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NORWAY SPRUCE RELEASE WITH GLYPHOSATE: 10 YEAR RESULTS

INTRODUCTION

Many reports and studies have been published
on the short term vegetation control achieved as
a result of using glyphosate!, but few long term
studies on the relationship between crop growth
and vegetation management have been under-
taken. This report summarizes the 10 year
results of a glyphosate conifer release trial. The

focus of the study is two herbicide trials, estab-
lished in August, 1979 on a hardwood clearcut
site planted with Norway spruce (Picea abies
(L.) Karst.} in Georgefield, Nova Scotia.

1 Glyphosate is the active ingredient in Roundup®, manofactured
by Monsante Company Led. This product is now marketed as
Vision®,

SITE DESCRIPTION

The experimental area, located on Crown land
in Georgefield, Hants County (45°12'N,
63°34'W), supported a 70 percent hardwood
stand prior to harvesting in 1975-1977. The site
was prepared with a Rome disc in 1977, and
planted with 3+0 Norway spruce in 1978.
Planting on mineral soil microsites created by
the Rome disc resulted in frost heaving and

reduced plantation survival, Prior to herbicide
treatments in §eptember, 1979, the two major
competitors were red maple (Acer rubrum L.)
and raspberry (Rubus spp.). Red maple covered
20% of the area, and averaged 2 metres in
height; raspberry covered 40% of the area and
averaged 0.6 metres.
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METHODS

GROUND TRIAL

Eight 0.04 hectare blocks were permanently
established in 1979. These blocks were placed
in an area of extreme competition in order to
obtain a “worst case scenario”. Two blocks were
left for control, and 2 sets of 3 blocks were each
treated with Roundup® at rates of 6.29 l/ha,
7.86 I/ha, and 9.44 1/ha'. Roundup was applied
in a 224 1/ha total solution, using hydraulic back
pack sprayers, in the first week of September
1979. Competing vegetation was remeasured
annually for 5 years with the results reporied in
1988 (NSBLF, 19388). For the tenth year re-
measurement, blocks were divided into 4 rectan-
gular assessment plots, each approximately 19
m? in size. The 4 plots, located adjacent {o one
another in the centre of each block, were sur-
rounded by a buffer strip at least 3 metres wide.

AERIAL TRIAL

The aerial trial consisted of three,  hectare
blocks. The first was treated with 4.72 1/ha
Roundup®; the second with 6.29 1/ha', both in a
56 1/ha total solution, and the third was left as a
conirol. Application was by helicopter on the
evening of September 13, 1979. Wind speed
was negligible and the temperature was 15° C.
The tenth vear data were collected from 10
circular assessment plots, each 3.1 metres in
radius, established systematically along a
bearing line in each of the 3 areas.

1 The §.29, 7.86 and 9.44 Vha rates are higher than the presently
recommended rate of 6 Lha for maple and Rubus specics as
stated on the product label.

PLOT MEASUREMENTS AND
CALCULATIONS

Total height (cm), and diameter (in mm, 5 cm
above ground level) of all Norway spruce within
each plot were recorded. In addition, the height
class (m), diameter class (cm), and percent
cover (visual estimate) for each hardwood stem
by specics were recorded along with the average
height class (dm) and percent cover for each
shrub and ground cover species. Small numbers
of naturally regenerated red spruce (Picea
rubens Sarg.) and balsam fir (Abies balsamea
(L.) Mill.) were also present on most sites, but
have not been included as competltmn or as
crop trees in this report.

In this study a free to grow crop tree is defined
as a Norway spruce that is taller than the aver-
age height of the hardwood trees in the same
plot.

The severity of competing vegetation was
evaluated on the basis of cover and height
according to the following formula:

Cl=H=xC

where CI = competition index
H = average height of competing
~ vegetation, by species
C = percent of ground covered by
competing vegetation of the same
species (visual estimate)

The volume of each Norway spruce tree was
calculated using the following formula (Husch,
Miller and Beers, 1972):

Vol=1/3x(nxD¥4)xH

where Vol = average tree volume (cm?)
D = tree diameter (cm) measured at
5 ¢cm above root collar
H = total height (cm)
T =3.141592



