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SummaRry. Glyphosate traditionally has been used by growers and landscapers as a
nonselective herbicide; however, selective uses do exist. The use of glyphosate to
control weeds in dormant and actively growing bermudagrass ( Cynodon dactylon) is
an example of selective weed control. Several ornamentals, including conifer species,
have been known to exhibit good tolerance to over-the-top applications of
glyphosate. Unfortunately, little published information exists on rates of
glyphosate that may be used on specific ornamental species. The objective of this
research was to determine the tolerance levels of three juniper species [‘Blue Pacific’
shore juniper (Juniperus conferta), ‘Blue Star’ juniper (Juniperus squamata), and
‘Parsoni’ juniper (Juniperus davurica)] to various rates of glyphosate. Research
conducted in 2004 and 2005 indicated that injury to three juniper species did not
exceed 23% with glyphosate rates up to 2.5 1b/acre.

rowers and landscapers are
Goften faced with weed prob-

lems in ornamentals that
cannot be controlled with selective
herbicides. In landscape situations,
glyphosate is mainly used as a non-
selective herbicide. However, research-
ers have reported that many plants
have significant tolerance to over-the-
top applications of glyphosate when
applied at rates between 0.1 and 2.0
Ib/acre (Ahrens, 1974; Altland et al.,
2002; Bing, 1974; Butler and Burn-
side, 1983; Derting et al., 1973;
Olinger, 1982; Perry and Knowles,
1979; Putnum, 1976; Self, 1978).
Also, Neal and Skroch (1985) deter-
mined that damage from glyphosate
applications could be influenced by
the time of year and growth stage of
the treated plant. Moreover, Neal and
Skroch also indicated that shore
juniper absorbed carbon-14-labeled
glyphosate during shoot elongation,
but no significant absorption of glyph-
osate occurred when applications
were made to shore juniper that were
cold acclimated, winter dormant, at
budbreak, or at termination of first
flush of growth. Although risk is of
plant damage is a concern, growers
and landscapers have considerable
interest in determining if glyphosate
applications can be used on select
plant material to remove problem
weeds. The objective of this research
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was to determine the highest rate of
glyphosate that three different species
of juniper could tolerate when glyph-
osate treatments were applied after
the termination and maturity of the
first flush of growth.

Materials and methods

In Apr. 2004 and 2005, 2 X
2-inch liners of ‘Blue Pacific’ shore
juniper, ‘Blue Star’ juniper, and ‘Par-
soni’ juniper were potted into 1-gal
pots using potting mix (Fafard 52;
Fafard, Agawam, MA). Plants were
then placed on a gravel pad in the full
sun, top-dressed with 18 g of Osmo-
cote Pro (13N-5.7P-10.8K; The
Scotts Co., Marysville, OH), and irri-
gated with ~0.5 inch of water twice
daily. Plants were maintained weed
free up to initiation of the experiment
in 2004 and 2005. Glyphosate treat-
ments were applied on 29 May 2004
and 13 May 2005. Rates of glypho-
sate were 0.5,1.0, 2.5, 5.0, and 10.0
Ib/acre. The glyphosate applied was
RoundupPro (Monsanto, St. Louis)
which contains 4.0 Ib/gal glyphosate
in the form of its isopropylamine salt.
This formulation of glyphosate

contains a proprietary blend of sur-
factants. For cach treatment, 12 con-
tainers were placed in a 6 X 6-ft area.
Glyphosate treatments were then ap-
plied, and containers were moved
to assigned test areas where they were
arranged in a randomized complete
block design. Each treatment con-
tained four replications, and each
replication contained three subsam-
ples. Treatments were allowed to dry
for ~12 h before first irrigation event.
Glyphosate was applied with a carbon
dioxide backpack sprayer calibrated
to deliver 20 gal /acre.

Visual injury symptoms were
recorded at 4, 8, and 12 weeks after
treatment (WAT). Juniper injury rat-
ings were on a 0 to 100 scale, where
0 = no apparent injury, 1 to 40 = slight
injury with some yellowing/discolor-
ation, 40 to 60 = definite juniper
injury with noticeable discoloration
or phytotoxicity, 60 to 99 = severe
injury with discoloration and nec-
rosis, and 100 = dead juniper with
no evidence of regrowth.

