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INTRODUCTION 

When ' a herbicide is released in the forest for vegetation control, it is 
important to know how the herbicide behaves in the forest environment. The 
interaction of the herbicide and the environment may be examined through four 
main environmental compartments atmosphere, biosphere, hydrosphere and 
lithosphere (soil). Starting from the point of herbicide release (i .,e., boom 
and nozzles), some chemicals may drift off the target area or may linger i n the ' 
air as extra fine particles for a period of time . When the majority of chemicals 
finally reach the forest ground , they will be absorbed by plants , deposited on 
s o ils, on the surface of water, or on animals . Then, complex degradation, 
metabolism, and movement of herbicide within and among the four environmental 
compartments start. The speed of these processes depends on the type of 
herbicide, the forest environment, and climatic conditions. 

Besides 2,4-D, there are only two, relatively new, herbicides, glyphosate 
and hexazinone, registered for forestry use in Canada. Both herbicides are 
broadspectrum herbicides capable?f controlling many annual and biennial weeds, 
woody vines, and most perennial weeds and grasses. Because of differences in , 
their chemical structures, they behave differently in the forests . Their 
environmental effects are compared using results from studies conducted in 
Newfoundland, Nova Scotia, New Brunswick, Ontario, Manitoba, Alberta, and British 
Columbia. The formulations · used include Vision (Roundup), a liquid formulation 
of glyphosate (3 56 g ae/L; ae = acid equivalent), Velpar L, a liquid formulation 
o f hexazinone (240 g ai/L; ai = active ingredient), and Pronone lOG, a granular 
fo rmulation of hexazinone (10% ai, w/w, surface-coated). 

APPLICATION AND OFF-TARGET DEPOSITION 

Application of a liquid formulation requires a sophisticated delivery 
system, is weather dependent (humidity, air temperature, and wind velocity) , and 
u sually results in off-target drift (Feng and Feng, 1988; Payne et al., 1990; 
Yates et al., 1985). Engineers have made great efforts to improve drift control 
using new types of booms and nozzles for forestry application. On the other 
ha nd, the use of granular formulation may greatly reduce concerns about off
target drift and remove weather dependency (Feng and Sidhu, 1989; Lowery, 1984). 

In a study conducted in Carnation Creek, British Columbia, Roundup was 
applied using a helicopter equipped with a drift control Microfoil boom (Union 
Carbide Inc., Ambler, PAl and 1.5-mm hayrake nozzles (Feng et al., 1990). The 
spray was performed in the late afternoon under overcast skies, 21°C air 
temperature, and 5-11 km/h wind. The application rate was 2 kg ae/ha. Results 
indicated that , less than 0.5, 0.075, and, 0.01% of glyphosate applied deposited 
at 1, 10, and 25 m off the spray boundary. Similar results for the Microfoil 
boom (0.01% off-target deposit at 25 m downwind) were reported ina separate 
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study in the Skeena River Floodplain near Terrace, British Columbia (Payne et 
al., 1990). Payne et al. (1990) compared the helicopter application of 
glyphosate using the Microfoil boom with two other types of boom, the drift
control Thru Valve Boom (TVB) and a conventional boom with 08-46 hydraulic 
nozzles. They recommended the buffer widths of 25, 25, and 30 m for glyphosate 
application using Microfoil, TVB, and 08-46 applicators, respectively, to protect 
water bodies. 

The cross-wind effect on the off-target deposition of hexazinone was studied 
using Velpar Land Pronone lOG, respectively, in New Brunswick (Feng and Feng, 
1988) and Grande Prairie, Alberta (Feng, 1988). Their results are as follows: 

Velpar L was applied at 2.4 kg ai/ha rate by a fixed wing aircraft equipped 
with an Airfoil boom with 66 Whirljet 1/8 B-10 No. 3 conetip nozzles set at 180 
degrees. The aircraft flew 193 km/h at an l8-m elevation under clear skies, 15 
°c air temperature, and 3-5 km/h wind. Results showed severe off-target drift 
from this conventional applicator with 35, 2, and 0.2% of hexazinone deposited 
at 10, 50, and 100 m downwind, respectively. However, the cross-wind effect on 
the application of granular Pronone lOG was minimal, using a helicopter/Isolair 
2600-45 bucket spreader system. This application was made at slower speed (72.4 
km/h) but higher elevation (33.5 m). Because Pronone granules are heavier (20 
mg) and more uniform than Velpar droplets, the pattern of granule deposition 
was not affected by 8 km/h cross-wind, except a slight shift at the tail ends 
of granule collection transects. 

