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Preemergence Control of Mulberry Weed (Fatoua villosa)
in Containers.
Gina M. Penny and Joseph C. Neal
NC State University, Dept. of Horticultural Science
Raleigh, NC 27695-7609
Index Words: Dinitroaniline, Fatoua villosa, Isoxaben, Mulberry weed,
Oxyfluorfen, Preemergence herbicides,
Nature of Work: Mulberry weed (Fatoua villosa) is a new and increasingly important weed in Southeastern nurseries and landscapes. Our
scouting data indicates that it is spreading at a rapid rate. In 1997 more
than 50% of the nurseries scouted had mulberry weed. In 1998 this
percentage had risen to 75% (1). To date, there are no management data
for this weed and there is anecdotal evidence that some common
preemergence herbicides are not controlling it.
Mulberry weed is an erect, branching, summer annual, yet it may be a
perennial in semi-tropical climates. As a seedling, stems are round and
hairy. Over time these hairs are lost and the basal portions may become
dark maroon in color. Leaves are alternate, roughly triangular in outline
with prominently toothed margins. Flowers are in feathery clusters, up to
3/4 inch in diameter, in the leaf axils. The seeds of mulberry weed are
explosively dehiscent, with some seeds being thrown as far as four feet
from the mother plant. Within one season it is possible for several
generations to occur. Mulberry weed is of East Asian origin. Since 1964,
when first reported in the U.S., mulberry weed has spread throughout the
Southeastern U.S., North to Ohio, and west to Texas and Oklahoma
(1,2).
To date there are no reports concerning mulberry weed management.
Many of the broad-spectrum preemergence herbicides used on nursery
stock appear to work yet break-through occurs early in the season. The
objective of this study was to determine which, if any, preemergent
herbicides control mulberry weed.
The first test was conducted on October 2,1998, at the North Carolina
State University Horticultural Field Lab in Raleigh, N.C. Six-inch diameter
azalea pots were filled with a bark+sand (5:1 v/v) medium and sown with
mulberry weed seed. These pots were treated with 11 granular preemergent herbicides; formulations and application rates are presented in
Table 1. Treatments were applied in a randomized complete block design
with 6 single-pot replications. Pots were then moved to the North Caro-
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lina State University Greenhouses and placed under 16-hour photoperiod to encourage growth. The study was repeated in the greenhouse on
November 16, 1998. In each test, the number of plants emerged was
recorded on a weekly basis and percent control was visually rated on a
biweekly basis. Data were subjected to analysis of variance and means
separated using a least significant differences procedure.
Results and Discussion: Pendulum @4.0, OH II, Pre-Pair, Regal OO,
Rout, Snapshot TG, XL @6.0 and oxadiazon controlled mulberry weed in
both tests. Pendulum @2.0, Pennant, Regalkade and XL @4.0 provided
poor control in at least 1 of 2 tests. Preen provided essentially no control
(Table 2).
In conclusion, products that contain oxyfluorfen and oxadiazon provide
the highest level of mulberry weed control. The dinitroaniline herbicides
differed in effectiveness with XL @6.0 providing the highest level of
control and Preen the least.
Significance to Industry: Mulberry weed was controlled by several
preemergence herbicides labeled for use in nurseries including OH II,
Rout, Regal OO, Ronstar and Snapshot. Variable or unacceptable
control was obtained with XL, Regalkade, Pendulum and Pennant. Preen
did not control mulberry weed. Based on these preliminary results
nursery crop producers have options effective for mulberry weed control.
Landscapers, using dinitroaniline herbicides must scout to ensure
mulberry weed does not become established in the landscape. If it does,
their control options are limited. Preen, the standard landscape herbicide
will not control mulberry weed. Therefore landscapers should rotate to
products which provide better mulberry weed control.
Literature Cited:
1. Neal, J.C. 1998. Mulberry Weed or Hairy Crabweed (Fatoua villosa).
Horticulture Information Leaflet #903. North Carolina Cooperative
Extension Service.
2. Vincent, M.A. 1993. Fatoua villosa (Moraceae), Mulberry Weed in
Ohio. Ohio J. Sci. 93 (5): 147-149.
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Table 2. Percent mulberry weed control with preemegent herbicides.
Treatment
Rate lb ai/A
OH II
3.0
Pre-Pair
6.0
Regal OO
3.0
Rout
3.0
Snapshot TG
5.0
XL @ 6.0
6.0
Ronstar
4.0
Pendulum @ 4.0
4.0
Pennant
4.0
Regalkade
1.5
XL @ 4.0
4.0
Pendulum @ 2.0
2.0
Preen @ 2.0
2.0
Preen @ 4.0
4.0
Check
0.0

Trial 1
98 a
96 a
94 a
80 ab
80 ab
80 ab
77 ab
70 ab
63 b
51 b
51 b
50 b
20 c
13 c
0c

Trial 2
72 abc
95 ab
89 ab
80 ab
95 ab
73 abc
98 a
75 abc
98 a
69 bc
78 abc
52 cd
5e
38 d
0e

