Weed Control in Field Nurseries

James E. Altland,' Charles H. Gilliam,? and Glenn Wehtje?

SummaRY. Herbicide use is an important component of weed management in field nursery
crops. No single herbicide controls all weed species. Oxyfluorfen, simazine, and isoxaben are
preemergence herbicides effective against broadleaf weeds. Oryzalin, pendimethalin, and
prodiamine are effective in preemergence control of grasses and some small-seeded broadleaf
weeds. Metolachlor is the only herbicide currently labeled for nursery crops that is effective in
preemergence nutsedge (Cyperus) control. Fluazifop-butyl, sethoxydim, and clethodim are
selective postemergence herbicides used for grass control. Glyphosate, paraquat, and
glufosinate are nonselective postemergence herbicides used in directed spray applications for
broad-spectrum weed control. Bentazon, halosulfuron, and imazaquin are effective
postemergence nutsedge herbicides. These herbicides are discussed with respect to their
chemical class, mode of action, labeled rates, and current research addressing their effective-
ness in nursery crops.

ced control is an important component of producing quality

field-grown nursery stock. Many field-grown crops are planted

as small liners which take several years before reaching salable
size. During this time nursery crops offer limited competition with weeds
for nutrients and water. Research on herbicide application timing for
field-grown plants suggests the need for weed control is greatest during
the first year following planting (Wehtje and Gilliam, 1991). Though
growth suppression by weed competition in field-grown nursery stock
has not been documented, reduced shoot growth up the 43% has been
documented in container stock (Berchielli-Roberston et al., 1990). In
addition, weeds reduce the aesthetic value of nursery crops and may also
serve as a source of weed inoculation in the landscape or host plants for
insects.

Successtul use of herbicides for weed control requires a three-step
process. First, when applicable, weeds should be eliminated preplant
using a broad-spectrum postemergence herbicide or soil sterilant. Culti-
vation could be an acceptable method for eliminating annual weeds,
however, herbicides are more effective in controlling perennials or weeds
with developed underground storage tissue. Second, occurrence of new
weeds should be prevented using preemergence-applied herbicides. This
should be the primary action taken to control weeds in nurseries, and
thus will be the focus of this manuscript. And finally, escape weeds should
be controlled using postemergence weed control methods.
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Preemergence weed
control

WHY HERBICIDES FAIL. There are
several reasons why herbicides are
sometimes ineffective. The most com-
mon reasons include improper appli-
cation timing, improper application
rates, and not choosing the most effec-
tive herbicide for the prevalent weed
species.

Preemergence-applied herbicides
should be applied to weed free areas
because they have little or no activity
when applied to emerged seedlings. A
major reason why these herbicides fail in
field-grown nurseries is that they are
applied when weeds have already germi-
nated. Also, many of the herbicides
currently used do not have sufficient
residual activity to provide season long
control fromasingle application (Wehtje
and Gilliam, 1991). In the southeastern
United Sates, most herbicides provide
only 10 to 14 weeks of activity in the
field (Gilliam, 1989). As the herbicidal
barrier from an application begins to
degrade, a follow-up application is
needed before weed seed germination.
Monitoring weed populations is essen-
tial to determine proper timing. In a test
which evaluated the effects of applica-
tion timing using various combinations
of simazine (Princep; Syngenta Crop
Protection, Greensboro, N.C.),oryzalin
(Surflan; Dow AgroSciences, Indianapo-
lis, Ind.) and oxyfluorfen (Goal; Dow
AgroSciences), application timing was
shown to be of greater importance than
herbicide selection. Specifically, an ap-
plication in March of any combination

of two herbicides providing broad-
spectrum activity served to eliminate
much of the weed competition during
the period of spring growth, and a
second application extended control
through the remainder of the season
(Wehtje and Gilliam, 1991). Also, rain-
fall or irrigation is necessary to activate
most herbicides [usually 0.5inch (1.27
cm) of precipitation, but may vary by
herbicide]. Because many field-grown
cropsare notirrigated, application tim-
ing before precipitation is critical.

