Sulfometuron provided comparable or better weed control as a fall application

than as a spring application. At a given rate, total ground cover was usually lower

(though only slightly) in the fall sulfometuron treatments than in the spring

sulfometuron treatments. Cover by most of the weed species evaluated was also

generally slightly lower in the fall than in the spring treatments.

Ketchum et al. (1999) showed that fall-applied sulfometuron (0.16 kg a.i./ha)

provides good weed control the following spring, but they did not compare fall and

spring applications. Our findings suggest that a fall application of sulfometuron could

(and should) be used in place of a spring application. A site preparation prescription

commonly employed by foresters is a fall application of glyphosate and imazapyr
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followed by a spring application of sulfometuron (Ketchum et al., 1999). Adding

sulfometuron to the fall application would provide equal or better weed control, and

eliminate the costs associated with a spring application (Ketchum et al.,1999).

If the site has a thistle problem, this would not be an effective strategy. Our

data indicate that sulfometuron is less effective in controlling thistles as a fall

treatment than as a spring treatment. At Centralia, both fall sulfometuron treatment

plots had greater thistle cover than the controls, while the spring sulfometuron

treatments proved somewhat better. Newton and Cole (1989) found late spring

sulfometuron treatments afford better thistle control than early spring treatments.

Thus, a late spring sulfometuron treatment could be considerably better than a fall

treatment. In general, however, sulfometuron is not very effective in controlling

thistles, and other herbicides should be considered if thistles are a major concern.

After hexazinone and sulfometuron, atrazine afforded the best overall weed

control. The atrazine 3x treatment significantly reduced total cover as well as species

richness relative to the control. The atrazine 3x treatment also significantly reduced

grass and sheep sorrel cover.

The atrazine lx treatment was much less effective. Total cover and species

richness did not differ significantly from the control in the atrazine lx treatment.

Also, atrazine was largely ineffective against cat's ear and the groundsels at either

rate, suggesting poor control of Asteraceae species.

Previous studies have found atrazine to be more effective as a pre-emergent

than as a post-emergent treatment (Cole and Newton, 1989, Newton and Overton,

1973). We applied atrazine in April after some vegetation had germinated, so it is
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possible that atrazine's potential effectiveness was not realized in our study. We did

not test atrazine at Centralia, but it is likely that it would not have been as effective

there because the plant community had less grass and more forb cover, including a

sizeable thistle population.

Imazapyr and metsulfuron did not significantly reduce total vegetation cover

relative to the controls. In contrast, Cole and Newton (1988a), Cole et al. (1986), and

Cole and Newton (1990) all found imazapyr andlor metsulfuron to be reasonably

effective as fall site preparation treatments at comparable rates. These studies were all

conducted on shrub- and hardwood-dominated sites. In the present study, the

treatment plots were largely free of vegetation at the time of the fall applications, and

woody species never formed significant components of the plant communities.

Muir and Zutter (1998) observed good herbaceous and grass control with

imazapyr. In our study, imazapyr appeared to have some effect on grass, but aside

from the imazapyr 3x treatment in June, neither imazapyr treatment significantly

lowered grass cover relative to the control. Muir and Zutter (1998) applied imazapyr

early post-emergent in the spring. Both metsulfuron and imazapyr are more effective

as post-emergent than as pre-emergent treatments (Ahrens, 1994).

Ketchum and Rose (1998) showed metsulfuron to be largely ineffective in

controlling germination of shrub species. Our data suggest that metsulfuron and

imazapyr are ineffective in controlling germination of many herbaceous species as

well, and neither chemical appears to be very effective as a site preparation treatment

on sites that are free of vegetation at the time of application. It should be mentioned

that metsulfuron is most effective against Rubus species, and Rubus cover was minor



in this study. Thus, metsulfuron does have some utility that was not demonstrated

here.

Clopyralid afforded excellent control of thistles and most other composites, but

was ineffective against grasses. This is in agreement with other published reports

(Cole and Newton, 1988b, Devine and Vanden Born, 1985).

Conclusions

With few exceptions, the herbicides tested here produced little conifer damage,

even at very high rates. Some damage is likely to develop in the second year that was

not detected here, but acute toxicity, at the least, is minimal with most of these

herbicides. Hexazinone is inappropriate for use with cedar, and risky in conjunction

with western white pine, Sitka spruce, and redwood. Sulfometuron is likely to cause

some growth inhibition in most conifer species. Otherwise, the herbicide applications

tested here appear to be quite safe for use with these conifer species. As long as

foresters are mindful of the exceptions, these herbicides are all potentially useful tools

in managing competing vegetation.

In terms of accomplishing vegetation management objectives, hexazinone and

sulfometuron provide the greatest single-herbicide weed control. Imazapyr,

metsulfuron and clopyralid are not effective for broad-spectrum weed control, but are

efficacious as post-emergent treatments for particular weed species. Atrazine is not as

effective as hexazinone or sulfometuron, but represents perhaps the best compromise

between overall weed control efficacy and conifer safety. For sensitive conifer
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species, such as cedar, atrazine is the best single herbicide option of the chemicals we

tested.

The differences in response due to sulfometuron application timing deserve

further attention. In general, fall applications appear to afford better weed control with

less conifer injury than spring applications. Applying sulfometuron at the same time

as other fall site preparation herbicides, and thereby eliminating a separate spring

sulfometuron application, would also reduce vegetation management costs. This

should be investigated more thoroughly to determine what fall timing of sulfometuron

would optimize weed control and minimize conifer damage.

Azafenedin, pendimethalin, imazapic, and chlorsulfuron were not tested for

weed control efficacy in this study, but all demonstrated reasonable conifer safety and

deserve further attention. Based on casual observations, azafenidin appeared to offer

the best broad-spectrum weed control of these herbicides. Weed control in the

azafenidin 3x plots at Peavy was as complete as in the hexazinone 3x and

sulfometuron 3x treatments. The azafenidin lx treatment did not appear to be as

effective as the equivalent rates of hexazinone or sulfometuron, but the operational

rate that we tested was the lowest rate recommended by the label (0.56 kg a.i./ha). A

rate of 1.12 kg a.i./ha (the highest amount recommended by the manufacturer's label)

would likely provide better results. Based on other studies (Muir et al., 1998) and

these observations, azafenidin appears to have the greatest promise of these four

herbicides.

When considering these general conclusions, however, it is important to state

that the kinds of responses observed under a given herbicide treatment are influenced
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by a vast suite of factors, many of which we could not control for. Thus, others might

observe different responses with the same herbicide/species combinations because

other variables are different. These variables include various site characteristics,

herbicide application methods, and timing of application.

Among the site characteristics, the physical, chemical, and biological

properties of the soil, and the climatic conditions of the site can have pronounced

effects on the behavior of an herbicide. The rate of microbial degradation of

herbicides depends in part on soil temperature and soil moisture availability (Grover

and Cessna, 1991). The amount of herbicide absorbed by plant roots depends on the

amount of clay and organic matter present in the soil (Ahrens, 1994, Grover and

Cessna, 1991). Perhaps most importantly, the effectiveness of an herbicide for

vegetation control will depend upon the nature of the plant community that occupies a

site. For example, clopyralid will be very effective on a site dominated by thistles, but

will be essentially useless on a site dominated by grasses.

