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ABSTRACT

A large multi-disciplinary project was conducted to evaluate the
silviculture potential of the natural weed control agent,
bialaphos, and its synthetic analogue, glufosinate-ammonium. In
this first of four parts of the project, the tolerance of several
conifer species to these herbicides was assessed. Both outdoor
studies and growth room studies indicated that most conifer species
are likely to be less tolerant to these herbicides than to
glyphosate. However, white spruce [picea glauca (Moench) Voss]
displayed equal tolerance to bialaphos or glyphosate at rates as
high as 2 kg/ha. There was some indication that tolerance of all
conifers increased with increasing maturity of new growth.



POTENTIAL OF BIALAPHOS AND GLUFOSINATE-AMMONIUM
AS SILVICULTURAL HERBICIDES:

I. INTRODUCTION, LITERATURE REVIEW AND CONIFER TOLERANCE

1.0 PROJECT OVERVIEW

To scientifically examine the silvicultural potential of the

microbial herbicide, bialaphos and it synthetic analogue,

glufosinate-ammonium, a large multi-disciplinary project was

initiated and funded under the Northern Ontario Development

Agreement-Northern Forestry Program(NODA/NFP). The project

consisted of three distinct studies of bialaphos and glufosinate-

ammonium: the examination of factors that influence conifer

tolerance under controlled and semi-controlled environmental

conditions; the evaluation of their silvicultural effectiveness

under field conditions; the determination of their persistence and

fate in a boreal forest soil and in an aquatic system; and the

determination of their soil mobility. The project was initiated in

1993.

In the conifer tolerance studies, treatment differences were

related to herbicide, dosage, coniferous species and application

time. The experiments were conducted under controlled growth room

conditions and in irrigated outdoor facilities. Evaluations of

field efficacy and silvicultural efficacy were carried out at two

locations near Thunder Bay, Ontario. Calamagrostis canadensis

(Michx. Beaur) was the primary competing species on the first site,

while red raspberry(Rubus ideaus L.var.strigosus(Michx.)) was the



(2) Potential of bialaphos and glufosinate-ammonium as

silvicultural herbicides. II Efficacy on Calamagrostis

canadensis(Michx. Beaur) and Rubus ideaus L.

(3) Potential of bialaphos and glufosinate-ammonium as

silvicultural herbicides. Ill Silvicultural efficacy.

(4) Potential of bialaphos and glufosinate-ammonium as

silvicultural herbicides. IV. Persistence and impact in

soil and water.

In addition to the above-mentioned Technical Reports, a series of

NODA-Technical Notes will be released to highlight the most

significant findings in the project.



2.0 INTRODUCTION AND LITERATURE REVIEW

Synthetic herbicides can offer substantial benefits to forest

management. However, public resistance to synthetic pesticide use

in forestry is increasing. In most jurisdictions, natural

pesticides would be preferred if they were available and proven to

be safe and effective. In this context, naturally produced

phytotoxins could be more acceptable to the public than synthetic

herbicides while at the same time providing the forest manager with

a cost-effective and efficient silvicultural tool. One such

product, bialaphos, is currently being used as a herbicide in

Japan. Bialaphos is a natural weed control agent that is the

fermentation product derived from Streptomyces viridochromogenes

and is produced by Meiji Seika Kaisha, Japan.(Meiji.,1984; Misato

and Yamaguchi,l984) The active phytotoxic ingredient in bialaphos

is phosphinothricin. Hoechst AG, Frankfurt, Germany is now

marketing a synthetic phosphinothricin, which has the common name

of glufosinate-ammonium(Hoechst., 1994) . Glufosinate-ammonium has

promising activity as a non-selective plant desiccant and it could

also fill a need in forestry for a vegetation desiccant prior to

prescribed fire. Because both of these potentially useful

silvicultural herbicides have the same active ingredient, an

applied research program that examined the potential of bialaphos

and glufosinate-ammonium for use in siliviculture was proposed.

Glufosinate-ammonium is very non-persistent in agricultural soils

with a half-life of 7 days or less(Gallina and Stephenson, 1992).



Thus, in addition to being biorational or natural compounds,

glufosinate-ammonium and/or bialaphos are both potentially much

less persistent than glyphosate, one of the major synthetic

herbicides currently used in silviculture.