* Percent weed control visually assessed 105 and 102 days after treatment for trials one and two respectively. Means within columns with the
same letters are not significantly different at the 0.5% level.
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Prodiamine Tolerance of Newly Planted Ornamentals
K.J. Prevete, G. Legnani, T. Whitwell, and R.T. Fernandez
Clemson University, Dept. of Hort, Clemson, SC 29634-0375
Index Words: Phytotoxicity, Prodiamine, Root Inhibition, Transplant
Nature of Work: Prodiamine (Factor) is an effective preemergence
herbicide for the control of many weeds in container-grown landscape
plants (2,5). Factor has a very low solubility (0.03 ppm) and is bound
strongly to organic particles in the soil and it remains effective at the soil
surface (7). Factor is a dinitroanaline herbicide that primarily inhibits root
growth by interfering with cell division (6). Although Factor is safe for
many ornamentals, there has been an inhibition of growth and a reduction in quality of roots of certain container grown bedding plants (3), Ilex
species, and Rhododendron species (8,9), suggesting that the herbicide
may be moving down in the potting media. One hypothesis is that Factor
moves with the substrate as it settles around newly potted plants and
inhibits root formation of desirable plants. Rhododendron (L.) x ‘Girard
Renee Michelle’, Rhododendron indicum Balf.f. ‘Gulf Ray’, Illicium
parviflorum (L.), and Pennisetum alopecuroides (L.) K. Spreng were
evaluated for tolerance to Factor. One-gallon containers of Rhododendron x ‘Girard Renee Michelle’ and Pennisetum alopecuroides were
potted into 3-gallon containers. Four-inch liners of Rhododendron
indica’Gulf Ray’ and Illicium parviflorum were potted into one-gallon
containers. Substrate consisted of a 4:1 pine bark: sand mixture
amended with dolomitic limestone (4.0 Ibs./ yd3), Talstar (5.5 Ibs./yd 3),
and starter fertilizer (1 4N-7P-7K, 9.0 Ibs. /yd3). Five replicates of each
treatment for each species were potted at six-day intervals beginning
Oct. 18, 1996 and ending Nov. 15, 1996 resulting in 5 potting dates. On
Nov. 15, 1996, Factor at 1. 5 Ibs. active ingredient per acre (a.i./A) and
Factor at a rate of 3.0 Ibs. a.i./A were applied to the species from each of
the planting dates. An untreated control was used for comparison with
each planting date. The herbicide was applied using a CO2 backpack
sprayer with 8004 flat fan nozzles applying 30 gallons per acre. Plants
were arranged in a randomized complete block design. Root growth
index ((width of bottom of root ball + width of top of root ball + effective
rooting height)/3) and shoot and root dry weights were measured at
termination of the study 13 months after the last planting date. The
effective rooting height is defined as the distance (cm) from the bottom of
the root ball to the point where the root width is less than the pot width.
Roots and shoots were separated and dried at 158° F for 14 days.
Results and Discussion: Shoot growth of Rhododendron x ‘Girard
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Renee Michelle’ was not affected by Factor at any planting date (data not
shown), however root growth was decreased in Factor treated plants
compared to control (Fig. 1). Root and shoot dry weights of treated
Rhododendron indica ’Gulfray’ were less than non-treated plants and the
higher rate caused more severe stunting (Fig. 2). Root and shoot growth
of the treated Pennisetum was less than non-treated and the 18 and 24
day after planting treatments were stunted the most (Fig. 3). These
results support Singh et al. (8) and Bond (1 ) who reported that Rhododendron species and monocots are sensitive to Factor. Factor had no
effect on growth of shoots or roots of Illicium parviflorum (data not
shown).
The time interval between transplanting and Factor treatment had no
effect on the amount of damage to plants. In this study, there was no
advantage to allowing the substrate to settle before treatment. Movement
of Factor in potting media may be a result of the movement of bark fines
that occur over time. Oxyflourfen moved less through media consisting of
more peat than bark (8). Similarly, the degree of bark decomposition and
type of substrate may affect the movement of Factor through the medium.
Significance to Industry: Although Factor is an effective preemergence
control for many weeds, it may cause stunting of roots in some ornamentals, especially grasses and Rhododendron species. Factor may travel
through the soil on small organic particles that gradually move downward
causing inhibition of root cell division in nursery plants. Stunting of root
growth occurred in Rhododendron indica ’Gulfray’, Rhododendron X
‘Girard Renee Michelle’, and Pennisetum alopecuroides when Factor
was applied to pots in the late fall. The potting mix and time of year may
affect the amount of damage to the plants.
Literature Cited:
1. Bond, W. 1988. Comparative tolerance of different plant species to
prodiamine. Crop Pro. 7:75-79.
2. Duray, S.A. and F.T. Davies, Jr. 1987. Efficacy of prodiamine for
weed control in container grown landscape plants under high temperature production conditions. J. Environ. Hort. 5:82-84.
3. Henderon-Cole, J.C. and M.A. Schnelle. 1993. Effect of prodiamine
and oxadiazon on growth of bedding plants and ground covers. J.
Environ. Hort. 11:17-19.
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container media. Weed Tech. 5:175-180.
5. Norcini, J.G., J.H. Aldrich, and J.M. McDowell. 1995. Control of
Florida betony (Stachys floridana shuttlew.) emerging from tubers. J.
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6. Parka, S.J. and O.F. Soper. 1977. The physiology and mode of
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Influence of Plant Age and Size on Simazine Toxicity in
Canna X hybrida
Sandra L. Knuteson 1, Ted Whitwell2, and Stephen J. Klaine1
Clemson University, Dept. of 1Environmental Toxicology,
Pendleton, SC 29670
and 2Horticultural Dept., Clemson, SC 29634
Index Words: Canna, Phytotoxicity, Phytoremediation, Plant age, Plant
Size
Nature of Work: Wetland plants have several adaptations, both structural and physiological, which allow them to survive in saturated environments. These characteristics make wetland plants useful for
phytoremediation of recalcitrant contaminants in surface waters. The
most commonly used wetland plants are cattails, Typha spp.
(Gutenspergen et al. 1990). Although these plants are effective at
remediation of certain contaminants, certain high profile industries may
prefer a more aesthetic species. Wilson (1999) screened various
ornamental wetland plants, finding several suitable for use in assimilation
of pesticides used on turfgrasses. There are two main benefits of this
type of remediation: economically, phytoremediation has a much lower
cost than more technological remediation treatments; and, aesthetically,
ornamental plants are more attractive than classic wetland species. The
result may be low cost, low maintenance, effective, and aesthetically
pleasing constructed wetlands. For phytoremediation to be effective, the
plant must be tolerant to the contaminant. Plant tolerance to herbicides
may vary depending on plant age and size. Hatton et al. (1996) found
that Glutathione-S-Transferase (GST) and glutathione levels in corn
decreased after 30 days of growth. Since GST is the major mechanism
of detoxification for several pesticides, plant tolerance may decrease with
increasing age. Other studies found that pesticide absorption decreased
as age increased, hence tolerance increased with age (Wilcut et al.
1989; Leah et al. 1995). The objective of this research was to characterize the influence of plant age and size on the toxicity of simazine in the
ornamental wetland plant Canna x hybrida L., “Yellow King Humbert.”
Simazine is the active ingredient in pre-emergent herbicides labeled for
general use on turfgrasses and ornamentals to control annual broad-leaf
weeds and grasses. Due to its moderate water solubility, low volatility
and long soil half-life, simazine may contaminate ground and surface
waters (Howard 1991). Canna x hybrida, Canna, was selected for
evaluation due to its aesthetic properties and general use as an ornamental plant. Two plant ages were evaluated, 2 weeks old (2 wk) and 4
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weeks old (4 wk). At the time of exposure, these groups had significantly
different sizes. The 2-wk plants [approx. 13.5 g (0.4 oz)] were small with
few roots; and the 4 wk plants [approx. 47.0 g(1.5 oz)] were larger with
well established root systems. The Cannas were propagated from tubers
in potting soil in a glass greenhouse. Four weeks prior to exposure,
plants approximately 30 cm (12 in) tall with 3-4 leaves each were detached from their tubers. Two weeks prior to exposure, plants approximately 10 cm (4 in) tall with 3-4 leaves were detached from their tubers.
Plants were placed in darkened glass jars containing 300 ml of 10%
Hoagland’s liquid nutrient medium (HNM). For the first 2-3 days, plants
were placed in a humidity chamber to acclimate to hydroponic conditions. Once removed from the humidity chamber, plants were placed in
the greenhouse and acclimated to the following exposure conditions: a
minimum light intensity of 375 mmol/m2s provided by metal halide lamps,
with a maximum of 1135 mmol/m2s during midday; a 16:8 photoperiod;
and 24 ± 4 ° C (75 ± 7 ° F). During acclamation, plants were placed in
fresh 10 % HNM weekly; solution lost due to transpiration or evaporation
was replaced daily.
Technical grade simazine (99.6% purity) was obtained from Novartis
Crop Protection (Greensboro, NC, USA). A stock solution was prepared
by dissolving simazine overnight in 10% HNM with constant stirring.
Exposure solutions were then prepared through dilution to 0, 0.01, 0.5,
1.0, 1.5, and 2.0 mg/L (ppm) simazine in 10 % HNM. All simazine
concentrations were verified using solid phase extraction (Burdick &
Jackson, Inc., Muskegon, MI, USA) into 2 ml Optima grade acetone
(Fisher Scientific, Fair Lawn, NJ, USA) and analysis by a HewlettPackard 5890 Series II Gas Chromatograph (Palo Alto, CA, USA). To
prevent light from reaching the root zone, exposure vessels consisted of
300 ml exposure solution in aluminum foil wrapped glass containers
using 12 oz. styrofoam cups with a hole in the bottom to hold the plant
with its roots submerged. After 7 days, roots were rinsed with running
tap water; measurements were taken; and plants were placed in simazine-free medium for another 7 days post-exposure to assess short
term recovery. Solution lost due to transpiration or evaporation was
quantitatively replaced with 10% HNM. Evaporation controls consisted
of exposure vessels without plants. Toxicity of simazine was evaluated
by examining the growth of all plants, using pre- and post-treatment
measurements of fresh. Biomass production for each period was
calculated from the fresh weight data. Water uptake was measured by
recording the amount of medium replaced during the 7-d period and
correcting for evaporation. Photosynthetic yield was measured on the
innermost leaf of the plants on days 0, 1, 3, 5, 7, and 13 using an
OPTISCIENCES OS-500 modulated fluorometer (Haverhill, MA, USA). A
completely randomized design was used with four replications per
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treatment. Plants that flowered during the exposure were removed from
analysis. Biomass production, water uptake, and fluorescence data were
ranked with the Wilcoxon rank-sum test. Differences were determined
using ANOVA and Dunnett’s test at P < 0.05.
Results and Discussion: Biomass production (Figure 1) and water
uptake (Figure 2) by 2 wk plants during exposure were significantly
reduced at exposures greater than 1.0 and 0.5 mg/L simazine, respectively. Those of the 4 wk plants were not significantly affected at any
exposure concentration used. Affected 2 wk plants showed full recovery
with respect to water uptake; however, biomass production recovered
only slightly. Biomass production and water uptake by 2 wk plants during
the exposure period were significantly more reduced than those of the 4
wk plants at the higher exposures of simazine. Both 2 wk and 4 wk
Cannas exhibited a dose-response relationship with respect to photosynthetic yield (Figure 3). After 7 days in simazine-free medium, however,
all plants fully recovered.
The results of the toxicity bioassay show that 4 wk Cannas are more
tolerant to simazine than the 2 wk plants. Since the 4 wk plants took up
more water in the toxicity assay than the 2 wk plants and [14C]simazine
uptake was correlated with water uptake (Wilson et al. 1999), we can
assume that the 4 wk plants took up more simazine. The 4 wk Cannas
grown in 2.0 mg/L simazine took up 1.5 times as much medium as the 2
wk plants. Again, we saw no reduction in growth or water uptake in the 4
wk plants, but the 2 wk plants’ growth was reduced to less than 25%.
When looking at photosynthesis, the primary target of simazine, there
was a reduction for both 2 and 4 wk Cannas at the higher exposures.
Within 24 hours, photosynthesis was seriously compromised (< 10 % of
normal) in the 2 and 4 wk plants exposed to 2.0 mg/L simazine. Once
the plants were removed from the simazine, however, photosynthesis
recovered to normal levels in all the Cannas. This suggests that if 4
week old plants were exposed for a longer period, growth may have
been reduced. This must be considered when extrapolating results to
the environment, where there could be continuous exposure.
Macrophyte toxicity tests generally use plants of similar size to the 2
week plants of this study (Wilson et al. 1999; Powel et al. 1996). The
results of these studies may prove to be conservative. In the environment, plants can vary in size depending on water and nutrient availability
and other environmental conditions. The tolerance of plants may depend
on the size of the plant, as shown in this study. Consideration must be
taken when extrapolating from studies with macrophytes.

372

SNA RESEARCH CONFERENCE - VOL. 44 - 1999

Significance to Industry: A constructed wetland created for the assimilation of contaminants may be used year round; however, the plants will
vary in size throughout the year. Should the constructed wetland be
used when plants are not full size? If they are used when the plants are
young, growth may be reduced. These results suggest that performance
of wetlands constructed for simazine remediation would increase as the
plants age; however, more research is needed into the actual contaminant and species of plants to answer the question.
Literature Cited:
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Chelsea, MI, USA, pp73-88.
2. Hatton, P.J., D.J. Cole, and R. Edwards. 1996. Influence of plant
age on glutathione levels and glutathione transferases involved in
herbicide detoxification in corn (Zea mays L.) and giant foxtail
(Setaria faberi Herrm). Pestic. Biochem. Physiol. 54:199-209.
3. Howard, P.H. 1991. Handbook of Environmental Fate and Exposure
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4. Leah, J.M., J.C. Caseley, C.R. Riches, and B. Valverde. 1995. Agerelated mechanisms of propanil tolerance in jungle-rice, Echinochloa
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Uptake , and Distribution of [14C]Simazine in Canna hybrida ‘Yellow
King Humbert.’ Environ. Toxicol. Chem. 18:1462-1468.