Identification of weed species is
required in order to choose the most
effective herbicides for controlling
prevalent weed species. Even if specific
identification cannot be made, the
ability to differentiate between grass,
broadleaf, and sedge species is critical
in choosing the correct herbicide.

BROADLEAF-ACTIVE PREEMER-
GENCE HERBICIDES. No single herbi-
cide controls all weeds. Preemergence
herbicidesare typically classified as con-
trolling either broadleaf, grass, or sedge
species. It is common practice to com-
bine a herbicide effective in control-
ling broadleaf species with another
effective against grasses. Oxyfluorfen,
simazine, and isoxaben (Gallery; Dow
AgroSciences) are preemergence her-
bicides currently available to control
broadleaf species in field nurseries
(Table 1).

Oxyfluorfen, a diphenyl ether, is
absorbed by foliage and root tissue
where it inhibits protoporphyrinogen
oxidase (also called protox) (Ross and
Lembi, 1999). Oxyfluorfen is mar-
keted for the nursery industry as Goal

2XL, an emulsifiable concentrate (EC)
containing 2.0 1b/gal (0.24 kg-L!)
a.l. (previous products were marketed
as 2E and 1.6E formulations).
Oxyfluorfen should be applied at 0.5
to 2.0 Ib/acre (0.56 to 2.24 kg-ha™),
and all applications should not exceed
more than 2 1b/acre per year (C&P
Press, 2001). Oxyfluorfen provides
excellent preemergence broadleatweed
control, but almost no control of
grasses (Coffman etal., 1984; Coffman
and Frank, 1987). In addition, itis one
of the few preemergence herbicides
with postemergence activity on newly
emerged weeds. Fretz et al. (1980)
compared the 2E and 2G formula-
tions, and reported the 2E formula-
tion was significantly more injurious
to woody plants. Davis and Minton
(1982) reported injury from applica-
tion of 2 Ib /acre with the 2E formula-
tion to three of 13 plant species. Over
the top application of the 1.6E formu-
lation to container-grown transplanted
cuttings of wintercreeper euonymous
(Euonymous fortunes) caused foliar in-
jury with rates as low as 0.28 Ib/acre
(0.314 kg-ha') a.i. (Horowitz et al.,
1989). Weller et al. (1984 ) compared
formulationsin container nursery crops
and reported the EC formulation to
provide superior weed control but
greater injury than either the granular
or wettable powder formulations.
Caviness et al. (1988) reported con-
tainer-grown hino-crimson azalea
(Rhododendron obtusum japonicum) to
be more sensitive to foliar treatment
than japanese holly (llex cremata).
Generally, plants in either midsummer

Table 1. Herbicides commonly used in field nurseries, pre = preemergence, post = postemergence.

Application
Common Trade Chemical rates Application Weed
name name class (Ib/acre)” timing activity
Oxyfluorfen Goal Diphenyl ether 0.5-2 Pre, post  Broadleaf pre, nonselective post
Simazine Princep Triazine 2-3 Pre Broadleaf
Isoxaben Gallery Benzamide 0.5-1 Pre Broadleaf
Oryzalin Surflan Dinitroaniline 24 Pre Grass, small-seeded broadleaf
Pendimethalin Pendulum Dinitroaniline 24 Pre Grass, small-seeded broadleaf
Prodiamine Factor, Barricade  Dinitroaniline 0.65-1.5 Pre Grass, small-seeded broadleaf
Metolachlor Pennant Chloroacetamide 1.2-25 Pre Sedge, grass
Sethoxydim Vantage Cyclohexanedione 0.28-0.47 Post Selective for grasses
Clethodim Envoy Cyclohexanedione 0.1-0.25 Post Selective for grasses
Fluazifop-p-butyl  Fusilade Aryloxyphenoxy propionate  0.25-0.375 Post Selective for grasses
Glyphosate Roundup Amino-acid derivative 2-10 Post Nonselective, affects all plants
Glufosinate Finale Amino-acid derivative 0.73-1.46 Post Nonselective
Paraquat Gramoxone Bipyridilium 0.5-1 Post Nonselective
Bentazon Basagran Benzothiadiazole 0.75-1 Post Nutsedge
Halosulfuron Manage Sulfonylurea 0.031-0.063 (turflabel)  Post Nutsedge
Imazaquin Image Imidazolinone 0.375-0.5 Post Nutsedge