The method of application can also influence herbicide activity. Total spray

volume, drop size, and quantity and quality of surfactants can all affect the selectivity

and efficacy of herbicide treatments (Fredrickson, 1994, Fredrickson and Newton,

1998). Application timing also has pronounced effects on the kinds of responses that

will be observed. Both conifers and targeted weed species will show variable degrees

of herbicide tolerance or injury depending on the season of application (Burrill et al.,

1988).

For these reasons, the findings reported here are not universal. Caution should

be used, therefore, in applying the findings of this study to other reforestation
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operations. Nonetheless, the conclusions made here provide a useful "rough sketch"

of the kinds of species responses that can be expected with these herbicides in coastal

forest sites of the Pacific Northwest.

To conclude, the effectiveness of any herbicide prescription will depend in part

on site-specific characteristics, but this study provides a good basis for determining

what herbicides can be used to achieve vegetation management goals while

minimizing conifer injury. Following are our recommendations on what herbicides to

use for particular combinations of crop and weed species.

Recommendations

The following section provides herbicide recommendations for various

vegetation management scenarios, based on an integration of our data with the

relevant published literature and local sources. Table 17 rates the herbicides on a four-

point scale of safety for each conifer species. Table 18 rates the herbicides on a three-

point scale for various measures of weed control efficacy (effective, intermediate, and

ineffective). The fall site preparation treatments are ranked separately from the spring

release treatments. The four herbicides tested only at Peavy (azafenidin,

chlorsulfuron, imazapic, and pendimethalin) are not considered in this table because

we did not evaluate vegetation control at Peavy.



Table 17. Conifer Safety of Various Herbicide Treatments.

No damage
Growth inhibition, visible damage andlor mortality at high rates
Growth inhibition, visible damage and/or some mortality at operational rates
Extensive mortality at operational rates

Table 18. Vegetation Control Efficacy of Various Herbicide Treatments.

Effective - effective control at operational rates
Intermediate - weak control at operational rates
Ineffective - no control and possible magnification of problem due to
release from competition with other species
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conifer
SJ2eC.1e5

Douglas-fir
w. red cedar
redwood
Sitka spruce
w. hemlock
grand fir
noble fir
w. white pine

'sulfometuron and metsulfuron exhibit potential to injure these conifer species, and imazapyr is not
effective in controlling these weed species, so no recommendation is made. Some foresters use
sulfometuron with these conifer species and report oniy minor injury. Azafenedin may be a valuable
alternative for these scenarios, but insufficient information is available to recommend it at this point.
2we did not test the thistle control efficacy of chlorsulfuron, but other reports suggest it is effective
against Cirsium species. Metsulfuron is also used for thistle control with some success.

Table 20. Spring Release Herbicide Recommendations for Particular Crop/Weed
Combinations.

Weed Problem
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Finally, integrating the considerations of conifer safety and weed control

efficacy, Table 19 and Table 20 give recommendations for site preparation and release

herbicides to use when addressing a particular weed problem in a given conifer crop.

Table 19. Fall Site Preparation Herbicide Recommendations for Particular Crop/Weed
Combinations.

Weed Problem
conifer
species

various
herbaceous

grass sheep sorrel thistles groundsels
or cat's ear

Douglas-fir sulfometuron sulfometuron sulfometuron chlorsulfuron2 sulfometuron
w. red cedar imazapyr chlorsulfuron2 metsulfuron
redwood sulfometuron sulfometuron metsulfuron chlorsulfuron2 metsulfuron
Sitka spruce sulfometuron sulfometuron sulfometuron chlorsulfuron2 sulfometuron
w. hemlock sulfometuron sulfometuron sulfometuron chlorsulfuron2 sulfometuron
grand fir
noble fir

metsulfuron
imazapyr

chlorsulfuron2
chlorsulfuron2

metsulfuron

w. white pine sulfometuron sulfometuron sulfometuron chlorsulfuron2 sulfometuron

Various
hrbaceos

grass sheep
sorrel

thistles or
grounds1s

cat's ear

hexazinone hexazinone clopyralid clopyralid hexazinone
atrazine atrazine clopyralid clopyralid clopyralid
sulfometuron atrazine clopyralid clopyralid sulfometuron
hexazinone hexazinone clopyralid clopyralid hexazinone
hexazinone hexazinone clopyralid clopyralid hexazinone
hexazinone hexazinone clopyralid clopyralid hexazinone
hexazinone hexazinone clopyralid clopyralid hexazinone
sulfometuron atrazine clopyralid clopyralid sulfometuron
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Chlorsulfuron is recommended for site preparation control of thistles because

of published reports that it shows activity in Cirsium species (Devine and Vanden

Born, 1985) combined with the fact that none of the three site preparation herbicides

we tested for weed control showed much value for control of thistles. We also suggest

that azafenidin might have potential for use with noble fir to control cat's ear and

groundsel species, but stop short of recommending it for this use. Sulfometuron and

metsulfuron both exhibited potential to damage noble fir while imazapyr proved

ineffective in controlling Asteraceae weed species. Muir and Zutter (1998),

meanwhile, reported good Asteraceae control with azafenidin. Azafenedin appeared

to provide good control in our study as well, though we did not formally test this.

Thus, azafenidin looks promising, but insufficient research has been conducted to

recommend its use at this point.

For the most part, these recommendations are based primarily on our own data.

They are most applicable, therefore, to forest sites with similar plant communities (i.e.,

sites that are largely free of competing vegetation at the time of chemical site

preparation, and that will be occupied primarily by herbaceous vegetation).

In general, of the herbicides tested here, spring-applied hexazinone will

provide the best broad-spectrum weed control, followed closely by fall-applied

sulfometuron. Thus, if hexazinone is not contraindicated by conifer safety concerns, it

is the herbicide of choice for general weed control. If hexazinone has potential to

cause injury in the conifer crop then sulfometuron is recommended. For conifer crops

that are sensitive to both of these compounds (such as cedar), atrazine is a useful

alternative. For control of thistles and other composites, clopyralid appears to be an
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excellent option that is not injurious to conifers. For pre-emergent control of thistles,

the literature suggests chiorsulfuron may hold promise. We did not assess weed

control with this herbicide, but did find it to be reasonably compatible with the conifer

species tested.

To use these charts for designing an herbicide prescription for mixed species

plantations, consult Table 17 in conjunction with Table 19 and Table 20 to determine

what herbicides are safe to use with all of the conifer species you want to grow. In

terms of choosing a single herbicide for a spring release treatment, atrazine should be

the herbicide of choice if it is recommended for any of the conifer species in your

plantation, regardless of what other herbicides are recommended for the other conifer

species in the plantation. The reason for this is that atrazine is recommended for a

given conifer species only when that species is susceptible to injury by hexazinone or

sulfometuron and when clopyralid is ineffective against the target weed species.