At the termination of both stud-
ies, shoot biomass was collected from
each treatment. Juniper shoot mate-
rial from each treatment was cut at
medium surface and dried at 70 °C for
about 3 d to remove moisture. Dried
shoots were weighed, and the average
of the three subsamples was analyzed.

Data were analyzed using analy-
sis of variance and means were sub-
jected to Fisher’s least significant
difference test with a significance level
of o < 0.05. Tests for interaction
between treatment and data were
highly significant (P < 0.0001); thus,
treatment data were presented sepa-
rately for both years. Although this
was a quantitative study, use of re-
gression was not used because the
major concern of the study was the
response of juniper at select rates.
Also, rates were never high enough
to kill any of the juniper species
tested, a consulting statistician indi-
cated that dose-response regression

Units
To convert U.S. to SI, To convert Slto U.S.,
multiply by U.S. unit Sl unit multiply by
0.3048 ft m 3.2808
3.7854 gal L 0.2642
9.3540 gal/acre L-ha™ 0.1069
2.54 inch(es) cm 0.3937
1.1209 1b/acre kg-ha™ 0.8922
28.3495 oz g 0.0353
(*F-32) + 1.8 °F °C (1.8 x°C) + 32
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analysis was not appropriate. Orthog-
onal contrasts were performed for
linear and quadratic trends between
damage and herbicide rate and are
presented.

Results and discussion

2004 Exrrt. No significant dam-
age was observed for any of the three
juniper species at 0.5 or 1.0 1b/acre
glyphosate (Tables 1-3). However, at
5.0 and 10.0 lb/acre glyphosate, sig-
nificant damage was observed on all
three juniper species during all rating
dates (Tables 1-3). No significant
injury was noted on ‘Blue Pacific’
shore juniper with glyphosate at 2.5
Ib/acre. Damage with glyphosate at
2.5 Ib/acre to ‘Blue Star’ juniper and
‘Parsoni’ juniper varied throughout
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the rating periods (Tables 1-3).
There was no significant difference
in dry weights between the glypho-
sate treatments and the nontreated
control with ‘Blue Pacific’ shore juni-
per and ‘Blue Star’ juniper (Table 1
and 2). Dry weights with ‘Parsoni’
juniper at 0.5, 5.0, and 10.0 1b/acre
were significantly less than the non-
treated control (Table 3).

2005 Exrt. No significant visual
damage was observed for any of juni-
per species at 0.5 1b/acre glyphosate
(Tables 1-3). Also, no significant
injury was recorded to ‘Blue Pacific’
shore juniper at 1.0 1b/acre glypho-
sate, but injury was significant at all
rating dates at 10 1b/acre glyphosate
(Table 1). Injury to ‘Blue Pacific’
shore juniper at 2.5 and 5.0 1b/acre

glyphosate varied depending on rat-
ing date. With ‘Blue Star’ juniper, no
significant injury was recorded with
0.5 Ib/acre glyphosate. Significant
visual injury was recorded at all rating
dates to ‘Blue Star’ juniperat 1.0, 2.5,
5.0, and 10.0 lb/acre glyphosate
(Table 2). Visual damage ratings to
‘Parsoni’ juniper was significant with
2.5,5.0,and 10.0 Ib/acre glyphosate
at all rating dates, and ranged from
17% to 40% (Tables 3). Injury to
‘Parsoni’ juniper at 1.0 Ib/acre glyph-
osate varied depending on rating
date. With ‘Blue Pacific’ shore juni-
per, no treatment reduced shoot dry
weights compared with the non-
treated control plants. However, with
‘Blue Pacific’ shore juniper, 0.5 lb/
acre glyphosate had a significantly

Table 1. Injury rating of ‘Blue Pacific’ juniper from glyphosate treatments in 2004 and 2005.