1.0 Ib/acre = 1.12 kg-ha™l.
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dormancy or winter dormancy are more
tolerant to oxyfluorfen applied over
the top. Over the top application of
spray-applied oxyfluorfen in early May
resulted in injury to 10 species of land-
scape crops, with injury generally be-
ing more severe on juvenile foliage
(Milbocker and Elstrodt, 1982).
Gilliam et al. (1989) demonstrated
that midsummer applications applied
over the top of four field-grown woody
crops to be noninjurious. This toler-
ance was attributed to a semidormant
period that plants enter during envi-
ronmentally stressful periods of sum-
mer. Oxyfluorfen is labeled for use on
about 70 woody species, provided ap-
plications occur during winter dor-
mancy. When nondormant applica-
tions must be made, recommenda-
tions are for directed applications to
the soil and only when foliage is fully
expanded and hardened (C&P Press,
2001).

Simazine, a triazine herbicide,
works as a strong inhibitor of photosyn-
thetic electron transport (Ware, 1989).
Simazine is marketed under the trade
name Princep 4L [4.0 Ib/gal (0.48
kg-L!) a.i.], and is active against large-
seeded broadleaf species. The label rec-
ommends applications at 2 to 3 1b/acre
(2.2 to 3.4 kg-ha!') a.i., with the first
application made one year after trans-
planting (C&DP Press, 2001). Crop tol-
erance to simazine is both rate and
species dependent. In previous work
(Wehtje et al, 1986) with field-grown
littleleat boxwood ( Buxus microphylin)
and red tip photinia ( Photinia Xfraseri),
tank mixtures of oryzalin and simazine
at rates up to 3 + 1 Ib/acre (3.4 + 1.1
kg-ha™), respectively, were noninjurious
yetprovided amaximum degree of weed
control. At the close of the 3-year study,
growth indices from these treatments
were either equal to or superior to the
hand weeded control. Young (1980)
reported a tank mixture of simazine and
oryzalin[2 +81b/acre (2.2 +9.0kg-ha™)],
applied preemergence, provided excel-
lent (90%) season-long control of both
broadleatand grass weedsin nonbearing
peaches ( Prunus persica) without caus-
ing injury. Ries et al. (1969) identified
simazine as providing up to 6 weeks of
weed control at either 2 or 4 1b/acre
(2.2 or 4.5 kg-ha), with the required
rate dependent on the prevalent weed
species. Akers et al. (1984) reported
that simazine, either alone or in combi-
nation with oryzalin, diphenamid,
alachlor, or napropamide, provided sea-
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son-long weed control. Statistically, a
tank mixture of simazine and oryzalin (1
+41b/acre) was notinjurious to norway
maple (Acer platanoides), creeping juni-
per (Juniperushorizontalis),and japanese
spurge ( Pachysandra terminalis). How-
ever, inspection of the data reveals that
the fresh weight of these crops tended to
be numerically less with this treatment
relative to the nontreated control. Ryan
et al. (1981) reported that preemer-
gence applications of simazine at 6 b/
acre (6.7 kg-ha™) to roadside plantings
were injurious to california privet
(Ligustrum ovalifolinm), staghorn
sumac (Rhus typhina), ‘Moonlight’
broom ( Cytisus Xpreaecox), and baltic
ivy (Hedera helix). Ahrens (1963) re-
ported that simazine at 3 1b/acre was
injurious to ‘Lynwood Gold” forsythia
(Forsythin xintermedin), weeping wil-
low (Salix Xniobi), “Vanicek® weigelia
(Weigela florida), mock orange (Phila-
delphus virginalis), and flowering pink
almond (Prunus glanulosa). Briggs
(1978) identified 2 to 3 1b/acre as the
rate of simazine necessary for weed con-
trol, and recommended that this herbi-
cide not be used around boxwood
(Buxus), ewonymous (Eunonymouns),
leucothoe (Lewncothoe), nandina
(Nandina), enkianthus (Enkianthus),
or many of the deciduous plants, and
thatonlylowratesare safe around rhodo-
dendron (Rhbododendron) species, tor-
sythia (Forsythin), and young magnolia
(Magnolin) species (exact species were
not identified in the preceding refer-
ence). Bryson James, in a speech re-
corded by Urbano (1985), identified
oryzalin plus simazine at rates up to 3 +
1 Ib/acre, applied either in the early
spring or fall, as an effective treatment
for the control of annual weeds in field-
grown ornamentals. It was recom-
mended that this treatment be applied
only once a year, otherwise an injurious
buildup of simazine could result. Sev-
eral other woody plant species that are
simazine sensitive include catawba
rhododendron (Rhododendron cataw-
biense), japanese andromeda (Pieris
Japonica) (Bing, 1981), eastern arbor-
vitae (Thuja occidentalis) (Davis and
Minton, 1982), and ‘Greenspire’ lin-
den (Tilin cordata) (Smith, 1980). A
more recent field study demonstrated
that simazine was noninjurious to six
shruband four tree species (Setyowati et
al., 1995), however, while not specifi-
cally stated, directed application was
likely used instead of an over the top
application.