A general order of risk in off-target drift resulting from the herbicide 
application would be: liquid/fi~ed-wing aircraft/conventional boom/nozzles > 
liquid/helicopter/conventional boom/nozzles > liquid/helicopter/Microfoil (or 
TVB) > granular/helicopter/bucket spreader. 

PERSISTENCE, MOVEMENT AND DEGRADATION IN SOILS 

water is a vital transporting agent for chemicals in soils (Likens et al., 
1977). Both glyphosate and hexazinone are water soluble at 1.6 and 3.3 % (w/w), 
respectively. However, their mobilities in forest soils through water movement 
( saturated and unsaturated flow) are very different. 

Glyphosate and its metabolite AMPA appear to be bound to the soil through 
the phosphonic acid moiety and have a -low propensity for leaching; their mobility 
in soils is very limited and is affected by pH, phosphate level, and soil type 
(Sprankle et al., 1975Q). According to studies conducted in British Columbia, 
Manitoba, Ontario, and elsewhere (Feng and Thompson, 1990; Henderson et al.,1988; 
Roy et al., 1989Q; WSSA, 1989), glyphosate residues are retained (> 90%) in the 
top organic layer of soils, dissipate as a function of time with an estimated 
half life of 45-60 days"and reduce to less than 18% within one year. The AMPA 
concentration in soil is proportionally less than glyphosate suggesting that this 
degradation product is non-cumulative in soils (Feng and Thompson, 1990; Roy et 
al., 1989). Glyphosate is biodegradable by soil microbes (WSSA, 1989). Accord
ing to a Nova Scotia study (Fletcher and Freedman, 1986) at normal field dosages, 
glyphosate residues in soil do not affect the microbial decomposition of forest 
litter. Because glyphosate bonds strongly to soils, it does not move laterally 
in soils (Feng and Thompson, 1990; Henderson et al., 1988; Roy et al., 1989Q). 

In contrast, hexazinone is capable of moving with water in forest soils. 

Page 41 



With adequate rainfall during the recommended application time (spring and fall) , 
hexazinone may leach to the 30-cm depth in about t wo weeks after treatment. 
Hexazinone is degraded by microbial activity i n soils (Rhodes e t a l., 1980). 
Residue levels range 5-25% in 0-30 em soil, one year after t reatment. This 
mobility has been reported in Matheson clay (Ontario) (Roy et al., 1989£), New 
Brunswick loam (Feng and Feng, 1988), Calling Lake silt loam (Alberta) ( Feng and 
Navratil, 1990), Parkinson sandy loam (Ontario) (Prasad and Feng, 1990), Grande 
Prairie loam/silty clay loam/clay (Alberta) (Sidhu and Feng, 1990), and in 
Newfoundland podzol (Helbert, 1986). Hexazinone may also l each to t he 80-cm 
depth (Feng et al., 1989) and, in the presence of decayed root channels, to the 
130-cm depth (Sidhu and Feng, 1990) in heavy clay soil in Grande Prairie, 
Alberta. The major degradation products of hexazinone are called metabolite
A and metabolite-B (Rhodes, 1980). These metabolites are non-cumulativ e and 
proportionally less than hexazinone in forest soils. Limited lateral movement 
o f hexazinone in soils occurs through runoff (Neary et al., 1983, 1986). Barring 
and Torstensson (1983) and Harrington et al. (1982) found that hexazinone moved 
with water at least 2 m down a 12-22 degree slope. Similar l imited lateral 
mov e ment of hexazinone were observed in Canadian studies: lateral movement was 
no t detected 20 m downslope o n a 5-10% gradient o f s ilt loam s oil in Stewart 
Lake, British Columbia (Feng, 1987) and was not detected 3 m down the 7- 80 slopes 
o f either clay or sandy soils in Matheson, Ontario (Roy et al., 1989£). The 
development of mycorrhizal fungi associated with the roots of conifer species 
are generally not affected by hexazinone applied at field doses (Sidhu and 
Chakravarty , 1990). 

