Seasonal Variations in Jack Pine (Pinus banksiana) and
White Spruce (Picea glauca) Tolerance to Glyphosate and Triclopyr!
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Abstract. Seasonal variations in tolerance of jack pine and white spruce to glyphosate and triclopyr were investi-
gated in field and growthroom studies. Foliar injury was higher in both species following field applications of
herbicides in July during periods of active growth than in September and October when the plants were not
growing actively. Herbicides applied to trees in the growthroom 3 weeks after bud break caused greater injury
than applications cither before or 14 weeks after bud break. White spruce tolerated both glyphosate and tri-
clopyr better than jack pine. Triclopyr injured both species more than glyphosate. Chemical analysis and
electron micrographs showed that the cuticular wax deposition on both species was greater in field-grown trees
than in growthroomgrown trees and was greater at 14 weeks after bud break than at 3 weeks. Increased wax
deposition with time after bud break may reduce herbicide uptake and may account partially for the increased
tolerance of both species to glyphosate and triclopyr. Nomenclature: Glyphosate, N-(phosphonomethyl)glycine;
triclopyr, [(3,5,6-trichloro-2-pyridinyl)oxy] acetic acid; jack pine, Pinus banksiana L.; white spruce, Picea glauca
(Moench) Voss.
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INTRODUCTION

A common silvicultural practice in forest manage-
ment is to regenerate a conifer stand by replanting as
soon as possible after the previous harvest. However,
competing vegetation can inhibit the establishment
and growth of conifers (9). Thus, intensive manage-
ment to reduce competition from unwanted vegeta-
tion is important during conifer stand establishment.

Herbicides often are used in newly planted conifer-
ous stands to release the trees from shrub competi-
tion (9, 10). The phenoxy herbicides 2,4-D [(2,4-di-
chlorophenoxy)acetic acid], and particularly 24,5-
T [(2,4,5-trichlorophenoxy)acetic acid] were im-
portant for silviculture until 2,4,5-T was banned in
several countries in the early 1980s (9). This created
a need for other herbicides with similar or better
activity than those of 2,4,5-T or other phenoxy acids.

The effectiveness of herbicides often is limited by
their ability to control the unwanted vegetation
selectively without injuring the coniferous crop. Most
conifers exhibit less injury when herbicides are ap-
plied in the late summer or early fall than when they
are applied in the spring and summer (6, 8, 10, 12).
However, the factors responsible for seasonal varia-
tions of conifer tolerance to certain herbicides are
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obscure and are documented poorly (12). Therefore,
the objectives of the present study were to document
the seasonal variations of jack pine and white spruce
tolerance to glyphosate and triclopyr. Wax deposition
on the needle surfaces was examined visually and
quantitatively to evaluate its possible role in seasonal
differences of herbicide tolerance.

MATERIALS AND METHODS

Field study. A study was conducted from 1986 to
1987 on a 12- by 32-m area located at the Arkell
Research Station near Guelph, Ontario. The experi-
mental plot was characterized by a flat terrain and
clay loam soil (pH 6.8; organic matter 4.0%; sand
35%; silt 43%; clay 21%). The site was prepared with
a shear blade and was rototilled in April, 1986.

A randomized complete block design was used
with five replications in a factorial arrangement.
Nursery-grown jack pine (2 years in the seed bed,
0 years in the field) and white spruce trees (2 years
in both the seed bed and field) were planted during
the last week of May, 1986. There were four trees
spaced 1.0 m apart for each treatment. Triclopyr at
1.5 kg ae/ha and glyphosate at 2 kg ae/ha were
sprayed at three different times throughout the
1986 growing season, July 26, Sept. 9, and Oct. 1,
to encompass the various stages of conifer shoot
growth. The herbicides were applied with a hand
pumped, 10-L sprayer, 35 cm above target, with
walking speed of 7 km/h, a spray pressure of 200 kPa
with a low volume 800067 flat fan nozzle (50 to 60
L/ha).
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Data were collected Oct. 18, 1986, and Oct. 19,
1987. Herbicide injury to foliage was assessed using
a 0 to 10 visual rating system with 0 = no injury and
10 = complete kill. Data was subjected to analysis of
variance, and the LSD test was used to compare
means.