Isoxaben, a benzamide, works by
inhibiting cellulose biosynthesis in
emerging seedlings (Schneegurt etal.,
1994). It is marketed for field nursery
crop production as a 75% active dry
flowable (DF). Isoxaben is typically
applied at 0.5 to 1.0 Ib/acre and pro-
vides preemergence control overawide
range of broadleaf weeds. Isoxaben is
labeled for use in over 400 species.
Neal and Senesac (1990) reported that
isoxaben provided excellent control of
many broadleatweed species but poor
annual grass control. The combina-
tion of isoxaben plus oryzalin pro-
vided an expanded spectrum of weed
control with excellent safety on most
container and field-grown woody nurs-
ery crops. In a previous test, isoxaben
in combination with oryzalin provided
weed control similar to that obtained
by either oxyfluorfen or simazine when
combined with oryzalin (Gilliam etal.,
1989). Many nursery crops are sensi-
tive to applications of either oxyfluorfen
or simazine. And while weed control
with isoxaben is no better than that
provided by oxyfluorfen or simazine,
the greater crop tolerance of isoxaben
is an advantage where crop tolerance is
marginal.

GRASS-ACTIVE PREEMERGENCE
HERBICIDES. Oryzalin, pendimethalin
(Pendulum; BASF, Research Triangle
Park,N.C.),and prodiamine (Syngenta)
are used for grass control in field-grown
nursery crops in the southern United
States. While many herbicides have been
evaluated for preemergence grass con-
trol among landscape crops, these three
herbicides are the most commonly used
in field crop production. Trifluralin
(Treflan; Lesco, Rocky River, Ohio) is
another grass-active herbicides used in
container nurseries; however, it is cur-
rently marketed to the nursery industry
as only a granular formulation and thus
isimpractical for use in larger field nurs-
eries.

Oryzalin, pendimethalin, prodia-
mine, and trifluralin are dinitroaniline
(DNA) herbicides that act by inhibiting
root formation. Oryzalin is marketed as
Surflan 4AS, which is an aqueous sus-
pension (4 1b/gal a.i.), typically applied
at 2 to 4 b /acre a.i. Oryzalin provides
excellent control of grasses and some
small seeded broadleaf weeds (Gilliam
etal., 1989). Surflan is labeled on over
350 woody landscape species. Applica-
tiontowoody field-grown nursery stock
is generally noninjurious (Akers et al.,
1984; Gilliam et al., 1989; Reeder et
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al., 1994). Oryzalin is commonly com-
bined with herbicides providing
preemergence-applied broadleafweed
control, such as oxyfluorfen, isoxaben,
or simazine, to provide excellent broad
spectrum preemergence-applied weed
control (Gilliametal., 1989; Wehtje et
al., 1986; Young, 1980).