Although biologically produced herbicides may have greater public

acceptance for use on forest lands than synthetic herbicides, the

environmental profile of biological herbicides must still be

assessed to ensure that they are effective silvicultural tools as

well as environmentally benign. In addition, biologically produced

herbicides must be assessed to determine how to use them most

effectively. Unlike most silvicultural tools, herbicides and other

pesticides (synthetic or natural) must be registered before they

may be used operationally. It was the purpose of this program to

assess both the silvicultural efficacy and the environmental impact

of both bialaphos and glufosinate-ammonium.

2.1 Economic Rationale

In Ontario, in 1990, over 235,000 ha of forested land were

harvested(Deloitte and Touche, 1991). A survey of provincial

silviculturalists found that 60% of the total area harvested

required some form of vegetation management to ensure adequate

survival and qrowth of crop trees. In general, chemical weed

control is the safest method for controlling competition for both



the forest worker and the crop tree. It is also the most cost-

effective method, especially for large remote areas. However,

public concerns over the use of synthetic pesticides in the forest

continues to have an impact on forestry practices and forestry

research priorities. In 1991, the Forestry Research Advisory

Council of Canada listed finding better pest-management techniques,

including the control of competing vegetation as one of its highest

priorities for forestry research. Unquestionably, the Canadian

public is concerned about the preservation of their forested lands

and their forestry industries. It is equally certain that the

public would prefer alternatives to the use of synthetic pesticides

in forestry. However, synthetically produced herbicides continue to

be the most practical method of controlling competing vegetation in

new forest plantings. The effectiveness of these products is

reflected in the dramatic increase in chemical stand tending in the

province of Ontario and in Canada as a whole. For example in 1980,

30,100 ha of reforested land were treated with synthetic herbicides

for conifer release and by 1990, the size of the release program

had increased to 93,800 ha(Deloitte and Touche, 1991). If a more

publicly acceptable biological herbicide could be registered, then

the potential exists to expand the current provincial program to

approximately 150,000 ha/yr. Site preparation for areas to be

reforested often involves prescribed burning and about one third of

the areas are first "browned or desiccated" with synthetic

herbicide treatment before the prescribed burn. In Ontario, this

amounts to at least 30,000 ha of synthetic herbicide use in a



typical year. More rapidly effective, non-selective chemical

desiccants could also expand the use of this effective

silvicultural practice. Any attempt to reclaim portions of the

unreforested backlog for sustainable forestry operations would also

be aided immensely by effective and environmentally acceptable

silvicultural herbicides.

2.2 Currently Available Silvicultural Herbicides

In Canada, there are currently only five herbicides registered for

forestry use: glyphosate, 2,4-D, hexazinone, simazine and

triclopyr(Campbell,1991). None of these herbicides are naturally

derived. Because 2,4-D does not control grass or wild raspberry,

once registered, the non-selective herbicide, glyphosate, became

the predominant silvicultural herbicide. In 1988, glyphosate and

2,4-D accounted for more than 80% and 10% of total herbicide use in

Canadian forestry, respectively(Campbell, 1991). For the purposes

of this study, we chose to make all comparisons of glufosinate-

ammonium and/or bialaphos with glyphosate, since it is the current

standard for the industry(Table 1).

Glyphosate was developed by Monsanto (St. Louis, Missouri, USA) in the

early l970's(Duke, 1988). Glyphosate is a non-selective, systemic

herbicide that is highly toxic to most herbaceous or woody

plants(Table 1). Although it is moderately persistent in soil, with

half-lives during the growing season of 1-2 months, it has little



or no herbicidal activity in soil(Sprankle et.al, 1975). Because

of these well defined properties, it has been developed to have a

very diversified use pattern: For perennial weed control before and

after most crops and landscape plantings, as a directed spray for

weeds in orchards, landscapes and plantations, and for conifer

release and site preparation in forestry. Some formulations also

have uses for aquatic weed management. Glyphosate owes its highly

systemic herbicidal activity to its chemical properties as a weakly

acidic amino acid which becomes confined but readily mobile as an

anion within living plant cells(Duke, 1988). It is not a contact

herbicide. Root injury is usually apparent before the first

symptoms of foliar injury can be observed. Toxic effects in plants

are due to its inhibition of an enzyme, 5-enolpyruvyl- shikimate-

3-phosphate synthase(PEP synthase)which has pivotal importance in

the production of aromatic amino acids in plants (Duke, 1988)

Because this enzyme is unique to plants, glyphosate is relatively

non-toxic in most animal systems(Table 1).