373

SNA RESEARCH CONFERENCE - VOL. 44 - 1999

374

SNA RESEARCH CONFERENCE - VOL. 44 - 1999

375

SNA RESEARCH CONFERENCE - VOL. 44 - 1999

Pansy Tolerance to Preemergence Applied Herbicides
Amy M. Riggs, Charles H. Gilliam and J. Raymond Kessler Jr.
Department of Horticulture, Auburn University
Index Words: Landscape Crops, Annuals, Weed Control
Nature of Problem: Weed control in newly planted annual beds can be
a difficult, time consuming process. Current industry trends are for
increasing use of annual beds in commercial landscapes to provide
season-long color. Several studies have evaluated herbicide use on
summer annuals (1, 2, 4, 5); however, limited information is available on
fall planted annuals (3). Pansy is one of the most widely planted fall
annuals in the Southeastern United States and may provide color from
October through May in many locations. Little information is available on
herbicide safety to pansies. The objective of this study was to determine
pansy tolerance to selected preemergence herbicides. Two cultivars of
pansies, ‘Bingo’ and ‘Majestic Giant’ were potted in 2.8 Liter (3 quart)
containers on January 15, 1999. The potting medium was 6:1, pine bark
: sand, amended on a yd3 basis with 14 lbs. of Osmocote 17-7-12 , 5 lbs.
lime, and 1.5 lbs. Micromax. Plants were placed under 47% shade after
potting and treated with herbicides (Table 1) on January 20, 1999 using
a hand held shaker or a backpack CO2 sprayer delivering 20 GPA with an
8004 flat fan nozzle. A control group was untreated. Plants received
overhead, cyclic irrigation as needed. Data collected included phytotoxicity at 15, 30, 60, and 90 days after treatment (DAT) on a scale on 1 to
10 where 1 = no injury and 10 = plant death. At 90 DAT flower numbers
were counted and plant dry weights were recorded.
Results and Discussion: Results were generally similar between the
two cultivars, therefore only the data for ‘Bingo’ will be presented.
Herbicides causing no injury at any time to ‘Bingo’ pansy were: Treflan,
Corral, and Factor. Initial injury measured at 15 DAT occurred only with
granular applied herbicides Ronstar, RegalKade, and RegalStar (Table
1); however, by 60 DAT plants had recovered from the damage. By 30
DAT Gallery and Princep caused moderate to severe injury, which
continued throughout the study. Plants treated with Pendulum 60 WDG
began to exhibit injury symptoms by 60 DAT and these continued until
the study was terminated. Injury symptoms were not observed on
Surflan treated plants until 90 DAT; however, plant dry weights of Surflan
treated plants were smaller than non-treated control plant. Other herbicides causing suppression of dry plant weights were Pendulum 60
WDG, Gallery, and Princep.
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Bittercress Size Influences Postemergence Control
from Gallery
James E. Altland, Charles H. Gilliam, John W. Olive,
Department of Horticulture, Auburn University, Auburn, AL 36849
Index words: Weed Size, Container-Grown Crops, Isoxaben,
Cardamine
Nature of Work: Hairy bittercress (Cardamine hirsute) can become a
serious weed problem in container nurseries (4). Gallatino and Scroch
(3) reported that bittercress control is best achieved with a weed management program consisting of preemergence herbicides in the following
chemical families: diphenyl ethers, dinitroanalines, oxadiazon, and
combinations of these products. When a proper weed management
program is not maintained, bittercress can be one of the most prolific
weeds to infest nursery containers (2). In previous research we reported
postemergence bittercress control with Gallery (isoxaben, Dow Elanco,
Indianapolis, IN) (1 ); however, the same research along with reports
from growers indicated that control from Gallery varies and might be
dependent on bittercress size. An experiment was conducted to evaluate
the influence of Gallery rate and bittercress size on postemergence
bittercress control.
‘Natchez’ crepe myrtle were potted in 3.8 L (one gallon) containers filled
with a pinebark:sand medium (6:1 by volume), amended on a m3 (yd3)
basis with 8.9 kg (15 lb) of Osmocote 17N3.1P-10K (17-7-12) (Scotts
Co., Marysville, OH), 2.97 kg (5 lb) of dolomitic limestone, and 0.9 kg
(1.5 lb) of Micromax (Scotts Co., Marysville, OH) micronutrients. Crape
myrtle were grown in full sun and allowed to develop natural populations
of bittercress. On April 7, 1999, containers were divided into 3 groups
based on bittercress size, which were characterized as being small,
intermediate, or large bittercress. Bittercress characterized as small were
from 1 to 5 cm (0.4 to 2.0 in.) tall and not flowering, intermediate
bittercress were from 10 to 12 cm (4.0 to 4.8 in.) tall and flowering, and
large bittercress were from 20 to 22 cm (8.0 to 8.7 in.) tall, flowering and
bearing seed. Prior to treatment, containers were selectively weeded so
only bittercress remained. Treatments were applied the same day, and
included Gallery applied at 0.56, 1.12, and 2.24 kg ai/ha (0.5, 1.0, 2.0 lb
ai/A), Image (imazaquin, American Cyanamid Co., Princeton, NJ) applied
at 0.069 kg ai/ha (0.06 ib ai/A), and a non-treated control. Treatments
were applied with a CO2 backpack sprayer with an 8004 flat fan nozzle
calibrated to deliver 187 liters/ha (20 gallons per acre).
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At the time of treatment, ‘Natchez’ crepe myrtle were 35 to 45 cm (14 to
18 in.) tall and just beginning to leaf out. In addition, 8 single plant
replicates of’Carousei’ barberry were treated to evaluate herbicide
tolerance. ‘Carousel’ barberry were 30 to 35 cm (12 to 14 in.) tall, fully
leafed out with golden colored foliage.
Data collected included % bittercress shoot injury (0% = no injury and
100% = plant death) at 7 and 14 days after treatment (DAT), and
bittercress shoot fresh weight (SFW) and shoot dry weight (SDW) at 21
DAT. Injury to crepe myrtle and barberry was evaluated at 7, 14, 21, 30,
and 60 DAT with a visual injury rating.
Results and Discussion: At 14 DAT, bittercress control increased
linearly with increasing Gallery rate (Table 1). Bittercress size at the time
of treatment affected postemergence control from Gallery. Gallery
provided excellent control of small bittercress (92%), moderate control of
intermediate size bittercress (71.5%), and poor control of large
bittercress (48%). Bittercress shoot fresh weight and shoot dry weight
were not affected by Gallery rate, however initial bittercress size did
affect final shoot fresh weight and shoot dry weight. Shoot fresh weight of
small bittercress were 98% smaller than non-treated controls; intermediate size bittercress were 70% smaller than non-treated controls; and
large bittercress were only 12% smaller than non-treated controls.
There were no signs of visual injury or growth reduction in ‘Natchez’
crepe myrtle from any treatment (data not shown). Slight injury from
Image was observed on ‘Carousel’ barberry at 30 and 60 DAT, and was
characterized as stunting of new foliage (data not shown).
Significance to Industry: These data indicate that Gallery at the recommended rate of 1.12 kg ai/ha (1.0 lb ai/A) can provide effective
postemergence bittercress control if applied while bittercress are small
[less than 6 cm (2.5 in)] and not flowering. This provides nurserymen with
another weed management tool when preemergence weed control
programs fail to provide adequate bittercress control.
Literature Cited:
1. Altland, J.A., C.H. Gilliam, and J.W. Olive. 1998. Postemergence
control of bittercress. Proc. Southern Nursery Assoc. Res. Conf.
43:380-383.
2. Cross, G.B., and W.A. Skroch. 1992. Quantification of weed seed
contamination and weed development in container nurseries. J.
Environ. Hort. 10:159-161.
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Influence of Formulation, Tillage, and Soil Surface
Characteristics on Sulfentrazone Dissipation
Kimberly B. Collins, William W. Witt, and Leslie A. Weston
University of Kentucky, Dept. of Horticulture and Landscape
Architecture, Lexington, KY 40546
Index Words: Sulfentrazone, Soil Persistence, Dissipation Rates
Nature of Work: Sulfentrazone is a herbicide developed by the FMC
Corporation for selective control of certain broadleaf and grass weed
species (FMC, 1993). It has been registered for use in both soybeans
(Glycine max) and tobacco (Tabacum nicotiana). Sulfentrazone has
provided up to 12 weeks control of traditionally noxious weeds such as
yellow nutsedge (Cyperus esculantus) and ivyleaf morningglory (Ipomoea hederacea) in a nursery setting. However, it has also caused
phytotoxicity in some sensitive species (Collins et al., 1996). There has
been concern about possible injury to rotational or cover crops due to
sulfentrazone persistence in the soil. Several nurseries use grass cover
crops between rows of nursery stock. Interception of herbicides by plant
residues may affect herbicide persistence in the soil. Several factors can
determine the amount of herbicide intercepted by plant residue, including
the type, amount, and distribution of residue and the formulation of the
herbicide. A herbicide intercepted by plant residue will often remain
there until it is washed away by rainfall, volatilized in the air, or degraded
(Witt, 1992). The objective of this study was to determine the dissipation
rate of sulfentrazone as affected by formulation (granular or a wettable
powder), soil surface characteristics (bare soil or turf), and placement
(surface or soil incorporation) in a field nursery or turf condition.
The experiment was conducted in 1997 at the University of Kentucky
Horticulture Research Farm near Lexington, Kentucky on a Maury silt
loam. The treatments evaluated are listed in Table 1. Each plot was 7 x
30 ft; within each plot, 6 subplots were assigned randomly to a sampling
week. Treatments were established May 23, 1997. Wettable powder
treatments were applied in water using a CO2 pressurized sprayer
calibrated to deliver 26 GPA at 30 lbs psi. Granular treatments were
applied using a drop spreader calibrated to deliver 0.5 lb ai/A. Each
treatment was replicated 4 times, and the experiment was conducted in a
randomized complete block design.
Soil samples were collected 0, 1, 2, 4, 8, and 16 weeks after treatment
(WAT). A 4” diameter golf cup cutter was used to collect 3 cores to a
depth of 4” from each plot. The cores were composited, and samples
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were stored at -80C until analysis. A bioassay procedure was used to
determine bioavailable sulfentrazone concentration in the soil samples.
The soil was air dried and ground to pass through a 1/12” mesh screen.
Three 0.33 lb subsamples from each plot (for a total of 12 reps of each
treatment) were placed in a plastic cone shaped bioassay tube plugged
with cotton.
Ivyleaf morningglory (Ipomoea hederacea) and cotton (Gossypium
hirsutum cult.Acala 90) were evaluated as indicator species during a
preliminary greenhouse study. Sulfentrazone rates evaluated were: 0,
0.03, 0.07, 0.1, 0.5, 1, 2.5, and 5 ppm. The morningglory plants were
extremely sensitive to all sulfentrazone treatments and all plants died
above the rate of 0.5 ppm. However, cotton grew uniformly and exhibited moderate sensitivity. Cotton root injury, at increasing sulfentrazone
concentrations, was found to be highly significant for a linear regression
(p<0.0001, R2=0.97).
The bioassay consisted of germinating cotton seeds at 30C for 30-48
hours in darkness until radicles were 1/8 – 3/8” in length. Two seeds
were planted in each bioassay tube, with radicles down, approximately
1
/4” deep (plants were thinned to 1 plant/tube after emergence). After
planting, 1 tsp. of water was added to the top of each tube to prevent
dessication of the cotton seeds. The tubes were placed in racks and
subirrigated overnight. The next morning, the racks were placed in a
growth chamber environment of 16 h daylight and 8 h darkness at 30C
and 25C, respectively. Each tube was watered to 70% field capacity (w/
w) daily. Seedling height and phytotoxicity ratings, measured on a 0 to
10 scale, where 0 represented no phytotoxicity and 10 represented plant
death, were taken every three days. After 3 weeks, the plants were
harvested, roots separated from the shoots on each plant, and root
length and fresh weight of both the root and the shoot were measured. A
visual root rating, based on a 0 to 10 scale was also recorded at this
time. Each bioassay set was accompanied by a set of standard concentrations of sulfentrazone based on the rates used in the preliminary
greenhouse experiment (0, 0.03, 0.07, 0.1, 0.5, 1, 2.5, and 5 ppm
sulfentrazone). Three replicates from each herbicide concentration were
bioassayed as previously described. The mean cotton root weight, shoot
weight, root injury rating, phytotoxicity rating, root length, and plant
height from each standard curve was combined and regressed upon the
natural log of the soil concentrations.
Results and Discussion: Root dry weight was determined to be the
best parameter to predict the concentration of sulfentrazone when it was
regressed upon the natural log of the standard soil concentrations
(P<0.05, R2=0.72). For each treatment, the natural log of the predicted
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sulfentrazone concentration was regressed upon time (weeks after
treatment). This yielded highly significant linear correlations for all
treatments (P<0.01, R2 = 0.78); therefore, first-order kinetics appeared
to describe sulfentrazone dissipation. First-order reaction kinetics are
often used to interpret results in soil persistence experiments where the
rate of degradation is directly proportional to concentration: dC/dt = -kC,
where C is the concentration after time t, and k is the first-order rate
constant, or dissipation rate. When the natural log of the concentration is
plotted against time, a straight line results with a slope proportional to the
rate constant: lnC = lnC0 – kt, where C0 is the initial concentration. The
dissipation half life (t1/2), or the time taken for 50% disappearance is
given by: t1/2 = ln2/k = 0.693/k (Walker, 1987).
Herbicide dissipation rates and half lives for each treatment are given in
Table 2. No differences in dissipation rates were found when comparing
formulations and placement methods. However, the dissipation rate of
sulfentrazone 5G applied on bare ground was significantly less than the
dissipation rate of sulfentrazone 5G applied to turf as determined by a
test of heterogeneity of slopes (Table 3) (Freund and Littell, 1981). This
resulted in t1/2 values of 4 days in granular sulfentrazone applied on bare
ground and 1.7 days in granular sulfentrazone applied on turf. This study
showed that granular sulfentrazone persisted slightly longer when
applied to bare ground than when applied to turf.
Significance to Industry: Sulfentrazone has shown promise for control
of yellow nutsedge and ivyleaf morningglory in a nursery setting and in
cool season turf. This research investigated the dissipation rate of
sulfentrazone 80 WP and 5G formulations on the soil surface, incorporated into the soil, or applied to bluegrass turf. A cotton root inhibition
bioassay was utilized to determine the amount of bioavailable
sulfentrazone in soil. Sulfentrazone dissipation was described by first
order kinetics and calculated half-lives ranged from 1.7 to 4.6 days. The
dissipation of a 5 G formulation was significantly greater in turf than on
the soil surface.
Literature Cited:
1. Collins, Kimberly, Leslie Weston and Robert McNiel. 1996. Use of
sulfentrazone (F6285) for weed control in field-grown ornamentals.
Southern Nurseryman’s Association Research Conference Proceedings. 41:79-82.
2. FMC Corp. 1993. Tech. Bull. Of Sulfentrazone (F6285). Philadelphia: Agricultural Chemical Group. 6 p.
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Table 1. Sulfentrazone treatments evaluated in 1997 at Lexington, KY for
persistence on a Maury Silt Loam soil.