PERSISTENCE IN WATER AND EFFECT ON AQUATIC BIOTA 

In general, the toxicity of glyphosate and hexazinone to fish and aquatic 
biota is low (WSSA, 1989). The persistence of glyphosate in water and its effect 
o n specific species of fish and aquatic biota were studied intensively in Canada 
i n the past decade, but relatively few studies were found involving hexazinone. 

Glyphosate and AMPA did not runoff with surface water from a forest cutblock 
t reated with Roundup in Revelstoke, British Columbia (Gluns, 1989). Glyphosate 
a nd AMPA residues in oversprayed and buffered streams were monitored following 
a pplication of Roundup at 2 kg ae/ha to 45 ha of the Carnation Creek watershed 
i n British Columbia (Feng et al., 1990). In this study, maximum glyphosate 
r esidues in two i ntentionally oversprayed tributaries were observed to be 162 
I g/L in stream water, 6.8 Ig/g dry mass in sediments, and < 0 . 03 Ig/L in 
s uspended sediments. They dissipated to < 0.1 Ig/L in stream water within 96 
h a f ter application. Based on values reported by Folmar (1978) and the results 
o f the Carnation Creek study, low glyphosate concentrations in water resulting 
from the direct overspray of the streams showed that there was a substantial 
s afety margin. No statistical difference on the population densities of 
macro invertebrates exposed to these glyphosate concentrations was found between 
the control and treated streams (Scrivener and Carruthers, 1989). No effects 
were found on 11 species of aquatic invertebrates observed for 11 days after 
application (Kreutzweiser et al., 1989); no measurable effects were found on 
macro invertebrate abundance/community composition and litter decomposition rates 
i n water for two years after application (Holtby and Baillie, 19892). Rapid 
d issipation of glyphosate in small boreal forest ponds was also reported in 
Manitoba (Goldsborough and Beck, 1989) and in Ontario by Drs . stephenson and 
Solomon using limnocorrals (University of Guelph). However, once in the aquatic 
e nvironment, glyphosate may exhibit temporary toxicological effects to algae 
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(periphyton and diatom) as studied in British Columbia (Holtby and Baillie, 
1989~; Sullivan et al., 1981) and in Manitoba (Goldsborough and Brown, 1988). 
A forest pond in British Columbia treated with glyphosate up to 100 times the 
r ecommended field dose showed no effect on the survival rate of Daphnia magna 
(a small aquatic fauna) (Hildebrand et al., 1980). 

Salmonoid species ( rainbow trout, chinook and c oho s almon) are the 
predominant species in British Columbia (Hildebrand et al., 1982). Results of 
laboratory toxicity studies conducted in British Columbia indicate that, during 
the course of normal usage at the label specified rates, Roundup poses no acute 
toxicity hazard to salmonoids nor will it affect seawater adaptation of coho 
salmon (Chapman, 1989). Operational spray of Roundup at a range of rates from 
the recommended field dose (2.2 kg ae/ha) to 100 * field dose (220 kg ae/ha) does 
not cause mortality to rainbow trout fingerlings in British Columbia (Hildebrand 
et al., 1982). Another British Columbia study using Roundup concentrations up 
to 10 times the field dose in a 10-day exposure showed no effect on coho salmon 
yearlings in terms of "seawater survival", "plasma sodium concentration", and 
growth (Mitchell et al., 1986). In the Carnation Creek study, Holtby and Baillie 
(1989£) observed 0 and 2.6% mortality of resident and caged coho fingerlings, 
respectively, within 24 hours in the glyphosate treated stream, and no changes 
in over-winter mortality, growth rates, probabilities of entering and leaving 
the tributary or timing of spring emigration in the following two years. 