2.3 Bialaphos and Glufosinate-Ammonium

The discovery of bialaphos (Table 1) occurred in 1971, when Bayer

et. al.(1972) found a microbe in Camaroon which produced a

biologically active compound consisting of two alanine moieties and

the amino acid, L-phosphinothricin (PPT). In independent

investigations, carried out at about the same time, microbiologists

from Meiji Seika Kaisha Ltd. in Japan reported the discovery of a



similar microbe in Japanese soil. The tripeptide, PPT, is a

fermentation product of the soil actinomycetes, Streptomyces

viridochromogenes(Bayer et. al.,1972), S. hygroscopicus(Kondo et.

al.,1973) Kitasatosporia phosalacinea(Omura et. al. 1984a). PPT was

found to have antibiotic activity against gram negative and gram

positive bacteria as well as herbicidal activity against algae and

higher plants (Wakabayashi et. al. 1978) . It was registered in 1984

by Meiji Seika Kaisha Ltd. of Japan as the herbicide, Meiji

Herbiace, with the common name of bialaphos(Table 1). It is the

first herbicide in the world to be produced, biologically, by

fermentation technology. However, it is not yet marketed in any

country other than Japan. The synthetic analogue of bialaphos,

glufosinate-ammonium was produced by Hoechst AG in Frankfurt, West

Germany in 1975 (Willms, 1989) . It now has a number of registered

product names including the product Ignite which is marketed in

Canada by AgrEvo, Regina, Saskatchewan (Table 1). Glufosinate-

ammonium is the ammonium salt of PPT (Table 1) . Since both

glufosinate-ammonium and bialaphos have the same active ingredient,

glufosinate-ammonium can be regarded as a "close to natural" or a

biorational herbicide. Like glyphosate, both bialaphos and

glufosinate-ammonium have relatively non-selective toxicity to

plants with little or no soil activity (Table 1) . Bialaphos is

reported to have a half-life in soil of 20 to 30 days(Misato and

Yamaguchi, 1984) and some investigators(Sekizawa and Takematsu,

1983)have reported that glufosinate-ammonium may be more persistent

than bialaphos. However, Gallina and Stephenson(1992), using



radiolabelled glufosinate-ammonium, reported a half-life in an

agricultural soil of 7 days. There are no reported studies from

forestry environments and more research is needed. However, under

most soil conditions, it is expected that both bialaphos and

glufosinate-ammonium could be less pesistent than glyphosate. Also

similar to glyphosate, most available evidence indicates that there

is little metabolism of glufosinate-ammonium in plants (Mersey et.

al. 1990). Toxic effects of glufosinate-ammonium and bialaphos in

plants are due to an inhibition of the enzyme, glutamine synthase,

by their common active ingredient, phosphinothricin(PPT) which is

a mimic of L-glutamic acid(Tachabana et. al. 1986a). Since

glutamine synthase is also unique to plants, these herbicides are

also likely to have low toxicity in animal systems. Compared to

glyphosate, the shoot to root translocation of glufosinate-

ammonium, bialaphos, or PPT appears to very limited (Haas and

Muller, 1987; Shelp and Da Silva, 1990). The limited translocation

and high contact activity of bialaphos and especially glufosinate-

ammonium is thought to be due to the rapid toxic effects of ammonia

which accumulates to high concentrations with the inhibition of

glutamine synthase(Tachibana et.al.,1986; Sauer et.al.,1987). Both

bialaphos and glufosinate-ammonium have registered uses as directed

sprays to control a broad spectrum of broadleaved weeds and grasses

in nursery and orchard crops(Table 1). Although they are likely to

be less effective on some root suckering perennials than

glyphosate, which is more systemic, they are very promising as pre-

harvest desiccants.
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2.4 Transgenic Development of Glufosinate-Ammonium Tolerant Crops

Like glyphosate, glufosinate-ammonium and bialaphos are relatively

non-selective phytotoxins because few plants can metabolize or

detoxify them. However, recent advances in the regeneration of

whole plants from tissue cultures of embryonic plant cells, now

permit the transgenic engineering of plants that are highly

resistant to herbicides(Vasil et.al., 1994). This is particularly

true for the phosphinothricin(PPT) containing herbicides, bialaphos

and glufosinate-ammonium. Since PPT is synthesized by the soil

microbes, S. viridochromogenes (Bayer et.al., 1972) and S.