Sprayable pendimethalin is mar-
keted under the trade name Pendulum
asa60%active water-dispersible granule
(DG). Pendimethalin should be applied
at 2 to4 lb/acre. With over 200 woody
landscape plants on its label,
pendimethalin is safe on field-grown
stock and provides weed control similar
to oryzalin and prodiamine (Reeder et
al., 1994). In a study of several formu-
lations, Pendulum 60 DG applied at 4
Ib/acre a.i. was noninjurious when ap-
plied during the active growth stage of
castern hemlock (Tsuga canadensis),
‘Plumosa’ juniper (Juniperus horizon-
talis),yew ("Taxusspp.), eastern arborvi-
tae, border forsythia (Forsythin
xintermedin) or fraser fir (Abies fraseri);
the 4EC formulation of pendimethalin
(not commonly used in the nursery
industry) was injurious to new growth
of several species (Ahrens, 1988).

Prodiamine is marketed under the
trade name Factor (formerly Barri-
cade; Syngenta) in a 65DG formula-
tion. Factor should be applied at 0.65
to 1.5 1b/acre (0.728 to 1.68 kg-ha™)
a.i., but the total annual amount ap-
plied should not exceed 2.3 Ib/acre
(2.57 kg-ha) a.i. (C&DP Press, 2001).
Factor has approximately 125 woody
landscape crops on the label (some of
these are not labeled for use in Califor-
nia). Kuhns et al. (1981) reported
prodiamine atrates from 1 to 8 Ib /acre
provided adequate weed control with
noinjury to 11 landscape species. Other
field experiments evaluated prodiamine
atrates from 1 to 8 Ib/acre and in each
case prodiamine provided moderate to
excellent weed control and no injury
to landscape species (Haramaki et al.,
1980; Haramaki and Kuhns, 1981;
Kuhns et al., 1981; Frank, 1980).

NUTSEDGE-ACTIVE PREEMER-
GENCE HERBICIDES. Nutsedge is in the
family Cyperaceae and is poorly con-
trolled by the previously mentioned
grass-active herbicides. Metolachlor is
the most effective herbicide labeled in
nursery crops for controlling nutsedge
preemergence. Metolachlor, a
chloroacetamide, works by retarding
cell division and inhibiting meristem-
atic growth (Ross and Lembi, 1999).
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It is marketed as Pennant (Syngenta)
[81b/gal (1.0 kg-L!) a.i.] or Pennant
Magnum (Syngenta) (7.62 EC).
Metolachlor provides effective control
ofyellow nutsedge ( Cyperus esculentus)
and annual grasses but poor control of
broadleaf weeds (Wehtje et al., 1986;
Setyowati et al., 1995). Metolachlor
when applied alone or in combination
with simazine at rates up to 16 Ib /acre
(17.9 kg-ha') and 16 + 4 Ib/acre,
respectively, has been reported to be
noninjurious to newly planted nursery
liners including: california privet, bor-
der forsythia, torringo crabapple
(Malus sieboldii), red stemmed dog-
wood (Cornus stolonifera), japanese
vew (Taxus cuspidata), andorra juni-
per (Juniperus hovizontalis plumosn),
japanese holly, red oak ( Quercus borea-
lis), eastern arborvitae, norway maple,
catawba rhododendron, hino-crimson
azalea, deciduous azalea (Rhbododen-
dron gandavense), and eastern hem-
lock (Bing, 1979). Metolachlor was
noninjurious to japanese holly or wards
yew (Taxus medin); however, it has
been reported to cause injury to ‘Em-
erald N Gold’ euonymous ( Enonymous
fortunei) (Ahrens, 1986). A separate
study reported initial foliar injury to
‘Hetzi’ and ‘Howard’ holly (Ilex
crenatn), which was outgrown by 6
weeks after application and resulted in
no suppression of plant growth or
marketability (Beste and Frank, 1990).