Following this rule of thumb and consulting these tables will optimize weed control

while staying within acceptable limits of conifer injury.
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Appendix 1. Summary Information for Planting Stock
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Stock

P+l
P+l

Seed source

Seed zone 071-RW
Seedzone26l.l0.18
Seed zone 030.05

Nursery

Timber Co. - Myrtle Point
Weyerhaeuser - Aurora
Rainier

1+1 Seed zone 05 1-0.8 Phipps
Seed zone 091-1.0 Smith River

1+1 Port Blakely
Seed zone 24 1. 10.18 Weyerhaeuser-Aurora

P+1 Seed zone 24 1-3.5 Webster
P+1 Seed zone 23 1-0.2 Webster

Seed zone 422-15 Lewis River
P+1 Seed zone 071-RW Timber Co. - Myrtle Point
P+1 Seedzone26l.10.18 Weyerhaeuser-Aurora
P+1 Seed zone 030-0.5 Rainier
1+1 Seed zone 05 1-0.8 Phipps
P+1 Seed zone 091-1.0 Smith River
P+1 Seed zone 241-3.5 Webster
P+1 Seed zone 23 1-0.2 Webster
P+1 Seed zone 422-15 Lewis River

Site Species

Coos Bay Douglas-fir
western red cedar
Sitka spruce
western hemlock
redwood

Centralia Douglas-fir
western red cedar
noble fir
western white pine
grand fir

Peavy Douglas-fir
Arboretum western red cedar

Sitka spruce
western hemlock
redwood
noble fir
western white pine
grand fir
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Appendix 3. Identification and Assessment of Glyphosate-Damaged Seedlings

Some seedlings were inadvertently damaged by glyphosate at both field sites,

and visible damage symptoms developed (patches of burned foliage). These

symptoms were clearly attributable to glyphosate damage.

In order to avoid potential confounding effects from glyphosate damage, every

seedling was visually assessed and assigned a glyphosate damage rating. These

assessments were conducted at Coos Bay on June 23, 1998, and at Centralia on June

24-25, 1998. Damage ratings were assigned according to the following 6-point scale:

o = no glyphosate damage; 1 = mild lateral branch damage and no leader damage; 2 =

moderate lateral branch damage and no leader damage; 3 = moderate to severe lateral

branch damage and mild leader damage; 4 = moderate to severe lateral branch and

leader damage; and 5 = glyphosate-induced mortality.

For the Coos Bay site, a second glyphosate damage rating was assigned on

October 5, 1998. This time a two-point scale was used, with 0 indicating no visible

symptoms of glyphosate-damage, and 1 indicating visible symptoms still persisting.

After all first-year growth data were collected it was then possible to evaluate

the affects of glyphosate damage on the seedlings. Three growth measures (final first-

year volume, first-year volume growth, and first-year relative growth) were plotted

against glyphosate damage rating, to assess whether glyphosate damage negatively

impacted growth. For Douglas-fir, it appeared that seedlings assigned a glyphosate-

damage rating of three or greater grew less than those assigned a zero (Table I). An

analysis of variance F-test confirmed significant differences in growth (p = 0.000 1).



Similar assessments were made for each species at each site. Table II

summarizes the criteria used to remove seedlings from the dataset for each species,

and the number of seedlings removed for each species. Sitka Spruce was the most

widely damaged, while cedar, redwood, and noble fir were the least damaged.

Table II. Criteria for Removing Glyphosate-Damaged Seedlings.
Criteria No. seedlings removed

Coos Bay Douglas-fir gdamo > 2 82

Cedar gdam0> 1 or gdaml = 1 11

Redwood gdam0> I or gdaml = 1 8

Spruce gdamO>2 149

Hemlock gdamo > 2 50

Centralia Douglas-fir gdamo > 2 19

Cedar gdam0> 1 10

Grand Fir gdam0> 1 35

Noble Fir gdam0 > 2 11

White Pine gdamO > 2 14

gdam0 = initial glyphosate damage rating, gdaml = final glyphosate damage rating
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Those seedlings that were assigned a glyphosate damage rating of one or two

did not show significant reductions in growth relative to the undamaged seedlings.

Consequently, all Douglas-fir seedlings that received an initial glyphosate damage

rating of 3, 4 or 5 were removed from the dataset. A second analysis of variance F-

test with the smaller data set indicated no significant differences in growth among the

damage ratings. This smaller dataset was used in all further analyses. 74 of 598

Douglas-fir seedlings were removed from the dataset using these criteria.

Table I. Relative Growth by Glyphosate Damage Rating: Douglas-fir, Coos Bay.
MygpyJt Standard Error d

0 1.05 0.89 238
1 1.03 1.18 211
2 0.99 0.98 62
3 0.70 0.54 54
4 0.21 0.50 20
5 0



Appendix 4. Summary Conifer Data for Individual Sites.

Table III. Douglas-fir, Coos Bay.
Treatment Median Volume

Growth (cm3)1
imazapyr3x
sulfomet. 3x (spring)
control
clopyralid 3x
sulfomet. lx (spring)
atrazine Ix
sulfomet. 3x (fall)
clopyralid lx
sulfomet. lx (fall)
metsulfuron lx
imazapyr lx
metsulfuron 3x
hexazinone lx
hexazinone 3x
atrazine3x
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95% conf. Mortality 95% conf. Median Damage 95% conf.
Interval (%) Interval Rating (August) Interval

1adjusted for initial height, *significantly different from the control (p < 0.05; Dunnett's)

Table IV. Douglas-fir, Centralia.
Treatment Median Volume 95% conf. Mortality 95% conf. Mean Damage 95% conf.

Growth (cm3) Interval (%) Interval Rating (August) Interval
sulfomet. lx (fall)
imazapyr lx
imazapyr 3x
sulfomet. 3x (fall)
clopyralidix
metsulfuronix
sulfomet. lx (spring)
metsulfuron 3x
control
clopyralid 3x
sulfomet. 3x (spring)
hexazinone lx
hexazinone 3x

4.7 2.8 - 7.7 2.5 +1- 3.3 2.1 1.5 - 2.3
4.8 2.9- 8.0 0.0 +7- 3.3 2.4 1.9 -2.9
4.9 2.9 - 8.1 3.1 +1- 3.3 2.4 2.0- 3.0
6.4 3.9 - 10.7 0.0 +7- 3.3 2.3 1.9 -2.9
6.8 4.1-11.2 6.1 +7-3.3 2.3 1.8-2.8
8.0 4.8-13.2 3.1 +7-3.3 2.1 1.7-2.7
8.1 4.9- 13.5 0.0 +1- 3.3 1.8 1.5 -2.3
8.8 5.3 - 14.6 0.0 +1- 3.3 2.0 1.6 -2.5
8.9 5.3 - 14.7 0.0 +7- 3.3 2.2 1.7-2.7
9.2 5.5 - 15.3 0.0 +7- 3.3 1.8 1.5 -2.3
9.2 5.5 - 15.3 0.0 +7- 3.3 1.8 1.5 -2.3
9.3 5.5 - 15.5 0.0 +1- 3.3 2.1 1.7- 2.6
10.4 6.3 - 17.3 0.0 +1- 3.3 1.8 1.4 -2.2
12.9 7.6-21.8 0.0 +7-3.3 1.8 1.5-2.3
17.0* 10.2 - 281 0.0 ±7- 3.3 1.5* 1.2 - 1.9

1.2
1.3

1.5

1.7

0.4-2.3
0.5 -2.5
0.6 - 2.8
0.8 - 3.2

5.0
5.3
0.0
2.6

+1-6.7
+1- 6.7
+7- 6.7
+7- 6.7

2.4
2.4
2.3
2.4

+7-0.5
+7- 0.5

+1- 0.5
+1 0.5

1.8 0.8-3.5 4.9 +7-6.7 2.3 +7-0.5
1.9 0.9.3.5 79 +1-6.7 2.6 +7-0.5
2.0 1.0 - 3.6 0.0 +7- 6.7 2.1 +7- 0.5