hygroscopicus(Kondo et.al.,1973), it is not surprising that these

same organisms possess the phosphinothricin acetyltransferase(PAT)

enzyme to degrade it(Vasil et. al., 1994). Geneticists have now

employed the microbes, Agrobacteriurn tumefaciens or A. rizogenes

and improved plant-tissue culture techniques to transfer the gene

for PAT from S.Viridochromogenes or S.hygroscopious to numerous

crop plant species(Newmark, 1987; DeGreef et. al., 1989; Beard,

1993 and Vasil et.al., 1994). Using similar transgenic techniques,

one tree species, Populus tremula X Populus alba, has now been

engineered to be tolerant to glufosinate-ammonium by equiping it

with the PAT gene(Devillard, 1992). Thus, it is very likely that

important conifer species could also be engineered for tolerance to

PPT containing herbicides by this transgenic biotechnology.

11



3.0 CONIFER TOLERANCE TO BIALAPHOS AND GLUFOSINATE-AMMONIUM

3.1 Introduction

Jobidon(1991a) was the first to suggest that bialaphos could have

potential uses in silviculture. He found that bialaphos provided

excellent control of wild red raspberry and Kalmia(Kalmia angus

tifolia L.) at rates of 2.0 and 2.5 Kg a.i./ha, respectively. He

also observed promising tolerance for bialaphos in black spruce

(Picea mariana(Mill.)B.S.P.)(Jobidon, 1991b). In subsequent

studies, Sy et.al.(1994) also observed promising tolerance to

bialaphos in black spruce, white spruce[Picea glauca(Moech)Voss,

Norway spruce (Picea aJbies(L. )Karst.) and red pine (Pinus resinosa

Ait.). In a study that compared applications at various times

during the season, Sy et. al.(1994) observed greatest tolerance

with applications in August.

To develop a better understanding for the potential use of

phosphinothricin chemistry in silviculture, our first objective was

to investigate the influence of both application time and

application rate on the tolerance of important conifer species to

bialaphos and glufosinate. In subsequent studies, biochemical

mechanisms of phosphinothricin toxicity as well as physiological

factors involved in conifer tolerance were also investigated.

12



3.1 Methodology

3.1.1 Outdoor studies of white spruce, black spruce and jack pine

(Pinus banksiana Lamb) tolerance to glyphosate, bialaphos and

glufosinate-ammonium

White spruce and black spruce seedlings were bare-root and were

obtained from the Ontario Ministry of Natural Resources(OMNR)

nursery at Swastika, Ontario. Containerized jack pine seedlings

were obtained from Blazeck Greenhouses in Cochrane, Ontario. All

seedlings were shipped to Sault Ste. Marie, Ontario and held in

cold storage(5 C) until transferred to a sand/artificial soil

(Pro-Mix BX) mixture(1/3, v/v) in outdoor plastic pots in early

June. The potted trees were kept in irrigated, outdoor growth

facilities at Sault Ste. Marie and were watered and fertilized as

needed. All three herbicides were applied at rates ofO, 0.25, 0.5,

1.0, asnd 2.0 kg ae/ha(active phosphinothricin acid or glyphosate).

Glyphosate and glufosinate-ammonium were also applied at 4.0 kg/ha.

Bialaphos was not applied at the 4.0 kg rate because the

formulation(Herbiace) was very viscous and was developed for

application at very high spray volumes(e.g. 1400 L/ha) . As a

result, the 4.0 kg/ha rate could not be mixed and applied at spray

volumes that were comparable with the other treatments. Except for

bialaphos(which did not arrive from Japan until early August), the

herbicides were compared at four different application times: June

24, July 22, August 19, and September 16. The herbicides were

13



applied using a low volume laboratory sprayer that was designed to

simulate aerial forestry herbicide applications(Campbell

et.al.,1994). To achieve consistency among spray patterns, it was

necessary to vary the spray volume with the herbicide and rate

applied. For example, all of the glyphosate treatments and the

glufosinate-ammonium treatments up to and including 2.0 kg/ha were

applied at spray volumes of 60 L/ha, the 4.0 kg/ha rate of

glufosinate-ammonium was applied at 120 L/ha and all of the

bialaphos rates were applied at spray volumes of 180 L/ha. Trees

were moved into the greenhouse from the outside compound the day

prior to treatment. Prior to treating the trees, the soil surface

in the plastic pots was covered with vermiculite. Once the spray

had dried on the conifer foliage, the vermiculite was removed and

the trees were returned to the outside compound. Visual assessments

of needle necrosis(Frans et.al., 1986) in the October after

treatment and measurements of height growth during the subsequent

season were employed to compare differences in herbicide tolerance

among the three species.