Postemergence weed
control

GRASS-ACTIVE HERBICIDES.
Postemergence-applied herbicides can
be classitied as having either selective
or nonselective activity. Herbicides
with selective activity used in nursery
production include products with the
grass-active ingredients fluazifop-bu-
tyl (Fusilade; Syngenta), sethoxydim
(Vantage; BASF), or clethodim (En-
voy; Valent, Walnut Creek, Calif.).
These herbicides selectively control
grass weeds and cause little or no in-
jury to broadleaf plants. Fluazifop-
butylisanaryloxyphenoxy propionate.
It is typically applied at 2 to 3 pt/acre
[0.25 to 0.375 Ib/acre (0.280 to
0.4200 kg-ha™) a.i.] with the addition
of'a nonionic surfactant. Applications
should be made to actively growing
grassesata growth stage recommended
by the label (C&P Press, 2001).
Fluazifop-butyl (Fusilade) is labeled
on over 370 landscape species for over
the top application with an additional

100 or more species labeled for di-
rected spray applications. Sethoxydim
and clethodim are cyclohexanediones.
Sethoxydim is applied at 2.25 to 3.75
pt/acre [0.28 to 0.49 1b/acre (0.314
to 0.549 kg-ha') a.i.] depending on
grass height and species. Sethoxydim
(Vantage)islabeled on over 300 woody
landscape species. Clethodim (Envoy)
is applied at 0.125 to 0.25 Ib/acre
(0.1400 to 0.280 kg-ha™) depending
on prevalent grass species and grass
height. There are over 100 landscape
species on its label, including 40 her-
baceous crops. Applications of
fluazifop-butyland sethoxydim at rates
high enough to result in 90% control
of common bermudagrass (Cynodon
dactylon) caused no injury to 12 spe-
cies of landscape plants with the excep-
tion of ‘Hexe’ rhododendron ( Rhodo-
dendron x‘Hexe’) (Gilliam et al.,
1984). Fluazifop-butyl has been tested
extensively for phytotoxicity on woody
plants (Bing and Macksel, 1984;
Gilliam et al., 1984; Kuhns et al.,
1984) and with the exception of sev-
eral red flowering azalea cultivars, no
phytotoxity has been reported. Over
the past 3 years we have evaluated
clethodim for postemergence grass
control and found it provided control
similar or better than sethoxydim (data
unpublished).

INONSELECTIVE HERBICIDES. Non-
selective herbicides commonly used in
nursery production include glufosinate
(Finale; Aventis), paraquat (Gramoxone;
Syngenta), and glyphosate (Roundup
Pro; Monsanto, St. Louis, Mo.). These
postemergence-applied herbicides
should be limited to directed applica-
tions to avoid contactwith nursery crops.
Nonselective herbicides can be further
classified as either contact or translo-
cated. Contact herbicides only injure
foliage or plant parts that are contacted
by the spray, with little or no movement
into noncontacted tissue. Paraquat, a
bipyridilium herbicide, should be ap-
pliedat0.6t0 0.9 1b/acre (0.67 to 1.01
kg-ha™). Paraquatisacontact herbicide
that provides rapid death of contacted
foliage, however, it is not translocated
to underground tissue, which has po-
tential to regenerate a new shoot sys-
tem. For example, paraquat provided
excellent kill of purple nutsedge
(Cyperus rotundus) foliage, but by 4
weeks after treatment regrowth from
roots had occurred (Wooten and Neal,
2000). Thorough coverage is neces-
sary for obtaining control, therefore
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higher spray volumesare recommended.
Paraquat is a restricted use herbicide
due to its acute mammalian toxicity
[oral LD, =150 ppm (mgkg™")], there-
fore care should be used in mixing and
applying the herbicide. Glufosinate,
an amino acid derivative, is also a con-
tact herbicide and is applied at rates of
4 to 6 qt/acre [1.0 to 1.5 Ib/acre
(1.12 to 1.68 kg-ha™)]. Glufosinate is
far less toxic to mammals (oral LD, =
2000 ppm) than paraquat, and thus
can be used in similar situations to
paraquat with less chance of injury to
the applicator.