Site
1. Bare ground control
2. Bare ground
3. Bare ground
4. Bare ground
5. Bluegrass turf control
6. Bluegrass turf

Formulation

Sulfentrazone
Rate (lb ai/A) Placement

5G
80 WP
80 WP

0.5
0.5
0.5

surface
surface
incorporated 3-5 cm

5G

0.5

surface

Table 2. Dissipation constants and half life of two sulfentrazone (0.5 lb ai/A)
formulations applied to soil or turf in 1997.
Site
1. Soil Surface
2. Soil Surface
3. Soil Incorporated
4. Bluegrass Turf

Formulation
5G
80 WP
80 WP
5G

K
-0.173
-0.289
-0.149
-0.419

r2
.82
.78
.78
.87

t 1/2
4
2.4
4.6
1.7

Table 3. Comparison of sulfentrazone formulations and type of application based
on heterogeneity of slopes.
Comparison
Soil Surface 5 G vs Soil Surface 80 WP
Soil Surface 5 G vs Bluegrass turf 5 G
Soil Surface 80 WP vs Soil incorporated 80 WP
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P Value
0.21
0.01
0.30
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Weed Control in Container Ornamentals
John Boyd and James Robbins
Arkansas
Index Words: Container Weed Control, Herbicide Tolerance
Nature of Work: Chemical weed control is an important part of an
overall scheme at a production nursery. While a great deal has been
published on chemical weed control (Derr 1994, Deer and Salihu 1996,
Gallitano and Skroch 1993, Staats et al 1998), there continues to be a
need to evaluate the effectiveness of existing herbicides under actual
nursery conditions. Research was conducted at Custom Landscaping
and Nursery in Mount Vernon, AR. Granular preemergence herbicides
were applied at labeled rates to container-grown herbaceous and woody
plants on March 23, 1999 (Table 1). The container medium was pine
bark. Before treatment, the containers were weeded and topped with
fresh growing medium. Herbicides (Table 2) were surface applied using
pre-weighed amounts and a shaker bottle and then watered in. Treatments were replicated 5 times in a completely randomized design. Weed
control was evaluated 30, 60 and 90 DAT (days after treatment). The
containers were not overseeded with weed seeds.
Results and Discussion: Weed populations were sparse in all pots
including the controls thus it was difficult to make weed control comparisons among herbicides (Table 3 & 4). Large crabgrass was the only
species that appeared in moderate numbers. Crabgrass was most
severe in the untreated Clematis containers (Table 3). It is hypothesized
that the lower weed counts in the woody plants is explained by the higher
percentage of shade generated by the canopy of woody plants relative to
the herbaceous species in this trial. All herbicide treatments provided
good control of large crabgrass (Digitaria sanguinalis), yellow woodsorrel
(Oxalis stricta), prostrate spurge (Euphorbia supina) and horseweed
(Conyza canadensis) due in part to the limited weed population. The
only combinations that produced crop injury were herbicides containing
prodiamine (Regalkade G and Regalstar G) applied to ‘Anthony Waterer’
Spirea. Symptoms that appeared at the 60 DAT rating were yellow
foliage and stunted growth. ‘Anthony Waterer’ Spirea is not listed on the
label of either product.
Significance to Industry: While much is known about the weed control
potential for the herbicides in this study, it is important to collect data on
the herbicide tolerance of various ornamental species, and varieties. This
study found 36 of the 38 combinations of herbicides and ornamentals
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evaluated to be safe and demonstrated the sensitivity of ‘Anthony
Waterer’ Spirea to herbicides containing prodiamine.
Literature Cited:
1. Derr, J.F. 1994. Weed Control in Container-grown Herbaceous
Perennials. HortScience 29:95-97
2. Derr, J.F. and S. Salihu. 1996. Preemergence Herbicide Effects on
Nursery Crop Root and Shoot Growth. J. Envir. Hort. 14:210-213
3. Gallitano, L.B. and W.A.Skroch. 1993. Herbicide Efficacy for
Production of Container Ornamentals. Weed Techn. 7:103-111
4. Staats, D., D. Hillock, and J.E.Klett. 1998. Weed Control and
Phytotoxicity of Preemergence Herbicides Applied to Containergrown Herbaceous Plants. HortTechn. 8:325328
Table 1. Plants evaluated in this study
Woody Plants
Itea virginica‘Sarah Eve’
Euonymus alatus‘Compactus’
Buddleia davidii‘Dartmoor’
Spiraea x bumalda ‘Anthony Waterer’
Iris siberica‘Caesar’s Brother’
Herbaceous Plants
Clematis ‘Little Nell’
Hemerocallis ‘Happy Returns’
Hermerocallis ‘Stella de Oro’
Iris ensata (Japanese Iris)
Iris siberica ‘Caesar’s Brother’
Sedum x ‘Autumn Joy’
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Size
3 gallon
7 gallon
3 gallon
3 gallon
1 gallon
Size
1 gallon
1 gallon
1 gallon
1 gallon
1 gallon
1 gallon
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Table 3. Weed counts in herbaceous plants at 90 days after treatment.

Herbicides
RegalKade G
ReglasStar G
Pendulum 2G
Untreated
Total

Weeds Per 30 Containers
(across ornamental species)
yellow
large
horseweed
woodsorrel crabgrass
1
5
1
2
1
0
0
7
1
9
25
6
12
38
8

prostrate
spurge
1
1
1
1
4

Total
8
4
9
41
62

Table 4. Weed counts in woody plants at 90 days after treatment.

Herbicides

yellow
woodsorrel
Rout
3
OH2
1
Regal O-O
0
RegalKade G
1
RegalStar G
1
Untreated
1
Total
7

Weeds Per 20 Containers
(across ornamental species)
large
horseweed prostrate
crabgrass
spurge
0
1
1
2
0
2
0
0
0
2
2
0
2
0
3
2
2
0
8
5
6

387

Total
5
5
0
5
6
5
26
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The use of crumb rubber for weed control
in Ornamental Containers
David Tatum, Kerry Johnson, and Norman Winter
Mississippi State University, MS State, MS