3.1.2 Growth room studies of conifer tolerance to bialaphos and

glufosinate-ammonium at different stages of growth

One year-old white spruce, jack pine, white pine and red pine

seedlings were obtained from the OMNR nursery at Midhurst,Ontario

during early May. The seedlings were transported to the University

of Guelph and kept in cold storage(2C) until they were transplanted

14



to 2L pots containing an artificial soil(Pro-Mix BX)/silica sand

mixture(2/1, v/v). The tree seedlings were then transferred to

controlled environment growth rooms, programmed to mimic typical

growing conditions for late May through September at Timmins,

Ontario. Daylengths and day/night temperatures were adjusted weekly

to conform with reported daylengths at 48° latitude(16 hrs in June

to 10 hrs in October, Russelo et.al.,1974) and 10-year average

temperatures[17-32 C(day), lOC(night)] for Timmins, Ontario,

respectively. Light banks were kept 30 cm above the plants to

provide a light intensity of 400 /jE/m2/S. Relative humidity was

kept between 80 and 95%. The trees were watered every three days,

alternately, with tap water or nutrient solution(20-8-20, pH 6.0).

Bialaphos or glufosinate-ammonium were applied as foliage sprays

with a moving-nozzle cabinet sprayer calibrated to deliver a spray

volume of 200L/ha at a pressure of 250 kPa and nozzle speed of 3.4

km/hr. An application rate of 0.5 kg.(PPT)/ha was selected since

preliminary tests had shown it to be marginally toxic to conifer

seedlings under growth room conditions. The treatments were applied

to separate groups of five replicate trees of each species at eight

different growth stages(May 31, June 16, 30, July 14, 28, August

11,25, September 8) separated by approximately 2 weeks each.

Because of limitations in numbers of available seedlings for the

different species, glufosinate-ammonium vs. bialaphos comparisons

were only possible on white spruce and Jack pine. However, all four

species were compared for tolerance to glufosinate-ammonium at the

eight different growth stages. Visual estimates of needle necrosis

15



in October were employed to assess the impact of growth stage on

herbicide injury.

3.1.3 Physiological action of bialphos and glufosinate-ammonium

in conifers

Foliar uptake of glufosinate-ammonium. Black spruce seedlings, 4

months in age, in tube culture, were transferred from Aidie Creek

Nurseries, Kirkland Lake, Ontario to growth rooms at the University

of Guelph. Glufosinate-ammonium-14C(spa 15.5 mCi/mmol) was applied

as a spray at the rate of 1.0 Kg (PPT)/ha to the spruce foliage and

stems with an Aztck 300S Airbrush kit at 133 kPa. The individual

spruce seedlings were placed in a glass cylinder(17cm in diameter

x 70cm in height) and the pressurized spray nozzle (Tourquise No.

9306) was inserted through a slit in the parafilm cover on the top

of the cylinder. Treatments were applied in volumes of 1ml per

tree(approximately 440L/ha). After each treatment, a 200ml rinse of

the glass cylinder, the parafilm cover and the filter paper cover

at the tree base were frozen and later assessed for recoverable

radioactivity by sample oxidation(R.J. Harvey OX 300 Biological

Oxidizer) and/or liquid scintillation techniques(Beckman LS 6000SC

Liquid Scintillation counter). The treated trees were returned to

the growth rooms(16 hr day,200 uE/m /S, 22 C and 8 hr night, 17 C) .

At 12, 24, and 48hrs after treatment, rinses(100ml deionized water)

of the needles, needles, stems and root portions of the spruce

seedlings were frozen, lyophilized(Labconco 4.5 Freeze Dryer) and

16



oxidized to assess the uptake and distribution of radioactivity in

control seedlings as well as in seedlings pretreated with the

growth regulator, paclobutrazol[2RS, 3RS-l-(4-chlorophenyl)-

4,4(1,2,4-triazol-l-yl)pentan-3-ol].