Growthroom study. Nursery grown 2-yr-old jack pine
(2 + 0) and 4-yr-old white spruce (2 + 2) were placed
in cold storage (—4 C) for 10 weeks. The trees were
thawed gradually, were planted in 25-cm diam fiber
pots, and were placed in a growthroom with day/
night temperatures of 25 and 20 C, respectively, and
a 16-h photoperiod with a photon flux density of
280 pE m™ ? s~ !, Before spraying, the soil surface in
each pot was covered with plastic. The seedlings were
placed in a spray chamber calibrated to deliver 195
L/ha of spray solution at 200 kPa using an 8002E
nozzle. The seedlings were sprayed with either tri-
clopyr at 1.5 kg/ha or glyphosate at 2 kg/ha 4 days
before or 3 to 14 weeks after the bud break of new
growth. The experiment was arranged using a com-
pletely random design with five replications and four
trees per replication. Foliar injury was evaluated 40
days after application, data were subjected to analysis
of variance, and the LSD test was used to compare
means.

Estimation of epicuticular wax. At 3 and 14 weeks
after bud break, new shoots were selected randomly
for wax extraction from both field- and growthroom-
grown pine and spruce seedlings. Three shoots per
tree were removed and were immersed in chloroform
for 10 to 15 seconds. Kolattukudy (4) reported that
this technique extracts about 99% of the wax on leaf
surfaces. Also, limiting the time of exposure to sol-
vents decreases the chance of extracting internal
lipids. The dewaxed shoots were freeze dried to
determine the dry weight of needles. The extract
was passed through a 2-cm diam by 12-cm column of
anhydrous sodium sulphate to remove any water.
The solvents were evaporated at room temperature
using nitrogen gas until the wax was a constant
weight. Wax deposition was expressed on a percent-
age of dry weight basis (weight of needles only).

There were five replications with four trees per
replication for each species both in the field and
growthroom at each growth stage. Experiments were
arranged in a completely random design, and data
from the field and growthroom and for each plant
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species were subjected to analysis of variance, and the
LSD test was used to compare means.

Comparision of epicuticular wax ultrastructure. At 3
and 14 weeks after bud break, needles were collected
randomly from both field- and growthroom-grown
pine and spruce seedlings. The needles were freeze
dried for 48 h (2) and were cut into 0.5-cm lengths
with a razor blade. The specimens were placed on
carriers with 2-sided tape, were coated with gold
palladium (Polaron SEM coating unit), and were
placed in a Phillips scanning electron microscope. The
magnification of the photomicrographs ranged from
160- to 2000-fold. The freeze-drying technique (2)
resulted in an undisturbed epicuticular wax layer with
a high degree of resolution in the micrographs.

RESULTS AND DISCUSSION

Field study. Foliar injury to white spruce by either
glyphosate or triclopyr was greater at the end of the
second growing season than at the end of the first
growing season (Figure 1). These results agree with
those of Sutton (13) who observed that white spruce
survival continued to decrease during the second
season after glyphosate application. Sutton implied
that this delayed mortality was not because of a 2-yr
wranslocation period for absorbed glyphosate but
rather the result of severe stress over time. The
amount of apical growth in most conifers is determin-
ed largely by growth during the previous summer (9).
Thus any stress, such as herbicide injury during that
previous summer, could affect the next year’s growth
(13). This, combined with the stress of winter condi-
tions, could explain the continued increase in foliar
injury for white spruce the year after application.

Foliar injury to jack pine also was higher at the end
of the second growing season but only from triclopyr
(Figure 1). The increase in injury, however, was not
as great as that observed for white spruce. Jack pine
injury from glyphosate was lower in 1987 than it had
been at the end of 1986.

Both species showed greatest foliar injury from the
July application for both herbicides in both years of
assessment (Figure 1). The July application date was
approximately 6 weeks after bud break when shoots
were actively elongating. The September application
was approximately 12 weeks after bud break; and
even at this growth stage, injury ratings ranged from
1.3 to 4.0 (Figure 1).
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Figure 1. Foliar injury of 2-yr-old jack pine and 4-yr-old white spruce from glyphosate (left) and triclopyr (right) applied during 1986. Injury rating:
0 = no injury; 10 = complete kill. Injury assessed Oct. 18, 1986, and Oct. 19, 1987.

Visual examination suggested that the seedlings
had stopped their active growth by September, but
both species were injured by both herbicides applied
in September (Figure 1). The October application was
approximately 16 weeks after bud break; no injury
was observed with glyphosate, but triclopyr injured
jack pine. Most investigators (1, 3, 7, 12) concluded
that conifers tolerate herbicides (glyphosate and
phenoxy) applied in late summer and early fall. These
field studies confirm this. However, the trees were
planted late, and herbicides applied during September
still caused injury.

The toxicity of both herbicides to white spruce
differed little (Figure 1). However, at the final assess-
ment in October, 1987, triclopyr was more toxic than
glyphosate to jack pine regardless of 1986 application
date. Jack pine was generally more susceptible than
white spruce to either herbicide for each application
date. These results are similar to those of other in-
vestigators who have reported that jack pine is more
susceptible to herbicides than white spruce (5, 10,
12). Also, triclopyr could damage ponderosa pine
(Pinus ponderosa) regardless of application time dur-
ing the season (11).