Index Words: Weed Control, Container, Crumb Rubber
Nature of Work: Weed control in containers poses a continuous expense to growers. There are no herbicides registered for use on all
cultivars of woody ornamentals produced by Mississippi growers. Growers are forced with the decision of using a herbicide registered for a
species, but not a specific cultivar! Since damage from such use can be
difficult to recognize, a grower may not realize that such has occurred.
Weed disc have been on the market for several years, but have declined
in use because of price, extra expense for the grower and time of placing
the disc in each container. Alternative methods to chemical control are a
major concern to every producer.
Results and Discussion: An experiment to evaluate the use of crumb
rubber for weed control in containers was initiated at Rocky Creek
Nursery, August 22, 1997. Two gallon containers of Ilex helleri, Ilex
crenata ‘Compacta’, Ilex cornuta ‘Needle Point’, and one gallon containers of Cleyera japonica and Variegated privet were used in this study.
Approximately one inch of crumb rubber was applied to the top of each
container. Four plants of each species were used for each treatment.
The plants were evaluated for weed control and plant phytotoxicity. Soil
and tissue samples were taken from each treatment and analyzed for
nutritional content and a comparison made of untreated test specimens.
After a year of evaluation, no difference was observed in appearance or
from tissue analysis of the treated plants versus the untreated ones.
There was no weed growth observed in any treated containers.
Significance to the Industry: Studies are currently being conducted
with newspaper for weed control in nursery containers. Crumb rubber
offers an alternative to chemical control and further evaluation into
application techniques should be explored. Plans are being implemented to develop a disc made from crumb rubber for evaluation during
the next growing season. PolyVulc of Vicksburg will be the industry
contact in developing the proto type disc for weed control in nursery
containers.
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Postemergence Weed Control in Dormant
and Semi-Dormant Perennials
Robert E. Wooten and Joseph C. Neal
NC State University, Dept. of Horticultural Science,
Raleigh, NC 27695-7609
Index Words: Diquat, Glufosinate, Reward, Finale, Herbaceous Perennials, Postemergence Weed Control, Astilbe, Hemerocallis, Hosta,
Paeonia, Veronica, Spiraea, Vitis, Perovskia.
Nature of the Work: In the commercial production of herbaceous
perennials, a popular method of providing winter protection is to place
the containers pot-to-pot and pull a white insulating cloth over the top of
the pots. This cloth can be removed and replaced as needed for ventilation on warm days and for irrigation. This procedure also creates an
ideal climate for winter annual weed growth, especially if the preemergence herbicide was not applied, was applied too late or was applied at
too low a rate. When the plants are uncovered and spread in the spring,
the grower must send a weeding crew through to clean the containers
before sale. One local nursery averages 100 man-hours a week in
weeding at $14.75/man-hour in compensation. We have previously
reported that broadcast sprays of diquat (Reward) and glufosinate
(Finale) controlled winter annual weeds without injury to dormant herbaceous perennials. However, many herbaceous perennials do not go
completely dormant. This study was designed to evaluate the potential
phytotoxicity of winter applications of diquat and glufosinate on semidormant herbaceous perennials and dormant, deciduous woody ornamentals.
Astilbe (Astilbe x arendsii ‘Deutschland’ Arends.), hosta (Hosta ‘Aureo
Marginata’ (Otto & A. Dietr.) L.H. Bailey), daylily (Hemerocallis L. x ‘Stella
de Oro’), peony (Paeonia sp. L.), speedwell (Veronica prostrata ‘Red
Fox’ L.), spirea (Spiraea x bumalda ‘Gumball Pink’ Burv.), Russian sage
(Perovskia atriplicifolia Benth.) and blue Concord grape (Vitis labrusca
‘Concord’ L.) were potted in a pine bark based medium in 1998 and
overwintered. On January 29, 1999, the first treatments were applied.
The astilbe, hosta peony, spirea and grape were dormant, while the
daylily had about 2” of growth showing, the Russian sage had 1-2” of
growth showing; speedwell had 0.5” new growth on one quarter of the
branches; spirea buds were swollen; and grape plants were dormant.
Treatments included diquat at 0.28, 0.57 and 1.14 kg ai/hec (0.25, 0.5
and 1.0 lb ai/a); and glufosinate at 0.57 and 1.14 kg ai/hec (0.5 and 1.0
lb ai/A), each applied in a spray volume of 90 gallons per acre. On
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February 12, 1999, diquat treatments were reapplied and the first injury
evaluation was taken. Plant injury was visually evaluated about every 2
weeks. Experimental design was a randomized complete block with four
replications and three pots of each species in each plot.
Results and Discussion: Throughout the duration of the test no injury
was noted on the astilbe, hosta, peony or grape (Tables 1 and 2). These
results confirmed our previous observations (Neal & Wooten, 1998), that
diquat and glufosinate could be applied as broadcast sprays over dormant herbaceous perennials. This observation also suggests that these
herbicides could also be used with dormant woody plants. Significant
injury was observed on semi-dormant species. At two weeks after initial
treatments, diquat had severely injured daylily, Russian sage and speedwell, and caused moderate injury to the spirea (Table 1). Glufosinate
caused moderate injury to daylily and moderate to severe injury to
Russian sage and Veronica, but no injury to spirea (Table 1). By 13
weeks after initial treatments (about the time plants would be shipped out
for sale), most daylily plants had recovered from diquat injury; however,
Russian sage and speedwell did not recover. At 13 weeks after treatment, plants had recovered from glufosinate injury (Table 2).
Significance to the Industry: These results confirm that diquat (Reward) and glufosinate (Finale) may be applied over the top of dormant
herbaceous perennials to control winter annual weeds without injury to
the crop plants. These results further suggest that these treatments may
also be used in dormant deciduous woody plants to control winter annual
weeds. However, semi-dormant herbaceous perennials included in this
test were severely damaged by two applications of diquat. A single
application of glufosinate was less injurious on semi-dormant herbaceous perennials than diquat, but caused unacceptable levels of injury 2
weeks after treatment. If postemergence herbicides such as diquat and
glufosinate are used around herbaceous perennials, it is important that
the perennials be fully dormant, else unacceptable levels of injury are
likely to result.
Literature Cited:
1. Neal, J. C. and R. E. Wooten. 1998. Postemergence weed control
in dormant herbaceous perennials. Proc. Southern Nurserymen’s
Assoc. Res. Conf. 43:366.
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Tolerance Of Five Perennial Ornamental Grasses To
Preemergent Herbicides
James T. Cole and Janet C. Cole
Oklahoma State Univ., Dept. of Horticulture
and Landscape Architecture, Stillwater, OK 74078-6027
Index Words: Briza media, Chasmanthium latifolium, Dwarf Fountain
Grass, Endurance, Gallery, Goal, Imperata cylindrica, Isoxaben, Japanese Bloodgrass, Liriope muscari, Monkeygrass, Oryzalin, Oxadiazon,
Oxyfluorfen, Pennisetum alopecuroides, Perennial Quaking Grass,
Phytotoxicity, Prodiamine, River Oats, Ronstar, Surflan
Nature of Work: The tolerance of five species of container and field
grown ornamental grasses, perennial quaking grass (Briza media L.)
(PQ); ‘Red Baron’ japanese bloodgrass (Imperata cylindrica (L.) Beauv.
‘Red Baron’) (BG), river oats (Chasmanthium latifolium (Michx.) Yates)
(RO), ‘Hameln’ dwarf fountain grass (Pennisetum alopecuroides (L.)
Spreng. ‘Hameln’) (FG), and ‘Big Blue’ monkeygrass (Lirope muscari
(Decne.) L.H. Bail. ‘Big Blue’) (MG) to five pre-emergent herbicides,
Endurance (prodiamine), Gallery (isoxaben), Goal (oxyfluorfen), Ronstar
(oxadiazon), and Surflan (oryzalin), was evaluated. Liners, approximately 2.5 cm (1 inch) wide and 30.5 cm (12 inches) tall, were planted in
containers and in the field. The container grown plants were potted in
11.4 liter (3 gal) containers with a 3 pine bark: 1 peat: 1 sand medium (by
volume) amended with 2.0 kg m-3 (3.3 lb yd-3) 17N-3P-10K slow release
fertilizer, 0.2 kg m-3 (0.4 lb yd-3) Micromax, 0.7 kg m-3 (and 1.1 lb yd-3)
dolomite. Plants were spaced on 0.6 m (2 ft) centers.
Planting and herbicide application dates were as follows: 1) Grasses
were planted 13 Oct. 1997 in the containers and 14 Oct. 1997 in the field
and herbicides were applied 10 Apr. and 30 Apr. 1998, respectively; 2)
Grasses were planted 8 Apr. 1998 in the containers and 28 Apr. 1998 in
the field and herbicides were applied 10 Apr. and 30 Apr. 1998, respectively; 3) Grasses were planted 8 Apr. 1998 in the containers and 28 Apr.
1998 in the field and herbicides were applied 22 May 1998 and 11 June
1998, respectively; 4) Grasses were planted 20 May 1998 in containers
and 9 June 1998 in the field and herbicides were applied 22 May 1998
and 11 June 1998, respectively. The different times of planting and
herbicide applications reflect the combinations of planting date and
herbicide application date that might be implemented in production or
landscape maintenance. All herbicides were applied with a CO2 pressurized sprayer with an output of 281 L ha-1 (30 gal/acre). Herbicides were
applied at the following rates: Endurance, 1.7 kg ha-1 (1.5 lb/acre);
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Gallery, 0.15 kg ha-1 (0.13 lb/acre); Goal, 1.7 kg ha-1 (1.5 lb/acre);
Ronstar, 2.25 kg ha-1 (2.0 lb/acre); and Surflan, 2.25 kg ha-1 (2.0 lb/acre).
The grasses were irrigated with 1.3 cm (0.5 inches) of water 48 hr after
herbicide application and as needed thereafter.
Plant height and visual ratings were recorded weekly beginning 7 days
after treatment. Plants were visually rated by two independent raters on
a scale of 0 to 100 with 0 = no injury and 100 = dead plant. Six weeks
after treatment container plants were harvested and the root and shoot
dry weights and root to shoot (R/S) ratios were determined. Shoots and
leaves of field grown plants were also harvested and shoot dry weights
were determined.
A randomized complete block design with ten replications was used for
each experiment. Analysis of variance procedures were performed on all
data and least significant difference (LSD) values were determined for
significant main effects and interactions.
Results and Discussion: Goal treated plants had the worst visual
ratings of field and container grown plants regardless of planting time
and herbicide application date. However, plants treated with Goal had
shoot dry weights that were similar to those of control plants in containers and in the field. This is in contrast to a study by Green et al. (1997)
on container grown pampas grass treated with a 3% granular formulation
of Goal which reduced fresh shoot weights compared to other herbicide
treatments and a control. A study by Weller et al. (1984) on containerized cotoneaster (Cotoneaster apiculatus Rehd. & E.H. Wils.) and
euonymus (Euonymus fortunei (Turcz.) Hand.-Mazz. ‘Colorata’ treated
with the EC formulation of Goal, reduced fresh shoot weights of cotoneaster compared to a control and euonymus compared to Ronstar.
Differences in our results and those of other studies may be attributed to
differences in application times or rates, herbicide formulations, and/or
the species to which the Goal was applied.
Neal and Senesac (1991) found that based on visual quality ratings,
Surflan applied at 4.5 kg ha-1 (4.0 lb/acre) injured beach grass
(Ammophilia breviligulata Fern.), pampas grass (Cortadera selloana
(Schult.) Asch & Graebn.), tufted hair grass (Deschampsia caespitosa
(L.) Beauvois.), blue fescue (Festuca ovina ‘glauca’ (Lam.) W.D.J. Koch),
fountain grass, and ribbon grass (Phalaris arundinaceae (L.) ‘ Picta’),
and that Ronstar at 4.5 kg ha-1 (4.0 lb/acre) caused some temporary
injury. Our study found injury by Surflan only for the fall planting of the
field grown grasses. Ronstar injury was significant, though not as severe
as that caused by the Goal. Neal and Senesac (1991) also reported no
injury to the ornamental grasses from Gallery, Endurance, and OH-2
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(oxyfluorfen plus pendimethalin). We found phytotoxicity from Endurance for planting 1 of field grown plants and from Gallery for FG in field
planting 2. Our data also differed on the injury caused by Goal which we
found to be highly phytotoxic. This may be attributed to their use of a
granular formulation which contained 2% Goal. Glaze et al. (1980)
showed Goal to injure pampas grass when applied as a spray.
Significance to Industry: Endurance, Surflan, and Gallery treatments
exhibited the least change in visual quality for the most species, however
they also were associated with lower shoot dry weights compared to the
control. The better visual quality of plants treated with Endurance,
Surflan, and Gallery compared to the Goal and Ronstar treated plants
may make them a better production choice.
Literature Cited:
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and D.J. Eakes. 1997. Effects of preemergence-applied herbicides
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3. Weller, S.C., J.B. Masiunas, and P.L. Carpenter. 1984. Evaluation of
oxyfluorfen formulations in container nursery crops. HortScience.
19:222-224.
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oxyfluorfen. Proc. Weed Sci. Soc. Amer. 229:32.
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Bittercress Control with Goal and Scythe
Ted Whitwell1, Jason London 1, and Craig Spencer2
Clemson University, Department of Horticulture, Clemson, SC 29634
and
Carolina Nurseries, 739 Gaillard Road, Moncks Corner, SC 29461.
Index Words: Juniper Liners, Pre-emergence, Post-emergence, Injury
Nature of Work: Bittercress (Cardimine hirsuta L.) is a problematic
weed for the nursery industry. Bittercress seed may be dispersed
through reused pots and irrigation water as well as through a forceful
dehiscence mechanism of the silique. Once established, bittercress can
be difficult to control in ornamental plants without hand pulling. Large
populations of bittercress may become established in propagation before
herbicides can be safely applied. Post-emergence bittercress control in
liner production could be a viable option. Goal (oxyfluorfen) herbicide
has both pre-emergent and post-emergent properties on young broadleaf
weeds. Goal (oxyfluorfen) controlled bittercress in artificial media used
as a preemergence treatment (Singh, 1984). Post-emergent activity of
Goal is enhanced with the addition of a surfactant. Scythe (pelargonic
acid) is a nonselective fatty acid-type herbicide that maybe used as a
surfactant. Neal (1998) reported post-emergent bittercress control with
Scythe (5% v/v) solutions. The purpose of this research was to evaluate
Goal and Scythe applications to control bittercress populations in juniper
liner production beds.
Juniper propagation beds at Carolina Nurseries Inc. were selected as the
test site. Two experiments were conducted in the fall of 1998 with liners
of Juniperus conferta ‘Blue Pacific’ in one study and Juniperus x.
‘Wiltonii’ in the other study. Both contained mature bittercress plants
taller than Juniper liners and bore mature siliques. Herbicide treatments
were randomized within rows of the Juniper liners with seven replications. All treatments were applied with a CO2 backpack sprayer at 30 psi
with a handheld sprayer delivering 30 gallons of mixture per acre. All
Scythe concentrations were applied based on % volume to volume. The
Goal formulation was a 2.2 kg a. i. /ha (2 lb. a. i./A.) or 1 gallon of a 2 lb.
active ingredient per gallon formulation.
Treatments were applied on 23 October 1998 for the efficacy study.
Weather conditions were clear and air temperature exceeded 80 °F (26.6
°C). Treatments were Scythe 1%, Scythe 3%, Scythe 1% + Goal 2 lb.,
Scythe 2% + Goal 2 lb., Scythe 3%+ Goal 2 lb. and an untreated control.