RESULTS

COMPETING VEGETATION

One apphcation of glyphosate successfully
controlled the competing vegetation and al-
lowed the Norway spruce to become established
and free to grow in the early years of the planta-
tion (NSDLF, 1988). Ten years following
treatment, the Norway spruce are still free to
grow in the treated areas, whereas in the control
blocks, they have not yet been able to break free
of the vegetative competition. The average.
competition index (CI) for the control is more
than 4 times that of treated blocks in the ground
trial and 3 times greater in the aerial trial (Fig-
ures 1 & 2). The decrease in CI for the treated
areas is due to the effect of glyphosate on the
height and cover of the hardwood species. For
example, in the ground controls, the hardwood
competition covers almost 80% of the area and
is so severe that the average height of the Nor-
way spruce (2.0m) is only about 1/2 that of the
hardwood trees (3.8m). In the treated blocks the
reverse 1s true; the hardwood trees are less than

one half as tall as the Norway spruce and cover
less than 20% of the area (Appendix I). The
hardwood competition (average height 3.5m) is
less severe in the aerial control as compared to
the ground control, covering 54% of the area
and approximately 80% as tall as the average
Norway spruce (4.3m). In the acrially treated
blocks, hardwood trees cover less than 20% of
the area and are less than one half as tall as the
crop trees (Appendix II).

Treatment with glyphosate caused a species
shift from mainly hardwood trees to a greater
percentage of ground vegetation in both aerial
and ground applications (Figures 1 & 2, Appen-
dix III). Hardwood trees in the treated plots
make up only approximately 50% of the compe-
tition index compared to about 90% in the
controls. Ground vegetative species account for
approximately 50% of the total competition
index in the treated blocks as opposed to less
than 10% in the controls. The shrub species,
mainly ragpberry, account for less than 10% of
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Figure 1. Total competition index by species groups for different
treatment rates of glyphosate - ground application.
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Figure 2. Total competition index by species groups for different
treatment rates of glyphosate - aerial application,

the total CI in both treated and control blocks,
despite being a major competitor prior to treat-
ment (NSDLF, 1988). Although the shrub and
ground vegetative species groups account for
approximately 1/2 the competition index in the
treated areas, they now offer very little overhead
competition to the Norway spruce. In fact, the
average height of these 2 vegetative groups is
approximately 0.5m compared to 4.0m for
Norway spruce (Appendices I & II).

CROP TREES

Norway spruce on treated sites outperformed
crop trees in the control block with respect to
height, diameter and volume growth. In fact, for
ground treated sites, the average Norway spruce
volume is 6-13 times greater than that of the
control, and the height is double, increasing
from 2 metres to 4 metres, on average. On the
aerially treated sites, the average crop tree
volume exceeded the volume in the control by 2
to 3 times (Figures 3 & 4).

In the ground control block, none of the sur-
viving Norway spruce had managed to get
through the dense cover of hardwood trees,
while in the treated blocks 96% of the Norway
spruce were free to grow. Similarly, in the aerial
control, only 50% of the Norway spruce were
taller than the average hardwood competition
while 94% were free to grow in the treated
blocks (Appendices I and II).

Crop tree results for the ground application
blocks were more dramatic than those for the
aerial blocks. The difference is attributed to the
greater competition from hardwood species in
the ground controls than in the aerial controls
(CI of 295 versus 190). ‘

Overall survival was poor due to frost heaving
as previously discussed. However, in the ground
trial, the number of planted trees that survived
in the treated areas was approximately twice
that of the control (Table 1). Since initial planta-
tion spacing varied by treatment blocks in the
aerial trial, a meaningful survival comparison
could not be made.
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Figure 3. Mean tree volume by glyphosate rate - ground application.
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Figure 4. Mean tree volume by glyphosate rate - aerial application,



Table 1. Number of surviving Norway spruce and hardwood trees per hectare, 10 years following gmund
and aerial applications of glyphosate.

0.00 527 23182 0.00 1524 11759
6.29 966 6636 472 994 5432
7.86 . 1358 4549 6.29 1656 3378
9.44 . 1107 13696
A
- SUMMARY
Ten year results of a glyphosate trial estab- yea;r"s, the controls contained mainly hard-
lished on a hardwood cutover planted to Nor- wood tree competition, while in the treated
way spruce are as follows: areas the percentage of hardwood was
1) A single application of glyphosate success- considerably lower and ground vegetation
fully controlled the competing vegetation considerably higher.
and allowed the planted Norway spruce to 3) Average crop tree volume increased from 2
become established and free to grow. to 13 times, over the first 10 year period,
2) Treatment resulted in a shift in the composi- following glyphosate treatment at rates
tion of competing vegetation. After ten ranging from 4.7 to 9.44 1/ha.
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APPENDIX I

Growth of crop trees and amount of vegetative competition, 10 years following ground applications of glyphosate:
Georgetield, Hants County, Nova Scotia, 1989.