Translocated herbicides are ab-
sorbed by plant parts that make con-
tact with the spray and are moved
throughout the root and shoot sys-
tem. Translocated herbicides are effec-
tive in providing control of perennial
weeds with well-developed root sys-
tems. Glyphosate is a translocated her-
bicide that provides control over a
broad spectrum of weeds and is com-
monly used in the nursery industry. A
problem frequently encountered in
nursery production is use of improper
glyphosate rates. Forannual weedsless
than 6 inches (15.2 cm) in height
glyphosate should be applied as a 1%
solution, and for weeds greater that 6
inches in height glyphosate should be
applied at a 1.5% solution (Gilliam,
1989). For perennial weeds, a 3% to
5% solution should be used. Improper
application of glyphosate causes more
injury to nursery crops than any other
herbicide used. The label recommends
avoiding contact of spray, drift, or mist
with foliage or green bark of landscape
crops (C&DP Press, 2001). However,
studies have shown that several land-
scape crops, including lily-turf ( Liriope
muscari), ‘Burford’ holly (Ilex
cornuta), ‘Rotunda’ holly (1. cornuta),
dwarf yaupon holly (I. vomitoria),
harland boxwood ( Buxus hariandii),
chinese privet ( Ligustrum sinense), var-
iegated waxleaf privet (L. lucidum),
‘Recurvifolium’ privet ( L. japonicum),
heavenly bamboo (Nandina
domestica), and others have tolerance
to low rates of glyphosate (Self, 1974;
Self and Washington, 1977). Long-
term injury was not reported from
these experiments, so caution should
be used before relying on their safety
claims.

NUTSEDGE-ACTIVE HERBICIDES.
Herbicides used specifically for
postemergence nutsedge control in-
clude bentazon (Basagran, BASF),
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halosulfuron (Manage, Monsanto),
and imazaquin (Image, BASF). Yel-
low nutsedge is considered to be one
of the most troublesome weeds in the
world. Yellow nutsedge propagates by
seed and tubers. A single tuber of
yellow nutsedge is capable of produc-
ing about 7000 new tubers and 1900
new aerial shoots in one season
(Tumblesome and Kommedahl,
1961). Cultivation or mechanical re-
moval of yellow nutsedge often leads
to spreading the tubers throughout
the nursery and is therefore an ineffec-
tive control method (Wilcut et al.,
1991). Container studies have dem-
onstrated effective yellow nutsedge
control using rates of bentazon, a
benzothiadiazole, from 1.5 to 6.0 b/
acre (1.68 to 6.72 kg-ha™!) (Fretz and
Sheppard, 1978). Injury due to over
the top applications of bentazon is
species dependent (Wilson and
Whitwell, 1993) and appears to be
related to the ability of different spe-
cies to metabolize bentazon into
nonphytotoxic metabolites. Nonethe-
less, over the top applications have
proven injurious to a variety of land-
scape crops (Bachman et al., 1995;
Wilson and Whitwell, 1993), there-
fore directed applications in the field
are recommended.

Two container studies have dem-
onstrated that imazaquin (an
imidazolinone) and halosulfuron (a
sulfonylurea) provide effective
postemergence control of yellow and
purple nutsedge (Hurt and Vencill,
1994a, 1994b) with control from
halosulfuron being slightly better.
However, since both products may
cause injury with over the top applica-
tions, directed applications are recom-
mended.

Arecent study on postemergence
purple nutsedge control demonstrated
that two applications of halosulfuron
or imazaquin provided effective con-
trolin the same year they were applied;
however, control did not carry over
into the next year (Wooten and Neal,
2000). In the same study, late season
application of glyphosate and
glufosinate provided the most effec-
tive control through the year follow-
ing application, suggesting the late
post applications significantly reduced
tuber formation or tuber viability.

A carefully planned weed man-
agement strategy for weed control in
field production and landscape envi-
ronments should include knowledge

of the following: weed biology, herbi-
cide application and calibration proce-
dures, herbicide efficacy against target
weeds, landscape and nursery crop tol-
erance to herbicides applied, and cor-
rect timing of applications. Informa-
tion in this manuscript provides grow-
ers with a current list of herbicides and
their properties to aid them in select-
ing the most appropriate herbicides
for successful weed control in field
nurseries.
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