396

SNA RESEARCH CONFERENCE - VOL. 44 - 1999

Treatments were applied on 15 November 1998 for the spray volume
study. Weather conditions were overcast with air temperatures in the
mid 70’s °F (21 °C). Treatments were an untreated control, Scythe1% +
Goal 2 lb @ 40 gpa, Scythe1% + Goal 2 lb. @ 80 gpa, Scythe 1% +
Goal 2 lb. @ 40 gpa applied in two passes, and Scythe 1% + Goal 2 lb.
@ 80 gpa applied in two passes. Each treatment was replicated 7 times.
Results and Discussion: Juniper phytotoxicity was severe with treatments that contained Scythe at 2 or 3% (Figure 1C). Reduced injury was
observed for the treatments that contained Scythe 1%. Bittercress
desiccation after 24 hours was greatest for the Scythe 3%, Scythe 3 % +
Goal, and Scythe 2% + Goal (Figure 1-A). Less bittercress burn-down
was observed after 24 hours with the Scythe 1 % and Scythe 1% + Goal.
Juniper injury continued to increase in subsequent evaluations for the
2% and 3% Scythe + Goal and were unacceptable. Juniper injury from
the Scythe 1% + Goal combination did not increase over the initial
phytotoxicity rating. Complete burn down of bittercress did not occur with
the 1 % and 3% Scythe solutions. Control of mature bittercress plants
exceeded 90% after 2 weeks with the Scythe 1% + Goal , however after
2 weeks some plants began to regrow from the stem base. After 1
month, only 50 % of mature bittercress plants were controlled. Control of
bittercress emergence exceeded 80% after 4 months and 60% after 5
months. (Figure 1-B).
In the second study, applying the Scythe 1% + Goal to maximize spray
coverage increased the control of mature bittercress plants (Figure 2-B).
No injury was observed on juniper liners during the study’s duration.
Postemergence bittercress control was not enhanced by increasing the
spray volume to 80 gpa applied in one pass, but applying the herbicide
combination in two passes did enhance mature bittercress control. Over
90% of mature bittercress plants were controlled after 1 month when
treated with the Scythe1% + Goal combination at 80 gpa in 2 passes.
All Goal treatments controlled bittercress for 4 months (Figure 2-A).
Significance to Industry: Foliar applications of Scythe and Goal
controlled bitttercress. The bittercress plants treated in this study were
mature and were probably less sensitive. Pre-emergence bittercress
control was extended to 4 and 5 months after application. Although
mature bittercress plants were killed in many cases, the remains of the
plants were visible for the duration of the study. In some nurseries this
may be unacceptable, therefore application of herbicides should occur
before bittercress plants begin to grow above the tops of the liners.
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Pesticide/Rhizosphere Interactions
in Containerized Plants
N. D. Camper, M. R. Costa, S. G. Pai and C. E. Drakeford
Department of Plant Pathology and Physiology
Clemson University, Clemson, SC 29631-0377
Index Words: Containerized Plants, Rhizosphere, Pesticide, Microbial
Degradation
Nature of Work: The rhizosphere is described by Hiltner (1904) as a
zone of unique and dynamic interaction which occurs between plant
roots and soil microorganisms (Curl and Truelove, 1986). This specialized region is characterized by enhanced microbial biomass and activity
and a more diverse, active and synergistic microbial community than
bulk soils. In agricultural and natural soils inhabited by plants, microbial
activity in the rhizosphere is known to affect the fate of added organic
chemicals (Walton et al., 1994).
Containerized plant production is important in the ornamental industry in
South Carolina and nursery operation protocols include the use of
various pesticides. Research has shown increased pesticide degradation in the rhizospheres of a variety of plant species (Anderson et al.,
1993). The containerized plant provides a unique system for the study
of rhizosphere/pesticide interactions. The objectives of these studies
were to determine the fate of selected pesticides in containerized rhizosphere soils and the effect of the pesticides on the microbial populations
in these rhizospheres.
The containerized system used a potting mix of bark/sand (supplied by
Carolina Nurseries) in plastic pots, selected pesticides {atrazine (2chloro-4-ethylamino-6-isopropylamino-s-triazine), mefenoxam (R-N-(2,6dimethylphenyl)-(methoxyacetylamino)propionic acid methyl ester) and
isoxaben (N-[3-(1-methylpropyl)-5-isoazolyl]2,6-dimethoxybenzamide)}
and selected plants: corn (Zea mays L.) for atrazine, Zinnia [Zinnia
angustifolia L. (var. Tropic Snow)] for mefenoxam and Switchgrass
(Panicum virgatum L.) for isoxaben. Sterile and bulk potting mix (without plants) were used as controls. Plants were grown from seeds and
transplanted into the test pots; the rhizosphere was allowed to develop
for 10 to 21 days prior to addition of the pesticides. Samples were
removed from pots at specified times and subjected to microbial analysis, and to extraction and analysis of the pesticides and potential degradation products. Parent chemicals and degradation products were
analyzed via HPLC with appropriate reference standards. Samples
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analyzed for microbial populations were serially diluted and inoculated
onto Tryptic Soy Agar, incubated for 24 hrs and data expressed as log
colony forming units (CFU) per gram of dry weight of potting mix.
Results and Discussion: Pesticides tested in the containerized rhizosphere system were degraded faster than in the bulk mix with no plant
present (Table 1). Atrazine half-life was reduced by approximately 84%
as compared to the bulk mix. Atrazine is not used in containerized plant
production for weed control; however, it was included in this study as a
marker chemical as it is reported to be degraded at a faster rate in
rhizosphere soils (Siebert et al. cited in Anderson et al., 1993; Perkovich
et al., 1996). The faster rate of degradation in the containerized rhizosphere system verified that it is a viable system for the study of pesticide/
rhizosphere interactions. Mefenoxam (the R isomer of metalaxyl) is an
acylanilide fungicide with residual and systemic activity against plant
pathogens. Its half-life in the Zinnia rhizosphere was reduced by approximately 53% as compared to the bulk mix. Degradation of metalaxyl
was observed in soils of tobacco, citrus, avocado and corn (Droby and
Coffey, 1991). Isoxaben is a selective preemergence surface-applied
herbicide used to control annual broadleaf weeds in established turf,
ornamentals and for weed control in containerized plant production. In
the rhizosphere of Switchgrass its half-life was reduced by approximately
67 % as compared to the bulk mix. With all three chemicals tested in the
rhizosphere system, degradation products were detected, and the
enhanced degradation was correlated with increased microbial population numbers.
Significance to Industry: Rhizosphere studies provide information
about the influence and involvement of rhizosphere microbial communities on pesticide fate. The containerized rhizosphere system can provide
the nursery industry with information that may impact how they apply
pesticides and which ones to use under certain conditions. Studies
reported herein show that pesticides are subjected to enhanced degradation in rhizospheres of containerized plants.
Acknowledgment: Technical grade pesticides and reference standards
were generously provided by Novartis Crop Protection, Inc.
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Influence of Plant Age and Size on Simazine Toxicity
in Canna hybrida
Sandra L. Knuteson 1, Ted Whitwell2, and Stephen J. Klaine1
Clemson University, Dept. of 1Environmental Toxicology,
Pendleton, SC 29670 and 2Horticultural Dept., Clemson, SC 29634
Index Words: Canna, Phytotoxicity, Phytoremediation, Plant age, Plant
Size
Nature of Work: Wetland plants have several adaptations, both structural and physiological, which allow them to survive in saturated environments. These characteristics make wetland plants useful for
phytoremediation of recalcitrant contaminants in surface waters. The
most commonly used wetland plants are cattails, Typha spp.
(Gutenspergen et al. 1990). Although these plants are effective at
remediation of certain contaminants, certain high profile industries may
prefer a more aesthetic species. Wilson et al. (1999) screened various
ornamental wetland plants, finding several suitable for use in assimilation
of pesticides used on turfgrasses. There are two main benefits of this
type of remediation: economically, phytoremediation has a much lower
cost than more technological remediation treatments; and, aesthetically,
ornamental plants are more attractive than classic wetland species. The
result may be low cost, low maintenance, effective, and aesthetically
pleasing constructed wetlands. For phytoremediation to be effective, the
plant must be tolerant to the contaminant. Plant tolerance to herbicides
may vary depending on plant age and size. Hatton et al. (1996) found
that Glutathione-S-Transferase (GST) and glutathione levels in corn
decreased after 30 days of growth. Since GST is the major mechanism
of detoxification for several pesticides, plant tolerance may decrease with
increasing age. Other studies found that pesticide absorption decreased
as age increased, hence tolerance increased with age (Wilcut et al.
1989; Leah et al. 1995). The objective of this research was to characterize the influence of plant age and size on the toxicity of simazine in the
ornamental wetland plant Canna x hybrida L., “Yellow king humbert.”
Simazine is the active ingredient in pre-emergent herbicides labeled for
general use on turfgrasses and ornamentals to control annual broad-leaf
weeds and grasses. Due to its moderate water solubility, low volatility
and long soil half-life, simazine may contaminate ground and surface
waters (Howard 1991). Canna x hybrida, Canna, was selected for
evaluation due to its aesthetic properties and general use as an ornamental plant. Two plant ages were evaluated, 2 week old (2 wk) and 4