Glyphosate rate Injury rating 2004 (0-100 scale)” Injury rating 2005 (0-100 scale)
(Ib/acre) ¥ 4 WAT> 8 WAT 12 WAT Dry wt (g)" 4 WAT 8 WAT 12 WAT Dry wt (g)"
0.5 0c 0c 0c 84 a 2c¢ 0c 3 be 94 a
1.0 0c Oc 0c 96 a 5 be 8 be 10 bc 86 ab
2.5 3¢ 5 be 8 be 76 a 23 ab 10b 7 bc 6l c
5.0 10 b 8b 11b 74 a 13 abc 27 a 17 b 60 ¢
10 17 a 20a 37 a 75 a 27 a 17 b 33a 66 bc
UTC 0c 0c 0c 88 a 0c 0c 0c 65 bc
LSD 6 8 9 25 21 10 16 23

L*** L*** L*** NS L*** L** L** NS

“Visual injury ratings on a 0 to 100 scale where 0 = no injury, 1 to 40 = slight injury with some yellowing,/discoloration, 40 to 60 = definite juniper injury with noticeable
discoloration or phytotoxicity, 60 to 99 = severe injury with discoloration and necrosis, and 100 = dead juniper with no evidence of regrowth.

1 Ib/acre = 1.1209 kg-ha™.
WAT = weeks after treatment.
“1 g =0.0353 oz.

YMeans within a column followed by the same letter are not significantly different at oo = 0.05 as determined by Fisher’s Lsp test.

UTC = untreated control.
LsD = least significant difference.
L represents linear responses within rating date.

""" Nonsignificant, or significant at P< 0.01 and 0.001, respectively.

Table 2. Injury rating of ‘Blue Star’ juniper from glyphosate treatments in 2004 and 2005.

Glyphosate rate Injury rating 2004 (0-100 scale)* Injury rating 2005 (0-100 scale)
(Ib/acre)” 4 WAT= 8 WAT 12 WAT Dry wt (g)" 4 WAT 8 WAT 12 WAT Dry wt (g)"
0.5 0c¢ 0c 0c 133 a 0c 0b 0d 180 a
1.0 0c 0c 0c 117 ab 10b 10 a 10 ¢ 165 a
2.5 17 b 5 be 13 ¢ 100 b 10 b 13a 10 ¢ 126 b
5.0 27 b 17 b 33b 97 b 17 ab 17 a 17 b 123 b
10 70 a 60 a 60 a 112 ab 20a 17 a 27 a 101 ¢
UTC 0c Oc 0c 119 ab 0c 0b 0d 184 a
LSD 14 13 18 31 9 8 6 21
L*** L** L*** NS L** L* L*** L**

“Visual injury ratings on a 0 to 100 scale where 0 = no injury, 1 to 40 = slight injury with some yellowing/discoloration, 40 to 60 = definite juniper injury with noticeable
discoloration or phytotoxicity, 60 to 99 = severe injury with discoloration and necrosis, and 100 = dead juniper with no evidence of regrowth.

1 Ib/acre = 1.1209 kg-ha™.
*WAT = weeks after treatment.
V1 g =0.0353 oz.

YMeans within a column followed by the same letter are not significantly different at o = 0.05 as determined by Fisher’s LsD test.

UTC = untreated control.
LsD = least significant difference.
L represents linear responses within rating date.

5T Nonsignificant or significant at P< 0.5, 0.01, and 0.001, respectively.
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Table 3. Injury rating of from ‘Parsoni’ juniper glyphosate treatments in 2004 and 2005.