Metabolism of glufosinate-ammonium in white spruce. To assess the

capacity of white spruce shoot tissue to metabolize glufosinate

ammonium-14C, spruce seedlings were grown for 8 months under greeen

house conditions(22 C with supplemental lighting between August and

March) at the University of Guelph. Entire shoots were removed and

then vacuum infiltrated with glufosinate-ammonium-14 C in a mannitol

solution (3.02 umol or 46.9 uCi glufosinate-ammonium-14C in 200 ml

0.35M mannitol) according to the methods of Stephenson

et.al.(1971). The infiltrated seedlings(approximately 2.5g, fresh

weight) were then incubated in a growth cabinet(16 hrs continuous

light, 200 uE/m /S, 22 C) on moist filter paper in petri dishes for

prior to rinsing(3X lOmls, optima water), freezing with liquid

nitrogen, grinding to a powder and extraction by shaking(1 hr) in

20ml, 20% ethanol. The extracts were then vacuum filtered and

concentrated to 5ml, adjusted to pH 3.5(H3P04), centrifuged and

filtered(0.22 urn nylon mesh). The filtered supernatants were then

analyzed for radiolabelled glufosinate-ammonium or metabolites by

high pressure liquid chromatography(Shimadzu HPLC equipped with a

Canberra-Packard radiomatic detector).

17



3.1.4 Statistical methods

All outdoor and indoor conifer tolerance studies and most

laboratory studies were arranged in a completely randomized block

design and data were analyzed using N.C.S.S. 6.0(Number Cruncher

Statistical Systems) Software(Hintze, 1995). Significant

differences were determined using a Student-Newman-Keuls Multiple

Comparison Test(Kuehl, 1994). Correlations between first year

foliar injury and second year height growth were determined using

Sigma Stat(Fox et.al. 1994).

3.2 RESULTS

3.2.1 Outdoor studies of white spruce, black spruce and jack pine

tolerance to glyphosate, bialaphos, and glufosinate-ammonium

On the basis of foliar injury during the season of treatment, and

regardless of species, glufosinate-ammonium was clearly the most

toxic, glyphosate was the least toxic, and bialaphos was

intermediately toxic to white spruce, black spruce and jack

pine(p<0.05, Figures 1, 3 and 5). Most of these differences were

still apparent in the effects on height growth of the trees during

the year after treatment(Figures 2, 4 and 6). One major exception

to the above, was the very equal tolerance of white spruce to

August or September applications of either glyphosate or

bialaphos(Figures 1 and 2).

18



Bialaphos was not available for the June or July applications in

this outdoor study(Figures 1, 3 and 5). However, with respect to

glufosinate-ammonium, both first-year foliar injury and second-year

height grpwth assessments, indicated that white spruce was most

tolerant to the August treatments(Figures 1 and 2) . Second-year

height measurements indicated that both black spruce and jack pine

were most tolerant to glufosinate-ammonium applied in July (Figures

4 and 6) . Greatest tolerance to glyphosate was observed with the

later season applications made in August or September(Figures 1

through 6).

Due to space and time limitations, it was not possible to compare

the tolerance of these three conifer species to these three

herbicides on a statistical basis in one combined experiment.

However, assessments of either first or second year injury

resulting from the slightly toxic rates of 0.5 or 1.0 kg/ha clearly

indicated that white spruce was the most tolerant, followed by

black spruce and jack pine, respectively. This relationship

appeared to be true for all three herbicides(Figures 1 through 6).