week old (4 wk). At time of exposure, these groups had significantly
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different sizes. The 2-wk plants [approx. 13.5 g (0.4 oz)] were small with
few roots; and the 4 wk plants [approx. 47.0 g(1.5 oz)] were larger with
well established root systems. The Cannas were propagated from tubers
in potting soil in a glass greenhouse. Four weeks prior to exposure,
plants approximately 30 cm (12 in) tall with 3-4 leaves each were detached from their tubers. Two weeks prior to exposure, plants approximately 10 cm (4 in) tall with 3-4 leaves were detached from their tubers.
Plants were placed in darkened glass jars containing 300 ml of 10%
Hoagland’s liquid nutrient medium (HNM). For the first 2-3 days, plants
were placed in a humidity chamber to acclimate to hydroponic conditions. Once removed from the humidity chamber, plants were placed in
the greenhouse and acclimated to the following exposure conditions: a
minimum light intensity of 375 mmol/m2s provided by metal halide lamps,
with a maximum of 1135 mmol/m2s during midday; a 16:8 photoperiod;
and 24 + 4 ° C (75 ± 7 ° F). During acclamation, plants were placed in
fresh 10 % HNM weekly; medium lost due to transpiration or evaporation
was replaced daily.
Technical grade simazine (99.6% purity) was obtained from Novartis
Crop Protection (Greensboro, NC, USA). A stock solution was prepared
by dissolving simazine overnight in 10% HNM with constant stirring.
Exposure solutions were then prepared through dilution to 0, 0.01, 0.5,
1.0, 1.5, and 2.0 mg/L (ppm) simazine in 10 % HNM. All simazine
concentrations were verified using solid phase extraction (Burdick &
Jackson, Inc., Muskegon, MI, USA) into 2 ml Optima grade acetone
(Fisher Scientific, Fair Lawn, NJ, USA) and analysis by a HewlettPackard 5890 Series II Gas Chromatograph (Palo Alto, CA, USA). To
prevent light from reaching the root zone, exposure vessels consisted of
300 ml exposure solution in aluminum foil wrapped glass containers
using 12 oz. styrofoam cups with a hole in the bottom to hold the plant
with its roots submerged. After 7 days, roots were rinsed with running
tap water; measurements were taken; and plants were placed in simazine-free medium for another 7 days post-exposure to assess short
term recovery. Medium lost due to transpiration or evaporation was
quantitatively replaced with 10% HNM. Evaporation controls consisted
of exposure vessels without plants. Toxicity of simazine was evaluated
by examining the growth of all plants. Measurements for root volume
and fresh weight were made prior to exposure, after the exposure period,
and after the post-exposure period. Biomass production for each period
was calculated from the fresh weight data. Water uptake was measured
by recording the amount of medium replaced during the 7-d period and
correcting for evaporation. Photosynthetic yield was measured on the
innermost leaf of the plants on days 0, 1, 3, 5, 7, and 13 using an
OPTISCIENCES OS-500 modulated fluorometer (Haverhill, MA, USA). A
completely randomized design was used with four replications per
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treatment. Plants that flowered during the exposure were removed from
analysis. Biomass production, water uptake, and fluorescence data were
ranked with the Wilcoxon rank-sum test. Differences were determined
using ANOVA and Dunnett’s test at P < 0.05.
Results and Discussion: Biomass production (Figure 1) and water
uptake (Figure 2) by 2 wk plants during exposure were significantly
reduced at exposures greater than 1.0 and 0.5 mg/L simazine, respectively. Those of the 4 wk plants were not significantly affected at any
exposure concentration used. Affected 2 wk plants showed full recovery
with respect to water uptake; however, biomass production recovered
only slightly. Biomass production and water uptake by 2 wk plants during
the exposure period were significantly more reduced than those of the 4
wk plants at the higher exposures of simazine. Both 2 wk and 4 wk
Cannas exhibited a dose-response relationship with respect to photosynthetic yield (Figure 3). After 7 days in simazine-free medium, however,
all plants fully recovered.
The results of the toxicity bioassay show that 4 wk Cannas are more
tolerant to simazine than the 2 wk plants. Since the 4 wk plants took up
more water in the toxicity assay than the 2 wk plants and [14C]simazine
uptake was correlated with water uptake (Wilson et al. 1999), we can
assume that the 4 wk plants took up more simazine. The 4 wk Cannas
grown in 2.0 mg/L simazine took up 1.5 times as much medium as the 2
wk plants. Again, we saw no reduction in growth or water uptake in the 4
wk plants, but the 2 wk plants’ growth was reduced to less than 25% of
normal. When looking at photosynthesis, the primary target of simazine,
there was a reduction for both 2 and 4 wk Cannas at the higher exposures. Within 24 hours, photosynthesis was seriously compromised (<
10 % of normal) in the 2 and 4 wk plants exposed to 2.0 mg/L simazine.
Once the plants were removed from the simazine, however, photosynthesis recovered to normal levels in all the Cannas. This suggests that if
4 week old plants were exposed for a longer period, growth may have
been reduced. This must be considered when extrapolating results to
the environment, where there could be continuous exposure.
Significance to Industry: Macrophyte toxicity tests generally use plants
of similar size to the 2 week plants of this study (Wilson et al. 1999;
Powel et al. 1996). The results of these studies may prove to be conservative. In the environment, plants can vary in size depending on water
and nutrient availability and other environmental conditions. The tolerance of plants may depend on the size of the plant, as shown in this
study. Consideration must be taken when extrapolating from studies with
macrophytes.
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A constructed wetland created for the assimilation of contaminants may
be used year round; however, the plants will vary in size throughout the
year. Should the constructed wetland be used when plants are not full
size? If they are used when the plants are young, growth may be
reduced. These results suggest that performance of wetlands constructed for simazine remediation would increase as the plants age;
however, more research is needed into the actual contaminant and
species of plants to answer the question.
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Granular Herbicide Application Uniformity and Efficacy
in Container Nurseries
Jay Darden and Joseph C. Neal
N.C. Cooperative Extension, 806 North St., Smithfield, NC 27577
and NC State University, Dept. of Horticultural Science,
Raleigh, NC 27695-7609
Index Words: Hand-Weeding, Container Nurseries, Economics,
Preemergence, Oxyfluorfen, Pendimethalin, Isoxaben, Triflurlalin,
Oxadiazon, Prodiamine
Nature of the Work: Weed control programs in container nurseries rely
upon the effectiveness of preemergence herbicides. There are numerous, effective herbicides labeled for use in woody nursery stock, yet
removing escaped weeds continues to be a major expense. Furthermore, grower experiences with preemergence herbicides do not always
parallel the results obtained in small-plot, replicated research. Therefore,
this project was established to compare the effectiveness of five commonly used granular preemergence herbicides in relatively large-scale
plots at commercial nurseries. In this test, herbicide application uniformity was also measured.
Two tests were conducted at local, Johnston county N.C. nurseries. The
cooperating nurseries were responsible for herbicide applications and for
maintaining weeding records separately for each treatment. The herbicides and target application rates were Scotts OH2 (oxyfluorfen +
pendimethalin) at 3.3 kg ai/A (3 lb ai/A), Snapshot TG (isoxaben +
trifluralin) at 5.6 kg ai/A (5 lb ai/A), Regal O-O (oxyfluorfen + oxadiazon)
at 3.3 kg ai/A (3 lb ai/A), Ronstar (oxadiazon) at 4.5 kg ai/A (4 lb ai/A),
and Regalkade G (prodiamine) at 0.84 kg ai/A (0.75 lb ai/A). Plot size,
container size, and crop species differed between nurseries. At one site,
each treatment was applied to a block containing 2600 11-liter (3-gallon
pots). At the second site, each treatment was applied to approximately
800 2.8-liter (3-quart) pots (data were corrected for minor variations in
pot numbers). Herbicides were applied within one week after potting,
and reapplied approximately 10 weeks later. Treatments were randomly
assigned to blocks, but due to the size of the treatments and complexity
of maintaining separate weeding records for each treatment, treatments
were not replicated at each nursery. Data recorded included collecting
samples of herbicides applied, weed counts (by species), man-hours
required to hand weed each treatment, and the weight of the weeds
removed from each treatment.
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Results and Discussion: All herbicides dramatically reduced hand
weeding (Table 1). In the untreated plot at site two, 102 kg (226 pounds)
of weeds per 1000 pots were removed requiring 67.3 man-hours of labor.
If we assume an approximate hourly cost of $14.75 (an average of labor
costs provided by several local nurseries), hand weeding 1000 pots
could cost as much as $1,367 over a four month period (the time it took
for this crop to be ready for re-potting). The most effective herbicide
treatment reduced supplemental hand weeding time to between 1 and 4
man-hour per 1000 pots; representing a labor cost saving of over $1300
per 1000 pots. Even marginally effective herbicides reduced weeding
time and cost. These results are consistent with our previous report in
which napropamide (Devrinol) provided marginal weed control but was
still cost-effective compared to hand weeding (Neal and Skroch, 1984).
Predominant weed species at site one included nodding spurge (Euphorbia nutans Lag.), longstalked phyllanthus (Phyllanthus tennellus Roxb.)
and eclipta (Eclipta prostrata L.). Dominant weeds at site 2 were spotted
spurge (Euphorbia maculata L.) and creeping woodsorrel (Oxalis