Glyphosate rate Injury rating 2004 (0-100 scale)” Injury rating 2005 (0-100 scale)
(Ib/acre)” 4 WAT> 8 WAT 12 WAT Dry wt (g)" 4 WAT 8 WAT 12 WAT Dry wt (g)™
0.5 0c 0c 0c 51 be 5cd 0c 0d 61 ab
1.0 0c 3¢ 0c 60 ab 17 be 14 bc 13 ¢ 66 a
2.5 0c 17 ¢ 23 b 53 ab 17 be 23 ab 17 be 49 bc
5.0 13b 37b 43 b 36 cd 27 ab 40 a 27 ab 38 cd
10 50 a 77 a 93a 31d 37 a 40 a 37a 28 d
UTC 0c 0c 0c 66 a 0d 0c 0d 63 a
LSD 4 19 22 16 13 19 13 14

L*** L*** L*** L*** L** L*** L** L**

“Visual injury ratings on a 0 to 100 scale where 0 = no injury, 1 to 40 = slight injury with some yellowing/discoloration, 40 to 60 = definite juniper injury with noticeable
discoloration or phytotoxicity, 60 to 99 = severe injury with discoloration and necrosis, and 100 = dead juniper with no evidence of regrowth.

Y1 Ib/acre = 1.1209 kg-ha™'.
*WAT = weeks after treatment.
"1 g =0.0353 oz.

YMeans within a column followed by the same letter are not significantly different at o = 0.05 as determined by Fisher’s rsp test.

UTC = untreated control.
LsD = least significant difference.
L represents linear responses within rating date.

5" Nonsignificant or significant at P< 0.5, 0.01, and 0.001, respectively.

Fig. 1. The response of three juniper
species (A = ‘Parsoni’ juniper, B = ‘Blue
Star’ juniper, and C = ‘Blue Pacific’
shorejuniper)toa 1.0 and 10.0 1b/acre
(1.12 and 11.21 kg-ha™?, respectively)
rate of glyphosate at 12 weeks after
treatment compared with the untreated
control (UTC) in 2005.
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higher weight than the nontreated
control (Tables 1). Dry weights of
‘Parsoni’ and ‘Blue Star’ juniper were
significantly less than the nontreated
control with 2.5, 5.0, and 10.0 1b/
acre glyphosate.

Orthogonal contrasts were per-
formed for linear and quadratic trends
between damage and herbicide rate.
The 2004 and 2005 data showed
significant linear trends with all juni-
per species at all rating dates (Table 1-
3). Not surprisingly, linear trends
support the means separation data
and the fact that as glyphosate rate
increased damage to the juniper
plants increased.

During 2004 and 2005, no sig-
nificant injury was recorded to either
of the juniper species with 0.5 1b/acre
glyphosate. Moreover, injury ratings
for all three juniper species did not
exceed 23% with glyphosate rates up
to 2.5 Ib/acre. This rate of glyphosate
(as well lower rates) could be used to
control a vast number of weed spe-
cies (Monsanto Co., 2003). ‘Parsoni’
juniper appeared to be the most sen-
sitive to the increase in glyphosate
concentrations (Fig. 1). With coni-
fers, it is still unclear what mechanism
is responsible for the high tolerance
to glyphosate. Neal and Skroch
(1985) indicated that plant growth
stage was important in a plants’ tol-
erance to glyphosate, but several
groups have indicated that epicuticu-
lar waxes, cuticle size, and the pres-
ence of stomates and trichomes on
the adaxial leaf surface can influence
glyphosate absorption (Norsworthy
et al.,, 2001; Wyrill and Burnside,

1976). Others indicate that there
may be differences at the molecular
level, with higher activity of the 5-
enolpyruvylshikimate-3-phosphate syn-
thase, which glyphosate is responsible
for inhibiting (Westwood and Weller,
1997). Further research is needed to
better understand the reason for this
elevated glyphosate tolerance.

Conclusion

Currently, the use of glyphosate
over-the-top of ornamentals is an oft-
label use. With field- and container-
grown ornamentals, many weed control
situations are often encountered
where no selective herbicides are
available. In these situations, low rates
of glyphosate have the potential to
provide a low-cost cleanup and rescue
treatment of weed-infested ornamen-
tals. From this research, it appears
that the three juniper species tested
in this study were tolerant to glyph-
osate rates as high as 2.5 Ib/acre.
Glyphosate rates above 2.5 Ib/acre
caused unacceptable damage. How-
ever, growers should use caution in
applying glyphosate to nursery crops
and should conduct trials before
treating their entire stock.
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