Trea:t-‘l o ‘ : : RN
lnenl - . Norway Spruce . . Hardwood Shrubs Ground Vegetation, | All Specias
(U} P C ‘ o 1 Combined
Did Lorhei. Vol - In¢ FG TR |'Cover Height C! | Cover Height CI Cover Height CI. }Cover Height CI
{om) - (m) . tem® (%) () ) | (%) (m) (%) {im} (%) (m (Y (m)
Control| 3.2 200 537 o 0 4 785 3.8 2950 1.3 02§ 2] 650 027 176 | 150.9 144 3147
6.29 64 4,14 4447 728 93 I5 15.0 20 301 1.9 065 17 221 048 392 | 1000 105 T7.0
7.56 6.2 346 3497 551 85 121 6.2 2.0 16.1 11.8 034 41 1329 034 452 | 1530 088 654
.44 78 462 7456 1288 100 16 18.4 2.4 44.0 4.3 054 23 434 045 219 71.1 113 682
Ria - Quadratic mean diameter. TR - Number of Norway spruce trees sampled.
Lothei -'Lorcy & mean height. Cover - Percent of ground covered by species group.
Vol Aa;cragc free volume: Cl1 - Competition Index (Cover * Height).
Inc - Percent increase m free volume compared to the comrol : :
FG  «TPercent of the ¢rop trees that are taller than the average height of
the hardwood competition within the same measutement plot (free to grow).

APPENDIX II

Growih of crop trees and amount of vegetative competition, 10 years following aerial apphcatmns of glyphosate;
Georgefield, Hants County, Nova Seotia, 1989,

a |

ent |- ‘Norway Spfuée © " Hardwood - Shobs

fa’ - Lothei: FG.TR. |-Cover Height CI | Cover. Height : er. Height j'"CI,.ni
L femy o gm) (cm’) ‘@ wlEm m W . Y my
Control| 54 432 3240 0 50 46 | 540 35 1895 50 095 027 134 | 1004 138 2077
472 | 99 475 12260278 %0 30| 213 23 S00| 220 o2 034 198 | 1021 096 745
629 | 83 464 8452160 96 SO | 156 18 284 40 044 040 387 | 1153 080 683




APPENDIX III

Species identified by group and order of dominance on the ground, and aerial glyphosate trial sites in George-
field, Hants County, Nova Scotia, 1989.

HARDWOOD TREES
red maple

yellow birch

white birch

Acer rubirum L.
Betulg alleghaniensis Britt,
Betula papyrifera Marsh,

sugar maple Acer saccharum Marsh.
grey birch Betula populifolia Marsh.
pin cherry Frunus pensylvanica L.f.

trembling aspen
balsam poplar
large tooth aspen
monntain maple

Populus tremuloides Michx,
Populus balsamifera L.
Populus grandidentata Michx,
Aver spicatum Lam.

heech Fuagus grandifelia Ehrh.
willow Salix spp.

SHRUBS .

raspberry/blackberry Ruhus spp.

lamblill Kalmia angustifolia L.

r&d berried clder

Sambucus rubens Michx.

GROUND COVER

ferns Polypodiacege spp.
goldenrod Solidago L. spp.

aster Aster spp.

sedge Cyperaceae spp.

Mmosses Bryophyte spp.

Brass Gramineac spp.

pearly everlasting Anaphalls margaritacea L,
bunchberry Cornus canadensis L.

willow herb

Epilobium L, spp.

FOREST RESEARCH SECTION
FORESTRY BRANCH
N.S. DEPT. OF LANDS AND FORESTS

FOREST RESEARCH SECTION PERSONNEL

Technicians: Dave Arsencau, Steve Brown, George Keddy, Randy MeCarthy, Keith Moore,
Bob Murray, Peter Romkey, Ken Wilton

Chief Technicians :  Laurte Peters, Cameron Sullivan

Data Processing: Sylvia Chase, Eric Robeson

Foresters: Bran Chase, Tim McGrath, Peter Neily, Tim O'Brien, Carl Weatherhead

Supervisor: Russell McNally

Director: Ed Bailey

Secretary: Angela Walker