corniculata L.). In general, all herbicides controlled most weeds. At site
one, only Regalkade was less effective than other treatments, yet
Regalkade reduced nodding spurge infestation by 90% and overall weed
infestations by about 40% (weed count data not presented). The one
weed not controlled by Regalkade at site one was longstalked
phyllanthus. Ronstar is considered to be weak on spotted spurge, the
dominant species at site 2. This may explain (at least in part) why
Ronstar appeared to be less effective at site 2 than at site 1 (Table 1).
Another possible explanation for variable results between sites, both
within this test and in other nurseries, might be explained by the uniformity of herbicide application. The average herbicide dose actually
applied to the plots varied from about one-half to 1.5 times the recommended (target) dose (Figure 2). Closer examination of the distribution
of granules within a plot illustrates significant variability in the herbicide
dose applied within treated blocks (Figure 3). The actual dose of herbicides applied to a block of plants approximately 30 feet wide by 40 feet
long ranged from about 0.5 to 2.2 times the recommended application
rate. Such variability in herbicide applications could easily account for
weed control “skips” within treated blocks or even damage to sensitive
species with excessive doses.
Significance to the Industry: These results confirm our earlier observations that even marginally effective herbicides are cost-effective when the
time and expense of supplemental hand weeding is considered. Clearly
the most cost-effective weed control program will involve selecting the
most effective herbicide for a particular crop and spectrum of weeds.
Efforts to improve the uniformity of herbicide applications are vital to
achieving consistent weed control without crop damage.
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Table 1. Weed weights and man-hours spent weeding plots; each
expressed on a per 1000 pots basis.
Site One
Site Two
Weight of Weeding Time Weight of Weeding Time
Weeds (lb) (man-hours)
Weeds (lb)
(man-hours)
Hand Weeded
—*
—*
226
93
Regalkade
23
6.3
40
9
Ronstar
6
1.6
87
23
Snapshot
6
1.1
8
3
OH2
6
1.1
26
5
Regal O-O
9
1.0
7
4
*weed weights and weeding times were unavailable for hand weeded
plots at this site.
Treatment
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Adjuvant Selection Affects Herbicide Control of
Nutsedge and Tolerance by Selected Nursery Crops
Gary L. McDaniel, Donna C. Fare,
Willard T. Witte, and Phillip C. Flanagan
Department of Ornamental Horticulture and Landscape Design,
University of Tennessee, Knoxville, TN 37996-4500
Index Words: Halosulfuron, Surfactant, Sulfonylurea Herbicide, Herbicide Tolerance, Cyperus esculentus L., Yellow Nutsedge.
Nature of Work: Yellow nutsedge (Cyperus esculentus L.) is among the
most common weeds found in nursery crops (Dowler, 1994). Perennial
weeds such as nutsedge are not major problems in the production of
container grown plants, but it can be spread by seed and tubers. Once
established, it is considered one of the most difficult weeds to control in
container-grown plant materials (Gilliam et al., 1990), and containers
infested with yellow nutsedge may provide a source for contaminating
new landscape plantings. Under warm temperatures and high irrigation
levels in nurseries, nutsedge may compete severely with containergrown crops and removal is accomplished only by costly manual labor.
Historically, post-emergence control of yellow nutsedge was phytotoxic to
nursery crops. Often, the severe phytotoxic reactions in landscape
plants are caused not by the herbicide alone, but by the herbicide and
adjuvant combination being used. Adjuvant type and concentration used
with a post-emergence herbicide can influence retention of spray solutions, sites of entry into foliage, and subsequent efficacy to target weed
species. Manage (halosulfuron) was developed for nutsedge control in
turfgrass and agronomic crops and shows promise for nutsedge control
in nursery crops (Bachman et al.,1995; Hurt and Vencill, 1993; Vencill et
al., 1995). The objectives of this research were to compare non-ionic,
paraffin-based crop oil, soybean oil, sunflower oil, and organosilicone
surfactants combined with Manage applied at a reduced rate for: a)
yellow nutsedge control efficiency and b) evaluation of phytotoxicity to
five container-grown landscape species.
Liners of Ilex crenata Thunb. ‘Bennett’s Compacta’ (Bennett’s Compacta’
holly), Ilex x meserveae S. Y. Hu ‘Blue Girl’ (‘Blue Girl’ holly), Weigela
florida Bunge ‘Pink Lady’ (‘Pink Lady’ weigela), Liriope muscari Bailey
‘Big Blue’ (‘Big Blue’ liriope), and Forsythia x intermedia Zab. ‘Lynwood
Gold’ (‘Lynwood Gold’ forsythia) were potted in 3.8 liter (4 quart, #1)
containers on May 1-5, 1998. The growing medium consisted of ground
pine bark:Fafard No. 2 peat-based growing mix (4:1 v/v) amended with
4.2 kg/m3 (7.0 lb/yd3) of dolomitic lime, 1.2 kg/m3 (2 lb/yd3) of triple
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superphosphate (0-46-0), 1.4 kg/m3 (2.3 lb/yd3) of gypsum, and 0.9 kg/
m3 (1.5 lb/yd3) of Micromax. Yellow nutsedge tubers were transplanted
(5 tubers/container) to each plant species to determine effects of nutsedge control by the herbicide/adjuvant mixtures and to evaluate growth
suppression by nutsedge and chemicals. Following potting, all containers were topdressed with Osmocote 14-14-14 at 5 g (0.18 oz)/container.
Supplemental fertilization consisted of Peters General Purpose soluble
fertilizer (20-20-20) at 100 mg/liter N (100 ppm) weekly for 3 weeks to
establish plants.
Chemical treatments consisted of Manage herbicide at 18 g ai/ha (0.26
oz/A), nearly one-half of the lowest rate recommended for nutsedge
control, combined with the following adjuvants at 0.25 or 0.5% (v/v): X-77
(non-ionic), Scoil (methylated soybean seed oil), Sun-It II (methylated
sunflower seed oil), Action “99” (non-ionic organosilicone), and Agri-Dex
(paraffin crop oil concentrate). Adjuvant rates were determined using
data from preliminary tests. Herbicide control consisted of Manage
without additional adjuvant and untreated control plants received water
only. Treatments were applied 5 weeks after planting when nutsedge
was at a height of 4-6 in. The herbicide/adjuvant mixtures were applied
overtop the plants with a CO2-pressurized backpack sprayer delivering
25 gal/A using an 8003 flat fan nozzle.
Yellow nutsedge control was compared to untreated plants and evaluated on the basis of weed density and vigor on a scale of 0% (no control)
to 100% (complete control) at 4 and 8WAT. A growth index was calculated by measuring the (height + minimum width + maximum width)/3
prior to treatment and again at 8WAT, with the final index reflecting new
growth. Dead plants were recorded as 0. Visual phytotoxicity evaluations were taken at 4 and 8WAT using a scale of 0-100 (0 = no damage
and 100 = dead plants). Treatments were arranged in a completely
randomized design with 12 single container replications within a crop
species. Analysis of variance (ANOVA) was used for data analysis and
means were separated using Duncan’s New Multiple Range Test at P =
0.05.
Results and Discussion: Yellow nutsedge control at 4WAT was greater
when Manage (0.26 oz/A) was combined with Scoil, Sun-It II, Agri-Dex,
or Action “99” adjuvants (Table 1). By 8WAT, Manage combined with
Sun-It II resulted in 98-100% control of nutsedge. X-77, the recommended adjuvant by the Manage manufacturer, provided marginally
better nutsedge control than Manage applied alone.
Manage combined with each adjuvant injured one or more of the landscape plants, with the exception of ‘Blue Girl’ holly (Table 2). Manage
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with Scoil produced moderate phytotoxicity on forsythia and weigela and,
at the 0.5% level, reduced growth of all landscape plants except ‘Blue
Girl’ Holly (Table 3). Manage plus Action “99” was phytotoxic to and
reduced growth of forsythia, liriope, and weigela. Manage plus Agri-Dex
treatment resulted in moderate to severe growth reduction to all plants,
with severe marginal necrosis of foliage on forsythia and weigela.
Manage with Sun-It II resulted in less growth reduction and fewer phytotoxic symptoms of the test species, compared to other adjuvant plus
Manage combinations. Initially, foliar chlorosis was observed on all
species except ‘Blue Girl’ holly with the Manage plus Sun-It II treatment,
but most plants had recovered by 8WAT.
Significance to Industry: Efficient yellow nutsedge control can be
accomplished with Manage at one-half the standard rate when combined
with Sun-It II. This combination provided the most effective nutsedge
control with minimal phytotoxicity to the nursery plants. X-77 (a non-ionic
surfactant, which is the type adjuvant recommended for use with Manage) added to Manage provided only moderate nutsedge control. Some
temporary phytotoxicity symptoms can be expected and a slight overall
growth reduction is possible, depending on the adjuvant selected.
Phytotoxicity and growth reduction resulting from the reduced-rate
Manage and individual adjuvant interactions was species dependent.
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Table 1. Influence of adjuvants and Manage herbicide on yellow nutsedge control.
Surfactant
rate
Treatmenty
Untreated
Herbicide Control
X-77
X-77
Scoil
Scoil
Action “99”
Action “99”
Sun-It II
Sun-It II
Agri-Dex
Agri-Dex

(% v/v)
0
0
0.25
0.50
0.25
0.50
0.25
0.50
0.25
0.50
0.25
0.50

Yellow Nutsedge control (%)z

4WAT
0fx
42e
55d
62d
71c
82a
81b
88a
83a
89a
78b
85a

Z

8WAT
0f
16fe
72c
84b
92a
96a
87ab
91a
98a
100a
56d
62d

Yellow nutsedge control was compared to untreated plants and evaluated on the basis of weed density and vigor on a scale of 0% (no
control) to 100% (complete control) at 4 and 8WAT.
y
Manage (halosulfuron) herbicide was applied at 18 g ai/ha (0.26 oz/A) to
all treatments except untreated control.
x
Means within columns followed by the same letter do not differ at the
0.05 significance level by Duncan’s new multiple range test.
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