3.2.2 Growth room studies of conifer tolerance to bialaphos and

glufosinate-ammonium at different stages of growth

On the basis of per cent needle necrosis, glufosinate-ammonium(0.5

kg/ha) was clearly less toxic to white spruce, jack pine, red pine

19



and white pine when applied during the second half of the growing

season between 10 and 16 weeks after planting(Figure 7) . For all

four of the conifer species, there was a significant increase in

tolerance to glufosinate-ammonium between 8 and 10 weeks after

transplanting(P <0.05, Figure 7). A similar pattern, of greater

tolerence to late-July through early September treatments, was

observed for both bialaphos and glufosinate ammonium on jack pine

and white spruce(Figures 8a and 8b). On the basis of needle

necrosis, neither bialaphos or glufosinate-ammonium at 0.5 kg/ha

were measurably toxic at the later four treatment times. However,

at the four earlier treatment times, glufosinate-ammonium was

significantly more toxic than bialaphos on both jack pine and white

spruce(P <0.05, Figure 8a). This latter experiment was repeated

with white spruce and red pine seedlings. Glufosinate-ammonium

sprays were applied 4, 8, 12 and 16 weeks after transplanting. The

seedlings were again most tolerant when treatments were delayed

until 12 or 16 weeks. Epicuticular waxes were removed and

quantified (according to the methods of Willis et.al., 1989) from

companion seedlings at all of these time intervals. However, under

these growth room conditions, epicuticular waxes did not increase

significantly with time and thus could not be correlated with the

increase in tolerance to foliar applications of glufosinate-

ammonium.
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3.2.3 Physiological action of bialaphos and glufosinate-ammonium

in conifers

Similar to observations for other plants(Shelp and DaSilva, 1990),

foliarly applied glufosinate-ammonium was poorly translocated in

black spruce seedlings(Figure 9). At all harvest times from 12 to

48hr after treatment, 90% or more of the radioactivity was

recovered from the needles or stems which had been directly exposed

to the spray. There was some evidence of movement from needles to

stems but no more than 10% of the radioactivity was ever

translocated to the roots(Figure 9) .

Several investigators have shown that the growth regulator,

paclobutrazol can protect transplanted conifer seedlings from water

stress by either increasing wax deposition on the needles or

causing stomatal closure(Gao et.al., 1987; Marshall et.al., 1991).

If, in fact, paclobutrazol does increase epicuticular wax

deposition on conifer needles, we hypothesized that pretreating

conifer seedlings may reduce the uptake of glufosinate-ammonium. At

48 hrs after treatment, only highest rate of paclobutrazol had a

significant effect on glufosinate ammonium uptake, and the effect

was to increase rather than to decrease the amount recovered in the

needles after rinsing(Figure 10). The seedlings that were treated

with the highest rate of paclobutrazol were shorter and the needles

were much broader than control seedlings. Their greater uptake may

have been due to increased interception and retention of the spray.
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However there was no indication that any rate of paclobutrazol

actually reduced uptake of glufosinate-ammonium.

White spruce stems and needles were able to metabolize glufosinate-

ammonium-14C, but the rate of metabolism, 40% in 16hr(Table 2), was

not as rapid as is usually observed in plants with high metabolic

tolerance to a herbicide(Hatzios and Penner, 1982). In parallel

studies there was no evidence of glufosinate-ammonium-14C metabolism

in the aquatic plant, northern water milfoil (Table 2). The effect

of glufosinate-ammonium on ammonia accumulation supported the

conclusion this herbicide acts as a poorly translocated, poorly

metabolized herbicide in white spruce as has been observed in other

plant species(Haas and Muller, 1987; Shelp and DaSilva, 1990;

Tachabana et.al., 1986; and Sauer et.al., 1987). Glufosinate-

ammonium had their greatest effects on ammonia accumulation in the

needles of' white spruce, slight but significant effects in the

stems and no effect on ammonia accumulation in the roots(Figure

11) . Furthermore, between 24 and 48 hrs after spraying, it

continued to cause further increases in ammonia accumulation in

both the needles and the stems. In contrast, bialophos was

inconsistent in its effects on ammonia levels in white

spruce(Figure 11).

3.3 SUMMARY. AND CONCLUSIONS

Both outdoor studies and indoor controlled environment studies

indicated that most conifer species are likely to be less tolerant
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to either glufosinate-ammonium or bialaphos than to glyphosate. A

major exception could be, white spruce, which in outdoor studies

displayed equal tolerance to bialaphos or glyphosate at application

rates as high as 2 kg/ha during either July or August. In our

studies, white spruce was the most tolerant to either bialaphos or

glufosinate-ammonium, followed closely by black spruce and then by

the various pine species included in the study.

Glufosinate-ammonium appears to have the same mode of action in

conifers as has been reported in other plant species. Foliar sprays

caused rapid increases in ammonia levels in white spruce seedlings

which is consistent with its mode of action as an inhibitor of the

enzyme, glutamine synthetase, in plants. This toxic effect was more

evident in the needles than in the stems and was not measurable in

the roots. These effects, combined with studies that indicated

little translocation or metab-olism of radiolabelled glufosinate-

ammonium indicate that this herbicides act primarily as contact

herbicide in white spruce as has been reported in other plant

species. Bialophos appears to be slower acting than glufosinate-

ammonium, perhaps because it needs to be metabolically activated to

phosphinothricin acid in conifers as in other plant species.