In Canada, hexazinone is not studied as intensively as glyphosate. 
Hexazinone runoff drained directly from a 3-kg ai/ha treatment block to an 
ephemeral stream and a permanently flowing stream was monitored for 45 days after 
application, over six storm even~s in a New Brunswick forest (Feng and Feng, 
1988). Hexazinone residues decreased both with time and distance downstream. 
Within the ephemeral portion of the stream, the initial peak concentration at 
50 m downstream was 31 19/L during the first storm event, 6 days after applic
ation, and decreased rapidly to 4 19/L after 45 days; concentration at 800 m 
downstream was 5 19/L during the second storm event, 13 days after application, 
and decreased to less than 1 19/L between 20 and 45 days after application. 
Within the permanently flowing portion of the stream, 1500 m downstream from the 
treatment site, there was no hexazinone residues detected throughout the 
monitoring period (Feng and Feng, 1988). In a Grande Prairie, Alberta forest 
site treated with Fronone lOG at 4 kg ai/ha rate, an ephemeral/permanent stream 
system was monitored at 7 sampling points, 40-2000 m from the boundary of a 
sprayed block (Sidhu and Feng, 1990). Hexazinone residues « 5 19/L) were 
detected only at the 40-m point between 236 and 344 days after application. 
Similar low concentrations of hexazinone runoff in stormflow and baseflow and 
rapid dissipation of hexazinone in the directly treated streamwater were observed 
outside Canada (Neary et al., 1983, 1986; Miller and Bace, 1980). Rapid 
dissipation of hexazinone in small boreal forest ponds was observed by Drs. 
Stephenson and Solomon using limnocorrals. 

ABSORPTION AND PERSISTENCE IN PLANTS 

Both glyphosate and hexazinone can be absorbed and translocated in plants. 
There are distinct differences between these t wo herbicides in the route of 
absorption and translocation by the forest vegetation. 

Glyphosate is rapidly deactivated in soils (Sprankle et al., 1975~). 

Effective vegetation control using glyphosate can only be achieved through foliar 
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t reatment. Glyphosate is absorbed through foliage and translocated throughout 
t he plant (Prasad, 1985; Prasad and Cadogan, 1991; WSSA, 1989). Ontario studies 
showed that reduced droplet size, increased droplet density, and addition of 
adjuvants increase the foliar uptake of glyphosate (Prasad, 1988~, 1988Q, 1989) . 
In the Carnation Creek study, the initial foliar residues in red alder and 
s almonberry were 260 and 450 Ig/g, respectively, indicating good i mpingement on 
the target foliage; in the subsequent sampling of leaf litter 15 days after 
application, glyphosate residues were about 10-fold lower than initial foliar 
residues and averaged 13 and 19 19/9, respectively (Feng and Thompson, 1990). 
The distinct difference in foliar and leaf litter residues may result from a 
variety of dissipation mechanisms acting on the foliar residues including uptake, 
translocation, and metabolism within the plant; and washoff resulting from the 
heavy rainfall (39 mm) within 23 hours of application (WSSA, 1989). Metabol~te 

AMPA was found to be 2% of the concentration of glyphosate (Feng and Thompson, 
1990). Freedman et al. (1988) reported glyphosate residues in red maple foliage 
of 5100 Ig/g in Nova Scotia. Roy et al. (1989~) reported low residue level of 
g lyphosate in wild berries, and their fruit can be pick for human consumption 
(no detectable residues) within two weeks after application. 

Hexazinone is readily absorbed through foliage and roots. It usually 
exhibits a high degree of contact activity which can be enhanced by addition of 
a nonionic surfactant (Prasad, 1989; Prasad and Cadogan, 1991; WSSA, 1989). 
Uptake and dissipation of hexazinone were studied in 20 different species of 
woody and herbaceous plants, grass, and in fresh leaf litter and twigs for two 
years in a Grande Prairie, Alberta forest (Sidhu and Feng, 1990). Results 
indicated that hexazinone concentrations in foliage and twigs were maximum during 
May to July following a fall app~~cation in the previous year. Marsh reed grass 
accumulated the most residues followed by willow, showy aster, wild rose, Sask
atoonberry, and fireweed. Residue levels in all species declined continuously 
towards the end of the growing season and practically no residues were detected 
in the second growing season. The presence of both metabolites A and B were 
detected at similar or lower levels than hexazinone in all species except Sask
atoonberry. Sidhu and Chakravarty (1990) found uptake of hexazinone by pine and 
s pruce seedlings were enhanced through inoculation of root fungi, mycorrhizae. 