2.1 1.0-3.7 5.3 +7-6.7 2.4 +1-0.5
2.1 1.0-3.7 7.7 +7- 6.7 2.3 +7- 0.5

2.2 1.1-3.9 5.6 +1-6.7 2.6 +7-0.5
2.3 1.2 -4.1 7.5 +1- 6.7 2.5 +7- 0.5

3.9 2.2 - 6.5 4.9 +1- 6.7 2.0 +7- 0.5

5.1 3.0-8.3 12.5 +7-6.7 2.3 +7-0.5



Table V. Douglas-fir, Peavy.
Treatment Mean Volume

imazapyr3x
chiorsulfuron 3x
metsulfuron lx
imazapic lx
sulfomet. lx (spring)
sulfomet. lx (fall)
hexazinone 3x
imazapyr lx
azafenidin lx
sulfomet. 3x (fall)
control
azafenidin 3x
clopyralid 3x
chiorsulfuron lx
imazapic 3x
atrazine lx
sulfomet. 3x (spring)
pendimethalin lx
atrazine 3x
metsulfuron 3x
clopyralid lx
hexazinone lx
**significantly different from the control (p < 0.005; Duxmett's)

Table VI. Western red cedar, Coos Bay.
Treatment Mean Volume 95% conf Mortality 95% conf. Mean Damage 95% conf.

hexazinone 3x
hexazinone lx
sulfomet. lx (fall)
sulfomet. 3x (spring)
metsulfuron lx
sulfomet. lx (spring)
metsulfuron3x
sulfomet. 3x (fall)
imazapyr lx
clopyralid 3x
control
clopyralid lx
atrazine lx
imazapyr3x
atrazine3x

95% conf. Mortality 95% conf. Mean Damage 95% conf.

'adjusted for initial height, ***significantly different from the control (p <0.0005; Dunnett's),
significantly different from the control (p < 0.005; Bonferroni)
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Growth (cm3) Interval (%) Interval Rating (June) Interval
1.0 9.8 +1-13.9 2.2 +/-0.3
1.4 +/-2.1 23.8 +1-13.9 2.0 +/-0.3
1.7 +/-2.1 19.6 +1- 13.9 2.1 +/-0.3
1.8 +1- 2.1 21.6 +1- 13.9 2.1 +1- 0.3

2.0 +/-2.1 12.9 +1- 13.9 2.5 +/-0.3
2.0 0.0 +1- 13.9 1.9 +/-0.3
2.1 +/-2.1 4.0 +/-13.9 2.1 +/-0.3
3.0 12.5 +1- 13.9 2.1 +/-0.3
3.1 +7-2.1 23.7 +/-13.9 2.3 +/-0.3
3.1 +1- 2.1 3.1 +1- 13.9 1.8 +1- 0.3

3.2 ±/-2.1 14.3 +7-13.9 1.9 +/-0.3
3.2 +1- 2.1 3.6 +1- 13.9 1.9 +1- 0.3

3.3 +/-2.1 6.7 +1- 13.9 2.0 +/-0.3
3.3 +/-2.1 27.8 +1- 13.9 2.0 +/-0.3
3.4 +/-2.1 5.6 +/-13.9 2.1 +/-0.3
3.5 +1- 2.1 14.3 +1- 13.9 2.2 +1- 0.3

3.6 +/- 2.1 13.5 +1- 13.9 2.7** +7- 0.3

3.8 ±1-2.1 23.8 +1- 13.9 2.3 +/-0.3
4.3 +7- 2.1 5.0 +1- 13.9 2.1 +7- 0.3

4.6 +/-2.1 15.6 +1- 13.9 2.0 ±1-0.3
4.9 +/-2.1 16.1 +1- 13.9 1.8

5.8 +/-2.1 6.7 --/- 13.9 2.1 +7-0.3

Growth (cm3)' Interval (%) Interval Rating (August) interval
--- l0O.0 +1- 3.7 5.0*** +/-0.3
3.3 +1-1.7 83.8 +/- 3.7 45*** +7-0.3

5.1 +1-1.7 2.8 +1- 3.7 1.7 +/-0.3
5.2 +/-1.7 2.5 ±1- 3.7 2.1 +/-0.3

6.0 +/-1.7 0.0 +1- 3.7 1.7 +/-0.3
6.2 +/-1.7 0.0 +7-3.7 1.9 +/-0.3
6.2 ±/-1.7 2.8 +/-3.7 1.8 +/-0.3
6.3 ±1-1.7 0.0 +1- 3.7 1.9 +/-0.3
6.4 +/-1.7 0.0 +1- 3.7 1.6 +/-0.3
6.5 +/-1.7 0.0 i-I- 3.7 1.7 +/-0.3
6.7 +1-1.7 2.5 +1- 3.7 2.0 +/-0.3
7.3 +7-1.7 5.3 +1- 3.7 1.8 +/-0.3
7.3 +/-1.7 0.0 +1- 3.7 1.6 +7-0.3

7.6 +/-1.7 0.0 +/-3.7 1.7 +/-0.3
7.9 +7-1.7 2.8 +7-3.7 1.6 +7-0.3



Table VII. Western red cedar, Centralia.
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Treatment Median Volume 95% conf. Mortality 95% conf. Mean Damage 95% conf.
Interval Rating (August) Interval

hexazinone 3x
sulfomet. 3x (fall)
sulfomet. lx (fall)
sulfomet. 3x (spring)
sulfomet. lx (spring)
clopyralid lx
metsulfuron 3x
control
hexazinone lx
metsulfuron lx
imazapyr 3x
imazapyr lx
clopyralid 3x

*significantly different from the control (p < 0.05; Duimett's), **significantly different from the control
(p <0.005; Dunnett's), ***signjficantly different from the control (p <0.0005; Dunnett's),
significantly different from the control (p <0.05; Bonferroni), significantly different from the control

(p <0.005; Bonferroni)

Table VIII. Western red cedar, Peavy.
Treatment Median Volume 95% conf. Mortality 95% conf. Mean Damage 95% conf.

Growth (cm3) Interval (%) Interval Rating (June)' Interval
hexazinone lx
sulfomet. lx (fall)
hexazinone 3x
metsulfuron3x
pendimethalin lx
sulfomet. lx (spring)
inetsulfuron lx
sulfomet.3x(spring)
sulfomet. 3x (fall)
chlorsulfuron3x
imazapyr lx
chlorsulfuron lx
imazapic 3x
imazapyr 3x
azafenidin lx
clopyralid 3x
imazapic lx
atrazine lx
control
atrazine 3x
azafenidin3x
clopyralid lx
1adjusted for initial height, ***significantly different from the control (p <0.0005; Dunnett's),
significantly different from the control (p < 0.05; Bonferroni), significantly different from the control

(p < 0.005; Bonferroni)

1.4
1.5

1.5

0.2-3.6
0.5 - 3.3
0.3 -3.9

90.6
34.8

91.9

±7- 16.5
+7- 16.5
+7- 16.5

4.1***
1.9

44***

+7 0.4
+7- 0.4

+1- 0.4

1.6 0.5-3.4 21.9 +7-16.5 1.8 +7-0.4
1.6 0.5 -3.4 2.4 +7- 16.5 1.6 +7- 0.4

1.7 0.6 -3.6 12.9 +7- 16.5 1.8 +1 0.4
1.7 0.6 -3.6 13.4 ±7- 16.5 1.8 +1 0.4
1.8 0.7-3.8 40.6 +7- 16.5 2.0 +7-0.4
1.9 0.7 - 3.9 47.8k +7- 16.5 2.1 +7- 0.4