White spruce, black spruce and jack pine tolerated higher rates of

bialaphos or glufosinate-ammonium in outdoor studies than in

controlled environment, indoor studies. In the indoor studies,

regardless of confer species or herbicide, tolerance generally
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increased with increasing maturity of the new growth. In the

outdoor studies, jack pine and black spruce appeared to be most

susceptible to the September treatments. However, white spruce was

equally tolerant at all application times.
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Table 1. Comparativeproperties and uses for the herbicides, glyphosate,glufosinate-ammonium and bialophos.

glyphosate
0 o
1 I

HO—C CH NH CH,-P—OH
* I

OH

ROUNDUP®, VISION®,
RODEO® and others

non-selective, post-emergent
systemic herbicide for crop and
non-crop areas

controls most annual and

perennial plants
-inhibits aromatic amino acid

synthesis in plants
-minimal metabolism in plants
-tightly bound to soil
-negligiblemobility,volatility
-microbiallydegraded in soil
-fieldhalf-life of 47 days
-inactive in soil

-AOLD50 (Rat): 5600 mg/kg
-AOLD50 (BobwhiteQuail):
>4640 mg/kg
-96-h LC50 (Rainbow Trout): 86
mg/L
-very soluble in water
-low solubility in acetone,
chlorobenzene, ethanol,
kerosene, xylene
-pKa = 2.6, 5.6,10.3
-very soluble in water

glufosinate-ammonium
o o

CH3—P-CH2—CH2—CH-C-OH NH«*
<y NH2

BASTA, IGNITE®, and others

non-selective, post-emergent, contact
herbicide for crop and non-crop areas

controls a broad spectrum of
broadleaved weeds and grasses
-inhibits glutamine synthesis in plants
-elevates ammonia levels in plants
-minimalmetabolism in plants
-weakly adsorbed to soil
-potentially mobile
-microbially degraded in soil
-field half-life of7 days
-inactive in soil

- AOLD50 (Rat): 1910-2170mg/kg
- AOLD50 (Rat): (Japanese Quial):
>2000 mgflcg
-96-h LC50(Rainbow Trout): 320 mg/L

-soluble in water and organic solvents
-pK < 2, 2.9, 9.8

-very soluble in water

bialaphos

<? 9 cho CH.0
C^^-C^-CH,-CH-C—NH-CH-C-NH-CH-C-a Na*

O NH,*

MEIJI HERBIACE

non-selective, post emergent and contact
herbicide for use as a directed spray in
fruitandvegetable crops

-controls a broad spectrum ofbroadleaved
weeds and grasses

-inhibits glutamine synthesis in plants
-elevates ammonia levels in plants
-minimal metabolism in plants
-microbially degraded in soil
-field half-life of 20-30 days
-inactive in soil

-AOLD50 (Rat): 268-404 mg/kg
(technical)
-AOLD50 (White Leghorn): >5000 mg/kg
(technical and formulation)
-48-hLC50 (Carp): 1000 mg/L
-very soluble in water, soluble in methanol
-insoluble in ethanol, n-butanol, acetone,
ethyl ether, chloroform, benzene, benzane

-very soluble in water



Table 2. Metabolism of 14C-glufosinate ammonium inwhite spruce andnorthern water milfoil
(Myriophyllum sibericttm, Komorov) shoots after 16hours incubation in continuous light *

species

percent of recovered radioactivity at 16 hrs

glufosinate-
ammonium

MPPA-32 MPAA-23

white spruce 60 16±3 6±6

N. water milofoil 97±3 0 0

1. Intactshhots werevacuum infiltrated with 14C-glufosinate-ammonium in 0.35Mmannitol.
Extractable (20% EtOH) radiolabeled compounds were separated byHPLC.
2. MPAA-3 is deaminated glufosinate acid.
3. MPAA-2 is deaminated and decarboxylated glufosinate acid.
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Figure 1. Foliar injury to white spruce (visual estimate of percent
needle necrosis) in October following treatment with bialaphos (bia)
glufosinate-ammonium (g-a) or glyphosate (gly) in June, July, August
or September.
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the previous year.
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after planting (May 13).
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