EFFECTS ON WILDLIFE 

The toxicity of both glyphosate and hexazinone to wildlife is very low. 
For example, rat acute oral LD50 levels are 5600 and 1690 mg/kg for glyphosate 
and hexazinone, respectively. If these values are applied to the human case, 
it means that an 80-kg man has to swallow one pound of pure glyphosate or 1.5 
L of Roundup to have a 50% chance of being killed. 

Glyphosate inhibits an enzyme (EPSP synthase) in the bio-synthesis of 
aromatic amines in the shikimic acid pathway in plants -- a pathway that plants 
and mammals don't share (WSSA, 1989). In a food preference and consumption study 
conducted in British Columbia, the black-tailed deer did not avoid eating the 
alfalfa and other forage sprayed with glyphosate at any time (Sullivan and 
Sullivan, 1979). Small mammals, including mice, voles, chipmunks, and shrews, 
form an integral part of a young forest community, where herbicides are usually 
applied. Sullivan and Sullivan (1981) monitored the demographic responses of 
a deer mouse population to forest application of Roundup for one year, and found 
no apparent adverse effects on reproduction, growth, or survival of deer mice. 
Average densities of four small mammal populations, including deer mouse, Oregon 
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vole, Townsend's chipmunk, and shrew, did not change due to application of 
glyphosate in a 20-year-old conifer plantation (Sullivan and Sullivan, 1982). 
No effect was found, when songbirds, small mammals, and ungulates were studied 
o n their reponses to habitat alterations induced by the field application of 
glyphosate in Manitoba (Henderson et al., 1988). 

Hexazinone inhibits the photosynthesis in plants, another bio-mechanism that 
mammals and plants don't share (Sung et al., 1985; WSSA, 1989). There is only 
one Canadian study in Grande Prairie, Alberta, designed to investigate the 
population changes and returning frequencies of rodents to operational hexazinone 
application (Penner, 1990). No adverse effect of hexazinone to small mammals 
was found in this field application. However, in the composite samples of liver 
and kidney of rodents, small amounts of residues of hexazinone and metabolite
B were detected in a small number of rodents with the highest concentrations, 
0.21 and 0.24 Ig/g of hexazinone and metabolite-B, respectively, found in animals 
in the control areas rather than the treated areas. The detection of residues 
in liver and kidney contradicts the results of Rhodes and Jewell (1980), the only 
other published research on the metabolism of hexazinone in small mammals. 

SAFETY OF HERBICIDE USAGE 

Generally, mammalian toxicities of glyphosate and hexazinone are very low, 
including acute, subacute, chronic, skin, and inhalation toxicities (WSSA, 1989). 
Maibach (1986) tested dermatologic responses induced by Roundup on 346 volunteers 
and reported that the herbicide was less irritating than a standard liquid 
dishwashing detergent and a general all-purpose cleaner. There was no evidence 
for the induction of photoirr ~tation, allergic or photoallergic contact 
dermatitis. The "half-life" of these two herbicides is generally in the range 
of weeks not years, and, if needed, the application on a given site would 
normally happen once per rotation (>65 years). However, we must realize that 
there is still a lot to learn about the long-term effect of herbicide usage. 
Our real concerns for safety are not over when a herbicide is registered 
(Bowering, 1989). It is always prudent to limit exposure and to follow carefully 
the safety precautions recommended on the label. 
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FOREWORD 

This vegetation management symposium was jointly organized by the 
University of British Columbia and Monsanto Canada Inc. It was 
organized to provide up-to-date i nformation regarding various 
techniques of vegetation management, application methods, efficacy 
of some of the products, and environmental and human risks. 

vegetation management is one of the basic tools of forest 
management. Sound vegetation management is a concern not only of 
the forest managers but also of Utility and Transportation 
companies. Techniques and methods of vegetation management are 
rapidly changing, reflecting a public pressure and governmental 
regulations regarding the use and field application of many of the 
products available for such purpose. 

These proceedings are published in original form of the papers 
submitted by speakers. The organizers would like to express 
appreciation to all of the speakers for a job well done and for 
timely submission of the presentations which made these proceedings 
possible. 
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