2.0 0.8-4.1 12.5 +7- 16.5 1.4 +7-0.4
2.0 0.8-4.1 3.1 +7- 16.5 1.4 +7- 0.4

2.3 0.9 -4.6 15.6 +7- 16.5 1.3 +7- 0.4

2.5 1.0-4.9 18.8 +7- 16.5 1.3 /- 0.4
2.5 1.1 -5.0 12.5 +7- 16.5 1.3 +7- 0.4

2.7 1.2 - 5.3 9.8 +7- 16.5 1.2 +7- 0.4

3.0 1.3 - 5.8 12.5 +7- 16.5 1.4 +7- 0.4

3.0 1.4 - 5.9 12.5 +7- 16.5 1.7 +7- 0.4

3.4 1.6-6.5 15.6 +7- 16.5 1.7 +1 0.4
3.5 1.6- 6.6 6.3 +7- 16.5 1.3 +7- 0.4

3.5 1.7 - 6.7 6.3 +7- 16.5 1.4 +7- 0.4

3.7 1.8-7.0 9.4 +7- 16.5 1.1 +7-0.4
3.9 1.9 - 7.4 0.0 +7- 16.5 1.3 +7- 0.4

--- l00.0 +7- 18.2 5.0*** +1- 0.6
04* 0.1 - 1.0 55.0 +7- 18.2 4.2** +1- 0.6

1.2 0.5 - 3.4 22.4 +7- 18.2 3.0 +! 0.6
1.3 0.5 -3.6 38.9 +1- 18.2 3.6 +7- 0.6

2.0 0.7 - 5.6 29.7 +7- 18.2 3.2 +1 0.6
2.3 0.8 - 6.2 10.0 +7- 18.2 2.5 +7- 0.6

2.5 0.9 - 6.8 23.0 +1- 18.2 3.1 +7- 0.6

2.9 1.1 - 7.9 25.0 +7- 18.2 2.9 +7- 0.6

3.3 1.2 -9.1 63.9 +7- 18.2 4.1* ±1- 0.6

3.4 1.2 - 9.3 10.0 +7- 18.2 2.4 +7- 0.6

3.4 1.3 - 9.4 12.5 +7- 18.2 2.7 +7- 0.6

3.7 1.4 - 10.2 8.3 +7- 18.2 2.2 +7- 0.6

4.9 1.8 - 13.4 2.8 +7- 18.2 1.9 +7- 0.6



Table IX. Redwood, Coos Bay.
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Table X. Redwood, Peavy.

control
imazapic 3x
metsulfuron 3x
pendimethalin lx
sulfomet. 3x (spring)
metsulfuronix
imazapyr 3x
chlorsulfuron 3x
imazapic lx
hexazinone 3x
sulfomet. lx (fall)
atrazine lx
clopyralid3x
chlorsulfuron lx
clopyralid lx
hexazinone lx
imazapyr lx
azafenidin lx
azafenidin3x
sulfomet. 3x (fall)
sulfomet. lx (spring)
atrazine3x
'adjusted for initial diameter, *significantly different from the control (p <0.05; Dunnett's),
***sjgnjfjcantly different from the control (p <0.0005; Dunriett's)
'adjusted for initial diameter, *significantly different from the control (p <0.05; Dunnett's),
***sjgnjfjcantly different from the control (p <0.0005; Dunriett's)

Growth (cm3)' Interval (%) Interval Rating (June) Interval

-0.8 +7- 2.0 63.5 +7- 28.9 2.3 +7- 0.5
-0.7 +7- 2.0 45.2 +1- 28.9 2.128.9 2.1 +7- 0.5+7- 0.5

-0.3 +7- 2.0metsulfuron 3x -0.3 +7- 2.0 72.6 +7- 28.9 2.5 +7.. 0.572.6 +7- 28.9 2.5 +7.. 0.5

-0.3 +1- 2.0pendimethalin lx -0.3 +1- 2.0 20.8 +1- 28.9 2.5 +7- 0.520.8 +1- 28.9 2.5 +7- 0.5

-0.3 +1- 2.3sulfomet. 3x (spring) -0.3 +1- 2.3 74.1 +1- 28.9 2.5 +1- 0.574.1 +1- 28.9 2.5 +1- 0.5

-0.2 +1-2.3metsulfuronix -0.2 +1-2.3 28.1 +1-28.9 2.2 +10.528.1 +1-28.9 2.2 +10.5
-0.1 +1- 2.3imazapyr 3x -0.1 +1- 2.3 62.5 +1- 28.9 2.6 ±7- 0.562.5 +1- 28.9 2.6 ±7- 0.5
0.2 +1- 2.0chlorsulfuron 3x 0.2 +1- 2.0 40.2 +1- 28.9 2.7 +1 0.540.2 +1- 28.9 2.7 +1 0.5
0.3 +7- 2.0imazapic lx 0.3 +7- 2.0 32.7 +1- 28.9 2.2 +1- 0.532.7 +1- 28.9 2.2 +1- 0.5
0.4 +1- 2.8hexazinone 3x 0.4 +1- 2.8 93.3 +7- 28.9 4.2*** +1 0.593.3 +7- 28.9 4.2*** +1 0.5
0.7 +1- 2.0sulfomet. lx (fall) 0.7 +1- 2.0 74.6 +7- 28.9 2.3 +1- 0.574.6 +7- 28.9 2.3 +1- 0.5

0.8 +7- 2.0atrazine lx 0.8 +7- 2.0 35.4 +7- 28.9 2.2 +1- 0.535.4 +7- 28.9 2.2 +1- 0.5

1.0 +7-2.0clopyralid3x 1.0 +7-2.0 37.2 +7-28.9 2.0 +7-0.537.2 +7-28.9 2.0 +7-0.5
1.4 +7- 2.3chlorsulfuron lx 1.4 +7- 2.3 68.8 +7- 28.9 2.0 +7- 0.568.8 +7- 28.9 2.0 +7- 0.5
1.4 +7- 2.3clopyralid lx 1.4 +7- 2.3 44.4 +7- 28.9 2.3 +7- 0.544.4 +7- 28.9 2.3 +7- 0.5

1.4 +7- 2.3hexazinone lx 1.4 +7- 2.3 76.8 +7- 28.9 34* +7- 0.576.8 +7- 28.9 34* +7- 0.5

1.4 +7- 2.0imazapyr lx 1.4 +7- 2.0 43.8 +7- 28.9 2.1 +1- 0.543.8 +7- 28.9 2.1 +1- 0.5

1.6 +1- 2.0azafenidin lx 1.6 +1- 2.0 34.3 +1- 28.9 2.2 +7. 0.534.3 +1- 28.9 2.2 +7. 0.5

1.7 +7-2.3azafenidin3x 1.7 +7-2.3 51.3 +7-28.9 1.9 +1-0.551.3 +7-28.9 1.9 +1-0.5
1.9 +7- 2.3sulfomet. 3x (fall) 1.9 +7- 2.3 58.0 ±7- 28.9 2.3 +7- 0.558.0 ±7- 28.9 2.3 +7- 0.5

2.2 +7- 2.0sulfomet. lx (spring) 2.2 +7- 2.0 50.6 +1- 28.9 2.3 +/ 0.550.6 +1- 28.9 2.3 +/ 0.5
35* +7-2.0atrazine3x 35* +7-2.0 21.7 +7- 28.9 2.0 +7-0.521.7 +7- 28.9 2.0 +7-0.5

Treatment Mean Volume 95% conf. Mortality 95% conf. Mean Damage 95% conf.
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Table XI. Sitka spruce, Coos Bay.