Growthroom studies. In growthroom studies, injury
was greatest to white spruce or jack pine when either
glyphosate or triclopyr was applied 3 weeks after bud
break in spring (Figure 2). Significantly less injury
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was observed at the other application times. The least
injury occurred 14 weeks after bud break, which is
equivalent to a late summer-early fall application.
Triclopyr was significantly more toxic than gly-
phosate to both jack pine and white spruce. These
results confirm the results of the field study.
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Figure 2. Foliar injury to growthroom-grown 2-yr-old jack pine and 4-
ry-old white spruce 40 days after applying glyphosate and triclopyr at
(a) 4 days before bud break, (b) 3 weeks after bud break, and (c) 14
weeks after bud break. Injury rating: 0 = no injury; 10 = complete kill.
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Epicuticular wax quantity. Wax extraction studies
were conducted at the same time as growthroom-
grown trees were assessed for herbicide injury. Wax
deposition on needles was greater at 14 weeks after
bud break with both growthroom- and field-grown
jack pine and white spruce seedlings than at 3 weeks
after bud break (Figure 3). Wax deposition on field-
grown white spruce increased from 1.9% at 3 weeks
to 4.2% at 14 weeks after bud break. Wax deposition
on field-grown jack pine needles increased from 0.7%
at 3 weeks to 1.3% at 14 weeks after bud break. At
the 3-week period, wax deposition on growthroom-
grown white spruce was 1.8% with injury ratings by
glyphosate and triclopyr at 3.0 and 8.0, respectively
(Figure 2 and 3). At the 14-week period, wax deposi-
tion had increased to 3.5%, and the injury ratings had
decreased to 0 and 4.0 for glyphosate and triclopyr,
respectively.

Wax deposition on growthroom-grown jack pine
increased from 0.6% at 3 weeks to 1.0% at 14 weeks
after bud break, while the injury ratings decreased
from 10 to 6.5 and from 4.5 to 1.0 for triclopyr and
glyphosate, respectively (Figures 2 and 3). The in-
crease in wax deposition may be a factor in increased
tolerance to herbicides, perhaps by creating a greater
barrier to herbicide penetration by decreasing the
wettability and retention of the herbicide on the
needles.

Field- and growthroom-grown white spruce had
significantly greater wax deposition at the 3-and 14-
week growth stage than jack pine (Figure 3), which
could explain the greater tolerance of white spruce to
both herbicides. In earlier studies, Lehela et al. (5)
similarly suggested that the thin cuticle and less
heavily plugged stomata of jack pine could explain
the lower rtolerance to aminotriazole (1H-1,2 4-tri-
azole-3-amine) compared to white spruce. Injury
ratings from both the field- and growthroom-grown
seedlings show that white spruce tolerated both
herbicides more than jack pine (Figures 1 and 2).
Epicuticular wax ultrastructure. The stoma on the
adaxial surface of a white spruce needle at 3 weeks
after bud break was partially occluded with wax,
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F'::glm-e 3. Wax deposition on needles of field- and growthroom-grown
white spruce and jack pine ar 3 and 14 weeks after bud break.

and the surrounding needle surface was sparsely
coated with tubular wax projections (Figure 4a).
The stoma appears out of focus because of the dif-
ference in depth of the pore. The stoma of white
spruce at 14 weeks after bud break is completely
occluded with wax (Figure 4b), and the surround-
ing needle surface is densely packed with wax projec-
tions.

The stoma and surrounding needle surface of jack
pine at 3 weeks after bud break are sparsely coated
with epicuticular wax (Figure 4c). The stoma of jack
pine at 14 weeks after bud break was occluded with
wax (Figure 4d), and the surrounding needle surface
was sparsely coated with epicuticular wax.

The stoma of jack pine at 14 weeks after bud
break are occluded with wax (Figure 4e), and the
surrounding needle surfaces are sparsely coated with
epicuticular wax. The stoma of white spruce at 14
weeks after bud break are completely occluded
(Figure 4f), and the needle surface is densely packed
with epicuticular wax. This greater wax deposition on
white spruce may explain the greater tolerance of the
species over jack pine.

Figure 4. Scanning electron micrograph of stomata on the adaxial surface of white spruce (4) 3 and (b) 14 weeks after bud break; jack pine (c) 3 and
(d) 14 weeks after bud break; and a comparison of the stomata of (e) jack pine and (f) white spruce 14 weeks after bud break, Bars = 10 pm.
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Increased wax deposition with time after bud

break on both jack pine and white spruce may pro-
vide a greater barrier to glyphosate and triclopyr
penetration and could explain the increased herbicide
tolerance later in the season.
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