'adjusted for initial height, *significantly different from the control (p < 0.05; Dunnett's),
**significantly different from the control (p < 0.005; Dunnett's), significantly different from the
control (p < 0.005; Bonferroni)

Table XII. Sitka spruce, Peavy.

'adjusted for initial diameter, ***significantly different from the control (p <0.0005; Dunnett's)

Treatment Median Volume 95% conf. Mortality 95% conf. Mean Damage 95% conf.
Growth (cm3)' Interval () Interval Rating (June) Interval

imazapic lx 0.0 -0.4-0.5 35.3 +1- 25.2 1.5 +1-0.2
pendimethalin lx 0.5 0.0 - 1.5 45.2 +1- 25.2 1.2 +1- 0.2

metsulfuronlx 0.6 0.0-1.4 46.9 +1-25.2 1.4 +1-0.2
imazapic3x 0.7 0.1-1.6 25.8 +1-25.2 1.4 +1..0.2

hexazinone lx 0.8 0.1 - 1.7 9.7 +7- 25.2 1.5 +7- 0.2

chlorsulfuron 3x 0.8 0.1 - 1.9 50.0 +7- 25.2 1.4 +7- 0.2

imazapyr 3x 0.8 0.2- 1.8 21.2 +7- 25.2 1.3 +7- 0.2

control 0.9 0.3 - 2.0 34.4 +7- 25.2 1.4 +7- 0.2

sulfomet. 3x (fall) 1.0 0.3 -2.1 15.6 +1- 25.2 1.3 +7- 0.2

azafenidin lx 1.2 0.4 - 2.3 19.4 +7- 25.2 1.2 +1- 0.2

clopyralid lx 1.2 0.4 - 2.3 34.4 +7- 25.2 1.4 +7- 0.2

sulfomet. lx(spring) 1.2 0.5-2.4 20.0 +7-25.2 1.2 +1-0.2
clopyralid 3x 1.3 0.5 -2.5 28.1 +7- 25.2 1.4 +7- 0.2

chlorsulfuronix 1.3 0.5-2.6 17.6 +7-25.2 1.4 +7-0.2
sulfomet. lx (fall) 1.3 0.5 -2.6 15.6 +7- 25.2 1.3 +7- 0.2

imazapyr lx 1.4 0.5 -2.6 15.6 +7- 25.2 1.2 +7- 0.2

sulfomet. 3x(spring) 1.4 0.5 -2.6 28.1 +1- 25.2 1.4 +1-0.2
atrazine lx 1.5 0.6 -2.8 34.4 +1- 25.2 1.3 +7- 0.2

azafenidin3x 1.6 0.7-3.0 32.3 +7-25.2 1.2 +7-0.2
atrazine 3x 1.6 0.7-3.0 31.3 +7- 25.2 1.6 +7- 0.2

metsulfuron3x 1.7 0.8-3.1 43.8 +1-25.2 1.3 +1-0.2
hexazinone 3x 2.1 1.0 - 3.8 40.6 +1- 25.2 2.2*** +1- 0.2

Treatment Median Volume 95% conf. Mortality 95% conf. Mean Damage 95% conf.c' 1)IRating(August) Interval
control 1.2 0.8-1.7 0 +1-4.4 2.1 +1-0.4
clopyralidlx 1.2 0.9-1.8 3.1 +7-4.4 2.1 +1-0.4
sulfomet. 3x (spring) 1.4 1.0 - 2.0 0 +1- 4.4 2.2 +7- 0.4

clopyralid3x 1.7 1.2-2.5 3.1 +1-4.4 2 +7-0.4
sulfomet. lx (spring) 1.8 1.2-2.6 3.1 +1-4.4 1.6 +7- 0.4

metsulfuron3x 1.9 1.3-2.7 0 +/44 1.9 +7-0.4
metsulfuron Ix 1.9 1.3 -2.8 0 +7- 4.4 1.9 +7- 0.4

imazapyr3x 2.0 1.4-2.8 0 +7-4.4 1.6 +1-0.4
hexazinone 3x 2.1 1.5 -3.0 12.4 +1- 4.4 2.3 +1- 0.4

sulfomet. lx (faIl) 2.1 1.5 -3.0 0 +7- 4.4 1.7 +1- 0.4

sulfomet.3x(faIl) 2.3 1.6-3.3 0 +1-4.4 1.7 +1-0.4
imazapyr lx 2.4 1.7-3.4 0 +1-4.4 1.7 +1- 0.4

atrazineix 2.6* 1.8-3.7 0 i-I-4.4 1.6 +7-0.4
hexazinone lx 2.6* 1.8 - 3.8 0 +1- 4.4 1.6 +7- 0.4

atrazine3x 3.2** 2.2-4.7 2.8 +1-4.4 1.8 +7-0.4



Table XIII. Western hemlock, Peavy.

imazapyr 3x
metsulfuron 3x
azafenidin 3x
imazapic lx
metsulfuron lx
hexazinone lx
clopyralid 3x
imazapyr Ix
chiorsulfuron 3x
sulfomet. lx (spring)
azafenidin lx
pendimethalin lx
atrazine 3x
sulfomet. lx (fall)
hexazinone 3x
sulfomet. 3x (fall)
control
atrazine lx
imazapic 3x
clopyralid lx
sulfomet. 3x (spring)
chlorsulfuron lx

Table XIV. Grand fir, Centralia.
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*significantly different from the control (p <0.05; Dunnett's), **significantly different from the control
(p <0.005; Dunnett's), significantly different from the control (p <0.05; Bonferroni), significant1y
different from the control (p <0.005; Bonferroni)

Treatment Median Volume 95% conf. Mortality
Growth (cm3) Interval (%)

95% conf. Median Damage 95% conf.
Interval Ratingugust) Interval

sulfomet. lx (fall) 2.7 1.6-4.5 0.0 +7- 6.2 1.8 1.5 -2.1
sulfomet. 3x (fall) 3.0 1.8 -5.1 13.2k +7- 6.2 2.4 2.1 -2.9
sulfomet. 3x (spring) 4.0 2.3 - 6.8 22.9 +7- 6.2 2.9** 2.4 - 3.4
clopyralidlx 4.0 2.4-6.8 2.9 +7-6.2 1.8 1.5-2.1
sulfomet. lx(spring) 4.1 2.4-6.9 5.3 +7-6.2 1.9 1.6-2.3
imazapyr3x 4.3 2.5-7.4 0.0 +1- 6.2 1.8 1.5-2.2
metsulfuronix 4.4 2.6-7.5 2.8 +7-6.2 2.1 1.8-2.5
metsulfuron 3x 4.5 2.6-7.6 7.7 +7- 6.2 2.2 1.8 -2.6
control 4.7 2.7 -7.9 0.0 --/- 6.2 1.8 1.6-2.2
hexazinone lx 5.4 3.2 - 9.2 2.9 +7- 6.2 1.6 1.3 - 1.9
imazapyr lx 5.5 3.2 - 9.4 0.0 +7- 6.2 1.8 1.5 -2.1
clopyralid3x 5.8 3.4-9.9 2.6 +7-6.2 1.9 1.6-2.2
hexazinone 3x 11.3 6.7 - 19.3 0.0 +1- 6.2 1.3* 1.1 - 1.5

Growth (cm3) Interval (%) Interval Rating (June) Interval
-0.6 +1-2.5 88.9 +1- 21.1 2.4 +1-0.7
-0.4 +1-2.5 75.0 +1- 21.1 2.2 +1-0.7
-0.2 +7-2.5 47.8 +7-21.1 2.0 +1-0.7
-0.1 +1-2.5 85.7 +1-21.1 2.2 +7-0.7
-0.1 +1-2.5 77.3 +1- 21.1 2.2 +7-0.7
0.1 +1-2.5 62.5 +1- 21.1 2.3 +1-0.7
0.4 +1- 2.5 65.0 +1- 21.1 2.9 +1- 0.7

0.6 +1-2.5 95.0 +1-21.1 2.0 +/-0.7
0.7 +1-2.5 74.1 +7-21.1 1.9 +7-0.7
0.8 +7-2.5 78.3 +1- 21.1 2.9 +/-0.7
0.8 +1- 2.5 84.2 +1- 21.1 2.0 +1- 0.7

1.1 +1-2.5 70.8 +1- 21.1 2.1 +/-0.7
1.2 +1-2.5 73.9 +7-21.1 2.6 +/-0.7
1.4 +7-2.5 82.4 +7-21.1 2.2 +7-0.7
1.9 +7-2.5 83.3 +/-21.1 2.9 +/-0.7
1.9 +7- 2.5 63.6 +7- 21.1 2.2 +7- 0.7

2.1 +1-2.5 83.9 +/-21.1 1.9 +7-0.7
3.1 +7-2.5 73.1 +7-21.1 2.4 +7-0.7
3.3 +7-2.5 94.7 ±1- 21.1 2.3 7-0.7
3.5 +7-2.5 76.9 +/-21.1 2.4 +7-0.7
5.1 +7-2.5 81.5 +7-21.1 2.5 +7-0.7
5.8 +7-2.5 86.4 +7-21.1 2.1 +7-0.7

Treatment Mean Volume 95% conf Mortality 95% conf. Mean Damage 95% conf.



Table XV. Grand fir, Peavy.

sulfomet. 3x (fall)
metsulfuron 3x
imazapic lx
sulfomet. lx (spring)
metsulfuron lx
chiorsulfuron lx
imazapyr lx
imazapyr 3x
atrazine lx
pendimethalin lx
imazapic 3x
clopyralid 3x
azafenidin lx
chiorsulfuron 3x
hexazinone 3x
hexazinone lx
sulfomet. 3x (spring)
clopyralid lx
azafenidin3x
atrazine 3x
control
u1fomet. lx (fall)

'adjusted for initial diameter, 2adjusted for initial height, *significantly different from the control (p <
0.05; Dunnett's), significantly different from the control (p <0.05; Bonferroni), significantly
different from the control (p < 0.005; Bonferroni)

'adjusted for initial volume, 2adjusted for initial height, *significantly different from the control (p
0.05; Dunnett's), **significantly different from the control (p <0.005; Dunnett's),significantly
different from the control (p <0.005; Bonferroni)
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Treatment Mean Volume 95% conf. Mortality 95% conf. Mean Damage 95% conf.

Table XVI. Noble fir, Centralia.
Treatment

metsulfuronlx
sulfomet. lx (fall)
control
sulfomet. 3x (fall)
sulfomet. lx (spring)
sulfomet. 3x (spring)
imazapyr 3x
clopyralid lx
metsulfuron 3x
imazapyr lx
clopyralid3x
hexazinone 3x
hexazinone lx

Growth (cm3)' Inteival (%) Inteal Rating (June)2 Inteal
1.3* +1- 1.6 35.4 +7- 11.6 1.8 +7- 0.3

2.0 +7- 1.6 9.4 +7- 11.6 1.5 +7- 0.3

2.1 +7- 1.6 5.9 ±7-11.6 1.7 +7- 0.3

2.6 +1- 1.6 31.7 +7-11.6 1.7 +1-0.3
2.9 +7- 1.6 3.6 +7-11.6 1.6 +7- 0.3

3.0 +1- 1.6 6.3 +7- 11.6 1.2 +7- 0.3

3.1 +7- 1.6 0.0 +7-11.6 1.4 +1- 0.3

3.1 +7- 1.6 0.0 +7-11.6 1.5 +7- 0.3

3.1 ±7- 1.6 0.0 +7-11.6 1.5 +7- 0.3

3.2 +7- 1.6 9.4 +7-11.6 1.6 +7- 0.3

3.2 +7- 1.6 6.3 +7-11.6 1.5 +7- 0.3

3.3 +7- 1.6 9.4 +7- 11.6 1.5 +7- 0.3

3.5 +1- 1.6 3.1 +7-11.6 1.5 ±1-0.3
3.7 +7- 1.6 13.4 +7-11.6 1.6 +7- 0.3

3.7 +7- 1.6 12.5 +1- 11.6 1.8 +7- 0.3

3.9 +7- 1.6 3.1 +7- 11.6 1.5 +7- 0.3

4.0 +7- 1.6 41.l +7-11.6 1.8 +7- 0.3

4.2 +7- 1.6 15.3 +7-11.6 1.7 +7- 0.3

4.4 ±7-1.6 12.5 ±1- 11.6 1.2 +7- 0.3

4.7 +i 1.6 0.0 +1- 11.6 1.4 +7- 0.3

4.8 +7- 1.6 0.0 +7-11.6 1.4 +7- 0.3

4.8 +7- 1.6 15.6 +7- 11.6 1.7 +7- 0.3

Mean Volume
Growth (cm3)'

95% conf. Mortality 95% conf.
Interval (%) Interval

Mean Damage 95% conf.

0.1 +7-0.8 10.6 +7- 12.7 2.5 +1-0.5
0.1 +7- 0.8 16.7 +7- 12.7 2.6 +7- 0.5

0.3 ±7- 0.8 7.5 +7- 12.7 2.1 +7- 0.5

0.4 ±1- 0.8 18.1 +1- 12.7 2.8 +7- 0.5

0.5 +7- 0.8 21.1 +7- 12.7 2.7 +/ 0.5
0.6 -i-I- 0.8 36.7 +7- 12.7 34** +7- 0.5

0.6 +7- 0.8 5.0 +7- 12.7 2.1 +7- 0.5

0.8 +7- 0.8 10.3 +7- 12.7 2.3 +7- 0.5

0.9 +7- 0.8 7.5 +7- 12.7 2.3 +1 0.5
1.0 +7- 0.8 5.0 +7- 12.7 2.2 +7- 0.5

1.1 +1-0.8 7.5 +1- 12.7 2.6 +10.5
1.8* +7- 0.8 5.0 +/ 12.7 2.3 +7- 0.5

2.l** +7- 0.8 0.0 +7- 12.7 2.0 +1 0.5



Table XVII. Noble fir, Peavy.
Treatment

sulfomet. lx (fall)
sulfomet. 3x (fall)
chlorsulfuron3x
imazapyr lx
imazapic lx
imazapic 3x
chlorsulfuron lx
imazapyr 3x
sulfomet. lx (spring)
clopyralid lx
atrazine lx
metsulfuron lx
azafenidinlx
azafenidin3x
hexazinone 3x
metsulfuron 3x
sulfomet. 3x (spring)
atrazine 3x
clopyralid 3x
hexazinone lx
control
pendimethàlin lx

Table XVIII. Western white pine, Centralia
Treatment

sulfomet.3x (fall)
imazapyr3x
sulfomet. lx (fall)
metsulfuron lx
sulfomet. 3x (spring)
clopyralid lx
imazapyr lx
sulfomet. lx (spring)
hexazinone 3x
control
metsulfuron 3x
hexazinone lx
clopyralid3x
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***sjgnifjcantly different from the control (p <0.0005; Dunnett's), significantly different from the
control (p <0.005; Bonferroni)

Mean Volume 95% conf. Mortality 95% couf. Mean
Growth (cm3) Interval (%) Interval Rating

Damage 95% conf.
(June) Interval

0.0 +1- 1.0 27.7 +7- 26.1 2.0 +1- 0.4

0.0 +1- 1.0 45.5 +7- 26.1 1.8 +7- 0.4

0.2 +1-1.0 45.1 +1-26.1 1.8 +7-0.4
0.3 +7- 1.0 36.7 +1- 26.1 1.5 +1- 0.4

0.4 +1- 1.0 51.1 +7- 26.1 1.7 +7- 0.4

0.4 +7- 1.0 31.3 +7- 26.1 1.7 +7- 0.4

0.4 +7- 1.0 43.8 ±1- 26.1 1.8 +/ 0.4
0.5 +1- 1.0 48.5 +7- 26.1 1.6 +7- 0.4
0.5 +7- 1.0 56.3 +7- 26.1 2.0 +7- 0.4

0.5 +1- 1.0 24.9 +7- 26.1 2.0 ±7- 0.4

0.6 +1- 1.0 51.8 +1- 26.1 2.0 +1- 0.4

0.6 +7- 1.0 60.1 +7- 26.1 1.8 +1- 0.4

0.7 +/-1.0 37.5 +/-26.1 1.9 +/-0.4
0.8 +/-1.0 41.7 +7-26.1 1.4 +/-0.4
0.8 +7- 1.0 31.4 +7- 26.1 2.2 +7- 0.4

0.9 +7- 1.0 48.2 +7- 26.1 1.7 +1- 0.4

0.9 +7- 1.0 48.4 +7- 26.1 2.2 +1- 0.4

1.0 ±7- 1.0 9.4 +7- 26.1 1.8 +7- 0.4

1.0 +1- 1.0 39.3 +7- 26.1 2.0 +7- 0.4

1.0 +7- 1.0 43.1 +7- 26.1 1.8 +/ 0.4
1.2 +7- 1.0 36.2 +7- 26.1 1.7 +7- 0.4

1.5 +7- 1.0 49.4 +7- 26.1 1.8 +7.. 0.4

Mean Volume 95% conf. Mortality 95% conf.
Growth (cm3) Interval (%) Interval

Median Damage 95% conf.
Rating (August) Interval

1.8 1.4 - 2.2
1.8 1.4-2.3
1.9 1.5 -2.4
1.9 1.5 - 2.4

0.7 +7- 0.5 0.0 +7-7.0
0.8 +1-0.5 0.0 ±/-7.0
0.8 +7- 0.5 2.5 +1- 7.0

1.0 +7- 0.5 5.0 +7- 7.0
1.0 +7-0.5 7.8 +7-7.0 2.0 1.6-2.5
1.0 +7- 0.5 5.0 +7-7.0 1.9 1.5-2.4
1.2 +7-0.5 0.0 +7-7.0 1.5 1.2-1.9
1.3 +7-0.5 0.0 +7-7.0 1.5 1.2-1.9
1.4 +7- 0.5 44.2 +7- 7.0 33*** 2.6 - 4.2
1.5 +7- 0.5 0.0 +7- 7.0 1.9 1.5 -2.3
1.5 +/-0.5 0.0 +7-7.0 1.6 1.3-2.0
1.5 +7- 0.5 7.8 +7-7.0 1.9 1.5-2.4
1.7 +7- 0.5 2.3 +7-7.0 1.9 1.5-2.4



Table XIX. Western white pine, Peavy
Treatment

imazapyr lx
imazapyr 3x
pendimethalin Ix
imazapic lx
imazapic 3x
atrazine lx
control
metsulfuron3x
sulfomet. lx (fall)
sulfomet. 3x (fall)
chlorsulfuron3x
metsulfuron lx
azafenidin lx
hexazinone lx
hexazinone 3x
sulfomet. lx (spring)
sulfomet.3x(spring)
clopyralid 3x
clopyralidlx
chlorsulfuron lx
atrazine3x
azafenidin 3x

***significantly different from the control (p <0.0005; Dunnett's), significant1y different from the
control (p <0.005; Bonferroni)
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Median Volume 95% conf. Mortality 95% conf. Median Damage 95% conf.
Growth (cm3) Interval (%) Interval Rating(June) Interval

0.7 0.3 - 1.3 3.1 +1- 10.0 1.6 1.3 - 2.0

0.7 0.3 - 1.2 9.4 +1- 10.0 1.6 1.3 -2.0
0.7 0.3 - 1.4 0.0 +1- 10.0 1.4 1.1 - 1.8

0.7 0.3 - 1.2 3.1 +1- 10.0 1.5 1.2 - 1.8

0.7 0.3 - 1.2 6.3 +1- 10.0 1.5 1.2 - 1.9

0.8 0.4 - 1.4 3.1 +1- 10.0 1.5 1.3 - 1.9

0.8 0.4 - 1.4 3.1 -Fl- 10.0 1.5 1.2 - 1.8

0.8 0.4-1.4 7.1 +1- 10.0 1.2 0.9-1.4
0.8 0.4 - 1.4 9.4 +1- 10.0 1.4 1.2 - 1.8

0.8 0.4 - 1.3 6.3 +1- 10.0 1.7 1.4 - 2.1

0.8 0.3-1.3 0.0 +1- 10.0 1.5 1.2- 1.8
0.9 0.4 - 1.5 0.0 +1- 10.0 1.5 1.2 - 1.9

1.0 0.6- 1.7 3.6 +1- 10.0 1.3 1.1 - 1.6

1.0 0.5- 1.6 11.5 +1- 10.0 1.7 1.4-2.1
1.0 0.5 - 1.6 56.7 +1- 10.0 3.l*** 2.5 -3.8
1.1 0.6- 1.8 3.6 +1- 10.0 1.6 1.3 -2.0
1.1 0.6-1.8 6.3 ±/-10.0 1.8 1.5-2.1
1.1 0.3 - 1.3 0.0 ±1- 10.0 1.7 1.4-2.1
1.2 0.7-1.9 3.1 +1- 10.0 1.6 1.3-2.0
1.2 0.5- 1.6 3.1 +1- 10.0 1.5 1.2- 1.8
1.8 1.1-2.6 3.6 +/-10.0 1.5 1.2-1.8
2.0 1.3 -2.9 0.0 +1- 10.0 1.3 1.1 - 1.6


